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AB STR ACT 

Fuel wood shortages and p o t o n t i  a1 shortages a r e  widespread 
throughout t h e  devel oping world, and a r e  becoming increas ing ly  more 
p r w a l  en t  because o f  t h e  c l  easi ng o f  1 and f o r  subsi stence and p l  a n t a t i  on 
agr i cu l tu re ,  excessive and i n e f f i c i  sn t  commerci a1 t imber  harvest ing f o r  
domestic and expor t  const ruct ion,  and charcoal product ion t o  meet r i s i  ng 
urban demands. It i s  estimated t h a t  t h ree  b i l l i o n  people w i l l  l i v e  i n  
acute wood s c a r c i t y  and wood d e f i c i t  reg ions by t h e  year  20QQ. Further, 
t h e  env i r o m e n t a l  and socioeconomic consequences of the  r e s u l t i n g  
deforestatdon a r e  both pervasive and complex. There a re  t h r e e  energy 
p o l i c y  op t ions  f o r  m i t i g a t i n g  t h e  onslaught of de fo res ta t j on  and t h e  
1 nev i t a b l  e and pern i  c i  ous e f f e c t s  o f  f ue l  wood s c a r c i t i e s  -- 
conservation, re fo res ta t ion ,  and subs t i t u t i on .  Th is  r e p o r t  focuses on 
t h e  s u b s t i t u t i o n  o f  coal b r i q u e t t e s  f o r  fuelwood. Coal b r i q u e t t i n g  i s  a 
process by which raw coal i s  compacted i n t o  uniform, usua l ly  hardr and 
impact res4 s t a n t  aggl omerations. A1 though subs tan t ia l  adverse heal t h  
e f f e c t s  could be expected from burn ing non-anthracite coal or coal 
br iquet tes,  a we1 1-devel oped technique, carbonization, e x i s t s  t o  conver t  
coal t o  a sa fer  form f o r  combustion. The cos ts  associated w i t h  
b r f q u e t t i n g  and carboniz ing coal i n d i c a t e  t h a t  8fsmokel esstV coal 
b r i q u e t t e s  can be produced a t  c o s t s  compet i t i ve  w i t h  fue l  wood and 
charcoal. Coal b r i q u e t t i n g  and carbon iza t ion  have bean p rac t i ced  
ex tens ive ly  i n  India, and t h i s  experience i s  i n s t r u c t j v e  because of t h e  
wlde range of technologies and coal types u t i 1  ized. The U. S .  Agency f o r  
I n t e r n a t i o n a l  Development ( U S A I D )  i s  working on imp1 emanling t h i s  energy 
op t i on  i n  H a i t i  and Pakis tan by (1) eva lua t ing  resources, (2)  assessing 
markets, ( 3 )  analyz ing techno7 ogi esr ( 4 )  s tudy ing  government pol i cy  and 
plannings and (5) packaging t h e  idea f o r  t h e  p r i v a t e  sector  t o  
implement. A pre l  iminary exarninatjcn of o ther  U S A I D  ass is ted  c o u n t r i e s  
I n d i c a t e s  t h a t  an add i t i ona l  f i f t e e i i  coun t r i es  have t h e  necessary coal 
reserves t o  become candidates f o r  sonikel ess coal b r i q  u e t t i  ng. 

i x  





INTRODUCTION I. 

11. 

W E  U.S. KiENCY FOR INTERNATION D ~ V ~ O ~ ~ ~ N ~  EA. I. D. 1 IS 
WORKING ON A PRCBLEM TI-%A"- I S  CRITICAL I N  D 
DEV E l  OPING GO NTRIES. TF.IAT PROBLEM I S  F11ELWOOD SHORTPGES. 

H A I T I  AND PAKISTAN--SMOKEL ESS COAL BHIQLIETTES. 
IMPLEMENTATION OF OWE PQTENTIAL S a u T r m  IS OCCURRING IN 

TRADITIONAL ENERGY SOURCES ,@E A S I G N I F I C A N T  FRACTION OF 
ND IN DEVELOPING COUNTRIES. THESE TRADITIONAL 

INCREASINGLY SCARCE BECAUSE OF THE CLEARING OF LAND FOR 
f f i  R I  GULTU REI WAhiCQpL PRODUCT ION D EXCESSIVE TIlirE1ER 
WARV ESTING. 

SOURCES, ESPECIALLY FIREWOCO AND CHARCOEV., WAVE BECOME 

W E R E  ARE M R E E  PQLICY OPTIONS FOR MITIGATING ME FUELWOOD 

BRIQUETTES. THIS PROSPECTUS ADDRESSES THE LAST OF THESE 
OPTIONS -- USE OF SWKELESS COPL BRIQUETTES. 

C R I S I S  CONSERVATIQN> REFORESTATIONI AND SUBSTITUTING COAL 

RESWRCE AND MARKET NDITIONS ARE EXCELLENT I N  SOME 
DEVELOPING COUNTRIES FOR THE SUBSTITUTION OF COAL 
BRIQUETTES FOR F ~ ~ ~ ~ O ~ *  7H€ POTENTIAL FOR SUBSTITUTION I S  

ON RELATIVE FUEL PRICE. 
GREATEST I N  UWW AREAS, WHEkE FUR CHOICE I S  LAFGELY BASED 

COAL BRIQUETTING PROVIDES AN EXCELLENT OPPORTUNITY FOR THE 
PRIVATE SECTOR TQ CONTRIBUTE TO SOLVING A DEVELOPING WORLD 
PRCBLEM. ST ASPECTS OF RESGLlRCE SUPPLY 
PRQ5UCTION CAN BE HANDLED BY PRIVATE ENTREPRENEURS. 

F U ~ ~ ~ ~ ~  DEFICIENCIES AND COPL W A I L  I L I T Y  IN A. I. 13. 
AS S I S  TED COU NTRIE S 

I F  NO CORRECTIVE ACTIONS A9E TAKEN, AN ESTIMATED THREE 
B I L L I O N  PEOPLE WILL LIVE I N  PCXlTE WOOD SCARCITY AND DEFICIT 
REGIONS BY THE YEAR 2000, PL ST ALL A. 1.5. SUPFQRTED 

D E F I C i T  FLSECWOQD SITUATIONS. 
COUNTRIES PRE EXPERIENCIMGI OR WILL EXPERIENCE, ACUTE OR 

TELY 50 Q E V ~ ~ ~ ~ G  LBUNTRIES REPORT GE 

RESERVES. W E R E  ARE 1-8 A . I . D .  COUNTRIES THAT ESPECIALLY 
APPEAR TO BE CAND ATES FOR I ~ T ~ ~ Q U C I ~ ~  COPS, BRIQUETTES -- 
COAL RESQURCES. ENTY A . ~ , D .  COUNTRIES REPORT COAL 

EIGHT I N  AFRICA, S EN I N  ASIA,  AND TWO I N  L A T I N  AMERICA. 

X i  
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I V  . 

KELESS COAL BRIQUETTES AS A POSSIBLE SUBSTITUTE FOR 
FUELWOOD 

SQME CON BRIQUETTING TECHNIQUES MAKE COAL AN ATTRACTIVE 
FUELWOOD SUBSTITUTE BY CONVERTING I T  INTO A SMOKELESS, 
COMPACT, STABLE, AND INEXPENSIVE FORM OF FUEL. 

COK BRIUUETTING HAS BEE3 SH N WORLD-WIDE TO B E  A 
TECHNOLOGY CAPABLE OF USING COAL OF VARIOUS GRADES AND 
PRODUCING BRIQUETTES WITH DIFFERENT CHARACTERISTICS FOR 
DIFFERENT USES. 

OR UNTREATED BRIQUETTED COAL PRODUCES EMISSIONS 
THAT CAN HAVE SERIOUS HEPLTH EFFECTS. 

HWEVER, CON CARBONIZATION SIGNIFICANTLY REDUCES THE 
ADVERSE HEALTH EFFECTS FROM BURNING COAL OR COAL 
BRIQUETTES. THE RESULT OF CAFa88NIZATION I S  A "SOFT 

EMISSIONS FROM SMOKELESS COAL ARE PREDICTED TO B E  NO WORSE 
MCVJ 'THOSE EMANATING FRON THE CURRENT FUELS OF CI-lARCOK AND 
F I REW OOD. 

SMOKELESS COKE. WHILE TESTING I S  CURRENTLY I N  PRGRESS, 

THE COSTS ASSQCIATED WITH BRIQUETTING AND CARBONIZING C O N  
INDICATE A SELLING PRICE FOR SMOKELESS COAL BRIQUETTES I N  
SOME UWAN AREAS THAT MAKE THEN COMPETITIVE WITH FUELWOOD 
AND WARCONL. 

INTERNATIONAL EXPERIENCES WITH COAL BRIQUETTING: I N D I A  AND 
KOREA 

COAL CARBONIZATION HAS BEEN PRACTICED EXTENSIVELY I N  INDIA.  
THE I N D I A N  EXPERIENCE I S  INSTRUCTIVE BECAUSE A WIDE RANGE 
OF TECHNOLOGIES AND CO TYPES HAS BEEN UTIL IZED.  I N D I A  
HAS D E W S I T S  OF BITUMINOUS# SUBBITUMINCUSt AND L I G N I T E  
COALSa AND ALL HAVE BEEN USED FOR CARBONIZATION. 
TECHNOLOGIES RANGE FROM ONE-PERSON, "VILLAGE COPe P I L E S "  TO 
ADV AFlCED TECHNOL CGY CARBONIZATION hz. ANTS. 

I N D I A  HAS DEVELOPED A SMOKELESS COOKING STOVE WHICH CAN USE 
COAL AS A FUEL SOURCE WITH NO SIGNIFICANT ADVERSE 

H E K M  EFFECTS. 

KOREANS HAVE USED R ANPH RACITE COAL BRIQUETTES 
EXTENSIVELY FOR COOKING AND HEATING. THE KOREANS STARTED 

20 LARGE BRIQUETTING R A N T S  I N  ME CQUNTRY. 
CQPL BKIQUETTING I N  1930s AND THERE ARE NW APPROXIMATUY 

x i  i 



V. TBE K I T E N T I &  FOR COAL BRIQUETTE SUBSTITUTION I N  A. I. D. 
ASSISTED COUNTRIES 

. SIGNIFICANT OPPORTUNITIES E X I S T  TO MITIGATE THE FUELWOOD 
C R I S l S  AROUND THE WORLD. A PRELIMINARY E ~ ~ I N A ~ ~ ~ ~  OF THE 
SEVENTEEN A. I. D. COUNTRIES X I E N T I F I E D  AS HAVING BOTH COPL 
RESERVES AND A FUELWOOD SHOR’f&E INDICATES THAT FOUR APPEAR 

AND PAKISTAN. ANOTHER EIGHT COUNTRIES APPEAR TO HAVE A 
TO HAVE AN IMMEDIATE POTENTIAL: BOTSWANA, H A I T I 8  INDIA,  

NEAR-TERM (3  TO 5 YEARS) POTENTIAL: INDONESIA, MOROCCO, 
NIGER$ PERU3 PHILIPPINES, T W A N I A ,  THAILAND, SWAZILAND, 
ZAIRE8 ZAM3IAp AND ZIM3ABWE. 

V I .  STRATEGIES FOR REALIZING M E  POTENTIAL FOR COFL BRIQUETTING 
I N  A. I. D. ASSISTED COUNTRIES 

. IblPLEMENTING SMOKELESS COAL BRIQUETVING I N  A. I. D ASSISTED 
COUNTRIES WILL BE BASED ON EXPERIENCES GAINED BY A. I.D. I N  
H A I T I  AN5 PAKISTAN. 

. F I V E  STEPS ARE NECESSARY TO SUCCESSFULLY IMPLEMENT 
SMOKELESS COAL BRIQUETTING AND MARKETING I N  A. 1.0. 
OOUNTRIES. THESE INCLUDE A RESOURCE EVALUATION, A MARKET 
ASSESSMENT, A TECHNOLOGY ASSESSMENT, A STUDY OF GOVERNMENT 
POLICY AND PLANNING# AND PACKAGXNG THE I D E A  FOR THE PRIVATE 
SECTOR TO IMFLEMENT. 

. USAID/WASHINGTON, OFFICE OF ENERGY8 WILL PROVIDE TECHNICAL 
ASSISTANCE TO MISSIONS I N  IMPLEMENTING THE SMOKELESS COAL 
BRIQUETTE TECHNCLOGY. 

x i i i  





I. 

A. A.I.D. IS ~~R~~~~ ON A F5RCBLEF MAT IS ITICAL IN DOZENS OF 
5EVEbOPING COUNTRIES. THAT PRCX3.LEW I FU ELWOOD SHQRTPC; ES. 
~ ~ E ~ N ~ A ~ I O ~  OF ONE POTE TIAL s a m m  IS OCCURRING EN 
HAITI AND ~ A ~ I S T A N - - S ~ ~ ~ ~  ESS IXAL BRIQUETTES, 

Fuelwood shortages and potent i  al shortages a r e  pervasqve ~ ~ r ~ ~ g ~ ~ ~ t  t h e  
developing world, a s  the following s e c t i o n s  document. One proposed 
so lu t fon  i s  t h e  s u b s t i t u t i o n  of a mokeless, coal-based cookTng fuel  
where coal resources  a r e  ava i lab le .  T h e  idea i s  even movlng towards 
r e a l i z a t i o n  l n  two developing count r iesa  H a i t !  and Pakistan.  Phls 
prospectus descri bes the  probl m oi' fuel wood shortage,  the mokel css 
coal a1 ternative,  and A. I. D. s a c t i v e  ro't e i n  bringing the a l t e r n a t i v e  
so lu t ion  t o  f r u i t i o n .  

B. TRA51TIONAL ENERGY S FXES AliE A SIGNIFICA T FRACTION OF 
ENERGY DEMAND I DEVELOPING COUNTRIES. IHESE TRaDITIONPk 

INCREASINGLY S C A R E  BECAUSE OF THE CLEARING OF L 
FGRIQXILTURE, CHARCB PRODUCTIONI AN5 EXCESSIVE 
H MV ESTING n 

SOURESr ESPECI L Y  FIRBJOOD AND CHARCOALI HAVE BECOME 

T h e  t r a d i t i o n a l  energy sources, firewood, charcoal $ animal dungt  and 
agr i cu l tu ra l  residues account fo r  nearly a l l  o f  t h e  rural household 
energy demand, and a s i g n i f i c a n t  portion of t h e  energy demand among t h e  
urban poor, I n  Africa, i t  has been estimated t h a t  traditional faiels 
account f o r  about 65 percent of t o t a l  per cap i t a  energy consumption; i n  
Asia t h e y  account f o r  nearly 30 percent; and i n  La t in  America 
t r a d i  tl anal energy c m p r i  ses appraxi  matel y 25 percent of t o t a l  per 
c a p l t a  energy c o n s ~ ~ ~ p t i ~ n  ( see  Figure l . l ~ ~ I . 4 1  In many of these 
count r i  8 s  t h e  percentage of t r ad i t i ona l  energy cansumpti on i s  expe&ed 
t o  increase concomitantly w i t h  expanding popul at lonsr  par t i cu la r ly  i n  
urban areas.  As s t a t ed  I n  t he  A. 1.B Pol icy Paper on Energyp Wssurlng 

uate domestic e n e r g y  s u p p l  i es  far  cooking presents a s i g n i f f c a n t  
chal i enge i n  t h e  yea r s  aheado 99 E221 

1 
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Fig. 1. Percentage of t r ad i t i ona l  f u e l s  in  
t o t a l  energy consumption 
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T h e  priincipal causes  of deforestatdon i n  developing coun t r j e s  usual 7y 
can b e  a t t r i b u t e d  t o  three fac to r s :  (1) t h e  c l ea r ing  o f  land f o r  
subsistence and p l  an ta t i an  ag r i cu l tu re ;  (2) t h e  production o f  charcoal 
t o  meet rapidly r i s i n g  demands by urban populations;  and ( 3 )  excesslve 
and i n e f f i c i e n t  commerci a1 timber harvss t i  ng f o r  domestic a n d  export 
cons t ruc t ion  and manufacturing I n d J s t r i e s .  T h e  demand for  fisewoood by 
rural populations is general ly  not t h e  m a J w  cause of deforestat ion.  
Rural firewood demand i s  of t en  charac te r ized  by t he  c u t t f n g  o f  branches 
from l i v e  trees, s h r u b s r  and bushes I  and gathering of seed wood and does 
not always require the des t ruc t ion  of whole trees. I n  HaitSr for 
exampl er studies i n d i c a t e  t h a t  househol d caoki ng i s  done most o f t e n  w i t h  
scavenged deadwood, On the o ther  hand, mal  1 indus t r i  a1 and cmmerci al 
fuelwood  consumer^ i n  Hai t i  do cut 1 ive  trees. 

C, THE ENVIRONMENTAL PND S0CIOEC:ONQMIC IMPACTS OF DEFORESTATION 
ARE BOTH PERVASIVE M D  CQIU(PLEY. 

T h e  r a t e  of defores ta t ion  has been  esttmated a t  about 7 . 3  rnilll’an 
hec ta re s  per year  for t rop ica l  f o r a s t s  and about 4 m i l l  i on  hectares  per 
yea r  i n  semi-arid regions.C81 N e w  wood s u p p l  ies frm r e fo res t a t ion  
programs have had 1 i t t l e  real  impact t o  date. T h e  Food and  Agricu l ture  
Organization (FA01 es t ima tes  t h a t  f o r  every ten hec tares  of cl eared  
forest there is  o n l y  one hectar.9 reg1 anted, C 63 The environmental 
impacts o f  land c learance  a r e  cumulative and  usually b e g i n  w i t h  reduced 
i n f  i l  t r a t i  on r a t e s l  increased w ater runof fl and i ncreased soi  1 
temperatures. Water and w i n d  erosion quickly sets I n  motion an al most  
Irreversible process of soil degradation. I n  West Africap so i l  l o s s  
from cu l t iva t ed  f i e l d s  is  a s  much a s  6300 times g rea t e r  than t h a t  f o r  
forest  land; i n  Senegal8 so i l  l o s s  from grounanut c u l t i v a t i o n  i s  nearly 
750 times g rea t e r  than t h a t  f o r  dry  forest.LJ.51 Deforestat ion a l s o  
reduces up1 and water s torage and In tens i f ies  s l l  t a t i  on o f  reservoi rs a n d  
rivers r e su l t fng  i n  higher fncidences o f  seasonal flooding, whr”ch l eads  
t o  addi t ional  so i l  erosion. Mareoverl the removal af b u s h  vegetat ion i n  
a r i d  and semi-arid regions con t r ibu te s  t o  t h e  onslaught of 
deserti f i c a t i  on. I n  some areas8 par t icu l  ar l  y t h e  I n d i  an subcontl nent, 
t h e  rural population has t u r n e d  t o  t h e  b u r n i n g  of‘ dung a n d  agr icu l tura l  
residues, T h e  use of these fuels deprives t h e  land of  c ruc ia l ly  needed  
nutr ients  and s o i l  condi t toners .  The e n d  result i s  a dramatic decline 
i n  agricul t u ra l  p roduc t - iv i ty - - the  backbone of a1 1 deve l  op ing  countr ies .  

Reduced agrdcul t u ra l  product ivi ty  sets i n motion a cycl e of unempl oyment 
and underemployment t h a t  serves only t o  acce le ra t e  t h e  mlgrall’an of 
rural  populations t o  overly crwdad urban centers. The  s ca rc l ty  of 
f ue l  wood al so means t h a t  wood ga therers r  primarily wmen and chS1 dt-en, 
m u s t  now s p e n d  consdderably more time i n  search of  feaelwaod, For 
exampl el i n  up3 and a r e a s  of Nepal househol d s  a r e  s p e n d f n g  f r  
workdays per year on firewood col‘~lec-tian, and u p  t o  300 workdays pes 
year  l”n some p a r t s  of  Tanzania hay& been  abserved.Cl 1 T h e  scarcity o f  
wood hasr i n  most urban areass  resu l ted  i n  the c rea t ion  o f  markets for  
fuelwood. These markets have placed a heavy b u r d e n  on t h e  cash 
resources o f  t h e  rural  and poor urban populations. I n  t h e  capi ta l  of 
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Burundi, househol ds a r e  spending as much as 30 percent of  t h e i  r income 
f o r  fuel.  As pr i ces  r i s e  f o r  woad and charcoal8 populat ions begin t o  
c u t  back on t h e i  r consumption, and i n  some cases a r e  reduced t o  cooking 
only  once per day. I n  acute sca rc l t y  regions.. fuelwood disappears 
a l together  frm t h e  urban markets.CZ1 The fuelwood c r i s i s  can become so 
severe t h a t  I n  s m e  A f r i can  towns t h e  cost  o f  fuelwood exceeds t h e  costs  
of commercial f u e l s  such a5 kerosene and e l  e c t r i c i t y .  

D. WERE M E  THREE POLICY OPPIQNS FOR MITIGATING WE FUELWOOD 

BRIQUETTES. THIS FWSPECTUS ADDRESSES THE LAST OF THESE 
OPTIONS -- USE OF SMOKELESS COAL BRIQUETTES. 

CRISIS : CONSERVATION, REFORESTATION, AND SUBSTITUTING COAL 

There a re  t h r e e  energy po l i cy  op t ions  t h a t  have been advanced f o r  
m i t i g a t i n g  the onslaught o f  de fores ta t ion  and t h e  i n e v i t a b l e  and 
pern i  c i  ous e f f e c t s  o f  fuel wood scarc i  ti es, a1 1 o f  which are consi s ten t  
w i t h  A . I . D . 1 s  Pol icy  Paper on Energy. They include: (1) conservation 
through improvements i n  fue l  wood end-use e f f i c i e n c i e s ,  speci f i c a l  l y  t h e  
d i  f f u s i  on o f  fue l  -e f  f i c i  ent  cooki ng stoves and reduc t i  on i n conversi on 
1 asses i n charcoal production w i t h  use of  earthen, t ranspar tab l  e metal 
and masonry k i l n s ;  (21 increas ing t h e  supply o f  fuelwood through 
r e f s r e s t a t i  an, agroforest ry ,  and improved f o r e s t  management; and ( 3 )  
s u k s t i t u t i  ng o ther  sources o f  energy f o r  f ue l  wood. This  prospectus 
concentrates on opt1 on ( 3 ) .  

E. RESWRCE AND MARKET CONDITIONS ARE EXCELLENT I N  SOME 
DEVELOPING COUNTRIES FOR THE SUBSTITUTION OF COAL BRIQUETTES 
FOR FURWOOD. ME POTENTIAL FOR SUBSTITUTION I S  GREATEST IN 

FUEL PRICE. 
AN AREAS# WHERE FUEL CHOICE IS LARGELY BASED ON RELATIVE 

As t h e  rea l  costs o f  using fuelwood increaset t h e  s u b s t i t u t i o n  o f  o ther  
f u e l s  f o r  firmcmd and charcoal w i l l  become more favorable. Because of  
fuelwood sca rc i t i es ,  t h e  cos ts  a f  t r a d i t i a n a l  f u e l s  are, i n  some 
1 aca t i  oris, h igher  than cornmerci a1 subst i tu tes.  C13 I n  o ther  1 ocationsr 
such as Peru and Indonesia, cornmerci a1 subs t i t u tes  1 i k e  kerosene are 
heav i l y  subsidized t o  he lp  t h e  poor o r  -to reduce deforestation.Cl8, 191 
Yet, despi te  h igher  fuelwood p r i c e s  s u b s t i t u t i o n  o f t e n  does no t  take 
p? ace untll fuelwood s u p p l  i e s  have been v i r t u a l l y  depleted for as much 
as 100 k i lometers  or more surrounding urban areas.Cl1 I n  r u r a l  areas, 
high d i  s t r i  b u t i  an cos ts  do not  favor  cornmerci a1 fue l  subst i tu tes,  and 
b e s i d e s  the psopls i n  these areas o f ten  1 i v e  outs ide t h e  commercial 
ectan~my which makes t h e  penetrat lon o f  cmmerci a1 subs t i t u tes  l e s s  
1 i ke ly .  S t i l ’ s 8  cmrnerci a1 subs t i t u tes  do have po ten t i  a1 where t h e  cos ts  

ood and charcoal have r i s e n  s u f f j c i e n t l y 8  p a r t i c u l a r l y  i n  
concentrated urban markets. 



