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1 Introduction	  

The	  process	  of	  providing	  electricity	  to	  rural	  communities	  has	  been	  occurring	  for	  over	  a	  century.	  Yet,	  
there	  are	  still	  large	  populations	  without	  electricity	  access,	  and	  others	  that	  remain	  in	  the	  dark,	  
surrounded	  by	  electrification	  infrastructure	  that	  no	  longer	  functions.	  The	  following	  document	  focuses	  
on	  the	  importance	  of	  community-‐centered	  practices	  in	  the	  design,	  implementation,	  and	  maintenance	  of	  
electricity	  systems	  in	  rural	  and	  developing	  communities,	  so	  as	  to	  incorporate	  essential	  human,	  social,	  
and	  cultural	  factors.	  A	  generic	  implementation	  process	  is	  presented,	  focusing	  on	  community	  
engagement,	  system	  design,	  deployment,	  and	  utilization.	  A	  brief	  analysis	  of	  various	  techniques	  and	  
practices	  are	  suggested,	  that	  help	  to	  create	  information	  flow	  between	  communities	  and	  developers,	  
opening	  the	  potential	  for	  development	  of	  systems	  tailored	  to	  the	  needs,	  capacities,	  and	  goals	  of	  the	  
widely	  variant	  communities	  that	  remain	  without	  electricity	  access,	  thereby	  ensuring	  the	  systems’	  
ultimate	  success.	  	  

This	  document	  begins	  with	  a	  basic	  overview	  of	  the	  role	  that	  electrification	  can	  provide	  in	  the	  socio-‐
economic	  development	  process,	  the	  importance	  of	  micro-‐grid	  implementation	  for	  remote	  communities,	  
and	  a	  summary	  of	  some	  rural	  electrification	  best	  practices.	  
	  
2 The	  promise	  of	  electrification	  

Electricity	  access	  has	  come	  to	  be	  seen	  as	  a	  human	  right,	  critical	  in	  the	  development	  of	  livelihood	  
choices	  related	  to	  education,	  income	  development,	  gender	  issues,	  and	  health	  care.	  The	  International	  
Energy	  Commission	  estimated	  that	  18%	  of	  the	  world	  population	  (1.3	  billion	  people)	  didn’t	  have	  access	  
to	  electricity	  in	  2011,	  while	  another	  1	  billion	  only	  had	  access	  to	  limited	  or	  unreliable	  electricity	  networks	  
(IEA,	  2013;	  UNDP,	  2010).	  In	  India,	  25%	  of	  the	  population	  (300	  million)	  didn’t	  have	  access	  to	  reliable	  
electricity,	  making	  it	  the	  country	  with	  the	  world’s	  largest	  population	  without	  electricity	  access	  (IEA,	  
2013).	  While	  the	  global	  share	  of	  un-‐electrified	  populations	  have	  decreased	  slightly	  in	  the	  past	  few	  years	  
due	  to	  electrification	  initiatives,	  the	  proportion	  of	  un-‐electrified	  people	  in	  India	  has	  increased,	  as	  
electrification	  efforts	  have	  not	  matched	  rates	  of	  population	  growth.	  

Universal	  access	  to	  electricity	  is	  largely	  a	  rural	  challenge1,	  with	  31%	  of	  the	  global	  rural	  population	  
without	  electricity,	  but	  only	  6%	  of	  the	  urban	  population	  without	  access	  (IEA,	  2013).	  Rural	  electrification	  
is	  a	  key	  component	  in	  the	  reduction	  of	  rural	  poverty,	  given	  its	  correlation	  to	  improvements	  in	  health,	  
education,	  and	  income	  generation	  (Cabraal,	  Barnes,	  &	  Agarwal,	  2005;	  Flavin	  &	  Aeck,	  2005;	  Kirubi,	  
Jacobson,	  Kammen,	  &	  Mills,	  2009;	  UNDP,	  2010).	  The	  potential	  benefits	  of	  electricity	  are	  highly	  
dependent	  upon	  local	  conditions.	  However,	  there	  is	  sufficient	  evidence	  demonstrating	  how	  electricity	  
access	  can	  lead	  to	  positive	  gains	  in	  a	  number	  of	  development	  areas.	  While	  access	  to	  minimum	  electricity	  
services	  may	  not	  necessarily	  provide	  access	  to	  labor	  saving	  devices	  (over	  80%	  of	  consumption	  of	  
electricity	  in	  rural	  areas	  is	  typically	  used	  for	  lighting	  and	  television	  (IEG,	  2008)),	  better	  lighting	  can	  
improve	  household	  labor	  conditions,	  which	  primarily	  benefit	  women	  and	  children	  (Bose,	  1993;	  Cecelski,	  
2000).	  Improved	  lighting	  provides	  better	  conditions	  for	  school	  goers	  to	  read	  and	  do	  homework	  at	  night.	  
Street	  lighting	  has	  been	  shown	  to	  improve	  sense	  of	  security	  among	  women	  (Cecelski,	  2000).	  In	  terms	  of	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 The world is now almost equally divided, with 3.3 billion people living rurally and 3.6 billion in urban areas. 
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health	  care,	  improved	  lighting	  in	  both	  hospitals	  and	  clinics	  make	  working	  conditions	  safer,	  and	  minimal	  
electricity	  can	  provide	  access	  to	  a	  swath	  of	  life-‐saving	  electrical	  devices	  and	  access	  to	  refrigeration	  
needed	  to	  store	  vaccines	  and	  heat-‐sensitive	  medicines	  (Adair-‐Rohani	  et	  al.,	  2013).	  Doctors,	  nurses,	  and	  
teachers	  are	  more	  willing	  to	  reside	  in	  rural	  settings	  when	  they	  have	  access	  to	  lighting,	  TV,	  and	  radio	  
(Modi,	  McDade,	  Lallement,	  &	  Saghir,	  2005).	  	  

Even	  low	  levels	  of	  electricity	  access	  have	  been	  shown	  to	  improve	  economic	  opportunities	  for	  rural	  
communities,	  providing	  opportunities	  for	  selling	  chilled	  drinks	  and	  foods,	  opening	  electronic	  repair	  
shops,	  or	  performing	  basic	  services	  such	  as	  tailoring	  or	  barbering	  (Kirubi	  et	  al.,	  2009).	  With	  greater	  levels	  
of	  electricity	  access,	  farmers	  are	  able	  to	  use	  pump	  irrigation,	  and	  entrepreneurs	  and	  technicians	  can	  
open	  mills,	  carpentry	  shops,	  and	  welding	  shops	  (Practical	  Action,	  2012).	  The	  figure	  below	  shows	  how	  
electricity	  can	  provide	  access	  to	  services	  that	  may	  impact	  welfare	  of	  education,	  income,	  and	  health.	  
	  

	  
Figure	  1:	  Causal	  pathways	  that	  electricity	  can	  lead	  to	  positive	  welfare	  changes	  in	  education,	  income,	  and	  health	  (Khandker,	  
Barnes,	  &	  Samad,	  2013)	  

Discussions	  of	  electricity	  as	  a	  driver	  of	  economic	  growth	  are	  often	  limited	  to	  thinking	  about	  welfare	  
benefits	  derived	  from	  the	  utilization	  of	  electricity.	  However,	  there	  is	  also	  potential	  for	  rural	  livelihoods	  
to	  benefit	  from	  employment	  related	  to	  electricity	  generation	  and	  management.	  Some	  systems,	  such	  as	  
micro-‐hydro,	  require	  significant	  labor	  during	  construction,	  and	  biomass	  generation	  systems	  using	  
gasification	  or	  biogas	  require	  ongoing	  labor	  to	  secure	  biomass	  resources	  that	  are	  	  transformed	  into	  heat	  
and	  electricity,	  while	  also	  recycling	  nutrients	  for	  agriculture	  (Gowda,	  Raghavan,	  Ranganna,	  &	  Barrington,	  
1995;	  Kammen,	  Bailis,	  &	  Herzog,	  2001a).	  	  

It	  is	  important	  to	  note	  while	  electricity	  is	  often	  strongly	  correlated	  to	  welfare	  improvements,	  this	  
does	  not	  mean	  that	  it	  is	  should	  necessarily	  be	  the	  first	  priority	  for	  a	  rural	  community,	  especially	  when	  
financial	  resources	  for	  development	  are	  limited.	  An	  integrated,	  cross-‐sectoral	  approach	  is	  needed	  to	  
address	  locally	  specific	  challenges	  of	  education,	  health,	  gender	  issues,	  and	  economic	  growth.	  For	  
example,	  while	  improved	  lighting	  may	  reduce	  the	  drudgery	  of	  cooking,	  stoves	  with	  improved	  
combustion	  or	  chimneys	  will	  have	  a	  much	  greater	  impact	  on	  women’s	  and	  children’s	  health.	  A	  bright	  
light	  in	  a	  rural	  health	  clinic	  will	  not	  have	  the	  same	  impact	  as	  adequately	  trained	  health	  care	  practitioners	  
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or	  appropriate	  medicines.	  Cross-‐sectoral	  approaches	  involve	  collaborative,	  long-‐term	  planning,	  an	  in-‐
depth	  understanding	  of	  local	  priorities	  and	  culture,	  and	  project	  implementation	  that	  includes	  working	  
with	  all	  development	  partners	  (local	  and	  regional	  governments,	  community	  organizations,	  non-‐profits,	  
and	  private	  partners).	  
	  
3 Alternatives	  for	  the	  delivery	  of	  rural	  energy	  services	  

One	  of	  the	  primary	  challenges	  to	  wide-‐spread,	  rapid	  increase	  of	  electricity	  access	  is	  cost.	  It	  has	  been	  
estimated	  that	  in	  order	  to	  achieve	  universal	  levels	  of	  electricity	  access	  by	  2030,	  30-‐40	  billion	  dollars	  in	  
annual	  investment	  will	  be	  needed	  (Bazilian	  et	  al.,	  2011;	  UNDP,	  2010).	  As	  mentioned,	  the	  majority	  of	  the	  
poorest	  users	  live	  in	  rural	  areas,	  far	  from	  the	  central	  grid,	  with	  limited	  infrastructure	  and	  low	  population	  
density.	  These	  variables	  mean	  that	  the	  marginal	  cost	  per	  household	  connection	  to	  the	  central	  grid	  
becomes	  quite	  high,	  when	  compared	  to	  electricity	  access	  for	  urban	  populations.	  There	  are	  a	  number	  of	  
alternatives	  to	  grid	  extension	  for	  the	  most	  isolated	  populations.	  For	  households	  that	  are	  widely	  
distributed	  in	  the	  rural	  countryside,	  using	  individual	  solar	  home	  systems	  (SHS)	  is	  a	  common	  approach.	  
Each	  SHS	  typically	  has	  a	  small	  solar	  photovoltaic	  (PV)	  panel	  for	  generation	  and	  a	  battery	  to	  store	  energy.	  
Stand-‐alone	  electric	  lanterns	  with	  internal	  batteries	  that	  can	  be	  recharged	  with	  tiny	  solar	  panels	  (solar	  
lanterns)	  are	  seen	  as	  an	  interim	  solution	  for	  increasing	  lighting	  quality	  for	  the	  poorest	  users.	  For	  
communities	  with	  populations	  clustered	  in	  villages,	  an	  isolated	  micro-‐grid,	  powered	  by	  diesel	  
generators,	  or	  renewable	  energy	  such	  as	  hydro	  or	  solar,	  has	  become	  common.	  	  

A	  micro-‐grid	  is	  usually	  characterized	  as	  a	  stand-‐alone	  electricity	  grid	  with	  its	  own	  generation	  
source	  that	  may	  have	  the	  potential	  to	  connect	  to	  the	  main	  electricity	  grid.	  There	  is	  not	  a	  universally	  
agreed	  upon	  definition	  of	  a	  micro-‐grid,	  which	  might	  be	  smaller	  than	  a	  mini-‐grid,	  although	  the	  terms	  are	  
often	  used	  interchangeably.	  Micro-‐grids	  typically	  have	  a	  generating	  capacity	  of	  less	  than	  10	  MW,	  and	  
often	  less	  than	  1	  MW.	  In	  the	  context	  of	  rural	  electrification,	  isolated	  grids	  with	  capacities	  of	  less	  than	  
100	  kW	  are	  common.	  	  

In	  comparison	  to	  extending	  the	  centralized	  grid	  to	  remote	  communities,	  micro-‐grids	  are	  
attractive	  alternatives,	  offering	  the	  potential	  for	  greater	  electricity	  access	  than	  SHS	  or	  solar	  lanterns.	  The	  
table	  below	  shows	  some	  of	  the	  pros	  and	  cons	  of	  electrification	  using	  micro-‐grids	  (Deshmukh,	  Carvallo,	  &	  
Gambhir,	  2013).	  	  

	  
Advantages	  of	  micro-‐grids	   Disadvantages	  of	  micro-‐grids	  

• Can	  have	  lower	  costs	  per	  unit	  of	  electricity	  
than	  extending	  the	  central	  grid	  	  

• Have	  smaller	  wire	  losses	  since	  there	  is	  are	  no	  
transmission	  lines	  due	  to	  local	  generation	  

• Can	  have	  greater	  reliability	  than	  extension	  of	  
the	  central	  grid,	  in	  countries	  where	  the	  main	  
grid	  has	  insufficient	  capacity	  and	  there	  are	  
frequent	  black-‐outs.	  

