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ABSTRACT 

Adequate supply of r u r a l  energy i s  being recognized a s  a major 
development problem. Non-commercial f u e l s  such as fuelwood, a g r i c u l t u r a l  
waste and animal dung a r e  now o f t e n  t h e  only energy sources  a v a i l a b l e  
i n  r u r a l  a r e a s  and a r e  becoming i n c r e a s i n g l y  i n s u f f i c i e n t  t o  meet r i s i n g  
r u r a l  energy demand f a r  b a s i c  needs as w e l l  as product ion  a c t i v i t i e s .  
Moreover, l a r g e  s c a l e  r u r a l  u s e  of t h e s e  f u e l s  is causing widespread 
d e f o r e s t a t i o n  and s o i l  erosion.  

A Rural  Energy Planning Exerc ise  was i n i t i a t e d  i n  Colombia i n  
May 1977. Our o b j e c t i v e  was t o  develop a p r a c t i c a l  approach f o r  i d e n t i f y i n g ,  
prepar ing  and implementing r u r a l  energy p r o j e c t s  and programs. The f i r s t  
phase involved q u a l i t a t i v e  s t u d i e s  i n  s e l e c t e d  r u r a l  a r e a s  t o  d e f i n e  t h e  
r e l a t i o n s h i p  between energy and r u r a l  development. The second phase 
involves  the  d e t a i l e d  p repa ra t ion  of r u r a l  energy p lans ,  development and 
t e s t i n g  of r u r a l  energy equipment, and implementation of p i l o t  p r o j e c t s  
i n  s e l e c t e d  r u r a l  a r e a s  t o  t e s t  t h e  i n s t i t u t i o n a l  and i n f r a s t r u c t u r e  
requirements  f o r  a l a r g e  s c a l e  r u r a l  energy p r o j e c t s .  

A fundamental a s p e c t  of t h i s  approach is t o  r e l y  almost  completely 
i n  l o c a l  e x p e r t i s e  and i n s t i t u t i o n s  f o r  the  des ign  and execut ion  of these  
p r o j e c t s  and most of t h e  work he re  descr ibed  has i n  f a c t  been c a r r i e d  o u t  
by t h e  Colombians. This  r e p o r t  d i scusses  t h e  Bank's r o l e  so f a r ,  and 
proposes d i r e c t i o n s  f o r  Euture work; though i t  d e a l s  wi th  t h e  s p e c i f i c  
case  of Colombia, i t  provides  an  approach a p p l i c a b l e  i n  most o t h e r  LDCs.  
The f irst  p a r t  of the  r e p o r t  (Sect ions  I t o  V I ,  11 pages) o u t l i n e s  t h e  
approach t h a t  have been developed. The second p a r t  (Sect ion  V I I ,  41  pages) 
c o n s i s t s  of s e v e r a l  Annexes and d e a l s  i n  g r e a t e r  d e t a i l  wi th  the  s p e c i f i c  
a c t i v i t i e s  c a r r i e d  ou t  i n  Colombia. 

Prepared by: S. K. Chopra 
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I. SUMMARY 

i. Rura l  Energy has  become a major development problem s i n c e  t h e  o i l  
c r i s i s .  Large s c a l e ,  i n d i s c r i m i n a t e  u s e  of non-commercial f u e l s  such a s  
fuelwood a g r i c u l t u r a l  was t e  and animal  dung, which a r e  more o f t e n  t h e  only 
energy resources  a v a i l a b l e  i n  r u r a l  a r e a s ,  is  caus ing  widespread d e f o r e s t a t i o n  
and s o i l  erosion.  L/ Moreover, r u r a l  energy demand i s  rap id ly  r i s i n g  both due 
t o  i n c r e a s e s  i n  r u r a l  popula t ion ,  and due t o  growing consciousness  of t h e  
r u r a l  popu la t ion  f o r  a b e t t e r  q u a l i t y  of l i f e .  

ii. Planned i n p u t s  of energy s u p p l i e s  are t h e r e f o r e  u rgen t ly  r equ i r ed  
t o  m e e t  t h e  r i s i n g  r u r a l  energy demand. While cons ide rab le  work is being 
done i n  developing new energy r e sources  and technologies  f o r  r u r a l  a r e a s  i n  
many c o u n t r i e s ,  t h e r e  does not  seem t o  be a s  y e t  a v a i l a b l e  a p r a c t i c a l  
p lanning  approach t h a t  w i l l  p rovide  t h e  b a s i s  f o r  p repa r ing  r u r a l  energy p l ans ,  
i nvo lv ing  t h e  l e a s t - c o s t  mix of new and e x i s t i n g  energy r e sources ,  t o  meet 
d i f f e r e n t  t ypes  of r u r a l  energy demand f o r  domest ic  consumption and product ion ,  
over  a s e l e c t e d  p lanning  horizon.  These r u r a l  energy p lans  a r e  necessary t o  
i d e n t i f y ,  p repare ,  and implement bankable r u r a l  energy p r o j e c t s  and programs 
which would b r i n g  energy r e sources  t o  l a r g e  masses of r u r a l  populat ion.  

iii. A Rura l  Energy Planning  Approach i s  p re sen ted  i n  t h i s  repor t .  The 
p r a c t i c a l  worth of t h i s  approach is  being t e s t e d  i n  Colombia, as p a r t  of a 
Rura l  Energy Planning  Exe rc i se  conducted by Colombian p r o f e s s i o n a l s  w i t h  Bank's 
t e c h n i c a l  a s s i s t a n c e .  The E x e r c i s e  has  been organized i n  two phases: Phase I 
invo lves  a q u a l i t a t i v e  assessment  of t h e  o v e r a l l  r u r a l  energy problem i n  Colombia 
wi th  a c a s e  s tudy of a r u r a l  r eg ion  t o  determine r e l a t i o n s h i p  between energy 
and r u r a l  development. Phase  11 invo lves  q u a n t i t a t i v e  work f o r  developing a 
r u r a l  energy p lanning  methodology, p r e p a r a t i o n  of r e g i o n a l  and n a t i o n a l  r u r a l  
energy p l ans  on t h e  b a s i s  of t h i s  methodology, and organiz ing  p i l o t  p r o j e c t s  i n  
s e l e c t e d  a r e a s  a s  p r e p a r a t i o n  f o r  r e g u l a r  r u r a l  energy p ro j ec t s .  

i v  . 
ICEL, 
Group 

A Rura l  Energy Group c o n s i s t i n g  of Colombian P r o f e s s i o n a l s  from I C A ,  
DNP and D R I  L/ was formed t o  work wi th  t h e  Bank du r ing  Phase I. The 
conducted a case-study i n  O r i e n t e  reg ion  i n  Antioquia,  wi th  Bank's 

t e c h n i c a l  a s s i s t a n c e ,  t o  s tudy  t h e  r e l a t i o n s h i p  between energy and r u r a l  
development. During t h i s  s tudy  fa rmers  i n  d i f f e r e n t  a r e a s  of t h e  reg ion  were 
in te rv iewed t o  a s s e s s  e x i s t i n g  p a t t e r n s  of energy consumption and farmers '  

1/  See, f o r  example, Eckholm E . ,  The  Other Energy C r i s i s :  Fuelwood, - 
Worldwatch paper No. 1, Sept. 1975. Also: Proceedings of t h e  UN 
Conference on D e s e r t i f i c a t i o n ,  Na i rob i ,  August 1977. 

2/ I C A  - I n s t i t u t o  Colombiano Agropecuario - 
ICEL - I n s t i t u t o  Colombiano Energ ia  E l e c t r i c a  
DNP - Departamento Nacional  P laneac ion  
DRI - D e s a r r o l l o  Rura l  I n t e g r a d o  



pe rcep t ion  of t h e  r u r a l  energy problem. Also, a  survey of e x i s t i n g  i n s t i -  
t u t i o n s  was conducted t o  a s s e s s  l o c a l  c a p a b i l i t i e s  f o r  t a c k l i n g  d i f f e r e n t  
a s p e c t s  of t h e  rural energy problem. 

V. Phase I was i n i t i a t e d  a t  t h e  end of May 1977, and is  n w  substan- 
t i a l l y  complete w i t h  t h e  p r e p a r a t i o n  of an  in-depth, well-documented 
r e p o r t  by t h e  Colombian Rura l  Energy Group. 1/ T h i s  phase involved  t h r e e  Bank 
miss ions  i n  May, August and October ,  1977. 

v i  . Major l e s s o n s  l e a r n t  du r ing  t h i s  Phase I, r ega rd ing  t h e  f e a s i b i l i t y  
and implementat ion of t h e  R u r a l  Energy P lanning  Approach, were: ( a )  Energy i n  
r u r a l  a r e a s  is  an  i n t e g r a l  p a r t  of a l l  a s p e c t s  of r u r a l  development, i n c l u d i n g  
i r r i g a t i o n ,  mechanizat ion,  ag ro - indus t r i e s ,  a v a i l a b i l i t y  of r u r a l  i n f  r a s t r u c -  
t u r e  and s e r v i c e s ;  ( b )  Rura l  energy p lanning  t h e r e f o r e  r e q u i r e s  an in-depth 
unders tanding  of t h e  o v e r a l l  r u r a l  s i t u a t i o n ,  and i t s  r e l a t i o n  t o  t h e  needs,  
p r i o r i t i e s  and a s p i r a t i o n s  of r u r a l  communities; ( c )  Thus, r u r a l  energy p l ans  
must be developed on a d e c e n t r a l i z e d  r e g i o n a l  b a s i s  by r e p i o n a l  l o c a l  p rofes -  
s i o n a l s  who l i v e  i n  t h e  r eg ion  and work c l o s e l y  wi th  t h e i r  rural communities; 
( d )  Loca l  p r o f e s s i o n a l  c a p a b i l i t i e s  i n  r e g i o n a l  p r i v a t e  and government i n s t i -  
t u t i o n s  and u n i v e r s i t i e s  must t h e r e f o r e  be mobi l ized  and t r a i n e d  t o  form 
r e g i o n a l  groups f o r  conduct ing t h e  rural energy planning e x e r c i s e ;  (f) For 
t h i s  purpose, a  government set-up i s  r equ i r ed ,  t h a t  could o rgan ize  t h e s e  
groups,  and c o o r d i n a t e  a l l  rural energy a c t i v i t i e s  i n  t h e  country.  

v i i .  Based on t h e  l e s s o n s  from Phase  I, i t  is  recommended 21 t h a t  Phase 
I1 should  be executed by a permanent Rura l  Energy Un i t  which should  c o n s i s t  
of experienced p r o f e s s i o n a l s .  The Un i t  should work under t h e  d i r e c t i o n  of 
a  M i n i s t e r i a l  R u r a l  Energy Coord ina t ion  Committee and organize ,  gu ide  and 
t r a i n  r e g i o n a l  rural energy groups. These groups would p r e p a r e  r e g i o n a l  r u r a l  
energy p l ans  w i th  t h e  p a r t i c i p a t i o n  of l o c a l  communities. The Uni t  would a l s o  
o rgan ize  development and t e s t i n g  of equipment, 21 t r a i n i n g  programs f o r  
p r o f e s s i o n a l s ,  and p i l o t  p r o j e c t s  f o r  t e s t i n g  i n s t i t u t i o n a l  and i n f r a s t r u c t u r e  
requi rements  f o r  f u l l  s c a l e  r u r a l  energy p ro j ec t s .  

v i i i .  Phase  I1 is expected t o  r e s u l t  i n  p r e p a r a t i o n  of a r u r a l  energy p l a n  
f o r  Colombia, i n v o l v i n g  r u r a l  energy p r o j e c t s  i n i t i a l l y  i n  D R I  51 reg ions .  
Th i s  Phase is expected t o  ex tend  f o r  about one-and-a-half t o  two y e a r s  and 

11 T h i s  is a 180-page r e p o r t  e n t i t l e d :  "Enernia Rura l ,  Informe d e l  Grupo - 
de  Energia  en  Areas D R I  ( E l  Caso d e  l a  r eg ion  d e l  O r i e n t e  Antioqueno) 
prepared  i n  Bogota i n  December 1977. 

21 These recommendations a r e  de r ived  from t h e  Colombian Rura l  Energy Group - 
r e p o r t ,  b u t  have been f u r t h e r  developed i n  t h i s  repor t .  

31 These equipment inc lude ,  among o t h e r s ,  microhydroturbines ,  s o l a r  h e a t e r s ,  - 
windmil ls ,  b iogas  p l a n t s ,  wood, kerosene,  gas  and c o a l  s t o v e s ,  sma l l  
re f  r i g e r a t o r s .  

41 DRI r eg ions  are t h o s e  covered by Government N a t i o n a l  R u r a l  Development - 
Program. I n  t h e  i n i t i a l  phase,  t h i s  program i s  l o c a l i z e d  i n  f i v e  areas 
i n  Western Colombia. Three of t h e s e  f i v e  a r e a s  a r e  covered by Bank's 
I n t e g r a t e d  R u r a l  Development. 



shou ld  l e a d  t o  a t h i r d  o p e r a t i o n a l  phase  (Phase I I I ) ,  i n v o l v i n g  implementat ion 
of t h e  n a t i o n a l  r u r a l  energy program, which t h e  Bank may suppor t .  However 
Bank r o l e ,  as a development agency, would b e  c r u c i a l  du r ing  Phase  11, when t h e  
founda t ion  of t h e  program w i l l  be  b u i l t ,  and  problems i n  deve lop ing  l o c a l  
c a p a b i l i t i e s  must be t a ck l ed .  

i x .  Bank involvement,  f o r  example, cou ld  ensu re  h igh  l e v e l  o f f i c i a l  
s u p p o r t  v i t a l  i n  t h e  fo rma t ive  s t a g e s  of t h e  program. Bank cou ld  assist i n  
i d e n t i f y i n g ,  t r a i n i n g  and  mo t iva t i ng  s u i t a b l e  p r o f e s s i o n a l s .  Bank could  
a r r a n g e  a p p r o p r i a t e  t e c h n i c a l  and f i n a n c i a l  a s s i s t a n c e  when requi red .  F i n a l l y ,  
Bank could  a s s i s t  i n  c o o r d i n a t i n g  v a r i o u s  i n s t i t u t i o n s ,  p r o f e s s i o n a l s  and 
o f f i c i a l s  involved  a t  d i f f e r e n t  l e v e l s  of t h e  e x e r c i s e ,  and, i n  t h e  p roces s ,  
s a f e g u a r d  t h e  i n t e r e s t s  of t h e  r u r a l  poor ,  t o  whose w e l f a r e  bo th  t h e  Colombian 
Government and t h e  Bank are committed. 

x. Resource requi rements  i n  Phase  11, i n c l u d i n g  p o s s i b l e  Bank's 
a s s i s t a n c e  i n  q u a n t i t a t i v e  terms and s cope  f o r  Phase  111, w i l l  be  determined,  
s u b j e c t  t o  Colombian Government's i n t e r e s t ,  i n  con junc t i on  w i t h  Colombian 
s t a f f .  The purpose  of t h i s  r e p o r t  is  t o  p rov ide  a  comprehensive account  of 
Bank r o l e  s o  f a r ,  and propose  d i r e c t i o n s  f o r  f u t u r e  work. 

x i .  The r e p o r t  i s  organized  as fo l low:  S e c t i o n  I1 p r e s e n t s  t h e  R u r a l  
Energy P l ann ing  Approach; S e c t i o n  111 e x p l a i n s  t h e  r ea sons  f o r  s e l e c t i n g  
Colombia; S e c t i o n  I V  d i s c u s s e s  t h e  o r g a n i z a t i o n  of t h e  e x e r c i s e ;  S e c t i o n  V 
draws conc lu s ions  from Phase  I; and S e c t i o n  V I  o f f e r s  recommendations f o r  
f u r t h e r  work i n  Phase  11. The Annexes c o n t a i n  r e p o r t s  of Bank mi s s ions  du r ing  
Phase I ,  a n  e v a l u a t i o n  of Colombian i n s t i t u t i o n a l  c a p a b i l i t i e s  r e l a t e d  t o  
r u r a l  energy a c t i v i t i e s ,  a d i s c u s s i o n  of proposed Phase  I1 a c t i v i t i e s ,  and a 
b ib l i og raphy .  



11. RURAL ENERGY PLANNING APPROACH 

1. S ince  t h e  o i l  c r i s i s ,  t h e  Bank i s  becoming i n c r e a s i n g l y  involved 
i n  energy p lanning  of developing coun t r i e s .  Bank energy s e c t o r  a c t i v i t i e s  
have, up t o  now, been mainly con£ ined  t o  commercial energy resources.  A v a s t  
ma jo r i t y  of some 2.20 b i l l i o n  people who comprise t h e  r u r a l  s e c t o r  i n  devel- 
oping c o u n t r i e s ,  however, con t inue  t o  s u b s i s t  on non-commercial energy 
r e sources  such a s  a g r i c u l t u r a l  was tes ,  firewood, cha rcoa l  and dung. 11 The 
focus  on commercial energy i n  many developing c o u n t r i e s  t hus  o f t e n  d i s r ega rds  
energy requirements  f o r  t h e  economic and s o c i a l  development of a  major propor- 
t i o n  of t h e i r  populat ions.  