5 

F. COAL BRIQUETTING PROVIDES Ah1 EXCELLENT OPPORTUNITY FOR THE 
PRIVATE SECTOR TO ONTRIBUTE TO SOLVING A DEVELOPING WON0 
P R B  L EM. M3ST ASPECTS OF RESOURCE SUPPLY AND PRODUCT 
PRODUCTION CAN BE HANDLED BY PRIVATE ENTREPRENEURS. 

On t h e  supply side, v i r t u a l l y  a l l  aspects of coal b r i q u e t t i n g  
manufacture and d i s t r i b u t i o n  can be c o n t r o l l e d  by t h e  p r f v a t e  sector. 
Under agreement w i t h  t h e  government, which most o f t e n  has ownership 
r i g h t s  t o  coal i n  developing countr ies,  p r i v a t e  en te rp r i ses  can mIne t h e  
needed coal. Whether t h i s  means expandi ng ex i  s t i  ng m in i  ng opera t i  ons o r  
establ i sh ing  new ones, s i g n i f i c a n t  new employment i s  possible. P r i v a t e  
manufacturers can b r i q u e t t e  and carbonize t h e  coal--especi a1 ly i f  an 
in te rmed ia te  l e v e l  of technology w l th  reasonable c a p i t a l  cos ts  i s  used. 
I n  some countr ies, t h e  needed machfnery can be manufactured l o c a l l y ,  as 
is t h e  case i n  Ind ia.  F ina l l y ,  t h e  d i s t r i b u t i o n  network can e a s i l y  
cons i s t  o f  p r i v a t e  deal ers. Indeed, i n  many coun t r i es  where fue l  wood o r  
charcoal i s  t raded as a commercial i t e m  i n  urban areas., t h e  po ten t i a l  
p r i v a t e  d i s t r i b u t o r s  already e x i s t  i n  t h e  form o f  wood and charcoal 
deal ers. 

The s u b s t i t u t i o n  o f  coal b r i q u e t t e s  f o r  fuelwood, i nc lud ing  t h e  reasons 
f o r  it, a nontechnical dfscusslon of t h e  technologies involved, and some 
poss ib le  market s t ra teg iesr  i s  t h e  focus o f  t h e  remainder o f  thls 
Prospectus. 



A. I F  NO CORRECTIVE ACTIONS ARE TAKEN, AN ESTIMATED THREE 
BILLION PEOPLE WILL L IVE I N  ACUTE WOOD SCA CITY AND DEFICIT 
REGIONS BY ‘THE YEAR 2000. AL ST ALL A.I.D. SUPFSORTED 

REFICIT FUELWOOD SITU ATIQNS. 
COUNTRIES ARE EXPERIENCINGI OR WILL EXPERIENCE, ACUTE OR 

The t r a d i t i o n a l  energy c r i s i s  i n  developing coun t r i es  i s  i n  p a r t  a 
consequence of u t i l i z s ’ n g  wood resources over many years a t  a r a t e  much 
fas te r  than they can be renewed n a t u r a l l y  or  by a f fo res ta t i on .  I n  
accordance w i t h  a recommendation by a Uni ted Nat ions Technical Panel on 
Fuelwoo& t h e  FAO i d e n t i f i e d  reg ions wdth fualw od shortagesP t h e  
sever i ty  o f  t h e  shortages i n  these regions, and t h e  a f fec ted  populat ion 
involved. The FAQ concluded t h a t  some 96 m i l  1 ion  r u r a l  people and 16 
m i l l i o n  urban people now l i v e  i n  acute wood s c a r c l t y  s i t u a t i o n s  (see 
F igure  2) .C111 These a c x k  wood s c a r c i t y  reg ions a r e  defined as 
negat ive woad energy bal ance areas where e x i s t i n g  resources have been 
depl etecl through ove reu t t i  ng t o  t h e  poi n t  where popul a t i ons  cannot 
obtal n suf f I c i  ent fue l  wood. 

Acute fuelwsod s c a r c i t y  areas  inc lude t h e  a r i d  and semi-arid reg ions 
south of t h e  Saharal East and Southeast Af r ica,  t h e  Himalayas and 
mountainous reg ions o f  South Asia, t h e  Andean Plateau, t h e  a r i d  areas i n  
western South Americap and i n  many o f  t h e  densely populated urban areas 
i n  L a t l n  America. Fur therp the  FA0 est imates t h a t  over one b i l l i o n  
r u r a l  people and 230 m l l l i a n  urban people 1 i v e  i n  wood d e f i c i t  
s i t u a t i o n s  (see F igure  2 ) .  Wood d e f i c i t  areas a re  def ined as reg ions 
where populat ions a r e  s t i l l  ab le  t o  meet minimu fue l  wood needs, but 
only by harvest ing i n  excess o f  t h e  sustadn l e  fuelwood supply. 
D e f i c i t  areas inc lude the A f  r i c a n  savannah regions, t h e  Indo-Gangetic 
P l a i n s  i n  southern Asiar  t h e  p l a i n s  and is lands  i n  Southeast Asia, and 
t h e  populated semi-arid areas and Andean zones o f  South h e r f c a .  The 
FA0 study goes on t o  p ro jec t  t h a t  -if no Immediate c o r r e c t l v e  ac t lons  a r e  
taken3 then sane t h r e e  b i l l i o n  people w i l l  l i v e  i n  acute wood sca rc i t y  
and d e f i c i t  reg ions by t h e  year 2000. Mor err t h e  p r i c e s  o f  f i rewood 
and charcoal w i l l  continue t o  increase h t h e  sca rc i t y  and on ly  
exacerbate an a1 ready i n to l  erabl e s i t ua t i on .  

Current f ue l  wood d@f  i c i  enci OS i n  A. I. D. assi sted coun t r i es  a re  
summarized i n  Table h .  This  t a b u l a t i o n  shows t h a t  nearly a l l  of t h e  
A. I. D. supported coun t r i es  a re  now experiencing acute o r  d e f i c i t  
fuelwood s c a r c i t i e s  o r  w i l l  have fuelwood problems by t h e  year 2000. 
The pervasiveness and sever i t y  of t h e  probl underscores t h e  urgency 
w1t.h which it should be handled. 

6 
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R u ra I pop u I u t i  o n s 
Year 

198E 

R 200c 

t; 
d. 
c 

Africa Ma/Pacific 
Near East/No. Africa Latin Ametica 

Source: FAC - 
Urban populations 

"T Year 

El 1980 
2000 

I I  
237 

Africa ksia/Pacific 
Near East/No. Africa Latin Amerlca 

I Source: FA0 

fuelwood s c a r c i t i e s  and fuelwoad d e f i c i t s  i n  
1980 an3 2000 
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Table 1. FAQ q u a l i t a t i v e  fuelwood de f i c ienc ies  i n  A.1.D 
ass is ted  coun t r l  es 

Go u n t r y  Def ic iency 

AFRICA 

Burundi 
Cameroon (Northern 8 Western) 
Cape Yerde 
Chad (Nor th)  

Dj i b o u t i  
Gambia 
Ghana 
Gui nea (Northern) 

(Southern) 
Guinea-Bissau 
Kenya (Northern) 

Lesotho 
L i b e s - i a  
Ma daga scar 
Mal aw i 
Mal i ( Northern) 

(Southern) 
Mauri tan1 a 
Niger (Southwest) 

ana (Nestern) 

(Southern 8 Central 1 

(Coastal 8 Cent ra l )  

(Southern 8 Eastern) 
(Northern) 

Senegal (Centra l  West a R ive r  P l a i n )  
S i e r r a  Leone 
S m a l  i a  
Sudan (Northern) 

Sw az i l  and 
Tanzani a (Northern) 

(Southern) 
Togs North ern 1 

(Southern) 
Uganda 
Upper Vol t a  (Central 1 

Z a i  re (Northern) 
(Southern) 

Zarnbi a (Eastern) 
Z irnbabwe 

(Central 1 

(Eastern & Western) 

NORTH AFRICA 8 NEAR EAST 
P t  

Jordan 
L @Sa non 
Marocco 

Acute 
Acute 
Def i c i  t 
Sat1 sf actory 
Acute 
Prospect ive 
Acute 
D e f i c i t  
Prospect ive 
D e f i c i t  
Prospect i v e 
Sat is fac to ry  
Acute 
D e f i c i t  
Ac u t  e 
Sa ti s f  act  ory 
D e f i c i t  
Def i c i  t 
Acute 
Prospect ive 
Acute 
Def i c i  2: 
Prospectdve 
Acute 
Ac u t  e 
D e f i c i t  
Prospective 
Acute 
Acute 
Prospect i ve 
Acute 
Def i c i  t 
P r os pect i v e 
Prospect i v e 
D e f i c i t  
B e f i c i  t 
Def .ici t 
Prospect ive 
Prospect ive 
Def I c i  t 
D e f i c i t  
Prospect ive 

De f l c i  "t 
Def -I c i  t 
Def I c i  t 
D e f i c i t  
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Table 1. (Continued) 

Oman 
Tuni s i  a 
Yemen 

LATIN AMERICA 
Barbados 
Bel i z e  
Bo1 i v i a  (Western) 
Costa Rica 
Dominican Republ i c  
Ecuador (Central 1 
E l  Salvador 
Guatemal a (Southern) 
Guy ana 
H a i t i  
Honduras 
Jamaica 
N i ca ragua 
Pa nam a 
Paraguay (Eastern) 
Peru (Coastal 1 

(Central 1 

A S I A  & FAR EAST 
Bang1 adesh 
Burma (Southern) 
F i j i  
I n d i a  (Western Himalayas) 

Indonesi a (Java) 

Nepal ( H i 1  1 s) 

Paki s tan  
P h i l  ipp ines  (Luzon) 

S r i  Lanka 
Thai1 and (Coastal 1 

(Central 1 

(Remainder) 

(Sumatra, Sul awesis Timar) 

( F o o t h i l l s )  

(Central 1 

Sat i  s f  actory 
D e f i c i t  
D e f i c i t  

Sa t i s fac to ry  
Sa t i  sf actory 
Acute 
Sat1 s f  actory 
D e f i c i t  
D e f i c i t  
Acute 
D e f i c i t  
Sa t i  sf  actory 
Acute 
Sa t i  sf actory 
Acute 
S a t i  sf actory 
Sa t i s fac to ry  
Prospect ive 
Acute 
D s f  i c i  t 

Def id t 
Prospect ive 
S a t i  s f  actory 
Acute 
D e f i c i t  
D e f i c i t  
Prospect i ve 
Acute 
Dof i c i  t 
D e f i c i t  
Prospect ive 
Def ic4 t 
Def f c i  t 
P r os pect  i v e 
D e f i c i t  

Acute s c a r c i t y  = Fuelwood resources have been so reduced t h a t  t h e  
popul a t i o n  i s  no 1 onger ab1 e t o  o b t a i n  a minimal supply. 

D e f i c i t  = Present fue l  wood resources a r e  bel ow requi rments, ob1 i g i  ng 
t h e  popul a t i  on t o  overexpl o i  t. 

Prospect ive d e f i c i t  = Present fuelwoDd resources a r e  h igher  than 
requirements, but s i t u a t i o n  evo lv ing  toward a c r i s i s  i n  2000. 

Sat1 s fac tory  = Resources considerably exceed present and foreseeabl e 
needs. 

Source: M. R. de Montalembert and J .  Clement, f m w w  
.Devel op i  w, Food and Agr i cJ l  t u r e  Organizat ion o f  t he  Uni ted 
Nations, Rme, 1983. 



€3. APPROXIMATELY 50 DEVELOPING COUNTRIES REPORT GEGLOGICAL COAL 
RESOURCES. TWENTY-QNE A. I. D. COUNTRIES REPQRT COAL RESERVES. 
WERE ARE 17 A.I.D. COUNTRIES THAT ESPECIALLY APPEAR TO BE 
CANDIDATES FOR INTRODUCING COAL BRIQUETTES -- EIGHT I N  
AFRICA9 SEVEN I N  A S I A ?  AND WQ I N  LATIN AMERICA. 

Exp lo ra t ion  o f  coal i n  developing coun t r i es  has been very l i m i t e d  t o  
date, and only  began i n  earnest sfnce t h e  second major 011 p r i c e  
increase i n  t h e  l a t e  1970s. Despite t h e  l a c k  o f  explorat ion,  about 50 
developing coun t r i es  now r e p o r t  geol og ica l  coal resources and 19 have 
t e c h n i c a l l y  and econ ica l l y - recoverab l  e reserves. C253 The d i  s t r i b u t i o n  
and s i z e  o f  proven coal reserves arer hwever, skewed and a r e  
concentrated i n  a few developing countr ies. To be sure, coal resources 
a r e  broadly d i s t r i b u t e d  throughout t h e  world, and t h e  repor ted 
occurrences of  coal i n  t h e  developing coun t r i es  a r e  widely recognized t o  
be vast1 y understated. 

The a v a i l a b i l i t y  and c u r r e n t  production a f  coal i n  A. I.D. ass is ted 
coun t r i es  i s  repor ted i n  Table 2, The data i n d i c a t e  t h a t  21 A.I.D. 
coun t r i es  have coal reserves. These coal reserve data a r e  very 
encouragi ng, but  devel opment of coal reserves has h igh f ront-end cos ts  
and long  lead  times. Consequently, t h e  coun t r i es  t h a t  have ongoing 
product ion or t h e  po ten t i a l  for  immediate development a re  1 i k e l y  t o  be 
t h e  best candidates f o r  coal b r i q u e t t i  ng. 

The A. I. D. ass is ted coun t r i es  t h a t  appear t o  have t h e  r e q u i s i t e s  for 
coal b r i q u e t t i n g  techno1 ogy ( i. e. , fue l  wood de f i c ienc ies  and 
a v a i l a b i l i t y  of  coa l )  are: 

B o t s  ana Bang1 adesh H a i t i  
Morocco Burma Peru 
Niger I n d i  a 
Swaz 11 and Indonesi i9 

Tanzani a Pakis tan 
Zad r e  Ph i l  ipp ines 
bambi a Tha i  1 and 
Z i mba bw e 
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Table 2. Coal a v a i l a b i l i t y  ‘ln A. I .D.  assis ted coun t r i es  w i t h  
fue l  wood def i c i  enci es 

Resources 
Country ( MMtonnes) * 

Re se r v  e s 
( MMtonnesIY 

Production 
MMton nes 1 * 

AFRICA 
Botswana (1) 
Burundi (3)  (1) 
Cameroon ( 3 )  
Chad 
D j  i b o u t i  
GambSa (1) 
Ghana 
Gui nea 
Kenya (1) 
Lesotho (1) 
Ma daga sca r ( 2 1 
Malawi ( 3 )  
Mal i 
lclaur i t a n i  a 
Niger (1) 
Rwanda (1) 
Senegal (1) 
S i e r r a  Leone ( 3 )  
Somalia ( 3 )  
Sudan (1) 
Swaziland (3 )  
Tanzania (1) 
Togo 
Uganda (1) 
Upper Vol t a  
Z a i r e  ( 3 )  
Zambia (1) 
Zimbabwe (1) 

100,000 
n. a. 
500 -- 

Egypt (3 )  
Jordan 
Lebanon 
Morocoo (1) 
Oman 
Tun is ia  ( 3 )  
Yemen 

-- 
n. a. 

I- 

n. a. 
n. a. 

92 
14 

-- 
n. a. 
n. a. 
n. a. 
n. a. 
n. a. 
n. a. 

5 9 000 
1,900 
I- 

n. a. 

73 
228 

29,000 

-- 

NORM AFRICA 8 NEAR EAST 

LATIN AMERICA 

80 -- 
-I 

96 

n. a. 
e- 

-.. 

Bo1 i v  .la (1) (2) n. a. 
Dominican Republ i c  -- 
Eucador ( 3 )  22 

17,000 
n. a. 
n. a. -- -- 
n. a. -- -- 
n. a. 
n. a. 
n. a. 
n. a. -- -- 

12 
n. a. 
n. a. 
n. a. 
n. a. 
n. a. 

3 04 

n. a. 

n. a. 
5 8  

2,200 

1,620 

-- 
-- 

n. a. 

n. a. 
-- 

0.415 
n. a. 
n. a. -- -- 
n. a. 
2- -- 

n. a. 
n. a. 

n. a. 
L- 

n. a. 
n. a. 
n. a. 
n. a. 
n. a, 
n. a. 

0.100 
0.010 

n. a. 

0.108 
0.610 
3.20 

-- 
*... 

n. a -- -- 
0.750 

n. a. 
-- 
-- 

n. a. 

n. a. 
-- 
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E l  Salvador (2) 
Guatemala (21 
H a i t i  ( 5 1  
Jamaica ( 2 )  
Paraguay ( 1) 
Peru (1) 

A S I A  8, FAR EAST 

Bang1 adesh 1) 
(4) 

Burma ( 3 )  
( 4 )  

Ind ia  ( 3 )  
( 4 )  

Indonesia (1) 
( 4 )  

Nepal (11 ( 4 )  
Pakis tan ( 6 )  

( 3 )  
(44 

P h i l i p p i n e s  ( 3 )  
( 4 )  

Sari Lanka (1) ( 4 )  
Thailand ( 3 )  

( 4 )  

n. a. 
n. a. 

n. a. 
n. ae 
9 97 

-... 

n. a. 
1,056 

2 
4.5 

56 17 99 
82,900 
10,000 

6 74 
n. a. 
n. a. 

11375 
95 
67 

27 0 
n. a. 

7 8  
2 46 

n. a. 
n. a. 
4 . 2 .  
n. a. 
n. a. 
126 

n. a. 
n. a. 
n. a. 
n. a. 

33,7  00 
n. a. 
3 Oi l  

n. a. 
n. a., 
50 8 

n. a. 

n. a. 
n. a. 
n. a. 
n. a. 

n. a. 

n. a. 

n. a. 
n. a. 

<O.001 

n. a. 
0.106 

n. a. 

n. a. 
0.20 
n. a, 
n. a. 
n. a. 
107 

n. a. 
0.30 
n. a. 
1.47 
n. a. 
1.47 
n. a. 
0.31 
n. a. 
n. a. 
1.5 

*MM-ksnnes = m i l  1 i on  me t r i c  tons. 

n. a, - ind i ca tes  in fo rmat ion  no t  a v a i l  ab1 e or reported. 
-- ..” i nd i ca tes  no sources. 

Sources: 
(1) Worl d Bank, ..&sues a d  
Report o f  t he  J 

( 2 )  Wocal, h t u r c  Coal Pc 

(31 World Bank, 

(41  ESCAP (Econanic and Social Commission f a r  Asia and t h e  Pac i f i c ) ,  

NO, 5230, August 1984. 

&=mat B 

. m i w . G Q M  

. - k B ! W ,  UN 

ountry assessent .  
ent o f  Paki s ta  n. 



A. SONE COAL BRIQUETTING TECHNIQUES MAKE COAL AN ATTRACTIVE 
FUEL-MOOD SUBSTITUTE BY CONVERTING IT  INTO A SMOKELESS, 
COMPACT, STABLE, AND INEXPENSIVE FORM OF RIEL. 

Coal i s  o f t e n  described as a ' td i r ty f l  f u e l r  e m i t t i n g  smoke t h a t  i s  
o f f e n s i v e  and conta i  n i  ng c o n s t i t u e n t s  t h a t  a r e  harmful t o  human health. 
Moreover, sune raw coa ls  a r e  h igh l y  f r i a b l e  and a r e  no t  e a s i l y  handled 
o r  d i s t r i b u t e d  i n  t h e i r  natura l  state. However, by b r i q u e t t i n g  and 
carbon iz ing  when necessary, coal can be put i n t o  a r e l a t i v e l y  clean, 
compact, and s t a b l e  form f o r  use. The r e s u l t i n g  f u e l  i s  a l s o  no t  
expensive. 

B. COAL BRIQUElTING HAS BEEN SHCWN WORLD-WIDE TO BE A TECHNCLGY 
CAPABLE OF USING COPL OF VARIOUS GkADES AND PRODUCING 
BRIQUETTES W IM DIFFERENT CHARACTERISTICS FOR DIFFERENT USES. 

Coal b r l q u e t t i n g  i s  a process z~y which raw coal i s  compacted i n t o  
uni form, usual 1 y hard, and 1mpac:t- res1 s t a n t  aggl omerati ons, maki ng i t  
more s u i t a b l e  f o r  use? t ranspor t ,  and/or f u r t h e r  processing. It has 
been p rac t i ced  f o r  many years, a t  l e a s t  since t h e  beginning o f  t h i s  
century.Cl21 It i s  a l s o  a technology t h a t  ha5 been researched 
worldwide, i n  such widely dlspersed p laces as Germany, USSR, Austral ia, 
Korea, India, and t h e  Un i ted  States. The wide ex ten t  o f  t h e  research 
has several reasons. F i r s t ,  a l l  coa ls  a r e  no t  a1 ike, and o f t e n  research 
has been aimed a t  developing aF" improved b r f q u e t t i n g  process f o r  a 
p a r t i c u l a r  coal. Second, b r i q u e t t i n g  can be done w i t h  o r  w i thout  an 
a d d i t i v e  (b inder )  t o  he lp  i n  a g g l m e r a t i n g  and g i v i n g  cohesive s t rength  
t o  t h e  br iquet te .  Much research has gone i n t o  s u i t a b l e  binders, as w e l l  
as i n t o  processes by which b r i q u e t t i n g  can be performed w i thout  a 
binder. Third, same research has been d i rec ted  a t  improving t h e  
p roper t i es  of t h e  br iquet tes,  such as main ta in ing  i g n i t a b i l  i t y  wh i l e  
keeping v o l a t i l e  mat ter  low as we l l  as reducing smoke and s u l f u r  
cmissians upon burning. 

It should be emphasized t h a t  t h e r e  i s  no t  j u s t  a s i n g l e  b r i q u e t t i n g  
technologyr nor w e n  a s e t  of two or t h ree  or  a h a l f  dozen wel l -def ined 
technologies f o r  coal b r i que t t i ng .  Rather, a s e t  o f  parameters for  t h e  
b r i q u e t t i  ng o f  coal such as tc-mperature, pressure, pressing time, 
b inderr  type of coa lp  t ype  o f  press, pret rea lnent ,  etc., can be va r ied  
t o  produce unique b r i q u e t t i n g  processes. 

Coal b r i q u e t t i  ng can be performed on 1 ump coal o r  on coal f jnesr  t h e  
l a t t e r  appl I c a t i o n  o f t e n  being an attempt t o  salvage an otherwise wasted 
product o f  coal handling. The usual process o f  coal b r i q u e t t i n g  

1 3 
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cons is t s  o f  crushing, s iz ing,  drying, poss-ibly mixing w f t h  a binder, 
o f t e n  heating, pressing i n  molds, cool ing, and packagdng o r  loadlng. 
[See Appendix A f o r  a more de ta i l ed  desc r ip t i on  o f  coal b r i q u e t t i n g  
process. 1 

I n  t h e  Uni ted States i n  recent yearsp coal b r i q u e t t i n g  research has been 
d i  rected mai n l  y a t  manufacturing an aggl ornerate su i  tab1 e f o r  coal 
gas i f i ca t i on .  Because t h i s  i s  an i n d u s t r i a l  app l i ca t i on  and no t  one 
aimed a t  domestic user proper t i es  such as mokiness  o r  s u l f u r  emissions 
have rece?ved secondary a t ten t ion .  A domestic 1 ndustry i n  %charcoal It 
b r i q u e t t e s  supplying t h e  “backyard barbeque market9! a l  so exists, and t h e  
producers o f  t h i s  product use some coal as a csnst l tuent .  However, it 
may be mixed w i t h  t r u e  charcoal i n  t h e  product ion process. The amount 
o f  coal used varies, depending upon t h e  l o c a t i o n  of t h e  p lan t  r e l a t i v e  
t o  a coal source and t h e  type of coal avai lab le.  Bituminous and 1 i g n i t e  
coa ls  must be carbonized, as described I n  a l a t e r  section, before they 
can be used i n  t h e  ?!backyard barbeque br iquet te . ”  Anthrac i te  coal does 
no t  need t o  be carbonized i n  t h e  manufacture o f  t h e  Ifcharcoalst 
b r iquet te .  