• Can	  provide	  electricity	  for	  both	  households	  
and	  businesses	  (irrigation,	  mills,	  shops),	  
supporting	  economic	  development,	  in	  

• Often	  have	  higher	  tariffs	  than	  the	  central	  grid	  
• Have	  higher	  generation	  costs	  than	  centralized	  

grid	  
• Often	  cannot	  meet	  demand	  of	  future	  load	  

growth	  
• High	  up-‐front	  costs,	  for	  micro-‐grids	  using	  

renewable	  energy,	  such	  as	  solar	  or	  hydro	  
• Can	  suffer	  from	  prolonged	  periods	  of	  

technology	  failure	  when	  there	  is	  not	  local	  
capacity	  to	  maintain	  the	  systems.	  

• Poor	  policies	  for	  grid	  inter-‐connection,	  for	  
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comparison	  to	  SHS	  and	  solar	  lanterns	  
• Low	  operating	  costs,	  for	  micro-‐grids	  using	  

renewable	  energy,	  such	  as	  solar	  or	  hydro	  
• Can	  provide	  local	  jobs	  for	  construction,	  

operation	  and	  maintenance	  of	  the	  micro-‐grid	  

communities	  where	  electricity	  grid	  will	  reach	  
in	  the	  future	  

Table	  1:	  Pros	  and	  cons	  of	  micro-‐grids	  for	  rural	  electrification	  

Micro-‐grids	  can	  have	  a	  number	  of	  different	  ownership	  and	  management	  structures.	  Many	  
existing	  models	  can	  be	  grouped	  as	  owned	  and	  operated	  by	  cooperatives,	  communities,	  the	  private	  
sector,	  and	  private/government	  utilities.	  The	  table	  below,	  adapted	  from	  Bhattacharaya	  (Bhattacharya,	  
2013),	  generalizes	  a	  number	  of	  traits	  typical	  for	  micro-‐grids	  owned	  and	  operated	  by	  different	  entities.	  
Micro-‐grids	  operated	  by	  utilities	  do	  not	  appear	  in	  the	  table,	  but	  would	  have	  similar	  characteristics	  to	  
ones	  operated	  by	  the	  private	  sector,	  with	  the	  notable	  exception	  that	  tariffs	  are	  generally	  low	  and	  
community	  members	  tend	  to	  be	  employed	  in	  the	  operation	  and	  maintenance	  of	  the	  system.	  

Characteristics	   Cooperative	  	   Community	  managed	  	   Private	  sector	  	  

Ownership	  	   Members	  of	  the	  cooperative	  
own	  and	  operate	  the	  model	  	  

Can	  be	  of	  two	  types:	  	  
•	  Owned	  by	  private/public	  
entity	  and	  managed	  by	  
communities	  	  
•	  Owned	  and	  managed	  by	  
communities	  	  

Owned	  and	  operated	  by	  the	  	  
private	  sector	  except	  in	  	  
public/private	  partnerships	  
where	  the	  	  ownership	  of	  
assets	  may	  remain	  with	  
public	  entity	  	  

Management	  	   Managed	  by	  a	  board	  of	  
directors	  or	  a	  governing	  
body	  elected	  by	  the	  
consumers	  	  

Managed	  either	  by	  an	  NGO	  
or	  local	  self-‐governing	  
institutions	  such	  as	  village	  	  
electricity	  committees	  (VECs)	  
or	  village	  councils	  

Managed	  by	  private	  sector	  	  

Maintenance	  	   Cooperative	  is	  responsible	  
for	  O&M	  	  

Maintenance	  is	  undertaken	  
by	  the	  village	  electricity	  
committee,	  village	  council	  	  

O&M	  undertaken	  by	  the	  	  
private	  sector	  	  

Pricing	  	   Low	  upfront	  cost	  and	  
monthly	  tariffs;	  usually	  
regulated	  	  

Low	  to	  moderate	  tariffs	  
(mutually	  decided	  by	  the	  
community	  and	  )	  	  

Moderate	  to	  high	  tariffs	  	  
(set	  up	  by	  service	  provider)	  	  

Community	  	  
participation	  	  

Moderate	  to	  high	  
participation.	  Communities	  
are	  members	  of	  
cooperatives.	  Local	  youths	  
may	  also	  be	  involved	  for	  bill	  
collection,	  undertaking	  
minor	  repairs	  etc.	  	  

High	  participation.	  
Communities	  are	  involved	  
right	  from	  the	  planning	  stage	  
till	  the	  end	  implementation	  
stage.	  Labor	  contribution	  for	  
construction,	  management,	  
maintenance,	  and	  grievances	  
are	  performed	  by	  
communities.	  	  

Consumers	  are	  generally	  	  
not	  involved	  in	  the	  planning	  
or	  management	  of	  the	  
business.	  	  

Risks	  	   Susceptible	  to	  political	  
interference.	  	  

Communities	  may	  lack	  
technical	  and	  	  managerial	  
skills,	  and	  management	  
susceptible	  to	  political	  
interference	  

Private	  operator	  can	  
discriminate	  by	  charging	  high	  
tariffs	  	  

Table	  2:	  Typical	  characteristics	  of	  different	  ownership	  and	  management	  models	  of	  rural	  micro-‐grids.	  Adapted	  from	  
Bhattacharaya	  (Bhattacharya,	  2013).	  



	  
	  

7	  

4 Review	  of	  best	  practices	  

There	  are	  decades	  of	  experience,	  analysis,	  and	  reflection	  on	  the	  successes	  and	  failures	  in	  increasing	  
electricity	  access	  to	  rural	  communities.	  These	  range	  from	  high	  capital	  cost,	  top-‐down	  practices,	  such	  as	  
the	  capital	  intensive	  rapid	  electrification	  of	  rural	  America	  in	  the	  1930’s	  through	  extension	  of	  the	  
centralized	  grid,	  and	  China’s	  rural	  electrification	  scale-‐up	  using	  hydro,	  coal,	  and	  diesel	  mini-‐grids,	  to	  the	  
increasing	  experiments	  with	  private	  entrepreneurs	  using	  government	  subsidies	  to	  set	  up	  rural	  micro-‐
grids	  in	  India	  (Liming,	  2009;	  Pachauri	  &	  Jiang,	  2008;	  Yang,	  2003).	  

One	  of	  the	  primary	  challenges	  of	  rural	  electrification	  is	  overcoming	  capital	  cost	  challenges,	  as	  well	  as	  
variable	  costs	  needed	  for	  ongoing	  operation	  and	  maintenance.	  There	  is	  almost	  universal	  agreement	  that	  
rural	  electrification	  is	  not	  possible	  without	  the	  electrifying	  entities	  receiving	  subsidies	  from	  public	  or	  
private	  sources	  (Bazilian	  et	  al.,	  2011;	  IEG,	  2008).	  This	  being	  the	  case,	  there	  is	  still	  room	  for	  private	  
entrepreneurs	  with	  a	  for-‐profit	  business	  model,	  versus	  government	  entities	  whose	  primary	  role	  is	  to	  
broaden	  electricity	  access	  (which	  is	  often	  correlated	  to	  political	  motivations).	  This	  brief	  summary	  of	  best	  
practices	  is	  divided	  into	  practices	  used	  to	  primarily	  broaden	  electricity	  access,	  as	  well	  as	  practices	  
focused	  to	  increase	  cost	  recovery.	  It	  is	  important	  to	  keep	  in	  mind	  that	  these	  practices	  are	  not	  mutually	  
exclusive.	  Even	  in	  cases	  where	  social	  outcomes	  are	  the	  primary	  focus,	  without	  a	  revenue	  stream	  that	  
will	  cover	  ongoing	  costs,	  the	  system	  is	  bound	  for	  failure.	  	  

	  
4.1 Broadening	  electricity	  access	  

There	  is	  substantial	  evidence	  that	  the	  poorest	  users	  are	  not	  the	  primary	  beneficiaries	  from	  most	  
rural	  electrification	  projects,	  as	  most	  electrification	  entities	  look	  for	  connection	  cost	  and	  operation	  
based	  on	  a	  least-‐cost	  basis	  (Barnes	  &	  Floor,	  1996;	  IEG,	  2008).	  Often	  the	  least-‐cost	  increase	  in	  
electrification	  access	  can	  be	  attained	  by	  increasing	  connections	  where	  a	  grid	  already	  exists,	  rather	  than	  
creating	  new	  connections	  where	  generation	  and	  grid	  infrastructure	  need	  to	  be	  built.	  However,	  World	  
Bank	  studies	  have	  found	  that	  some	  villages	  with	  electricity	  access	  for	  over	  15	  years	  still	  have	  populations	  
of	  non-‐connected	  users	  in	  the	  20-‐25%	  range	  (IEG,	  2008).	  Government	  should	  provide	  subsidies	  that	  
incentivize	  100%	  connection	  rates	  where	  grids	  or	  micro-‐grids	  exist	  (or	  will	  be	  built).	  

When	  subsidies	  are	  primarily	  used	  for	  capital	  costs,	  such	  as	  infrastructure	  needed	  for	  grid-‐
extension	  or	  generation	  and	  distribution,	  the	  beneficiaries	  of	  these	  subsidies	  will	  be	  the	  primary	  
consumers	  of	  electricity,	  which	  tend	  to	  be	  business	  owners	  and	  the	  wealthier	  clients	  with	  the	  most	  
appliances	  and	  income	  to	  pay	  ongoing	  electricity	  bills	  (Barnes	  &	  Floor,	  1996).	  The	  upfront	  cost	  for	  
connecting	  individual	  households	  to	  the	  distribution	  grid,	  in	  either	  micro-‐grids	  or	  central	  grid	  extensions,	  
is	  often	  prohibitive	  for	  the	  poorest	  households.	  Therefore,	  it	  is	  important	  for	  grid	  developers	  (private,	  
public,	  or	  NGO)	  to	  offer	  subsidies,	  or	  financing	  for	  household	  connections	  and	  meters,	  capable	  of	  
reducing	  this	  initial	  barrier.	  Though	  this	  may	  seem	  obvious,	  it	  has	  not	  been	  an	  integral	  part	  of	  most	  
electricity	  programs,	  leaving	  the	  poorest	  households	  without	  access	  (IEG,	  2008).	  Straightforward	  
financing	  solutions	  include	  upfront	  subsidies	  dependent	  on	  household	  income,	  or	  spreading	  the	  
connection	  and	  meter	  costs	  into	  monthly	  bills.	  	  

Misunderstanding	  tariffs	  also	  hinders	  the	  poorest	  users	  from	  consuming	  adequate	  electricity	  for	  
basic	  lighting.	  Many	  tariff	  systems	  offer	  a	  “lifeline	  rate”	  for	  the	  poorest	  users,	  which	  is	  a	  fixed	  monthly	  
charge	  that	  allows	  users	  to	  consume	  up	  to	  a	  fixed	  amount.	  However,	  users	  often	  have	  no	  intuition	  or	  
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information	  allowing	  them	  to	  consume	  up	  to	  the	  fixed	  amount,	  and	  often	  think	  they	  are	  being	  billed	  per	  
unit	  of	  energy	  consumed.	  Also,	  their	  access	  to	  sufficient	  amounts	  of	  high	  quality	  light	  vastly	  increases	  
when	  they	  have	  access	  to	  efficient	  light	  bulbs	  such	  as	  compact	  fluorescent	  lights	  (CFLs)	  or	  light	  emitting	  
diodes	  (LEDs),	  as	  well	  as	  an	  understanding	  of	  the	  potential	  long	  term	  financial	  savings	  of	  efficient	  
appliances.	  Public	  education,	  as	  well	  as	  access	  to	  high	  quality	  efficient	  appliances	  with	  subsidies	  and	  
options	  for	  installment	  payments	  is	  important	  (C.	  E	  Casillas	  &	  Kammen,	  2011).	  	  

There	  are	  often	  government	  policies	  that	  have	  adverse	  impacts	  on	  electricity	  access	  for	  the	  
poorest	  users,	  or	  the	  sustainability	  of	  the	  system.	  Utilities	  may	  be	  mandated	  to	  extend	  connection	  to	  
new	  communities	  or	  villages,	  but	  there	  may	  low	  requirements	  for	  internal	  village	  connection.	  
Electrification	  schemes	  are	  powerful	  political	  tools,	  often	  used	  by	  political	  leaders	  to	  attract	  votes.	  The	  
RGGVY2	  rural	  electrification	  scheme	  in	  India	  is	  a	  project	  with	  the	  goal	  of	  rapidly	  electrifying	  communities	  
using	  renewable	  energies,	  providing	  up	  to	  90%	  subsidies	  for	  the	  start-‐up	  costs	  and	  capital	  for	  projects.	  
However,	  the	  government	  considers	  a	  community	  electrified	  if	  only	  10%	  of	  its	  households	  have	  
electricity	  access,	  and	  there	  have	  been	  high	  rates	  of	  failure	  and	  project	  abandonment.	  	  

Experience	  from	  numerous	  electrification	  projects	  have	  found	  that	  collaboration	  with	  
communities	  plays	  an	  important	  role	  in	  developing	  appropriate	  ownership	  and	  management	  models	  
(Bhattacharya,	  2013),	  and	  ensuring	  project	  success	  over	  the	  long	  term.	  
	  