2. The need f o r  examining r u r a l  energy ,requirements has  become espe- 
c i a l l y  s i g n i f i c a n t  f o r  t h e  Bank because  of t h e  l ead ing  r o l e  i t  i s  p lay ing  i n  
r u r a l  development. Many r ecen t  Bank R u r a l  Development P r o j e c t s ,  i n  f a c t ,  
i n c l u d e  components on r u r a l  e l e c t r i f i c a t i o n  and fuelwood: 21 But no a t tempt  
seems t o  have, as ye t ,  been made t o  determine t h e  r e l a t i o n s h i p  of t h e s e  
components t o  t h e  r u r a l  region 's  o v e r a l l  energy s e t t i n g ,  involv ing  e x i s t i n g  
and p r o j e c t e d  demand f o r  domestic and product ive  a c t i v i t i e s ,  o t h e r  renewable 
and non-renewable energy resources  such a s  kerosene, bio-mass, s o l a r  and wind, 
and t h e  t e c h n i c a l ,  economic, i n s t i t u t i o n a l  and s o c i a l  c o n s t r a i n t s  i n  
conve r t ing  v a r i o u s  energy r e sources  t o  meet demand over a  s p e c i f i c  planning 
horizon.  

3 .  I n  t h e  absence of such comprehensive energy planning f o r  t h e  r u r a l  
s e c t o r ,  i t  i s  d i f f i c u l t  t o  determine t h e  e x t e n t  t o  which i s o l a t e d  p r o j e c t s ,  o r  
p r o j e c t  components, on r u r a l  e l e c t r i f i c a t i o n ,  fuelwood, o r  o t h e r  resources ,  
w i l l  meet energy needs f o r  r u r a l  development. Moreover, wi thout  a  sys t ema t i c  
a n a l y s i s  of r u r a l  energy,  a s  a  p a r t  of n a t i o n a l  p lanning ,  i t  w i l l  not  be 
p o s s i b l e  t o  e s t a b l i s h  t h e  l e a s t - c o s t  energy s o l u t i o n ,  t h a t  w i l l  u s u a l l y  involve 
a  mix of non-commercial and commercial resources ,  depending on t h e  demand and 
c o n s t r a i n t s  e x i s t i n g  a t  d i f f e r e n t  phases of t h e  r u r a l  development process.  

4 .  Although many s t u d i e s  on r u r a l  energy have been conducted, 21 they 
a r e  e i t h e r  too  q u a l i t a t i v e ,  o r  focus  on a  l i m i t e d  a s p e c t  of t h e  problem, such 
a s  development of a l t e r n a t i v e  technologies  f o r  renewable energy resources ,  o r  
r u r a l  e l e c t r i f i c a t i o n ,  o r  f o r e s t r y ,  wi thout  adopting t h e  comprehensive approach 
o u t l i n e d  above. These s t u d i e s ,  however, a r e  very u s e f u l  because they provide 

11 The non-commercial energy consumption a s  a  percentage of t o t a l  energy - 
consumption, f o r  example, is  45% i n  South America, 51% i n  A f r i c a  and 58% 
i n  As ia  (Source: J o e l  D a m s  t a d t  er,  Energy i n  t h e  World Economy, John 
Hopkins, 1971) .  

2 1  The r e c e n t  Bank I n t e g r a t e d  Rura l  Development P r o j e c t  i n  Colombia inc ludes  - 
r u r a l  e l e c t r i f i c a t i o n  and fuelwood components. 

31 See Annex 6. - 



t h e  b a s i c  d a t a  on v a r i o u s  f a c e t s  of t h e  r u r a l  energy problem. The next  s t e p ,  
t h e r e f o r e ,  is  t o  i n t e g r a t e  a v a i l a b l e  i n fo rma t ion ,  and i d e n t i f y  p r a c t i c a l  
measures ,  a t  t h e  p o l i c y  and o p e r a t i o n a l  l e v e l s ,  t h a t  w i l l  p rov ide  g u i d e l i n e s  
f o r  bankable  r u r a l  energy p r o j e c t s  and programs. For  t h i s  purpose,  i t  i s  
proposed t h a t  a  p r a c t i c a l  e x e r c i s e  i n  r u r a l  energy  p o l i c y  and p r o j e c t s  p l a n n i n g  
b e  conducted i n  a  s e l e c t e d  deve lop ing  coun t ry  ' i n  which t h e  Bank has  ongoing 
R u r a l  Development p r o j e c t s .  

5. The proposed e x e r c i s e  shou ld  c o n s i s t  of t h e  f o l l o w i n g  s t e p s :  

Region S e l e c t i o n  

( i )  S e l e c t  a  r e g i o d r e g i o n s  w i t h  ongoing r u r a l  development p r o j e c t s .  
Determine t h e  economic s t r u c t u r e  of t h e  r e g i o n  and i t s  r e l a t i o n s h i p  
w i t h  t h e  rest of t h e  economy. Choose a  p l ann ing  h o r i z o n  c o n s i s t e n t  
w i t h  t h e  n a t i o n a l  p l ann ing  process .  

Energy Demand 

( i i )  Determine e x i s t i n g  energy u s e  f o r  v a r i o u s  a c t i v i t i e s  i n  
a g r i c u l t u r a l  p roduc t i on ,  domes t ic ,  t r a n s p o r t a t i o n ,  agro- 
b u s i n e s s  and community sub-sec tors  of t h e  r u r a l  region.  
P r o j e c t  energy demand f o r  s u b s i s t e n c e - l e v e l  needs and f o r  
economic and s o c i a l  development ove r  t h e  p l ann ing  h o r i z o n  
by: ( a )  macroeconomic i n d i c a t o r s  such a s  i ncome-e l a s t i c i t y  , 
p r i c e - e l a s t i c i t y  , end-use of f u e l  t r e n d s  and ( b )  microeconomic 
a n a l y s e s  i n v o l v i n g  household  surveys .  

Energy Supply 

( i i i )  Compile i n f o r m a t i o n  on energy r e s o u r c e s  used i n  t h e  e x i s t i n g  
s e t u p  t o  meet v a r i o u s  demands. Most of t h e s e  r e s o u r c e s  w i l l  
b e  t y p i c a l l y  non-commercial. Determine t h e  a v a i l a b i l i t y  of 
non-commercial r e s o u r c e s ,  f o r  meet ing p r o j e c t e d  demand over  
t h e  p l ann ing  hor izon .  Determine a v a i l a b i l i t y  of o t h e r  energy 
r e s o u r c e s ,  b o t h  w i t h i n  t h e  r eg ion ,  and t h o s e  imported f rom 
o t h e r  p a r t s  of t h e  count ry  o r  abroad,  o v e r  t h e  p l ann ing  hor izon .  

Energy Convers ion 

( i v )  Determine t h e  a v a i l a b i l i t y  of a p p r o p r i a t e  technology a t  d i f f e r e n t  
p e r i o d s  i n  t h e  p l ann ing  ho r i zon ,  f o r  conve r t i ng  a v a i l a b l e  renew- 
a b l e  and non-renewable energy r e s o u r c e s  t o  meet e x i s t i n g  and 
p r o j e c t e d  demand. Determine t h e  conve r s ion  e f f i c i e n c i e s ,  and 
t e c h n i c a l  c h a r a c t e r i s t i c s  of t h e s e  t e chno log i e s .  I d e n t i f y  tech- 
n i c a l ,  economic, i n s t i t u t i o n a l  and s o c i a l  c o n s t r a i n t s  f o r  each 
a l t e r n a t i v e .  



Energy P r i c i n g  

(v)  Determine t h e  d e l i v e r e d  c o s t  f o r  each energy a l t e r n a t i v e  
( c o s t  of p roduct ion  p l u s  c o s t  of  t r a n s p o r t a t i o n  and d i s t r i b u -  
t i o n ) .  Determine the  f i n a n c i a l  and s o c i a l  c o s t s  f o r  each 
a l t e r n a t i v e  ( a )  t o  t h e  u s e r ,  ( b )  t o  t h e  reg ion ,  and ( c )  t o  t h e  
economy, a t  v a r i o u s  phases i n  t h e  p lanning  horizon. 

Energy P l a n  

( v i )  Based on t h e  above informat ion ,  propose a n  energy p l a n  f o r  t h e  
r eg ion ,  c o n s i s t e n t  w i t h  t he  r u r a l  development p l an ,  and n a t i o n a l  
energy and economic p o l i c i e s .  

Energy P r o j e c t s  

( v i i )  I d e n t i f y  energy p r o j e c t s  f o r  t h e  r e g i o n  on t h e  b a s i s  of t h e  
energy plan. Determine t h e  l e a s t - c o s t  mix of  energy p r o j e c t s  
a t  v a r i o u s  phases i n  t h e  p lanning  hor izon  t o  m e e t  d i f f e r e n t  t y p e s  
of demand from a v a i l a b l e  and new supply  r e sou rces  w i t h i n  t h e  given 
c o n s t r a i n t s .  

6. Th i s  e x e r c i s e  w i l l  p rov ide  an i n s i g h t  i n t o  t h e  p r a c t i c a l  problems 
involved  i n  r u r a l  energy planning.  The exper ience  gained from t h e  e x e r c i s e  
w i l l  be u t i l i z e d  i n  developing g u i d e l i n e s  f o r  f u t u r e  p o s s i b l e  r u r a l  energy 
p r o j e c t s  and programs, which the  Bank may suppor t .  



111. SELECTION OF THE COUNTRY 

7. Colombia was s e l e c t e d  f o r  t e s t i n g  t h e  R u r a l  Energy P lanning  Approach 
f o r  t h e  fo l l owing  reasons:  

(a)  Colombia h a s  a s i z e a b l e  r u r a l  s e c t o r  t h a t  makes up about  40% 
of t h e  t o t a l  popu la t i on  and 30% of t h e  GDP. 

( b )  The Government is committed t o  r u r a l  development, and has  launched 
a Rura l  Development Program (DRI) which a i m s  e s p e c i a l l y  a t  removing 
c o n s t r a i n t s  f aced  by small farmers .  The Bank i s  suppor t i ng  one 
of t h e  t h r e e  Rura l  Development P r o j e c t s  managed by t h e  D R I  program. 
(The o t h e r  two p r o j e c t s  a r e  suppor t ed  by CLDA and I D B . )  The Bank 
i s  a l s o  c l o s e l y  involved  i n  Colombia's energy s e c t o r  through 
f i n a n c i n g  of power p r o j e c t s  and energy s e c t o r  s t u d i e s .  

( c )  The main commercial energy r e sou rce  i n  r u r a l  a r e a s  is  e l e c t r i c a l  
energy. However, e l e c t r i c i t y  i s  u t i l i z e d  by some 15 t o  20% of  t h e  
r u r a l  populat ion.  The remaining popu la t i on  must r e l y  on non- 
commercial sou rces  such a s  : wood, cand le s ,  a g r i c u l t u r a l  waste and, 
i n  some i n s t a n c e s ,  coa l ,  kerosene,  e t c .  These energy r e sou rces  
a r e  mainly used f o r  domest ic  consumption such  a s  cooking and 
l i g h t i n g .  Other  a g r i c u l t u r a l  t a s k s  ( f o r  example, c u l t i v a t i o n ,  
i r r i g a t i o n ,  ha rves t i ng ,  e t c .  ) a r e  u s u a l l y  done manually by small 
fa rmers  . 

( d )  Colombia has  abundant supply of u n d e r u t i l i z e d  energy r e sou rces  
such a s  hydro, ga s  and c o a l  t h a t  cou ld  be used i n  r u r a l  a r ea s .  
For  example, o u t  of  a hydro p o t e n t i a l  of 100,000 MW, only about 
3% i s  be ing  c u r r e n t l y  u t i l i z e d .  I n  t h i s  con tex t ,  some Colombian 
i n s t i t u t i o n s  (Las Gaviotas  and t h e  U n i v e r s i t y  of Los Andes) have 
developed small h y d r o e l e c t r i c  schemes (50 kw c a p a c i t y ,  approximate 
c o s t  15,000 pesos/kw) t h a t  could  have widespread a p p l i c a t i o n ,  
a f t e r  s u i t a b l e  mod i f i ca t i ons ,  i n  d i f f e r e n t  r u r a l  r eg ions  of t h e  
country.  Other  equipment such as s o l a r  h e a t e r s ,  windmi l l s ,  
r e f r i g e r a t o r s  have a l s o  been l o c a l l y  developed. 

( e )  Thus, bo th  m a t e r i a l  and human r e sou rces ,  i nc lud ing  p r o f e s s i o n a l  
c a p a b i l i t i e s ,  e x i s t  i n  t h e  country.  But a planned approach f o r  
u t i l i z i n g  and o rgan iz ing  t h e s e  r e sou rces  t o  b r i n g  e f f i c i e n t  energy 
i n p u t s  w i t h i n  t h e  reach  of  l a r g e  masses of  r u r a l  popu la t i on  seemed 
t o  be l ack ing .  

8. . The Bank o f f e r e d  t o  assist t h e  Colombian Government i n  developing a 
p lanning  approach, a long  the  l i n e s  desc r ibed  above, t h a t  could  be used f o r  
p r epa r ing  r u r a l  energy p r o j e c t s  and programs. The t h e n  Colombian M i n i s t e r  
of Energy expressed  enthusiasm a t  t he  i dea ,  and a Rura l  Energy P lanning  
E x e r c i s e  was i n i t i a t e d  i n  May 1977. 



I V .  ORGANIZATION OF THE EXERCISE 

9. Although the  formal  approval  of Colombia's Minis t ry  of Energy w a s  
ob ta ined  f o r  conducting t h e  r u r a l  energy planning e x e r c i s e ,  i t  w a s  recognized 
from t h e  s t a r t  t h a t  a p r a c t i c a l  r u r a l  energy planning approach could  be 
developed only i f  i t  evolves from w i t h i n  Colombia, t h a t  is, i t  is i n i t i a t e d ,  
organized and developed by Colombian p r o f e s s i o n a l s  who work i n  c l o s e  con tac t  
w i th  t h e i r  r u r a l  people. The Bank's r o l e  would be l i m i t e d  t o  t h a t  of a  
c a t a l y s t  f o r  l o c a t i n g  the  r i g h t  i n s t i t u t i o n s  and p r o f e s s i o n a l s ,  and providing 
them wi th  t e c h n i c a l  a s s i s t a n c e  i n  organiz ing  t h e  e x e r c i s e ,  i n v e s t i g a t i n g  t h e  
problem and formula t ing  t h e i r  own sys t ema t i c  s t r a t e g y  f o r  t a c k l i n g  it. 

10. I n  keeping w i t h  t h e  above approach, i t  was decided,  a f t e r  d i scuss ions  
wi th  Colombian o f f i c i a l s  dur ing  t h e  f i r s t  mission,  t h a t  t h e  e x e r c i s e  w i l l  be 
organized i n  two phases: 

- During Phase I, a Rura l  Energy Group w i l l  be set up, c o n s i s t i n g  
of p r o f e s s i o n a l s  from DNA, D R I ,  I C A  and ICEL, which w i l l ,  w i th  
Bank t e c h n i c a l  a s s i s t a n c e ,  s tudy t h e  o v e r a l l  r u r a l  energy problem 
i n  Colombia and conduct a  c a s e  s tudy  i n  a r u r a l  r eg ion  i n  
Antioquia t o  determine r e l a t i o n s h i p  between energy and r u r a l  
development. 

- During Phase 11, a permanent Rura l  Energy Uni t  w i l l  be formed 
to  c a r r y  out  d e t a i l e d  q u a n t i t a t i v e  work r equ i red  f o r  formula t ing  
r u r a l  energy p lans  f o r  d i f f e r e n t  regions.  The Uni t  would a l s o  
organize  and promote indigenous r e sea rch ,  development and produc- 
t i o n  of energy hardware, t r a i n i n g  programs f o r  l o c a l  p ro fes s iona l s  
f o r  r u r a l  energy a c t i v i t i e s  and even tua l ly  p repa re  r u r a l  energy 
p ro jec t s .  However, the  Unit 's  t a s k s  w i l l  be de f ined  i n  more 
d e t a i l  a t  t h e  end of Phase I. 

11. Phase I cons i s t ed  of t h r e e  Bank missions involv ing  the  fo l lowing 
t a s k s  : 

Mission I (May 2 3  t o  30, 1977) 

Discuss ions  wi th  o f f i c i a l s  and i n s t i t u t i o n s  regard ing  (i) t h e  
f e a s i b i l i t y  of t he  r u r a l  energy planning approach, and ( i i )  t h e  
o r g a n i z a t i o n  of t h e  exerc ise .  

Mission 11 (August 8 t o  12, 1977) 

Formation of a  Rura l  Energy Group c o n s i s t i n g  of p r o f e s s i o n a l s  from 
ICA,  ICEL, D R I  and DNP. V i s i t  t o  a  r u r a l  area i n  Area 3 (Antioquia)  
t o  d i s c u s s  t h e  e x e r c i s e  wi th  r e g i o n a l  s t a f f  of ICA,  DRI and 
E l e c t r i f i c a d o r a s ,  and o b t a i n  f i r s t -hand  account of t h e  r u r a l  energy 
s i t u a t i o n  from farmers and members of t h e  r u r a l  community. 