I n  o ther  pa r t s  of  t h e  world, coal b r i q u e t t e s  play other  roles. I n  
Europe and t h e  Sov ie t  Union, they cont inue t o  be used f o r  domestic 
purposesI espec ia l l y  home heating$ and some a t t e n t i o n  has been paid t o  
t h e  smokiness o f  t h e  product. I n  Ind ia,  where b r i q u e t t e s  ders’vec! frm 
coal are used no t  only i n  space heat ing but a1 SO coaki ng, emissions a r e  
a primary concern. 

C. BURNING R N  OR UNTREATED BRIQUETTED COAL PRODUCES EMISSIONS 
7HAT CAN HAVE SERIOUS HEALTH EFFECTS. 

Whether raw or  briquetted, t h e  burning o f  coal produces emissions t h a t  
can b e  harmful t o  human health. Th is  i s  espec ia l l y  re levant  t o  t h e  
s u b s t i t u t i o n  o f  a coal-based product f o r  fuelwaoch since t h e  l a t t e r  i s  
used ex tens ive ly  i n  developing coun t r i es  f o r  cooking, o f t e n  i n  
unvent l l  ated s i tua t ions .  Depending on t h e  composition o f  t h e  coal and 
t h e  compl eteness o f  combusti on, burning coal re1 eases vo l  a t i l  e organ1 c 
matter, sul f u r  compoundsp n i t rogen  oxide5, p a r t i c u l  ates, and t r a c e  
elements. Each o f  these has po ten t i a l  adverse e f f e c t s  on human health, 
and are discussed i n  more d e t a i l  i n  Appendix B. 

EVER8 COAL CARBONIZATION SIGNIFICANTLY REDUCES ME ADVERSE 
HEALTI1 EFFECTS FROM BURNING COAL OR COAL BRIQUETTES. THE 
RESULT OF CARBONIZATION I S  A 50FT SMOKELESS COKE. Is WHILE 

COAL ARE REDICTED TO BE NO WORSE WAN THOSE EMANATING FROM 
THE CURRENT FUELS OF CHARCOAL AND FIRENO0D. 

TESTING I S  CURRENTLY I N  PR(XRESS9 EMISSIONS FROM SMOKELESS 

A1 though substant i  a1 adverse heal t h  e f f e c t s  coul d be expected f ran 
burning coal o r  coal b r i q u e t t e s  f o r  cooki ng purposes~ a we1 l-devel oped 
technique e x i s t s  t o  conver t  coal t o  a safer  form f o r  combustion. Th is  
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i s  coal carbonization, conver t ing  i t  t o  a " 'soft coke" by pyro lys ls .  
Th i s  i s  s i m l l a r  t o  t h e  conversion o f  wood t o  charcoal. During t h e  
heat ing  o f  t h e  coal w i thout  i t s  combustion, vol a t i l e  content i s  reduced, 
and gases and t a r s  conta in ing  some of t h e  o ther  harmful cons t i t uen ts  a r e  
g lven o f f .  The r e s u l t  i s  a product h igh i n  f i x e d  carbon, which can be 
burned w i t h  1 i t t l e  o r  no smoke and m i s s i o n s  no worse than t h e  present 
p r a c t i c e  o f  burn ing coal and firewood. Carbonization can be performed 
before  or  a f t e r  b r i q u e t t i n g  -- or  w e n  w i thout  b r iquet t ing ,  i f  i r r e g u l a r  
" s o f t  coke" lumps and l o s s  of  t h e  coal f i n e s  a r e  acceptable. [See 
Appendix A , ]  Because t h e  s o f t  coke i s  v l r t u a l l y  smokeless9 i t  w i l l  be 
r e f e r r e d  t o  o f t e n  as ?"smokeless coal" i n  t h e  remainder o f  t h i s  document. 

One o f  t h e  impor tant  aspects o f  t h e  coal carbon iza t ion  process i s  t h a t  
many o f  t h e  p o t e n t i a l l y  harmful cons t i t uen ts  o f  coal a re  removed. As 
mentioned, most o f  t h e  v o l a t i l e s  a r e  d r i ven  o f f  dur ing  p y r o l y s i s  f n t o  
t h e  off-gases, tars ,  o r  l i quo rs .  A c e r t a i n  l e v e l  o f  v o l a t i l e s  i s  l e f t  
i n  t h e  s o f t  coke (approximately 1% t o  20%) t o  promote i t s  easy i g n i t i o n  
C61, bu t  t h i s  l e v e l  i s  deemed sa fe  and does no t  a l l o w  t h e  fue l  t o  smoke 
s i g n i f i c a n t l y .  Many o f  t h e  p o t e n t i a l l y  carc inogenic  and o the r  organic 
const i tuents ,  such as benzo(a1pyrene (BaP), to1 uener benzene, etc. , cane 
out  i n  t h e  t a r .  

The s u l f u r  content  i s  a l s o  reduced as  t h e  s u l f u r  i s  converted t o  
hydrogen s u l f i d e  gas. Actual ly, several steps can be taken f o r  s u l f u r  
removal t o  make t h e  f i n a l  smokeless coal lump o r  b r i q u e t t e  r a t h e r  clean 
w i t h  respect t o  s u l f u r  oxide emissions. Washing t h e  coal w i t h  water 
p r i o r  t o  p y r o l y s i s  i s  a simple, inexpensive, and e f f e c t i v e  step. More 
s u l f u r  i s  removed dur ing  t h e  carbon iza t ion  process. F ina l l y ,  i f  t h e  
coal i s  a h igher  s u l f u r  coal, l i m e  or l imestone can be added t o  t h e  
f i n a l  b r i q u e t t e  so t h a t  any remaining s u l f u r  combines w i t h  i t  and 
remains i n  t h e  ash upon combustion. The cos t  o f  1 ime, i f  needed, I s  
a l s o  very l o w p  represent ing on ly  1% of  t h e  p r i c e  o f  a s o f t  coke 
b r i q u e t t e  i n  a model p l a n t  scenario const ructed by Fabuss and Tatm.C63 

P a r t i c u l a t e s  a r e  considerably reduced by t h e  process o f  carbonization. 
Only minor f l y  ash r e s u l t s  from combustion o f  t h e  carbonized fue l .  
Also, wh i l e  t h e  temperature o f  carbon iza t ion  i s  n o t  h igh enough t o  
remove many o f  t h e  t r a c e  elements by v o l a t i ~ a t i o n ~  ne i the r  i s  t h e  
temperature o f  combustion o f  t h e  smoke1 ess coal. Thus, w i thout  
p a r t i c u l a t e s  t o  which t o  adsorb, t h e  t r a c e  elements remain i n  t h e  ash 
when t h e  smokeless coal b r i q u e t t e s  a r e  burned. Th is  keeps t h e  l e v e l  o f  
human exposure t o  t r a c e  elements a t  an i n s i g n i f i c a n t  l eve l .  

One remaining hea l th  e f f e c t  shoul d be mentioned. The product ion o f  s o f t  
coke can expose workers t o  dangerous cond i t i ons  unless s t r i c t  con t ro l  s 
a r e  imposed. Coal dust i n  cok ing p l a n t s  i s  o f t e n  very high and 
d i f f i c u l t  t o  suppress. The po ten t i a l  carcinogens i n  t h e  coal t a rs r  such 
as BaP, suggest ca re fu l  hand1 ing  of these by-products. I n  developing 
countr ies,  a t t e n t i o n  t o  worker safeTy i n  carbon iza t ion  p l a n t s  I s  n o t  
a1 ways g iven due a t ten t ion .  [I61 

It should be noted t h a t  Carbonization i s  only  needed f o r  coa ls  below t h e  
rank o f  anthrac i te ,  t h a t  i s ,  f o r  bituminous, subbituminous, and 1 i g n i t e  
coals. Anthrac i te  i n  i t s  na tura l  s t a t e  i s  s u f f i c i e n t l y  low i n  v o l a t i l e  
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and ash contents  and high i n  f i x e d  carbon t h a t  carbon iza t ion  i s  
unnecessary f o r  a ,smoke1 ess fue l .  Hwever, an th rac i tes  a re  re1 a t i v e l y  
rare. 

E. THE COSTS ASSOCIATED WITH 3RIQUETTING PND CARBONIZING COAL 
INDICATE A SELLING PRICE FOR SNOKELESS COAL BRIQUETTES IN 
SOME URBAN AREAS THAT MAKE THEM CX)MPETITIVE W I T H  FUELWOOD AND 
C H r n C Q K .  

Fabuss and T a t m  C6l est imate t h e  cos ts  of cons t ruc t ing  a 100 me t r i c  t o n  
par day (coal  i npu t )  b r i q u e t t i n g  and carbon iza t ion  p lan t  f o r  Pakistan. 
Whdfo t h i s  i s  a moderately s ized p l a n t  and t o  a c e r t a l n  ex ten t  t i e d  t o  
cond i t i ons  found i n  Pakistanr a review o f  t h e i r  est imates can g i ve  an 
idea of t h e  econmic  v i a b i l  i t y  o f  t h e  coal b r l que t t i ng /ca rbon iza t i on  
techno1 ogy. 

The p l a n t  v i w e d  i n  t h e l r  scenario takes t h e  path o f  an " in termediate 
technology." It would be capable o f  recovering t h e  coal t a r  and o i l ,  
but none of t he  U ~ Q U S  l i quo rs .  The process of f -gas  would be used t o  
generate 100% o f  the  power r q u i r e m e n t s  f o r  t h e  p lant .  U t i1  i z i n g  
Pakis tan 's  high s u l f u r  l i g n i t e  coal, t h e  b r i q u e t t e s  would be formed 
w i thout  a binder, but  1 ime would have t o  be added p r i o r  t o  b r i q u e t t i n g  
t o  reduce sul f u r  m iss ions .  The p l a n t  would have 66 t ons  per day output  
of mokel  ess coal br iquet tes.  The r a t i o  o f  100 tons per day coal i npu t  
t o  66 tons per day output o f  smokeless coal b r i q u e t t e s  was f i gu red  f o r  a 

t i c u l a r  Pakis tan i  coal r  and o ther  coals  would g i ve  vary ing  y ie lds .  
ever, t h e  PO0 t o  66 r a t i o  i s  I n  t h e  middle o f  a range o f  about 55% t o  

75% t h a t  might  be expected from var ious coals. 

Total investment costs, i nc lud ing  t h e  cost o f  i n s t a l l e d  equipment, s i t e  
preparation, bui 1 d i  rigs, engi neer i  ng and c o n t i  ngenci esa are put a t  
2,130,000 U.S. d o l l a r s  (1982$). About h a l f  o f  t h i s  amount would be 
r q u i  red t n  fo re ign  exchange. Operating c o ~ t s ,  i nc lud ing  coal r  1 ime, 
1 abor, mai ntenancep 1 oan r e t i  r ent, a 25% p r o f  it on these manufacturing 
costs, and t ranspor ta t i on  b r l n g  t h e  p r i c e  o f  smokeles 1 b r i q u e t t e s  
t o  1528 Pakis tan i  rupees (Rs.)  per m e t r i c  t o n  o f  o i l  i v a l  ent  (TOE) 
anywhere w i t h i n  a one hundred m i l e  rad ius  o f  t h e  p lan  By vary ing 
t h e  scale o f  t h e  plant, Fabuss and Tatcxn f u r t h e r  est imate t h a t  t h e  cost  
of  smokeless coal b r i q u e t t e s  per TOE would be Rs. 1622, Rs. 1466, and 
Rs. 1407 f o r  p l a n t s  w i t h  coal inpu ts  o f  25, 300, and 1,000 met r i c  tons  
(tonnes) per dayr respect ive ly .  3y c parison, f i r  ood cos ts  a87 
average o f  Rs. 2117/TOE. Thusl t h e  coal b r i q u e t t i  ng/carbonination 
operat ion appears t o  be econcmical l y  competit ive, Moreover, t h i s  i s  t h e  
case w i thout  even consider ing t h e  po ten t i a l  value o f  t h e  coal t a r  by- 
product. If a market f o r  t h i s  can be found, w e n  i f  used only  as b o i l e r  
fue l ,  e i t h e r  p l a n t  p r o f i t s  could be ra i sed  o r  t h e  p r i c e  of t h e  moke less  

1/ In 1982 when t h e  cost  est imates were mader 1 US$ equal led 
approximately 12 Rs. I n  1985, t h e  exchange r a t e  i s  approximately 1 
US$ t o  16 Rs. 
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coal b r i q u e t t e s  could be subsi dized w 4th t h e  by-product i n c m e  and 
brought t o  a y e t  lower  l eve l .  

Favorable economics f o r  coal b r i q u e t t e s  a1 so appear 1 i k e l y  f o r  two urban 
areas i n  Peru, namely Lima and Puancayo. b r e w e r ,  t h i s  country 
prov ides an example where heav i l y  subsidized kerosene might  be displaced 
by smokeless coal b r iquet tes .  As smmarized i n  Table 3 ,  t h e  UNDP/World 
Bank est imate t h a t  coal b r i q u e t t e s  a:; a cooking f u e l  would cos t  US$ 9.30 - 13.30 per  c a p i t a  per year.C1812/ By comparison, fuelwood used i n  an 
open f i r e  cos ts  US$ 10.80 - 15.00 per  cap i ta  per year i n  Wuancayo and 
US$ 27.58 - 31.70 i n  Lima. Although the  cost  o f  a stove i s  n o t  inc luded 
i n  these estimates, t h e  coal b r i q u e t t e s  appear economically compet i t l ve  
w i t h  fuelwood on an opera t ing  cos t  basis. With respect t o  kerosene, 
Table 3 i nd i ca tes  t h a t  i t  i s  cheaper than coal br iquet tes l  but on ly  
because o f  a l a r g e  subsidy. If t h e  subsidy on kerosene were 7 i f ted ,  
coal b r i q u e t t e s  could d isp lace It as a cooking fue l ,  a t  l e a s t  on a cost- 
o f - fue l  basis. Since kerosene i s  subsidized i n  o ther  coun t r i es  as well ,  
t h i s  conc lus ion migh t  be general. 

Table 3. Cooking f u e l  cos ts  i n  Peru 
(US$ per  c a p i t a  per year) 

FUR- H U ANCA YO L LMA 

Wood 
used i n  open f i r e  
use i n  improved s tove 

10.80 - 15.00 27.50 - 31.70 
5.40 - 11.20 13.80 - 23.70 

C h a rcoal  33.90 5 8.50 

Coal B r i q u e t t e s  9.30 - 13.30 9.30 - 13.30 
Kerosene 

w i t h  cu r ren t  subsidy 
unsubsi dized 

7.70 
21 .oo 

7.70 
18.50 

Source: UNDP/Worl d Bank C181 

- 2/ Th is  t r a n s l a t e s  i n t o  US$ 139 - 1!39 per TOE. Costs of other  cooking 
fue l  s a r e  no t  t rans? ated i n t o  do l ' lars  per TOE because t h e  method used 
by the UNDP/World Bank t o  est imate t h e i r  costs per c a p i t a  per year 
invo lved d i f f e r e n t  u t i 1  i z a t i o n  e f f  I c i e n c i e s  f o r  t h e  d i f f e r e n t  fuels. 
Giv ing a cos t  per TOE f o r  a l l  fuels  would be misleading. 



I V .  

A. COAL CARBONIZATION HAS BEEN PRACTICED EXTENSIVUY I N  INDIA .  
WE I N D I A N  EXPERIENCE I S  INSTRUCTIVE BECAUSE A WIDE RANGE OF 
TECHNOLOGIES AND COAL TYPES HAS BEEN UTILIZED. I N D I A  HAS 

AND ALL HAVE BEEN USED FOR CARBONIZATION. TEWNQLGIES RANGE 

CARBON IZ  ATION PL ANTS. 

DEPQSITS OF BITUMINOUSI SUB-BITUMINWS, AND LIGNITE COALS, 

FROM ONE-PERSONS "V1LLPl;rE CO PILES!' TO ADVANCED TECHNOLOGY 

The advanced technol ogy coal carbon iza t ion  pl ants  .B n I n d i a  demonstrate 
several d i  f f e r e n t  technol ogies. The mast advanced, which are e i t h e r  
government p i1  o t  p l  ants  o r  comrnerci a1 p l  ants  model ed on government 
p r o j e c t s  a rac t i ce  f u l l  by-product recovery. The smokeless coal ( s o f t  
coke) i s  & ten  produced i n  a continuous process w i t h  crushed and s ized  
coal or br ique t ted  coal en ter ing  t h e  t o p  of carbonlz ing r e t o r t s  and s o f t  
coke i ssu ing  a t  t h e  bottom. The gas may be used t o  cool t h e  s o f t  coker 
and, having been heated, reenter t h e  carboniz ing sec t ion  a s  a fue l .  I f  
t h e  cleaned gas i s  no t  immeddately recycled as fue l ,  i t can be used f o r  
e l e c t r i c i t y  generation or f o r  town gas? t h e  l a t t e r  use being planned f o r  
t h e  c i t y  o f  Calcutta. S imi la r ly ,  t h e  t a r s  and 1 iquors  a re  reta inedr  and 
may be (1) used as fue l  i n  t h e  carboniz ing operat ion o r  so ld  f o r  b o i l e r  
f ue l  or  (2) be re f i ned  i n t o  f i n e  chemicals. The scales of t h e  p i l o t  
p l a n t s  run from 20 t o  25 tons per day (TPD) o f  coal input, whereas t h e  
f u l l  sca le p l a n t s  can have design i npu t  o f  1500 t o  2700 TPD. The p l a n t s  
a t  t h e  upper end o f  t h i s  range do not  genera l ly  run a t  f u l l  capacity. 

Intorrnedi a te  technol ogy p l  ants  a1 so ex i  sL i n  I n d i  a, Agai n, crushed o r  
b r i que t ted  coal t r a v e l s  through r e t o r t s  or possib ly  on chain g ra tes  
through a k i l n  f o r  carbonization. The in termediate technology p l  ants, 
however, p rac t i ce  l i m i t e d  or no by-product recovery. I f  no by-product 
recovery i s  pursued, these p l a n t s  can be heavy po l lu te rs .  Often, t h e  
off-gases a r o  passed through a scrubber, but t hen  vented t o  t h e  
atmosphere. Tars and l i q u o r s  a l so  are  not  recovered. S t i l l ,  i t i s  
possi b l  e t o  cons t ruc t  i nterrnedi a te  technol oyy p l  ants  which, wh i le  no t  
recxwering every chemical f r a c t i o n  separately, r e t a i n  useful by-products 
such as soad-surfaci ng mater ia l ,  b a i l  er fue l  , and of f -gas fue l .  Fabuss 
and Tatom i n d i c a t e  t h a t  such an operat ion "can be accornpl ished 
re1 a t l v e l y  eas i l y  and y e t  w i thcrut g rea t  cos t  . . . . srC61 Addi t iona l  
cap i ta l  cos ts  can be expected t o  run on t h e  order of 5% t o  l m r  and i t  
wok11 d reduce t h e  p o l l u t i o n  problem. I n  Indda, t h e  scale o f  t h e  
i n t e m e d i  a t e  technol ogy pl ants runs f ran 25 t o  100 TPD coal input. c161 

The s t v i l l a g e  coal p i l e ' !  i s  t h e  simplest technology o f  a l l 9  and t h e  
heaviest po l l u te r .  A p i l e  o f  coal and coal f i n e s  i s  i g n i t e d  and when 
t h e  smoking stopss it i s  nates quenched. By r m o v i n g  ou ter  ashr an 
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i nner  char i s  found t h a t  can be used as a smokeless fue l .  Smoke frm 
such a process can be seen f o r  miles. 

The major d i f f e rence  in t roduced by -:he d i f f e r e n t  types o f  feed coal used 
i n  t h e  i n d u s t r i a l  carbon iza t ion  p l a n t s  has t o  do w i t h  b r i que t t i ng .  The 
bituminous and subbltuminous coa ls  may only be crushed and sized, b u t  
no t  b r i que t ted  p r i o r  t o  carbonlzation. Hwever, b r i q u e t t i n g  o f  t h e  coal 
o r  smokeless coal .fines may occur. Coal f i n e s  a r e  b r ique t ted  w i t h  
molasses, ben ton i te  (c lay) ,  o r  an inorgan ic  b inder  by t h e  Indians. Soft 
coke f i n e s  may be b r ique t ted  w i t h  a s tarch binder. With t h e  l i g n i t i c  
coal sp  b r i q u e t t i n g  p r i o r  t o  carbon iza t ion  i s  performed. The producers 
take  advantage o f  t h e  property o f  1 i g n i t e  t h a t  a l lows i t  t o  be 
b r ique t ted  w i thou t  a binder. The b r ique t ted  form o f  t h e  smokeless coal 
output  g ives  it a d i s t i n c t i v e  appearance. Th is  a l l ows  i t  t o  be e a s i l y  
d is t ingu ished from lump coalr so t h a t  it cannot be adul terated by 
d i  shonest deal ers. 

P r o f i t a b i l i t y  o f  t h e  v i l l a g e  coal p i l e  and in te rmed ia te  technology 
producers i s  pos i t i ve ,  i f  only  marginal a t  times. Costs a r e  reduced by 
avoid ing c a p i t a l  investment t o  recover by-products. The h igh technol ogy 
producers must o f t e n  operate unp ro f i t ab l y  for  seven, eight, o r  t e n  years  
be fore  reaching t h e  break-even poi nt. The d i  f f  i c u l  t i e s  t h a t  p l  ague t h e  
l a r g e r  operations, i n  a d d i t i o n  t o  h igher  costs, a re  i r r e g u l a r  coal 
suppl ies, t ranspor ta t i on  d i f f i c u l t i e s ,  power outages, l abo r  probl cans$ 
and t h e  i n a b i l  i t y  t o  s e l l  by-products. A1 though h igh technol ogy 
appl i c a t i o n s  may be more pro f  i t a b l e  i n  t h e  long-run, Schwartz and Tatom 
C161 recommend appl i c a t i o n  o f  intermed-l a t e  1 eve1 s of technol ogy w i th  
some by-product recovery f o r  o ther  developing countr ies.  I n  t h i s  
fashion, sane of t h e  r i s k  o f  high technology p l a n t s  as w e l l  as t h e  
pol 1 u t i o n  probl ems o f  vent? ng by-products can be avoided. 

B. I N D I A  HAS DEVELOPED A SMOKELESS COOKING STOVE WHICH CAN USE 
RAW COAL AS A FUEL SOURCE WITH NO DETRIMENTAL HEALTH EFFECTS. 

