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The research and development work on sorghum m i l l i n g  i n  Botswana t h a t  

IDRC supported through two p r o j e c t s  between 1976 and 1980 has been p a r t  

o f  an i n fo rma l  network o f  p r o j e c t s  i n  A f r i c a  and o t h e r  reg ions .  Table 1  

and F igure  1  g i v e  a  broad p i c t u r e  of t h e  A f r i c a  g r a i n  m i l l i n g  network,  

showing c o s t  est imates o f  t h e  p r o j e c t s  and how they  have i n t e r r e l a t e d  

over  t h e  l a s t  t e n  years.  The p r o j e c t s  have revo l ved  round t h e  perce ived  

need t o  promote t h e  p roduc t i on  and u t i l i z a t i o n  o f  smal l  g r a i n s  and 

g r a i n  1  egumes , p a r t i c u l a r l y  sorghum and m i  11 e t ,  t h a t  a re  we1 1  adapted 

t o  t he  d r i e r  p a r t s  of A f r i c a  and c o n s t i t u t e  s t a p l e  food  f o r  l a r g e  r u r a l  

popu la t ions .  A  major  c o n s t r a i n t  t o  t h i s  development l i e s  i n  t h e  

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

t he  main focus of t he  p r o j e c t s  has been on t h e  development of a  s imp le  

mechanical d e h u l l i n g  device. As Table 1  shows, t he  IDRC c o n t r i b u t i o n  

t o  t he  p r o j e c t s  which a re  most d i r e c t l y  r e l a t e d  t o  t h e  dehul l e r  t o t a l s  

about $13 m i l l i o n .  Th i s  f i g u r e  o n l y  i nc l udes  es t imated  p r o j e c t  cos ts  

and excludes t he  cons iderab le  investment  i n  s t a f f  t-inie, t r a v e l  cos ts  

and so on t h a t  has been made i n  t h e  l a s t  10 years.  S i m i l a r l y ,  t h e  

est imated $900,000 r e c i p i e n t  c o n t r i b u t i o n  i n  Table 1  s i g n i f i c a n t l y  

understates t he  o v e r a l l  commitment by people and i n s t i t u t i o n s  i n  A f r i c a  

and Canada t o  t h i s  development e f f o r t .  I n  summary t h e  t o t a l  resource 

commitment by IDRC and i t s  pa r t ne rs  i s  s i g n i f i c a n t l y  h i ghe r  than t h e  

$2.5 m i l l i o n  shown i n  Table 1. As F igu re  1  i n d i c a t e s ,  i n  r e c e n t  years  

t he  "network" has spread, and t h e  dehul l e r  i s  now being t e s t e d  and 

developed i n  e i g h t  A f r i c a n  c o u n t r i e s  (and a l s o  i n  Tha i land  and Guatemala). 

Thus t he  program i s  o f  cons iderab le  s i gn i f i cance ,  bo th  i n  terms o f  

pas t  investment  and f u t u r e  commitments and i n t e n t i o n s .  It i s  hoped 

t h a t  t h i s  case s tudy  can c o n t r i b u t e  t o  t h e  p l ann ing  and implementat ion 

o f  t he  research and development e f f o r t .  



Table 1: Africa Grain Mil l ing r e l a t e d  p r o j e c t s  supported by IDRC: est imated 
cos t s  ( p r o j e c t  summary d a t a ) .  

Budget Data 
- 

Pro jec t  I DRC Recipient  Total 

OVERSEAS (Can $ '000)  

Nigeria I 72-0003 132 6 6 
I1  73-0128 160 3 5 

Senegal I 76-0026 270 400 
I1 79-0066 114 72 

Botswana I 75-9137 125 
I1 78-0023 80 

Ghana 76-0003 180 95 2 75 

Sudan 78-0054 138 109 247 

Tanzani a 79-0093 122 5 0 172 

Ethiopia 79-0016 (499) 60 (90)  12 7 2 
80-001 0 (1 08) - (32 

Sub-total 

CANADA 

Guel ph 71 -001 9 15 - 15 

Saskatchewan 
PRL 73-0051 26 
PRL 74-01 68 44 
PRL 78-0008 7 2 
Universi ty 73-0032 2 5 

Sub-total 

" Dehuller being t e s t e d  a s  p a r t  of two l a r g e r  p ro jec t s  on sorghum u t i l i z a t i o n  

c, I 

and breeding. Rough es t ima te  of 10% of p r o j e c t  e f f o r t  r e l a t e d  t o  m i l l i n g .  '' Recipient  cont r ibut ion  not  s p e c i f i e d  i n  p r o j e c t  summaries, but c e r t a i n l y  
not  zero. 

31 This t o t a l  excludes some p r o j e c t s  r e l a t e d  t o  o the r  components of gra in  
mi l l ing  systems, e.g. Composite Flour a t  Manitoba. I t  a l s o  excludes important 
informal co l l abora t ive  inputs  from such i n s t i t u t i o n s  as  t h e  Universi ty of 
Alberta ,  Northern A1 ber ta  I n s t i t u t e  of Technology, CIDA, ITC, Lava1 Universi ty.  



FIGURE 1: A f r i c a  g r a i n - m i l l i n g  r e l a t e d  products supported by I D R C  
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2. Several o f  t h e  i n d i v i d u a l  p r o j e c t s  and the  research network as a whole 

have been the  sub jec t  of s tud ies  and repor ts ,  most ly by the  Agr i cu l t u re ,  

Food and N u t r i t i o n  Sciences (AFNS) D i v i s i o n  o f  IDRC.  A sample of some 

o f  t h i s  l i t e r a t u r e  i s  g iven i n  Annex 1, and i t  i s  n o t  intended t o  

reproduce any of it here: r a t h e r  i t  w i l l  be drawn upon where t h e  

in fo rmat ion  con t r i bu tes  t o  the  study. 

3. The Botswana case has been chosen f o r  study because i t  o f f e r s  an example 

o f  an extremely r a p i d  progression f r o  m app l i ed  research through p i l o t  

p r o j e c t  t o  d isseminat ion and adopt ion of a technology. The purpose of 

the  development impact case study i s  t o  document and q u a n t i f y  as f a r  as 

poss ib le  the  economic and s o c i a l  costs, benef i ts  and po l  i c y  imp l i ca t i ons  

of t he  R & D process t o  date and t o  exa~ii-ine the  determinants of and 

cons t ra in t s  t o  progress, drawing ou t  any lessons of experience t h a t  

could be app l i cab le  i n  o the r  count r ies .  



I 1  DEVELOPMENT IMPACT 

(1 ) What has happened 

As i l l u s t r a t e d  i n  F igu re  1, between 1971 and 1975 a  technology f o r  

mechanica l ly  d e h u l l i n g  smal l  g r a i n s  was developed and t e s t e d  i n  a  s e r i e s  

of p r o j e c t s ,  ma in l y  i n  N i g e r i a  and Canada. Thus t h e  research  had 

a l ready  been c a r r i e d  t o  a  f a i r l y  advanced s tage by t h e  t ime  i t  reached 

Botswana. 

I n  t he  mid 19701s, t h e  Botswana government dec ided t o  address i t s  

concern about t h e  t r e n d  away from l o c a l l y  produced sorghums towards 

impor ted maize, mos t l y  f rom t h e  Republ ic  o f  South A f r i c a .  The M i n i s t r y  

of Ag r i  c u l  t u r e  asked t h e  Botswana A g r i c u l t u r e  Marke t ing  Board (BAMB) 

t o  i n v e s t i g a t e  t h e  poss i  b i  1  i t i e s  of process ing sorghum. The t r a d i t i o n a l  

method of m i l l i n g  by hand i s  l eng thy  and i n e f f i c i e n t .  The meal 

produced has t o  be eaten q u i c k l y ,  o therw ise  i t  becomes r a n c i d  on 

account o f  t h e  h i g h  mo i s tu re  con ten t  - a  r e s u l t  of t h e  soak ing which 

i s  an i n t e g r a l  p a r t  o f  t he  t r a d i t i o n a l  process. Mechanical d e h u l l i n g  

and g r i n d i n g  can be done w i t h o u t  w e t t i n g  t h e  g r a i n .  

BAMB con tac ted  IDRC, and t h e  General Manager met w i t h  t h e  Assoc ia te 

D i r e c t o r  o f  Post -Product ion Systems a t  a  workshop i n  N a i r o b i .  The 

f i r s t  phase o f  t h e  p r o j e c t  aimed t o  

"devel  op a  s u i  tab1 e  v i  11 age 1  eve1 mi 11 i ng sys tem f o r  
process ing sorghum t o  produce sorghum f l o u r  . . . as 
acceptable i n  q u a l i t y  and p r i c e  as impor ted  maize meal." 

The unde r l y i ng  po l  i c y  o b j e c t i v e  of c o n t r i b u t i n g  t o  i n c r e a s i n g  bas i c  

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

The outcome of t h e  p r o j e c t  has been documented i n  severa l  r e p o r t s ,  

(Annex 1: 3, 8, 11) .  B r i e f l y ,  a  p i l o t  m i l l  was e s t a b l i s h e d  a t  P i tsane,  



a v i l l a g e  w i t h  a l a r g e  BAMB g r a i n  s to rage  depot on t h e  r a i l w a y  south o f  

t h e  c a p i t a l  Gaborone. The m i l  1 used two dehul l e r s  and a hammermil 1, 

d r i v e n  by two d i e s e l  engines. The meal produced was s o l d  i n  bags of 

va r ious  s izes ,  from 2.5 kg t o  60 kg. Table 2 shows t h e  throughput  i n  

m e t r i c  tonnes of g r a i n  r i s i n g  from 85 tonnes i n  l a t e  1977 t o  about 

1,800 tonnes i n  1982. The m i l l  was operated w i t h  t h e  ass is tance  of 

I D R C  adv isors  u n t i l  June 1978, when l o c a l  BAMB management took  over.  

The m i l l  has been runn ing  s ince,  work ing about 12 hours a day produc ing 

about s i x  tonnes of f l o u r .  

Even though i t  i s  h i ghe r  i n  p r i c e ,  t h e r e  i s  a s t r o n g  demand f o r  t h e  

sorghum f 1 our ,  suppo r t i ng  t h e  r e s u l t s  of a p rev ious  consumer preference 

survey. Th i s  evidence suppor ts  t h e  i n t e r p r e t a t i o n  t h a t  t h e  t r e n d  away 

from sorghum t o  maize has been a phenomenon of u r b a n i z a t i o n  and 

a v a i l a b i l i t y :  q u i t e  s imply  maize meal was on t he  she l f  and sorghum 

f l o u r  was no t .  

However, more than th ree-quar te rs  of t h e  Botswana people (Batswana) 1 i ve 

i n  r u r a l  areas and consume t h e i r  own sorghum supp l i es .  The survey a l s o  

i n d i c a t e d  t h a t  most people p re fe r  t o  e a t  f l o u r  from t h e  sorghum they  

have grown themselves. To meet t h i s  need r e q u i r e s  modi fy ing t h e  m i l l i n g  

systeni so t h a t  i t  can process sma l l e r  amounts i n  batches, -in o t h e r  

words, operate as a s e r v i c e  u n i t  as opposed t o  t h e  commercial system 

a t  P i tsane.  Th is  then  was t h e  aim of t h e  second phase* i n  Botswana: 

" t o  determine t h e  t e c h n i c a l  , o p e r a t i o n a l  and economic 
feas i  b i  1 i ty  of ' scaled-down ' model s of t h e  Botswana 
m i l l i n g  system." 

