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Introduc4on	
  

§  Decentraliza4on	
  of	
  energy	
  systems	
  calls	
  for	
  a	
  different	
  
approach	
  in	
  energy	
  planning	
  (Georgopoulou	
  et	
  al.,	
  1998;	
  Pola4dis	
  et	
  al.	
  2006)	
  

§  If	
  bioenergy	
  share	
  is	
  to	
  be	
  increased	
  in	
  energy	
  balances,	
  a	
  
bioenergy	
  project	
  	
  must	
  meet	
  
§  preferences	
  of	
  farmers	
  and	
  forest	
  owners	
  (supply	
  chain)	
  
§  perceived	
  socio-­‐economic-­‐environmental	
  aspects	
  that	
  „the	
  project”	
  

will	
  bring	
  to	
  „the	
  community”.	
  
§  local	
  project	
  implementa4on	
  depends	
  less	
  on	
  the	
  technical	
  

performance	
  (linked	
  to	
  the	
  investor)	
  



Bioenergy	
  planning	
  depends	
  on	
  stakeholders	
  
along	
  the	
  supply	
  chain	
  

§  Bioenergy	
  is	
  too	
  complex	
  to	
  be	
  grasped	
  at	
  a	
  glance	
  by	
  an	
  
„outsider”	
  (decision-­‐maker,	
  NGO,	
  a	
  ci4zen…)	
  

§  Sustainable	
  bioenergy	
  is	
  too	
  complex	
  issue	
  even	
  for	
  a	
  single	
  
bioenergy	
  expert	
  

§  3D	
  of	
  sustainability	
  +	
  dynamic	
  variable:	
  	
  
§  environmental	
  protec4on	
  	
  
§  economic	
  feasibility	
  and	
  	
  
§  social	
  acceptance	
  

	
  
	
  

Bioenergy	
  projects	
  interact	
  with	
  the	
  community	
  	
  
during	
  the	
  whole	
  life[me	
  of	
  the	
  project.	
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How	
  to	
  embed	
  a	
  bioenergy	
  project	
  to	
  a	
  local	
  
community? 	
  	
  

o  Involve	
  community	
  in	
  early	
  stages	
  of	
  planning	
  of	
  the	
  project	
  
§  Detect	
  their	
  expecta4ons	
  (preferences	
  &	
  fears)	
  
§  Ask	
  them!	
  
§  Include	
  those	
  preferences	
  in	
  the	
  project	
  implementa4on	
  so	
  that	
  the	
  

project	
  transits	
  from	
  „the	
  project”	
  to	
  „our	
  project”	
  	
  

	
  



How	
  to	
  embed	
  a	
  bioenergy	
  project	
  to	
  a	
  local	
  
community? 	
  	
  

(The	
  other	
  side	
  of	
  the	
  coin)	
  

§  How	
  much	
  would	
  the	
  expecta4ons	
  inflate	
  the	
  project	
  budget?	
  	
  
§  What	
  if	
  detected	
  expecta4ons	
  are	
  

§  unrealis4c?	
  
§  conflic4ng	
  between	
  different	
  stakeholders’	
  groups?	
  



It	
  is	
  necessary	
  to	
  include	
  scien4fic	
  methods	
  in	
  
communica4on	
  OR	
  engage	
  professional	
  PR	
  service	
  
(that	
  would	
  also	
  use	
  scien4fic	
  methods	
  in	
  communica4on)	
  

o  mul4-­‐criteria	
  decision-­‐making	
  aid	
  (MCDA)	
  (analysis)	
  	
  
§  allows	
  structure,	
  unbiased	
  results,	
  transparent	
  insight	
  and	
  scenario	
  

analysis	
  

o  It	
  is	
  possible	
  to	
  involve	
  most,	
  if	
  not	
  all	
  stakeholders	
  
o  It	
  grasps	
  expecta4ons	
  of	
  all	
  stakeholders,	
  not	
  only	
  the	
  „loud	
  

ones”	
  
o  It	
  allows	
  measurable	
  contras4ng	
  of	
  opposed/conflic4ng	
  goals	
  
o  It	
  ranks	
  expecta4ons	
  of	
  the	
  community	
  in	
  respect	
  to	
  the	
  

project.	
  