F ina l l y ,  a technology unique unto i t s e l f  has a r i sen  fran t h e  Ind ian  
experience. Th ls  i s  t h e  %smokeless cooking stove,'! which u5es raw coal 
ra the r  than smokeless coal as i t s  i n i t i a l  fue l .  It t h e r e f o r e  c m p l e t e l y  
avoids t h e  cost of coal carbon iza t ion  plants. Developed by t h e  Ind ian  
Central Fuel Research I n s t i t u t e  (CFRI) ,  t h e  stove can be manufactured 
f o r  about 50 rupees ( s o f t  coke stoves cos t  approximately 30  rupee+--1982 
rupees). Based on t h e  savings o f  buying coal ra the r  than smokeless 
coal, t h e  cost  o f  t h e  stove can be r fxovered i n  on ly  a few months. Th is  
I s  based on a 1982 r e t a i l  coal p r i c e  i n  I n d i a  o f  about 180 rupees per 
tonne and t h e  s o f t  coke cost  o f  about 720 rupees per tonne. Assuming a 
family o f  f ive,  which would use about a tonne o f  s o f t  coke per year., a 
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net  savings o f  490 rupees could be r e a l i z e d  by t h e  fami ly  i n  t h e  f l r s t  
yeas of operat ion on coal-C1613/ 

The stove cons is t s  o f  two c y l i n d r i c a l ,  concentr lc  compartments, t h e  
inner  one being a smokeless coal combustion zonep and t h e  outer  one 
being an a i r - t i g h t  coal carbon iza t ion  mane. Sized o r  b r i que t ted  coal i s  
loaded i n  t h e  outer  zone t o  be carbonized fran t h e  heat o f  burning 
smokeless coal i n  t h e  inner  zonep which al SO suppl i e s  cooking and space 
heat ing needs. The off-gases a r e  mixed w i t h  a i r  below the  moke less  
coal bed and thus  consumed. The next day, t h e  carbonized coal from t h e  
outer  zone i s  consumed i n  t h e  i nne r  zone, wh i l e  ne# coal i s  added t o  t h e  
outer  compartment. The only disadvantages appear t o  be t h a t  t h e  coal 
must be sized c a r e f u l l y ,  t h e  optlmal s tove design depends on t h e  type of 
coal burned--a1 though a1 1 types a r e  candi dates--and no by-product 
recovery i s  possi b l  e. Thus, t h e  C F R I  smoke1 ess stove po ten t i  a1 l y  
represents an ex t radord i  nary innovation, being "a c l  ean-burning, sel f- 
sus ta in ing  system i n  which t m o r r e w t s  [ s o f t ]  coke i s  produced today, 
wh i l o  t h e  Csoft3 coke made yesterday i s  bafng consumed~~.C161 

C. KOREANS HAVE USED R M  ANTHRACITE C B f i k  BRIQUETTES EXTENSIVELY 
FOR COOKING AND HEATING. THE KOREANS STARTED C O N  

BRIQUETTING PLANTS I N  ME COUNTRY. 
BRIQUETTING I N  1930, AND THERE AF?E NCW APPROXIMATELY 20 LARGE 

Korean b r i q u e t t e s  a re  comprised o f  90% Korean a n t h r a c i t e  and 10% Chinese 
cok ing coal, They are  very large? by comparison t o  o ther  coal 
br iquet tes,  weighing approximately 8 to 16.5 pounds each. They are  
pressed a t  on ly  170 t o  240 psi ,  and do no t  meet normal b r i q u e t t e  
compression s t rength  c r i t e r i a :  they can be broken w i t h  t h e  f ingers,  
they crush when dropped, and probably would n o t  stand up t o  weathering. 
They r e a l l y  art3 only Ita we l l  compacted coal t h a t  i s  i n  a convenient form 
f o r  hand1 iny. rlC61 

It i s  impor tant  t o  note t h a t  t h e  Korean experience could n o t  be 
t rans fe r red  t o  many other countr ies. F i r s t ,  an th rac i te  (along w i t h  a 
mall amount o f  coking coa l )  i s  used t o  manufacture t h e  Korean 
br iquet tes.  As mentionedr an th rac i te  can be used as a smokeless fue l  
f o r  cooking w i thout  carbonization. However, an th rac i tes  a r e  rare, and 
thus  t h e  Korean method of b r i q u e t t l  ng w i thout  carbon iza t ion  cannot be 
t r ans fe r red  t o  many other  countr ies. Second, t h e  s i ze  o f  t h e  Korean 
b r i q u e t t e s  i s  abnormally large. Thls  i s  because they use than f o r  both 
cooking and heatingr i nvo l v ing  a 24-hour operation. This  would n o t  be 
r q u i  red i n  most A. I. D. countr ies. 

I n  t h i s  examples Schwartz and P a t m  E161 have obviously assumed t h a t  
a fami ly  using one tonne o f  s o f t  coke per year would a l s o  use about 
one tonne of coal pet- year i n  t h e  smokeless stove. Since t h e r e  may 
be heat losses i n  conver t ing from coal t o  s o f t  coker t h t s  nay no t  be 
compl e te l y  accurate. S t i l l ,  t h e  econ i c  advantage of t h e  make less  
cooking s tove  i s  l a r g e  enough t h a t  t h l s  should n o t  change t h e  
concl us i  on o f  qu ick  cos t  recovery. 



V. THE POTEl!UILLFOR CCEAL.B.RIQUETTETITU.TION 
J N  A. I.D. ASSLSIED C m  

A. SIGNIFICANT OPPORTUNITIES E I S T  TO MITIGATE THE FUELWOOD 
CRISIS AROUND THE WORD. A PRELIMINARY EXAMINATION OF THE 
SEVENTEEN RE3 IOUSLY IDENTIFIED COUNTRIES INDICATES THAT FOUR 
APPEAR TO HAVE AN IMMEDIATE POTENTIN: BOTSANA, HAITII 
INDIA, AND PAKISTAN. ANOTHER ELEVEN COUNTRIES APPEAR TO HAVE 
A NEAR-TERM ( 3  TO 5 YEARS) POTENTIAL: INDONESIA, MIROCCO, 
NIGER, PERU, PHILIPPINES, ‘TANZANIA, THAILAND, SWAZILAND, 
ZAIRE, ZAIUBIA, AND ZIMBABWE. 

The pervasiveness o f  t h e  fue l  wood c r i s i s  among A. 1.5. ass is ted coun t r i es  
i s  exempl i f ied by t h e  f a c t  t h a t  w i l y  two African, one Near Eastern, 
seven L a t i n  American, and one Asian country have sa t i s fac to ry  wood 
energy suppl ies. The reserves and product ion of coal i n  A. I. D. ass is ted 
coun t r i es  were a1 so determined. O f  t h e  twenty-one prev ious ly  i d e n t i f i e d  
coun t r i es  s ix teen have sane measure of cu r ren t  coal product ion and one 
country, H a i t i  has t h e  po ten t i  a1 f o r  immedi a te  coal devel opnent. 

Although t h e  a v a i l a b i l i t y  o f  coal is, o f  course, a necessary 
p r e r q  u i  s i t e  for subs t i  t u t i  ng a smoke1 ess coal-derived fue l  f a r  f i r w o o d  
and charcoalp o ther  fac to rs  a r e  equal ly  important. Among these are: 
(1) t h e  na ture  o f  fuelwood use ard supply, (2) t h e  l o c a t i o n  o f  coal 
deposi ts  re1 a t i v e  t o  demand centers, ( 3 )  demographics, ( 4 )  t h e  ex ten t  
and adequacy of distribution systms,  ( 5 )  markets, (6) t h e  ex ten t  o f  
government involvement i n  energy p l  anni ngO and (7)  t h e  compati b i l  i t y  o f  
f ue l  use w i t h  social custcxns. 

The examlnation o f  these seventeen coun t r i es  i s  based s o l e l y  on 
secondary data sources. The un i fo rm i t y  and consistency o f  in fo rmat ion  
v a r i e s  considerably among countr ies, and f o r  saner i n fo rmat ion  i s  no t  
ava i lab le .  To be sure, sane countr;ies have a h igher  immediate po ten t i a l  
f o r  coal b r l q u e t t i n g  techno1 ogy. Countr ies t h a t  have espec ia l l y  
favorable c i  rcwnstances a r e  b r i e f l y  discussed bel ow. Appendix C 
prov ides a more d e t a i l e d  examinatlon of t h e  seventeen i d e n t i f i e d  
count r i es. 

I n  Af r ica,  Botswana appears t o  have an immediate p o t e n t i a l  for coal 
br ique t t i ng .  Botswana has l a r g e  coal reserves and r e l a t f v e l y  l w  coal 
e x t r a c t i o n  and t r a n s p o r t a t i o n  costs. Further, t h e  populat ion i s  
concentrated i n  t h e  eastern t h i r c  o f  t h e  country and i s  favorably  
loca ted  t o  r a i l r o a d s  and roads. Bec:ause t h e r e  i s  no charcoal product lon 
i n  t h e  country, smokeless coal b r i q u e t t e s  would have t o  s u b s t i t u t e  
d i r e c t l y  f o r  firewood. Hwever, t h e  d i f f u s i o n  of coal b r i q u e t t e s  could 
be coordinated w i t h  t h e  USAID program t o  develop and demonstrate fue l -  
e f  f i c i  erst stoves. Morocco, Niger, Tanzani a, Zambial and Zimbabwe a1 1 
have a n e a r t e r m  po ten t i a l  t h a t  depends l a r g e l y  on t h e  add i t i ona l  
development of coal reserves. In fo rmat ion  i s  n o t  a v a i l a b l e  on two 
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count r ies r  Swaziland and Za l rep  w i th  which t o  make an evaluation. 
However, t h e  UNDP/World Bank w i l l  have completed an energy assessment i n  
both o f  these coun t r i es  w i t h i n  t h e  next s i x  months. 

Coal carbon iza t ion  and br iqueth ing  has been ongoing i n  I n d i a  for  a 
number o f  years as  has been repor ted by Schwartz and T a t m  C161. The 
issue i n  I n d i a  i s  no t  whether coal b r i q u e t t i n g  has any po ten t ia l ,  bu t  
whether t h e i  t" experience can be t rans fe r red  t o  o the r  devel  opi ng 
countr ies.  Pakis tan i s  one country t h a t  shares many s i m i l a r i t i e s  t o  
Ind ia r  i n c l  udiny pervas ive fue l  wood d e f l c i t s  and major deposi ts  o f  coal e 

An i n v e s t i g a t i o n  by Fabuss and Tatom E61 concluded t h a t  t h e  carboniz ing 
and b r i q u e t t i n g  o f  coal and/or t h e  b r i q u e t t i n g  and d i  r e c t  u t i 1  I z a t i o n  o f  
coal i n  a smokeless stove i s  both t e c h n i c a l l y  and economically f e a s i b l e  
i n  Pakistan. Two other  coun t r i es  i n  t h e  reg ion appear t o  have a near 
term poten t ia l ,  t h e  P h i l  i p p i  nes, and Thai1 and. Indonesia a1 so has t h e  
po ten t i a l  from the  perspect ive o f  having l a r g e  coal deposi ts  and 
fuelwood shortagess although t h e  l o c a t i o n  o f  coal reserves1 a heavy 
subsidy on kerosene, and t h e  po ten t i a l  ava i l  a b i l  i t y  o f  an a l  t e r n a t i v e  
fue l  i n  1 i q u i d  propane gas compl i c a t e  Indonesia's prospects. 

I n  L .at in  America, H a l t i  stands ou t  as a country w i th  an immediate 
po ten t i  a1 f o r  coal b r  i q u e t t i  ng. The country has acute f us1 wood def l c i  t s  
throughout t h e  i s l a n d  and l a r g e  deposi ts  o f  1 i g n i t e .  Because o f  low 
estimated 1 i g n i t e  e x t r a c t i o n  COStsJ adequate t ranspor ta t l on  networks, 
and a dense urban populat iond t h e  cos ts  o f  coal b r i q u e t t e s  should e a s i l y  
prove t o  be compet i t i ve  wa'th charcoal i n  s p i t e  o f  t h e  l a c k  o f  
enforcement of stumpage fees and l o w  Wood severance taxes. I n  t h e  near 
tern Peru has a po ten t i a l  f a r  coal b r i q u e t t i n g J  although h igh subsid ies 
an kerosene present an impediment t o  t h e  p r i c e  competit iveness o f  t h e  
coal br iquet tes.  
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Tab1 e 4.  Potenti al of A. I. D. ass1 sted countries  
f o r  coal br i q  uett i  ng 

--- 
. Four countries  appear t o  h a v e  immediate potential : 

. Botswana . Haiti . India . Pakistan 

. Eleven countries  appear to have near-term potenti a1 : 

. . Indonesi a 
Morocco 
Niger 
Peru 
P h j l  ippi nes 
Tanzania 
Thai 1 and 
Sw az i 1 and 
Zai r e  
Zambi a 
Z imbabw e 

Source: T a b l e  1 and 2. 
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V I .  

A. IMPL E K N T I N G  SWKEL ESS COAL BRIQUETTING I N  A. I. D ASSISTED 
COUNTRIES WILL BE SASED ON EXPERIENCES GAINED BY A.I.D. I N  
H A I T I  AND PAKISTAN. 

A. 1. D. Wash i ngton/Of f i c e  of Energy w i l l  be ga in ing  experiences on 
smokeless coal b r i q u e t t i n g  technology and market po ten t i a l  i n  two wldely  
dispersed and d i f f e r e n t  developlng c o u n t r i e s  Wait1 and Pakistan. P r i o r  
work i n  H a i t i  has confirmed t h e  existence of a subs tan t ia l  l i g n i t e  
resourcer and t h e  need f o r  a fuelwaod/charcoal replacement has been 
demonstrated. I n  January 1985, p l  annlng began t o  sampl e and analyze t h e  
coal def ine t h e  technica l  aspects o f  carbonizat ion needed, perform 
market studies, de f ine  t h e  need f o r  a p i l o t  plant, look  a t  po ten t i a l  by- 
product recoveryr and i n v e s t i g a t e  other  aspects o f  imp1 m e n t i n g  
smokel ess coal b r i q u e t t i  ng. 

I n  Pakistan, t h e  A. I.D, Mission provided p lans i n  October 1904 f o r  
i n i  ti a1 steps t o  i mpl m e n t  moke? ess coal b r  i q  u e t t i  ng there. These 
i nvol ve assessi ng t h e  capabi 1 iti es of 1 oca1 market research f i rms, 
surveying consumers and r e t a i l  ers, i d e n t i f y i n g  t h e  po ten t i a l  market 
segments, undertaking a %eedg8 market w i t h  p r i v a t e  d i  s t r i  bu tors  using 
smokel ess coal b r i q  ue t tes  prov ided by A. I. D. /GOP, and expl o r i  ng t h e  
possi b i l  i t y  o f  amy procur en% of t h e  br iquet tes.  

As t h e  work goes on i n  these f i r s t  two count r fes  t o  implement smokeless 
coal b r i q u e t t e  manufacturing and rnarketi ng, t h e  experience gai ned by 

ashington w i l l  prove h igh ly  useful i n  a p p l i c a t i o n  t o  other  
A . I . D .  countr ies. I n  advance o f  these experiencesr many ideas have been 
presented t o  he lp  i nsu re  t h e  success o f  smokeless coal b r iquet t ing ,  and 
they have been organized i n  t h i s  sect fon i n t o  an a c t i o n  p l  an or se t  sf 
s t r a t e g i  es fo r  rea l  i z i n g  t h e  po ten t i  s a l  far coal b r i q u e t t i  ng i n A. I. D. 
assi sted countr ies, 

8. F I V E  STEPS ARE NECESSARY 79 SUCCESSFULLY I M P L E E N T  SMOKELESS 
COAL BRIOUETTING AND MARKETING I N  A. I.D. @BUNTRIES. THESE 
INCLUDE A RESOURCE EVALUATION, A MARKET ASSESSMENT, A 
TECHNOLEY ASSESSMENT, A S N D Y  OF GOVERNMENT POLICY AND 
PLANNING, AFID PACKAGING INWE IDEA FOR ME PRIVATE SECTOR TO 
IMPLEMENT. 

1. . Th is  prospectus has ecl t o  p u l l  together 
i n f  resources i n  A. I. D. co t o  demonstrate t h e  
promise o f  t h i s  idea, Howeverl more de ta i l ed  work on deposi ts  
necessary i n  i nd i v idua l  count r ies  p lanning t o  implement t h e  strategy. 
The sims and workabil  i t y  of  coal deposi ts  frm a geological standpoint 
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must be ascertained. The l o c a t i o n  of coal deposftsr economic vdab i l  i t y ,  
and p rox im i t y  t o  e x i s t i n g  t r a n s p o r t a t i o n  systems and markets must a1 so 
be defined. The coal deposits'  l o c a t i o n  and t h e i r  p rox imi ty  t o  e x i s t i n g  
I n f r a s t r u c t u r e  w i l l  a f f e c t  t h e  cost  of t h e  coal b r i q u e t t i n g  technology. 

2. -W&KFT ASS-T. I n  order  t o  determine t h e  best  candidate 
communities and users8 a market f e a s i b i l  i t y  study should be undertaken. 
Where feas ib le ,  a p re l  iminary step t o  c a r r y i n g  ou t  t h e  market study 
would be t o  assess t h e  c a p a b i l i t i e s  o f  l o c a l  market research f l r m s j  one 
o f  these f i r m s  could implement t h e  actual study. The market assessment 
i t s e l  f shoul d i ncl ude examinati on o f  t h e  t a r g e t  popul a t i  on8 
socioeconomic and c u l t u r a l  c h a r a c t e r i s t i c s  ( p a r t i c u l a r l y  w i t h  respect to 
cooking l r  urban fue l  user fue l  prices, and obs tac les  t o  acceptance of  
t h e  new coal-based fue l ,  etc. 

The ma.rket study should begin w i t h  a thorough assessment o f  cu r ren t  
f u e l s  used, t h e i r  sourcesI t h e i r  prices, and t h e  q u a n t i t i e s  used per 
year. The assessment w i l l  i n  most cases occur i n  se lected urban 
c e n t e r s  f o r  reasons noted below. The fue l  types and q u a n t i t i e s  will  
a f f e c t  t h e  volume of coal and b r i c u e t t e s  t h a t  can p s t e n t l a l l y  penetrate 
t h e  market. The p r i c e s  of a l t e r n a t i v e  f u e l s  w i l l  be a primary 
determinant o f  t h e  po ten t i a l  o f  smDkeless coal b r iquet tes .  Not on ly  the  
cu r ren t  p r icer  bu t  a near-term fcirecast o f  f ue l  p r i c e s  and q u a n t i t i e s  
would be he lp fu l  i n  determining t h e  necessary ent ry  p r i c e  f o r  coal 
br iquet tes.  A1 so, determining t h e  cur ren t  sources o f  f i r w o o d  and 
charcoal supply would he lp  evaluate t h e  po ten t i a l  f o r  smokeless coal 
b r i q u e t t e s  t o  penetrate the fuel use market and reduce deforestat ion.  

An assessment o f  t h e  count ry 's  demographics and a p a r t i c u l  as examination 
o f  t h e  t a r g e t  popu la t i on fs  socioeconomic and c u l t u r a l  make-up a r e  a 
second p a r t  t o  t h e  market study. Examination of t h e  propor t ion  o f  
people i n  c i t i e s  versus those i n  r u r a l  areas and t h e  d i s t r i b u t i o n  of t h e  
i nhab i tan ts  i n  these se t t i ngs  w i l l  a f f e c t  t h e  market p o t e n t l a l  o f  
br iquet tes.  It seems c l e a r  t h a t  i n  most countrfes, t h e  i n i t i a l  
i n t r o d u c t i o n  o f  smoke1 ess coal b r i q u e t t e s  w 11 1 take p l  ace i n  urban 
areas? both t o  take advantage o f  a concentrated market and because t h e  
fuelWood d e f i c i e n c i e s  a re  most acute i n  c i t i e s .  Also9 t h e  r u r a l  
populat ion may no t  be i n  a commercial f i rewood market, and generating a 
commerci a1 market f o r  b r i q u e t t e s  coul d be d i  f f i c u l  t. 

The market assessment should examine energy use by fue l  type i n  
d i f f e r e n t  economic Sectors, i n c l  udi ng househol d s r  commerci a1 
establ ishments, small indus t r ies ,  and pub1 i c  i n s t i t u t i o n s .  The: 
po ten t i  a1 f o r  s u b s t i t u t i o n  o f  smoke1 ess coal b r i q u e t t e s  i n  each of these 
sec tors  must be eval uated. Besides pr icer  one h igh l y  s i g n i f i c a n t  f a c t o r  
f o r  substitution p o s s i b i l  i t i e s  i s  consumer acceptance. What 
c h a r a c t e r i s t i c s  must t h e  b r i q u e t t e  have t o  ob ta in  acceptance, e.g. 
s ize t  shapet i g n i t i b i l  i t y ,  packagiEg, d i s t r i b u t i o n  points, needs f o r  new 
equipment? H o w  does t h e  user fee l  about using smokeless coal r e l a t i v e  
t o  t h e  cu r ren t  f ue l  used? One approach i s  t o  conduct surveys o f  c e r t a i n  
sectorsp say t h e  househol d and commerci a1 sectors. These surveys 
assessi ng t h e  po ten t i  a1 acceptance o f  smoke1 ess coal b r i q u e t t e s  cou7 d be 
t i e d  together  w i t h  t h e  i n fo rma t ion  ga ther ing  on cu r ren t  f ue l  use and 
pr ices.  
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3. J. The technol og ica l  assessment shoul d 
inc lude an ana lys i s  o f  coal cha rac te r i s t i cs ,  an engineering study o f  t h e  
appropri a t e  type and scai e o f  b r  i y  u e t t i  ng and ca rbonl z i ng  operat1 6 n s ~  
and c a p i t a l  ava i l  a b i l  i t y .  

The grade of coal and i t s  sul f u r  and ash contents w i l l  a f f e c t  t h e  type 
o f  b r i q u e t t i  ng and carbon iza t icn  operat ion t h a t  i s  appropriate. 
Therefore, a representa t ive  sample of coal m u s t  be obtained, shipped t o  
a labora tory r  and assayed. Behavior o f  t h e  coal under b r i q u e t t i n g  and 
carbon iaa t i  on cond i t ions  must be ascer ta i  ne& e. g. , re1 a t i  on hetween 
t i m e / t m p e r a t u r e  cond i t ions  and res idual  v o l a t i l e  contentr i g n i t a b i l  i t y  
vs. vol a t i  1 B matter  content, suppressi OD of r e s i  dual sul f u r  content 
dur ing combustion, t h e  optimal type of binder  f o r  b r i q u e t t e  s t rength  and 
durab i l  i t y ,  etc. 

I n  addi t ion,  an engineerfng study i s  necessary t o  design t h e  type  o f  
p l a n t  appropr ia te t o  t h e  coal and t h e  s i z e  of p lan t  t h a t  i s  appropr ia te  
to t h e  market. Which of t h e  many carbon iza t ion  and b r i q u e t t i n y  
processes should be used? Should off-gases be recycled or be used o f f -  
s i t e ?  Shou? d by-product el e c t r i c i t y  by produced? kJ ill t h e  co r rec t  
b i  nder be re1 i ab l y  ava i l  ab1 e? Where shoerl d t h e  p1 ant be s i  ted-- tak i  ng 
i n t o  cons ldera t ion  coal supplyp labor  supply, a v a i l a b i l  i t y  o f  u t i 1  i t i e s ,  
t r a n s p o r t a t i  on, and prox imi ty  t o  markets. How 1 abor i ntensfve shoul d 
t h e  min i  ng and b r i q  u e t t i  ng/ca rbon iza t i  on opera t i  ons be? What measures 
are: needed t o  p ro tec t  health, safety, and t h e  env i romen t?  

As p a r t  a f  t h e  technologica l  assesmesrt, a survey o f  the domestic 
c a p i t a l  a v a i l a b l e  i s  a lso  needed. It i s  poss ib lep as i n  India, that .  
domestic equipment f o r  t h e  b r i qwe t t l ng  and carbon iza t ion  operations w i l l  
be adequate and cheaperr even though not  as durable as imported 
equipment, Th is  caw save on fore ign exchange costs. The amount of 
q u i  gment a v a i l  ab1 e f o r  b r i q u e t t i  ng operat ions o f  d i  f f e r e n t  scal es and 
1 eve1 L; o f  technol oyy shoul d be determined. 