4.2 Electrification	  for	  cost	  recovery	  

Rural	  electrification	  can	  have	  reasonable	  rates	  of	  return	  on	  investment	  if	  least	  cost	  supply	  is	  utilized	  
and	  a	  balance	  is	  made	  between	  reaching	  the	  poor,	  enabled	  through	  subsidies,	  and	  addressing	  financial	  
sustainability	  (IEG,	  2008).	  Studies	  have	  found	  that	  rural	  households	  tend	  to	  have	  a	  willingness	  to	  pay	  
(WTP)	  in	  the	  range	  of	  0.10	  –	  0.40	  $/kWh,	  which	  can	  exceed	  typical	  long	  run	  marginal	  supply	  costs	  (0.05-‐
0.20	  $/kWh)	  (IEG,	  2008).	  Recent	  solar	  micro-‐grid	  experiments	  using	  smart	  grid	  technology,	  in	  which	  
households	  use	  pay-‐as-‐you-‐go	  metering	  systems	  and	  high	  efficiency	  LED	  lights,	  have	  found	  WTP	  
between	  1.00-‐5.00	  $/kWh	  for	  lighting,	  resulting	  in	  cheaper	  monthly	  expenditures	  in	  comparison	  to	  
kerosene	  lamps	  (Soto	  et	  al.,	  2012).	  There	  is	  now	  substantial	  experience	  using	  various	  pay-‐as-‐you-‐go	  
metering	  schemes	  (Tewari	  &	  Shah,	  2003).	  These	  systems	  allow	  more	  intuitive	  payment	  schemes,	  similar	  
to	  mobile	  phone	  plans,	  as	  well	  as	  typical	  consumption	  patterns	  of	  other	  energy	  services	  such	  as	  
kerosene,	  where	  users	  purchase	  as	  much	  as	  they	  can	  afford.	  Conventional	  metering	  often	  utilizes	  tariffs	  
that	  are	  not	  well	  understood	  by	  users,	  and	  do	  not	  give	  real-‐time	  feedback	  on	  their	  usage,	  often	  resulting	  
in	  accumulating	  bills	  that	  can’t	  be	  paid,	  and	  disconnection.	  While	  pay-‐as-‐you-‐go	  meters	  cost	  more	  than	  
conventional	  meters,	  costs	  are	  continuing	  to	  decrease,	  and	  long	  term	  savings	  from	  reduced	  transaction	  
costs,	  including	  mobile	  payment	  schemes,	  and	  user	  satisfaction	  may	  be	  worth	  the	  initial	  investment.	  

There	  are	  often	  generous	  government	  and	  donor	  subsidies	  for	  rural	  electrification	  schemes,	  
especially	  when	  they	  use	  renewable	  energy	  technologies.	  However,	  it	  is	  essential	  to	  have	  government	  
policies	  and	  subsidies	  that	  are	  transparent	  to	  entrepreneurs	  and	  have	  long	  timelines.	  This	  includes	  plans	  
for	  grid-‐extension,	  that	  also	  include	  policies	  allowing	  grid	  interconnection	  with	  favorable	  feed-‐in	  tariffs.	  
Research	  has	  shown	  that	  rural	  electrification	  projects	  are	  more	  likely	  to	  maintain	  financial	  solvency	  
when	  they	  are	  coupled	  with	  projects	  that	  lead	  to	  economic	  growth	  (Barnes	  &	  Floor,	  1996;	  Rolland	  &	  
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Glania,	  2011).	  Micro-‐grid	  revenue	  can	  be	  substantially	  increased	  when	  it	  supports	  a	  particular	  industry	  
that	  would	  serve	  as	  a	  revenue	  base,	  as	  well	  as	  being	  coupled	  to	  the	  growth	  of	  carpentry,	  agriculture,	  
telecom,	  or	  other	  businesses	  that	  can	  also	  increase	  household	  income	  (Rolland	  &	  Glania,	  2011).	  	  This	  
requires	  project	  developers	  to	  work	  closely	  with	  other	  organizations	  that	  will	  provide	  market	  analysis,	  
training,	  and	  financing	  for	  entrepreneurs.	  

	  
5 Human,	  social,	  and	  cultural	  factors	  toolkit	  

Only	  those	  institutions	  which	  can	  successfully	  mobilize	  the	  communities	  by	  engaging	  with	  them	  can	  be	  
sustainable	  in	  the	  long	  run.	  (Bhattacharya,	  2013)	  
	  

Community	  engagement	  is	  the	  critical	  starting	  point	  for	  rural	  micro-‐grid	  developers	  to	  assess	  
whether	  or	  not	  the	  community’s	  development	  vision,	  capacities,	  and	  motivations	  are	  compatible	  with	  
the	  developer’s	  own	  business	  model	  and	  capabilities.	  Over	  the	  course	  of	  the	  past	  70	  years,	  western	  
industrialized	  nations	  have	  created	  an	  industry	  of	  International	  Development,	  often	  with	  an	  underlying	  
assumption	  that	  materially	  developed	  societies	  and	  their	  associated	  social	  and	  cultural	  values	  are	  
superior	  to	  less	  materially	  endowed	  communities	  (Hart,	  2004).	  One	  of	  the	  fundamental	  suppositions	  
held	  by	  most	  governments	  and	  institutions	  involved	  in	  international	  development	  is	  that	  economic	  
growth	  is	  fundamental.	  Having	  this	  perception	  led	  to	  the	  role-‐out	  of	  decades	  of	  top-‐down	  development	  
projects,	  often	  characterized	  by	  plans,	  processes,	  and	  technology	  being	  defined	  and	  driven	  by	  engineers,	  
managers,	  government	  officials,	  development	  consultants,	  and	  financiers,	  who	  reside	  outside	  of	  the	  
target	  communities.	  Top-‐down	  development	  processes	  have	  the	  attractive	  aspect	  that,	  since	  they	  are	  
designed	  by	  outside	  institutions,	  they	  can	  create	  their	  own	  time-‐lines	  and	  be	  easily	  scaled	  and	  replicated	  
because	  they	  are	  not	  closely	  tied	  to	  the	  idiosyncratic	  characteristics	  that	  inherently	  define	  any	  
community,	  such	  as	  their	  unique	  beliefs,	  geography,	  climate,	  capacity,	  history,	  conflict,	  arbitration,	  
governance,	  economy,	  and	  aspirations.	  	  

Consistent	  project	  failures	  and	  community	  feedback	  has	  led	  to	  the	  widespread	  adoption	  of	  an	  
array	  of	  various	  participatory	  practices,	  in	  which	  governments,	  NGOs,	  or	  private	  developers	  seek	  to	  
incorporate	  a	  more	  authentic	  form	  of	  community	  engagement.	  However,	  mainstream	  participatory	  
practices	  within	  development	  institutions	  have	  been	  heavily	  critiqued	  (Cooke	  &	  Kothari,	  2001;	  Cornwall,	  
2006;	  Hickey	  &	  Mohan,	  2004;	  White,	  1996).	  Some	  argue	  that	  large	  development	  institutions	  create	  
blueprints	  that	  serve	  primarily	  to	  legitimize	  external	  development	  agendas,	  leaving	  a	  narrow	  space	  for	  
contributions	  from	  community	  members	  (Cornwall,	  2006,	  p.	  75).	  The	  unequal	  power	  relations	  created	  
by	  the	  facilitators	  from	  these	  institutions	  impact	  participatory	  decisions,	  and	  their	  pre-‐formulated	  
agendas	  can	  co-‐opt	  local	  development	  processes	  (Singh,	  2009).	  Communities	  are	  composed	  of	  a	  
complex	  web	  of	  relations,	  founded	  on	  differences	  of	  race,	  ethnicity,	  gender,	  or	  economic	  class.	  	  
Participatory	  methods	  that	  do	  not	  account	  for	  the	  heterogeneity	  within	  communities	  will	  likely	  be	  
dominated	  by	  local	  elites	  (Cornwall	  &	  Jewkes,	  1995,	  p.	  1673;	  Platteau,	  2004),	  and	  so	  may	  not	  reflect	  the	  
range	  of	  local	  viewpoints.	  There	  are	  corrective	  mechanisms	  to	  ensure	  that	  the	  marginalized	  have	  
influence	  in	  decisions	  (Cooke	  &	  Kothari,	  2001,	  p.	  69),	  but	  many	  community-‐based	  methods	  refrain	  from	  
challenging	  local	  structures	  of	  power	  (Hickey	  &	  Mohan,	  2005),	  which	  can	  originate	  at	  the	  highest	  levels	  
of	  social	  and	  political	  structure,	  and	  which	  often	  leads	  to	  sub-‐optimal	  outcomes.	  	  
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Typical	  electrification	  projects	  are	  greatly	  influenced	  by	  top-‐down	  processes.	  They	  often	  involve	  
technology	  components	  that	  are	  engineered	  and	  manufactured	  externally	  and	  projects	  have	  timelines	  
and	  deliverables	  that	  are	  narrowly	  constrained	  by	  donors.	  However,	  no	  matter	  what	  the	  business	  
implementation	  model	  for	  micro-‐grid	  electrification,	  if	  one	  is	  concerned	  about	  the	  long-‐term	  
sustainability	  of	  the	  system,	  some	  (and	  in	  the	  case	  of	  very	  poor	  populations,	  early	  and	  thorough)	  	  
engagement	  with	  the	  community	  is	  essential	  for	  developing	  an	  electricity	  system	  that	  has	  the	  potential	  
to	  meet	  the	  needs,	  finances,	  and	  economic	  and	  social	  values	  of	  the	  users.	  	  

In	  this	  section	  we	  present	  a	  general,	  iterative	  framework	  for	  designing	  a	  micro-‐grid	  that	  is	  
reflective	  of	  the	  needs,	  capacities,	  and	  priorities	  for	  a	  rural	  community.	  The	  process	  begins	  with	  
identifying	  and	  engaging	  with	  a	  community	  in	  a	  target	  region,	  collaborating	  with	  the	  community	  on	  the	  
design	  and	  deployment	  of	  the	  system,	  followed	  by	  actual	  use	  and	  feedback,	  which	  will	  again	  lead	  to	  re-‐
engagement	  with	  the	  community,	  and	  a	  subsequent	  iteration	  of	  this	  design	  process.	  A	  depiction	  of	  the	  
process	  is	  shown	  in	  the	  figure	  below.	  

	  
Figure	  2:	  Outline	  of	  an	  iterative	  HSC	  design	  process	  for	  creating,	  implementing,	  and	  maintaining	  appropriate	  micro-‐grids	  in	  

rural	  communities.	  

	   The	  boundaries	  between	  the	  “stages”	  are	  shown	  with	  a	  dashed	  line,	  to	  denote	  the	  fluidity	  of	  the	  
process.	  At	  each	  stage,	  there	  may	  be	  a	  need	  to	  revisit	  processes	  from	  the	  prior	  stage.	  During	  the	  
evolution	  of	  the	  process,	  there	  should	  also	  be	  mechanisms	  for	  the	  diffusion	  of	  best	  practices	  to	  other	  
communities	  within	  the	  region.	  

The	  following	  sections	  will	  describe	  each	  of	  the	  four	  design	  phases,	  the	  goals,	  and	  various	  
techniques	  or	  processes	  that	  will	  help	  to	  ensure	  that	  there	  are	  appropriate	  levels	  of	  community	  
participation	  in	  the	  project,	  and	  developers	  are	  able	  to	  adequately	  communicate	  their	  plans	  and	  
capabilities.	  	  	  
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5.1 Regional	  mapping	  
In	  many	  countries,	  such	  as	  India,	  there	  are	  large	  regions	  that	  contain	  numerous	  villages	  that	  don’t	  

have	  access	  to	  electricity.	  Among	  these	  villages,	  there	  may	  be	  a	  wide	  range	  of	  community	  characteristics	  
that	  might	  be	  more	  or	  less	  supportive	  of	  the	  successful	  installation	  and	  operation	  of	  a	  micro-‐grid.	  It	  is	  
important	  to	  conduct	  rapid	  assessments	  of	  some	  of	  the	  key	  characteristics	  within	  the	  region’s	  villages,	  
to	  determine	  which	  ones	  might	  increase	  the	  probability	  of	  long-‐term	  success	  of	  a	  micro-‐grid.	  From	  the	  
ongoing	  experience	  and	  lessons-‐learned	  in	  the	  easiest	  communities,	  subsequent	  projects	  can	  branch	  out	  
to	  communities	  where	  installation	  and	  operation	  may	  require	  overcoming	  greater	  challenges.	  For	  
example,	  DESI	  Power,	  a	  private	  micro-‐grid	  developer	  in	  India,	  conducted	  a	  market	  survey	  in	  100	  villages	  
before	  determining	  the	  location	  for	  their	  second	  micro-‐grid	  installation	  (Schnitzer	  et	  al.,	  2014,	  p.	  36).	  
Important	  characteristics	  might	  include	  things	  such	  as	  road	  access,	  community	  leadership	  and	  
cohesiveness,	  capacities	  within	  the	  community	  (e.g.,	  masons,	  blacksmiths,	  carpenters,	  literacy	  rates,	  
incomes),	  and	  potential	  industry	  development.	  	  Critical	  metrics	  that	  may	  increase	  the	  probability	  of	  
success	  will	  also	  depend	  upon	  the	  capabilities,	  technology,	  and	  management	  model	  of	  the	  developers.	  	  
	  