Mission I11 (October 2 t o  18, 1977) 

I n v e s t i g a t i v e  survey wi th  the  Group i n  O r i e n t e  region  of Area 3 t o  
determine q u a l i t a t i v e  r e l a t i o n s h i p  between energy and r u r a l  devel- 
opment. Study of o v e r a l l  r u r a l  energy s e t t i n g ,  inc luding i n s t i t u -  
t i o n a l  and t echn ica l  c a p a b i l i t i e s ,  i n  Colombia. I n i t i a t i n g  a Rural  
Energy Report t o  be prepared by t h e  Group. 

Mission r e p o r t s  a r e  g iven  i n  Annex 1. 

12. Phase I is  now s u b s t a n t i a l l y  complete with the  p repa ra t ion  of a  
r e p o r t  by t h e  Colombian Rura l  Energy Group. Lessons learned from t h i s  phase, 
and d i r e c t i o n s  f o r  Phase 11 t a s k s ,  a r e  given i n  t h e  fol lowing sec t ions .  



V. CONCLUSION: LESSONS FROM PHASE I 

13. A d e t a i l e d  d i s c u s s i o n  of t h e  t a s k s  i n  Phase I is  g iven  i n  Annex 1 
(miss ion  r e p o r t s )  and i n  t h e  r e p o r t  prepared by t h e  Colombian R u r a l  Energy 
Group. Given below a r e  t h e  main l e s s o n s  l e a r n t  dur ing  Phase I, t h a t  a r e  
r e l a t e d  t o  t h e  f e a s i b i l i t y  and implementation of t h e  r u r a l  energy planning 
approach and t h e  o r g a n i z a t i o n  of Phase  11. 

- During t h e  visit t o  r u r a l  a r e a s ,  and t h e  O r i e n t e  survey,  i t  
was found t h a t  r u r a l  people  would become involved  i n  r u r a l  
energy planning only i f  i t  would aim a t  provid ing  them w i t h  
energy f o r  product ive ,  income-generating, a c t i v i t i e s  t h a t  
would c r e a t e  employment o p p o r t u n i t i e s  f o r  t h e i r  growing 
f a m i l i e s .  

- Rura l  energy p lanning  would, t h e r e f  o re ,  r e q u i r e  ( i )  i d e n t i f  i- 
c a t i o n  of p o s s i b l e  f  arm and non-f arm p roduc t ive  a c t i v i t i e s  
(e. g., mechanization, i r r i g a t i o n ,  agro-businesses)  i n  t h e  
r eg ion  t h a t  would i n c r e a s e  farm income i f  they a r e  made 
more energy-ef f i c i e n t ;  ( i i )  assessment  of t h e i r  energy 
r e source  requirements;  ( i i i )  assessment  of t e c h n i c a l  and 
f i n a n c i a l  a s s i s t a n c e  requirements ,  i nc lud ing  i n s t i t u t i o n a l  
and i n f r a s t r u c t u r e  arrangements (equipment i n s t a l l a t i o n ,  
maintenance and ope ra t ions ,  raw m a t e r i a l  requirements ,  
marketing, coope ra t ive  format ion,  t r a i n i n g ,  e t c .  ) ; 
and ( i v )  assessment  of t h e i r  s o c i o - c u l t u r a l  and t e c h n i c a l  
impact. 11 

Thus, r u r a l  energy p lanning  i s  in t ima te ly  r e l a t e d  t o  a l l  
a s p e c t s  of r u r a l  development and r e q u i r e s  in-depth knowledge 
of t h e  r u r a l  s i t u a t i o n  i n  t h e  region,  as w e l l  a s  cons ide rab le  
unders tanding ,  perseverance  and committment on t h e  p a r t  of 
t hose  under tak ing  i t .  For t h i s  reason, t h e  e x e r c i s e  should 
be decen t r a l i zed .  P r o f e s s i o n a l s  and i n s t i t u t i o n s  l o c a t e d  
i n ,  o r  c l o s e  t o ,  t h e  r u r a l  reg ion ,  who a r e  prepared  t o  l i v e  
i n  t h e  region,  and a r e  committed t o  work through a l l  
s t a g e s  of p lanning  and implementation, should be i d e n t i f i e d  and 

11 For example, sma l l  fa rmers  i n  O r i e n t e  reg ion  were making bags by d ry ing  - 
locally-grown f i c h e  p l a n t s .  But they were unable t o  sell  t h e s e  bags 
i n  compet i t ion  w i t h  s y n t h e t i c  bags produced i n  urban f a c t o r i e s .  A 
l o c a l  u n i v e r s i t y  group, i n  conjunct ion  w i t h  I C A ,  was s tudy ing  t h e  possi-  
b i l i t y  of deve loping  mechanical,  poss ib ly  powered equipment, f o r  t h e s e  
farmers.  But provid ing  such powered equipment, and a s s e s s i n g  energy 
requirements  f o r  f i c h e  agro-business  w i l l  a l s o  r e q u i r e  an  assessment 
of a  number of o t h e r  a s p e c t s  such as: r e sou rce  requirements  f o r  develop- 
ment, t e s t i n g  and p roduc t ion  of t h e  motorized equipment; p rov i s ion  of 
c r e d i t  t o  purchase  them; o t h e r  raw m a t e r i a l ,  o r g a n i z a t i o n  of product ion,  
and t r a i n i n g  requirements;  formation of market ing coopera t ives ;  socio-  
economic impact of t h i s  agro-business on t h e  r u r a l  community. 



s u i t a b l y  t r a i n e d  t o  conduct t h e  exerc ise .  During t h e  
O r i e n t e  survey,  f o r  ins tance ,  i t  was found t h a t  such prof es- 
s i o n a l s  and i n s t i t u t i o n s  e x i s t ,  a l though they have l i t t l e  
contac t  wi th  government a c t i v i t i e s  and programs now. 

- A s u i t a b l e  governmental set-up the re fo re  needs t o  be c rea ted  
t h a t  would l o c a t e ,  guide, and t r a i n  p ro fess iona l s  and i n s t i t u t i o n s ,  
t o  form r e g i o n a l  r u r a l  energy groups, and coordina te  a l l  r u r a l  
energy a c t i v i t i e s  i n  t h e  country. 

1/ See Annex 2 f o r  a f u l l e r  d i scuss ion  on t h i s  subjec t .  - 



V I .  RECOMMENDATIONS FOR PHASE I1 

14. Based o n  t h e  l e s sons  l e a r n t  dur ing  Phase I, t h e  fo l lowing  gene ra l  
g u i d e l i n e s  are proposed f o r  Phase 11. 

- A M i n i s t e r i a l  Rura l  Energy Coordina t ion  Group, c o n s i s t i n g  of 
t h e  Min i s t e r  of Energy, and M i n i s t e r s  o r  s e n i o r  o f f i c i a l s  from 
t h e  M i n i s t r i e s  of  Agr i cu l tu re ,  Indus t ry ,  Commerce, DNP, 
e t c . ,  and r e p r e s e n t a t i v e s  from Las Gavio tas ,  u n i v e r s i t i e s ,  
p r i v a t e  i n s t i t u t i o n s  and indus t ry ,  should  be formed. 

- This  M i n i s t e r i a l  Group should  d i r e c t  t h e  a c t i v i t i e s  of 
a  C e n t r a l  Rura l  Energy Un i t ,  charged w i t h  execut ing  
Phase 11. 

15. A d i scuss ion  of t h e  t a s k s  of t h e  Un i t ,  and t h e  a c t i v i t i e s  during 
Phase I1 is  given i n  Annex 3. B r i e f l y ,  t h e s e  a r e  a s  fol lows:  

( a )  P r e p a r a t i o n  of a n  i n t e g r a t e d  r u r a l  energy p l an ,  compiled 
from r e g i o n a l  r u r a l  energy p l ans  t h a t  are formulated by 
r e g i o n a l  r u r a l  energy groups,  L/ under t h e  Uni t ' s  guidance. 

(b )  Organizing and coord ina t ing ,  development and t e s t i n g  of 
r u r a l  energy equipment, i nc lud ing  microhydroturbines,  s o l a r  
h e a t e r s ,  windmil ls ,  bio-gas p l a n t s ,  wood and cha rcoa l  
s t o v e s ,  e t c . ,  i n  va r ious  r eg ions  by u n i v e r s i t i e s  and o t h e r  
i n s t i t u t i o n s .  

( c )  P r e p a r a t i o n  and implementation of Rura l  Energy p i l o t  p r o j e c t s  
i n  s e l e c t e d  r eg ions  t o  test t h e  i n s t i t u t i o n a l  arrangements 
and i n f r a s t r u c t u r e  requirements  f o r  r e g u l a r  r u r a l  energy 
p r o j e c t s .  

( d )  Organizing t r a i n i n g  programs f o r  l o c a l  p r o f e s s i o n a l s  f o r  
va r ious  r u r a l  energy a c t i v i t i e s - - i n c l u d i n g  planning,  des ign  
and development of equipment, p r o j e c t  p r e p a r a t i o n ,  ex tens ion  
work--to p repa re  them f o r  implementing f u t u r e  r u r a l  energy 
p r o j e c t s .  

( e )  P r e p a r a t i o n  of a  Nat iona l  Rura l  Energy Program c o n s i s t i n g  of 
r u r a l  energy p r o j e c t s  i n i t i a l l y  f o r  D R I  regions.  

Major problems a n t i c i p a t e d  during Phase I1 inc lude :  

( a )  Locating, t r a i n i n g  and mot iva t ing  s u i t a b l e  p r o f e s s i o n a l s  t o  
work i n  t h e  C e n t r a l  Rura l  Energy U n i t  and r u r a l  energy groups; 

1/ The r e g i o n a l  groups may be l o c a t e d  i n  and coord ina ted  by t h e  r e g i o n a l  - 
E l e c t r i f i c a d o r e s ,  a s  suggested i n  t h e  Rura l  Energy Group's Report.  



( b )  Organizing and coord ina t ing  a c t i v i t i e s  of r e g i o n a l  groups 
and t h e  C e n t r a l  Uni t ;  

( c )  Organiza t ion  a t  t h e  r u r a l  l e v e l  f o r  ensur ing  a c t i v e  
p a r t i c i p a t i o n  of t h e  r u r a l  communities; 

(d )  Low p r i o r i t y  t o  t h e  e x e r c i s e  because i t  invo lves  time- 
consuming a c t i v i t i e s  t h a t  do n o t  o f f e r  immediate r e s u l t s .  

17. I n  v i e w  of t h e s e  problems, i t  is  suggested t h a t ,  i n  t h e  i n i t i a l  
s t a g e  of Phase 11, a  r e g i o n a l  r u r a l  energy group should be  formed only i n  t h e  
Ant ioquia  region. The group _1/ should  develop a  rural energy p l an  f o r  
O r i e n t e ,  and conduct a p i l o t  p r o j e c t  i n  t h i s  reg ion  t o  test i n s t i t u t i o n a l  and 
i n f r a s t r u c t u r e  arrangements r equ i r ed  f o r  implementation of r u r a l  energy 
p r o j e c t s .  Th i s  group's exper ience  could be  used f o r  organiz ing  s i m i l a r  groups 
i n  o t h e r  regions.  

18. The C e n t r a l  Rura l  Energy Un i t  should,  meanwhile, o rgan ize  t r a i n i n g  
programs a t  t h e  Un ive r s i t y  of Los Andes and o t h e r  u n i v e r s i t i e s  f o r  r ecen t ly  
graduated  young eng inee r s  and o t h e r  p r o f e s s i o n a l s  from d i f f e r e n t  reg ions  t o  
p r e p a r e  them f o r  r e g i o n a l  energy groups i n  t h e i r  r e s p e c t i v e  home regions.  A t  
t h e  same t i m e ,  a  promotional  d r i v e  should be  i n i t i a t e d  by t h e  Min i s t ry  of 
Energy c a l l i n g  q u a l i f i e d  young p r o f e s s i o n a l s ,  engineers  and s c i e n t i s t s  t o  work 
i n  t h e  cha l l eng ing  f i e l d  of r u r a l  energy,  and o f f e r  them a p p r o p r i a t e  i n c e n t i v e s  
such a s  t r a i n i n g  abroad a f t e r  t h r e e  yea r s '  work, a t t r a c t i v e  s a l a r i e s ,  recogni- 
t i o n  of t h e i r  work, and i n  t h e  mass media, e t c .  

19. Thus, an  o v e r a l l  program approach o r i g i n a t i n p  a t  t h e  l o c a l  r u r a l  
l e v e l ,  and cu lmina t ing  a t  t h e  c e n t r a l  M i n i s t e r i a l  l e v e l ,  i s  necessary.  I t  
should  f i r s t  be experimented w i t h i n  one region,  and l a t e r  r e p l i c a t e d  i n  o t h e r  
regions.  Only by going through a l l  s t a g e s  of t h i s  approach w i l l  i t  be p o s s i b l e  
t o  o rgan ize  a  succes su l  Na t iona l  Rura l  Energy Program dur ing  Phase 111. 

20. Th i s  Na t iona l  R u r a l  Energy Program may inc lude ,  among o t h e r  compo- 
nen t s ,  r e g i o n a l  r u r a l  energy p r o j e c t s  i n i t i a l l y  i n  DRI  a r eas ,  r e sea rch ,  
development and p roduc t ion  f a c i l i t i e s  f o r  energy convers ion  equipment, t r a i n -  
i n g  programs f o r  l o c a l  p r o f e s s i o n a l s  f o r  r u r a l  energy a c t i v i t i e s ,  s e t t i n g  up 
of a  c e n t r a l  r u r a l  energy i n s t i t u t i o n  and r e g i o n a l  r u r a l  energy u n i t s .  The 
Program i s  expected t o  be l a r g e  enough t o  r e q u i r e  e x t e r n a l  f i n a n c i n g  and may, 
i f  found t e c h n i c a l l y  and economically f e a s i b l e ,  b e  supported by t h e  Bank. 

21. However, Bank r o l e  as a  development agency is c r u c i a l  i n  Phase 11, 
when t h e  foundat ion  of t h e  program w i l l  be b u i l t .  During t h i s  phase, problems 
invo lv ing  development of l o c a l  i n s t i t u t i o n a l  and p r o f e s s i o n a l  c a p a b i l i t i e s  
must be t ack led ,  and Bank p a r t i c i p a t i o n  could h e l p  i n  s e v e r a l  ways. Bank 
involvement, f o r  example, could ensu re  high l e v e l  o f f i c i a l  suppor t  v i t a l  i n  

11 See Annex 4 f o r  o r g a n i z a t i o n  and t a s k s  of t h e  Ant ioquia  group. - 



t h e  format ive  s t a g e s  of t h e  program. Bank could assist i n  i d e n t i f y i n g ,  
t r a i n i n g  and mot iva t ing  capable  p r o f e s s i o n a l s  f o r  working i n  t h e  exe rc i se ,  
and later i n  t h e  program. Bank could ar range  f o r  a p p r o p r i a t e  t e c h n i c a l  
and f i n a n c i a l  a s s i s t a n c e  when required.  F i n a l l y ,  Bank could a s s i s t  i n  coordi- 
n a t i n g  t h e  va r ious  o f f i c i a l s ,  p r o f e s s i o n a l s  and i n s t i t u t i o n s  involved a t  
d i f f e r e n t  l e v e l s  of t h e  e x e r c i s e  and, i n  t h e  process,  sa feguard  t h e  i n t e r e s t s  
of t h e  r u r a l  poor t o  whose welfare both t h e  Colombian Government and t h e  Bank 
a r e  committed. 
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Report  on  t h e  
f i r s t  Rura l  Energy Mission 

May 23 t o  30, 1977 

1. The o b j e c t i v e s  of t h i s  p r epa ra to ry  r u r a l  energy p lanning  mission 
were as fo l lows:  

( i )  A s c e r t a i n  t h e  view of v a r i o u s  o f f i c i a l s  and i n s t i t u t i o n s ,  and 
c o l l e c t  r e l e v a n t  i n fo rma t ion  on r u r a l  energy i n  Colombia. 

( i i )  Examine t h e  p o s s i b i l i t y  of o rgan iz ing  r u r a l  energy p lanning  
and implementation on a con t inu ing  b a s i s  i n  Colombia a long  
t h e  l i n e s  proposed i n  t h e  no t e s  on Rura l  Energy P lanning  
p re sen t ed  t o  Government o f f i c i a l s  by t h e  mission. 

( i i i )  I d e n t i f y  p o s s i b l e  Bank a s s i s t a n c e  i n  t h e  i n i t i a l  phase of t h i s  
t ask .  

Observa t ions  

2. Based on t h e  d i s c u s s i o n s  w i t h  o f f i c i a l s  i n  t h e  v a r i o u s  i n s t i t u t i o n s ,  l-/ 
and in£  ormation a v a i l a b l e  t o  i t ,  t h e  mission made t h e  fo l l owing  observa t ions :  

( i )  The Rura l  S e c t o r  i n  Colombia c o n s i s t s  of some 40% of t o t a l  popu- 
l a t i o n  and makes up about  30% of t o t a l  GDP. Commercial farming 
provides  f o r  about  60% of Colombia's e x p o r t s ,  bu t  a major propor- 
t i o n  of t h e  domestic ou tpu t  (some 70%) is provided by small farmers .  

