
Pairing	
  renewables	
  &	
  PEVs	
  

•  Many	
  sources	
  of	
  renewables	
  are	
  intermi'ent	
  
so	
  the	
  2ming	
  of	
  electricity	
  supply	
  may	
  not	
  
match	
  the	
  2ming	
  of	
  electricity	
  demand.	
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Utility	
  Controlled	
  Charging	
  

•  U)lity	
  controlled	
  charging	
  (UCC)—Any	
  
situa2on	
  where	
  the	
  electric	
  u2lity	
  controls	
  
Plug-­‐in	
  Electric	
  Vehicle	
  (PEV)	
  charging	
  in	
  order	
  
to	
  beFer	
  u2lize	
  intermiFent	
  renewable	
  
electricity	
  sources.	
  	
  

•  For	
  example	
  control	
  of:	
  	
  
–  when	
  the	
  vehicle	
  begins	
  to	
  charge	
  
–  when	
  the	
  vehicle	
  stops	
  charging	
  
–  vehicle	
  discharging	
  (V2G	
  -­‐	
  poten2ally	
  long	
  term	
  future?)	
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Guaranteed	
  minimum	
  charge	
  (GMC)	
  

4	
  

20km	
  	
  

200km	
  –	
  100%	
  or	
  Full	
  Charge	
  

180	
  km	
  Guaranteed	
  Minimum	
  Charge	
  

The	
  absolute	
  minimal	
  level	
  of	
  
charge	
  that	
  you	
  would	
  wake	
  up	
  
to	
  on	
  any	
  given	
  morning.	
  

This	
  area	
  may	
  have	
  charge	
  but	
  it	
  may	
  not.	
  This	
  
will	
  depend	
  on	
  the	
  u2lity.	
  	
  

	
  
The	
  larger	
  the	
  consumer	
  allows	
  this	
  area	
  to	
  be	
  
the	
  more	
  useful	
  their	
  vehicle	
  can	
  be	
  to	
  the	
  

u2lity.	
  

180km	
  –	
  90%	
  Charge	
   20km	
  –	
  10%	
  of	
  Charge	
  



Research	
  Questions	
  

1.   Who	
  are	
  the	
  “early	
  mainstream”	
  PEV	
  buyers	
  that	
  might	
  be	
  
charging	
  in	
  the	
  near	
  future?	
  

2.  What	
  electricity	
  sources	
  do	
  they	
  want	
  to	
  charge	
  with?	
  

3.  How	
  do	
  they	
  feel	
  about	
  UCC?	
  

4.  What	
  is	
  most	
  important	
  to	
  them?	
  Cost,	
  guaranteed	
  
minimum	
  charge	
  or	
  source	
  of	
  electricity	
  supply?	
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Our	
  findings…	
  
1.  Around	
  1/3	
  of	
  Canadian	
  new	
  vehicle	
  buyers	
  express	
  some	
  

interest	
  in	
  owning	
  a	
  PEV	
  (the	
  “early	
  mainstream”).	
  

2.  This	
  “early	
  mainstream”	
  group,	
  would	
  prefer	
  to	
  charge	
  their	
  PEV	
  
with	
  renewables	
  such	
  as	
  solar,	
  wind	
  &	
  run-­‐of-­‐river.	
  	
  

3.  The	
  “early	
  mainstream”	
  express	
  concerns	
  over	
  reduc2ons	
  in	
  
privacy	
  (24%)	
  and	
  personal	
  vehicle	
  control	
  (37%)	
  that	
  may	
  arise	
  
from	
  UCC.	
  

4.  The	
  “early	
  mainstream”	
  are	
  not	
  completely	
  opposed	
  to	
  u2lity	
  
controlled	
  charging	
  but	
  do	
  value	
  cost	
  savings	
  and	
  a	
  full	
  vehicle	
  
charge	
  more	
  than	
  renewable	
  electricity.	
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Canadian	
  PEV	
  Survey	
  (CPEVS	
  2013)	
  

•  Three-­‐part	
  survey	
  of	
  Canadian	
  new	
  vehicle	
  buyers:	
  
	
  	
  

1.  Inves2ga2ng	
  current	
  household	
  vehicle	
  fleet,	
  
electricity	
  supply	
  and	
  general	
  lifestyle	
  /	
  adtudes.	
  

2.  Three-­‐day	
  driving	
  diary	
  used	
  to	
  elicit	
  driving	
  
behaviour	
  and	
  recharge	
  availability.	
  

3.   Iden)fying	
  preferences	
  for	
  PEVs	
  and	
  UCC	
  using	
  
design	
  space	
  exercises	
  and	
  stated	
  preference	
  
modeling.	
  

7	
  The	
  survey	
  can	
  be	
  accessed	
  at	
  -­‐	
  hFp://www.rem.sfu.ca/people/faculty/jaxsen/CPEVS-­‐2013-­‐documents/	
  



The	
  Sample	
  
Total	
  completes:	
  1754	
  	
  

The	
  overall	
  sample	
  is	
  generally	
  representa)ve	
  of	
  new	
  car	
  buyers:	
  
	
  

Older,	
  higher	
  income,	
  more	
  highly	
  educated,	
  and	
  more	
  likely	
  to	
  own	
  their	
  own	
  
home	
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Research	
  Questions	
  

1.   Who	
  are	
  the	
  “early	
  mainstream”	
  PEV	
  buyers	
  that	
  might	
  be	
  
charging	
  in	
  the	
  near	
  future?	
  