5.2 Community	  engagement	  

There	  are	  a	  number	  of	  organizational	  models	  for	  the	  implementation	  of	  micro-‐grids	  in	  rural	  
communities.	  Ownership,	  operation,	  and	  management	  can	  fall	  in	  the	  hands	  of	  the	  government,	  
community,	  NGOs,	  or	  private	  companies	  (Bhattacharya,	  2013;	  Deshmukh	  et	  al.,	  2013;	  Rolland	  &	  Glania,	  
2011).	  Regardless,	  the	  first	  step	  for	  development	  of	  the	  project	  will	  be	  community	  engagement.	  The	  
primary	  objective	  is	  for	  the	  developer	  to	  better	  understand	  the	  community’s	  resources,	  capacities,	  and	  
aspirations,	  as	  well	  as	  for	  the	  community	  to	  have	  a	  detailed	  understanding	  of	  the	  goals	  and	  potential	  
services	  that	  the	  developer	  has	  the	  capability	  to	  offer.	  	  

5.2.1 Developing	  community	  partners	  
The	  first	  step	  for	  community	  engagement	  is	  connecting	  to	  a	  partner	  that	  can	  facilitate	  the	  

formation	  of	  relationships	  within	  the	  community.	  The	  partner	  should	  be	  someone	  who	  has	  strong	  ties	  
within	  the	  community,	  and	  a	  substantial	  history	  working	  or	  living	  in	  the	  community.	  He	  or	  she	  should	  
also	  be	  someone	  who	  can	  provide	  background	  information	  on	  the	  community,	  and	  make	  introductions	  
to	  various	  community	  stakeholders.	  The	  partners	  may	  be	  community	  leaders	  living	  in	  the	  community,	  or	  
employees	  of	  the	  government,	  NGOs,	  or	  businesses,	  who	  have	  an	  established	  history	  working	  and	  
interacting	  within	  the	  community	  (see,	  for	  example,	  the	  work	  of	  Mlinda	  in	  the	  Sundarbans	  region).	  Every	  
individual	  or	  organization	  will	  have	  their	  own	  particular	  perceptions	  and	  biases.	  Affiliating	  closely	  and	  
immediately	  with	  a	  particular	  person	  or	  group	  may	  alienate	  some	  sectors	  within	  the	  community.	  Ideally,	  
the	  micro-‐grid	  developer	  will	  have	  the	  opportunity	  and	  ability	  to	  make	  multiple	  connections	  with	  
different	  groups	  within	  the	  community,	  allowing	  him	  or	  her	  to	  understand	  the	  needs	  and	  interests	  of	  
various	  internal	  groups.	  Connection	  to	  good	  community	  partners	  can	  greatly	  facilitate	  information	  
transfer	  for	  the	  developer.	  
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5.2.2 Understanding	  community	  composition	  and	  key	  characteristics	  
One	  of	  the	  first	  steps	  for	  a	  micro-‐grid	  developer	  is	  to	  understand	  the	  heterogeneity	  that	  defines	  a	  

particular	  geographic	  community.	  Some	  common	  characteristics	  that	  may	  define	  community	  sub-‐groups	  
are	  shown	  in	  the	  table	  below:	  

	  
Characteristic	  defining	  a	  

community	  group	  
How	  this	  characteristic	  may	  impact	  their	  interest,	  decision-‐making	  
participation,	  or	  electricity	  access	  	  

Income	   What	  is	  their	  ability	  to	  pay	  for	  electricity,	  and	  capacity	  to	  consume?	  
Land	  holding	   Do	  they	  control	  right-‐of-‐way	  for	  distribution	  grids	  or	  generating	  

stations?	  
Business	  activities	   Will	  electricity	  benefit	  their	  businesses?	  What	  will	  be	  their	  electricity	  

demand?	  
Religious	  affiliation	   How	  are	  religious	  affiliations	  connected	  to	  the	  dominant	  power	  

structures	  in	  the	  community?	  	  
Political	  affiliation	   How	  much	  control	  do	  they	  have	  in	  the	  community?	  
Ethnic	  or	  racial	  differences	   Do	  they	  have	  political	  power,	  community	  voice,	  or	  are	  they	  

marginalized	  by	  economics	  or	  caste?	  	  
Linguistic	  differences	   Is	  there	  a	  common	  language?	  Who	  is	  excluded	  when	  

meetings/documentation	  is	  in	  a	  particular	  language?	  
Age	   Do	  the	  youth	  or	  elderly	  have	  unique	  electricity	  needs?	  Are	  they	  

excluded	  from	  public	  discussion?	  
Gender	   Who	  benefits	  most	  from	  electricity	  services	  in	  a	  household?	  Who	  are	  

the	  decision	  makers	  in	  the	  household	  (e.g.,	  matriarchal	  vs.	  patriarchal	  
structures)?	  	  

Educational	  background	   Does	  everyone	  understand	  the	  finances,	  management,	  and	  impacts	  of	  
electrification?	  

Table	  3:	  Various	  characteristics	  defining	  community	  subgroups,	  and	  how	  these	  might	  influence	  motivations	  for	  
electrification,	  or	  access.	  

There	  are	  many	  participatory	  practices	  that	  continue	  to	  be	  widely	  used	  and	  developed	  by	  
organizations	  and	  individuals	  working	  within	  communities.	  Many	  of	  them	  are	  extractive	  in	  nature,	  and	  
focus	  on	  information	  collection	  by	  outsiders.	  Processes	  such	  as	  Rural	  Rapid	  Appraisal	  (RRA)	  emerged	  in	  
the	  late	  70’s	  as	  a	  cheaper	  and	  more	  effective	  alternative	  to	  household	  surveys	  for	  development	  actors	  
and	  researchers	  to	  collect	  information	  on	  rural	  communities.	  There	  was	  sufficient	  disillusionment	  
regarding	  the	  costs	  and	  effectiveness	  of	  traditional	  survey	  work,	  and	  a	  number	  of	  researchers	  became	  
convinced	  that	  RRA,	  consisting	  of	  a	  suite	  of	  tools	  that	  included	  informal	  interviews,	  meetings,	  and	  group	  
activities,	  was	  more	  cost	  effective	  and	  accurate	  than	  traditional	  survey	  work	  (Chambers,	  1994).	  While	  
RRA	  was	  primarily	  extractive	  and	  used	  by	  universities	  and	  development	  organizations,	  it	  has	  since	  
evolved	  into	  more	  participatory	  methods	  (e.g.,	  participatory	  rural	  appraisal	  (PRA)),	  in	  which	  community	  
members	  are	  involved	  in	  not	  just	  the	  collection	  of	  information,	  but	  also	  its	  presentation	  and	  use.	  There	  
are	  a	  wide	  array	  of	  handbooks	  that	  describe	  various	  participatory	  methods.	  PRAs	  are	  often	  conducted	  
by	  a	  team	  of	  facilitators	  who	  may	  spend	  several	  days	  to	  weeks	  within	  a	  community,	  working	  with	  
various	  focus-‐groups	  that	  are	  representative	  of	  different	  sectors	  of	  the	  community,	  or	  with	  an	  inter-‐
mixed	  group.	  Activities	  often	  involve	  the	  workshop	  participants	  breaking	  into	  groups	  and	  reviewing	  their	  
shared	  knowledge	  about	  a	  particular	  topic,	  compiling	  the	  information	  in	  a	  picture	  or	  chart,	  and	  then	  
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presenting	  the	  information	  back	  to	  the	  group	  for	  discussion.	  The	  table	  below	  lists	  a	  number	  of	  common	  
PRA	  practices	  that	  can	  be	  useful	  in	  assessing	  community	  capabilities	  relevant	  to	  the	  design	  of	  an	  
electricity	  system.	  	  

	  
Community	  group	  activities	   Importance	  
Community	  map	  of	  town	  

	  	  
Geographic	  composition	  of	  community,	  historic	  and	  contemporary	  
significance	  of	  land	  and	  resources,	  emphasizing	  cultural/religious	  
significance.	  

Cultural/religious	  calendar	  
and	  map	  	  

Understand	  the	  different	  religious	  beliefs	  and	  practices.	  How	  do	  these	  
impact	  activities	  and	  practices,	  and	  how	  they	  impact	  views	  of	  
technology,	  natural	  resource	  use,	  gender/ethnic/racial	  roles.	  

Community	  resource	  
assessment	  

What	  locally	  available	  materials	  within	  the	  community	  are	  seen	  as	  
resources	  and	  what	  is	  seen	  as	  waste?	  Especially	  important	  when	  
assessing	  generation	  using	  biomass,	  as	  well	  as	  potential	  for	  value-‐added	  
processing.	  

Diagram	  of	  resource	  flows	  
into/out	  of	  the	  community	  

Creates	  a	  picture	  of	  the	  local	  economy:	  consumption	  and	  production	  
patterns	  and	  supply	  chains.	  Important	  for	  assessing	  how	  electricity	  may	  
support	  different	  productive	  uses.	  

Calendar	  of	  economic	  
activities	  

Especially	  important	  for	  agronomy-‐based	  communities.	  Labor	  supply	  and	  
income	  may	  be	  lumped	  in	  certain	  seasons	  ,	  important	  for	  assessing	  
billing	  cycles	  for	  electricity	  

Gender	  roles	   What	  gender	  roles	  do	  women/men	  hold	  within	  the	  community	  and	  
family?	  May	  be	  important	  in	  understanding	  decisions,	  limits	  in	  
participation,	  and	  choices	  for	  system	  management.	  

Household	  budgets	   Must	  cut	  across	  income	  levels.	  Important	  for	  assessing	  ability	  to	  pay	  for	  
electricity	  services	  

Household	  composition	   What	  is	  typical	  family	  size,	  and	  jobs/roles.	  	  Understanding	  what	  a	  typical	  
day	  for	  a	  man,	  woman,	  or	  children	  looks	  like	  will	  be	  important	  in	  
understanding	  the	  potential	  for	  labor	  contributions	  in	  system	  
development.	  	  

History	  of	  development	  
projects	  

Helpful	  for	  understanding	  what	  development	  projects	  have	  been	  seen	  as	  
success	  and	  failures,	  and	  what	  dynamics	  were	  important	  

Ranking	  of	  community	  
development	  challenges	  

This	  will	  range	  by	  community	  sub-‐group.	  Can	  provide	  insight	  into	  how	  
electrification	  can	  support	  community	  development	  priorities,	  such	  as	  
improved	  healthcare,	  education,	  or	  employment	  opportunities.	  

Picture	  of	  community	  in	  the	  
future	  

Reveals	  community	  group	  aspirations,	  allowing	  developers	  to	  
understand	  how	  electrification	  can	  complement/support	  development	  

Matrix	  of	  community	  
institutions/organizations	  

Shows	  what	  organizations	  and	  groups	  are	  doing	  work	  within	  the	  
community,	  and	  how	  they	  are	  viewed.	  Helpful	  in	  determining	  
collaborative	  partnerships.	  

Table	  4:	  Participatory	  Rural	  Appraisal	  (PRA)	  activities	  conducted	  by	  community	  groups,	  and	  their	  relevance	  for	  electrification	  

5.2.3 Understanding	  development	  history	  and	  vision	  
Understanding	  development	  history	  is	  a	  critical	  aspect	  that	  has	  the	  potential	  to	  greatly	  inform	  

whether	  or	  not	  a	  developer’s	  capacity,	  constraints,	  and	  motivations	  are	  compatible	  with	  the	  community.	  
An	  important	  challenge	  will	  be	  to	  utilize	  a	  process	  that	  will	  allow	  various	  subgroups	  to	  share	  their	  own	  
visions	  of	  the	  town’s	  or	  village’s	  history,	  as	  well	  their	  own	  goals	  and	  aspirations	  for	  the	  future.	  The	  
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process	  may	  involve	  individual	  interviews,	  workshops	  with	  various	  groups,	  or	  inter-‐mixed	  workshops.	  
Community	  members	  should	  be	  able	  to	  create	  a	  simplified	  history	  of	  development	  projects	  within	  their	  
community	  over	  the	  last	  several	  decades.	  This	  history	  will	  provide	  insights	  into	  how	  projects	  have	  been	  
implemented,	  who	  has	  been	  involved,	  and	  what	  have	  been	  the	  outcomes,	  from	  the	  perspectives	  of	  
various	  community	  groups.	  Understanding	  community	  visions	  of	  the	  future,	  as	  well	  as	  current	  
challenges	  facing	  sectors	  of	  the	  community,	  developers	  can	  work	  with	  community	  members	  to	  better	  
understand	  if	  or	  how	  electrification	  can	  support	  varied	  development	  aspirations.	  	  

5.2.4 Developing	  community	  baseline	  data	  
During	  the	  participatory	  workshops,	  facilitators	  should	  work	  with	  community	  members	  to	  

discuss	  the	  importance	  of	  defining	  baseline	  metrics.	  This	  will	  be	  an	  ongoing	  process	  that	  will	  be	  started	  
during	  the	  stages	  of	  community	  engagement,	  but	  revisited	  during	  later	  phases,	  especially	  the	  utilization	  
phase.	  In	  order	  to	  evaluate	  the	  impact	  and	  effectiveness	  of	  any	  proposed	  electrification	  scheme,	  it	  will	  
be	  helpful	  for	  the	  community	  to	  evaluate	  how	  their	  lives	  have	  changed,	  once	  the	  electrification	  project	  
is	  functioning.	  The	  metrics	  will	  allow	  them	  to	  take	  a	  more	  quantitative	  look	  at	  impacts	  and	  provide	  a	  
feedback	  mechanism	  for	  evaluating	  changes	  to	  the	  operation	  and	  management	  of	  the	  electrification	  
system.	  Possible	  metrics	  that	  can	  be	  compiled	  based	  upon	  outcomes	  from	  the	  PRA	  exercises	  and	  any	  
surveys	  could	  include:	  average	  household	  income,	  household	  expenditure	  on	  energy,	  accessibility	  of	  
health	  services,	  diversity	  of	  economic	  activities,	  learning	  opportunities,	  and	  nighttime	  activities.	  
Evaluation	  metrics	  are	  discussed	  in	  more	  detail	  in	  the	  later	  section	  on	  utilization.	  	  