( i i )  Output from t h e  small farm s e c t o r ,  however, has  been s t a g -  
n a t i n g  a t  a  growth r a t e  of 2.5% compared t o  8% f o r  commercial 
crops.  The Governemnt r u r a l  development program (DRI) mainly 
aims a t  removing t h e  c o n s t r a i n t s  f aced  by t h e  s m a l l  farm 
s e c t o r .  For  t h i s  purpose,  some 70% of D R 1 8 s  r e sou rces  are 
a l l o c a t e d  f o r  c r e d i t ,  technology and t r a i n i n g  and 30% f o r  s o c i a l  
s e r v i c e s  i n c l u d i n g  h e a l t h ,  educa t ion ,  e l e c t r i c i t y  f o r  t h e  domestic 
s e c t o r .  

( i i i )  Thus, r u r a l  e l e c t r i f i c a t i o n  is t h e  on ly  energy r e sou rce  
i n  D R 1 8 s  p r e s e n t  program. Furthermore,  r u r a l  e l e c t r i f i c a t i o n  is 
provided on ly  as a  s o c i a l  i n p u t  mainly f o r  domest ic  l i g h t i n g ,  
r a t h e r  t h a n  f o r  i n c r e a s i n g  product ion.  ICEL, t h e  execut ing  agency 
f o r  r u r a l  e l e c t r i f i c a t i o n  programs, s e l e c t s  communities f o r  e l ec -  
t r i f i c a t i o n ,  i n  areas decided by D R I ,  on t h e  b a s i s  of c o s t  p e r  
fami ly :  Communities w i t h  average  c o s t  of e l e c t r i f i c a t i o n  program 
less than  $500/family a r e  u s u a l l y  s e l e c t e d .  No q u a n t i t a t i v e  a n a l y s i s  
of t h e  b e n e f i t s  of e l e c t r i f i c a t i o n  is now conducted. Because of 
r e sou rce  c o n s t r a i n t s ,  only about 20% of t h e  r u r a l  popu la t i on  have 
r ece ived  e l e c t r i c i t y  s i n c e  t h e  r u r a l  e l e c t r i f i c a t i o n  program began 
i n  1973. 

1/ S e e  Attachment 1, Annex 1. - 
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( i v )  The r o l e  of planned energy i n p u t s  f o r  v a r i o u s  p roduc t ive  
a c t i v i t i e s  such a s  i r r i g a t i o n ,  c u l t i v a t i o n ,  t h re sh ing ,  
weeding, ha rves t ing ,  t r a n s p o r t  and r u r a l  agro-indus t r i e s ,  by 
u t i l i z i n g  a l t e r n a t i v e  commercial and non-commercial energy 
resources  such as s o l a r ,  wind, b iogas ,  c o a l ,  cha rcoa l ,  
kerosene ,  n a t u r a l  gas  and small h y d r o e l e c t r i c i t y  schemes, 
has  n o t  a s  y e t  been i d e n t i f i e d  f o r  r u r a l  development. 

(v) Abundant s u p p l i e s  of energy resources  such as hydro, gas  and 
c o a l  e x i s t  i n  Colombia which could be u t i l i z e d  i n  r u r a l  
a r e a s  f o r  provid ing  energy i n p u t s  f o r  r u r a l  development i n  a 
planned manner. For example, c o a l  product ion  is expected t o  
be r a i s e d  t o  5 mt/year by 1980. A major c o n s t r a i n t  i n  
reaching  t h i s  t a r g e t ,  however, seems t o  be t h e  s h o r t f a l l  i n  
demand. The use  of cha rcoa l ,  s o f t  coke and c o a l  i n  r u r a l  
a r e a s  may go a long  way i n  s t i m u l a t i n g  demand f o r  c o a l  
product ion.  Gas product ion  now is some 130 b i l l i o n  cu  f t .  
LNG is used i n  some r u r a l  a r e a s ,  bu t  appa ren t ly  without  any 
planning. Colombia has hydro p o t e n t i a l  of 100,000 MW of 
which only  about 3.0% is being p r e s e n t l y  u t i l i z e d .  S i m i l a r l y ,  
s o l a r ,  wind, biogas may be used f o r  va r ious  t a s k s  such a s  
hea t ing ,  pumping, e l e c t r i c i t y  on a r e g u l a r  b a s i s  i n  t h e  
r u r a l  s e c t o r .  Windmills f o r  pumping, i n  f a c t ,  were found t o  
be used by some f a m i l i e s  ( t h r e e  i n s t a n c e s )  dur ing  a v i s i t  by 
t h e  mission t o  v i l l a g e s  on t h e  o u s k i r t s  of Bogota. 

( v i )  Technologica l  c a p a b i l i t i e s  l-/ f o r  harness ing  renewable and 
non-renewable sou rces  of energy f o r  r u r a l  a r e a s  e x i s t  
i n  t h e  country.  The Gaviotas  p r o j e c t ,  f o r  example, has  
developed t h e  fo l lowing  products  (among o t h e r s )  f o r  Orinoquia 
region:  a h y d r a u l i c  ramp (20 meters l i f t ,  c o s t  about  
600 pesos ) ,  windmil l  pump (8  meters l i f t )  , sma l l  h y d r o e l e c t r i c  
schemes of 50kw c a p a c i t y  ( c o s t  about 15,000 pesos/kw). A 
f a c t o r y ,  f o r  producing these  equipment is being set up i n  
Gaviotas  w i th  UNDP and Dutch a s s i s t a n c e .  These equipment 
w i th  s u i t a b l e  a l t e r a t i o n s ,  o r  s i m i l a r  new equipment, may be 
developed f o r  o t h e r  r u r a l  a r e a s  i n  t h e  country. The 
Mechanical Engineering Department of t h e  Un ive r s i t y  of Los 
Andes, which is t h e  t e c h n i c a l  wing of t h e  Gavio tas  p r o j e c t ,  
has  workshops t o  des ign  and t e s t  such new equipment. Its 
f u t u r e  p l a n s  inc lude  development of pho tovo l t a i c  c e l l s  and 
energy conversion equipment f o r  u t i l i z i n g  c o a l  and gas. 
Moreover, t h i s  Department a l s o  organizes  r e g u l a r  seminars  on 
r u r a l  development and encourages i t s  s t u d e n t s  t o  undertake 
t h e i r  term p r o j e c t s  i n  r u r a l  a r e a s  on energy and r e l a t e d  
s u b j e c t s .  This  young engineer ing  t a l e n t  could  be t r a i n e d  
and u t i l i z e d  i n  r u r a l  energy programs both  f o r  so f tware  

11 - Also s e e  Annex 2. 
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(p lanning ,  demand supply su rveys )  and hardware (energy 
convers ion  equipment des ign  and development).  The miss ion  
was informed, f o r  example, t h a t  a  group of r e c e n t l y  gradua ted  
young eng inee r s  have s t a r t e d  a  f i r m  f o r  provid ing  consul tancy  
s e r v i c e s  t o  small farmers .  S tuden t s  a r e  a l s o  encouraged t o  
provide  adv i so ry  s e r v i c e s  t o  r u r a l  a r e a s  on an ad hoc bas i s .  
These e f f o r t s  could  be organized ,  t o  good advantage,  on 
r e g u l a r  bas  is. 

( v i i )  Some Colombian i n s t i t u t i o n s  have a l r e a d y  i n i t i a t e d  a c t i v i t i e s  
i n  r u r a l  energy,  bu t  a t  p r e s e n t  t h e s e  a c t i v i t i e s  have l i t t l e  
momentum. Los Gavio tas  P r o j e c t ,  f o r  example, is c u r r e n t l y  
conf ined  t o  one r eg ion  only. ICA, which has  expe r i ence  i n  
conduct ing r u r a l  e l e c t r i f i c a t i o n  demand surveys  w i th  ICEL, 
informed t h e  miss ion  of i t s  i n t e r e s t  i n  conduct ing s i m i l a r  
su rveys  f o r  o v e r a l l  energy demand. ICA has a l s o  i n t roduced  
small e l e c t i c a l  s t oves  i n  some r u r a l  a r e a s  and has p l ans  t o  
test Las Gavio tas  equipment. ICEL t o o  p l ans  t o  test 
Las Gavio tas  equipment, and is e s p e c i a l l y  i n t e r e s t e d  i n  
t h e  u s e  of gas  i n  r u r a l  a r e a s .  But bo th  ICEL and I C A  have 
no t  y e t  developed s p e c i f i c  a c t i o n  programs f o r  o t h e r  sou rces  
of r u r a l  energy bes ides  e l e c t r i c i t y .  The Energy P lanning  
D i v i s i o n  of DNP is proposing t o  conduct a  s t u d y  i n  t h e  u s e  
of small h y d r o e l e c t r i c  p l a n t s  f o r  r u r a l  a r e a s  i n  about 2-3 
months, bu t  up t o  now i t s  a c t i v i t i e s  have been conf ined  t o  
r u r a l  e l e c t r i f i c a i t o n  through c e n t r a l i z e d  genera t ion .  D R I  
has  a l s o  been p lanning  t o  s tudy  t h e  r o l e  of va r ious  energy 
i n p u t s ,  i n c l u d i n g  e l e c t r i f i c a t i o n  f o r  a g r i c u l t u r a l  p roduct ion ,  
and t o  develop g u i d e l i n e s  and c r i t e r i a  f o r  s e l e c t i n g  a r e a s  
and f a rmer s  who w i l l  b e n e f i t  most by p l anned  supply of t h e  
l e a s t  c o s t  mix of energy inpu t s .  But t h i s  s tudy  has  n o t  
been i n i t i a t e d  as ye t .  

Conclusions 

The fo l l owing  conc lus ions  emerge from the  above obse rva t ions :  

( a )  The need f o r  p rovid ing  energy i n  a  planned manner f o r  r u r a l  
development is g e n e r a l l y  recognized  by Colombian i n s t i t u t i o n s  
and o f f i c i a l s .  

( b )  I n s t i t u t i o n a l  and t echno log ica l  c a p a b i l i t i e s  f o r  p rovid ing  
these  energy i n p u t s  a l s o  e x i s t  i n  Colombia. 

( c )  However, t o  be e f f e c t i v e ,  t h e s e  c a p a b i l i t i e s  must be u t i l i z e d  
by o rgan iz ing  them under an  o v e r a l l  r u r a l  energy program t h a t  
i n t e g r a t e s  energy demand, supply ,  technology and p lanning  
components. 
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Recommends t i o n s  

It is recommended t h a t  a n  o v e r a l l  r u r a l  energy program be orga- 
n i zed  i n  two phases  i n  Colombia: 

1. Phase I w i l l  i nvo lve  de te rmin ing  t h e  q u a l i t a t i v e  r e l a t i o n s h i p  
between energy and r u r a l  development, e s p e c i a l l y  a g r i c u l t u r a l  
p roduct ion ,  and g u i d e l i n e s  f o r  f u t u r e  work. A Rura l  Energy 
Task Force should  be set up t o  conduct t h e  a c t i v i t i e s  i n  t h i s  
phase. The t a s k  f o r c e  may c o n s i s t  of r e p r e s e n t a t i v e s  from 
I C A ,  ICEL, DNP, D R I ,  among o t h e r s ,  bu t  work under t h e  d i r e c t i o n  
of t h e  DRI because of t h e  u rgen t  need of r u r a l  energy p lanning  f o r  
ongoing D R I  programs. The t a s k s  dur ing  Phase I may be as fo l lows:  

( a )  I d e n t i f y  t h e  e x i s t i n g  s i t u a t i o n  r ega rd ing  p o l i c i e s  and 
i n s t i t u t i o n s  r e l a t e d  t o  v a r i o u s  a s p e c t s  of r u r a l  energy 
i n  Colombia; 

(b )  Examine t h e  o v e r a l l  r u r a l  energy problem i n  a s e l e c t e d  
r eg ion / r eg ions  (Ant ioquia  r eg ion  i n  Area 3 of t h e  DRI has  
been t e n t a t i v e l y  s e l e c t e d )  from t h e  demand, supply ,  
technology and p lanning  a s p e c t s ,  and e s t a b l i s h  t h e  q u a l i -  
t a t i v e  r e l a t i o n s h i p  between energy and r u r a l  development; 

( c )  On t h e  b a s i s  of f i n d i n g s  propose ( i )  d i r e c t i o n s  f o r  d e t a i l e d  
q u a n t i t a t i v e  and f i e l d  work r e q u i r e d  f o r  de te rmin ing  guide- 
l i n e s  and c r i te r ia  f o r  r u r a l  energy p o l i c i e s  and p r o j e c t s ,  
( i i )  s t a f f ,  t r a i n i n g  and r e s o u r c e  requirements  f o r  a 
permanent r u r a l  energy u n i t  t h a t  w i l l  p r epa re  and implement 
r u r a l  energy program and p r o j e c t s .  

2.  Phase 11 w i l l  i nvo lve  conduct ing d e t a i l e d  q u a n t i t a t i v e  work proposed 
i n  Phase I, fol lowed by r u r a l  energy p r o j e c t  p lanning ,  p r e p a r a t i o n  
and implementation. A r u r a l  energy p r o j e c t  may c o n s i s t  of t h e  l e a s t -  
c o s t  mix of  energy a l t e r n a t i v e s ,  i nc lud ing  r u r a l  e l e c t r i f i c a t i o n ,  
s m a l l  h y d r o e l e c t r i c  schemes, c o a l  d e r i v a t i v e s ,  LNG, s o l a r ,  wind, 
b iogas ,  etc., f o r  meeting va r ious  types  of  r u r a l  energy demand over  
t h e  p lanning  horizon. This  phase w i l l  be t h e  r e s p o n s i b i l i t y  of t h e  
permanent Rura l  Energy Un i t  (REU). The a c t i v i t i e s  and s t a f f  of t h i s  
u n i t  may be i nc reased  i n  s t a g e s .  The u n i t  may, f o r  example, perform 
t h e  fo l l owing  func t ions :  

Research: F i e l d  surveys  and development of c r i t e r i a  
and i t s  methodologies f o r  r u r a l  energy 
p lanning  and p r o  j ect s . 

1/ These recommendations a r e  based on  t h e  d i s c u s s i o n s  dur ing  t h e  mission 's  - 
f i n a l  meet ings w i t h  r e p r e s e n t a t i v e s  from ICA,  ICEL, D R I ,  DNP and 
D r .  Se rg io  Duran and are t h e r e f o r e  t h e  r e s u l t  of t h e i r  j o i n t  e f f o r t s .  
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P r o j e c t  P l ann ing  
and P repa ra t i on :  P r e p a r a t i o n  of R u r a l  Energy P r o j e c t s  and 

r e s p o n s i b i l i t y  f o r  t h e i r  a p p r a i s a l  by 
f i n a n c i a l  i n s t i t u t i o n s .  

P r o j e c t  Implementation: P r o j e c t  supe rv i s ion ,  i nc lud ing  o r g a n i z a t i o n  
of r u r a l  energy ex t ens ion  s e r v i c e .  

Technology and Tra in ing :  Development of l o c a l  t e c h n o l o g i c a l  c a p a b i l i -  
ties i n c l u d i n g  u n i v e r s i t i e s ,  p r i v a t e  indus- 
tries, and o t h e r  i n s t i t u t i o n s  f o r  u t i l i z i n g  
t h e i r  v a r i o u s  renewable and non-renewable 
energy r e sou rces  i n  t h e  r u r a l  s e c t o r .  

Organizing f i n a n c i n g  and coo rd ina t ion  of 
l o c a l  Research and Development and produc- 
t i o n  of r u r a l  energy hardware. 

Organizing t r a i n i n g  programs f o r  l o c a l  
young eng inee r s  and o t h e r  p r o f e s s i o n a l s  f o r  
r u r a l  energy programs. 

These,  however, are t e n t a t i v e  sugges t ions  whose f e a s i b i l i t y  may be explored  
du r ing  Phase I. 
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Report on t h e  
second Rural  Energy Mission 

August 8' t o  12, 1977 

Br ie f  D e s c r i p t i o n  

1. San tua r io ,  in  Antioquia (Area 3 of D R I  program), was v i s i t e d  wi th  
t h e  Rura l  Energy Group t o  g e t  an  overview of t h e  problem and a s s e s s  f e a s i b i l -  
i t y  of r u r a l  energy planning. I t  is about  250 ha wi th  a  popu la t ion  of about  
800. The f a rmers  a r e  r e l a t i v e l y  w e l l  o f f ,  compared t o  o t h e r  reg ions  covered 
by Government's Rura l  Development programs. Farm s i z e  u s u a l l y  v a r i e s  from 
2  t o  5 ha, and t h e  main c rops  are cabbage, c a r r o t s ,  beans,  maize and po ta toes .  
Other  farm a c t i v i t i e s  i nc lude  p o u l t r y  and c a t t l e  r ea r ing .  Farmers u s u a l l y  own 
two o r  more cows. 

2. The coun t rys ide  is  h i l l y  and undulat ing.  The on ly  means of communi- 
c a t i o n  a r e  mud roads  and pathways, and t h e  mode of t r a n s p o r t  i s  headloading and 
mules. Also,  the  only  means of water  supply f o r  a g r i c u l t u r a l  and domestic 
a c t i v i t i e s  is r a i n f a l l ,  e i t h e r  d i r e c t l y  o r  through its c o l l e c t i o n  i n  small 
r i v e r s  and s t reams.  