Whll e only an examination of i nd i v idua l  country c i  rcurnstances can 
asce r ta in  t h i s l  an i n t e  ediate  1we1 of technology i n  the b r i q u e t t l n g /  
carbon iza t ion  operat ion may prove best f o r  f m p l  m e n t a t i o n  i n  many 
countr ies.  An in termediate techno1 ogy approach t o  produci ng t h e  
smoke1 ess coal b r i q u e t t e s  i s  cheaper than t h e  h igh  techno1 ogy approach, 
whll  e a1 so prov l d i  ng t h e  oppostuni t y  for  sane by-product recovery. Th is  
he1 ps reduce pol 1 u t 1  on prabl ems. Also, t h e  by-products m l g h t  be 
recyc l  ed i n t o  t h e  b r i q u e t t i  ng/carbonization operation, as i n  t h e  case o f  
the off-gases as a fuel,  or sold, as i n  t h e  case of t h e  t a r s  and 1 
f o r  b o i l e r  f ue l  or  a s p h a l t s  f o r  road sur fac ing  ( i f  a market for  t h  
be e s t a b l  ishedl  Ar t isana i  manufacture a6 t h e  moke l  ess coal b r i q u e t t e s  
i s  a second p o s s i b i l  i t y 9  i f  no by-product recovery i s  des i red and 
p o l l u t i o n  p r o b l a ~ s  can be avoided. Such questlions need t o  be answered 
dur ing t h e  tech no1 agi ca l  assessment. 

4 .  GOVF RNMENT POLIC YAMD-WNIN G ASSESSMENT . While coal carbonizat ion 
and b r i q u e t t i n g  prov ides an excel l e n t  o p p o r t u n ~ t y  f o r  eventual con t ro l  
l a r g e l y  by t h e  p r i v a t e  sector, t h e  r o l e s  o f  t h e  host country government 
and A.E.D. i n  s t a r t - u p  operat ions m u s t  be assessed. For t h e  host 
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country  government, t h i s  i nvo l ves  assessi ng 
d i  r e c t l y  aimed a t  coal b r i q u e t t i n g  and o the r  
have i n d i  r e c t  impacts on t h e  new technology. 

both pol dcies t h a t  a r e  
government pol i c i  es t h a t  

I n  general, it must be emphasized t h a t  government acceptance o f  t h e  coal 
b r i q u e t t i n g  technology I s  impor tant  i f  it i s  t o  succeed. Not on ly  i s  
government backi ng necessary f o r  promotion o f  t h e  smokel ess coal 
b r i q u e t t i n g  i t s e l f ,  bu t  seemingly unre lated government p r i o r i t i e s  can 
hamper t h e  success o f  t h e  new technology. For instance, i f  r a i l  ca rs  
a r e  i n  s h o r t  supply and coal del i ve ry  t o  e l e c t r i c  power p l a n t s  receives 
p r i o r i t y ,  a re1 i a b l e  supply of b r i q u e t t e s  w i l l  be endangered by an 
i rregul  a r  coal supply. Another exampl e o f  an e x i s t i n g  pol i cy  p rov id ing  
a hindrance i s  where a s tate-wned e l e c t r i c  u t i 1  i t y  has monopoly r i g h t s  
t o  produce e l e c t r i c i t y .  I n  t h i s  case by-product e l e c t r i c i t y  from coal 
carbon iza t ion  would n o t  be a1 lowed w i thou t  a pol i c y  change. 

The government r o l e  a l s o  must be assessed when it owns r i s h t s  t o  t h e  
coal, as i t  does i n  many developing countr ies.  Who w i l l  do t h e  mining? 
This, o f  course, I s  a task t h a t  t h e  p r i v a t e  sector  can take onr but  t h e  
issues of  whether it should be done under concessions o r  under j o i n t  
ventures or by sane other  arrangemeits must be faced. 

Other d i r e c t  and i n d i r e c t  e f f e c t s  w i l l  r e s u l t  f r a n  cu r ren t  government 
p r i c i n g  pol i c i es ,  The ex ten t  t o  which smokeless coal b r i q u e t t e s  w i l l  be 
accepted i n  t h e  market place w i l l  be a f fec ted  by such pol i c i e s  as 
subs id i za t i on  of a l t e r n a t i v e  fuel:;, as i s  t h e  case for kerosene i n  
Indonesia and Peru. D i f f e r e n t i a l  t a x a t i o n  o r  p r i c e  c o n t r o l s  on energy 
products woul d have s i m i l a r  e f fec ts .  While no t  general ly advised, t h e  
government migh t  reverse t h e  ro? os j u s t  mentioned by subs id iz lng  
smokeless coal p r i c e s  and promoting t h e i r  use Over fuelwood. 

I n  addi t ion,  t h e r e  a re  a number o f  ac t ions  t h a t  t h e  host government may 
p lan  t o  undertake t o  promote the  use o f  smokeless coal b r i que t tes  
d i  rec t l y .  The government migh t  prcv ide in fo rmat ion  on use t o  potentla1 
users and i n f  o m a t i  on on product ion and markets t o  po ten t i  a1 producers. 
The government might  support a m a l 1  p i l o t  p l a n t  o r  i n t e r m e d i a t e s i z e d  
d m o n s t r a t i  on p l  ant. Th is  would i n d i c a t e  t h e  v i a b i l i t y  o f  t h e  
technology, i t s  costs, and t h e  po ten t i a l  market acceptance t o  
entrepreneurs. A1 SO, t h e  output  woul d prov ide  sarnpl es f o r  market 
tes t ing ,  woul d demonstrate t o  consuniers t h e  advantages o f  smokel ess coal 
b r i que t tes r  and coul d estab l  I sh  a 'lseedl' market. 

The government migh t  a s s i s t  i n  overcoming sane o f  t h e  market 
uncer ta i  n t i  es fac ing  producers by imp1 ementi ng such programs as 1 oan 
guarent ies and purchase agreements. Market u n c e r t a i n t i e s  can a f f e c t  t h e  
ab11 i t y  o f  p r i v a t e  i n d i v i d u a l  s t o  ob ta in  f inanci  ng, and 1 oan guarantees 
a r e  one method t o  o f f s e t  these obstac les i n  t h e  market. This, however, 
would depend upon t h e  scale and r e l a t i v e  c a p i t a l  s c a r c i t i e s  i n  t h e  
country. An add i t i ona l  way t h e  government migh t  he lp i n  overcoming 
market u n c e r t a i n t i e s  would be t o  prov ide a ready market so t h a t  
producers would be assured t h a t  they can s e l l  a t  l e a s t  some p o r t i o n  of 
t h e i r  output. For example, t h e  government could en te r  i n t o  long-term 
con t rac ts  f o r  buying coal b r i q u e t t s s  f o r  use i n  p u b l i c  f a c i l i t i e s ,  or 
f o r  use i n  t h e  m i l i t a r y .  
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The government can d imin ish market uncer ta i  n t i e s  t o  consumers by 
min imiz ing 1 n te r rup t i ons  i n  smokeless coal b r i q u e t t e  suppl ies. Because 
re1 i a b i l  i t y  o f  supply i s  impor tant  t o  consumer acceptance, t h e  
government may want t o  ensure that. ava i labd l  i t y  i s  n o t  i n t e r r u p t e d  i n  
t h e  marketpl ace. One way t o  do t h i s  i s  to ensure t h a t  government pol i cy  
puts  p r i o r l ’ t y  on del i v e r i  ng i n p u t s  t o  smoke1 ess coal b r i q u e t t i  ng and 
carboniz ing operations. Another way i s  f o r  t h e  government t o  provide a 
s t o c k p i l e  o f  coal b r i q u e t t e s  which could bo d i s t r i b u t e d  t o  t h e  
populat ion i f  i n  f a c t  t h e r e  should be an i n t e r r u p t i o n  i n  manufacture 
dur ing t h e  i n i t i a l  stages o f  market develo 

F i  nal ly, government standards can a s s i s t  t h e  success of t h e  coal 
b r i q u e t t i n g / c a r b o n i z a t ~ o ~  technology. To assure a qual it) product t h a t  
t h e  pub1 i c  w i l l  acceptp t h e  government may wlsh t o  se t  standards on such 
th ings  as ash content, vol a t i l  e mater ia l  contentr sul f u r  miss ions ,  a 
sha t te r  index, and a1 l o w a b l  e sizes. The standard f o r  va l  at11 e mater ia l  
content would be impor tant  both f o r  hea l th  reasons and f o r  i g n i t a b i l i t y y .  
Also) t h e  government may f i n d  i n  necessary to regu la te  b r i q u e t t i n g  t o  
make sure t h a t  i t  meets environmental hea l th  and safety  standards f o r  
both production Nsrkers and t h e  users. 

5 * -l3uuEss-.-. E D N .  Coal b r i q u e t t i n g  i s  an 
exce l len t  technology f o r  p r i v a t e  sector i n i t i a t i v e ,  since a l l  phases 
frm mining t o  manufacture t o  d i s t r i b u t i o n  can be undertaken by p r i v a t e  
entrepreneurs. 5@yond a p i l o t  p l a n t  and some of t h e  pol i c i e s  mentioned 
i n  t h e  previous section, the goal i s  f o r  t h e  r o l e  o f  t h e  government t o  
r m a i n  minimal. Thus, t he re  should be an assessment o f  technica l  t a l e n t  
and p o t e n t i a l  entrepreneurs f o r  g e t t i n g  product ion and d i s t r i b u t i o n  
s tar ted.  A1 so9 c a p i t a l  markets must be assessed f o r  t h e i  r su f f i c i ency  
t o  f inance t h e  ventures, 

To i nvo l ve  p r i v a t e  i n d i v i d u a l s  who have t h e  expert ise, t h e  f i n a n c i a l  
a t t rac t i veness  o f  t h e  venture must be we l l  documented. Does t h e  
f i n a n c i a l  a t t rac t i veness  match t h e  econ i c  a t t rac t i veness  from a 
soci eta1 standpoi n t7  Have processi ng r i  sks been cons1 dered and 
so lu t i ons  proposed? Are these mining r i s k s  t h a t  a f f e c t  t h e  cos ts  
estimated? A f u l l  desc r fp t i on  o f  t h e  des-ign and oporat ians must a lso  be 
prov i ded. 

I n  imp1 m e n t i  ng d i  s t r i  b u t i  on of  t h e  make1 ess coal br iquet tes,  t h e  
cu r ren t  dealers  o f  f i rewood and charcoal might provide a ready 
d i s t r i b u t i o n  system. The examination o f  sources and a i s t r i b u t i o n  o f  
fue l  wood made under t h e  market asses ent can provide va luab le  
i nf  ormati on i n s e t t i  ng up b r i q u e t t e  d i  s t r i  b u t i  on. The ex i  s t i  ng deal ers 
should be  encouraged t o  take on t h e  new product. 

F ina l l y ,  i n i t i a l  marketing t o  consumek~ i s  extremely important i n  
assur ing t h e  success o f  the br iquet tes.  It may be advantageous i n  s m e  
l o c a t i o n s  t o  concentrate on a c e r t a i n  sector  o f  t h e  market i n  i n i t i a l  
e f f o r t s  t o  s e l l  smoke1 e5s coal b r iquet tesQ such as t h e  commerci a1 
sector. Restaurantsr hotel sp and s t r e e t  vendors cu r ren t l y  making use of  
fuelwood and charcoal may be a ready-made market f o r  t h e  smokeless coal 
b r iquet te .  They are o f ten  a s m a l l p  well-defined group t h a t  uses a 
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s i g n i f i c a n t  amount o f  fue l ,  and they could be instrumental i n  
estab l  i s h i n g  a market. They a l so  provide f r e e  demonstrations f o r  t h e  
new product t o  purchasers o f  t h e i r  food products. Moreover, they may 
have t h e  f i n a n c i a l  capaci ty  t o  cont inue t o  buy t h e  product once they 
deci de t o  sw i t c h  t o  i t. 

Special e f f o r t s  t o  a t t r a c t  a t t e n t i o n  i n  t h e  household market, such as 
a d v e r t i s i n g  and demonstrations, should a1 so be made. The o r d i n a v  
household user can be reached i n  many ways, which w j l l  depend upon t h e  
soci a1 env 1 ronment and 1 i t e racy  rate. However, sane a1 t e r n a t i v e s  
i n c l  ude r a d i o  announcements8 f l  i e r s c  newspaper adsI posters, b i l lboards ,  
house-to-house canvasses, giveaways, f a i  ?-sis demonstrations, and bazaars. 
Through one or  more o f  these meansl in fo rmat ion  should be disseminated 
about t h e  a t t r a c t i v e n e s s  o f  t h e  new product and i t s  compet i t i ve  pr ice.  

F i n a l l y o  one of  t h e  most impor tant  aspects o f  marketing i s  t h a t  users 
must be assured of  a re1 i a b l  e supply of t h e  smokel ess coal b r iquet tes .  
?he p r i c e  can be r i g h t P  t h e  product can burn we l l  and c leanly ,  and it 
may even be packaged n ice ly ,  bu t  i f  t h e  b r i q u e t t e s  a re  not  suppl i s d  
r e l i a b l y 8  consumer acceptance i s  l i k e l y  t o  be low. 

C. USAIQ/WASHINGTON8 OFFICE OF ENERGY, WILL R O V  I D E  TECHNICAL 
ASSISTPNCE TO MISSIONS IN IMREMENTING THE SPOKELESS COAL 
BRIQUET?E TECHNOLCGY. 

I n  those A.I.D. coun t r i es  where a fuelwood shortage e x i s t s  and t h e  
necessary coal suppl ies can b e  found, t h e  Office of Energy, 
USAID/Washington stands prepared t o  o f  f e r  technica l  ass1 stance i n  
imp1 m e n t i n y  t h e  smokel ess coal techno1 ogy. Th is  means support w i t h  
personnel i n  implementing t h e  f i v e  steps out1 ined above t o  brdng t h e  
smokeless coal b r i q u e t t e s  t o  market. A. I. Q. missions i n  those coun t r i es  
w i t h  present or pendi ng f u e l  wood shortages and de fores ta t ion  probl ems 
shoul d consi der whether t h e  coal b r i q u e t t i  ng techno1 ogy coul d he1 p 
a1 1 ev i a t e  t h e  probl ems. 
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APPENDIX A 

COAL BRIQUETTING AND CARE3ONIZATION IPROCESSES 

The p a r t i c u l  a r  steps of t h e  coal b r i q u e t t i n g  process a r e  described 
below. Depending upon t h e  qual i t i e s  o f  t h e  coal used, no t  a l l  o f  them 
are  always required. Howeverr t h e  sequence described g ives a general 
impression o f  how coal b r i q u e t t i n g  and carbon iza t ion  occurs. 

JXE&LKQ* Crushing f s  performed t o  ob ta in  a f a i r l y  uniform p a r t i c l e  
s i z e  f o r  1 a t e r  pressing. I n  b i  nder l  ess b r i q u e t t l  ng t h e  p a r t i c l  e s izes  
a r e  4 mm and Smaller, w i t h  6 0  percent  below 1 mm. I n  b r i q u e t t i n g  w i t h  a 
binder, they are much smaller: 93 percent l e s s  than 0.88 nm and 80 
percent l e s s  than 0.5 mmC61 When f i n e s  a r e  br iquet ted,  crushing does 
n o t  need t o  be performed. S i z ing  occurs by screening? and i s  performed 
t o  remove p a r t i c l e s  t o o  l a r g e  and sometimes those t h a t  have become too 
s m a l l  f o r  optimal b r i que t t i ng .  

Drying. The ex ten t  of d ry ing  nemssary depends on t h e  type o f  coal r  
whether a b inder  i s  used o r  not, t h e  type of b inder  -If one i s  used, the  
amount of pressure applied, whether t h e  coal undergoes some type of  
pretreatment o r  not, and o ther  parameters o f  t h e  process. According t o  
Fabuss and Tatcan* b inder less  b r i q u e t t i n g  requ i res  t h e  coal t o  be d r ied  
t o  1 2  percent t o  1 8  percent moistiJre content. (However, one process 
repor ted  by E l l i s o n  and Stanmore, which uses a h lgh  temperature f o r  
b i  nderl ess b r i q u e t t i n g  and i s  perhaps an anomaly, requi res a mols ture 
content  of only 1 percent.) I n  contrast, b r i q u e t t i n g  w i t h  a b inder  
r q u i  res  t h e  feed coal t o  have a lorr mois ture content  o f  2 t o  4 percent. 
It should be noted t h a t  b fnder less  b r i q u e t t i n g  i s  o f t e n  successful f o r  
c e r t a i n  coal typesl p a r t i c u l a r l y  l i g n i t e s ,  wh i l e  b r i q u e t t i n g  w i t h  
b inders works f o r  others. 

B i n w .  I f  a binder i s  used, i t  i s  next  added t o  t h e  coal p a r t i c l e s  i n  
e i t h e r  s o l i d  o r  l i q u i d  form. The two a r e  mixed i n  a tcpugtt o r  mix ing 
m i l l .  There a r e  two main c lasses o f  binders: organic  and inorganic, 
Among t h e  organic  b inders t h e r e  a re  two subtypes: (1) ta rs ,  pitches, 
and asphalts, and (2) I n d u s t r i a l  waste and byproduct binders.Cl21 To 
t h e  f i r s t  group of organlc  b inders  belong coal  t a r  pitch, asphalt, 
pe t ro l  eum bitumen, mal tha, producer-gas t a r ,  coke-oven ta r ,  coa l - ta r  
creosote and s i m i l a r  products. To t h e  second t ype  o f  organic b inders 
belong 1 ignosul fonate ( a  waste product f rcm paper p roduc t i  on) corn 
starch, wheat starch, vegetable pulpr and ros in .  Among t h e  inorgan ic  
b i  nders a r e  sodi um s i1  l c a t e J  1 ime, niagnesi a (magnesi urn oxide) dol orniter 
c l  ayJ brine, and cement. 

A-  1 
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Organic and inorgan ic  b inders each have t h e i r  advantages and 
disadvantages. E121 The advantages o f  t h e  organic b inders are: 

1) being combustible, they add 1 i t t l 8  t o  t h e  ash produced; 
2) 
3)  they have been used extens ive ly  as a coal b inder  i n  t h e  

they add heat  u n l t s  per g iven welght o f  t h e  agglmerate;  

past. 

The d i  sadv antages o f  orya n l  c b i  riders are: 

1) they tend t o  produce a g rea ter  quan t l t y  o f  fou l -smel l ing  
overa t h i s  i s  unimportant i f  t h e  coal i s  

carbonized a f t e r  b rdque t t i  ng; 
2) sane are  d i f f i c u l t  t o  handle and present a hea l th  hazard; 

i n  pa r t i cu la r ,  s m e  of t h e  tars, pitches, and aspha l ts  
conta i  n ca rc i  nogeni c cons t i  tuents .  

The advantages of  t h e  inorgan ic  b inders are: 

1) being non-vsl a t i l  e$ they produce an agglomerate t h a t  w i l l  
stand up we1 1 upon hea t i  ng w i t h o u t  d i s in teg ra t i on ;  

2) they p r m o t e  a slowerr more complete combustion o f  t h e  
aggl mera te ;  

3)  they produce much l e s s  smoke than organic  b inders when 
burned; and 

4 )  c e r t a i n  inorganlc  b inders (l ime, d o l m i t e ,  magnesia) a r e  
sul fur-captur-ing; t h e  cal c i  urn o r  magnesi urn i n  t h e  binder 
reac ts  w i t h  the s u l f u r  i n  t h e  coal, and l e s s  su l fu r -  
con ta in ing  gas 1s g iven o f f  dur ing combustion; t h i s  i s  an 
impor tant  property f o r  coa ls  t h a t  a re  t o  be used f o r  
smoke1 ess coal br r lquet t i  ng, par-tdcul a r l y  h ish sul fur 
coal s, 

The disadvantages of inorganic  b inders are: 

1) they produce more ash on t h e  grate; 
2) they add add i t i ona l  wedght t o  t h e  agglomerate w i thout  

adding heat value; t h l s  adds to t r anspor ta t i on  cos ts  and 
l e s s  heat re turned per  u n i t  weight; 

3) t h e  aggl m e r a t e s  conta i  n i  ng i noryanics a r e  general l y  weak 
inrrrrsediately a f t e r  preparat ion and r e q u i r e  d ry ing  t o  add 
s t rength;  t h i s  i ncreases costs; and 

4 )  t h e  agglsmerates formed using inorganic  b inders o f t e n  do 
not  weather well ,  since t h e  binder i s  o f t e n  water soluble. 

BrSquett ing o f  l i g n i t e s  and brown coals  can o f ten  be successful wi thout  
a binder because they have b u i l t - i n  b inders such as moisture, humic 
compoundso res inss and waxes. Add i t ion  of heat, edther d i r e c t l y  or  as a 
r e s u l t  o f  apply ing pressures can cause t h e  res ino id  ma te r ia l s  t o  exude 
and a c t  as b inders C121. It i s  bel i w e d  t h a t  t h e  mois ture content may 
a l s o  work. t o  reduce f r i c ta ’un  and s t rengthen t h e  b r i q u e t t e  bond. 
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l a u p ! .  Whether a b inder  i s  used or  not, t h e  temperature o f  t h e  
mater ia l  i s  ad justed t o  a c e r t a i n  range p r i o r  t o  pressing. I n  t h e  case 
o f  b r i q u e t t i n g  w i t h  a binder, heat ing he1 ps so f ten  t h e  b inder  and 
assures more complete coa t ing  of t h e  surfaces o f  t h e  coal p a r t l c l o s .  
surfaces. I n  b lnder less  br iquet t ing ,  t h e  coal might  a c t u a l l y  have t o  be 
cooled a f t e r  having been d r ied  by heat; orr f o r  a coal w i t h  low moisture 
content, steaming m igh t  be r u i  red. Even though t h e  i n i t i a l  b ind ing  
temperature may be lower  i n  b inder less  b r i q u e t t i n g t  t h e  heat r i s e  dur fng 
press ing can be considerable. Th is  b r ings  t h e  coal cons t i t uen ts  near 
t h e i r  so f ten ing  point ,  p ranot ing  a more cohesive bond i n  t h e  br iquet te ,  
I n  t h e  standard b r i q u e t t f n g  procedure t h e  i n i t i a l  temperature i s  r a i s e d  
t o  95 t o  100 degrees C f o r  briquott ing.C61 HOweverr experlmental 
processes u t i 1  i z e  much h igher  temperatures, ranging f ran 130 degree t o  
170 degree C, f o r  b r i q u e t t i n g  both w i t h  and w i thou t  a binder.C3,4,111 

F m .  Pressing can be performecl e i t h e r  i n  ex t rus ion  presses o r  mold 
presses. The l a t t e r  a re  probably more prevalent, and a re  o f  two t y p e s :  
t h e  ro ta ry  t a b l e  press and t h e  double r o l l  press. The ro ta ry  t a b l e  
press develops pressures o f  720 t o  3600 p s i  f o r  0.25 t o  0.4 seconds. 
The double r o l l  press uses pressures a t  t h e  upper end of t h e  same range 
f o r  0.05 seconds. C61 Other processes described i n  t h e  1 i t e r a t u r e  
i n d i c a t e  much h igher  pressures beiqg used. M i l l e r ,  e t  a l e s  found an 
optimum pressure f o r  t h e i r  process o f  b r i q u e t t i n g  bituminous coal f l n e s  
w i thout  a b inder  t o  l i e  i n  t h e  range of 10,000 t o  12,000 ps i .  
Crossinore, e t  al., used pressures of  20,000, 25,000, and 30,000 p s i  f o r  
a br fne-b inder  b r iquet te .  Some commercial I b inder l  ess b r i q u e t t i n g  
opera t ions  i n  Europe standardly use pressures of 30,000 t o  8OP0Q0 
psi .  C 121 A1 so, 1 onger press i  ng t imes a r e  sometimes practiced, a t  1 east 
I n  b r i q u e t t i  ng techno1 ogy research. E l  1 ison  and Stanmore repor ted " f u l l  
cur ing"  o f  b inder l  ess, Austral iar i  brown coal b r tque t tes  a f t e r  30 
secondsI although 8 t o  10 second press ing t imes were adequate f o r  
strength. M i l l e r ,  e t  al., used experimental pressing t imes between 20 
and 300 seconds f o r  t h e i  r b i  nderl ess br iquet te .  

a and Cooling. A f t e r  press"ng8 t h e  b r i q u e t t e s  a re  d r fed  f o r  
curing. I f  t h e y  are t o  be used as raw coal br iquet tes,  they are  cooled 
before packaging and loadfng  f o r  t ranspar t ,  The cool i ng  stage i s  
especi a1 l y  important f o r  raw coal b r l q u e t t e s  produced by high pressure 
and/or temperature (e.g. I in Europe), s4nce they have been k n w n  t o  
combust spontaneously i f  p i l e d  t o o  h igh a f t e r  manufacture. I f  t h e  
b r i q u e t t e s  a r e  t o  be carbonized, they enter  t h i s  stage a f t e r  drying. 

l&jxmizc.xtA~~. Carbonization i s  t h e  step by which t h e  coal i s  converted 
t o  a charr which when burned produces l i t t l e  o r  no snoke and i s  sa fe  
w i t h  respect t o  t h e  hea l th  hazards of burn ing raw coal [see Appendix 131. 
Carbonization i s  accompl lshed by heat ing coal i n  a c o n t r o l l e d  atmosphere 
t o  a temperature a t  which i t  decompcses chemical ly and/or phys i ca l l y  to 
s impler  compounds.Cl61 The ou tpu ts  a r e  t h e  res idua l  sol i d  charl gasP 
ta r ,  and aqueous l i quo rs .  When coal i s  heated t o  120 t o  150 degrees CI 
moisture i s  d r i ven  o f f .  A t  480 degrees t o  600 degrees C, most of the 
v o l a t i l e s  a r e  d r i ven  o f f .  Th i s  i s  low temperature carbonization, and 
t h e  r e s u l t i n g  char  i s  t h e  t h e  " s o f t  coke" t h a t  can be used for a 
smokeless domestic cooking fue l .  Enough o f  t h e  v o l a t i l e s  a r e  l e f t  a t  
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t h i 5  t m p s r a t u r e  t o  assure f a i r l y  easy ignits’on. I f  t h e  carbonizat ion 
temperature I s  ra ised  higher, t o  between 800 degrees and 1100 degrees 6, 
e s s e n t i a l l y  a l l  o f  t h e  v o l a t i l e s  a re  d r iven  o f f  and a res ldue t h a t  i s  
h‘lghly carbonaceous and d i f f l c u l t  t o  i g n i t e  i s  l e f t .  Using c e r t a i n  
coal s w l t h  t h e  r i g h t  p roper t l  es9 high temperature carbonizat ion can 
produce (hard)  coke, which i s  used f a r  metal 1 u rg i ca l  purposes, 

Techniques t o  produce s o f t  coke a r e  v a r i a t i o n s  on a packed bed process 
i n  which coal i s  carbonized a5 i t  passes downwards through a v e r t i c a l  
r e t o r t ,  Mois ture comes o f f  f i r s t ,  and then other  cons t i t uen ts  a r e  
d r iven  o f f  as t h e  coal i s  heated on i t s  downward path. Off-gasp which 
conta lns a number of  cornbLiStIb1 e coal by-products, i s  r oved a t  t h e  t o p  
o f  t h e  r e t o r t .  The gas can be used f o r  f ue l  o r  f o r  f i n e  chgnical 
production. Tars and 1 iquors t h a t  can be used f o r  fue l  or  f o r  chm-ical s 
a r e  a lso  removed. Hot gases t o  heat the coal can be produced by burning 
e i t h e r  the  of f -gas o r  some o f  t h e  soft coke. 