5.2.5 Divulging	  costs	  and	  benefits	  of	  electrification	  
A	  common	  shortcoming	  during	  the	  initial	  stages	  of	  community	  engagement	  by	  project	  

developers	  is	  to	  focus	  on	  information	  collection,	  without	  appropriate	  emphasis	  on	  accurately	  sharing	  
information	  about	  the	  prospects	  of	  the	  electrification	  project.	  This	  can	  lead	  to	  unreal	  expectations	  from	  
community	  members	  regarding	  what	  will	  be	  the	  actual	  costs	  and	  benefits	  of	  electrification,	  timeline,	  
and	  sustainability	  of	  the	  project.	  Unfulfilled	  expectations	  may	  be	  one	  of	  the	  primary	  aspects	  that	  lead	  to	  
eventual	  project	  failure.	  For	  example,	  a	  government	  agency	  in	  Chhattisgarh,	  India,	  has	  contracted	  the	  
development	  of	  numerous	  solar	  micro-‐grids,	  designed	  specifically	  for	  lighting.	  It	  has	  witnessed	  ongoing	  
power	  shortages	  and	  demands	  from	  clients	  that	  want	  access	  to	  other	  electricity	  services	  (Schnitzer	  et	  
al.,	  2014,	  p.	  35).	  Widespread	  and	  sustained	  community	  buy-‐in	  will	  require	  honest	  and	  accurate	  
communication	  with	  the	  diverse	  stakeholder	  groups.	  This	  requires	  using	  various	  techniques	  that	  will	  
allow	  groups	  to	  gain	  some	  form	  of	  experiential	  understanding	  of	  the	  process	  and	  prospects	  of	  a	  
potential	  micro-‐grid.	  An	  unfortunate	  tendency	  is	  for	  a	  developer	  to	  play	  the	  role	  of	  a	  salesperson	  or	  
politician,	  telling	  constituents	  what	  they	  want	  to	  hear.	  While	  this	  may	  be	  useful	  for	  gaining	  initial	  
support,	  when	  the	  true	  costs	  and	  benefits	  of	  the	  project	  reveal	  themselves,	  over-‐sold	  expectations	  will	  
lead	  to	  disillusionment,	  resentment,	  and	  possibly	  even	  opposition,	  hindering	  or	  destroying	  the	  long-‐
term	  operation	  of	  the	  project.	  

Developers	  can	  share	  information	  through	  presentations	  and	  community	  meetings,	  but	  these	  
are	  often	  high-‐level,	  and	  do	  not	  facilitate	  an	  understanding	  of	  the	  details,	  in	  ways	  that	  may	  relate	  to	  
individual	  experiences.	  If	  there	  are	  similar	  projects	  in	  nearby	  communities,	  developers	  can	  arrange	  field	  
trips,	  in	  which	  community	  members	  can	  visit	  the	  systems	  and	  talk	  with	  consumers	  and	  operators.	  
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Participatory	  modeling	  is	  another	  promising	  technique	  in	  which	  community	  members	  work	  with	  a	  
facilitator	  to	  develop	  a	  model	  of	  some	  aspect	  of	  their	  community	  (such	  as	  their	  economy;	  see,	  for	  
example,	  the	  work	  of	  the	  Indian	  NGO	  SAMBANDH)	  or	  a	  particular	  development	  project	  (such	  as	  a	  micro-‐
grid).	  This	  process	  can	  be	  further	  enhanced	  by	  incorporating	  the	  model	  information	  into	  a	  board	  game	  
(Bousquet,	  Trébuil,	  &	  Hardy,	  2005).	  Another	  approach	  involves	  the	  facilitator	  bringing	  in	  a	  board	  game	  
or	  computer	  simulation	  that	  allows	  the	  users	  to	  gain	  intuition	  about	  what	  appliances	  they	  may	  be	  able	  
to	  use,	  their	  associated	  costs,	  generation	  capacity	  limits,	  and	  challenges	  of	  management.	  One	  group	  has	  
developed	  a	  computer	  simulation	  tool	  that	  can	  be	  done	  on	  computer	  tablets,	  in	  which	  participants	  
choose	  appliances	  and	  consumption	  patterns,	  and	  then	  can	  see	  associated	  monthly	  bills	  and	  impacts	  on	  
overall	  generation	  load	  requirements3.	  	  

5.2.5.1 Tools	  for	  community	  engagement	  	  
	  
Task	   Tools	  
Understanding	  community	  composition,	  
development	  history	  and	  visions,	  culture,	  and	  
local	  economies	  

Community	  meetings	  
Socio-‐economic	  surveys	  
Community	  observation	  
Structured/unstructured	  interviews	  
PRA	  techniques	  

Baseline	  metrics	   PRA,	  community	  discussions	  
Sharing	  details	  of	  potential	  electrification	  projects	   Presentations	  

Meetings	  
Modeling	  and	  simulation	  games	  

	  
5.3 Design	  	  

Once	  a	  community	  has	  been	  identified	  as	  a	  viable	  prospect	  for	  community	  electrification	  using	  a	  
micro-‐grid,	  the	  developer	  will	  need	  to	  work	  closely	  with	  the	  various	  community	  segments	  to	  design	  a	  
socially,	  culturally,	  politically,	  economically,	  and	  technically	  appropriate	  micro-‐grid.	  Depending	  upon	  the	  
community	  context	  specifics,	  it	  may	  be	  critical	  for	  the	  community	  to	  be	  engaged	  in	  the	  process	  and	  have	  
a	  detailed	  understanding	  of	  the	  design	  plan.	  The	  figure	  below	  depicts	  some	  of	  the	  critical	  components	  
that	  are	  part	  of	  the	  micro-‐grid	  design.	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 See the load simulation game developed by http://www.arc-initiative.org/#&projects 
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Figure	  3:	  Various	  design	  components	  for	  a	  rural	  micro-‐grid	  

5.3.1 Ownership	  structure	  
Whether	  the	  micro-‐grid	  is	  built,	  owned,	  and	  operated	  by	  a	  private	  company,	  the	  community,	  or	  

a	  public	  utility,	  there	  are	  aspects	  of	  the	  management	  structure	  that	  must	  be	  compatible	  with	  the	  
community	  context.	  In	  communities	  that	  are	  highly	  cohesive	  with	  strong	  leadership,	  having	  greater	  
community	  involvement	  within	  the	  ownership	  or	  management	  structure	  may	  make	  sense.	  In	  2000,	  the	  
Nicaraguan	  community	  of	  La	  Pita	  banded	  together	  to	  ask	  a	  local	  NGO	  to	  support	  training	  for	  the	  
fabrication,	  installation,	  and	  operation	  of	  a	  community	  micro-‐grid.	  Interviews	  in	  2008	  revealed	  that	  the	  
community	  was	  effectively	  managing	  the	  system,	  and	  didn’t	  want	  to	  give	  up	  ownership.	  In	  contrast,	  a	  
community-‐run	  diesel	  micro-‐grid	  in	  the	  Nicaraguan	  community	  of	  Orinoco	  was	  having	  difficulty	  
collecting	  tariffs	  and	  managing	  the	  grid,	  and	  requested	  the	  national	  utility	  to	  take	  over	  ownership.	  The	  
improved	  training	  and	  official	  uniforms	  played	  important	  roles	  in	  improved	  operation	  and	  tariff	  
collection,	  and	  protects	  against	  the	  risk	  of	  theft	  and	  sale	  of	  equipment.	  	  

Community	  members	  may	  be	  employed	  to	  work	  on	  construction,	  operation,	  and	  maintenance	  
of	  the	  micro-‐grid.	  This	  will	  require	  understanding	  what	  sort	  of	  local	  capacity	  and	  interest	  exists	  within	  
the	  community,	  and	  what	  sort	  of	  workforce	  development	  will	  be	  needed.	  Employing	  community	  
members	  in	  plant	  operations	  and	  tariff	  collection	  will	  require	  community	  dialogue	  to	  address	  potential	  
tensions	  that	  might	  arise	  within	  during	  hiring	  and	  carrying	  out	  their	  jobs.	  For	  example,	  community	  
employees	  may	  be	  unwilling	  to	  refrain	  from	  enforcing	  payment	  or	  disconnection	  rules	  with	  friends	  or	  
relatives.	  In	  several	  community-‐based	  micro-‐hydro	  projects	  in	  Orissa,	  India,	  leadership	  qualities	  
emerged	  among	  youth	  during	  initial	  installation	  work,	  leading	  to	  capacity	  development	  and	  
incorporation	  of	  system	  operation	  and	  management	  (Vaghela,	  2010).	  

5.3.2 Local	  resource	  assessment	  	  
Depending	  upon	  the	  capacity	  and	  financial	  model	  of	  the	  developer,	  local	  resource	  assessment	  is	  

an	  essential	  component	  for	  the	  design	  of	  an	  environmentally	  and	  economically	  sustainable	  electricity	  
system.	  Small	  scale	  generation	  systems	  utilizing	  locally	  derived	  fuels	  can	  provide	  greater	  socio-‐economic	  
benefits	  than	  systems	  that	  simply	  produce	  the	  least-‐cost	  unit	  of	  electricity,	  such	  as	  diesel	  generators,	  
which	  have	  the	  bulk	  of	  their	  lifetime	  costs	  tied	  up	  in	  imported	  fuel	  (Kammen,	  Bailis,	  &	  Herzog,	  2001b;	  
United	  Nations	  Department	  of	  Economic	  and	  Social	  Affairs,	  2007).	  	  It	  will	  be	  critical	  to	  involve	  
community	  groups	  in	  the	  evaluation	  of	  local	  resources	  that	  could	  be	  used	  for	  power	  generation.	  There	  
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may	  be	  very	  strong	  economic	  or	  cultural	  reasons	  why	  biomass	  resources	  or	  river	  diversion	  may	  not	  be	  
appropriate	  for	  use	  in	  an	  energy	  system.	  Depending	  upon	  the	  scale	  and	  model	  of	  the	  electrification	  
system,	  resource	  assessment	  is	  something	  that	  can	  be	  done	  in	  a	  participatory	  manner	  that	  can	  support	  
local	  capacity	  development	  of	  assessment	  skills	  and	  techniques	  for	  evaluating	  the	  energy	  potential	  of	  
local	  resources.	  	  
	  
Resource	   Rivers	   Wind	   Solar	   Biomass	  
Generation	  	   Micro-‐hydro	   Wind	  turbines	   Solar	  PV	   Biogas	  or	  

gasification	  
Assessment	   river	  flow,	  

seasonality,	  head,	  
site	  for	  civil	  
construction,	  ,	  
environmental	  
laws	  

Appropriate	  site,	  
wind	  speed,	  
seasonality	  

Solar	  radiation,	  
site	  for	  power	  
house	  and	  panels,	  
seasonality	  

Type	  of	  biomass	  
availability,	  site	  for	  
powerhouse,	  local	  
uses,	  seasonality	  

Community	  
participation	  

Yes	   Marginal	   Marginal	   Yes	  

Technical	  capacity	   Moderate	   Moderate/High	   High	   Moderate/High	  
Figure	  4:	  Resource	  assessment	  and	  potential	  community	  involvement	  for	  various	  renewable	  energy	  sources	  

5.3.3 Community	  demand	  and	  productive	  use	  
Assessment	  of	  community	  demand	  will	  require	  active	  community	  participation,	  and	  is	  closely	  

linked	  to	  the	  existing	  businesses,	  local	  skills,	  household	  incomes,	  and	  development	  visions	  of	  the	  
community.	  Household	  energy	  use	  surveys	  as	  well	  as	  PRA	  techniques	  are	  valuable	  for	  assessing	  
potential	  electricity	  demand.	  Critical	  factors	  in	  a	  demand	  assessment	  are	  described	  in	  the	  table	  below:	  

	  
Metric	   Definition	   Tools	  
Ability	  to	  pay	   How	  much	  are	  households	  currently	  spending	  

on	  energy	  services,	  such	  as	  lighting	  and	  
batteries?	  

Participatory	  budget	  mapping	  
Household	  surveys	  

Willingness	  to	  
pay	  	  

How	  much	  will	  households	  be	  willing	  to	  pay	  
for	  more	  modern	  energy	  services,	  such	  as	  
improved	  lighting,	  television,	  fans,	  etc.	  

Focus	  group	  discussions	  
Simulation	  game	  playing	  	  
Household	  surveys	  

Household	  
electricity	  
demand	  

What	  types	  of	  electricity	  services	  are	  people	  
interested	  in	  and	  able	  to	  acquire?	  What	  are	  
the	  availability	  and	  finance	  options	  for	  
efficient	  appliances?	  