E x i s t i n g  Energy Consumption P a t t e r n  

3. I n  t h e  e x i s t i n g  set up, energy is  mainly used f o r  domestic consump- 
t i on .  Energy r e sources  a r e :  

( a )  Fuelwood: Farmers e i t h e r  grow fuelwood on  farms o r  o b t a i n  i t  by 
c u t t i n g  p u b l i c  trees. The gene ra l  d e c l i n e  i n  fuelwood a v a i l a b i l i t y  
seemed t o  be a ma t t e r  of deep concern f o r  t h e  r u r a l  community. 

(b)  Charcoal:  T h i s  is purchased from t h e  market a t  about 20 pesos. 
Farmers were r epo r t ed  t o  spend 10 t o  20% of t h e i r  annual  income 
on f u e l s  f o r  domestic consumption. 

( c )  E l e c t r i c i t y :  E l e c t r i c i t y  is  a v a i l a b l e  through t h e  r u r a l  e l e c t r i -  
f i c a t i o n  network but  few f a m i l i e s  use  i t  because of t h e  h i g h  
c o s t s  of e l e c t r i c a l  connection. A/ 

4. Major sou rces  of p o t e n t i a l  energy demand f o r  p roduc t ive  farm and 
non-farm a c t i v i t i e s  t h a t  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  a re :  

1/ About 20,000 pesos f o r  each member of a  group of 20. This  i s  cons idered  - 
p r o h i b i t i v e  by most farmers .  For example, one- farmer  had t o  main ta in  
ano the r  house near  t h e  c i t y ,  where l i g h t i n g  was e a s i l y  a v a i l a b l e ,  f o r  
h i s  ch i ld ren ' s  educat ion.  But t h e  absence of h i s  fami ly  a t  t h e  farm 
house l i m i t e d  h i s  farm a c t i v i t i e s  and t h e r e f o r e  h i s  income. Another 
farmer had r e c e n t l y  renovated h i s  house a t  a  c o s t  o f  some 60,000 pesos 
but  s t i l l  f e l t  t h a t  e l e c t r i c i t y  was too  expensive f o r  him. 
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( a )  I r r i g a t i o n :  Diesel, -electric o r  s o l a r  pumps may be used t o  
r ep lace  farmers '  dependence on ra inwater  f o r  i r r i g a t i o n .  

(b)  C u l t i v a t i o n ,  Weeding, Cut t ing ,  Threshing, e tc . :  A l l  t h e s e  
o p e r a t i o n s  a r e  done manually i n  t h e  p resen t  set up. 

( c )  Poul t ry ,  Dairy:  A v a i l a b i l i t y  of cheap r e f r i g e r a t i o n  may be 
a major i n c e n t i v e  i n  promoting d a i r y  and p o u l t r y  bus iness ,  
bes ides  improving e f f i c i e n c y  and c u t t i n g  c o s t s  i n  food usage. 

5 .  Domes t i c  consumption of energy would a l s o  i n c r e a s e  a s  farm income 
i n c r e a s e s  due t o  i n p u t s  provided by government development programs. Energy 
would be r equ i red  f o r  rad io ,  t e l e v i s i o n ,  hea t ing ,  i r o n ,  e t c .  Besides,  farmers 
were s p e c i f i c a l l y  concerned about g iv ing  t h e i r  c h i l d r e n  improved educat ion  a s  
t h e i r  l i v i n g  c o n d i t i o n s  improve. Because t h e r e  is  no secondary school  i n  t h e  
a r e a ,  farm c h i l d r e n  u s u a l l y  go t o  t h e  c i t y  f o r  secondary education. This  
o f t e n  r e s u l t s  i n  a s h o r t a g e  of farm-hands, e s p e c i a l l y  dur ing  peak seasons ,  
and may be r e spons ib le  f o r  l o s s  i n  production. Moreover, city-educated farm 
c h i l d r e n  seldom wish t o  r e t u r n  t o  farming, which r e q u i r e s  r igo rous  manual 
l a b o r  i n  t h e  absence of mechanized equipment and e l e c t r i c i t y .  Thus, planned 
energy supply f o r  p roduc t ive  a s  w e l l  a s  domestic a c t i v i t i e s  may have a s i g n i f -  
i c a n t  r o l e  in stemming migra t ion  t o  urban areas .  

6. P o t e n t i a l  sources  of energy supply are :  

( a )  Small s t reams which may be harnessed f o r  s e t t i n g  up decen t ra l i zed  
h y d r o e l e c t r i c  schemes. 

(b)  Windmills: Seve ra l  windmil ls  were i n s t a l l e d  some d i s t a n c e  away 
from t h e  region,  i n  t h e  o u t s k i r t s  of Medellin. S imi l a r  
windmil ls  could  be used by t h e  farmers i n  t h i s  r eg ion  a l so .  

( c )  Bio-gas: Most farmers own two o r  more c a t t l e .  Cattle dung was 
found s c a t t e r e d  a l l  over; farmers do not  seem t o  know about t h e  
use of d r i e d  dung cakes f o r  f u e l ,  o r  about bio-gas. 

(d)  S o l a r ,  d i e s e l  and n a t u r a l  gas could a l s o  be u t i l i z e d  a s  sources 
of energy f o r  hea t ing ,  pumping, e t c .  

Conclusions 

7. The fo l lowing conclus ions  emerge from t h e  above observa t ions  regard- 
i n g  t h e  f e a s i b i l i t y  of conducting a sys t ema t i c  energy planning e x e r c i s e  f o r  
t h i s  r u r a l  region:  

- I n  the  p resen t  set-up, energy is a c o n s t r a i n t  t o  both economic 
and s o c i a l  development of t h e  region. Farmers have improved 
t h e i r  income because of o t h e r  i n p u t s  provided by government's 
r u r a l  development programs, but  a r e  unable t o  f u r t h e r  develop 
t h e i r  p o t e n t i a l  because: ( a )  manual l a b o r  i s  t h e  only means 
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a v a i l a b l e  f o r  farm ope ra t ions ,  e s p e c i a l l y  c u l t i v a t i o n  and irri- 
ga t ion ;  (b)  of l a c k  of cheap e l e c t r i c i t y ,  and o t h e r  e f f i c i e n t  
sources  of energy, f o r  non-farm income-generating a c t i v i t i e s ,  
and f o r  improving e f f i c i e n c y  and q u a l i t y  of domes t i c  l i f e .  
Moreover, t h e  r ap id ly  decreas ing  supply of wood is caus ing  
long-range problems of d e f o r e s t a t i o n  and s o i l  e r o s i o n  which 
mus t be t ack led  immediately. 

- Various energy a l t e r n a t i v e s  are a v a i l a b l e ,  but  t h e  techno- 
economic f e a s i b i l i t y  of each o p t i o n  t o  m e e t  d i f f e r e n t  types  
of energy demand f o r  s u b s i s t e n c e  and product ion has t o  be 
eva lua ted  i n  q u a n t i t a t i v e  terms. Th i s  matching of  energy 
demand and supply can be done only wi th in  t h e  framework of a n  
energy plan. P r o j e c t i o n s  of demand w i l l  have t o  be made on 
t h e  b a s i s  of e x i s t i n g  consumption p a t t e r n s  and ?ssumpt ions  on 
f u t u r e  consumption t o  be a s ses sed  by surveys.  Energy supply 
and technology a v a i l a b i l i t y  w i l l  a l s o  have t o  be a s ses sed  from 
a v a i l a b l e  d a t a  and surveys. L/ Thus, a d e t a i l e d  s tudy  w i l l  be 
r equ i red  t o  develop t h e  g u i d e l i n e s  f o r  energy planning of t h i s  
r eg ion  ( o r  a  l a r g e r  reg ion  t h a t  i nc ludes  t h i s  r eg ion) .  This  is  
proposed t o  be done i n  t h e  next  mission. 

1/ See Annex 5 f o r  survey formats.  - 
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Report on  t h e  
t h i r d  Rura l  Energy Mission 

October 2 t o  18, 1977 

1. During t h i s  mission,  d i s c u s s i o n s  wi th  t h e  Colombian Government i n  
t h e  l a s t  miss ion  (August 8  t o  12, 1977) were fol lowed up and a s s i s t a n c e  was 
provided i n  o rgan iz ing  a  Colombian Rura l  Energy Group. The group c o n s i s t e d  
of l o c a l  p r o f e s s i o n a l s  i nc lud ing  a  r u r a l  economist-cum-sociologist from D R I  
(Desara l lo  In tegrado  R u r a l ) ,  an e l e c t r i c a l  engineer  from ICEL ( I n s t i t u t o  
Colombiano Energia  E l e c t r i c a l )  and an a g r i c u l t u r a l  eng inee r  and an i r r i g a t i o n  
eng inee r  both from ICA ( I n s t i t u t o  Colombiano Agropecuario).  

2. The group's f i r s t  assignment was t o  conduct a  f i e l d  s tudy ,  w i th  my 
p a r t i c i p a t i o n  and a s s i s t a n c e ,  i n  Or i en te ,  l-/ Area 3 of D R I  program. The 
o b j e c t i v e  of t h e  s tudy  was t o  u se  t h e  O r i e n t e  c a s e  t o  examine t h e  r e l a t i o n -  
s h i p  between energy and r u r a l  development and t h e r e a f t e r  t o  de te rmine  t h e  
f e a s i b i l i t y  of r u r a l  energy planning. For t h i s  purpose,  t h e  group w a s  charged 
wi th  t h e  fo l lowing  main t a s k s  dur ing  t h e  s tudy:  

( a )  unders tanding  farmers '  pe rcep t ion  of d i f f e r e n t  types  of energy 
needs, and where t h e s e  needs f a l l  i n  t h e i r  s c a l e  of p r i o r i t i e s ;  

(b)  i d e n t i f y i n g  e x i s t i n g  p a t  t e r n s  of energy consumption, e s p e c i a l l y  
i n  r e l a t i o n  t o  t h e  u t i l i z a t i o n  of a v a i l a b l e  e l e c t r i c i t y  supply  
and fuelwood; 

(c )  determining p o t e n t i a l  sources  of energy demand, e s p e c i a l l y  f o r  
product ion  (such a s  i r r i g a t i o n ,  mechanization, ag ro - indus t r i e s )  
and p o t e n t i a l  sources  of energy supply  from d i f f e r e n t  renewable 
and non-renewable sources .  

(d)  determining how t h e  e x i s t i n g  i n s t i t u t i o n a l  set-up could be 
coord ina t ed  f o r  r u r a l  energy p lanning  and implementation. 

During t h e  s tudy ,  which was h e l d  between October 5 t o  15: 

( a )  s e l e c t e d  fa rmers  belonging t o  d i f f e r e n t  income l e v e l s  and 
eco-systems i n  t h e  reg ion  were in te rv iewed;  

(b)  d i s c u s s i o n s  were conducted wi th  r e g i o n a l  and f i e l d  s t a f f  of 
va r ious  p r i v a t e  and government i n s t i t u t i o n s  involved i n  
r u r a l  development, energy and planning;  

11 The reg ion  has  a  popu la t ion  of about 150,000 and an  a r e a  of some 30,000 - 
ha. It  inc ludes  San tua r io ,  which w a s  v i s i t e d  dur ing  the  l a s t  mission. 
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( c )  Local  c a p a b i l i t i e s ,  i nc lud ing  u n i v e r s i t i e s  and some i n d u s t r i e s ,  
f o r  developing and producing energy convers ion  equipment l-/ 
were inves t iga t ed .  

4. A f t e r  t h e  s tudy ,  we analyzed t h e  d a t a  and observa t ions  t o  determine 
t h e  o rgan iza t ion  of t h e  r e p o r t  ( s e e  at tachment) .  The group is prepar ing  t h e  
r e p o r t  i n  Bogota. 2/ 

5. The r e p o r t  should provide  a n  i n i t i a l  document on which f u t u r e  course  
of a c t i o n  i n  r u r a l  energy p lanning  and programs i n  Colombia may be decided by 
t h e  Colombian Government and t h e  Bank. P r e s e n t  i n d i c a t i o n s  a r e  t h a t  t h e  next 
s t e p  may involve  developing a f u l l  r u r a l  energy p l a n  f o r  t h e  region,  r e q u i r i n g  
d e t a i l e d  demand surveys  and techno-economic eva lua t ion  of energy supply and 
technology a l t e r n a t i v e s  by l o c a l  consu l t an t s .  

1/ These inc luded microhydroturbines,  windmills,  s o l a r  h e a t e r s ,  bio-gas - 
p l a n t s  and motors and r e f r i g e r a t o r s  f o r  u se  by small farmers.  I t  was 
found, f o r  i n s t a n c e  t h a t  microhydroturbines have been success fu l ly  
developed, and a r e  being promoted i n  t h i s  reg ion  by a l o c a l  p r i v a t e  
i n s t i t u t i o n  w i t h  t h e  help of t h e  Univers i ty .  Also, l o c a l l y  developed 
windmills and bio-gas p l a n t s  were being used by some groups and households. 

2/  The r e p o r t  i s  now ready. - 
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I n s t i t u t i o n s  V i s i t e d  

1. Nat ional  Planning D i r e c t o r a t e  (DNP) 

2. Programa d e  D e s a r r o l l o  Rura l  In t eg rado  (DRI) 

3. Centro Las Gaviotas  

4. I n s t i t u t o  Colombiano Agropecuario (CA) 

5. I n s t i t u t o  Colombiano d e  Energia E l e c t r i c a  (ICEL) 

6. Un ive r s i ty  of Los Andes 

Discuss ions  wi th  Following O f f i c i a l s :  

1. John Naranj o Chief 

2. Serg io  Duran Direc  tor-General 
Armando Vegalara 

DNP 

DRI 

3. Luis  Yeppes Energy Planning Div i s ion  DNP 
Andres Ruiz 
Olga P a t r i c i a  Gav i r i a  

4. Tomas Held 
Ricardo Gonzales 
Enrique Lascar  
Raul Serna 

Manager ICEL 

5. Paolo Lugar i  D i r e c t o r  P r o j e c t o  Gaviotas  
Jo rge  Zapp Glauser  Technica l  D i r e c t o r  

6. Ra fae l  Stevan Olmos 
Oscar Ray R a m i r e s  

I C A  

7. Jaime Loboguerrero Mechanical Un ive r s i ty  of 
H. S n e l l  Engineering Department Los Andes 
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Attachment 2 

Prefacio 

REPORTE DEL GRUPQ COLOMBIANO DE 

EN ERG IA RURAL 

Tgrrninos de Referencia 
Composici6n del grupo 

Introducci6n : El problem de la energia en el sector rum1 en Colombia, 

Caso del Oriente, Area 3 : San Vicente, Guarne, Santuario y El Carmen. 

S i  tuac i6n soc ioecondmica 
Patrones de consumo energiticos (uso domistico y producci6n) 
Infmestructura rural : existente y propuesta , y su relacibn con el consumo 
de energia (dombtica, agua, irrigaci6n, electric idad, etc .) 
Electricidad: cosios, usos, beneficios, And isis. 
Fuentes potenciales de demanda de energia (producci6n y agroindustria) 
Fuentes potenciales de suministro de energia, discusibn de las restricc iones 
en su desarrollo. 
lnstituciones y g r u p  relacionados con la energia en esta regi6n y el tra- 
bajo que est6n desarrollando ICA, Univenidad, Electrificadora, Caja Agm- 
ria, etc. 
Tipos de campesinos en las diferentes partes del Oriente. Sus opiniones y 
manera de utilizacien de la  energia. 
(Receptividad a nuevas ideas) 
Conclusiones con base al estudio del Oriente 

a- Efecto de la energia en varios ind i cac iones  

Ingresos  
Producc i6n 
Calidad de vida 
Migraci6n irreas urbanas 
Hasta qu i  punto es la  energia una restriccibn para su desarrollo? 

b- Utilizaci6n de la electrificaci6n rural. & Es efectiva? 

c - Necesidades de otros recursos de energia. 



d- Necddact de un metodo de apmximaci6n a1 programa de energia 
mml anto parte del d e m l l o  naal. 

10 -  Recomendaciones 

b.2. A largo plaza 

c- R e c w  requeridos para recomendaciones espect'ficas : 

c.2. Recwsos fi nancieros 

d- Cmnogramrr de actividades 

b- Datos sobre electrificacihn 

c- Datos sobre insti tuciones 

&. Datos slobre s i  tuaci6n socioeconbmica 

Octubre 10 de 1977 
mpg .- 
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Local I n s t i t u t i o n a l  C a p a b i l i t i e s  

1. C a p a b i l i t i e s  of important  i n s t i t u t i o n s  t h a t  t h e  mission v i s i t e d  a r e  
d iscussed  below f o r  i d e n t i f y i n g  t h e i r  r o l e  i n  f u t u r e  phases of t h e  r u r a l  
energy planning exe rc i se .  These i n s t i t u t i o n s  a r e  e i t h e r  c u r r e n t l y  engaged i n ,  
o r  p l a n  t o  become engaged i n ,  some aspec t  of r u r a l  energy hardware o r  so f tware  
a c t i v i t i e s .  The i n s t i t u t i o n s  may be c l a s s i f i e d  i n t o  f o u r  ca t egor i e s :  
Government i n s t i t u t i o n s ,  p r i v a t e  i n s t i t u t i o n s ,  academic i n s t i t u t i o n s ,  and 
i n d u s t r i e s .  