B r i a u e t t i n g  of s o f t  coke f bes.  So f t  coke (sismokel ess coal f i n e s  may 
a1 so be br iquet tedo t o  salvage t h i s  useful product. Schwartz and T a t m  
C161 r e p o r t  t h a t  s o f t  coke f i n e s  a re  b r ique t ted  i n  I n d i a  w i t h  t h e  use of  
molassesd c layb  or starch binders--although t h i s  may not be an 
exhaustive 1 i s t  o f  t he  b inders used. I n  t h e  formation of  moke less  coal 
b r i que t tes  from fines, it would be impor tant  t o  avoid t h e  tars ,  p i tchesr  
and asphal t  binders. The r e s u l t i n g  b r i q u e t t e  i s  not t o  be carbonfzed 
again, and these b inders would produce a fou l -smel l ing  smoke as we l l  as 
present a heal t h  hazard upon cambusti on. 



APPENDIX B 

POTENTIAL HEALTH EFFECTS OF BURNING RAW COAL 

I n t r o d u c t i m .  Th is  appendix reviews some o f  t h e  po ten t i a l  Ill hea l th  
e f f e c t s  o f  coal burning. It should be emphasized t h a t  t h e  adverse 
hea l th  e f f e c t s  described here  a r e  based upon s tud ies  o f  t h e  e f f e c t s  frcm 
l a r g e  scale coal burning, such as i n  e l e c t r i c  u t i l i t i e s .  S t i l l ,  t h e  
same combustion products would r e s u l t  from burn ing coal i n  a domestic 
s i t ua t i on ,  so a look  a t  t h e  e f f e c t s  o f  coal burn ing on t h e  l a r g e r  sca le  
can be i n d i c a t i v e  o f  dangers. It should a l so  be emphasized t h a t  t h e  
adverse hea l th  impacts out1 ined here a re  l a r g e l y  m i t i ga ted  by 
carbon iza t ion  of t h e  coal as described i n  Appendix A. Thus, t h e  ill 
heal t h  e f f e c t s  recounted bel ow underscore t h e  necessity of  carboniz ing 
some coal s t o  make than useful as a domestic cooking fue l .  

Yo1 a t i l  es. Pol ynucl ear organic mat te r  (POMI i s  one product formed 
dur ing  t h e  combustion o r  p y r o l y s i s  o f  f o s s i l  fuels.C231 Compounds i n  
t h i s  c l a s s  o r i g i n a t e  from v o l a t i l e  organic mat te r  i n  coal, and some of 
t h e  POM species a re  carcinogenic. One i s  t h e  potent  carcinogen 
benzo(a1pyrene (EaP). 

Good evidence on t h e  ill e f f e c t s  o f  POMs ex is ts .  Exposure t o  POMs by 
workers i n  occupations u t i l i z i n g  coal ta r ,  coal t a r  p i tch,  creosote, 
asphal t  and petroleum products has l e d  t o  nona l l e rg i c  and a l l e r g i c  
dermati tus, pho to tox i c i  t y  and pho toa l l  e r g i c  reactions, f o l  1 i c u l  iti sI and 
acne and pigment disturbances. 81 so acute eye e f fec ts ,  i nc lud ing  
inflammation, c o n j u n c t i v i t i s ,  and reduc t ion  i n  v i sua l  acui ty  have been 
observed. F i n a l l y ,  s k i n  carcinomas a r e  found more preva len t ly  i n  
workers of these industrtes.CZ31 It should be noted t h a t  not on ly  a re  
POMs produced from t h e  coal i t s e l f ,  bu t  a l s o  f r a n  some of  t h e  products 
j u s t  mentioned which are common coal b r i q u e t t i  ng binders. 

BaP i s  t h e  most p reva len t l y  measured POM I n  ambient a i r ,  and urban 
concentrat ions i n  t h e  U. S. have been decl in ing:  6 nanograms/cubic 
meter i n  1950, 3.2 nanograms/cubic meter i n  1%6, and 0.5 nanogramsy 
cubic  meter i n  1975.C231 The dec l inc  i s  connected w i t h  the  decreases i n  
r e s i d e n t i a l  coal combustion and open burning. Th is  inda'cates t h e  
ser ious e f f e c t  t h a t  coal as a fuel can have on ambient a i r  qual i t y .  

The amount o f  POMs t h a t  reach t h e  ambient a i r  dur ing  coal burning 
depends upon t h e  compl eteness of combustion. Quoting Wal sh, e t  a1 : 

"The concentrat ions o f  6aP associated w i t h  coal combustion can 
vary by a f a c t o r  o f  10,000, depending on t h e  e f f i c i e n c y  o f  t h e  
system i n  question; t h e  BaP emission f a c t o r  f o r  e f f i c i e n t ,  

B - 1  
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modern ut11 i t y  p l a n t s  i s  20-400 mlcrograms/MFk3tua wh i le  t h e  
corresponding f i g u r e  f o r  hand-stoked r e s i  dent i  a1 coal furnaces 
i s  1,709,000-3,300,000 micrograrns/M 

coal burn i  ng f o r  cooki ng and hea t i  ng purposes i n  devel oping 

cont ro l  1 ed and v e n t i l  a t i o n  i s  unsurer runs t h e  r i s k  o f  exposing peopl e 
t o  undesi r a b l  e amounts o f  unhealthy vol a t i l  e mat ter  and cancer r i sk .  
Th is  i s  no t  t h e  case f a r  an th rac i teJ  however. 

where t h e  e f f i c i e n c y  o f  combustion i s  u n l l k s l y  t o  be 

Sul f u r . . s g m ~ . W .  Upon t h e  combust1 on of coal, t h e  sul  f u r  content forms 
s u l f u r  oxidesI which can have ill hea l th  e f fec ts .  The m ~ r e  complete i s  
combustion, t h e  more sul f u r  oxides a r e  formed. Long-term, elevated 
exposure t o  sul f u r  oxides has been imp1 ica ted  i n  chronic  resp i ra to ry  
d i  sease, changes i n  pul monary function, and acute 1 m e r  resp i  ra to ry  
t r a c t  I 1  1 nesses. E231 Heal th  probl 5 a r e  not  caused by s u l f u r  oxides 
alone, but by t h e i r  ox ida t i on  products as well ,  i nc lud ing  s u l f a t e s  and 
s u l f u r i c  acid. Exposure t o  s u l f a t e s  increases t h e  r a t e  o f  asthma 
attacks, increases respi  ra to ry  disease, and i s  associated w i t h  chronic  
b ronch i t i s .  As though t h e  e f f e c t s  of s u l f u r  oxides and t h e i r  ox ida t i on  
products were not  enough, t h e  r e s u l t s  of incompl e t e  combustion a r e  a1 so 
undesi r a b l  e. Under incomplete combustion, ac id  gases (mainly hydrogen 
s u l f i d e )  a r e  g iven o f f .  Hydrogen s u l f i d e  i s  poisonous.Cl73 The 
undesi rabl e r e s u l t s  of incompl e t e  combustion a re  noteworthy i n  
consider ing domestic uses o f  coal, since t h e  e f f i c l e n c y  of  coal burning 
cannot be guaranteed i n  simple stoves. Hwevvr, sane o f  these same 
e f f e c t s  apply t o  t h e  incompl e t e  cambustion o f  biunass. 

The s u l f u r  i n  coal i s  o f  two typesr organic and inorganic. The 
inorgan ic  component i s  malnly p y r i t i c  sul fur, but sane sul f a t e  sul f u r  i s  
a l so  present. Standard coal washing techniques can remove much o f  t h e  
p y r i t i c  and s u l f a t e  su l fu r ,  bu t  t h e  organic s u l f u r  remains. Attempts t o  
remove organic s u l f u r  by c h m i c a l  means have no t  been extremely 
successful. One reference i n d i c a t e s  t h a t  processes can now remove 50% 
t o  95% o f  p y r i t i c  s u l f u r  and  2 ' to 65% o f  organic s u l f u r  C131. Singh, 

ever, i nd i ca tes  t h a t  t h e  processes t o  remove organic s u l f u r  a re  s t i l l  
devel apmental i n  nature. 

BElitr~cqen oxides. Ni t rogen oxides a r e  a l s o  produced by combustion o f  
coal.  These produce resp i ra to ry  problems, The amount known about t h e  
e f f e c t s  o f  n i t rogen  oxide poisoning i s  l e s s  than f o r  o ther  po l l u tan tsP  
because a c r i t i c a l  concentrat ion must be reached be fore  a reac t i on  i n  
humans i s  observed. Alsol it i s  usual ly  associated w i t h  other  
po l lu tan ts ,  and no t  much work has been done on t h e  e f f e c t s  o f  t h i s  
compound. 

Pa r t i  cul a t  e5 a nd t r a c  8 e l  w ienlrs. Respi rabl e p a r t i c u l a t e s  a r e  
c r y s t a l  1 ine  or  amorphous forms, f ibers ,  spheres, o r  aggregate meshes 
w i t h  a diameter of l e s s  than 5 microns, on which t ransformat ion 
productsl t o x i c  el m e n t s s  and organic  mal ecul es can adsorb. E231 They 
are  associated w i t h  both s u l f u r  compounds and t r a c e  elements. 
Approximately 50% o f  t o t a l  s u l f u r  re lease i s  associated w i t h  f i n e  
pa r t i cu la tes .  Many t race  e l m e n t s  and o ther  elements a r e  a lso  found i n  
assoc ia t ion  w i t h  pa r t i cu la tes .  These inc lude lead, tha l l ium,  antimony, 
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cadmiumr sel eni urn., a rsenic ,  nickel# chrCmiurnr zinc,  manganese, vanadi urn, 
magnesiumt beryl 1 imp f luor ine ,  mercuryI uranium, branine, copper, 
gal 1 i um, iodi ne, i ri d i  urnr mol ybdenuml ti n, t i  tan1 urn, radon, and t h o r i  urn. 
Some of these a r e  toxic .  Some a r e  suspected carcinogens. 

F i n e  p a r t i c u l a t e s  (less than 2.5 microns) can be deposited i n  t h e  
a lveo l i  of t h e  lungs, i n  t h e  range of 15 t o  25%. Very small 
p a r t i c u l a t e s  ( l e s s  than  0.5 micron:;) can even. be t ransported ac ross  
membranes by d i f fus ion .  G i v e n  t h i s  f a c t  and the number of noxious 
elements associ a ted w i t h  par t icu l  ate$,  t h i s  pol 1 u tan t  f rm coal presents 
a danger t o  a l l  bodily func t ions  and not j u s t  pulmonary function. 





APPENDIX C 

REVIEW OF C O N  BRIQUETTING POTENTIAL 
I N  A. I. 0 ASSISTED COUNTRIES 

The purpose o f  t h i s  Appendix I s  t o  b r i e f l y  summarize sane of t h e  s a l i e n t  
c h a r a c t e r i s t i c s  o f  coun t r i es  i d e n t i f i e d  as poss ib le  candidates f o r  coal 
b r i que t t i ng .  Most o f  t h e  i n fo rma t 'on  was gleaned from UNDP/World Bank 
Energy Issues and Options Reports. 

A f r i ca  

E igh t  A f r i can  A. I.D. assis ted coun t r i es  appear t o  have t h e  r e q u i s i t e s  
f o r  coal b r i que t t i ng .  These coun t r i es  a r e  Botswanar Morocco, Niger, 
Swaz il and, Tanzani ar Zai re, Zambi a, and Zimbabwe. 

Jotswam" Located i n  South Centr31 Afr ica, Botswana has one o f  t h e  
h ighest  per c a p i t a  GNPfs  (US$910) .in A f r i ca .  The t r a d i t i o n a l  economy, 
a g r i c u l t u r e  and c a t t l  e ranchfng, pr-ovides income f o r  about 80% o f  t h e  
population. The modern sector i s  composed p r i n c i p a l l y  o f  mining f o r  
diamonds copper, n icke l ,  and coal. The country i s  mostly semi-arid and 
a r i d  and i s  genera l l y  unsu i tab le  f o r  ag r i cu l tu re .  Consequently, about 
75% o f  t h e  populat ion 1 fves i n  t h e  eastern sec t ion  o f  t h e  country on 10% 
o f  t h e  l a n d  area. The populat ion i s  considered predominantly r u r a l  
(87%11 and i s  increas ing a t  a ra tu o f  3% per  year. The m a l 1  urban 
popu la t ion  i s  growing r a p i d l y  a t  5 .M per  year. 

Firewood i s  t h e  main energy source i n  r u r a l  and low-income households 
i n  t h e  urban centers  o f  Botswana. Charcoal i s  no t  produced 
domestically, and t h e r e  a re  only  very small q u a n t i t i e s  imported. Tota l  
annual f i rewood consumption has n s t  been adequately surveyedc bu t  i s  
crudely  estimated a t  0.35 m i l l i o n  TOE ( o r  1 m i l l i o n  tonnes) based on a 
per cap1 t a  consunpti on o f  1.5 tonnes per year. C201 F i  rewood consmpt ion  
i s  expected t o  increase a t  an average annual r a t e  o f  2 percent per year  
f o r  t h e  remainder of t h e  decade. Table C.l summarizes t h e  fuelwood 
energy bal ance f o r  Botswana. 

There a re  acute f irewood s c a r c i t i e s  i n  western sec t ions  o f  t h e  country 
and growing d e f i c f t s  i n  t h e  major eastern v i l l a g e s  and urban areas of 
Gaborone and Lobatse. Refores ta t ion  e f f o r t s  have been d isappo in t ing  
because o f  high establ  ishrnent cos ts  and inadequate techn ica l  support. 
The d i f f i c u l t  growing cond i t i ons  and, i n  pa r t i cu la r ,  recu r r i ng  droughts 
have resu l ted  i n  l o w  p r o d u c t i v i t y  cln re fo res ted  hectares. A l l  o f  t h e  

c -1  
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ood demand i n  Batswana i s  consmaned i n  t h e  r e s i d e n t i a l  sector, which 
accounted f o r  45  percent o f  t o t a l  energy demand.CZ01 

Tab1 e C. 1 e Fuel wood energy ba l  ance fo r  Botswana ( 1981) 
(Tannes o f  o i l  q u i v a l e n t )  

SUPPI  Y 
Producti  on 
Imports 

Transformati on 
Demand 

Eial ance 
Househol ds 

F i  r w o o d  

350,000 
0 
0 

350,000 
0 

Source: UNDP/Worl d Bank La9841 

C h a rcoal 

0 
-17 

0 

"17 
Q 

Total coal reserves a r e  estimated a t  17 b i l l  i on  tonnes and a re  loca ted  
i n  t e n  areas o f  t h e  country. The caal qual i t y  i s  va r iab l  e frm one 
f j e l d  t o  anothei- but, i n  general, c a l o r i f i c  va lue i s  about 6100 kcal/kg, 
ash content i s  16 to 1 v o l a t i l  i t y  ranges from 24 t o  34%# and s u l f u r  
content  ranges from 1 t 2.5%. Approximately 90% o f  t h e  count ry 's  coal 

ents  come fram t h e  Msrupule coal f i e l d .  Production i s  c u r r e n t l y  
about 0.415 MNt;onn%s and t h e r e  are  plans f o r  expansion o f  output. The 
coal f i e l d  i s  l i n k e d  by r a i l r o a d  to t h e  major demand centers, Gaborone 
and Labatse, and other  towns i n  eastern Botswana. The s e l l i n g  p r i c e  o f  
coal i n  Gaborone i s  about US$20 t o  2Y tonne  inc lud ing  t ranspor ta t i on  
charges o f  US$7/tonne. 

The prox imi ty  o f  v i l l a g e s  and t w i n s  i n  eastern Botswana t o  t h e  r a i l r o a d  
and road c o r r i d o r  provides a number o f  op t ions  t o  a l l e v i a t e  fuelwood 
d e f i c i t s .  One op t ion  i s  t o  s u b s t i t u t e  charcoal produced frm loggfng 
residues and/or from nor thern f o r e s t  reserves. The UNDP/Worl d Bank 
bel ieves t h a t  desp i te  favorab le  t ranspora t ian  r a t e s  (US$O.OWtonne km), 
t h e  long haul d is tances (e.g, Kasane t o  Gaborone -- 1170krn) would 
preclude economic del i very  o f  charcoal t o  eastern demand centers. 
Transpor tat ion charges a1 one f ran Kasane t o  Gaborone woul d be 
US$92/tonne. Based on favorabl e coal e x t r a c t i o n  and t ranspor ta t i on  
cos ts  and t h e  prox imi ty  o f  populat ions t o  ra i lways  and roads, t h e  
eval ua t ion  of coal b r i que t tes  shoul d be undertaken, Currently, 
firewood p r i c e s  i n  Gaborone a re  about 9 thebe/kg or  US$DOQ/Toe 
(US$O.OB/kg), wh i l e  t h e  s e l l i n g  p r i c e  af coal i s  on ly  US$4O/Toe. 

Morocco. The economy of Morocco i s  based on t h e  expor t  o f  mineral 
resources, p r i n c i p a l l y  phosphate and t o  a l esse r  ex ten t  i r o n  ore, leads 
zinc, and manganese. By Afr ican standards i t  has a r e l a t i v e l y  high per 
c a p i t a  income (US8876, 1982) .  Howeverr a considerable f r a c t l o n  o f  i t s  
mineral expor t  earnings (50%) i s  f a r  payment o f  imported o i l ?  which i s  
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c r e a t i n g  severe probl ems 
t r a d i  t i o n a l  energy sector, 
on fuelwood as i t s  energy 
t o t a l  energy consumpti on. 

f o r  t h e  Moroccon econany.Cl93 I n  t h e  
a s i z a b l e  f r a c t i o n  o f  t h e  populat ion re1 i e s  
source. I n  1981 it accounted f o r  35% o f  

The populat ion i s  estimated t o  be growing a t  
an annual r a t e  o f  3X, about 41% o f  t h i s  i s  considered urban; and i s  
concentrated a1 ong t h e  northwestern coast. 

The UNDP/World Bank est imates t h a t  about 11 m i l l i o n  cub ic  meters o f  
f ue l  wood a r e  harvested, y e t  on ly  3 m i l l  i on  cubic  meters a r e  regenerated 
each year. Consequently, de fores td t ion  i s  occur r ing  a t  t h e  r a t e  o f  
20,000 ha/yr. Refores ta t ion  e f f o r t s  a r e  lagg ing  and a r e  c u r r e n t l y  a t  
10,000 h d y r .  Some 50,000 ha/yr w i l l  be r q u i  red t o  meet t h e  f i r w o o d  
demand i n  t h e  year  2000. The fuelwood energy balance f o r  Morocco i s  
repor ted i n  Table C.2. is l o s t  i n  
charcoal conversi on. 

Approximately 16% o f  wood product ion 

Tab1 e C. 2 e Fuel wood energy bal ance f o r  Morocco( 1981 1 
(Tonnes o f  o f1 equ iva len t )  

Fi  rewood Charcoal 

SUPPI Y 
Production 2 7 25,000 

Tr an sf arm a t i on 
Charcoal product1 on (79,000) 
Losses (363,000) 

Demand 
Househol ds 2r2m too0 

Bal ance 0 

0 

79,000 

79,000 
0 

Source: UNDP/Worl d Bank C19841 

The coal resources o f  Morocco a r e  s i g n i f i c a n t ,  but according t o  t h e  
UNDP/Worl d Bankr mining cond i t i ons  a r e  d i  f f  i c u l  t and new investments 
w i l l  be necessary t o  mainta in  e x i s t i n g  (0.73 MMtonnes/yr) and proposed 
l e v e l s  o f  product ion (1.0 MMtonnes i n  t h e  f i r s t  stage and 2.0 MMonnes 
i n  t h e  second stage). Further, t h e  r e v i s i o n  o f  government c o n t r o l l e d  
p r i c e s  w i l l  be requ i red  t o  s t imu la te  coal s u b s t i t u t i o n  and new 
investments.Cl.91 The market f o r  an annual product ion o f  1.0 MMtonnes 
i s  assured, and t h e  market f o r  product ion above 1.0 MMtonnes i s  no t  
estab l  ished. 