* S t r i c t l y  speaking they  were n o t  phases, b u t  separate p r o j e c t s  "Sorghum 
M i  11 i n g "  (75-0137) and "Rural  I n d u s t r y  Promotion" (78-0023). 







R e s p o n s i b i l i t y  f o r  t h e  necessary research, re -des ign ing  and t e s t i n g  i n  

v i l l a g e  communities was g iven  t o  t h e  Rural  I n d u s t r i e s  I nnova t i on  Centre 

(RIIC),  an e n t e r p r i s e  of Rural  I n d u s t r i e s  Promotion (RIP). R I P  i s  a  

p r i v a t e  non-prof i t company, i nco rpo ra ted  i n  Botswana and governed by 

a  Board of D i r e c t o r s  t h a t  i nc l udes  t h e  D i r e c t o r  o f  Botswana En te rp r i ses  

Development U n i t ,  t h e  Senior  I n d u s t r i a l  O f f i c e r  of  t h e  M i n i s t r y  of 

Commerce and I n d u s t r y  and t h e  D i r e c t o r  of t h e  Botswana Technology Centre. 

It i s  cha i red  by t he  M i n i s t e r  o f  Commerce and I ndus t r y .  The R I P  has 

been funded a lmost  e x c l u s i v e l y  by t h e  F r i e d r i c h  E b e r t  Foundation, a  

German a i d  agency. U n t i l  1980, t h e  R I I C  was t h e  o n l y  p r o j e c t  of R I P  

and c o n s t i t u t e d  a l l  i t s  phys i ca l  assets.  

Among i t s  f a c i l i t i e s ,  t h e  R I I C  has a  p ro to t ype  development workshop, and 

a  p roduc t i on  and r e p a i r  meta l  workshop. It a l s o  operates an ex tens ion  

program, se rv i ng  as a  d i r e c t  l i n k  w i t h  r u r a l  communities, f o s t e r i n g  

problem i d e n t i f i c a t i o n  and t h e  adopt ion  of s u i  tab1 e  technolog ies.  

Between 1978 and 1980, t h e  R I I C  redesigned, developed and t e s t e d  var ious  

p ro to types  of a  scaled-down d e h u l l e r .  The research  had t h e  happy outcome 

t h a t ,  because t h e  s c a l i n g  down a l lowed t h e  d e h u l l e r  t o  be operated a t  

h i ghe r  speeds, t h e  throughput  of t he  smal l e r  model was no lower  than  

t h e  o r i g i n a l  l a r g e r  vers ion .  The system e s t a b l i s h e d  cons i s ted  of a  

d e h u l l e r  t h a t  cou ld  operate on a  ba tch  ( s e r v i c e )  o r  cont inuous- f low 

(commercial mi 11 i n g )  bas is ,  i n c o r p o r a t i n g  a  f a n  and cyc lone  f o r  c o l l  e c t i n g  

t he  bran; a  hammermil 1  ; and a  water-cooled d i e s e l  engine t o  d r i v e  

bo th  machines. 

One m i  11 was s e t  up a t  Kanye, where t h e  R I I C  i s  loca ted ,  and m i  1  l e d  232 

tonnes of g r a i n  between May and December, 1979. Another m i l l  was 

es tab l i shed  a t  Gabane i n  l a t e r  1979, operated by t h e  Pelagano V i l l a g e  

I n d u s t r i e s ,  a  government sponsored development group. It operated as a  



commercial u n i t  i n  t he  mornings and as a  se rv i ce  m i  11 i n  the  afternoons. 

I t s  c u r r e n t  throughput i s  about 600 tonnes per  year,  (Tab1 e 2) .  

This very b r i e f  summary of events omits many elements descr ibed, l .n t he  

pub l i ca t i ons  i n  Annex 1, ranging from techn i ca l  problems a r i s i n g  and 

being overcome, t o  e f f o r t s  t o  p u b l i c i z e  the  system by demonstrations, 

seminars and pub l i ca t i ons .  These are  on l y  l e f t  ou t  t o  avo id  r e p e t i t i o n ,  

and no t  because they d i d  n o t  c o n s t i t u t e  i n t e g r a l  p a r t s  o f  the  process. 

A seminar i n  September 1979 was he ld  f o r  persons who expected t o  i n v e s t  

i n  m i l l i n g  packages, and R I I C  accepted orders a t  t h a t  t ime. A m i l l  

ope ra to r ' s  handbook was w r i t t e n ,  t o  go w i t h  an owner 's ha'ndbook. The 

f i r s t  course fo r  m i l  1  operators/owners took p lace i n  February 1980, and 

produc t ion  on th ree  dehul l e r s  began e a r l y  t h a t  year ,  f o l l owed  by e i g h t  

more i n  mid-1980. The phasing of t h e  var ious  u n i t s  es tab l i shed  i s  g iven  

i n  Table 2, i n  terms of q u a n t i t y  of sorghum processed i n  each year .  

The l oca t i ons  of t he  m i l l s  a re  shown on t h e  map (page 9) .  A l l  a re  i n  

the south and eas t  o f  t he  country  a long t h e  l i n e  of r a i l  where most of 

the  popu la t ion  i s  concentrated. The t a r g e t  f o r  1982 i s  f o r  a  f u r t h e r  

20 u n i t s ,  and R I I C  has firm orders f o r  f i v e ,  p lus  a  l i s t  of 19 possib les.  

However Table 2 only  prov ides i n f o r m a t i o n  on u n i t s  a c t u a l l y  i n  p lace and 

operat ing.  These 17 systems w i l l  process an est imated 10,788 tonnes of 

g r a i n  i n  1982, r i s i n g  t o  11,188 tonnes i n  1983. Consumption est imates 

vary widely ,  b u t  t ak ing  a  middle es t imate  of 2  kg per  fami ly  per day, 

t h i s  amounts t o  the  sorghum requirements of about 15,000 famS 1  i es ,  a1 ready 

more than 10 percent  o f  the  Botswana popu la t i on  (130,000 fam i l i es ) .  



Soci a1 and Economic E f f e c t s  

Two broad ca tego r i es  of b e n e f i t s  have been a n t i c i p a t e d  f rom t h e  

adopt ion of t h e  system: 

, t o  f a c i  1  i t a t e  inc reased  consumption and thereby p roduc t i on  o f  

domestic sorghums, thus  i n c r e a s i n g  f ood  s e c u r i t y  and decreas ing 

( a )  dependence on impo r t s  and ( b )  f o r e i g n  exchange expend i tu re :  

, t o  re l ease  women and c h i l d r e n s '  t ime  f o r  more economica l l y  and 

s o c i a l  l y  reward ing a c t i v i t i e s .  

SERVICE MILLING 

By i t s e l f ,  s e r v i c e  m i l l i n g  i s  n o t  l i k e l y  t o  have a  s i g n i f i c a n t  e f f ec t  

on domestic p roduc t ion ,  s i n c e  i t  can be assumed t h a t  most o f  t h e  

g r a i n  t h a t  i s  machine processed would have been produced and hand- 

processed even i f  t h e  m i l l  d i d  n o t  e x i s t .  I n  f ac t ,  t o  t h e  e x t e n t  t h a t  

t he  m i l l  e x t r a c t i o n  r a t e  i s  h i g h e r  and wastage i s  lower  t han  

t r a d i t i o n a l  methods, t h e  amount of g r a i n  needed t o  feed a  f am i l y  i n  

a  y e a r  w i l l  be l ess .  'This cou ld  have t h e  e f f e c t  o f  i n c r e a s i n g  food 

reserves if t h e  same amount of g r a i n  i s  produced; and/or of 

r e l e a s i n g  resources f o r  o t h e r  p roduc t i on  a c t i v i t i e s  if subsis tence 

requirements a r e  reduced. 

Therefore t h e  bene f i t s  of s e r v i c e  m i l l i n g  l i e  m o s t l y  i n  a l l o w i n g  women 

and c h i l d r e n  t o  do o t h e r  t h i n g s .  R e l i a b l e  es t imates  of t h e  amount of 

t ime spent  on hand-processing a r e  few, va ry i ng  from 2 t o  5 hours per  

day. C e r t a i n l y ,  i t  i s  i n v a r i a b l y  a  d a i l y  t a s k  and c e r t a i n l y  i t  

i n v o l v e s  a  l a b o r i o u s  r o u t i n e  of w e t t i n g ,  pounding, winnowing, d r y i ng ,  

pounding, and so on. The most r ecen t  work i s  a  survey organized by 

t he  Chief  Extens ion O f f i ce r  o f  R I I C  i n  August, 1981 (Annex 1, 6 )  t o  

assess t he  impact  o f  t h e  mi 11s i n  four  r u r a l  communit ies. 



I n  r e p l y  t o  t h e  ques t i on  "How many hours pe r  day does t h e  m i l l  save 

you on food process ing?"  40 o u t  of 143 women were unable t o  es t imate ,  

b u t  t h e  remain ing 103 (72% of t h e  sample) gave an average of  26 

hourslday. S i m i l a r l y ,  64% of t h e  sample responded t h a t  an average 

of 2 hours per  day o f  c h i l d r e n ' s  t i m e  was saved. From these  est imates 

should be deducted t h e  t i m e  spent  t r a v e l l i n g  t o  t h e  m i l l ,  w a i t i n g  

f o r  t h e  g r a i n  t o  be processed, and r e t u r n i n g  home. The survey d i d  

n o t  address t h i s  ques t i on  s p e c i f i c a l l y ,  a l though i t  d i d  f i n d  t h a t  

people used t h e  m i l l  about once a week, and t h a t  t h e  average d i s tance  

was 1.5 k i l ome t res ,  o r  a round t r i p  of 3.0 km. From t h i s  in fo rmat ion  

and personal observat ion,  i t  i s  u n l i k e l y  t h a t  t h e  t ime  spent  us i ng  t h e  

m i  11 i s  more than 4 hour p e r  day on average, o r  34 hours per  week. 

Thus women and c h i l d r e n ' s  n e t  t ime  saved i s  about 4 hours pe r  day*, 

(26 t 2 l e s s  4 ) .  

The survey p rov ided  some ' i n f o r~ i i a t i on  on how t h i s  new found t ime  was 

spent by women and c h i l d r e n .  For women, 57% spent  i t  on household 

a c t i v i t i e s  (washing c l o thes ,  c l ean ing  t h e  yard,  household work)  and 

41% s a i d  t h a t  they spent  i t  on "p roduc t i on  a c t i v i t i e s "  such as mix ing  

c lay ,  weeding, k n i t t i n g ,  beer  brewing. Half  of t h e  ch- i ld ren  were 

repo r ted  t o  he occupied w i t h  s tudy ing  and reading;  31% w i t h  household 

work; and 19% p lay ing .  The r e l i a b i l i t y  o f  t h i s  in fo rmat ion  i s  n o t  

known, s i nce  i t  would probably  be d i f f i c u l t  f o r  even t h e  i n t e r v i e w e r s  

t o  judge t h e  e x t e n t  t o  which answers were accurate,  o r  were ainied 

t o  p rov ide  what n l ight  be respec tab le  o r  acceptable,  more than t r u t h f u l .  