Government I n s t i t u t i o n s  

2. Among the  government i n s t i t u t i o n s ,  ICEL appears  t o  be t h e  most 
a c t i v e  i n  r u r a l  energy. ICEL has been r e spons ib le  f o r  t h e  country 's  r u r a l  
e l e c t r i f i c a t i o n  program. I n  t h e  r ecen t  p a s t ,  i t  has been d i v e r s i f y i n g  i n t o  
o t h e r  energy resources  bes ides  e l e c t r i c i t y .  For example, i t  has ordered  400 
s o l a r  h e a t e r s  from Las Gaviotas  t o  be i n s t a l l e d  i n  r u r a l  reg ions  wi th  no r u r a l  
e l e c t r i f i c a t i o n .  Also, ICEL is i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  of using micro- 
hydroturbnes,  windmil ls ,  e t c . ,  i n  r u r a l  a r eas .  Moreover, i t s  management is  
keen t o  develop a  p lanning  methodology f o r  making investment dec i s ions  
on va r ious  energy resources  f o r  r u r a l  a r eas .  ICEL has  played a  major r o l e  i n  
t h i s  e x e r c i s e  from the  i n i t i a l  s t a g e s ,  and i s  l i k e l y  t o  p lay  an  even more 
a c t i v e  r o l e  in t h e  next  Phase. 

3. Other major government i n s t i t u t i o n s  i n t e r e s t e d  i n  r u r a l  energy a r e  
I C A  and D R I .  ICA ' s  i n f r a s t r u c t u r e  d i v i s i o n  has an  ongoing program i n  Antioquia 
i n  which i t  is t e s t i n g  var ious  types of s imple equipment, inc luding  improved 
des igns  of e l e c t r i c a l  s toves ,  s a n i t a r y  f i t t i n g s ,  e t c . ,  i n  about 100 s e l e c t e d  
households. Because I C A  i s  r e spons ib le  f o r  providing t e c h n i c a l  a s s i s t a n c e  
t o  fa rmers ,  i t  has a  v a s t  network of f i e l d  o f f i c e s  and f i e l d  s t a f f  who have 
a  good understanding of t h e  r u r a l  s i t u a t i o n  and of farmer needs. I C A  has 
been involved i n  working wi th  ICEL i n  conducting r u r a l  e l e c t r i f i c a t i o n  demand 
surveys.  It provided va luab le  s t a f f  i n p u t s  during t h e  Antioquia s tudy,  and 
should cont inue  t o  be involved i n  t h e  next  phase. 

4. D R I  is  r e spons ib le  f o r  t h e  I n t e g r a t e d  Rura l  Development Program i n  
Colombia, and i n  t h a t  capac i ty  coordina tes  va r ious  i n s t i t u t i o n s  involved i n  
r u r a l  development inc luding  ICA,  ICEL,  and o t h e r s  such a s  Caja Agrar ia ,  
INDERENA ( r e spons ib le  f o r  fuelwood), SENA ( f o r  t r a i n i n g  of fa rmers) ,  e tc .  
Thus, i t s  s t a f f  has a  good understanding of t h e  o v e r a l l  r u r a l  i n s t i t u t i o n a l  
s e t  up. Moreover, i ts Evalua t ion  Un i t  c o n s i s t s  of r u r a l  economists and 
s o c i o l o g i s t s  who could  provide u s e f u l  i n p u t s  i n t o  a  r u r a l  energy program. D R I  
was r e spons ib le  f o r  coord ina t ing  Phase I of t h e  e x e r c i s e ,  and would cont inue  
t o  play a  major r o l e  i n  Phase I1 along wi th  ICEL.  

5. Las Gaviotas: This  i s  a n  autonomous government agency r e spons ib le  
f o r  t h e  new s e t t l e m e n t s  i n  t h e  Orinoquia r eg ion  of Eas t e rn  Colombia. The 
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Technica l  Div i s ion  of t h i s  agency has developed a  number of r u r a l  energy equip- 
ment such a s  s o l a r  h e a t e r s ,  a x i a l  microhydroturbines, windmills 1/ and is  ncw 
s e t t i n g  up a  f a c t o r y  f o r  t h e i r  manufacture, with Dutch and UNDP ass i s t ance .  
The p o s s i b i l i t y  of us ing  t h e s e  equipment wi th  s u i t a b l e  modif ica t ions  i n  o t h e r  
r u r a l  regions should be examined. The modif ica t ion  work could be c a r r i e d  out  
a t  t h e  Mechanical Engineering Department of t h e  Unive r s i ty  of Los Andes where 
t h e  Gaviotas equipment were i n i t i a l l y  crea ted .  

6 .  Another government i n s t i t u t i o n  t h a t  could make a  va luab le  contribu- 
t i o n  t o  a  Rura l  Energy Program i s  SENA. This  i n s t i t u t i o n  i s  re spons ib le  f o r  
r u r a l  t r a i n i n g  programs and has  had some experience i n  r u r a l  energy also.  For 
example, i t  had sponsored experiments wi th  bio-gas p l a n t s  2  t o  3 year s  back 
i n  Santa Barbara c o f f e e  areas.  (These were la rge-s ize  community p l a n t s  with 
1,050 l i t e r  capac i ty  c o s t i n g  about  12,000 pesos. The experiment had t o  be 
s topped p a r t l y  because e l e c t r i f i c a t i o n  came t o  t h e  a r e a  and p a r t l y  because 
of t e c h n i c a l  reasons inc lud ing  i n s u f f i c i e n t  gas production due t o  shor tage  of 
p i g  dung.) The Medell in O f f i c e  of SENA h a s  a  d i v i s i o n  c a l l e d  Program Mobil 
Rura l  Unit. This  Unit  has  15 i n s t r u c t o r s  working i n  r u r a l  a r e a s  and has  
organized about 850 courses  teaching some 16,000 farmers l a s t  year .  I ts  r u r a l  
t r a i n i n g  courses inc lude  maintenance of small =chines,  e l e c t r i c a l  i n s t a l l a -  
t i o n  and r e p a i r .  SENA i s  a l s o  involved i n  developing appropr i a t e  technology 
equipment f o r  r u r a l  a r e a s ,  though t h i s  aspect  was not i n v e s t i g a t e d  i n  d e t a i l  
by t h e  mission. Thus, SENA could have a  va luab le  inpu t  i n  t h e  t r a i n i n g ,  
ope ra t ion  and maintenance, and perhaps, development of r u r a l  energy hardware. 

7 .  Caja Agrar ia  is  t h e  o f f i c i a l  r e spons ib le  f o r  providing loans  f o r  
r u r a l  e l e c t r i f i c a t i o n .  Loans have a l s o  been provided f o r  windmills.  Though 
t h e s e  loans  have been given mostly t o  r i c h  farmers,  t h e  p o s s i b i l i t y  of 
a r ranging s p e c i a l  s o f t  loans f o r  small farmers f o r  energy equipment such a s  
s o l a r  h e a t e r s ,  biogas,  t u r b i n e s ,  windmills,  e t c . ,  r e q u i r e s  examination. 

8. INDERENA is  respons ib le  f o r  promoting and provid ing  t e c h n i c a l  a s s i s -  
tance  f o r  fuelwood p l a n t a t i o n s  t o  farmers. However, up t o  ncw (during t h e  
l a s t  one-year per iod)  no small farmers have appl ied  f o r  a  fuelwood loan from 
D R I .  INDERENA o f f i c i a l s  i n  Medell in informed t h e  mission t h a t  small farmers 
w i l l  only accept  t h e  idea  of fuelwood p l a n t a t i o n s  i f  t h e  s e r v i c e  i s  provided 
f r e e .  This  ques t ion  needs t o  be f u r t h e r  i n v e s t i g a t e d  t o  determine INDERENA's 
r o l e  i n  t h e  exerc ise .  

9. The Minis t ry  of Agr icu l tu re ' s  S e c r e t a r i a  de Agricola 's  department i s  
re spons ib le  f o r  t h e  r e f o r e s t a t i o n  program i n  t h e  country,  b u t  t h i s  program i s  
concent ra ted  on f o r e s t a t i o n  f o r  i n d u s t r i a l  purposes. Thus, only 15 ha of 
fuelwood p l a n t a t i o n s  were p lan ted  l a s t  year .  This  o f f i c e ,  however, i n i t i a t e s  
d e t e r r e n t  measures t o  prevent  d e f o r e s t a t i o n ,  which a r e  enforced by INDERENA. 
But these ,  again,  have made l i t t l e  impact (only $5,000 were c o l l e c t e d  i n  f i n e s  
l a s t  yea r ) .  0  t h e r  measures inc lude  conducting educa t iona l  programs and 
a s s o c i a t i n g  farmers  wi th  Caja Agrar ia  f o r  e l e c t r i f i c a t i o n  loans. Agricola 

11 Also, s e e  F i r s t  Rura l  Energy Mission Report,  Annex 1 ,  page 3 .  - 
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a l s o  organizes  T r a c t o r  H i r e  and Animal T r a c t i o n  S e r v i c e s  f o r  s m a l l  farmers.  
But t h e  supply of t h e s e  s e r v i c e s  seems t o  f a l l  f a r  s h o r t  of t h e  demand. For 
example, i n  t h e  Rio  Negro Area, Agricola 's  Off i c e  owns only 2 t r a c t o r s  which 
are a b l e  t o  plough about  200 h a l y e a r  f o r  150 fa rmers ,  a l though t h e r e  are some 
700 fa rmers  i n  t h e  area.  (There are 4 p r i v a t e  c o n t r a c t o r s  owning about  15 
t r a c t o r s . )  But t r a c t o r s  can plough l and  w i t h  a s l o p e  up t o  30%, wh i l e  oxen 
can  plough up t o  45% s lope .  Animal t r a c t i o n  s e r v i c e s  t h e r e f o r e  a r e  o f t e n  i n  
g r e a t e r  demand ( i n  Ant ioquia  a t  least) e s p e c i a l l y  because farmers  do not  want 
t o  purchase oxen. 11 Thus, t h e  r o l e  of energy requirements  f o r  mechanizat ion 
need t o  be examined i n  d e t a i l ,  and Agr ico la  could p rov ide  s i g n i f i c a n t  i n p u t s  
i n  t h i s  examination. 

P r i v a t e  I n s t i t u t i o n s  

10. Futuro para  l a  Ninez. T h i s  is a p r i v a t e  o r g a n i z a t i o n  based i n  
Medellin. Its d i s t i n c t i v e  c h a r a c t e r i s t i c  is  i ts novel  approach t o  r u r a l  
development. Th i s  is  a three-pronged approach: 

( i )  En t r ee  i s  ga ined  i n  t h e  r u r a l  household by arous ing  t h e  family 's  
concern r ega rd ing  t h e  f u t u r e  of t h e i r  ch i ldren .  

( i i )  Promoting s e l f - r e l i a n c e :  Working on t h e  minds of t h e  fa rmers ,  
who may not  be i n t e l l e c t u a l s  bu t  have cons ide rab le  p r a c t i c a l  
i n t e l l i g e n c e ,  t o  make them r e a l i z e  t h a t  they must s o l v e  t h e i r  
own problems. 

( i i i )  Chain r e a c t i o n  e f f e c t :  S e l e c t i o n  of key farmers  who have 
been 'converted'  t o  promote, new innovat ions  i n  t h e  community 
by t h e  "demonstration" e f f e c t .  

11. T h i s  approach has  been developed and t e s t e d  over a pe r iod  of 10 
y e a r s  and i s  r epor t ed  t o  have m e t  w i th  cons ide rab le  success  i n  r u r a l  communi- 
t i e s .  I t  has  a l s o  been a b l e  t o  a t t r a c t  many competent Colombian p r o f e s s i o n a l s  
who work wi th  t h e  o r g a n i z a t i o n  as volunteers .  I n  t h e  Energy S e c t o r ,  Futura 
i s  c u r r e n t l y  t e s t i n g  microhydroturbines i n  v a r i o u s  r u r a l  communities i n  con- 
j unc t ion  w i t h  U n i v e r s i t i e s  of Los Andes and P o n t i f i c i a .  (See a l s o  page 8 ,  
Annex 2 . )  Also, one of Futura ' s  vo lun tee r s ,  D r .  A lva i r ,  a  s e n i o r  and a n  
exper ienced  f o r e s t e r ,  ha s  been a c t i v e  i n  promoting bio-gas p l a n t s  i n  t h e  r u r a l  
a r e a s  of Antioquia.  H e  has  a l s o  some sound i d e a s  regard ing  t h e  u s e  of l and  
and wa te r  resources ,  s o i l  conse rva t ion  and f e r t i l i t y ,  and t h e  l o c a t i o n  of 
farms and hydropower p l an t s .  

11 I n  Rio Negro area, f o r  example, t r a c t o r s  r e q u i r e  8 t o  9 h r s  per  ha  f o r  - 
ploughing and t h e  c o s t  is  1,500 ~ e s o s l h r .  Oxen ploughing r e q u i r e s  
12 days/ha a t  t h e  rate of 60 pesoslday. Manual ploughing i s  120 mandaysl 
ha ,  and t h e  c o s t  i s  a s s igned  a s  70 pesoslday. Cost of oxen i s  15,000 
pesos/oxen. Normally t h r e e  oxen a r e  r equ i r ed  and t h e s e  compete f o r  l and  
used f o r  food crops. The c o s t  of t r a c t o r  i s  600,000 pesos and wi th  
Rotovator ,  100,000 pesos. For a  f u l l e r  d i s c u s s i o n  on energy requi re -  
ments f o r  mechanization, s e e  Chapter  V I  of t h e  Colombian R u r a l  Energy 
Report. 
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12. Rura l  Reconstruct ion.  This  is ano the r  p r i v a t e  i n s t i t u t i o n  of about 
12-year s t a n d i n g  based i n  Bogota bu t  w i th  some 16 Rura l  Centers  i n  v a r i o u s  
p a r t s  of t h e  country.  Its main focus  i s  on conduct ing educa t ion  programs f o r  
improving p r o d u c t i v i t y  and q u a l i t y  of r u r a l  l i f e .  It has a l s o  been a c t i v e  i n  
promoting Rura l  E l e c t r i f i c a t i o n .  A paper  w a s  p resented  by t h i s  o rgan iza t ion  
on Rura l  E l e c t r i f i c a t i o n  i n  Colombia i n  t h e  Thi rd  La t in  American Rura l  
E l e c t r i f i c a t i o n  Conference h e l d  i n  Bogota i n  1972. 11 

13. Soc ie ty  of Engineers.  The Medel l in  Branch of t h i s  s o c i e t y  r e c e n t l y  
organized  a seminar on a l t e r n a t i v e  sou rces  of energy f o r  r u r a l  a r eas .  The 
Soc ie ty  has been a c t i v e  i n  organiz ing  a number of seminars and meetings on 
va r ious  s u b j e c t s  r e l a t e d  t o  engineer ing  and development. The q u a l i t y  of t h e s e  
seminars ,  and the  c a p a b i l i t i e s  of i t s  members, however, need t o  be f u r t h e r  
i n v e s t i g a t e d  t o  de te rmine  the  r o l e  t h e  Soc ie ty  could  p l ay  i n  r u r a l  energy 
planning and implementation. 

Academic I n s t i t u t i o n s  

14. The mission v i s i t e d  t h r e e  U n i v e r s i t i e s ,  and h e l d  d i scuss ions  wi th  
t h e i r  Engineering Departments regard ing  r u r a l  energy ma t t e r s .  

15. Un ive r s i t y  of Los Andes. The Mechanical Engineering Department has 
developed s o l a r  h e a t e r s ,  microhydroturbines,  windmi l l s ,  e t c . ,  f o r  t h e  Las 
Gaviotas  P r o j e c t .  It is a l s o  coord ina t ing  w i t h  t h e  Un ive r s i t y  of P o n t i f i c i a  
and Futura  i n  developing aild t e s t i n g  p e l t o n  wheels and gene ra to r  sets i n  
Antioquia.  These P e l t o n  wheels ( c o s t  about 1,600 t o  2,000 pes.os/kw) have been 
developed by us ing  a l o c a l  l o s t  wax investment  c a s t i n g  process .  Also, a 
simple, inexpens ive  h y d r a u l i c  governor has  been developed which w i l l  a l low t h e  
Pe l ton  wheel gene ra to r  s e t  t o  be coupled t o  small motors and e l e c t r i c i t y  can 
be used f o r  product ion  purposes.  21 The department has  a number of o t h e r  
ongoing experiments,  i nc lud ing  p ro to type  development of water  pump and c o a l  
burner .  It is a l s o  i n v e s t i g a t i n g  i n t o  t h e  p o s s i b i l i t y  of manufacturing small 
gene ra to r s ,  which a r e  c u r r e n t l y  imported. Under t h e  guidance of 
Prof .  Loboguerrero, t h e  Department head, some r ecen t  graduates  a r e  s e t t i n g  up 
small i n d u s t r i e s  f o r  t he  manufacture of P e l t o n  wheels and o t h e r  equipment. 
The Department a l s o  runs  course  on b a s i c  des ign  of equipment f o r  r u r a l  a r eas .  
Thus, t h i s  Un ive r s i t y  could p lay  a key r o l e  i n  t h e  des ign  and development of 
r u r a l  energy hardware. 