Focus	  group	  discussions	  
Simulation	  game	  playing	  
Supply	  chain	  analysis	  
Meetings	  with	  finance	  institutions	  

Business	  
demand	  	  

What	  types	  of	  businesses	  could	  benefit	  from	  
electricity?	  How	  can	  electricity	  support	  local	  
incomes	  in	  agriculture,	  carpentry,	  small	  
stores,	  etc.	  	  

Focus	  group	  discussions	  
Productive	  use	  surveys	  

Demand	  by	  
public	  
institutions	  

What	  types	  of	  social	  services	  can	  benefit	  from	  
electricity,	  such	  as	  health	  clinics,	  street	  
lighting,	  schools,	  and	  community	  buildings?	  

Community	  meetings	  
Government/institution	  meetings	  

Demand	  
growth	  

How	  fast	  the	  population	  is	  growing.	  Are	  there	  
other	  development	  projects	  pending	  that	  

Population	  census	  
Mapping	  of	  development	  institutions	  
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projections	  	   may	  impact	  incomes	  and	  business	  
opportunities,	  such	  as	  road	  construction,	  
industry,	  or	  agricultural	  extension	  projects.	  

Government/institution	  meetings	  
Focus	  group	  on	  community	  
development	  visions	  
	  

Table	  5:	  Important	  metrics	  for	  evaluating	  potential	  electricity	  demand	  and	  assessment	  tools	  

An	  important	  aspect	  of	  demand	  assessment	  involves	  an	  investigation	  into	  how	  electricity	  can	  
facilitate	  the	  expansion	  or	  creation	  of	  new	  economically	  productive	  activities	  that	  support	  local	  
livelihoods.	  Many	  activities	  may	  have	  high	  power	  and	  energy	  requirements,	  such	  as	  carpentry,	  mills,	  
irrigation,	  and	  refrigeration	  or	  ice-‐making.	  Past	  experience	  has	  shown	  that	  connecting	  a	  micro-‐grid	  to	  an	  
anchor	  tenant	  who	  has	  both	  high	  demand,	  and	  ability	  to	  pay,	  can	  be	  a	  critical	  component	  for	  the	  
financial	  solvency	  of	  the	  micro-‐grid.	  In	  some	  cases,	  there	  may	  be	  entrepreneurs	  who	  already	  have	  a	  
profitable	  business	  supported	  by	  their	  own	  diesel	  generators,	  so	  connecting	  to	  a	  micro-‐grid	  will	  likely	  
reduce	  their	  costs.	  	  In	  other	  cases,	  entrepreneurs	  or	  farmers	  may	  need	  additional	  training	  in	  both	  
business	  planning	  and	  skills	  needed	  to	  operate	  and	  maintain	  new	  machinery.	  Experience	  in	  rural	  fishing	  
villages	  in	  Nicaragua	  has	  found	  that	  there	  is	  high	  demand	  for	  local	  ice	  generation,	  but	  insufficient	  skills	  
managing	  and	  maintaining	  the	  machines	  has	  led	  to	  frequent	  failures	  (Christian	  E.	  Casillas,	  2012).	  Small	  
business	  development,	  such	  as	  household	  shops	  that	  use	  refrigeration,	  tailoring,	  or	  hair	  salons	  have	  
been	  shown	  to	  increase	  local	  incomes	  (Kirubi	  et	  al.,	  2009).	  This	  may	  translate	  into	  increased	  ability	  to	  
pay	  for	  electricity,	  as	  well	  as	  overcome	  capital	  costs	  for	  more	  efficient	  appliances.	  	  

Human	  capacity	  development	  takes	  time	  and	  resources.	  In	  order	  to	  do	  this	  well,	  it	  will	  likely	  
require	  partnering	  with	  organizations	  that	  have	  strong	  histories	  of	  implementing	  successful	  training	  for	  
entrepreneurs	  and	  technical	  skills.	  This	  may	  involve	  sending	  community	  members	  to	  training	  courses	  at	  
universities	  or	  technical	  schools,	  or	  apprenticing	  with	  experts	  in	  nearby	  communities.	  	  

5.3.4 Technical	  design	  
Technical	  design	  includes	  the	  mechanical	  and	  electrical	  design	  of	  the	  generator,	  construction	  of	  

power	  houses,	  roads,	  and	  resource	  intakes,	  distribution	  lines,	  demand-‐side	  regulation	  such	  as	  load	  
limiters	  or	  meters,	  availability	  of	  efficient	  appliances,	  and	  tariff	  design	  and	  payment	  methods.	  The	  
technical	  design	  will	  depend	  on	  the	  ownership,	  management,	  and	  financial	  model	  of	  the	  micro-‐grid,	  as	  
well	  as	  the	  local	  capacities	  of	  the	  community.	  For	  community	  owned	  systems,	  it	  is	  essential	  that	  local	  
capacity	  and	  supply	  chains	  can	  support	  the	  operation,	  maintenance,	  and	  repair	  of	  the	  generation,	  
distribution,	  and	  metering	  systems.	  For	  micro-‐grids	  that	  will	  be	  owned,	  operated,	  and	  maintained	  by	  a	  
private	  entity,	  the	  technical	  sophistication	  of	  the	  micro-‐grid	  will	  be	  limited	  by	  the	  financial	  model	  of	  the	  
owners.	  	  

While	  the	  technical	  design	  of	  micro-‐grids	  is	  typically	  done	  by	  engineers	  and	  technicians,	  it	  is	  
essential	  to	  have	  ongoing	  community	  dialogue	  during	  the	  design	  process.	  This	  is	  a	  critical	  step	  where	  
communication	  between	  the	  developers	  and	  the	  users	  often	  breaks	  down.	  The	  engineers	  will	  base	  their	  
design	  upon	  analysis	  of	  community	  capacity,	  resource	  availability,	  and	  community	  demand.	  However,	  
there	  is	  often	  hidden	  or	  misinterpreted	  information,	  or	  the	  designers’	  own	  limited	  experiences	  and	  
biases	  may	  lead	  them	  to	  come	  up	  with	  a	  solution	  that	  has	  problems	  obvious	  to	  community	  members.	  
Lean	  start-‐ups	  in	  the	  U.S.	  often	  ensure	  that	  engineers	  and	  designers	  are	  in	  close	  communication	  and	  
there	  are	  pathways	  for	  direct	  feedback.	  This	  best-‐practice	  is	  often	  non-‐existent	  when	  products	  are	  off-‐
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the-‐shelf	  components	  from	  foreign	  countries.	  Work	  on	  community	  micro-‐hydro	  systems	  has	  shown	  
reduced	  failure	  rates	  when	  time	  is	  taken	  to	  train	  electricians	  and	  metal	  fabricators	  to	  make	  components	  
regionally	  (Vaghela,	  2010).	  Installing	  regionally	  fabricated	  wind	  turbines	  in	  rural	  communities	  in	  
Nicaragua	  has	  shown	  that	  service	  contracts	  with	  skilled	  professionals	  was	  more	  cost	  effective	  and	  viable	  
than	  trying	  to	  develop	  all	  maintenance	  capacity	  within	  the	  isolated	  communities	  themselves	  (Marandin,	  
Craig,	  Casillas,	  &	  Sumanik-‐Leary,	  2013).	  	  

Developing	  an	  appropriate	  technical	  design	  will	  necessitate	  pathways	  of	  communication	  
between	  the	  engineers	  and	  designers	  and	  the	  community	  throughout	  all	  stages	  of	  the	  micro-‐grid	  
implementation	  process.	  The	  technical	  team	  should	  be	  involved	  in	  various	  aspects	  of	  the	  community-‐
engagement	  process,	  so	  they	  are	  not	  just	  learning	  about	  the	  community	  through	  reports	  or	  anecdotes.	  
During	  the	  design	  process,	  the	  pathways	  of	  communication	  should	  involve	  conversations	  and	  visits	  with	  
community	  members,	  getting	  their	  direct	  input	  during	  the	  design	  process.	  	  

In	  addition,	  it	  is	  important	  that	  the	  technical	  design	  team	  is	  aware	  of	  other	  development	  
projects	  that	  might	  be	  unfolding	  within	  the	  community.	  There	  may	  be	  plans	  for	  new	  public	  structures,	  or	  
renovations,	  such	  as	  schools	  and	  health	  clinics,	  or	  organizations	  that	  are	  supporting	  economic	  
development	  projects	  within	  the	  community.	  Effective	  design	  will	  involve	  communicating	  with	  other	  
actors,	  and	  understanding	  how	  electricity	  design	  and	  construction	  can	  complement	  other	  projects.	  	  

5.3.5 Financial	  design	  
In	  order	  to	  create	  a	  sustainable	  financial	  model	  that	  will	  allow	  the	  construction,	  operation	  and	  

long	  term	  maintenance	  of	  the	  system,	  understanding	  of	  government	  policies	  and	  local	  and	  non-‐local	  
funding	  sources	  will	  be	  necessary.	  As	  mentioned	  earlier,	  a	  sustainable	  rural	  electrification	  scheme	  is	  not	  
viable	  without	  subsidies.	  Thus,	  the	  question	  becomes	  how	  to	  best	  apply	  the	  subsidies.	  Many	  countries	  
have	  national	  and	  local	  level	  policies	  that	  offer	  substantial	  subsidies	  to	  reduce	  the	  capital	  costs	  of	  
electrification	  projects.	  For	  example,	  the	  RGGVY	  rural	  electrification	  policy	  in	  India	  will	  provide	  up	  to	  
90%	  of	  the	  capital	  costs	  and	  some	  soft	  costs	  (such	  as	  feasibility	  studies)	  for	  micro-‐grid	  implementation	  
using	  renewable	  energies	  in	  target	  communities.	  The	  longevity	  of	  the	  micro-‐grid	  may	  be	  impacted	  if	  
there	  are	  future	  plans	  for	  inter-‐connection	  to	  the	  main	  grid,	  but	  there	  are	  no	  grid	  inter-‐connection	  and	  
feed-‐in	  tariff	  policies.	  The	  table	  below	  lists	  a	  number	  of	  government	  policies	  that	  are	  important	  for	  the	  
longevity	  of	  the	  micro-‐grid.	  

	  
Government	  policies	  that	  impact	  the	  financial	  design	  for	  micro-‐grids	  

Capital	  subsidies	  
Mandatory	  tariff	  rates	  or	  structures	  for	  micro-‐grids	  
Legal/technical	  laws	  for	  grid	  inter-‐connection	  
Feed-‐in	  tariffs	  for	  grid	  inter-‐connection	  
Local,	  regional,	  and	  national	  taxes	  
Tax	  breaks	  on	  renewable	  energy	  technology	  imports	  
Banks	  and	  government	  institutions	  that	  give	  loans	  at	  preferential	  rates	  for	  electrification	  projects	  
Table	  6:	  Financial	  policies	  that	  may	  impact	  micro-‐grid	  development	  

Often	  tariffs	  systems	  are	  implemented	  as	  afterthoughts	  to	  the	  design	  process,	  even	  though	  a	  well	  
designed	  tariff	  system	  may	  determine	  whether	  a	  micro-‐grid	  fails	  or	  persists.	  It	  is	  also	  important	  to	  
understand	  national	  tariff	  policies	  that	  may	  constrain	  the	  forms	  the	  tariffs	  can	  take.	  In	  India,	  tariffs	  may	  
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be	  defined	  by	  individual	  states,	  with	  variation	  within	  the	  municipality	  or	  district	  level.	  Subsidized	  tariff	  
structure	  can	  even	  be	  used	  as	  a	  political	  tool	  to	  gain	  support	  or	  re-‐election.	  A	  number	  of	  authors	  have	  
argued	  that	  tariff	  design	  should	  be	  measured	  by	  metrics	  of	  cost	  recovery,	  economic	  efficiency,	  and	  
equity,	  while	  striving	  to	  have	  them	  transparent	  and	  understandable	  to	  consumers	  (Boland	  &	  
Whittington,	  1998).	  There	  are	  a	  number	  of	  electricity	  tariff	  systems	  in	  affect	  throughout	  the	  world,	  the	  
most	  common	  being	  two-‐part	  tariffs	  and	  inclining	  block	  rate	  tariffs	  (IBTs),	  the	  latter	  of	  which	  is	  prevalent	  
throughout	  Latin	  America	  (Foster	  &	  Yepes,	  2006).	  A	  two-‐part	  tariff	  is	  one	  that	  has	  a	  fixed	  monthly	  cost,	  
regardless	  of	  consumption,	  and	  then	  a	  per-‐unit	  cost	  for	  consumed	  electricity.	  IBTs	  have	  a	  per-‐unit	  cost	  
for	  electricity	  consumption,	  that	  increases	  as	  consumers	  pass	  fixed	  consumption	  amounts.	  With	  IBTs,	  
the	  largest	  residential	  consumers	  pay	  higher	  rates	  than	  lower	  consumers,	  cross-‐subsidizing	  the	  poorest	  
households	  and	  are	  incentivized	  to	  invest	  in	  more	  energy	  efficient	  technology	  (such	  as	  new	  
refrigerators),	  as	  well	  as	  reduce	  consumption	  for	  all	  but	  the	  most	  valued	  use.	  	  