However, i n  terms of economic ana l ys i s ,  t h e  r e l i a b i l i t y  i s  n o t  

s i g n i f i c a n t .  The i m p o r t a n t  - f i x e d  p o i n t  i s  t h a t  l a r g e  numbers of 

* Ayain, frorn.persona1 observa t ion ,  ve ry  few women i n  r u r a l  Botswana have 
convent ional  means f o r  measuring t ime, and t h e  i n t e r v i e w  method of 
determin ing t ime  spent hand-processi ng depends on t h e  r e 1  i a b i  1 i ty  of 
t h e i r  s u b j e c t i v e  judgement o f  "an hour." 



people have p re fe r red  t o  pay the  going p r i c e  f o r  se rv i ce  m i l l i n g  than 

t o  p e r s i s t  w i t h  hand processing. One way of es t imat ing  the  benef i ts  

fro111 the  se rv i ce  ~ i i i l l i n g  would be t o  pu t  values on the  d i f f e r e n t  

a c t i v i t i e s  t h a t  a re  undertaken w i t h  the new found t ime. Empir ica l  

evidence t o  measure t h i s  would be extremely d i f f i c u l t  t o  ob ta in ,  and 

according t o  one approach, i s  n e i t h e r  necessary nor  des i rab le .  There 

i s  an appeal ing economic p r i n c i p l e  t h a t  the  consumer i s  the  best  

judge of t he  value of a  good o r  se rv i ce  and t h a t  t h i s  value can be 

measured by the  consumer's w i l l i n g n e s s  t o  pay (wtp) .  I n  terms of t he  

serv ice  m i l l ,  consumers have been, and cont inue t o  be, w i l l i n g  t o  pay 

fb r  the se rv i ce  under th ree  broad categor ies:  

. the se rv i ce  i t s e l f :  charges range from 3+ t o  5+* per  kg o f  g ra in ,  

suggesting t h a t  many of those who a re  paying 3+ 
would probably be w i l l i n g  t o  pay more ( s ince  

many of t h e i r  corr~patr io ts  do pay 4 t  and 5 t ) ;  

. t r a n s p o r t a t i o n  : means of t ranspor t  t o  and from the m i l l  range 

from foot ,  b i cyc le ,  donkey c a r t  t o  t ruck ,  a l l  

o f  which have a  cos t  t h a t  custoniers a re  prepared 

t o  i ncu r ;  

t ime : customers a re  a l s o  prepared t o  spend the  t ime 

ca r ry ing  gra in ,  w a i t i n g  i n  l i n e  and c a r r y i n g  

back the  f l o u r  (and sometimes t h e  bran) .  

I n  economic ana lys is  i n  Annex 2 ,  owing t o  es t ima t ion  d i f f i c u l t i e s ,  no 

wtp fo r  t ranspor t  and t ime i s  inc luded and the  w i l l i ngness  t o  pay f o r  

the  serv ice  i t s e l f  i s  assumed (conse rva t i ve l y )  t o  be 3.5+ per  kg 

gra in.  Therefore the  customers must value the  t ime t h a t  they a re  

* 1.0 Pula ; 100 t 
1.0 t z 1.4t  (Can.) 



now a b l e  t o  spend on o t h e r  t h i n g s  a t  t h e  e q u i v a l e n t  of 3.5t /kg o r  more 

o therw ise  they  would keep t h e  money and con t i nue  hand process ing.  

Another ca tegory  o f  b e n e f i t  t h a t  can be a t t r i b u t e d  t o  s e r v i c e  m i l l i n g  

i s  t h a t  from t h e  b e t t e r  e x t r a c t i o n  r a t e .  The b e s t  es t ima te  a v a i l a b l e  

f o r  hand-processing suggests t h a t  about 0.70 kg of f l o u r  from 1  kg o f  

g r a i n  can be expected by t h i s  method. The e m p i r i c a l  t e s t s  c a r r i e d  o u t  

d u r i n g  t h e  research phase a t  R I I C  show t h a t  a  machine e x t r a c t i o n  r a t e  

of 80% i s  reasonable t o  expect  under ope ra t i ng  cond i t i ons .  The b e n e f i t  

from t h e  h i ghe r  y i e l d  of f l o u r  i s  es t imated  a t  2.2+/kg. 

Using these est in ia tes of  t h e  s o c i a l  and economic b e n e f i t s  o f  s e r v i c e  

m i l  1  ing ,  a  s o c i a l  bene f i t - cos t  a n a l y s i s  of an i n d i v i d u a l  s e r v i c e  m i  11 

g ives  t h e  f o l l o w i n g  r e s u l t s :  

I n t e r n a l  r a t e  o f  r e t u r n  30 pe rcen t  

Net  Present  Value @ 12% 27,000 Eula (Can. $38,000). 

The assumptions made and t he  d e t a i l s  o f  t h e  c a l c u l a t i o n s  a r e  g iven  i n  

Annex 2. Some of t h e  key assumptions such as l i f e  of t h e  equipment, 

work ing days l o s t  p e r  month, throughput ,  and va lue  of s e r v i c e  may seem 

t o  e r r  on t h e  conse rva t i ve  s ide.  However, t hey  a re  cons idered r e a l i s t i c  

i n  t h e  l i g h t  of c u r r e n t  t e e t h i n g  t r o u b l e s  be iug exper ienced by some of 

t h e  u n i t s  and t h e  r e v o l u t i o n a r y  cha rac te r  o f  t h e  technology i n  t h e  

Botswana r u r a l  s e t t i n g .  They a re  a l s o  based on a c t u a l  da ta  ob ta ined  

f rom u n i t s  f u n c t i o n i n g  now i n  t h e  coun t ry ,  r a t h e r  than  on exper imenta l  

r e s u l t s .  

The above c a l c u l a t i o n  omi ts  an i m p o r t a n t  economic p o l i c y  c o n s i d e r a t i o n  

which a r i s e s  f rom t h e  f a c t  t h a t  hand process ing i nvo l ves  no i m p o r t a t i o n  

of m a t e r i a l s ,  whereas mechanical m i  11 i ng r e s u l t s  i n  f o r e i g n  exchange 

cos ts  f o r  d i e s e l ,  o i l  and most v e h i c l e  o p e r a t i n g  cos ts ,  and f o r  t h e  



hammer m i l  1, d i e s e l  engine and components and raw m a t e r i a l s  f o r  t he  

dehu l l e r ,  a l l  o f  which have t o  be imported. I n  t he  economic a n a l y s i s  

o f  p r o j e c t s  i n  coun t r i es  when f o r e i g n  exchange i s  a  c o n s t r a i n t  ( i .e .  

most low-income, non o i l  produc ing c o u n t r i e s  i n  A f r i c a )  an at tempt  i s  

made t o  favour p r o j e c t s  t h a t  use l o c a l  resources more than impor ts ,  

o r  produce expo r t s  o r  r ep lace  impor ts ,  by " p e n a l i z i n g "  p r o j e c t s  t h a t  

use a  l o t  o f  f o r e i g n  exchange and c r e d i t i n g  those t h a t  earn o r  save it. 

T h i s  i s  done by app l y i ng  a  "shadow f o r e i g n  exchange r a t e "  t o  cos t s  and 

b e n e f i t s  t h a t  e i t h e r  use o r  earn  f o r e i g n  exchange, (F. E. ). I n  t h e  present  

case, t h e  s e r v i c e  p rov ided  by t h e  m i l  1  i s  s u b s t i t u t i n g  f o r  a  l o c a l  

resource, n o t  an impor ted one, so t h e r e  a re  no f o r e i g n  exchange i m p l i -  

c a t i o n s  on t he  b e n e f i t  s ide.  However, as mentioned, most o f  t h e  cos ts  

except  human resources a re  imported, t h e r e f o r e  us ing  a  shadow F.E. 

r a t e  w i  11 inc rease  cos ts  w i t h o u t  a f f e c t i n g  b e n e f i t s  . Therefore,  t h e  

r a t e  o f  r e t u r n  i s  lowered. The l i m i t e d  in fo rmat ion  a v a i l a b l e  on 

Botswana's balance o f  payments and f o r e i g n  exchange p o s i t i o n  suggests 

t h a t  F.E. i s  n o t  a  c o n s t r a i n t  a t  p resen t .  C a t t l e ,  diamonds and sundry 

r e c r e a t i o n a l  expor ts ,  t oge the r  w i t h  f o r e i g n  a id ,  keep reserves  h i g h  

and banks w i l l  r e a d i l y  hand over  f o r e i g n  cur rency  i n  exchange f o r  

l o c a l  cash. 

However i t  i s  wo r th  n o t i n g  t h a t  us i ng  a  shadow f o r e i g n  exchange r a t e  

o f  25% (i .e. i n c r e a s i n g  t h e  c o s t  of a l l  impor ted  i tems by 25%) reduces 

t h e  Rate of Return f rom 30% t o  18% and t h e  Net Present  Value t o  

8,000 Pula. Th is  imp1 i e s  t h a t  even i f  fo re i gn  exchange was a  c o n s t r a i n t ,  

an a d d i t i o n a l  s e r v i c e  m i l  1  would s t i l l  be a  s o c i a l l y  p r o f i t a b l e  ^ 

investment  f o r  Botswana, a l though c l o s e r  t o  t h e  marg in  of a c c e p t a b i l i t y .  

COMMERCIAL MILLING 

I n  terms of reduc ing  dependence on impor ted  food, i t  i s  c l e a r  t h a t  

commercial m i l  l i n g  has a  p o t e n t i a l  r o l e  t o  p lay .  By d e f i n i t i o n ,  t h e  



products of commercial m i l  1  i n g  a re  exchanged i n  t h e  cash economy, 

whereas t h e  s e r v i c e  m i  11s operate more i n  t h e  subs is tence sec to r .  I n  

t h e  cash economy, f l o u r  from l o c a l l y  grown sorghum can compete w i t h  

impor ted f l o u r ,  a1 though i t  i s  ha rd  t o  f i n d  up- t o - d a t e  data t h a t  cou ld  

i n d i c a t e  t h e  e x t e n t  t o  which t h i s  has i n  f a c t  happened. Also, t he  

i n t r o d u c t i o n  o f  commercial m i l l i n g  by i t s e l f  c o u l d  n o t  be expected t o  

cause an inc rease  i n  l o c a l  p roduc t ion .  It does o f  course p rov ide  an 

e s s e n t i a l  element, so t h a t  when inc reases  i n  l o c a l  p roduc t i on  do 

occur  they can be t ransformed i n t o  a  p roduc t  t h a t  i s  acceptable t o  

consumers. Another e s s e n t i a l  element i n  t h e  development of  domest ic 

food  p roduc t i on  i s  p r i c e .  Both BAMB and i n d i v i d u a l  m i l l  owners w i sh ing  

t o  secure l o c a l  supp l i es  f o r  commercial m i l l i n g  have had t o  inc rease  

t h e  producer p r i c e  f o r  sorghum g r a i n .  C u r r e n t l y  t h e  government i s  

back ing i t s  food s e c u r i t y  and s e l f - s u f f i c i e n c y  o b j e c t i v e s  i n  severa l  

ways: through development schemes such as ALDEP (Arab le  Lands Deve- 

lopment Program); p r o v i s i o n  o f  marke t ing  i n f r a s t r u c t u r e  (40 more 

BAMB s to rage  depots a r e  p l  anned) ; and inc reased  guaranteed producer 

p r i c e s  announced i n  t ime  t o  i n f l u e n c e  p l a n t i n g  dec is ions .  Sorghum 

p r i c e s  f o r  1982 a r e  h i ghe r  than  i m p o r t  p r i ces ,  and t h i s  p o l i c y  has had 

t o  be r e i n f o r c e d  by a  ban on impo r t s  f rom South A f r i c a  t o  a v o i d  p r o f i t  

t a k i n g  across t h e  border.  