11 According t o  Rura l  Recons t ruc t ion ,  fa rmers  u s e  e l e c t r i c i t y  i n  t h e  follow- - 
i n g  sequence: l i g h t ,  e lectro-domest ic  app l i ances  ( j u i c e r s ,  r a d i o ,  t e l e v i -  
s i o n ,  i r o n ) ,  and f i n a l l y  machines f o r  working i n  t h e  land. Thus, energy 
u s e  f o r  domestic needs precedes use  f o r  production. 

21 E x i s t i n g  microhydroturbines a r e  used f o r  domestic l i g h t i n g  and hea t ing  - 
only ,  because of t h e  h igh  c o s t  of convent iona l  governor systems. 
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16. Univers i ty  of Pont i f . ic ia .  The Engineering School of t h i s  Univers i ty  
has  organized 5  ongoing programs, i n  con juc t ion  wi th  Futura ,  f o r  t h e  t e s t i n g  
and development of microhydroturbines i n  r u r a l  a r e a s  of Antioquia. 11 The 
microhydroturbines c o n s i s t  of Pe l ton  wheels ( c o s t  1,000 pesos)  and genera tors  
(imported, cos t :  about 12,000 pesos) .  

1 7 .  The f i v e  programs a r e  loca ted  as follows: 

( a )  Santo  Domingo: 

3 kw hydro gene ra to r  f o r  a  school  and sugar  p l an t .  
No e l e c t r i c i t y  l i n e  e x i s t s  i n  t h e  v i c i n i t y .  

(b)  San Luis:  

E l e c t r i c i t y  l i n e  i s  c l o s e  by. 
The economics of microhydroturbine vs . c e n t r a l i z e d  gene ra t ion  have 
t o  be worked out.  

( c )  Sopot ran: 

E l e c t r i c i t y  l i n e  i s  about 25 km, bu t  would cos t  t h e  v i l l a g e r s  
$0.5 mi l l ion .  
Cost of microhydroturbine has  t o  be determined. 

(d )  Abejoral :  

One house us ing  Las Gaviotas  microhydroturbine 
(Las Gavio tas  t u r b i n e  i s  an a x i a l  t u r b i n e  cos t ing  about 
6,500 pesos. ) 

( e )  Cisnero: 

E l e c t r i f i c a t i o n  i n  12 houses a  23-kw hydrogenerator  (20 years  o l d )  
bought by v i l l a g e r s  f o r  20,000 pesos. 

These programs provide va luab le  oppor tuni ty  f o r  young engineer ing  
s t u d e n t s  t o  work i n  r u r a l  a reas .  The p o s s i b i l i t y  of developing such programs 
on a  l a r g e  s c a l e  needs t o  be inves t iga t ed .  

18. Universidad de  Minas. The Engineering Department i n  t h i s  u n i v e r s i t y  
( 4  p ro fes so r s  from chemical,  e l e c t r i c a l ,  a g r i c u l t u r a l  and s a n i t a r y  engineer ing  
departments)  has  s t a r t e d  a  Center  f o r  Environmental A f f a i r s  f o r  work i n  t h e  

1/ D r .  John Burton of t he  B r i t i s h  Overseas Technica l  Mission, who i s  a l s o  a  - 
Profes so r  i n  t h i s  Un ive r s i ty ,  i s  p laying  a  key r o l e  i n  these  programs 
along wi th  h i s  Colombian s t a f f  co l leagues  and s tuden t s .  



ANNEX 2 
Page 6 

r u r a l  a r eas .  The Center  has  been asked by I C A  I n f r a s t r u c t u r e  D i v i s i o n  t o  
p a r t i c i p a t e  i n  ICA ' s  program i n  t h e  O r i e n t e  region.  However, t h e  Center 's  
e f f o r t s  have no t  y e t  got  o f f  t h e  ground. One reason f o r  t h i s  may be t h e  
s t r a i n e d  r e l a t i o n s  between s t a f f  and s t u d e n t s  of t h i s  Univers i ty .  The s t u d e n t s  
were on s t r i k e  when t h e  mission v i s i t e d  it. The l a b o r a t o r i e s  were i n  a s t a t e  
of d i s r e p a i r . )  However, t he  Center 's  p l an  t o  s e t  up r u r a l  te lephones (through 
i t s  E l e c t r i c a l  Engineering Department) seems promising and should be followed 
up. Also t h e  A g r i c u l t u r a l  Engineering Department seems a c t i v e  (compared t o  
o t h e r s ) .  It runs  3 farms, has a well-organized workshop w i t h  machines and 
r e p a i r  equipment and works c l o s e l y  wi th  I C A  Regional Uni t  i n  Medellin,  and 
thus may have u s e f u l  c o n t r i b u t i o n s  i n  t h e  a g r i c u l t u r a l  mechanization a s p e c t s  
of r u r a l  energy. 

I n d u s t r i e s  

19. I n v e s t i g a t i o n  regard ing  l o c a l  c a p a b i l i t i e s  t o  produce d i e s e l  genera tor  
and pump s e t s  and r e f r i g e r a t o r s  f o r  use by farmers i n  r u r a l  a r e a s  revea led  t h e  
fol lowing : 

( a )  Diesel Generators  

These a r e  c u r r e n t l y  imported. 
Typica l  c o s t s  and c a p a c i t i e s  a re :  

Capaci ty Col. Pesos 

1-3 kwh $ 30,000 
2-5 kwh 60,000 
19 kwh 260,000 

Foreign manufacturers  such a s  Cummins and L i s t e r  have branches i n  
Colombia and it may be p o s s i b l e  t o  develop l o c a l  c a p a b i l i t y  t o  
manufacture d i e s e l  gene ra to r s  i n  Colombia wi th  t h e i r  co l l abora t ion .  
This  ma t t e r  needs f u r t h e r  i n v e s t i g a t i o n .  

(b)  R e f r i g e r a t o r s  

The use of sma l l  r e f r i g e r a t o r s  could s i g n i f i c a n t l y  improve t h e  
q u a l i t y  of l i f e  of sma l l  farmers.  11 R e f r i g e r a t o r s  a r e  
manufactured l o c a l l y ,  but  they a r e  u s u a l l y  l a r g e  s i z e d  
( i n d u s t r i a l  u n i t s )  and used mainly by t h e  r i c h e r  farmers i n  
r u r a l  a r eas .  

11 R e f r i g e r a t o r s  could be used, f o r  example, f o r  p re se rv ing  milk and pou l t ry  - 
produce and meat both f o r  family consumption and s a l e .  
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Some t y p i c a l  s i z e s  and c o s t s  of l o c a l  u n i t s  are:  

HF' - v Col. Pesos 

(m 1 

R e f r i g e r a t o r  manufacturers  contac ted  expressed i n t e r e s t  i n  
examining t h e  marke tab i l i t y  of small u n i t s  f o r  s t o r i n g  
vegetables ,  po ta toes ,  e t c .  Loca l  manufacture of sma l l  
r e f r i g e r a t o r s  needs t o  be f u r t h e r  i n v e s t i g a t e d ,  with them. 
Also, p o s s i b i l i t y  of u s ing  c u r r e n t l y  a v a i l a b l e  l a r g e r  
r e f r i g e r a t i o n  u n i t s ,  f o r  s t o r i n g  p o t a t o e s  by smal l  farmers,  
organized by farmer coopera t ives  r e q u i r e s  inves t iga t ion .  

Conclusions: 

1. The fo l lowing conclusions emerge from t h e  above d iscuss ion:  

- Government i n s t i t u t i o n s  such as SENA, I C A ,  ICEL, AGRICOLA 
have t h e  o r g a n i z a t i o n a l  framework t o  b r ing  energy resources  
and technologies  t o  l a r g e  masses of t h e  r u r a l  populat ion.  
Because of t h e i r  s i z e  t h e s e  i n s t i t u t i o n s  seem t o  o f t e n  l ack  
c l o s e  con tac t  wi th  r u r a l  communities. 

- P r i v a t e  i n s t i t u t i o n s  such a s  Fu tu ra  and Rura l  Recons t ruc t ion  
have t h e  requi red  confidence of t h e  r u r a l  people, bu t  lack  
t h e  o r g a n i z a t i o n a l  s e t  up and resources  t o  have l a r g e  s c a l e  
impact. 

- Academic I n s t i t u t i o n s ,  e s p e c i a l l y  U n i v e r s i t i e s  of Los Andes 
and P o n t i f i c i a ,  have t h e  c a p a b i t i l i t i e s  t o  develop new r u r a l  
energy equipment t h a t  meet t h e  needs of r u r a l  communities. 
But, they too  would have l i t t l e  impact un le s s  l a r g e  s c a l e  
t e s t i n g ,  development and product ion  of t h e s e  equipment is  
organized wi th  t h e  involvement of t h e  government and l o c a l  
i n d u s t r i e s .  

- Local  I n d u s t r i e s ,  though i n t e r e s t e d  i n  t h e  r u r a l  energy 
market, w i l l  be prepared t o  undertake t h e  r i s k s  of produc- 
t i o n  and marketing provided they a r e  assued of Government 
support .  

2 .  Thus l o c a l  c a p a b i l i t i e s  e x i s t i n g  i n  government i n s t i t u t i o n s ,  
p r i v a t e  o rgan iza t ions ,  u n i v e r s i t i e s  and l o c a l  i n d u s t r i e s  complement each 
o t h e r ,  and must be organized by t h e  Government a s  p a r t  of an  o v e r a l l  r u r a l  
energy program. The s p e c i f i c  a c t i v i t i e s  dur ing  t h e  next phase of t h e  
e x e r c i s e ,  which a r e  expected t o  r e s u l t  i n  such a  program, a r e  d iscussed  i n  
t h e  fo l lowing s e c t i o n s .  
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Proposed A c t i v i t i e s  du r inp  Phase I1 

The fo l lowing  a c t i v i t i e s  a r e  proposed f o r  Phase 11: 

(a )  Formation of a  permanent Rura l  Energy Unit .  The Uni t  
should  c o n s i s t  of experienced p r o f e s s i o n a l s  drawn from 
government i n s t i t u t i o n s  such a s  ICA, ICEL, p r i v a t e  i n s t i -  
t u t i o n s  such a s  Futura  p a r a  l a  Ninez and Rura l  Recon- 
s t r u c t i o n  and u n i v e r s i t i e s ,  and i n c l u d e  E l e c t r i c a l ,  
Mechanical and I n d u s t r i a l  Engineers ,  Agronomists,  F i n a n c i a l  
Ana lys t s  , and Economists. 

(b )  The Un i t  should  work under t h e  d i r e c t i o n  of a  M i n i s t e r i a l  
committee c o n s i s t i n g  of t h e  M i n i s t e r  of Energy and M i n i s t e r  
o r  Sen io r  o f f i c i a l s  from DNP, D R I ,  M i n i s t r i e s  of A g r i c u l t u r e ,  
I n d u s t r y ,  Commerce, u n i v e r s i t i e s ,  t h e  i n d u s t r i e s ,  e t c .  

( c )  The Uni t  should  perform t h e  fo l lowing  tasks :  

( i )  Organize q u a l i t a t i v e  r u r a l  energy surveys  i n  d i f f e r e n t  
r e g i o n s  and ecosystems of t h e  count ry ,  s i m i l a r  t o  t h e  
one conducted by t h e  Rura l  Energy Group, du r ing  Phase I, 
in Or ien te .  These surveys  should  be conducted under 
t h e  u n i t ' s  guidance by r e g i o n a l  r u r a l  energy groups 
t h a t  i n c l u d e  p r o f e s s i o n a l s  from r e g i o n a l  i n s t i t u t i o n s  
and u n i v e r s i t i e s .  The groups may be l o c a t e d  i n  and 
coo rd ina t ed  by t h e  r e g i o n a l  e l e c t r i f i c a d o r a s .  

( i i )  P repa re  an i n t e g r a t e d  r u r a l  energy p l a n  f o r  t h e  count ry ,  
as p a r t  o f  a n  o v e r a l l  n a t i o n a l  energy program. The 
i n t e g r a t e d  r u r a l  energy p l a n  should  be made up of r u r a l  
energy p l a n s  f o r  d i f f e r e n t  r eg ions  prepared by t h e  
r e g i o n a l  groups. The Un i t  w i l l  p rovide  t h e  g e n e r a l  
g u i d e l i n e s  f o r  planning,  which may be based on  t h e  
R u r a l  Energy P lanning  Approach o u t l i n e d  i n  S e c t i o n  11 
of t h i s  r e p o r t .  However, t he  s p e c i f i c  methodology f o r  
each r e g i o n a l  p l an  w i l l  be developed by r e g i o n a l  
groups on t h e  b a s i s  of t h e i r  unders tanding  of t h e  l o c a l  
r u r a l  s i t u a t i o n ,  and wi th  t h e  p a r t i c i p a t i o n  of r u r a l  
communities. I n  t h i s  way, a  h e a l t h y  s p i r i t  of r e g i o n a l  
compet i t ion  may be s t i m u l a t e d ,  and t h e  Un i t  may provide  
a p p r o p r i a t e  i n c e n t i v e s  f o r  t h i s  purpose. The f i r s t  
r u r a l  energy group should  be set up i n  Antioquia .  l-/ 

The exper ience  of t h i s  group should be u t i l i z e d  i n  s e t t i n g  
up s i m i l a r  groups i n  t h e  reg ions .  

1/ See  Annex 4. - 
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( i i i )  Organize development and t e s t i n g  of Rura l  Energy 
equipment t h a t  u t i l i z e  v a r i o u s  renewable and non- 
renewable energy r e sources ,  such a s  microhydroturbines,  
s o l a r  h e a t e r s ,  windmi l l s ,  cha rcoa l  and wood s t o v e s ,  
pumps, r e f r i g e r a t o r s ,  e t c .  The Rura l  Energy Uni t  would 
coord ina t e  t h e s e  a c t i v i t i e s  i n  d i f f e r e n t  r eg ions  of t h e  
count ry ,  and provide,  o r  a r r a n g e ,  f o r  a p p r o p r i a t e  
t e c h n i c a l  and f i n a n c i a l  a s s i s t a n c e .  The hardware 
development and t e s t i n g  may be organized  i n  con junc t ion  
w i t h  t h e  r eg iona l  p lanning  e x e r c i s e s .  

( i v )  P repa re  and implement Rura l  Energy P i l o t  P r o j e c t  i n  
s e l e c t e d  a r e a s  of one o r  more reg ions .  Such p i l o t  
p r o j e c t s  a r e  necessary  t o  provide  exper ience  f o r  f u t u r e  
f u l l - s c a l e  r u r a l  energy p r o j e c t s  , on t h e  i n s t i t u t i o n a l  
and i n f r a s t r u c t u r e  requirements .  These requirements  
i nc lude ,  f o r  example: r e l a t i o n s h i p  between energy and 
r u r a l  development programs f o r  i r r i g a t i o n ,  ag ro - indus t r i e s ,  
farm mechanization; product ion ,  marketing and c r e d i t  
f a c i l i t i e s  f o r  energy hardware; ex t ens ion  s e r v i c e s  f o r  
t h e  i n s  t a l l a t i o n ,  ope ra t ion ,  maintenance of energy 
equipment. The f i r s t  p i l o t  p r o j e c t  may be organized  i n  
O r i e n t e  reg ion  by t h e  Antioquia r u r a l  energy group. 

(v)  Organize t r a i n i n g  programs f o r  l o c a l  p r o f e s s i o n a l s  f o r  
d i f f e r e n t  types of r u r a l  energy a c t i v i t i e s ,  i nc lud ing  
planning,  design,  development and t e s t i n g  of equipment, 
r u r a l  energy p r o j e c t  p r e p a r a t i o n  and implementation, 
r u r a l  energy ex tens ion  s e r v i c e s ,  e t c .  These t r a i n e d  
p r o f e s s i o n a l s  w i l l  be r equ i r ed  f o r  t h e  implementation 
of p i l o t  p r o j e c t s  and l a t e r  f u l l  s c a l e  r u r a l  energy 
p r o j e c t s .  T ra in ing  may be organized  i n  conjunct ion  
wi th  u n i v e r s i t i e s ,  p r i v a t e  i n s t i t u t i o n s  and i n d u s t r i e s ,  
S o c i e t i e s  of Engineers ,  e t c .  I n  t h i s  con tex t  i t  w i l l  
be e s p e c i a l l y  worthwhile t o  a t t r a c t  l o c a l  young eng inee r s  
and s c i e n t i s t s  t o  work i n  t h e  r u r a l  s e c t o r ,  f o r  example, 
i n  s e t t i n g  up employment gene ra t ing  s m a l l  e n t e r p r i s e s  
i n  r u r a l  a r e a s  f o r  producing and marketing r u r a l  
energy conversion equipment. Th i s  i d e a  is  a l r e a d y  
being experimented wi th  by t h e  Un ive r s i t y  of Los Andes 
and P o n t i f i c i a  and could  be developed f u r t h e r  du r ing  
the  p i l o t  p r o j e c t  s t a g e  i n  Phase 11. 