	  
Within	  the	  developing	  world,	  IBTs	  have	  gained	  popularity	  in	  both	  the	  water	  and	  electricity	  

sector,	  primarily	  due	  to	  their	  purported	  ability	  to	  provide	  more	  equitable	  access	  than	  the	  two-‐part	  
tariffs.	  While	  there	  have	  been	  a	  number	  of	  critiques	  of	  the	  shortcomings	  of	  IBTs	  (Boland	  &	  Whittington,	  
1998;	  Crase,	  O’Keefe,	  &	  Burston,	  2007),	  due	  to	  their	  familiarity	  and	  ease	  of	  implementation,	  they	  are	  
suitable	  in	  many	  contexts.	  Several	  aspects	  of	  regressive	  tariff	  systems	  can	  be	  improved	  by	  utilizing	  an	  
IBT	  in	  which	  the	  lowest	  consumers	  can	  be	  given	  ‘life-‐line’	  rates	  that	  are	  cross-‐subsidized	  by	  higher	  
consumers	  (Barnes	  &	  Floor,	  1996).	  

5.3.5.1 Appropriate	  tariff	  design	  will	  need	  to	  involve	  community	  discussions	  and	  educational	  
workshops	  where	  tariff	  structure	  is	  explained.	  Families	  on	  a	  privately	  operated	  micro-‐
grid	  will	  likely	  need	  to	  pay	  higher	  tariffs	  than	  friends	  or	  relatives	  on	  the	  centralized	  
grid,	  which	  will	  have	  lower	  generation	  costs	  and	  more	  subsidies	  and	  is	  subject	  to	  
political	  manipulation.	  In	  communities	  where	  families	  don’t	  understand	  the	  tariff	  
system,	  and/or	  feel	  that	  it	  is	  unjust,	  there	  will	  be	  greater	  incentives	  for	  bypassing	  
meters	  or	  load	  limiters,	  or	  not	  paying	  bills.	  Even	  with	  increasing	  excitement	  about	  
smart-‐metering	  with	  options	  for	  pay-‐as-‐you-‐go	  services,	  mobile	  payments,	  and	  
remote	  disconnections,	  human	  interface	  is	  still	  critical.	  An	  employee	  at	  Husk	  Power	  
Systems,	  a	  micro-‐grid	  developer	  in	  India,	  has	  stated	  that	  he	  doesn’t	  believe	  that	  any	  
technological	  solution	  will	  obviate	  the	  need	  for	  trust-‐worthy	  employees	  (Schnitzer	  et	  
al.,	  2014).	  Tools	  for	  design	  

The	  table	  below	  summarizes	  some	  participatory	  practices	  relevant	  to	  the	  technical	  design	  phase	  
of	  micro-‐grids.	  

	  
Design	  component	   Tools	  
Ownership	   Community	  meetings	  to	  discuss	  potential	  ownership	  models	  

Management	  models,	  in	  the	  form	  of	  computer	  or	  board	  games,	  in	  which	  
participants	  can	  gain	  insight	  into	  the	  details	  of	  various	  structures	  
Community	  visits	  to	  nearby	  micro-‐grids	  with	  various	  management	  
structures.	  

Resource	  assessment	   Workshops,	  community	  training	  (solar	  eval,	  hydro	  eval)	  
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Focus	  group	  (biomass	  evaluation)	  
Instrument	  installation	  (wind)	  

Community	  demand	   Community	  meetings	  to	  discuss	  potential	  ownership	  models	  
Household	  and	  business	  surveys	  
Participatory	  workshops	  –	  household	  focus	  groups	  assessing	  household	  
demand,	  businesses	  growth,	  public	  institutions	  like	  schools,	  clinics,	  and	  
proactive	  uses	  like	  mills,	  irrigation,	  carpentry,	  stores	  
Community	  census	  tallies	  and	  projections	  
Government	  and	  NGO	  development	  plans	  and	  prospects	  
Electricity	  load	  simulation	  games	  (board	  games	  and	  computers)	  

Financial	  design	   Mapping	  relations	  of	  financial	  actors,	  and	  impacts	  of	  policies	  
Setting	  up	  community	  savings	  accounts,	  links	  to	  micro-‐lenders/banks	  
Community	  census	  tallies	  and	  projections	  
Government	  and	  NGO	  development	  plans	  and	  prospects	  
Electricity	  load	  simulation	  games	  for	  assessing	  tariff	  viability	  

	  
5.4 Deployment	  

Deployment	  of	  the	  micro-‐grid	  provides	  the	  opportunity	  for	  short-‐term	  and	  long-‐term	  job	  
creation,	  bringing	  economic	  opportunity	  to	  the	  community,	  in	  addition	  to	  the	  provision	  of	  electricity.	  
This	  will	  require	  the	  micro-‐grid	  developer	  to	  have	  internal	  capacity,	  or	  appropriate	  partners,	  who	  can	  
provide	  workforce	  training	  within	  the	  community.	  For	  example,	  the	  construction	  of	  the	  powerhouse	  for	  
generation	  and	  storage	  will	  require	  masons,	  carpenters,	  and	  unskilled	  laborers,	  as	  will	  the	  more	  
extensive	  civil	  construction	  needed	  for	  a	  micro-‐hydro	  system.	  System	  construction	  could	  takes	  weeks	  or	  
months,	  depending	  upon	  the	  generation	  type,	  size	  of	  the	  community,	  and	  availability	  of	  labor.	  	  

	  

Short	  term	  employment	  opportunities	   Ongoing	  employment	  opportunities	  

Civil	  construction	  (hydro)	  
Powerhouse	  construction	  
Distribution	  grid	  construction	  

Linesman	  
Bill	  collector	  
Administrator	  
Plant	  operator	  
Fuel	  stream	  providers	  

Table	  7:	  Short	  term	  and	  long	  term	  job	  opportunities,	  depending	  upon	  the	  generation	  technology	  

	   During	  the	  deployment	  process,	  new	  information	  will	  be	  revealed	  regarding	  the	  capacities,	  
motivations,	  and	  leadership	  among	  community	  members	  (Vaghela,	  2010).	  While	  some	  people	  may	  be	  
silent,	  or	  shy,	  during	  community	  meetings	  or	  workshops,	  they	  may	  be	  very	  active	  when	  it	  comes	  to	  
participating	  in	  hands-‐on	  work.	  The	  more	  closely	  community	  members	  are	  able	  to	  participate	  in	  system	  
construction,	  the	  more	  likely	  it	  will	  be	  that	  they	  can	  repair	  it	  when	  problems	  arise.	  This	  will	  involve	  not	  
just	  carrying	  out	  construction	  tasks,	  but	  understanding	  the	  function	  and	  rationale	  for	  particular	  aspects	  
of	  the	  design.	  

It	  is	  important	  to	  make	  sure	  that	  there	  are	  ongoing	  community	  meetings	  during	  the	  construction	  
phases	  to	  make	  sure	  that	  voices	  are	  heard,	  and	  participation	  is	  equitably	  distributed.	  There	  will	  always	  
be	  more	  active	  participants,	  as	  well	  as	  free-‐riders.	  Public	  meetings	  and	  good	  facilitators	  may	  be	  
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necessary	  to	  make	  sure	  that	  the	  deployment	  phase	  doesn’t	  become	  divisive,	  especially	  when	  the	  project	  
is	  dependent	  upon	  community	  labor.	  
	   Deployment	  may	  also	  entail	  closely	  partnering	  with	  micro-‐finance	  groups	  or	  businesses,	  in	  order	  
to	  make	  sure	  that	  all	  users	  have	  connections	  and	  access	  to	  minimally	  efficient	  appliances,	  such	  as	  
compact	  fluorescent	  light	  bulbs	  or	  LED	  lights,	  as	  well	  as	  equipment	  needed	  to	  support	  economic,	  civic,	  
and	  socially	  beneficial	  activities.	  
	   In	  the	  case	  where	  there	  are	  entrepreneurs	  or	  business	  owners	  who	  may	  be	  able	  to	  start	  new	  
businesses,	  or	  increase	  productivity	  in	  current	  ones,	  it	  will	  be	  necessary	  to	  provide	  access	  to	  both	  skills	  
training	  and	  micro-‐finance	  institutions.	  It	  is	  common	  for	  households	  to	  set	  up	  small	  businesses	  selling	  
chilled	  drinks,	  small	  stores	  and	  bars	  to	  acquire	  stereos	  and	  refrigerators,	  or	  farmers	  to	  acquire	  pumps	  
for	  irrigation.	  In	  Nicaragua,	  appliance	  franchises	  offered	  microcredit	  directly	  to	  remote	  villages,	  allowing	  
them	  to	  purchase	  TVs,	  refrigerators,	  and	  stereos	  on	  credit	  (at	  annual	  interest	  rates	  above	  30%),	  while	  
micro-‐lenders	  provided	  loans	  in	  other	  communities.	  However,	  opportunity	  can	  quickly	  turn	  to	  tragedy,	  
as	  small	  entrepreneurs	  get	  caught	  in	  endless	  debt-‐cycles,	  unable	  to	  pay	  back	  loans	  taken	  at	  high	  interest	  
rates,	  especially	  in	  the	  agricultural	  industry	  where	  business	  is	  tied	  to	  the	  vagaries	  of	  weather.
	   Community	  members	  will	  greatly	  benefit	  from	  workshops	  that	  will	  help	  them	  to	  develop	  
business	  plans	  and	  assess	  the	  risk	  of	  loans.	  In	  addition,	  skill	  workshops	  may	  be	  necessary	  when	  
electricity	  can	  provide	  the	  opportunity	  for	  the	  use	  of	  new	  equipment,	  such	  as	  carpentry	  machines	  or	  
mills,	  or	  new	  job	  opportunities,	  such	  as	  barbers	  or	  electronic	  repair	  shops.	  Electricity	  access	  can	  provide	  
new	  economic	  opportunities,	  but	  these	  are	  often	  dependent	  upon	  human	  capacity	  development,	  
requiring	  integration	  and	  collaboration	  with	  other	  development	  organizations.	  

5.4.1.1 Tools	  for	  deployment	  
• Partnering	  with	  institutions	  for	  skills	  training	  workshops	  
• Short	  workshops	  reviewing	  rationale	  and	  function	  of	  system	  design	  
• Ongoing	  community	  meetings	  
• Business	  planning	  workshops	  
• Workshops	  on	  tariff	  design	  and	  loan	  risks	  
• Educational	  workshops	  on	  efficient	  appliances	  and	  productive	  use	  equipment	  
	  

5.5 Utilization	  
Post	  deployment	  is	  typically	  where	  most	  development	  planners	  think	  that	  their	  work	  has	  ended.	  

Project	  budgets	  often	  do	  not	  include	  support	  for	  the	  problem-‐solving	  needed	  to	  address	  the	  many	  
unforeseen	  problems	  that	  arise	  once	  the	  system	  has	  begun	  operating.	  Post-‐deployment,	  if	  planned	  
carefully	  with	  partners	  and	  resources,	  is	  the	  opportunity	  for	  electricity	  access	  to	  truly	  support	  the	  
development	  visions	  of	  local	  community	  groups.	  The	  table	  below	  shows	  a	  number	  of	  potential	  
outcomes	  that	  may	  result	  from	  a	  rural	  electrification	  scheme:	  

	  
Rural	  development	  
challenge	   Potential	  welfare	  improvement	  through	  electrification	  

Poverty	  and	  Hunger	  
	  

• Reducing	  share	  of	  household	  income	  spent	  on	  lighting	  
• Reducing	  post-‐harvest	  losses	  through	  better	  preservation.	  
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• Enabling	  irrigation	  to	  increase	  food	  production	  and	  access	  to	  
nutrition.	  

• Enabling	  enterprise	  development,	  utilizing	  locally	  available	  resources,	  
and	  creating	  jobs.	  

• Generating	  light	  to	  permit	  income	  generation	  beyond	  daylight.	  
• Powering	  machinery	  to	  increase	  productivity.	  

Primary	  Education	   • Providing	  light	  for	  reading	  or	  studying	  beyond	  daylight.	  
• Improving	  access	  to	  clean	  water,	  lighting,	  and	  space	  cooling	  
• Providing	  lighting	  in	  schools,	  helping	  retain	  teachers.	  
• Enabling	  access	  to	  media	  and	  communications	  that	  increase	  

educational	  opportunities.	  
Gender	  Equality	  and	  
Women’s	  Empowerment	  
	  

• Improvement	  of	  domestic	  working	  conditions	  
• Increased	  opportunities	  for	  income	  generation.	  
• Lighting	  streets	  to	  improve	  women’s	  safety.	  
• Providing	  lighting	  for	  home	  study	  and	  the	  possibility	  of	  holding	  

evening	  classes.	  
Health	   • Improved	  lighting	  in	  health	  clinics	  and	  hospitals	  

• Access	  to	  lifesaving	  electrical	  devices	  
• Allowing	  for	  medicine	  refrigeration	  and	  equipment	  sterilization	  
• Providing	  access	  to	  health	  education	  media.	  
• Improve	  willingness	  of	  doctors	  and	  nurses	  to	  reside	  in	  rural	  areas	  
• Tele-‐health	  services	  

Environmental	  
Sustainability	  
	  

• Boosting	  agricultural	  productivity	  through	  irrigation,	  increasing	  
quality	  instead	  of	  quantity	  of	  cultivated	  land.	  