These circumstances r a i s e  a  dilemma i n  t he  v a l u a t i o n  of b e n e f i t s  from 

commercial m i l  l i n g .  Botswana i s  a  n e t  i m p o r t e r  o f  f ood  g r a i n  and food 

g r a i n  products ,  t h e r e f o r e  u n t i  1  s e l f - s u f f i c i e n c y  i s  reached, t he  

economic va lue  o f  f l o u r  f rom l o c a l  g r a i n  can be based on i m p o r t  p a r i t y ,  

s i nce  any f l o u r  n o t  produced l o c a l  l y  would have t o  be imported. 

Therefore i t  cou ld  be argued t h a t  sorghum f l o u r  f o r  which consumers 

pay 30 t o  34+/kg shou ld  be va lued  a t  about 28+/kg, which i s  t h e  p r i c e  

of impor ted  maize f l o u r ,  o r  f l o u r  made f rom t h e  cheaper impor ted  

sorghum ( i  .e. t h e  i m p o r t  p a r i t y  p r i c e ) .  



However the re  are two main arguments aga ins t  t h i s  va lua t i on .  F i r s t ,  

t he  l o c a l  and imported sorghums are d i f f e r e n t ,  and produce d i f f e r e n t  

f l o u r  when m i l l ed .  The imported gra ins  are h y b r i d  v a r i e t i e s  and the re  

i s  evidence o f  a  consumer preference f o r  t he  domestic wh i te  sorghums*. 

Although s t r i c t l y  speaking people cou ld  be "fed" e n t i r e l y  from imported 

maize and sorghum, consumer s a t i s f a c t i o n  would be considerably less .  

Second, va lu ing  l o c a l  p roduct ion  a t  import  p a r i t y  i s  on l y  usefu l  t o  

p o i n t  o u t  t h e  economic cos t  i m p l i c a t i o n s  o f  a  pol i c y  t h a t  has many 

more c r i t e r i a  than the  greater  s a t i s f a c t i o n  of Botswana palates.  

There a re  pol i t i c a l  , s t r a t e g i c ,  s o c i a l  and c u l t u r a l  values attached t o  

1  ocal ly-produced food, t h a t  numerical ana lys i s  cannot incorporate,  b u t  

must be aware of. Therefore i t  seems reasonable t o  use the  ex ten t  t o  

which Botswana soc ie t y  i s  w i l l i n g  t o  pay f o r  l o c a l  sorghum f l o u r  as a  

s t a r t i n g  p o i n t  f o r  i t s  " r e a l t t  value. The "value-added" b e n e f i t s  of 

commercial n i i l l  i n g  can be est imated by deduct ing the  supply p r i c e  of 

a  tonne o f  l o c a l  sorghum from t h e  value o f  the  f l o u r  and bran i t  

produces, expressed i n  terms of " w i  11 ingness t o  pay. It Fol lowing t h i s  

p r i n c i p l e ,  the n e t  benef i ts  per  tonne of g r a i n  m i l l e d  commercial l y  are 

est imated a t  72 Pula per  tonne. Using t h i s  f i g u r e ,  a  s o c i a l  bene f i t  

cost-analys is  of an i n d i v i d u a l  commercial m i  11 shows an i n t e r n a l  r a t e  

of r e t u r n  of 26% and a  Net Present Value a t  12% o f  34,000 Pula, 

(Can. $48,000). D e t a i l s  a re  prov ided i n  Annex 3. 

However, us-ing i r r~por t  p a r i t y  p r i ces  f o r  the  b e n e f i t s  and a  shadow F.E. 

r a t e  o f  25% s i g n i f i c a n t l y  a l t e r s  these r e s u l t s .  F i r s t ,  assuming t h a t  

on ly  l o c a l l y  produced g r a i n  i s  commercially m i l l e d  r e s u l t s  i n  a  l a r g e  

increase i n  value-added. The F.E. component i n  the  product ion  cos t  

o f  l o c a l  sorghum i s  small (10% i s  generous), whereas the  shadow F.E. 

- - - - - - 

* I n  f a c t  there  are reg iona l  preferences w i t h i n  the country :  people i n  
t he  south prefer  t h e i r  wh i te  v a r i e t i e s  and the  f u r t h e r  nor th,  the  deeper 
the  red  co lou r  p re fer red .  



r a t e  can be app l ied  t o  the  t o t a l  va lue of t h e  f l o u r .  Therefore t h e  

value o f  the  g r a i n  r i s e s  on l y  s l i g h t l y  w h i l e  t he  value of t he  f l o u r  

r i s e s  by the  f u l l  25%, and the  gap between the  two widens. The value- 

added benef i ts  i n c r e a s e  from 72 t o  107 Pula pe r  tonne, more than 

enough t o  o f f s e t  t he  increases on the  c o s t  s ide ,  and r a i s i n g  the  r a t e  

of r e t u r n  t o  79%. A second c a l c u l a t i o n  considers the  case when on l y  

imported g r a i n  i s  m i l l e d .  Then the  f u l l  c o s t  of t h e  g r a i n  i s  sub jec t  

t o  the  shadow F.E. r a t e  and the  value-added i s  lowered t o  90 Pula per  

tonne, and the  r a t e  o f  r e t u r n  t o  40%. 

The absolute value o f  these e s t i ~ v a t e s  i s  niuch l ess  impor tan t  than t h e  

d i r e c t i o n  o f  change and the  d i f f e r e n c e  between s e r v i c e  and commercial 

m i l l i n g .  

Summary of Resul ts  

Basis of ana lys i s  Serv ice . Comnierci a1 
M i l l i n  M i l l i n g  

(ra:e o f ' r e t u r n )  

Local p r i ces  (w i l l i ngness  t o  pay) 30% 26% 

Shadow F. E. r a t e  25% 18% 79% l o c a l  g r a i n  
40% imported g r a i n  

'The summary shows t h a t  i n  terms o f  l o c a l  costs and p r i c e s  t h a t  people 

are w i l l  i n g  t o  pay, t he re  i s  n o t  much t o  choose between se rv i ce  o r  

commerci a1 mi 11 i ng (a1 though the  Net Present Val ue o f  conimerci a1 n i i  11 -i ng 

i s  h igher  because o f  much h igher  gross benef i ts ) .  Changing the  assump- 

t i o n  t o  one o f  a  f o r e i g n  exchange c o n s t r a i n t  reduces the  r a t e  of r e t u r n  

t o  serv ice  m i l l i n g ,  b u t  increases t h e  r e t u r n  t o  commercial operat ions.  

I n  simple terms t h i s  i s  because se rv i ce  m i  11 i n g  invo lves  s u b s t i t u t i n g  
a  se rv i ce  t h a t  has some F. E. costs (machine-processing) f o r  ow t h a t  has 



none (hand-processing ). Whereas, i n  t h e  con tex t  o f  a  bas i c  f ood  d e f i c i t  

commercial m i l  1  i n g  i nvo l ves  s u b s t i t u t i n g  a  p roduc t  t h a t  has some F. E. 

cos ts  ( l o c a l l y  m i l  l e d  g r a i n )  f o r  one t h a t  has 100 pe rcen t  F.E. con ten t  

( impor ted  f l o u r ) .  I n  t he  f i r s t  p l ace  t h e r e  i s  an a d d i t i o n  t o  F.E. 

spending w i t h  no saving; i n  t h e  second, t h e r e  i s  a  cons ide rab le  sav ing 

t o  o f f se t  t h e  i n c r e a s i n g  F.E. expendi ture.  M i l l e d  l o c a l  g r a i n  has, of 

course, a  much lower  F. E. con ten t  than m i l  l e d  impor ted  g r a i n  and t he re -  

fo re  t h e  r a t e  of r e t u r n  i s  much h igher .  

Thus when F.E. i s  an impo r tan t  cons ide ra t i on ,  commercial m i l  l i n g  i s  more 

a t t r a c t i v e  t han  s e r v i c e  m i l l i n g ,  and i t  i s  much b e t t e r  t o  m i l l  l o c a l l y -  

produced t han  impor ted g r a i n .  

AGGREGATE EFFECT 

An a t tempt  i s  made i n  Annex 4 t o  es t ima te  t h e  o v e r a l l  r a t e  o f  r e t u r n  t o  

t h e  g r a i n  m i l l i n g  R & D e f f o r t  i n  Botswana f rom 1976 t o  date,  us i ng  t he  

ac tua l  and p r o j e c t e d  da ta  i n  Table 2  on g r a i n  processed. Costs a re  

assumed t o  have s t a r t e d  i n  1976, w i t h  t h e  f i r s t  p r o j e c t ,  and t h e  

accumulated b e n e f i t s  f rom work done p r i o r  t o  t h a t  i n  N i g e r i a  and Canada 

a re  assumed t o  be cos t l ess  t o  Botswana. The l a c k  of da ta  r e q u i r e s  some 

h e r o i c  assumptions t o  be made about t h e  c o s t  o f  resources used d u r i n g  

t he  research phase t h a t  shou ld  be charged t o  t h e  whole program. 

S i m i l a r l y ,  t h e  c o s t  o f  resources t h a t  w i  11 be r e q u i r e d  i n  terms o f  

a d m i n i s t r a t i v e  and t e c h n i c a l  suppor t  t o  m a i n t a i n  t h e  development momentum 

i s  n o t  easy t o  est imate.  However, t h e  p r o j e c t i o n  of b e n e f i t s  i s  based 

o n l y  on t h e  i n f o r m a t i o n  i n  Table 2, which r e f e r s  t o  t h e  17 m i l l s  

es tab l i shed  and ope ra t i ng  as o f  January, 1982; i t  does n o t  i n c l u d e  an 

es t imate  o f  o u t p u t  f rom t h e  u n i t s  t h a t  w i l l  undoubdtedly be e s t a b l i s h e d  

i n  1982 and subsequent ly,  and which w i l l  tend  t o  reduce t h e  per  u n i t  

"overhead" a d m i n i s t r a t i v e  and t e c h n i c a l  costs .  Th is  f a c t o r ,  t oge the r  

w i t h  t h e  conserva t i ve  p r o j e c t i o n s  o f  th roughput  of e x i s t i n g  m i  11 s  and 



value o f  benef i t s ,  lend  confidence t o  t he  o v e r a l l  r e s u l t s ,  which are:  

I n t e r n a l  r a t e  of r e t u r n  20% 

Net Present Value (12%) 725,000 Pula (Can. $1,021,000) 

This ana lys is  supports t h e  general  conclus ion t h a t  t he  sorghum m i l l i n g  

R & D e f f o r t  i n  Botswana w i t h  which I D R C  has been assoc ia ted  has had 

and i s  having a  p o s i t i v e  development e f f ec t  on soc ie t y .  The p r i n c i p a l  

bene f i c i a r i es  a re  the  women and c h i l d r e n  who would otherwise have t o  

process the d a i l y  fami ly  food by hand, and t h e  Botswana consumer who 

i s  ab le  t o  exerc ise  h i s  o r  her  preference f o r  l o c a l  produce over 

imported f 1  our. 