The po ten t i a l  of coal b r i q u e t t e  technology i n  Morocco depends on a 
number o f  f ac to rs  i n c l u d i n g  t h e  r e l a t i v e  cos ts  o f  charcoalt coal 
e x t r a c t  on costsI t h e  concentrat ion of  fue l  wood consumers and 
t r a n s p o r t a t i o n  networks among others. The existence o f  a 1 arger 
concentratedr charcoal-dependent urban popul a t i  on i s  t h e  r i s h t  
r q  u i  rement f o r  t h e  df f f us i  on of coal br iquet tes.  The cos ts  o f  
charcoal c i n c l  udi ng d i  stri  b u t i  on systems and coal p r i c i  ng pol i c i  esr 
needs f u r t h e r  eval u a t i  on. 
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Aligm. Located i n  t h e  Sahel, Niger has one o f  t h e  lowest per cap i ta  
incomes (US83301 and energy i n t e n s i t i e s  i n  A f r i ca .  The country i s  
mostly deser t  w i t h  only 12% o f  t h e  l and  base arable. I n  recent yearsI 
recu r r i ng  droughts, decl i n i n g  so l1 f e r t i l  i t y ,  and increas ing 
d e s e r t i f i c a t i o n  have created severe hardships f o r  t h e  population. The 
r a t e  o f  grawth o f  t h e  populat ion has, i n  f a c t r  dec l ined over t h e  l a s t  
decade. HoWeverr ru ra l  m igra t ion  i s  increasing, and t h e  urban 
populat ion now accounts f o r  lQ% o f  t h e  t o t a l .  A s i z a b l e  proportion, 
about 16%, o f  t h e  r u r a l  populat lon i s  s t i l l  nmadic. 

The count ry 's  p r i n c i p a l  expor t  commodity and primary source o f  f o re ign  
exchange i s  uranium. I n  19816 Niger was t h e  fou r th  l a r g e s t  supp l ie r  o f  
uranium i n  t h e  world. The prospects f o r  f u r t h e r  developnent o f  t h i s  
expor t  commodity a re  no t  favorable. The developnent of other  mineral 
resources i s  a1 so unl i k e l y  because o f  depressed wor ld  p r i c e s  and 
remoteness of t h e  deposits. 

F i r w o o d  1s t h e  t r a d i t i o n a l  fue l  i n  Niger  accounting f o r  Over 85% o f  
t o t a l  energy consumptfon. I n  198lS t h e r e  were 74Z9155 Toe consumed i n  
t h e  household sector  and 82,460 Toe consumed by small industry. 
Add i t iona l l y ,  scme charcoal was used by small indus t ry  (2,245 Toe). 
Because the  popul a t i  on i s concentrated, t he re  i s consi derabl e 
overexpl o i  t a t i o n  and s c a r c i t i e s  of t h e  woad resources around major 
papulat ion centers. The wood energy balance f a r  Niger  i s  summarized i n  
Table C.3. 

Table C.3. Fuelwood energy balance f o r  Niger (19811 
(Tonnes o f  011 equiva lent )  

F i  rew ood 

S U P P l  Y 
Production 83 B,5 90 

Charcoal production ( 2 94 25 1 
Conversion Losses (11,550) 

Transformati on 

Demand 
Small indust ry  82 J46 0 

Bal ance 0 
Househol ds 7 4 ~ 1 5 5  

Source: UNDP/Worl d Bank C19841 

Charcoal 

0 

2,425 
0 

0 

Refores ta t i  on, subst i  t u t i  on o f  kerosene and butane, and fue l  e f  f i c i  ent  
stove programs have been or  a r e  under consi dera t ion  as possi bl e opt ions 
f o r  a l l e v i a t i n g  fuelwood sca rc i t i es .  The developnent o f  indigenous coal 
resources fo r  household use i s  a l so  under consideration. There are 
s i g n i f i c a n t  coal reserves (9.4 MMannes) loca ted  i n  t h e  nor thern Niger  
t h a t  a r e  now under product ion t o  generate e l e c t r i c i t y  f o r  uranium 
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mining. Coal deposi ts  o f  h igher  q u a l i t y  o f  unknown m o u n t s  a r e  loca ted  
about 3 0  km f a r t h e r  north. The l o c a t i o n  o f  these reserves r e l a t i v e  t o  
t h e  populated areas, and hence t h e  h igh  t ranspor ta t i on  costs, makes 
t h e i r  use f o r  product ion o f  coal b r i q u e t t e s  doubt fu l .  However, t h e r e  
have been d iscover ies  o f  l i g n i t e  deposi ts  much c lose r  t o  populated 
areasI which would be useful f o r  b r i que t t i ng .  Probable reserves of 
l i g n i t e  have been estimated a t  some 2.6 MMtonnes. The c a l o r i f i c  va lue 
o f  t h e  coal i s  4000 kcal/kg. The UNDP/World Bank C19841 est imates t h a t  
these l 5 g n i t e  reserves could suppl] 20% o f  t h e  cook-lng needs i n  Niger  
for  about 8 years. 

The recommendations o f  t h e  UNDP/Worl d Bank regard ing t r a d i  t l o n a l  energy 
are  (1) t o  pursue cook s tove programs t o  prov ide 5ome immediate 
a l l e v i a t i o n  o f  t h e  fuelwood c r i s i s ,  and (2) t o  pursue t h e  development of 
1 i g n i t e  as a poss ib le  s u b s t i t u t e  fo r  f ue l  wood by f u r t h e r  reconnaissance 
and d r i l l i n g  t o  determine t h e  ex ten t  o f  reserves and cos ts  o f  mining. 

Swazilm. The Kingdom o f  Swazilandr landlocked between South A f r i c a  
and Mozambique, ha5 a re1 a t i v e l y  hisih per c a p i t a  GDP !US$890) by A f r i can  
standards. The country i s  we1 1-encowed w i t h  natura l  resourcesI but  i s  
exper ienc ing r a p i d  popu la t ion  growth, low p r o d u c t i v i t y  i n  agr icu l tu re ,  
and acute fuelwood d e f i c i t s ,  The populat ion i s  85% ru ra l  and grading a t  
2.4% per year. The urban populat ion i s  r a p i d l y  expanding a t  near ly  6% 
per  year. 

S ix ty  percent o f  t o t a l  energy consumption I s  derfved from fuelwood. I n  
1980, 5508000 cub ic  meters ( o r  1 2 6 ~ 0 0 0  Toe) o f  wood were produced. 
In fo rmat ion  on t h e  ex ten t  o f  t h e  fuelwood c r i s i s  was Linavailable, bu t  i t  
i s  known t h a t  l a r g e  q u a n t i t i e s  o f  land  have been denuded. 

Coal reserves a r e  estimated a t  almost 2,000 MMtonnes inc lud lng  200 
MMtonnes o f  good-qual i t y  steam coal. A t  present, about 9m of t o t a l  
product ion i s  ext rac ted  from t h e  Mpaka c o l l i e r y .  Seventy percent o f  
t h e  coal fs used domest ica l ly  w i t h  t h e  remainder exported t o  Kenya, 
Mozambique, and t h e  Republ i c  o f  Korea. The development o f  an 6001000 
tonnes/yr a n t h r a c i t e  mine i s  p resent ly  under consideration. The r a i l  
system f o r  coal i s  under modernization, and overa l l ,  t h e  t ranspor ta t i on  
i n f r a s t r u c t u r e  i s  i n good condi t ion.  

The p o t e n t i a l  f o r  coal b r i q u e t t i n g  depends on a number of f ac to rs  f o r  
which t h e r e  i s  no a v a i l a b l e  informationl p a r t i c u l a r l y  w i th  regards t o  
charcoal product ion and cos ts  and s e l l i n g  p r i c e s  o f  coal. On t h e  bas is  
o f  e x i s t i n g  information, f u r t h e r  eva lua t ion  i s  c l e a r l y  warranted. An 
energy sector  assessment by t h e  UNDP/World Bank i s  planned o r  1s t o  be 
cornpl e ted w i t h i n  t h e  next s i x  months, 

Tanzania. The economy o f  Tanzania 1s p r i m a r i l y  a g r i c u l t u r a l ,  p r w i d i n g  
80% o f  expor t  earnings and 90% o f  t o t a l  mployment.C211 Approximately 
8% o f  t h e  populat ion i s  considered r u r a l  and t h e  r m a i n i n g  1Ei i s  
sca t te red  i n  m a l 1  towns. The r a t e  o f  populat ion growth i s  3.0% per 
year  i n  r u r a l  areas and 6.1% i n  urban loca t ions .  

Tanzania i s  one o f  t h e  most h-ighly dependent coun t r i es  on t r a d i t i o n a l  
energy i n  t h e  A f r i can  continent, w i t h  Over 90% of t h e  populat ion 
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r e l y i n g  almost exc lus ive ly  on f i r w o o d  and charcoal f o r  bas ic  energy 
needs. Fuelwood accounts f o r  approximately 87% o f  t o t a l  energy 
consumptlon, Current consumption o f  fuelwood i s  placed a t  39.1 
cubic  meters per yearl wh i l e  t o t a l  a v a i l a b l e  supply (mean annual 
incremental grawth) i s  j u s t  15.6 m i l l i o n  cubic meters per  year. The 
annual fuelwood d e f i c i t  i n  Tanzania i s  thus  sane 23.5 m i l l i o n  cubic  
meters per year. The c l  ear ing  o f  1 and f o r  ag r i cu l  t u re r  t h e  eros ion and 
n u t r l e n t  dep le t ion  o f  so i l s ,  and t h e  duelwood d e f i c i t  i s  responsib le  
f o r  t h e  des t ruc t i on  o f  500,000 hectares o f  f o r e s t  each year, The f a c t  
t h a t  17 out of 20 regions i n  Tanzania a re  i n  a fuelwood d e f i c i t  s h w s  
t h e  pervasiveness o f  t h e  c r i s i s .  The UNDP/World Bank C19841 estimates 
t h a t  an annual fuel wood p l a n t a t i o n  program o f  75,000 hectares per year 
would be necessary t o  a l l e v i a t e  t h e  c r i s i s  over t h e  next 20 years. 
Current p l a n t a t i o n  e f f o r t s  a r e  about 6,200 hectares per year. 

Tab1 e C.4. shows t h e  energy ball ance f o r  f ue l  woad among t h e  househol d and 
i ndusts ia l  sectors  f n Tanzani a f o r  t h e  year  1981. C21l Hausehcsl d 
f i r w o o d  consumpti on accounts f o r  most o f  t o t a l  fue l  wood demand. Losses 
from charcoal product ion a r e  about 16% o f  t o t a l  wssd supply. The demand 
f o r  fuelwood i s  pro jected t o  increase a t  t h e  cu r ren t  r a t e  o f  populat ion 

t h  over t h e  next t e n  years o r  so. 

Table C.4. Fuelwood energy balance f o r  Tanzania (1981) 
(Tonnos o f  o i l  equiva lent )  

F i  rwood 

SUPPl Y 
Product i on 9~400,000 

Transf ormati on 
Charcoal production (350,000) 
Conversion Losses ( 1,100~0001 

I: ndust r y  600,000 
Househol ds 7 r 3  50,OOO 

Bal ance 0 

Demand 

Source: UNDP/Worl d Bank C19841 

Charcoal 

350,000 

150,000 
200,000 

0 

I n  Tanzania, coal resources a r e  estimated a t  1,900 mil l ion  tonnes 
i nc lud ing  304 m i l l i o n  tonnes o f  proven reserves. Although t h e  
occurrences o f  coal a re  widespread throughout t h e  country, production i s  
c u r r e n t l y  about 10,000 tonnes per year and i s  1 im i ted  t o  one f le1 d. The 
coal i s  c l a s s i f j e d  as  bituminous and i s  low i n  su l fu r ,  has an ash 
content o f  25 t o  30%, and has a c a l o r i f i c  va lue o f  59500 kcal/kg. 
Production i s  expected t o  increase t o  50,000 tonnes per year  by 1988. 
Th is  coal f i e l d  has been g iven some p r i o r i t y  f o r  f u r t h e r  development 
based on i t s  c lose  locat ' ion t o  t r a n s p o r t a t i o n  and p o t e n t i a l  urban 
markets. The development o f  another mine i n  t h i s  general area i s  
expected t o  add 15Or000 tonnes per year o f  production capacity by 1988. 
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The a v a i l a b i l i t y  o f  coal f o r  domestic product ion o f  b r i q u e t t e s  does no t  
appear t o  be an obstacle. 

Lai. There i s  l i t t l e  i n fo rma t ion  on t h e  fuelwood c r i s i s 9  ex ten t  o f  
coal reserves, and o the r  c h a r a c t e r i s t i c s  re1 w a n t  t o  assessing t h e  
p o t e n t i a l  of coal b r i que t t i ng .  It; i s  known t h a t  t h e r e  1s a fuelwood 
d e f i c j t ,  and it I s  re legated  t o  tiqe southern reg ions o f  t h e  countryI 
p r i n c i p a l l y  Shaba. The coal r e s e r v ~ s  o f  t h e  country a re  loca ted  i n  
Shaba -- t h e  cent ra l  and nor theast  sections. The UNDP/World Bank has 
completed i t s  energy sector  assessn,ent f o r  t h e  country, but  it has y e t  
t o  issue a completed repor t .  The r e s u l t s  o f  t h e i r  assessment should 
p rov ide  a f i r s t  s tep i n  ascer ta in ing  t h e  po ten t i a l  o f  coal b r i que t t i ng .  

Zambia. I n  Zambia, per c a p i t a  income i s  about US8530, w l t h  copper 
mining t h e  major source o f  f o re ign  exchange. The f a l l  i n  expor t  p r i ces  
o f  copper along w i t h  inc reas ing  costs  of e x t r a c t i o n  has d is rup ted  t h e  
economy i n  recent  years. The popu la t ion  of t h e  country i s  growing a t  
3.3% per  year  and i s  i nc reas ing l y  being concentrated i n  urban areas 
(40% of t h e  t o t a l  1. The country has abundant energy resources i n c l  uding 
hydropower, coal, and wood, which ,account f o r  3E, 6%, and 45% o f  t o t a l  
energy consumption, respect ive ly .  C191 Imported o i l  and coke account f o r  
t h e  r m a i  Rder o f  t h e  energy consumed. 

The supply of  fuelwood i n  Zambia i s  adequate, p a r t i c u l a r l y  f o r  t h e  r u r a l  
popul a t i  on. Hwevw,  t h e r e  a re  i ncreasi ng s c a r c i t i e s  o f  charcoal i n  t h e  
towns loca ted  i n  t h e  copperbel t  and surrounding provfnces o f  Lusaka. 
Widespread de fores ta t ion  i n  these areas i s  a mat te r  of concern. The 
fuelwood energy balance f o r  t h e  country i s  repor ted i n  Table C.5. 
In fo rmat ion  on t h e  ex ten t  o f  charcoal consumption and losses  i n  
p roduc t l  on i .si no t  a v a i l  ab1 e. 

Table C.5. Fuelwood enersy balance f o r  Zambia (1961) 
(Tonnes of o-il equ iva len t )  

F i  rewood Charcoal 

SUPPI Y 
Product1 on 2,000,000 

Transformati on 
Demand 
Min i  ng 120 P 0 00 
Househol ds 1 Bt30,OOO 

Bal ance 0 

Source: UNDP/Worl d Bank E19843 

n. a. 

n. a, 
n. a. 
n. a. 

The Government of  Zambia attempts t o  con t ro l  wholesale p r j c e s  o f  
charcoal. In rea l  terms c o n t r o l l e d  charcoal p r i c e s  have decl ined 
considerably i n  recent  years fran US$2.45/40kg i n  1974 t o  US$le!32/40kg 
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i n  1982, The actual market p r i c e  was US$4.80/40kg i n  1982. The h igher  
actual p r i c e s  r e f l e c t  t h e  r e a l i t i e s  o f  supply and demand. 

Proven coal reserves i n  t h e  only e x i s t i n g  mine, t h e  mid-Zambezi bas in a t  
hambar are estimated a t  5 8  MMonnes. Current production i s  about 0.61 
MMtonnes/yr. The major consumers o f  t h i s  coal a re  t h e  copper miness t h e  
cement industry, and t h e  f e r t l l  i z e r  p l  ant. Coal product ion 1 s current1 y 
only about 50% o f  i t s  deslgn rate. The cos ts  o f  product ion a t  Mamba 
a r e  unnecessarily high (US$47/tonne) because o f  mining i n e f f i c i e n c i e s ,  
lack  o f  f o re ign  exchange t o  replace and main ta in  equipment, and poor 
management. C191 The UNDP/Worl d Bank estimates t h a t  investments o f  t h e  
order o f  US30 m i l l i o n  w i l l  be requ i red  t o  r e h a b i l i t a t e  t h e  mine, 
otherwise cos ts  w i l l  cont inue t o  increase and product ion w i l l  lag. The 
r a i l  t r anspor ta t l an  system l i n k i n g  t h e  mine w i t h  consumers is a lso  I n  
need o f  rehab i l  i t a t l o n .  Transpor tat ion cos ts  a re  high and a r e  about 
US$13/tonne from minemouth t o  t h e  copper mines. 

Despite t h e  i n e f f i c i e n c i e s  i n  coal minfng, t h e  costs  o f  coal compare 
q u i t e  favorably  w i th  charcoal. Assuming 5600 kca l /kg  f o r  coalP t h e  
de l i vered  p r i c e  o f  coal conver ts  t o  US$33/Toe. Charcoal a t  7000 kca l /kg  
i s  near ly  two and one-half tonnes more expensive a t  USdWToe. The 
carbon iza t ion  and S r i q u e t t i n g  o f  coal could be a v i a b l e  s u b s t i t u t e  f o r  
charcoal i n  urban centers. Furtherl i t  i s  l i k e l y  t h a t  some c a p i t a l  
inves tmmts  w i l l  be requ i red  t o  r e h a b i l i t a t e  t h e  coal mine and 
t ranspor ta t i on  system. 

a The energy problems o f  Zimbabwe are  s i m i l a r  t o  those o f  
Most o f  i t s  energy demand i s  met w i t h  indigenous supp l ies  o f  

coal hydropower, and noodf uel s. The country imports comparatl 
l i t t l e  commercial energy, O i l  and e l e c t r i c i t y  each account f o r  11. 
t o t a l  energy needs.Cl91 A fuelwood c r l i s i s  is8 hcwwer, beglnni 
mani fest  i t s e l  f i n  a number o f  densely populated eastern and middl e vel d 
r u r a l  areas and i n  and around t h e  major towns and c i t i e s .  The communal 
lands i n  t h e  middle and low ve ld  show advanced s igns o f  de fores ta t ion  
and s o i l  erosion. The populat ion o f  t h e  country i s  predominantly rura l ,  . However, t h e  urban populat ion i s  expanding a t  an annual r a t e  

as opposed t o  2.7% i n  t h e  r u r a l  areas. The fuelwood energy 
b a l  ance i s  sh n i n  Table (2.6. Indust ry  and a g r i c u l t u r e  use 16% o f  t h e  
t o t a l  fuelwood supply. Data on t h e  consumption o f  charcoal were no t  
av a i  1 ab1 e.  



Tab1 e C.6. Fuel woad energy bal  ance f o r  Zimbabwe (1981) 
(Tonne5 of 011 q u i v a l e r r t )  

Fi  rwoood Ch arcoal 

SUPPI y 

Transformati on n. a. 
Demand 

Product1 on P 9 6  45 D 080 

I ndus t r y  5 8,000 
A g r i c u l t u r e  175 p O Q O  
k X J 5 e h O l  dS 1 s41211100 

Bal ance 0 

Source: UNDP/Worl d Bank [19843 

0 
n. a, 

n. a. 
n. a. 
n. a. 
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Total proven recoverable reserves o f  coal i n  Zimbabwe have been 
estimated a t  2,200 NNtonnes. Receqt product ion frm t h e  mine i s  about  
3.2 MMtonnes, and t h i s  suppl i e s  27% o f  t o t a l  energy. The Wankie 
c o l l i e r y  a l so  generates 2 MMtonnes of h l g h  ash, s e l f - i g n i t i n g  steam coal 
each year. Th is  coal i s  planned f o r  t h e  proposed WankSe thermal pwer 
pr  oj  ect 

The country i s  well-endowed w i t h  reserves a f  coal and t h e  de fores ta t lon  
t h a t  i s  t a k i n g  p lace suggests t h a t  the country i s  a prospect ive 
candidate f o r  coal b r i q u e t t i n g  technology. In fo rmat ion  on t h e  re1 a t i v e  
costs o f  coal and fuelwood was n o t  avai lab le,  bu t  i t  i s  known t h a t  the 
Government does regu la te  t h e  p r i c e s  o f  coal and coke, Energy p r i c ingo  
t h e  spat i  a1 c h a r a c t e r i s t i c s  o f  coal supply and demand, and t h e  extent of 
s h o r t f  a1 1 s 1 n fuel wood supply and d a f o r e s t a t i  on req u i  re more eva7 u a t i  on. 

hsi a 

The Seven Asian coun t r i es  i dent i  f i e d  are: Bang4 adesh9 5urma, Iwd7 a> 
Indonesia, Pakistan, Ph l’l i p p l  neso and Thad1 and. I n d i  a and Pakis tan have 
been eval uated prev ious ly  f o r  coal b r i q u e t t i n g  techno1 ogy. Informatdon 
on t h e  a v a i l a b i l i i t y  and product ion o f  coal was der ived fsmi a report by 
t h e  Econanic and Social Commission f o r  A s i a  and t h e  Pac i f i c .  Reports by 
the  UNDPiWorld Bank and t h e  coal feasjbqljty s tud ies  f o r  I n d i a  and 
Pakis tan were a l so  used. 

e The country i s  unquestionably one of  t h e  poorest i n  t h e  
world havlng a per cap f ta  GDP o f  on ly  US133 {19801. The econmy i s  
p r i m a r i l y  a g r i c u l t u r a l ,  w i t h  Over 92% of t h e  populat ion l d v i n g  i n  sural 
areas. The country also has t h e  mis for tune of being t h e  most densely 
populated i n  the nsrld. h r e w e r 9  t h e  populat ion i s  g r w i n g  a t  ala 
annual r a t e  of  2.7%. The Ganges-Brahmaputra R iver  dl ’vides t h  
i n t o  two sections--the aastern and western, The east sect ion 
cost nat.ura1 gas reserves, w h i l e  the est: sec t ion  i s  h i g h l y  dependent on 
imported oi l .  On a countrywide basis9 071 accounts f a r  o n e - t h l r d  sf 
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t o t a l  energy consumption and 6 o f  i t s  f ore1 gn exchange, t h e  remai nder 
o f  its energy use i s  l a r g e l y  derived f rm t r a d i t i o n a l  sources--crop 
residues, f i r  ood, and cow dung. 

The wood resources o f  t h e  country are r a p i d l y  belng overexp lo i ted  t o  
meet i nereasi ng demands. A i  s i  ng popul a t1 on and s h i f t i n g  c u l t i v a t i o n  a r e  
creati lng massive de fores ta t ion? t h e  e f f e c t s  of which are s o i l  erasionr 
reduced a g r i c u l t u r a l  p r o d u c t i v i t y ?  and s i l t a t i o n  of reserva i  rs. The 
growing s c a r c i t y  i s  r e f l e c t e d  i n  t h e  f a c t  t h a t  fuelwood p r i c e s  i n  t h e  
per iod  from 1971 t o  1978 increased a t  an annual r a t e  of 40X.Cl91 

Bang1 adesh has si  gni f i c a n t  coal reserves. e53 Prw ed and possi b l  e 
reserves o f  hard coal a re  about 1,053 MMtonnes, w i th  3 MMtonnes of 
brown coal. The hard coal reserves a ro  loca ted  i n  t h e  northwest o f  t h e  
country and 1 i e  i n  two major deposits. These coals  a r e  found a t  depths 
o f  about 900 meters, and t h e  econcmic recovery o f  t h i s  coal i s  
questionable. Brown coal i s  being mined i n  t h e  S y l e t  area (Northeast) 
a t  a r a t e  of about 0.2 MMtonnes per ysar.C51 The coal has 2 
high sul fur, and a c a l o r i f i c  va lue of approximately 6900 kcal/kg. 