• Reducing	  greenhouse	  gas	  emissions	  from	  lighting	  
Table	  8:	  Summary	  of	  potential	  welfare	  impacts	  from	  rural	  electrification.	  Adapted	  from	  (Flavin	  &	  Aeck,	  2005)	  

	   Such	  outcomes	  are	  hardly	  inevitable,	  and	  many	  will	  depend	  upon	  the	  thoughtfulness	  of	  the	  
implementation,	  and	  require	  feedback	  and	  restructuring	  in	  order	  to	  achieve	  desired	  impacts.	  While	  the	  
owners	  of	  the	  micro-‐grid	  will	  have	  their	  own	  form	  of	  monitoring	  and	  evaluation,	  it	  will	  be	  beneficial	  for	  
developers	  to	  collaborate	  with	  community	  sub-‐groups	  to	  determine	  what	  impacts	  are	  most	  important,	  
and	  what	  type	  of	  monitoring	  and	  evaluation	  system	  would	  be	  sustainably	  managed	  by	  the	  community.	  
These	  discussions	  will	  build	  off	  of	  any	  work	  that	  was	  carried	  out	  during	  the	  initial	  stages	  of	  community	  
engagement	  (see	  above),	  when	  workshops	  and	  surveys	  produced	  baseline	  data	  than	  can	  be	  measured	  
again,	  after	  the	  micro-‐grid	  has	  been	  in	  operation	  for	  some	  time.	  

The	  table	  below	  gives	  some	  examples	  of	  metrics	  that	  a	  community	  might	  choose	  to	  measure,	  as	  
well	  as	  aspects	  of	  the	  micro-‐grid	  that	  may	  require	  revision	  and	  alteration.	  

	  
Issue	   Metric	   Potential	  intervention	  
Household	  access	   Minimum	  hours	  of	  lighting	  per	  

night	  
Tariff	  reduction,	  life-‐line	  rates	  

Revenue	  collection	   100%	  collection	  
	  
Revenue	  exceeding	  costs	  

Tariff	  re-‐evaluation,	  employee	  
training,	  town	  meeting	  
Tariff	  evaluation	  

Brown-‐outs/Black-‐outs	   Load	  factor	  (peak	  load/ave	  load)	  
	  

Assess	  community	  access	  to	  
efficient	  appliances	  
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Assess	  the	  technical	  capacity	  of	  
the	  operators,	  fuel	  chain,	  
equipment	  supply	  chain	  

Business	  impact	   Net	  annual	  revenue	   Evaluate	  tariffs	  and	  generator	  
capacity	  and	  maintenance	  
Human	  capacity	  of	  workforce	  
and	  the	  potential	  for	  ongoing	  
skills	  training	  

Cultural	  impact	   Change	  in	  intra-‐household	  
socializing	  

Provide	  increase	  lighting	  in	  
outdoor	  spaces,	  additional	  
community	  spaces	  

Educational	  impact	   Hours	  of	  TV/household	  
Type	  of	  TV	  being	  watched	  

Increase	  access	  to	  educational	  
movies	  
Training	  to	  develop	  a	  local,	  
youth-‐run	  TV	  program	  

Table	  9:	  Possible	  metrics	  and	  levers	  that	  may	  be	  adjusted	  to	  impact	  them	  

In	  order	  for	  observations	  and	  challenges	  to	  lead	  to	  locally	  appropriate	  changes	  in	  the	  micro-‐grid	  
system,	  there	  needs	  to	  be	  some	  form	  of	  institutional	  structure	  that	  creates	  a	  feedback	  loop	  between	  the	  
community	  and	  the	  ownership	  and	  management	  structure	  of	  the	  micro-‐grid.	  This	  may	  be	  one	  of	  the	  
most	  challenging	  aspects	  of	  micro-‐grid	  management.	  The	  structure	  must	  have	  hierarchies	  of	  
management	  and	  feedback	  that	  will	  allow	  versatility.	  	  

In	  the	  Indian	  state	  of	  Chhattisgarh,	  the	  government	  has	  contracted	  private	  companies	  for	  the	  
installation	  and	  operation	  and	  maintenance	  of	  the	  micro-‐grids.	  	  The	  government	  has	  a	  well	  developed	  
system	  of	  monitoring	  the	  functioning	  of	  the	  micro-‐grids,	  with	  a	  well	  defined	  structure	  for	  community	  
members	  to	  communicate	  issues,	  first	  to	  the	  contractors,	  and	  then	  directly	  to	  the	  government	  
(Schnitzer	  et	  al.,	  2014).	  In	  contrast,	  solar	  micro-‐grids	  in	  the	  neighboring	  state	  of	  Orissa	  were	  found	  to	  
have	  a	  low	  rate	  of	  operation,	  with	  poor	  maintenance	  records	  from	  the	  contractors,	  and	  confusion	  within	  
the	  communities	  about	  who	  to	  contact	  for	  system	  repairs.	  	  	  

5.5.1.1 Tools	  during	  utilization	  
• Surveys	  
• Participatory	  workshops	  	  
• Community	  organizing	  
• Ongoing	  meetings	  between	  funders,	  contractors,	  NGOs	  to	  make	  sure	  that	  established	  systems	  of	  

monitoring,	  auditing,	  and	  penalization	  are	  functioning	  
• Training	  workshops	  for	  the	  collection	  and	  analysis	  of	  metrics	  
• Ongoing	  workforce	  training	  workshops	  
• Skills	  training	  in	  use	  of	  computers,	  video,	  photography,	  editing	  
	  
5.6 Developing	  and	  implementing	  an	  HSC	  toolkit	  

While	  there	  is	  sufficient	  evidence	  that	  integrating	  human,	  social,	  and	  cultural	  factors	  into	  the	  
process	  of	  rural	  electrification	  will	  likely	  improve	  the	  development	  outcomes,	  it	  is	  difficult	  to	  place	  a	  
monetary	  value	  on	  that	  outcome.	  Therefore,	  it	  is	  challenging	  to	  ensure	  that	  rural	  electrification,	  when	  
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carried	  out	  by	  actors	  in	  the	  private	  sector,	  or	  donors	  operating	  on	  short-‐term	  metrics	  relating	  to	  project	  
costs,	  will	  make	  the	  investment	  of	  time	  and	  money	  needed	  to	  create	  and	  utilize	  a	  community	  
engagement	  process.	  A	  developer	  may	  not	  have	  the	  capabilities	  within	  their	  organization,	  such	  as	  
adequate	  knowledge	  of	  local	  language	  or	  culture,	  to	  develop	  and	  implement	  appropriate	  community	  
activities.	  

In	  the	  case	  of	  a	  large	  rural	  electrification	  effort	  carried	  out	  in	  a	  particular	  region,	  it	  may	  be	  
appropriate	  for	  donor	  agencies	  or	  governments	  to	  support	  the	  capacity	  development	  of	  an	  HSC	  team	  
residing	  within,	  or	  intimately	  familiar	  with,	  the	  region.	  The	  effectiveness	  of	  HSC	  practices	  will	  be	  highly	  
dependent	  upon	  skill,	  effort,	  and	  ethics	  of	  the	  facilitators.	  However,	  good	  HSC	  facilitators	  will	  not	  
necessarily	  need	  a	  high	  level	  of	  technical	  skills,	  but	  rather	  good	  communication	  and	  organizational	  skills,	  
which	  may	  be	  found	  or	  cultivated	  within	  rural	  communities.	  	  

Determining	  the	  best	  method	  for	  the	  development	  and	  implementation	  of	  effective	  HSC	  practices	  
for	  rural	  electrification	  practitioners	  will	  require	  varied	  experiments,	  appropriate	  to	  the	  context	  in	  which	  
the	  electrification	  programs	  are	  occurring.	  These	  might	  include	  having	  manuals	  and	  training	  videos	  for	  
developers,	  internal	  HSC	  process	  experts	  within	  the	  development	  organization,	  local	  NGOs	  that	  have	  the	  
mandate	  and	  capabilities	  for	  carrying	  out	  HSC	  processes	  for	  developers,	  dedicated	  teams	  of	  HSC	  
practitioners	  that	  are	  contracted	  from	  regional	  universities,	  or	  programs	  carried	  out	  by	  universities	  to	  
train	  local	  teams	  in	  appropriate	  HSC	  processes.	  	  

HSC	  processes	  will	  likely	  be	  more	  important	  for	  smaller	  communities	  where	  community	  members	  
play	  an	  active	  role	  in	  the	  community,	  and	  will	  be	  involved	  in	  the	  operation	  and	  maintenance	  of	  the	  
micro-‐grid.	  The	  figure	  below	  shows	  what	  would	  likely	  be	  the	  decreasing	  importance	  of	  HSC	  processes	  for	  
micro-‐grid	  development	  under	  different	  contexts.	  

	  
Figure	  5:	  The	  importance	  of	  having	  HSC	  processes	  integrated	  into	  the	  development	  of	  a	  micro-‐grid	  

5.6.1 Development	  code	  of	  ethics	  
Bringing	  electricity	  to	  rural	  communities	  will,	  without	  fail,	  have	  profound	  transformation	  on	  the	  

daily	  lives	  and	  livelihoods	  of	  community	  members.	  Hopefully,	  most	  of	  these	  transformations	  will	  be	  
viewed	  positively	  by	  the	  community	  members	  themselves,	  increasing	  access	  to	  a	  variety	  of	  livelihood	  
choices	  that	  were	  previously	  absent.	  As	  discussed	  earlier,	  electrification	  holds	  the	  potential	  to	  support	  
greater	  opportunity	  and	  improved	  working	  conditions	  in	  the	  home,	  schools,	  workplaces,	  and	  health	  
clinics.	  However,	  with	  the	  introduction	  of	  new	  technologies,	  there	  can	  also	  be	  challenges	  and	  pitfalls,	  
such	  as	  the	  erosion	  of	  local	  traditions	  with	  an	  influx	  of	  foreign	  TV	  and	  movies,	  an	  increased	  emphasis	  on	  
material	  consumption,	  and	  financial	  trouble	  through	  equipment	  loans	  and	  electricity	  bills.	  	  
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	   There	  will	  certainly	  be	  tensions	  between	  the	  local	  culture	  and	  the	  modernizing	  influences	  of	  
technology.	  There	  will	  also	  be	  tensions	  between	  governments,	  eager	  to	  rapidly	  increase	  electricity	  
access	  without	  sufficient	  regulation	  or	  oversight,	  donors	  and	  developers	  without	  sufficient	  
understanding	  of	  local	  culture	  and	  context,	  and	  private	  contractors	  desiring	  to	  make	  sufficient	  profits.	  	  

It	  would	  therefore	  be	  helpful,	  and	  not	  unprecedented,	  for	  an	  HSC	  team	  to	  help	  local	  and	  
regional	  government	  and	  community	  groups	  to	  draft	  and	  adopt	  a	  code	  of	  ethics	  that	  provides	  explicit	  
expectations	  for	  developers.	  The	  table	  below	  provides	  an	  example	  of	  some	  topics	  that	  might	  appear	  
within	  a	  code	  of	  ethics	  for	  rural	  electrification.	  A	  code	  of	  ethics	  will	  only	  have	  meaning	  when	  developed	  
with	  community	  members,	  and	  introduced	  within	  the	  framework	  of	  a	  dialogue	  between	  beneficiaries	  
and	  developers,	  making	  sure	  that	  the	  developers	  understand	  the	  meaning	  and	  context	  behind	  the	  
words.	  
	  

Example	  of	  a	  development	  code	  of	  ethics	  for	  rural	  electrification	  
• The	  electrification	  system	  should	  be	  accessible	  to	  all	  community	  members,	  regardless	  of	  religion,	  

age,	  gender,	  race,	  or	  ethnicity	  
• Provisions	  will	  be	  made	  so	  that	  the	  poorest	  households	  will	  have	  access	  to	  a	  minimum	  standard	  of	  

energy	  services	  
• Developers	  will	  not	  work	  within	  communities	  where	  the	  electricity	  system	  will	  be	  dominantly	  

utilized	  by	  a	  minority	  group	  in	  processes	  that	  support	  marginalization	  of	  the	  majority	  or	  
environmental	  degradation.	  	  

• The	  developers	  recognize	  the	  knowledge	  and	  culture	  of	  the	  rural	  community	  
• The	  technical	  team	  of	  the	  development	  organization	  will	  spend	  time	  within	  the	  community,	  with	  the	  

HSC	  team,	  before	  the	  design	  phase.	  
• The	  developers	  will	  provide	  honest	  and	  accurate	  information	  regarding	  their	  capabilities,	  potential	  

project	  costs,	  timelines,	  and	  system	  output	  and	  lifetimes.	  
• Developers	  and	  community	  members	  will	  work	  together	  to	  develop	  a	  set	  of	  social,	  economic,	  

cultural,	  and	  environmental	  metrics	  that	  will	  be	  used	  to	  evaluate	  the	  impact	  of	  electrification,	  and	  
used	  to	  modify	  the	  system	  and	  implementation,	  as	  needed.	  

• The	  regional	  government	  will	  commit	  to	  supporting	  the	  monitoring	  of	  the	  design,	  implementation,	  
and	  utilization	  of	  the	  electricity	  system,	  holding	  developers	  accountable	  to	  social	  and	  environmental	  
standards.	  

• The	  developers	  will	  commit	  to	  providing	  a	  service	  contract	  to	  the	  community,	  explained	  through	  a	  
community	  meeting,	  with	  clear	  and	  accessible	  manners	  for	  contacting	  them.	  	  

Table	  10:	  Example	  of	  aspects	  that	  might	  be	  addressed	  within	  a	  code	  of	  ethics	  for	  rural	  electrification	  within	  a	  particular	  
community	  
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