	
  



How	
  we	
  have	
  asked	
  the	
  community	
  of	
  La	
  Tuque	
  on	
  
wood-­‐based	
  biorefinery?	
  (Methodology)	
  

1.  Iden4fy	
  the	
  stakeholders	
  groups	
  along	
  the	
  supply	
  chain	
  
2.  Semi-­‐structured	
  interviews	
  with	
  stakeholders’	
  groups	
  

representa4ves	
  	
  
3.  Iden4fied	
  expecta4ons	
  
4.  Expecta4ons	
  transformed	
  into	
  a	
  hierarchy	
  	
  
5.  Hierarchy	
  transformed	
  into	
  ques4onnaire	
  
6.  Surveyed	
  n=85	
  stakeholders	
  to	
  evaluate	
  expecta4ons	
  by	
  

1.  Simple	
  ranking	
  (n=85)	
  
2.  Fuzzy	
  analy4cal	
  hierarchical	
  process	
  (fAHP)	
  (n=70)	
  



Analy4cal	
  Hierarchical	
  Process	
  (AHP)	
  

•  Th.	
  Saaty,	
  1980	
  
§  a	
  decision-­‐making	
  tool	
  that	
  works	
  well	
  when	
  the	
  available	
  data	
  for	
  

the	
  decision-­‐makers	
  are	
  difficult	
  to	
  quan4fy	
  OR	
  
§  when	
  it	
  is	
  necessary	
  to	
  rely	
  on	
  expert	
  opinions	
  OR	
  preferences	
  in	
  

some	
  intangible	
  aspects.	
  	
  
The	
  objec4ve	
  of	
  using	
  AHP	
  is	
  to	
  iden4fy	
  the	
  preferred	
  alterna4ve	
  
and	
  also	
  determine	
  a	
  ranking	
  of	
  the	
  alterna4ves	
  when	
  all	
  the	
  decision	
  
criteria	
  are	
  considered	
  simultaneously.	
  
	
  
•  Widely	
  used	
  in	
  various	
  	
  
domains	
  of	
  
	
  renewable	
  energies	
  	
  
(Abu	
  Taha&	
  Daim,	
  2013)	
  



AHP	
  in	
  a	
  nutshell	
  

o  Reorganizes	
  a	
  problem	
  to	
  a	
  hierarchy	
  
o  Stakeholder	
  is	
  guided	
  through	
  a	
  series	
  of	
  pair-­‐wise	
  comparison	
  

judgements	
  to	
  express	
  rela4ve	
  strength	
  or	
  intensity	
  of	
  the	
  
elements	
  in	
  the	
  hierarchy.	
  

o  These	
  judgements	
  (numerical	
  values)	
  are	
  synthesized	
  in	
  the	
  use	
  of	
  
eigen	
  vectors	
  to	
  determine	
  which	
  variables	
  have	
  the	
  highest	
  
priority	
  



AHP	
  cri4cism 	
  	
  

o  inability	
  to	
  adequately	
  accommodate	
  the	
  inherent	
  
uncertainty	
  and	
  imprecision	
  associated	
  with	
  certain	
  
environments	
  

o  it	
  is	
  difficult	
  to	
  subjec4vely	
  scale	
  a	
  concrete	
  quan4ta4vely	
  
number	
  to	
  enable	
  the	
  pairwise	
  comparison	
  without	
  losing	
  
some	
  degree	
  of	
  accuracy	
  	
  

o  Bioenergy	
  projects	
  are	
  full	
  of	
  uncertain4es!	
  
	
  	
  
	
  



Fuzzy	
  set	
  theory	
  and	
  fuzzy	
  logic	
  

o  Zadeh,	
  1965	
  
§  Evaluates	
  expressions	
  such	
  as	
  ‘‘not	
  very	
  clear”,	
  ‘‘probably	
  so”,	
  ‘‘very	
  

likely”	
  
§  allows	
  some	
  degree	
  of	
  uncertainty	
  of	
  human	
  thought	
  

	
  
The	
  fuzzy	
  theory	
  has	
  become	
  a	
  useful	
  tool	
  for	
  automa4ng	
  human	
  ac4vi4es	
  
with	
  uncertainty-­‐based	
  informa4on.	
  
	
  
Fuzzy	
  logic	
  has	
  been	
  employed	
  to	
  handle	
  the	
  concept	
  of	
  par[al	
  truth,	
  
where	
  the	
  truth	
  value	
  may	
  range	
  between	
  completely	
  true	
  and	
  completely	
  
false.	
  
	
  
	
  



Fuzzy	
  AHP	
  
o  Buckley,	
  1985	
  

§  uses	
  linguis4c	
  terms	
  associated	
  with	
  triangular	
  fuzzy	
  number	
  instead	
  
of	
  integer	
  values	
  	
  

§  Consistency	
  of	
  answers	
  is	
  examined.	
  
§  Geometric	
  mean	
  computed	
  
§  Defuzzifica4on	
  is	
  performed	
  (best	
  non-­‐fuzzy	
  performance)	
  
§  The	
  ranking	
  is	
  obtained	
  



Organizing	
  expecta4ons	
  of	
  La	
  Tuque	
  community	
  into	
  
a	
  hierarchy	
  with	
  a	
  goal,	
  criteria	
  and	
  alterna4ves	
  



How	
  does	
  fAHP	
  work?	
  