( v i )  P repa re  a  n a t i o n a l  Rura l  Energy Program. The d e t a i l s  
of t h e  program w i l l  be worked o u t  on t h e  b a s i s  of t h e  
exper ience  gained i n  Phase 11, but  i t  may c o n s i s t  
o f :  

( a )  r u r a l  energy p r o j e c t s  i n  d i f f e r e n t  r eg ions  of 
Colombia; 
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(b) research ,  development and production f a c i l i t i e s  
i n  d i f f e r e n t  regions ,  f o r  r u r a l  energy equipment; 

( c )  t r a i n i n g  programs and i n s t i t u t i o n s  f o r  r egu la r  
t r a i n i n g  of l o c a l  p ro fess iona l s  and r u r a l  
communities i n  r u r a l  energy a c t i v i t i e s ;  

(d)  r e g i o n a l  r u r a l  energy u n i t s  and community-based 
r u r a l  energy f i e l d  s t a f f ;  

( e )  a c e n t r a l  Rural  Energy I n s t i t u t i o n  which i s  
loca ted  i n  Bogota and coordinates a l l  r u r a l  energy 
a c t i v i t i e s  i n  t h e  country; 

( f )  a r egu la r  Rural  Energy Advisory Uni t  i n  t h e  
Minis t ry  of Energy wi th  the  Min i s t e r  of Energy as 
Chairman. 

Phase 11 is expected t o  extend f o r  about one-and-a-half t o  two years.  
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COLOMBIA: RURAL ENERGY PLANNING EXERCISE 

Organization for Phase I1 

Ministerial Level Rusal Energy 
Coordination Group consisting of 
Minister of Energy, Ministers or 
Senior Officials from DNP, other 
ministries, governmental and 

private institutions 

Rural Energy Unit 
consisting of Engineers, 
Agriculturalists, eco- 
nomists, etc. 

Regional Rural Energy Groups consisting of regional universities, 
local community organizations and private and governmental insti- 
tutions. ~asksl - Rural Energy Planning, Development and test- 
ing of hardware. 

Integrated Rural Energy Plan : +=I 
1 

Pilot Projects in Selected Areas 

I 
I 

Preparation of a National Rural 
Energy Program 
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Formation of Rura l  Energy Group i n  Antioquia i n  Phase I1 

1. During t h e  O r i e n t e  survey,  t h e  i n s t i t u t i o n a l  and p r o f e s s i o n a l  
c a p a b i l i t i e s  i n  Ant ioquia  region,  and s p e c i f i c a l l y  i n  Medellin,  t h e  c a p i t a l  
of Antioquia,  were s t u d i e d  t o  determine h w  t h e s e  could be u t i l i z e d  i n  t h e  
subsequent phases of t h e  exerc ise .  

2. I t  was found t h a t  t h e r e  were a  number of i n s t i t u t i o n s  and profes-  
s i o n a l s  ( s e e  Annex 2 )  who could make worthwhile c o n t r i b u t i o n s  t o  r u r a l  energy 
planning and programs, both  i n  Antioquia and i n  Colombia. But they were now 
working i n d i v i d u a l l y ,  with l i t t l e  coord ina t ion  wi th  each o t h e r  o r  w i th  
t h e  Government. I t  was t h e r e f o r e  recommended t h a t  a  r u r a l  energy group be 
formed i n  Antioquia. Because Ant ioquia  i s  e s p e c i a l l y  well-endowed wi th  
capable  p r o f e s s i o n a l s  and i n s t i t u t i o n s ,  t h i s  group would a l s o  be a b l e  t o  
provide  d i r e c t i o n s  and g u i d e l i n e s  t o  s i m i l a r  groups i n  o t h e r  regions. 

3. Following a r e  some sugges t ions  regard ing  t h e  o b j e c t i v e s  and t a s k s  
of t h e  Antioquia group: 

Objec t ives  

( a )  To p repa re  a  r u r a l  energy p lan  f o r  O r i e n t e  region; 
similar p l a n s  may be  prepared l a t e r  f o r  o t h e r  reg ions  i n  
Antioquia. 

(b)  To conduct a  p i l o t  p r o j e c t  i n  O r i e n t e  f o r  t e s t i n g  t h e  i n s t i -  
t u t i o n a l  and i n f r a s t r u c t u r e  requirements  f o r  l a rge - sca le  r u r a l  
energy p ro jec t s .  

Composition 

The group should c o n s i s t  of a  coordina t ion  committee and an 
execu t ive  committee: 

1)  The coord ina t ion  committee, should be cha i r ed  by a  high- 
ranking  e l e c t e d  o f f i c i a l  of Antioquia. Its members should 
inc lude  s e n i o r  o f f i c i a l s  o r  r e p r e s e n t a t i v e s  from: I C A ,  D R I ,  
SENA, CAJA AGRARIA, AGRICOLA, CIRCUITO, FUTURA, CHAMBER OF 
COMMERCE, INDUSTRY REPRESENTATIVES, Un ive r s i ty  of Pont i f  i c i a  
and Universidad de Minas. 

(2) The execut ive  committee should be by t h e  Regional  Manager, 
I C A ,  and inc lude  p r o f e s s i o n a l s  'from SENA, I C A ,  FUTURA, s t a f f  
and s t u d e n t s  from t h e  U n i v e r s i t i e s  P o n t i f i c i a  and Minas, 
and organize  t h e  work of t h e  fo l lowing teams: 

( i )  Educat ion and Tra in ing  Team: SENA, FUTURA, I C A .  
T h i s  team w i l l  conduct educat ion  programs i n  r u r a l  
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communities t o  teach  farmers how they could improve 
t h e i r  l i v e s  by u t i l i z i n g  e f f i c i e n t  sources  of energy 
f o r  domestic u s e  and production. I t  w i l l  a l s o  conduct 
t r a i n i n g  and demonstrat ion programs f o r  va r ious  rural 
energy equipment. 

( i i )  Rura l  Energy Demand Team c o n s i s t i n g  of FUTURA, I C A ,  
Un ive r s i ty  of Minas. T h i s  team w i l l  conduct household 
surveys  t o  a s s e s s  energy pro jec t ions .  

( i i i )  Rura l  Energy Supply Team: 

- Bio-gas: FUTURA, SENA 

- Kicrohydroturbines:  FUTURA, Un ive r s i ty  of P o n t i f i c i a  

- Sola r ,  wind: FUTURA, Unive r s i ty  of Pont i f  i c i a ,  CIRCUITO 

- Rural  e l e c t r i f i c a t i o n :  CIRCUITO, Un ive r s i ty  of P o n t i f i c i a  

- F o s s i l  f u e l s :  Un ive r s i ty  of Minas 

T h i s  team w i l l  conduct techno-economic assessments  of v a r i o u s  
energy a l t e r n a t i v e s  and determine f e a s i b l e  op t ions  t h a t  need 
t o  be examined and t e s t e d  f u r t h e r .  

( i v )  Rura l  I n f r a s t r u c t u r e  Team: 

- Communication: Un ive r s i ty  of Minas 

- I r r i g a t i o n :  ICA,  Un ive r s i ty  of Pont i f  i c i a  

- Agro-business: I C A ,  Un ive r s i ty  of Minas 

- A g r i c u l t u r a l  mechanization: ICA, Un ive r s i ty  of Minas 

- Water supply,  f o r e s t r y :  EUTURA, I C A  

- Transport :  SENA, I C A  

This  team w i l l  s tudy  t h e  i n f r a s t r u c t u r e  requirements  of 
t h e  r u r a l  reg ion  and a s s e s s  energy impl i ca t ions  of t hese  
requirements.  

(v) Pro to type  t e s t i n g  team: Un ive r s i ty  of P o n t i f i c i a ,  
Un ive r s i ty  of Minas, EUTURA, ICA. This  team w i l l  
conduct t e s t i n g  of d i f f e r e n t  types of equipment i n  
s e l e c t e d  r u r a l  households communities and e f f e c t  design 
modif ica t ions  on t h e  b a s i s  of f i e l d  t r i a l s .  
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( v i )  P r e p a r a t i o n  of r u r a l  energy p l a n  f o r  Or ien te .  This  
w i l l  be a j o i n t  t a s k  of r e p r e s e n t a t i v e s  of a l l  teams 
and w i l l  be d i r e c t e d  by t h e  execu t ive  committee. 

Tasks 

The t a s k s  of t h e  group may be d iv ided  i n t o  two phases: 
Phase I: 

Th i s  w i l l  c o n s i s t  of household surveys (Annex 5 ) ,  assessment of 
demand, techno-economic assessment of  supply op t ions ,  t e s t i n g  of 
p ro to types ,  determining a c c e p t a b i l i t y  of new energy technologies  
by r u r a l  communities and, f i n a l l y ,  p repa r ing  a r u r a l  energy p l a n  
f o r  t h e  O r i e n t e  region. These t a s k s e w i l l  be conducted by t h e  
teams desc r ibed  above, under t h e  coo rd ina t ion  committee. 

Phase 11: 

Organiza t ion  of a r u r a l  energy p i l o t  p r o j e c t  i n  Or ien te .  The 
d e t a i l s  of  t h i s  o r g a n i z a t i o n  w i l l  be determined i n  Phase I 
but  should  i n c l u d e  employment-generating small e n t e r p r i s e s  
f o r  product ion  and market ing of r u r a l  energy equipment i n  
r u r a l  a r eas .  

Both phases a r e  expected t o  ex tend  f o r  one-and-a-half t o  two 
years .  

4 .  The Ant ioquia  Rura l  Energy Group w i l l  coo rd ina t e  w i th  t h e  C e n t r a l  
Rura l  Energy Un i t  l o c a t e d  i n  ICEL, which w i l l  a r r a n g e  f o r  s u i t a b l e  t e c h n i c a l  
and f i n a n c i a l  a s s i s t a n c e  when requi red .  
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AElTIOQUIA RURAL ENERGY GROUP ORGANIZATION 

RURAL ENERGY COORDINATION COMMITTEE FOR 

. . 

ANTIOQUIA 

Consisting of Senior Covernment 
and Private Officials 

i 

I 
- 

I RURAL ENERGY EXECUTIVE COMMITTEE 
-7 1 

Consisting of Senior 
Professionals from Various 

Institutions in Antioquia (e.~. ICA, 
SENA, DRI, FUTURA, Univcrsities) 

RURAL ENERGY TEAMS r--l 
and Demand Alternatives Infrastructure Energy 

 raining Aeseesment I Assessment Equipment 
Development 

I PREPARATION OF A RURAL ENISRGY PLAN FOR ORIENTE I 
Rural Energy 
Pilot Project 
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RURAL ENERGY DEMAND AND SUPPLY SURVEYS 

S u p ~ e s t e d  F o r m a t s  



Conversion Factors f o r  Gross Energy of - 
Mf f e r en t  Fuels to  E l e c t r i c i t y  Equivalent* 

-'. 
*(This data i s  based on Indian Fuels. 

Indigenous data should be used, i f  ava i l ab l e )  

L 

h e 1  

Eaec t r ic i  ty 

Ilung Cake 

Other Peg e t ab l e  Fuels 

firet,ood - b n e t i z e d  - Non b n e t i z e d  

Bagasse 

Soft  Coke 

Coal 

Charcoal 

Kerosene 

- - - 

U n i t  

lo00 KWH 

Tonne 

II 

11 

11 

n 

N 

H 

n r 

C 
- - - - 

Kilocalor ies  

. 860,000 

2,092,180 

2,690,190 

4,286,560 
2,956,250 

4,523,060 

5, LW, 600 

591 2,500 

6,775,670 

10,978,668 

I 

E l e c t r i c i t y  
E q u i ~ l e  n t 
i n  1000 KWH 

I 

2.438 

3.1 35 

4 995 
3 .  b&5 

5.270 

6.397 

6.8e9 

7.896 

1 2.793 



- - 
Averaee Efficiency of U t i l i z i n ~  Vilrious Fuels in  Rural Areas * 

(In Percent) 

I)ung Cake 11 

I 

Vegetable Waste 12 
: 

Firewood 15 

Soft Cole 28 

Kerosene bb 

Gas 60 

Electricity 75 

* 
(Based on experiments ccnducted i n  Indian Rural Areas, 
Indigenous data should be used, if available) 



Ha. af m o n a :  
Amma. h c o ~ e :  

=gaffon 
Cult iYat ion 
Weeding 
--g 
Ikmesting 
Others 



.- 
Cozzpuktion Shcet for 'Easehold: 

Sunanaa: (TO- for one year) 

1 . Total  P=- Consumption (mt) i n  M ( 4 J 

3. (a) Prop-on of Commercial Em- in E, 

1 

ii12r~yr 
C ~ t ~ u t  I 
i 1 .  i 

-I 
l 

I 
(b ) Proportion of Non-Comsrdal Ebergy in E, 

h .  Avmage Per Capita Ehe- Used (%+No. of Persomin Household) 

Comrsiaa 
into 
M.iB 

Units 
" , vsed 

Per Ery 
a- 

Form Catezorg 

. . 

L 

Energy mt 
in E-3 Activities 

E f i d e n c y  
of Use 

a 
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RURAL Eh'EEZCrlC W A N D  SURVEP 

Corntation Sheet 
Aggregate for  the Region: 

1. Population 

2. Number of Households: 

3. Aggregate Annual Income: 

4. Inwm Per Capita: 

5. Average Per Capita E3ergp Use ( 
Use (~verage for  A l l  

6. (a) Proportion of Commercial h e r =  i n  %o 

(b) h p o r t i o n  of Non-Comerdal Energy i n  ET0 
7. Projections for  Fnergy Dernznd for 

(a) Short term (5 years) 
(b) Long term (70 years) 

Assumptions : 

(a) Asme per capita energy use(qo)and 
protmrtion o f  com.ercial and non- 
comercial energy i n  9,. on the basis 
of data collected during survey. 

(b) Assume overal l  efZiciency.*of comercia1 
energy use and overall eff ic iency of 
non-comircial energy. , 



7. R o j e c t i o n ~  for Rural h a m  brand (cont. ) 6 

8. ddditio- projections using (a) different sues of FT, f o r  different . . 
scenarios of mral development. 

\ 

. (b) different  values of TC, and TC . dependicg cn thm ava i l ab i l i ty  KF o 
comnercial energy supply to  nulal areas. 

A suitable computer prugram ray be developed fo r  this prpose.  

Perlod I 
(5 P-) 

Period II 
(1 0 years) 

b 

No* 

'1 

2 

3 

b 

5 

6 

7 

8 

9 

10 

i 

.+' 

Itera 

Rvj acted mta o f  population 
m e .  

Awrage population drulng the . 
period. 

A o a a g e  per capita energy 
lfse (E.po)* 

Total energg Use 
( (2) x 0)) 

h p o r t i o n  of  cumcwrdal 
energy 5*. 

. -  

Total Comnercial energy (a) x 6) ) 
used. 

Proportion of wn-com~lsrdal 
en-w i n  %o. 

Total non-co~rrmerdal energy 
w e d  ((4) x (7)) . 

~o '& Comerda l  energy c o n m e d  
(Total connnesdal energy used 
( & a d d e d  by overal l  conarercial 
energy edficiency) TCc . 

Total non-coxmrdal enorgy 
consmedo 
(Total non-comercfal energy 
used (8) d i e d e d  by overall  
non-comerdal e n e r a  e f f idency  ) 
%c- 



Sunrey to assess  indigenow RM) capab i l i t i e s  for u t i l i z i n g  

renewable and non-renewable energy resources Fn r u r a l  areas 
, 

1. Name of the i n s t i t i t i o n :  

2. Brief description o-Q ongoing a c t i v i t i e s  re la ted  to energy: 

3. Names pf s t a f f ,  and t h e i r  p r d e s s i o n a l  and acadenic qual if icat ions,  
involved i n  these ac t iv i t i e s :  

&. Detai ls  of speci f ic  a c t i v i t i e s ,  if any, re la ted  to a l te rnat ive  
energy resources and r u r a l  energy: 

5. Have any prototypes,for a c t i v i t i a s  i n  (b),been developed? 
~t were the resu l t s?  hhat fu r the r  w r k  is plannsd? 

6 .  What a re  the constraints,  if'any, in t!e a c t i v i t i e s  under (L)? 
I 

7. Has cwrdinat icn  been estebl ishsd between indigene-u and foreign 
ins t i tu t ions  working on s imi lar  problems? 
What kind of coordination? 

8. What a r e  t h e  sources of funds and other resources? 



Surpey t o  Assess Roducticn Capabilities fcr 

. . .  
Utilizing Renewable anc! Son-Zene~able Energ 

Resources i n  &a1 Areas 

1 .  Name of  the f i r m :  

2. Brief description o f  size, turnover. and producuts: 

3. Brief account o f  design capab-tiea : 

(a) Availability of design engineer (s) 

(b) Rraxing office 

Does it develop its o m  &sf gas ar p r u c u , ~ s   the^ fron: dutsicie? 

4. Brief account of  wchine shop and t o o l  rcon: f a c i l i t i e s :  

5. What type o f  rarketing orgarization does i t  have? 

6. Interests in developing e ~ e r g y  -conversion eqziprent? 

What will be its sources of funds? 

7. If the finn I s  already ecgaged i n  develop1 ng ,or producf rg , 
energy corn-ersion equipnent, & U s  of  the ir  design acd 
manufacture ? 
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