This  conclus ion should n o t  be s u r p r i s i n g  s ince  t h e  case study was p icked 

del  i b e r a t e l y  on the  bas is  o f  prev ious e x i s t i n g  evidence t h a t  a  development 

impact had occurred subsequent t o  t h e  research phase and t h a t  t h e  impact 

was probably  p o s i t i v e .  I n  o rde r  t o  e x t r a c t  t he  maximum b e n e f i t  from t h e  

eva lua t i on  i t  i s  wor th cons ider ing  t h e  main causal fac to rs ,  o r  determi- 

nants o f  t he  successful  progress ion from research t o  p o s i t i v e  development 

e f f e c t .  It i s  f e l t  t h a t  as much can be l e a r n t ,  and perhaps w i t h  g rea te r  

confidence, from occasions when " th ings  have gone r i g h t "  as from when 

they have not ,  and an i d e n t i f i c a t i o n  and d iscuss ion  of determinants i s  

t he  sub jec t  of t h e  nex t  sec t ion .  

Determinants 

P r o j e c t  o r i g i n s :  As descr ibed e a r l i e r ,  t h e  sorghum m i l l i n g  R & D e f f o r t  

i n  Botswana had i t s  o r i g i n s  i n  a  Botswana government development p o l i c y  

o b j e c t i v e  of "economic independence" (Nat ional  Devel opn~ent Plan, 1979-85) 

and, more s p e c i f i c a l l y ,  a  request  f rom t h e  M i n i s t r y  of A g r i c u l t u r e  t o  

BAMB t o  i n v e s t i g a t e  sorghum processing p o s s i b i l i t i e s  as p a r t  of a  means 

t o  t h i s  end. Thus, a l though i t  would be an exaggerat ion t o  say t h a t  



I D R C  "responded" i n  t h e  sense of remain ing i n a c t i v e  u n t i l  a  reques t  f o r  

ass is tance  was rece ived,  a  p r i n c i p a l  de te rminan t  of successful  development 

work was p resen t  i n  t h e  form of s t r ong  government commitment and a c t i v e  

suppor t .  I n  t h i s  con tex t ,  t h e  technology and t h e  k i n d  of suppor t  t h a t  

t h e  Centre was seeking t o  o f fe r  f i t t e d  we1 1. 

A1 so, t h e  1 oca l  commitment has been comprehensive, and t h e  government 

has taken s teps t o  remove c o n s t r a i n t s  and f a c i l i t a t e  development i n  a l l  

t h e  necessary areas : produc t ion ,  p r i c i n g ,  market ing,  t r ade ,  and 

process ing . 

Th is  tends t o  i l l u s t r a t e  t h e  importance of m a i n t a i n i n g  t h e  Cent re 's  

ope ra t i ng  p h i  losophy of avo id i ng  pushing pre-ordained packages o f  

ass is tance  on to  r e c i p i e n t s .  P a r t i c u l a r l y  when a s p e c i f i c  i t e m  of 

technology, such as t h e  dehu l l e r ,  i s  c l o s e l y  i d e n t i f i e d  w i t h  I D R C  

support ,  t h e r e  i s  a  r i s k  t h a t  t h i s  " s o l u t i o n "  begins t o  l o o k  f o r  a  

problem; consequent ly t h e r e  i s  a  need t o  keep a c l e a r  focus on respon- 

d i ng  t o  a  l o c a l  commitment t o  address a p a r t i c u l a r  problem. The Centre 

must a l s o  be f u l l y  aware of t he  dimensions of t h e  plroblem t h a t  need t o  

be examined i n  o rder  t o  be sure  t h a t  t h e  technology has a good chance 

of making a p o s i t i v e  c o n t r i b u t i o n .  I n  some coun t r i es ,  t h e  p a r t  of 

t he  system i n  most need of t echno log i ca l  advance may be d r y i n g  and/or 

storage, and n o t  process ing . 

Consumer preference: A second key de te rminan t  o f  t h e  pos i  ti ve development 

e f f ec t  i s  t h e  s t r ong  l o c a l  demand f o r  sorghum and e s p e c i a l l y  products  

de r i ved  from l o c a l  sorghums as opposed t o  impor ts .  I n  many p a r t s  of 

A f r i  cay  t h e  s h i f t  f rom r u r a l  / subs is tence  t o  urbanlcash economies i s  

assoc ia ted  w i t h  a  s h i f t  i n  p re fe rence  away f rom t r a d i t i o n a l  g r a i n s  t o  

maize, r i c e  and wheat. I n  Botswana, i t  appears t h a t  t h e  s h i f t  i n  

consumption from sorghum t o  maize has ( a t  l e a s t  i n  p a r t )  n o t  been 



accompanied by an i r r e v o c a b l e  change i n  preference. C l e a r l y  commercial 

m i l l i n g  of l o c a l  produce w i l l  have l i t t l e  chance of develop ing un less 

t h e  consumers who buy t h e i r  food r a t h e r  than produc ing i t  genuine ly  

p re fe r  l o c a l  f l o u r ,  o r  un less t h e  l o c a l  p roduc t  i s  cheaper. 

The preference of Botswana women n o t  t o  have t o  hand-pound t h e i r  own 

g r a i n  i s  an obvious determinant  o f  t h e  r a p i d  acceptance of t h e  system. 

This  can be con t ras ted  w i t h  Senegal, where women g i v e  a much h ighe r  

p r i o r i t y  t o  g r i n d i n g  m i l l e t  and w i l l  a r r i v e  w i t h  g r a i n  a l r eady  dehu l led  

by hand f o r  m i l  1  i ng :  they a r e  more prepared t o  pay f o r  g r i n d i n g  than 

dehu l l  i n g .  

I n s t i t u t i o n :  It i s  hard  t o  p u t  these determinants  i n  o rde r  o f  importance, 

and perhaps i t  would be f r u i t l e s s ,  s i n c e  if any one was absent, i t  i s  

un l  i k e l y  t h a t  any th ing  s i g n i f i c a n t  would occur.  C e r t a i n l y ,  t h e  Rural  

I n d u s t r i e s  I nnova t i on  Centre (R I IC)  i s  an e s s e n t i a l  f a c t o r .  It cou ld  

have been grouped w i t h  t h e  o t h e r  man i fes ta t ions  of government suppor t  

b u t  i s  cons idered impor tan t  enough f o r  separate d iscuss ion .  There a r e  

t h r e e  main aspects o f  t he  R I I C  t h a t  shou ld  be mentioned. F i r s t ,  t h e  

R I I C  has t h e  capac i t y  t o  conduct research  and f i e l d  t e s t i n g  of va r ious  

p ro to types  of sma l l -sca le  r u r a l  techno log ies  and t o  produce a proven 

i t e m  i n  s u f f i c i e n t  numbers t o  s a t i s f y  p o t e n t i a l  demand i n  t h e  coun t ry  

w i t h i n  a  r e l a t i v e l y  s h o r t  per iod .  I f  t h e  "D" i n  R & D stands f o r  

development i n  t he  sense of manufacture and d issemina t ion  of a  technology, 

t h i s  means t h a t  bo th  t h e  R and D o f  t h e  d e h u l l e r  and t h e  system i n t o  

which i t  f i t s  a r e  conducted by one o rgan i za t i on .  Th i s  has been c r i t i c a l  

t o  t he  r a p i d  sequence of events i n  Botswana. Second, t h e  s t r ong  

government l i n k s  t h a t  t h e  i n s t i t u t i o n  has t o  t h e  M i n i s t r y  o f  Commerce 

and I n d u s t r y  means t h a t  t h e  l a r g e l y  e x p a t r i a t e  t e c h n i c a l  s t a f f  o f  R I I C  

channel t h e i r  e f f o r t s  t o  areas o f  p a r t i c u l a r  concern t o  t h e  government. 

Th i rd ,  t h e  l ong  term commitment t o  core  suppor t  of R I I C  by t h e  F r i e d r i c h  



Eber t  Foundat ion p rov ided  t h e  e s s e n t i a l  i n f r a s t r u c t u r e  f o r  t he  implemen- 

t a t i o n  of t h e  IDRC-supported p r o j e c t ,  and t h e  t r a i n i n g ,  t e c h n i c a l  and 

a d m i n i s t r a t i v e  back-up f o r  t h e  subsequent devel  opment work. 

Use of expa t r i a tes :  It should a l s o  be no ted  here t h a t  t h e  range of 

spec ia l  i s t  t e c h n i c a l  and p ro fess iona l  s k i  11s r e q u i r e d  t o  develop and 

disseminate a  technology such as t h e  m i l l i n g  system i s  n o t  a v a i l a b l e  

i n  Bostwana, and t h e  r o l e  o f  e x p a t r i a t e s  has been c e n t r a l .  



I I I CONCLUSIONS 

The da ta  used i n  t h e  ana l ys i s  i s  incomplete and imper fec t  b u t  t h e  

c a l c u l a t i o n s  a re  based on a c t u a l  events  t h a t  have occur red  and ac tua l  

m i  11 i n g  systems t h a t  a re  func t ion ing .  However, v i s u a l  evidence and 

impressions a re  as impo r tan t  as d r y  da ta  i n  making judgements about 

development, and t o  suppor t  the  a n a l y s i s  i s  a  s t r o n g  impress ion of 

i n t e r e s t ,  enthusiasm and commitment. T h i s  suppor ts  t h e  conc lus ion  t h a t  

t h e  n e t  e f f ec t  of t h e  sorghum 111-ill ing e f f o r t  on t h e  s o c i a l  and economic 

w e l f a r e  o f  Botswana has been and w i l l  be p o s i t i v e .  I n s o f a r  as such an 

e f f e c t  can be reduced t o  s imple numbers, t h e  Net Present  Value o f  t h e  

sum o f  a l l  research and development investment  s i n c e  1976 i s  es t imated  

t o  be about Can. $1,000,000 ( a t  12%), w i t h  a  Rate o f  Return of 20 percent.  

Up t o  t h e  p o i n t  where l o c a l  demand i s  s a t i s f i e d ,  t h e  Net Present  Value 

w i l l  be inc reased  f o r  each a d d i t i o n a l  m i l l  b rough t  i n t o  serv ice* .  

The e x t e n t  of l o c a l  demand i s  hard  t o  asce r ta i n ,  and t h e r e  a r e  severa l  

c o n f l i c t i n g  est imates.  A UNIDO Feas ib i  1  i t y  Study on sorghum m i  11 i n g  

was done i n  1980, b u t  i s  unava i l ab le  a t  t h e  t ime of w r i t i n g .  The key 

v a r i a b l e s  upon which an es t imate  o f  t h e  p o t e n t i a l  demand f o r  t h e  

dehul 1  i ng and mi 11 i ng u n i t s  depends are:  

. e f f e c t i v e  demand f o r  s e r v i c e  m i l l i n g  o f  l o c a l  p roduc t i on  

. e x t e n t  t o  which l o c a l  sorghum f l o u r  can rep lace  o t h e r  products  

. average annual throughput  o f  s e r v i c e  and commercial u n i t s  

. domestic p roduc t i on  capac i t y  of sorghum. 

* Any sa les  o f  m i l l i n g  systems t o  o t h e r  c o u n t r i e s  w i l l  n o t  b r i n g  s i g n i f i c a n t  
b e n e f i t s  t o  t h e  Botswana economy b u t  w i  11 p rov ide  use fu l  revenue f o r  R I I C .  
I n t e r e s t  has been expressed by Sudan, Malawi, Tanzania and Zimbabwe. 