The p o s s i b i l i t y  o f  u t i 1  i z i n g  coal b r i q u e t t e s  t o  re1 ieve  t h e  fuelwood 
def i d  t s  woul d need considerably more eval u a t i  on. ESCAP r e p o r t s  t h a t  
b r w n  coal i s  being produced a t  an annual r a t e  o f  0.2 MMtonnesp y e t  t h e  
UNDP/World Bank notes t h a t  t he re  i s  no economically e x p l o i t a b l e  coal i n  
Bangladesh. E x i s t i n g  brown coal production r a t e s  and cost  needs to be 
i nvest i  gated. 

m a .  According t o  t h e  FAO, fuelwoad s c a r c i t i e s  a re  l i m i t e d  t o  t h e  
lower cent ra l  regions o f  t h e  country. Estimates o f  coal resources i n  
Burma are pl aced a t  approximately 200 MFsrtonnes 1 nc l  udi ng 8Q MMionnes of 
brawn coal. Proved reserves a r e  only 4.5 MMtonnes.CSI The coal 
resources a re  scattered throughout t h e  country and possess va r ied  
proper t les.  I n  t h e  Kalaw areap the re  are  m a l 1  deposi ts  t h a t  a re  
s u i t a b l e  f o r  coking.C63 The l a r g e s t  brown coal deposits a r e  i n  Kalewa. 
These coals  a re  o f  vary ing  c a l o r i f i c  content bu t  con ta in  about 13.4% 
moisture, 58% v o l a t i l e s 9  3.3% ashp and a l w  percentage of su l fu r .  
A1 though the  coal reserves are  numerous9 coal product ion i s  re1 a t i v e l  y 

ranging from 0.013 t o  0.031 MMtonnes per year  dur ing t h e  3970s. 
The UNDP/World Bank has completed I t s  energy assessment missdon t o  
Burma, bu t  a r e p o r t  has no t  been issued. 

aaaFs. Firewood i s  t h e  main energy source o f  r u r a l  populat ions 
accounting f o r  44% o f  t o t a l  t r a d i t i o n a l  and cmanerclal energy demand. 
Cur ren t ly?  t h e r e  a re  fuelwood d e f i c i t s  I n  a l l  regions o f  India. It has 
been estimated t h a t  t h e  country would r e q u i r e  a minimum o f  25 m i l l i o n  
hectares o f  land  i n  i n t e n s i v e  wood producttors to meet i t s  need f o r  
f i rewood i n  t h e  year  2000.E53 Recognlming i t s  fuelwood de f i c i t s ,  the 
country embarked about 20 years ago on a program a f  carboniz ing and 
b r i q u e t t i n g  i t s  vas t  reserves o f  coal t o  serve as a domestic fue l .  The 
Ind ian  coal b r i q u e t t i n g  program has been t h e  focus of an U S A I D  
i n v e s t i g a t i o n  t o  assess whether the l ’ r  experience can be t r a n s f e r r e d  t o  
other  devel op i  ng counts i  es. The I n d i  an exper i  @nee i s mare f u l l  y 
described i n  t h e  main body o f  t h i s  prospectus. 
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-. The country i s  an o i l  expor ter  t h a t  heav i l y  subs id izes t h e  
domestic consumption o f  energy, p a r t i c u l  a r l y  oi l-based products. I n  
fac t ,  t h e  subvention of domestic use o f  kerosener d iesel  fuel, and fue l  
o i l  now absorbs 20% o f  t h e  t o t a l  na t iona l  budget. The most praninent  
exampl e o f  these subsid ies i nvo l ves  kerosene2 which accounts f o r  about 
50% o f  t h e  government o u t l a y s  f o r  f ue l  p r i c e  reduct ions. [ l91 

The subsidy o f  kerosene was i n i t i a t e d  t o  he lp  t h e  poor and d isp lace 
fuelwood use f o r  cooking and 1 Sghting on Java and Bal i, These is1 ands 
a r e  heav i l y  popul ated, and de fo res ta t i on  woul d r e s u l t  i f  fue l  wood were 
used heav i l y  i n  these appl ication!;. The subsidized p r i c e  on kerosene 
has been 1 argely  successful i n  i t s  purpose o f  1 i m i t i  ng fue l  wood use. 
Only wood from backyard woadlots can s t i l l  be burned more cheaply than 
kerosene. The subsidy has had t h e  s ide e f f e c t s  o f  d-lverting kerosene t o  
some i n d u s t r i a l  uses in which it I s  cheaper t o  burn than fue l  o i l ;  
g i v l n g  more a i d  t o  a f f l u e n t  households t h a t  s t i l l  use kerosene than t o  
t h e  poorer househol ds; and ba l  I ooni ng t h e  payments t h a t  t h e  government 
makes t o  support t h e  subsidized prfce. 

On t h e  o ther  i s 1  ands besides Java and Bal 1, fue l  w ~ 0 d  i s  i n  p l e n t i f u l  
supply. Taking t h e  country as a whole, near ly  64% o f  t h e  l and  area i s  
covered by forest .  Indeed, t h e  UNGP/Worl d Bank suggests t h e  possi b i l  i t y  
o f  developing wood-based thermal power p l a n t s  on some o f  t h e  is lands  
besi des 3 ava/Bal i. Neverthel ess a s i t u a t i o n  o f  f ue l  wood shortage 
p r e v a i l s  on these l a t t e r  two, densely populated islands. 

Indonesia harbors l a r g e  and to a g rea t  extent, unexplored reserves o f  
coal. Proved reserves amount t o  about 300 MMtonnes. However, t o t a l  
reserves, i n c l  uding und'iscovered reserves2 a re  estimated t o  be i n  t h e  
neighborhood of l0,OOO MMtonnes. 'These reserves e x i s t  i n  t h e  provinces 
o f  Sumatra and Kal imantan, and a r e  expected t o  play an inc reas ing  r o l e  
i n  i n d u s t r i a l  and e l e c t r i c  power generation. I n  fact ,  t he re  may be a 
domestic s h o r t f a l l  i n  coal supply f o r  a per iod  because of a l a c k  of  
investment i n  coal development t o  cate. 

The place f o r  a coal b r i q u e t t i n g  schme t o  ease fuelwood us8 I n  
Indonesi a would need thorough eval uatlon. Kerosene has a1 ready l a r g e l y  
supplanted fuelwood use i n  t h o x  areas where fuelwood i s  i n  sho r t  
supply. However, t h e  government o f  Indonesi a and 5 nterna t f  onal 
agencies a r e  i n  favor  o f  g radua l ly  reducing t h e  subs tan t ia l  p r i c e  
subsi d i  es on p e t r o l  eum-based fue l  st i n c l  uding kerosene. Coal 
b r i q u e t t e s  might  prov ide a s u b s t i t u t e  cooking fue l  w i thout  t h e  
d i s t o r t i o n s  o f  subs id izat ion.  Another a l  t e r n a t i v e  t o  kerosene f o r  
cooking t h a t  has received emphasis elsewhere i s  L f f i ;  cos t  s tud ies  o f  i t s  
use have been suggested.Cl93 Due t o  t h e  h igh  populat ion density on 
J ava/Bal i, whose increase ha5 made r u r a l  areas on these is1  ands a1 most 
i n d i s t i n g u i s h a b l e  from urban areas, e l e c t r i f i c a t i o n  may be t h e  most 
v i a b l e  a l t e r n a t i v e  f o r  1 i g h t i n g  pur-poses. Thus, the v i a b i l  i t y  of  coal 
b r i q u e t t e s  i n  Indonesia i s  caught up i n  a complex web o f  whether 
kerosene subsi dies w ill be reducedr whether fue l  wood w ill thereby 
become a t t r a c t i v e  t o  c e r t a i n  w e r s  again, whether L f f i  would be 
econanica l ly  super ior  as a cooking fue l ,  and whether e l e c t r i f i c a t i o n  
w i l l  soon reach most segments of t h e  Java/BaI i population. 
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j?&k&&@. The fuelwood c r i s i s  1s pervasive i n  Pakistan. The coal 
deposi ts  o f  Pakis tan a re  loca ted  i n  t h r e e  d i f f e r e n t  basins -- Kvet ta  
t w n o  S a l t  Range, and west o f  Hyderabad. Hard t o  b r a i n  coal types a re  
mined i n  Kvet ta  town and annual product ion ranges frm 0.50 t o  0.88 
MMtonnes. Sub-bituminous coal s a r e  mined a t  S a l t  town w i t h  annual ouput 
o f  0.10 t o  0.12 MMonnes. Numerous o the r  deposi ts  a r e  a1 so found i n  
t h i s  basin. Smaller amounts o f  coal a re  produced i n  var ious a ther  
mines. Total coal production f o r  t h e  country has been a s  high as 1.50 
MMtonnes. About 90% o f  t h l s  product ion i s  used by t h e  b r i c k  indust ry .  
The f e a s i b i l  i t y  of using coal f o r  household energy use has  been 
prev ious ly  s tud ied by USAID. C6l The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  
suggest t h a t  coking and b r i q u e t t i n g  o f  coal i s  indeed feas ib le .  The 
development a f  a smokeless stave and a 25 tonne/day p i l a t  p lan t  f o r  
b r i q u e t t i  ng/carbonizlng was recommended by t h e  assessment team. 

Ph i l i pp ines .  The country has a r e l a t i v e l y  high GNP (US$710) by 
developing country standards and a host o f  energy supply op t ions  
i nc lud ing  reserves of o i l  and gas. Approximately 32% o f  t o t a l  energy 
consumptian i n  %be P h i l i p p i n e s  i s  derived frm fuelwood. The fuelwood 
c r i s i s  i n  t h e  Ph i l i pp ines  i s  l a r g e l y  concentrated on t h e  cent ra l  
islands. A prospect ive fuelwood d e f i c i t  exSsts on L U Z G ~  and a 
s a t i  s fac to ry  fue l  woad bal ance e x i s t s  on M i  ndanao. C9J To me1 i o r a t e  t h e  
fuel wood c r i  s i  s, t h e  Government emba rked on a massive r e f o r e s t a t i o n  
program i n  t h e  l a t e  1970s. 

* .  

Proved and poss ib le  reserves o f  coal a r e  estimated a t  170 MMtonnes of 
sub- bituminous and 1 i g n i t e  and 100 MMtonnes o f  hard coal. Resources o f  
a l l  types o f  coal may exceed 1,000 MMtonnes.CS1 There a re  ten kncwn 
coal basins i n  t h e  country, four  o f  which have cu r ren t  commercial value. 
On Cebu Island, located among t h e  centra l  fuelwood d e f i c i t  islands, 
bituminous and sub-bituminous coals  a r e  being mined. These coals  have 
7.5 t o  12.5% moisture, 3 t o  4,5% ash, 3 8  t o  44% vo la t i l es ,  and c a l o r i f i c  
values o f  5770 t o  6800 kcal/kg. Annual product ion on t h e  i s l a n d  i s  
about 0.20 Mmonnes. 

Total coal product ion i n  t h e  Ph i l  i p ines  was 0.310 MMonnes i n  1980 and 
was ex t rac ted  from 36 d i f f e r e n t  mines. American, Japanese, and South 
Korean companies a re  a c t i v e l y  invo lved i n  t h e  exp lo ra t ion  and 
development o f  coal. C53 Coal f o r  carban iza t i  on and b r l q u e t t i  ng i n  t h e  
P h i l  ipp ines  appears t o  be r e a d i l y  ava i l  ab1 e. 

w. The country boasts considerable deposi ts  o f  b r w n  coal. 
Proved reserves a r e  estimated a t  246 MMtonneso w i th  some 120 Mbttonnes 
recoverabl e under ex i  s t i  ng econmfc and techn ica l  condi t ions.  C51 There 
are  t e n  known brown coal bas ins i n  t h e  country, t h ree  o f  which are  i n  
a c t i v e  production. I n  Lampang Province, t h e  coal i s  t r a n s i t i o n a l  
between brown and sub-bituminous, I n  Larnphon Provinces t h e  coal i s  o f  
high-qual i t y  brown gradeseC5I Both o f  these basins a r e  loca ted  i n  
nor thern Thailand. I n  t h e  south, t he  coal i s  loca ted  i n  K r a b i  Province 
where t h e r e  a re  10 MMonner; o f  recoverabl e reserves and annual output  
o f  0.3 MMtonnes.CS1 On a countrywide b a s i s  t h e  coa ls  i n  Thailand are 
used almost exc lus l ve l y  t a  generate electricity. To a l esse r  ex ten t  
coal i s  used i n  f e r t i l  i z e r  production, tobacco curing, r a i l  road 
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t ranspor ta t ion ,  and f o r  metal 1 urg-ic processes. Clearly, t h e  technology 
f o r  e x t r a c t i  ngr processing, carbonizing, and b r i q u e t t i n g  coal i s  a1 ready 
we1 l - es tab l  ished i n  Thai1 and. 

L a t i  ti America 

Two L a t i n  American coun t r i es  are examined f o r  coal b r i q u e t t i n g  
technology -- H a i t i  and Peru. Other coun t r i es  t h a t  had t h e  r e q u i s i t e  
coal product ion and f u e l  wood def i c  i ts, B r a  il Col ombi a, and Mexico were 
no t  examined. A country t h a t  was n o t  l i s t e d  as having a v a i l a b l e  coal 
production, but  has an acute fue l  wood d e f i c i t  i s  t h e  Dominican Republ ic. 
The f a c t  t h a t  t h e  Dominican Republ i c  shares t h e  same i s l a n d  w i t h  H a i t i  
is cause f o r  f u r t h e r  i n v e s t i g a t i o n  f o r  coal reserves or impor ta t ion  o f  
coal b r i q u e t t e s  fran H a i t i .  

H a i t i .  The dichotomous economy o f  H a i t i  i s  character ized by a l a r g e  and 
unproductive a g r i c u l t u r a l  sector  and a m a l  1, modern urban sector. So i l  
eros ion f rm t h e  i n d i s c r i m i n a t e  c u t t i n g  o f  t rees  f o r  ag r l cu l  t u r e  and 
charcoal product fon i s  a major cause f o r  t h e  dec l ine  i n  a g r i c u l t u r a l  
p roduc t i v i t y .  These f a c t o r s  l a r g e l y  account f o r  t h e  lowest  per c a p i t a  
income o f  any country i n  t h e  Western Hemisphere. Moreover, t h e  
UNDP/Worl d Bank estlmates t h a t  three-  fou r ths  o f  t h e  popul a t i  on subs is t s  
on incomes below US$lO0. 

Firewood, charcoalr and bagasse provide near ly  81% o f  t o t a l  domestic 
energy requirements. Approximately 17% o f  t h e  remaining energy b i l l  i s  
der ived from imported oi l  products,, The d e t a i l s  o f  t h e  fuelwood energy 
bal ance a r e  summarized i n  Tab1 e ‘2.7. The f u e l  wood energy bal ance shows 
t h a t  over 17% o f  wood produc t ion  i s  1 os t  i n  conversion t o  charcoal. The 
energy bal ance a1 so shaws t h a t  t h e  i n d u s t r i a l ,  commerce and service, and 
household sec tors  consume 24.9%? 28.8Xr and 46.31 o f  fuelwood supply, 
respect i vel  y . 

Table C.7. Fuelwood energy balance f o r  H a i t i  (1979) 
(Tomes of c t i l  equ iva len t )  

F i  rewood 

SUPPI Y 
Product ion 9 80 so00 

Transformation ( 16 896 00) 

Indus t r y  202,000 
Demand 

Commerce 4, serv ice  203,000 
Househol ds 405,400 

Bal ance 0 

Charcoal 

-- 
61,000 

-I 

30,500 
308600 

0 

Source: UNDP/Worl d Bank C19841 



c-14 

The UNDP/Worl d Bank estimates t h a t  cur ren t  fuolnood consumption i s  about 
tw ice  as much as natura l  growth. A f a c t o r  i n  t h i s  ove rexp lo i ta t l on  i s  
t h e  treatment o f  the  wood resource base as a v i r t u a l l y  f r e e  good. There 
are  nonenforced stumpage fees f o r  t h e  harvest ing of t r e e s  f o r  f i r  
and a tax  o f  only LJS$1,65/tanne i s  l e v i e d  on charcoal producers f o r  
c u t t i n g  trees. C193 Inc reas ing  taxes t o  r e f l e c t  sca rc i t y r  reducing 
charcoal production, and improv i ng  end-use e f f i c i e n c y  w i l l  be r q u i  red. 
I n  a d d i t i o n  t o  these demand s i  de optforis, masslve r e f  o r e s t a t i o n  w ill be 
necessary t o  reduce s o i l  erosion, t o  ma ln ta in  s o i l  p roduc t iv i t y ,  and t o  
reduce sedimentation t o  p ro tec t  t h e  m a l  1 bu t  v i t a l  hydropower resource. 

Subs t i t u t i on  o f  coal ( l i g n i t e )  b r i q u e t t e s  i s  an energy supply op t i on  
t h a t  needs t o  be eval uated a5 a means f o r  rep1 acing charcsal. Coal i n  
t h e  form o f  l i g n i t e  i s  found i n  t h e  Central Plateau and i n  two 
l o c a t i o n s  i n  t h e  South es t  Pen1 nsul a. E191 The Central PI ateau 1 i g n i t e  
reserves a r e  estimated a t  6.2 MMtonnes. Th is  l i g n i t e  i s  h igh  i n  ash and 
su l fu r ,  and has a l w  c a l o r i f i c  content  o f  2500 kca l l kg .  The cast  o f  
mining has been estimated a t  US$35/tonne, Phs low energy content  of t he  
l i g n i t e  does no t  j u s t i f y  I t s  us8 f o r  generation o f  e l e c t r i c i t y ;  hweverp  
i t  may be s u i t a b l e  f o r  carbon iza t ion  and b r ique t t i ng .  L w y i n g  
appropr ia te  taxes on charcoal product ion could f u r t h e r  improve t h e  
economics o f  coal b r i q u e t t i  ng. The 1 i g n i t e  deposi ts  i n  t h e  Southwest 
Peninsula are estimated a t  0.10 MMonnes and fu r the r  reconnaissance o f  
these deposi ts  i s  needed. 

mu. Due t o  a uns’que topographyr Peru i s  a country of  regional 
d i s p a r i t i e s r  not t h e  l e a s t  o f  which l i e s  i n  t h e  area o f  fuelwood use. 
There a re  t h r e e  major regions. The Costa i s  t h e  narrow deser t  s t r i p  
between t h e  P a c i f i c  ocean and t h e  Andes Mountains which conta ins Lima 
and 46% o f  the  population. The h igh plateau/mountain country c a l l e d  t h e  
Sierra, w i t h  24% o f  t he  populatlon, i s  t h e  cant ra l  t h i r d  of t h e  country. 
The Selva i s  t h e  sparsely populated, forested p o r t i o n  o f  t h e  country i n  
t h e  Amazon basin. I n  s p i t e  o f  abundant Forests  i n  t h e  Selva, acute 
fue l  wood shortages ex1 st i n  t h e  Costa and prospect ive shortages ex i  s t  i n  
t h e  Sier ra,  Distance and topography make t rade betHeeen t h e  reg ions f a r  
an i tm  1 i k e  fuelwood p r o h i b i t i v e l y  tztxpensive. 

ass energy ( fue l  w ~ o d ,  charcoal animal dung, and a g r i c u l t u r a l  
residues) met 32% of t h e  t o t a l  ruva’as? energy demand i n  1981, and i n  
t h e  r e s i d e n t l a l  sector, it was o f  energy consumption (53% woodr 6% 
other  b i m a s s  and 2% charcoal 1 .E181 The S i e r r a  i s  an area o f  special 
concern f o r  fuelwoad and o ther  bimasas energy. The regfont i n  which 
heavy de fores ta t ion  has occurred, has only 0.2% o f  t h e  country! s f o r e s t  
resources y e t  consumes 85% o f  t h e  estimated 5.3 m i l l i o n  cubic  meters o f  
fuelwood each year, Seventy-f lve percent o f  t h e  wood consumed i n  t h e  
S i e r r a  exceeds annual g r w t h  there. The wood balance f o r  t h e  S ie r ra t  
shcrwsl i n  Table C . B r  depends on t h e  i n c l u s i o n  o f  5.2 m i l l i o n  cubic  meters 
o f  wood from unknown sources. Thus, t h e  fuelwood d e f i c i t  i n  t h e  S i e r r a  
could already be considered t o  be 5.2 m i l l i o n  cubic  meters per year. 

o r l d  Bank s i  p l y  considers t h i s  wood a residual, whlch r a ; l l l  
l i k e l y  became l e s s  a v a i l a b l e  by t h e  year  2000. I f  l e s s  than h a l f  of 
t h l s  res idual  i s  a v a i l a b l e  by %OOQ, t h e  reg ion  w i l l  go I n t o  acute 
fuelwood d e f i c i t ,  given present p ro jec t i ons  o f  use i n  t h a t  year. 
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Table C.8. Fuelwood energy balance f o r  t h e  S i e r r a  of Peru (1981) 
(Tonnes o f  ail equiva lent )  

SUPPl Y 
Production 

Transformati on 
Demand 

Househol ds 
Indus t ry  and cons t ruc t i on  

Bal ance 

Fuel wood 

3,53 8,000 
( 3  83,000) 

2p7 10,000 
445 P 000 

0 

Source: UNDP/Worl d Bank E19841 

Coal deposi ts  e x i s t  i n  1 6  o f  Peru's 24 departments, w i t h  e x i s t f n g  
produc t ion  i n  t h e  Sierra. Total reserves a r e  estimated t o  be 
approximately 1,000 MMtonnes, w i t h  proved reserves amounting t o  126 
MMtonnes and i n f e r r e d  reserves pu t  a t  871 MMtonnas. Production i n  1981 
was 0.106 MMonnes. Due t o  t h e  t*emoteness and t h e  geology (seams o f  
v a r i a b l e  th ickness and c o n t i n u i t y ;  some almost v e r t i c a l ) r  t h e  coal o f  
t h e  S l e r r a  i s  o f t e n  d i f f i c u l t  t o  mine. S t i l l ,  s i g n i f i c a n t  product ion 
cou ld  be brought f o r t h  by many small, p r i v a t e  producers. Much of t h e  
S ie r ran  coal i s  anthrac i te ,  so carbon iza t ion  may no t  be necessary t o  
produce a smokeless cooking fue l .  Because l a r g e  po r t i ons  o f  t h i s  
p a r t i c u l a r  coal degenerate i n t o  coal dust and f i n e s  (as  much as 80% o f  
product ion I n  sane cases), coal f i n e s  a5 we l l  as I m p  coal cou ld  be 
used 1 n a b r i q  u e t t i  ng opera t i  on. 

Fuelwood i s  a l so  i n  c r i t i c a l l y  sho r t  supply I n  t h e  Costa reg lon  o f  Peru, 
t o  such an ex ten t  t h a t  poor urban dwel lers  i n  t h i s  reg lon  have 
s u b s t a n t i a l l y  subs t i t u ted  heav i l y  subsidized kerosene. The poss ib i l  i t y  
e x i s t s  o f  t ranspor t i ng  coal  b r i q u e t t e s  f ran t h e  Sierra, a1 though 
t ranspor ta t i on  cos ts  have not  been c l  a r i f  fed, o r  b r i q u e t t i n g  and 
carboniz ing 1 i g n i t i c  coal found i n  t h e  North Costa. 

Both i n  t h e  S i e r r a  and i n  t h e  Costa, coal b r fque t tes  apppear t o  be an 
econonilc a1 t e r n a t i v e  t o  fue l  wood. The b r i q u e t t e s  used f o r  cooking fue l  
would cos t  between USp19.30 t o  $13.30 per  c a p i t a  per year (based an 
200,OOQ kca l  o f  cooking energy per c a p i t a  per year). Fuelwood i n  an 
open f i r e ,  t h e  most prevalent  cooking method i n  Perur cos ts  US810.60 t o  
$15.00 per  c a p i t a  per year i n  Huancayo ( S i e r r a )  and US$27.50 t o  $31.70 
I n  Lima (C0sta ) .  The cos t  of a stove i s  n o t  inc luded i n  these 
estimates. (By comparison, an e f f i c i e n t ,  wood stove would reduce wood 
burn ing costs t o  U S 5 . 4 0  t o  $11.20 per  c a p i t a  per year i n  Huancayo and 
U S $ U . 8 0  t o  $23.70 i n  Lima. Subsidized kerosene cos ts  US87.70 per  
c a p i t a  per year, bu t  unsubsidized cos ts  a r e  US$21.00 i n  Huancayo and 
US$18.50 i n  Lima.) 
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