(4,5,6) 

(2,3,4) 

(2,3,4) 



How	
  does	
  fAHP	
  work?	
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(4,5,6) 

(2,3,4) 

(1/4,1/3,1/2) 



How	
  does	
  fAHP	
  work?	
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Simple	
  ranking	
  vs.	
  fuzzy	
  AHP	
  ranking	
  
(example	
  on	
  Criteria)	
  

Simple	
  ranking 	
  	
  
1.	
  retombées	
  économiques	
  	
  
2.	
  retombées	
  sociales	
  
3.	
  retombées	
  environnementales	
  
	
  
Includes	
  any	
  answer	
  	
  

	
  

fAHP	
  

0.0000	
  

0.1000	
  

0.2000	
  

0.3000	
  

0.4000	
  

0.5000	
  

0.6000	
  

0.7000	
  

retombées	
  
économiques	
  	
  

retombées	
  sociales	
   retombées	
  
environnementales	
  

Includes only consistent answers  



o  Aver	
  inser4ng	
  all	
  ques4onnaires,	
  aggrega4on	
  of	
  consistent	
  
answers	
  is	
  made	
  by	
  each	
  criteria	
  and	
  alterna4ve(s)	
  

o  The	
  fuzzy	
  matrix	
  per	
  each	
  level	
  of	
  hierarchy	
  is	
  defuzzified	
  to	
  
the	
  best	
  non-­‐fuzzy	
  number	
  

o  Weighted	
  ranking	
  is	
  obtained.	
  
	
  
	
  

How	
  does	
  fAHP	
  work?	
  



Simple	
  ranking	
  vs.	
  fuzzy	
  AHP	
  ranking	
  
-­‐	
  11	
  alterna4ves	
  	
  

Simple	
  ranking 	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Includes	
  any	
  answer	
  	
  
N=70	
  

	
  

fAHP	
  

Includes	
  only	
  consistent	
  answers	
  
n<70	
  	
  

Preference	
   Rank	
  
C1-­‐A3	
   1	
  
C3-­‐A1	
   2	
  
C1-­‐A1	
   3	
  
C1-­‐A4	
   4	
  
C1-­‐A2	
   5	
  
C2-­‐A3	
   6	
  
C2-­‐A2	
   7	
  
C3-­‐A3	
   8	
  
C2-­‐A1	
   9	
  
C3-­‐A2	
   10	
  
C3-­‐A4	
   11	
  

Preference	
   Rank	
  
Weight	
  

a	
  
Weight	
  

b	
  
C1-­‐A3	
   1	
   0,1158	
   0,2624	
  
C3-­‐A1	
   2	
   0,1107	
   0,2011	
  
C1-­‐A1	
   3	
   0,1035	
   0,0902	
  
C1-­‐A4	
   4	
   0,0914	
   0,0845	
  
C1-­‐A2	
   5	
   0,0883	
   0,0731	
  
C2-­‐A3	
   6	
   0,0845	
   0,0689	
  
C2-­‐A2	
   7	
   0,0831	
   0,0510	
  
C3-­‐A3	
   8	
   0,0689	
   0,0407	
  
C2-­‐A1	
   9	
   0,0610	
   0,0305	
  
C3-­‐A2	
   10	
   0,0607	
   0,0010	
  
C3-­‐A4	
   11	
   0,0365	
   0,0010	
  

Weight	
  B	
  

Weight	
  A	
  



Conclusions	
  

o  Performing	
  a	
  fAHP	
  can	
  focus	
  the	
  efforts	
  of	
  the	
  project	
  
developer	
  to	
  the	
  set	
  of	
  preferences	
  that	
  were	
  weighted	
  the	
  
most.	
  

o  fAHP	
  can	
  provide	
  a	
  basis	
  for	
  dialogue	
  and	
  prevent	
  nega4ve	
  
consequences	
  of	
  the	
  projects	
  (whether	
  it	
  is	
  about	
  too	
  high	
  or	
  
unrealis4c	
  expecta4ons	
  or	
  some	
  small	
  but	
  important	
  local	
  
issue)	
  

o  All	
  stakeholders	
  are	
  included	
  and	
  the	
  interpreta4on	
  of	
  
results	
  are	
  transparent.	
  

o  Ranking	
  of	
  preferences	
  gives	
  also	
  idea	
  to	
  the	
  stakeholders	
  
how	
  much	
  a	
  specific	
  agenda/preference	
  is	
  supported.	
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