A t  t he  moment, t h e  d i s t r i b u t i o n  of u n i t s  i s  n o t  f o l l o w i n g  any formal 

master plan, b u t  purchasers a re  adv ised of e x i s t i n g  l o c a l  mi 1  l i n g  capac i t y  

i n  t h e  area where they i n t e n d  t o  e s t a b l i s h  a  m i l l .  The b a s i c  investment  

dec i s i on  i s  l e f t  ma in ly  t o  t h e  purchaser.  As t h e  l i m i t  of l o c a l  p o t e n t i a l  
i s  approached, i t  may be necessary t o  s u b s t a n t i a t e  t h e  adv ice  g i ven  t o  

would-be i n v e s t o r s  w i t h  more re1  i a b l e  i n fo rma t i on  on p roduc t ion ,  consump- 

t i o n  a n d  throughput  of e x i s t i n g  m i  11s i n  s p e c i f i c  l o c a t i o n s .  

The cos t -bene f i t  a n a l y s i s  serves t o  i l l u s t r a t e  t h e  s e n s i t i v i t y  of t he  

m i  11 i n g  development t o  two main v a r i a b l e s :  f o r e i g n  exchange and t ime.  

As a l ready  mentioned, t h e r e  a re  no f o r e i g n  exchange (F.E. ) sav ings 

assoc ia ted  w i t h  s e r v i c e  m i  11 i ng ,  whereas bo th  c a p i t a l  and ope ra t i ng  cos t s  

con ta in  impor ted elements. A lso,  commercial m i l  1  i n g  by i t s e l f  cannot be 

expected t o  save f o re i gn  exchange, and t h e  i m p o r t  c o s t  elements of 

storage, t r a n s p o r t ,  and packaging a re  s i g n i f i c a n t .  Therefore i n  c i rcum- 

stances where f o re i gn  exchange i s  a  se r i ous  problem, po l  icy-makers need 

t o  be aware of t h e  i m p l i c a t i o n s  of widespread adopt ion  of t h i s  techno- 

logy.  B e l i e f  i n  t he  non-monetary bene f i t s  of s e r v i c e  m i l l i n g  would 

need t o  be s t rong ;  and t he  promot ion of commercial m i l l i n g  would need 

t o  be p a r t  o f  an i n t e g r a t e d  package of a p p r o p r i a t e  p roduc t ion ,  market ing, 

p r i c i n g  and t r a d e  p o l i c i e s ,  so t h a t  t h e r e  a r e  good p rospec ts  of F.E. 

savings from inc reased  p roduc t i on  and process ing of l o c a l  g r a i n s  t o  

o f f se t  t h e  F.E. cos ts  o f  m i l l i n g .  

The Botswana exper ience has been one o f  a  very  r a p i d  t r a n s i t i o n  from 

research t o  adopt ion: t h e  f i r s t  p r o j e c t  began i n  1976 and by 1981, 14  

m i l l i n g  u n i t s  were i n  opera t ion .  One of t h e  main determinants  t h a t  

made t h i s  p o s s i b l e  was t h e  c a p a c i t y  o f  R I I C  t o  do research  on, t o  

manufacture, and t o  extend t h e  technology.  I f  these f u n c t i o n s  had had 

t o  be c a r r i e d  o u t  by d i f f e r e n t  o rgan i za t i ons ,  o r  if f o r  some reason 

t h e r e  had been a  l a g  o f ,  say f i v e  years  between p r o t o t y p e  t e s t i n g  and 



adopt ion  on t h e  s c a l e  t h a t  now p r e v a i l s ,  t h e  o v e r a l l  r a t e  of r e t w r n  

drops t o  about 10 percen t  and t h e  Net Present  Value a t  12% becomes 

negat ive.  The Botswana case migh t  be s a i d  t o  be excep t i ona l  and these 

rough c a l c u l a t i o n s  should n o t  l e a d  t o  t h e  conc lus ion  t h a t  any p r o j e c t  w i t h  

a  s lower  r a t e  of t r a n s i t i o n  w i l l  n o t  have p o s i t i v e  e f fec ts .  However, 
they  do suppor t  t h e  con ten t i on  t h a t  t ime  i s  t h e  essence of  developnient. 

For h i g h l y  s p e c i f i c  technology R & D, such as t h a t  r e q u i r e d  t o  adapt 

and promote t he  adopt ion of t he  d e h u l l e r ,  a  r a p i d  t r a n s i t i o n  from problem- 

o r i e n t e d  research t o  implementat ion of t h e  s o l u t i o n  i s  impor tan t .  

Jus t  as t he  t r a n s i t i o n  i n  t ime  has been rap id ,  so  has t h e  t r a n s i t i o n  i n  

technology been rev01 u t i o n a r y :  from wooden mor ta r  and p e s t l e  t o  d i e s e l  

engines d r i v i n g  complex hardware. As m igh t  be expected t h e r e  have been 

t e e t h i n g  problems i n  t he  f i e l d ;  e.g. t he  d r i v e  s h a f t ,  t h e  rubber  l i n i n g  

and t he  carborundum stones o f  t h e  d e h u l l e r ,  have worn o u t  a t  unexpectedly 

f a s t  r a tes .  The d i f f i c u l t i e s  a re  p a r t l y  due t o  inadequate ope ra t i on  and 

maintenance s k i l l s  and p a r t l y  des ign f a u l t s ,  a l though t h e  ba lance between 

t h e  two i s  unce r ta i n .  Unquest ionably,  f o r  development momentum t o  be 

sustained, i ntens i ve  ope ra to r  t r a i n i n g  ; adherence t o  maintenance schedules ; 

and r e g u l a r  t e c h n i c a l  back-up se rv i ces  a re  e s s e n t i a l .  A t  present ,  t h e  

capac i t y  o f  R I I C  t o  p rov ide  t h e  l a t t e r  i s  s t r e t c h e d  t o  t h e  l i m i t .  To 

t h e  e x t e n t  t h a t  t h e  design o f  t h e  dehul l e r  cou ld  be m o d i f i e d  t o  e l i m i n a t e  

t e e t h i n g  t r o u b l e s  and decrease i t s  s e n s i t i v i t y  t o  inexper ienced  opera to rs ,  

t he  p o s s i b i l i t y  o f  more research and t h e r e f o r e  o f  f u r t h e r  I D R C  suppor t  

i s  r a i sed .  I f  n o t  f o r  t h i s  s p e c i f i c  p r o j e c t ,  i t  i s  an impo r tan t  

general  p o l i c y  ques t i on  f o r  t h e  Centre:  how t o  recogn ize  when t o  back 

o u t  and leave l o c a l  resources t o  cope, and when t o  m a i n t a i n  suppor t  i n  

o rde r  t o  conso l i da te  a  development pa th?  

Much o f  t h e  prev ious d i scuss ion  i l l u s t r a t e s  an impo r tan t  p o i n t  about 

t h e  r o l e  of research in ldevelopment and t h e  u t i l i z a t i o n  o f  t h e  r e s u l t s  

of IDRC-supported p r o j e c t s .  It i s  c l e a r  f rom t h i s  case t h a t ,  even w i t h  



an i d e n t i  fi ab le  i tem o f  techno1 ogy , development does n o t  "happen" a1 ong 

a simple,  s i n g l e  t r a c k  from research  p r o j e c t  t o  widespread adopt ion.  

Nor does a s i n g l e  research p r o j e c t  cause a development e f fec t .  Many 

elements have t o  co inc ide ,  some i n  t h e  category o f  p o l i t i c a l ,  phys i ca l  

o r  c u l t u r a l  environment; some under t h e  headings o f  p u b l i c  p o l i c y  and 

p r i v a t e  dec is ions ;  and some r e l a t e d  t o  t h e  a p p l i c a t i o n  of e x i s t i n g  

knowledge t oge the r  w i t h  new knowledge generated by research. The bes t  

t h a t  any one research p r o j e c t  can hope f o r  i s  t o  p rov ide  a miss ing  

element and t o  be assoc ia ted  w i t h ,  r a t h e r  than  cause, a  p o s i t i v e  

development. 

I n  o rder  t o  inc rease  t h e  p o s s i b i l i t y  of such p o s i t i v e  assoc ia t i ons  

occur r ing ,  t h e  lessons from t h i s  p a r t i c u l a r  case would seem t o  be: 

( a )  t o  be con f iden t  about t h e  s i g n i f i c a n c e  o f  t h e  problem and t h e  

appropr ia teness o f  t h e  s o l u t i o n ,  and s p e c i f i c a l  l y  t h a t  

. d e h u l l i n g  i s  a  l i m i t i n g  c o n s t r a i n t  and t h a t  i t  i s  perce ived  as 

such by r u r a l  people as we1 1 as po l  i cy-makers, 

. the re  i s  a  s t r o n g  preference f o r  l o c a l  f l o u r ,  

. the re  i s  s u f f i c i e n t  l o c a l  p roduc t i on  i n  s u f f i c i e n t  concen t ra t ions  

t o  make machine process ing f e a s i b l e ,  espec ia l  l y  i n  cases where 

F.E. i s  l i m i t i n g ;  

(b )  t h e  presence o f  t h e  o t h e r  determinants  o f  p o s i t i v e  development, 

p r i n c i p a l  l y  

. l o c a l  gwernment  commitment and a c t i v e  suppor t  where app rop r i a te  

i n  p roduc t ion ,  marke t ing  , p r i c i n g  and t r a d e  po l  i c y  , 

. t h e  r i g h t  i n s t i t u t i o n a l  i n f r a s t r u c t u r e  f o r  research  adaptat ion,  

manufacture and d i s t r i b u t i o n ,  and 

. ope ra to r  t r a i n i n g  and t e c h n i c a l  back-up se rv i ces .  



Clea r l y  no r e c i p i e n t  cou ld  o f fe r  guarantees on a l l  of t h e  above, nor  

could a development research donor i n s i s t  on them before o f f e r i n g  

support .  However, d e t a i l e d  cons ide ra t i on  o f  such issues, w i t h  p r e l i -  

minary i n v e s t i g a t i o n  work as necessary should be an i n t e g r a l  component 

of t h e  d ia logue preceding ass is tance.  



P o s t s c r i p t  on Method01 ogy 

The method used i n  t h i s  r e p o r t  t o  analyse t h e  development e f f ec t  i s  a  

s i m p l i f i e d  fo rm o f  " s o c i a l  b e n e f i t - c o s t  ana l ys i s . "  The tern1 " s o c i a l "  i s  

t r a d i t i o n a l l y  used t o  s i g n i f y  t h a t  t he  va lues o f  cos ts  and b e n e f i t s  a re  

based on es t imates  o f  " r e a l "  va lue t o  s o c i e t y ,  which may o r  may n o t  be t h e  

same as money p r i c e s  c u r r e n t l y  pa id .  The c l a s s i c  i l l u s t r a t i o n  of t h i s  

i s  t h e  case of u n s k i l l e d  l abou r  i n  a  s e t t i n g  o f  c h r o n i c  unemployment. A 

new p r o j e c t  us ing  p r e v i o u s l y  unemployed l abou r  w i l l  have t o  pay t h e  go ing 

wage, b u t  t h a t  may be an overstatement  o f  t he  c o s t  t o  s o c i e t y  o f  do ing so: 

if i d l e  l abou r  i s  drawn i n t o  p r o d u c t i v e  employment, t h e  " r e a l "  c o s t  t o  

s o c i e t y  i n  terms of l o s t  o u t p u t  may be c l o s e  t o  zero. Decision-makers 

w i sh ing  t o  s e l e c t  p r o j e c t s  t h a t  t end  t o  reduce unemployment, may r e q u i r e  

t h a t  they  a r e  favoured by c o s t i n g  l abou r  a t  lower  than  t h e  cash wage 

( i .e .  by us ing  a  "shadow" wage r a t e ) .  

The m e r i t s  and d e f i c i e n c i e s  o f  t h i s  technique.  a r e  covered by an ex tens i ve  

l i t e r a t u r e ,  b u t  a  few comments on t h i s  p a r t i c u l a r  case a re  i n  order .  

(a)  W i t h  t h e  excep t i on  o f  some b e n e f i t s  and f o r e i g n  e ~ c h a n g e  s e n s i t i v i t y  

t e s t s ,  c u r r e a t  market  p r i c e s  have been used i n  t h e  a n a l y s i s .  Therefore 

t h e  f i n a n c i a l  r a t e s  o f  r e t u r n  shou ld  n o t  be s i g n i f i c a n t l y  d i f f e r e n t  

f rom t h e  s o c i a l  r a tes .  However, some f i n a n c i a l  analyses o f  m i l  1  u n i t s  

do n o t  show t h e  l e v e l  o f  p r o f i t a b i l i t y  t h a t  would be suggested by 

s o c i a l  r a t e s  o f  r e t u r n  o f  30 percen t .  There a re  two main reasons: 

f i r s t ,  t he  f i n a n c i a l  analyses i n c l u d e  bo th  dep rec ia t i on ,  i n t e r e s t  and 
l oan  repayment on t h e  c o s t  s ide ,  thereby  double-count ing c a p i t a l  t o  
an e x t e n t  t h a t  i s  n o t  done i n  c o s t - b e n e f i t  ana l ys i s .  Second, i n s o f a r  

as t h e  v a l u a t i o n  o f  b e n e f i t s  i n  t he  s o c i a l  b e n e f i t - c o s t  a n a l y s i s  i s  

h i ghe r  than  t h e  market  p r i c e ,  e.g. 3.5 t p e r  kg f o r  s e r v i c e  m t l l i n g  

compared w i t h  a  charge o f  3 .0 t  a t  most m i l l s ,  t h e  lower  f i n a n c i a l  r a t e s  



of r e t u r n  i n d i c a t e  t h a t  most of t h e  soc i  a1 bene f i t s  a re  be ing  captured 

by t h e  consumers and n o t  by t h e  owner-operators.  

(b )  It i s  p o t e n t i a l l y  m is lead ing  t o  l e t  t h e  judgement of a  complex ope ra t i on  

r e s t  on a  s i n g l e  f i gu re ,  such as a  Net Present  Value. Many assumptions 

have t o  be made on t h e  way t o  a r r i v i n g  a t  such a  f i gu re ,  most of them 

about f u t u r e  events,  and any one of which cou ld  s i g n i f i c a n t l y  change 

t he  end r e s u l t .  Therefore these c r i t e r i a  should n o t  be used t o  make 

abso lu te  judgements about t h e  d e s i r a b i l i t y  o r  o therw ise  of p r o j e c t s .  

Apar t  from da ta  problems, t h e  c r i t e r i a  a r e  o f  l i t t l e  va lue  i n  i s o l a t i o n  

and i n  an i d e a l  wo r l d  would be used t o  s e l e c t  o u t  a  s e t  of t h e  most 

s o c i a l l y  p r o f i t a b l e  p r o j e c t s .  The techn ique  i s  most usefu l  f o r  making 

comparisons , e.g. between a  s e r v i c e  m i  11 and a  commercial mi 11 , and 

f o r  t e s t i n g  t h e  s e n s i t i v i t y  of t h e  s o c i a l  p r o f i t a b i l i t y  t o  changes i n  

key va r i ab les ,  such as f o re i gn  exchange cos t s  o r  r a t e s  of  throughput .  

A1 so, t h e  framework and concepts of t h e  soc i  a1 benef i t - c o s t  "model " 
necess i t a te  a  d i s c i p l i n e d  and comprehensive c o n s i d e r a t i  on of what r e a l  l y  

a re  t h e  cos ts  and b e n e f i t s  of a  p a r t i c u l a r  a c t i v i t y  t o  t h e  s o c i e t y  i n  

quest ion.  Th i s  o f t en  leads t o  i d e n t i f i c a t i o n  o f  t h e  most c r i t i c a l  

po l  i c y  dec i s i ons  t h a t  must be made i n  o rde r  t o  secure t h e  p o t e n t i a l  

bene f i t s .  

Fu r t he r  caveats a re  needed on t h e  o v e r a l l  r a t e  of r e t u r n  t o  sorghum 

m i l l i n g  R & D, a1 though n o t  on t h e  genera l  conc lus ions  t o  which t he  

a n a l y s i s  con t r i bu ted .  The l i t e r a t u r e  i s  l i b e r a l l y  endowed w i t h  work 

showing h i g h  r a t e s  of r e t u r n  t o  a g r i c u l t u r a l  research,  p a r t i c u l a r l y  t o  

p l a n t  breeding research. A  g r e a t  deal  of  t h e  a n a l y s i s  i s  concep tua l l y  

unsound, weakly documented and o f  min imal  ass is tance  t o  decis ion-maki ng. 

F i r s t ,  t h e  r e s u l t s  have r a r e l y  been used t o  compare t h e  d e s i r a b i l i t y  of 

d i f f e r e n t  avenues o f  research, e i t h e r  w i t h i n  a g r i c u l  t u r e ,  o r  between 

a g r i c u l t u r e  and o t h e r  sec to rs .  They have perhaps tended t o  be employed 



t o  support the  no t i on  t h a t  a g r i c u l t u r a l  research p e r  se i s  "a good 

thing," which may be genera l l y  t r u e  bu t  i s  no t  especia l  l y  he1 p fu l  t o  

research p lanning and management. It tends t o  generate and perpetuate 

unreal i s t i c  expectat ions about t he  powers of a g r i c u l t u r a l  s c i e n t i s t s ,  

as if they alone can so lve  food problems and there fore  have somehow 

f a i l e d  when the  problems remain unsolved. The eminent a g r i c u l t u r a l  

s c i e n t i s t  A.H. Bunting, has w r i t t e n  r e c e n t l y  on t h i s  sub jec t *  

" A g r i c u l t u r a l  research i s  the  on l y  area of app l i ed  science 
known t o  nie i n  which a  p r a c t i t i o n e r  i s  n o t  o n l y  t r u s t e d  
b u t  expected t o  improve the  ou tput  of a  system w i thou t  
f i n d i n g  o u t  f i r s t  how i t  a c t u a l l y  works now." 

Second, the  pub1 ished works revea l  s u f f i c i e n t l y  1  i t t l e  o f  t h e i r  d e t a i l e d  

ana lys is  t o  support the susp ic ion  t h a t  t oo  few o f  t he  e x t r a  non-research 

resources t h a t  a re  necessary t o  produce t h e  product ion and consumption 

benef i ts  a re  inc luded i n  the  ca l cu la t i ons .  A l l  o f  t he  benef i ts  tend 

t o  be c r e d i t e d  t o  R & D. Also, many of the  studies,  l i k e  t h e  present  

one, a re  o f  known success s t o r i e s  and therefore show h igh  marginal r a t e s  

of r e t u r n  w i thou t  s tudying the  composit ion of t he  average r a t e  o f  r e t u r n  

One o f  t he  pioneers o f  t h i s  work, Z. G r i l i c h e s ,  uses an o i l  exp lo ra t i on  

analogy t o  make t h i s  po in t * * :  

"What i s  t he  p o i n t  o f  c a l c u l a t i n g  the  r a t e  o f  r e t u r n  on 
one of the  outstanding techno log ica l  successes of the  
century ( h y b r i d  corn)?  Obviously i t  w i l l  be high. What 
we would l i k e  t o  have i s  an est imate t h a t  would a l s o  
i nc lude  t h e  cos t  o f  a l l  t h e  "dry  holes"  t h a t  were d r i l l e d  
before hyb r id  corn was s t ruck .  I' 

However, i t  i s  suggested t h a t  t o  f o l l o w  such a  proposal i n  t h i s  case 

would y i e l d  l i t t l e  benef i t .  To analyse a1 1  r u r a l  technology R & D i n  

Botswana, o r  a1 1  sorghum m i  11 i n g  p r o j e c t s  funded by I D R C y  and t o  

a r r i v e  a t  a. s i n g l e  magic number would be extremely c o s t l y  (apa r t  f rom 

* Journal o f  A g r i c u l t u r a l  Economists 1981, Vol. 32, (3 )  p. 297. 

** Journal o f  P o l i t i c a l  Economy 1958, Vol . 66, p. 426. 



some cons iderab le  conceptual  d i f f i c u l t i e s ) .  It would o n l y  be of 

r e a l  va lue  if i t  threw up i n s i g h t s  i n t o  how t o  p l a n  and o rgan ize  a l l  

research i n  o rde r  t o  maximize t h e  number o f  s t r i k e s  and min im ize  t h e  

d r y  holes.  Suggestions have a l r eady  been o f f e red  i n  t h e  conc lus ions 

on t h i s  area, and scarce e v a l u a t i o n  resources would perhaps be b e t t e r  

employed implement ing them, suppor ted by f u r t h e r  case s tudy  work as 

appropr ia te .  



Annex 1 

Some key documents w i t h  overv iew and e v a l u a t i v e  con ten t  on A f r i c a  
g r a i n  m i l  1 i n g  p r o j e c t s  supported by I D R C .  

1. Gra in  M i l  1  i n g  and U t i l i z a t i o n  ( N i g e r i a ) :  An Eva lua t ion ,  
W.D. Dan ie ls ,  AFNS, 1978. 

2. F e a s i b i l i t y  Study on Food Gra in  Processing i n  N ige r i a ,  
by Study Group on N ige r i an  G r a i n  Processing, June 1978. 

3. Sorghum M i l l i n g  - a  New Agro- Indus t ry  f o r  Botswana, 
R.S.  F o r r e s t  and G. Yaciuk ( I D R C  MR30) 1980. 

4. Consumer p re fe rence  s tudy  i n  g r a i n  u t i l i z a t i o n ,  
J .  S teck le  and L.  Ewanyk (IDRC - 022e), 1974. 

5. F i n a l  Report, Sorghum M i  11 i n g  Botswana I I ( I D R C  3-P-78-0023), 1980. 

6 .  The Impact o f  Sorghum M i l l s  on Four Rural  Communities i n  Botswana, 
D. Narayan-Parker, R I I C ,  1981. 

7. Food Systems: an account o f  t h e  p o s t  p roduc t i on  systems program supported 
by I D R C  (IDRC 146e), 1979. 

8. An End t o  Pounding, Paul Eastman (IDRC 152e), 1980. 

9.  Post-Harvest Technology i n  Senegal: Current  P rac t i ces  and Fu tu re  
Needs, G.  and A.D.  Yaciuk (1978).  

10. The Post-Harvest Food Gra in  I n d u s t r y  i n  Semi-Arid A f r i c a ,  
R.S. Fo r res t ,  T.A. Peterson, J  .J. Hogue, J .  S teck le ,  I D R C  1975. 

11. A Decade o f  Learn ing.  AFNS: The F i r s t  Ten Years (IDRC 170e) 1981. 

12. " t l h o b o l o  l e t s h i l o  y a  mabele" - t h e  niach-ine t h a t  d e h u l l s  and 
g r i n d s  sorghum f o r  us.  R I I C ,  Kanye, December 1979. 

P lus:  T r i p  r e p o r t s ,  progress r e p o r t s  and f i n a l  r e p o r t s  on each p r o j e c t  
c o n t a i n  impor tan t  e v a l u a t i v e  i nforn ia t ion.  
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Cost -benef i t  a n a l y s i s  of a  s e r v i c e  m i l l  

COSTS 

L i f e  (years ) Pu la  F.E.% 

Cap i t a l  : Dehul l e r ,  M i l l ,  L i s t e r  engine 8 9,177 86 

B u i l d i n g  16 4,000 5 0  

Veh i c l e  (second-hand) 4  1  5,000 100 

F i  xed opera t i,ng : Pula pe r  y e a r  

Management resources (P 400/month ) 4,800 

A d m i n i s t r a t i v e  suppor t ,  suppl  i e s  , e t c .  ( P  50/month) 600 

3 ope ra to r s /ass i s tan t s  ( P  70/month each) 2,520 

Insurance, e l e c t r i c i t y ,  c l o t h i n g ,  misce l laneous 

Veh ic le  (P lOO/month) 

Spare pa r t s ,  supp l i es  1,500 

Labour cos t :  maintenance and r e p a i r s  

Va r i ab le  ope ra t i ng :  

D iese l  : 1  l i t r e / l l O  kg g r a i n  @ 5 5 t / l i t r e  Pul  a  5.00Itonne 

THROUGHPUT 

y e a r  1  2  3  onwards. 

Down t ime (days/month) 3  3  2  

To ta l  work i  r ~ g  days/year 102 204 216 

D a i l y  throughput  ( tonnes)  1.5 2.0 2.2 

Annual th roughput  (tonnes ) 153 408 475 

BENEFITS 

(1 ) W i l l i ngness  t o  pay f o r  se rv i ce :  3.5t pe r  kg g r a i n .  

Note: Th is  i s  a  minimum f i g u r e  f o r  t h i s  ca tegory  of b e n e f i t s  s i n c e  customers 
a re  a l s o  w i  11 i n g  t o  pay f o r  t r a n s p o r t  cos t s  t o  and from t h e  mi 11 , and 
t he  t ime  t h a t  t h e  whole process takes. 
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(2)  B e t t e r  e x t r a c t i o n  r a t e  t h a n  t r a d i t i o n a l  hand method: 

T r a d i t i o n a l  

1.0 kg g r a i n  y i e l d s  0.70 kg f l o u r  8 31 t l k g  = 21.7t  

t0 .30 kg b ran  @ 7 t / kg*  = 2 . l t  

T o t a l  va lue  of p roduc ts  23.8t  

Mechani c a l  

1.0 kg g r a i n  y i e l d s  0.80 kg f l o u r  8 3 l t l k g  = 24 .8 t  

t0 .20 kg b ran  8 C t l k g  = .12 t  - 
T o t a l  va lue  of p roduc ts  26.0t  

D i f fe rence  i n  t o t a l  va lue  o f  p roduc ts  = 2 . 2 t l k g  

* The b ran  produced by t h e  t r a d i t i o n a l  method c a r r i e s  more of t h e  p e r i c a r p  
w i t h  i t  and i s  assumed t o  have a  h i g h e r  n u t r i t i o n a l  va lue.  I t  i s  va lued 
a t  1  .Ot/kg more than  t h e  bran from mechanical  dehul  l i n g .  

T o t a l  B e n e f i t s :  (1 )  w i l l i n g n e s s  t o  pay 3.5 

(2 )  b e t t e r  e x t r a c t i o n  r a t e  - 2.2 

5 . 7 t l k g  

The f o l l o w i n g  t a b l e  l a y s  o u t  a  p r o j e c t i o n  of cos t s  and b e n e f i t s  over  a  

16-year per iod ,  which i s  assumed t o  be t h e  l i f e  of t h e  l onges t  l i v e d  asse t  - 
t h e  b u i l d i n g .  Dur ing  t h a t  t ime,  t h e  m i l l i n g  equipment i s  assumed t o  be 

rep laced  once and t h e  v e h i c l e  t h r e e  t imes .  It i s  a l s o  assumed t h a t  two- 

t h i r d s  o f  t h e  t o t a l  annual f i x e d  o p e r a t i n g  cos t s  a r e  i n c u r r e d  i n  Year 1  

when t h e  m i  11 i s  s e t  up. 

With these assumptions, t h e  N e t  Present  Value i s  27,000 Pula  o r  Can $38,000 

and t h e  Rate of Re tu rn  i s  30 percent .  
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Tab1 e  1  : Cost-benef i t ana l ys i s  (va lues  as above) 

Costs Net Present  Value a t  
Year Cap i t a l  F ixed  Va r i ab le  T o t a l  Benef ts B e n e f i t s  12% 30% 

( ' 0 0 0  p u l a )  

Net Present  Value q24 

Rate of Return - 
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Table  2: Cos t -bene f i t  a n a l y s i s  : shadow f o r e i g n  exchange r , a t e  1.25. 

Year Costs Net  B e n e f i t s  Benefits Present  Value a t  
C a p i t a l  F ixed  V a r i a b l e  To ta l  12% 18% 

( '000 pu la )  

Net Present  Value 9 8  

Rate o f  Return 
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Cos t-benef i t a n a l y s i s  o f  a  commerci a1 m i  11 

COSTS: as f o r  a  s e r v i c e  m i l  1, p1 US t he  f o l  l o w i  ng 
Pula 

Cap i t a l  : Storage 4,000 

Transpor t  15,000 

Packaging u n i t  2,000 

F ixed ope ra t i ng  : A d m i n i s t r a t i o n  1  ,200 

Mechanic ( rep laces  an o p e r a t o r )  720 

Ex t ra  l abou r  840 

Trans p o r t  1,200 

3,960 

Va r i ab le  opera t ing :  Bags f o r  g r a i n  3.50 Pula/ tonne 

Packaging supp l i es  19.20 Pula/ tonne 

I n s e c t i c i d e ,  m i  s ce l  laneous 10.00 Pul a/ tonne 

32.70 Pu 1  a/ tonne 

THROUGH PUT 

Year: 1  2  3  

Down t ime  (days/month) 

Working days pe r  yea r  

Dai l y  throughput  ( tonnes)  

Annual throughput  (Tonnes) 

BENEFITS 

1.0 tonne o f  g r a i n  @ 180 Pula:  800 kg f1,our @ 3 0 t  = 240 Pula 

200 kg b ran  @ 6 t  = 12 Pula 

252 Pula 

Value added pe r  tonne o f  g r a i n  .= 72 Pula. 
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Tab1 e 1 : Cost-benefi t ana lys i s  (va lues  a s  above) 

Costs Net Benef i  t s Benefits Present  Value a t  
Year Capital  Fixed Variable  Total 12% 26% 

( '000 pu la )  

Net Present  Value +34 

Rate of Return 

2. BENEFITS : Assuming a shadow fo re ign  exchange (F.E.) r a t e  of 1.25. 

Import p a r i t y  p r i c e  f o r  sorghum f l o u r  i s  28t/kg. Therefore  every k i l o  
of locally-produced f l o u r  i s  worth 35t (28 x 1.25) a t  the shadow F.E.  r a t e .  
The supply p r i c e  a t  f a c t o r  c o s t  of loca l  g ra in  i s  assumed t o  have a 10% 
F.E.  component and i s  valued a t  185 Pula per tonne ,  (assumed only l o c a l l y  
produced g ra in  i s  mi 1 l e d ) .  

1 .0  tonne of  g r a i n  
@ 185 Pula 

: 800 k g .  f l o u r  @ 3 5 t  = 280 pula 
: 200 kg .  bran @ 6 t  = 2 

292 pula - 

Value added per  tonne o f  g ra in  = 107 Pula 
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Table 2: Cos t -bene f i t  a n a l y s i s  : shadow f o r e i g n  exchange r a t e  1.25 

Costs Net B e n e f i t s  Benefits Presen t  Value a t  
Year C a p i t a l  F ixed  V a r i a b l e  T o t a l  12% 79% 

( ' 0 0 0  p u l a )  

Net Presen t  Value 4199 

Rate o f  Return 

3. BENEFITS 

Th i s  a n a l y s i s  assumes t h a t  o n l y  l oca l l y -p roduced  sorghum i s  m i l l e d .  If 
impor ted g r a i n  i s  used, t h e  p i c t u r e  changes r a d i c a l l y .  Then t h e  f u l l  
cos t  o f  t h e  g r a i n  (163.50 Pu la l t onne )  i s  s u b j e c t  t o  t h e  shadow F.E. r a t e ,  
( i n s t e a d  o f  on ly  10% o f  t h e  c o s t  o f  p r o d u c t i o n  i n  t h e  case o f  l o c a l  g r a i n ) .  
I n  t h i s  case t h e  va lue  o f  b e n e f i t s  drops t o  90 Pula per  tonne. 

1 .0  tonne o f  g r a i n  :800 kg. f l o u r  @ 3 5 t  280 Pu la  
@ 204 Pula  1-:200  kc^. b ran  @ 6 t  = l 2 P u l a  

Value added pe r  tonne of g r a i n  = 90 Pula 

Under t hese  assu~ i~p t i ons ,  t h e  Net  Presen t  Value (12%) i s  85,000 - Pula, 
and t h e  Rate o f  Return i s  40%. 
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Cost-benef i t ana l ys i s  o f  sorghum mi 11 i n g  R&D i n  Botswana 

Assumptions 

Cap i t a l  and ope ra t i ng  cos t s  f o r  each u n i t  es tab l i shed  a re  taken  from t h e  

s e r v i c e  and commercial m i  11 models i n  t h e  two p rev ious  annexes. The 

c a p i t a l  cos t s  o f  P i tsane,  Gabane and Kanye (RI IC)  a r e  i nc l uded  i n  t h e  

t o t a l  p r o j e c t  cos t s  f rom 1976 t o  1979. 

Throughput 

The t o t a l  th roughput  as g i ven  i n  Table 2 i n  t h e  main t e x t  i s  assumed t o  

be d i v i d e d  between commercial and s e r v i c e  m i l l i n g ,  as f o l l o w s :  

( tonnes o f  g r a i n )  1977 1978 1979 1980 1981 1982 1983 onwards 

m i  11 ed commercial l y *  85 1330 1923 2479 3127 3828 3868 

s e r v i c e  mi 11 ed - - 237 843 3685 6960 7320 

* Pi tsane,  Kanye, Gabane, Palapye. 

Overhead Support  

An es t imate  o f  50,000 Pu la  per  yea r  i s  i nc l uded  f o r  1976 t o  1983 i n c l u s i v e  

t o  cover  i n p u t s  from R I I C ,  Rural  I n d u s t r i e s  Promotion and t h e  government. 

Subsequently, t h e  17 u n i t s  i n  o p e r a t i o n  a r e  cos ted  a t  a t o t a l  of 120,000 

Pu la  per  year  f o r  management, a d m i n i s t r a t i o n  and t e c h n i c a l  i n p u t  f o r  

maintenance and r e p a i r s .  
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Table 1: Cos t -bene f i t  a n a l y s i s  o f  sorghum m i l l i n g  R&D Since 1976 

Over- Costs Benef i t s  Net B e n e f i t s  
Year R&D head Cap i t a l  F ixed V a r i a b l e  T o t a l  Commercial Se rv i ce  T b t a l  C u r r e n t  P.V.12% 

( '000 p u l a )  

Net  Present  Value = t 725 

Rate o f  Return 20% 