2.  What	
  electricity	
  sources	
  do	
  they	
  want	
  to	
  charge	
  with?	
  

3.  How	
  do	
  they	
  feel	
  about	
  UCC?	
  

4.  What	
  is	
  most	
  important	
  to	
  them?	
  Cost,	
  guaranteed	
  
minimum	
  charge	
  or	
  electricity	
  supply?	
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The	
  Design	
  Game	
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Who	
  are	
  the	
  “early	
  mainstream?”	
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36%	
  =	
  poten)al	
  	
  

	
  “early	
  mainstream”	
  	
  
PEV	
  buyers	
  

	
  
	
  

Further	
  analysis	
  uses	
  only	
  
these	
  respondents	
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Preferences	
  for	
  electricity	
  source	
  when	
  charging	
  PEVs	
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How	
  do	
  you	
  feel	
  about	
  using	
  the	
  following	
  energy	
  sources	
  to	
  produce	
  electricity	
  for	
  
electric	
  vehicles?	
  	
  



Research	
  Questions	
  

1.   Who	
  are	
  the	
  “early	
  mainstream”	
  PEV	
  buyers	
  that	
  might	
  be	
  
charging	
  in	
  the	
  near	
  future?	
  

2.  What	
  electricity	
  sources	
  do	
  they	
  want	
  to	
  charge	
  with?	
  

3.  How	
  do	
  they	
  feel	
  about	
  UCC?	
  

4.  What	
  is	
  most	
  important	
  to	
  them?	
  Cost,	
  guaranteed	
  
minimum	
  charge	
  or	
  electricity	
  supply?	
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Guaranteed	
  Minimum	
  Charge	
  

	
  n=530	
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50%	
  50%	
  Charged	
  In	
  a	
  morning	
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  morning.	
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To	
  what	
  extent	
  do	
  you	
  agree	
  with	
  the	
  following	
  statements	
  about	
  U2lity	
  Controlled	
  Charging?	
  	
  
U)lity	
  controlled	
  charging…	
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  mainstream”	
  PEV	
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  that	
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Making	
  Tradeoffs	
  –	
  Stated	
  Preferences	
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Status	
  
Quo	
  

UCC	
  
alterna2ve	
  1	
  

UCC	
  
alterna2ve	
  2	
  



On	
  average…	
  

The	
  “early	
  mainstream”	
  respondents	
  are	
  more	
  likely	
  to	
  	
  
prefer	
  UCC	
  if:	
  

–  It	
  is	
  cheaper	
  
–  It	
  provides	
  more	
  renewable	
  electricity	
  	
  
–  Respondents	
  are	
  more	
  highly	
  educated	
  
–  The	
  source	
  of	
  electricity	
  for	
  UCC	
  is	
  not	
  from	
  wind	
  energy	
  

–  Higher	
  NEP	
  scale	
  show	
  higher	
  interest	
  for	
  renewables	
  
	
  

When	
  combining	
  the	
  different	
  components	
  of	
  UCC	
  we	
  
find	
  out	
  what	
  may	
  drive	
  preferences	
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Different	
  UCC	
  programs	
  
•  Around	
  36%*	
  of	
  Canadian	
  “early	
  mainstream”	
  respondents	
  

may	
  adopt	
  UCC.	
  
•  By	
  changing	
  the	
  characteris2cs	
  of	
  a	
  UCC	
  program,	
  adop2on	
  

rates	
  may	
  change:	
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Poten)al	
  UCC	
  program	
   Poten)al	
  
Adop)on	
  

Change	
  from	
  
base	
  adop)on	
  

Green	
  Program	
  1	
  –	
  100%	
  Renewables,	
  100%	
  GMC	
   48%	
   +12%	
  

Green	
  Program	
  2	
  –	
  100%	
  Renewables,	
  80%	
  GMC	
   40%	
   +4%	
  

Subsidy	
  Program	
  –	
  20%	
  Reduced	
  Bill,	
  80%	
  GMC	
   43%	
   +7%	
  

Recall:	
  this	
  is	
  36%	
  of	
  the	
  “early	
  mainstream”.	
  	
  
This	
  is	
  approximately	
  13%	
  of	
  all	
  1754	
  respondents.	
  



To	
  take	
  away…	
  

	
  
1.  The	
  “early	
  mainstream”	
  would	
  prefer	
  to	
  charge	
  their	
  

PEV	
  with	
  renewables.	
  	
  

2.  The	
  “early	
  mainstream”	
  express	
  concerns	
  over	
  
reduc2ons	
  in	
  privacy	
  (24%)	
  and	
  personal	
  vehicle	
  
control	
  (37%)	
  that	
  may	
  arise	
  from	
  UCC.	
  

3.  The	
  “early	
  mainstream”	
  are	
  not	
  completely	
  opposed	
  
to	
  u2lity	
  controlled	
  charging.	
  They	
  value	
  cost	
  savings	
  
and	
  a	
  full	
  vehicle	
  charge	
  more	
  than	
  renewable	
  
electricity.	
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Thank	
  you	
  
	
  

Thanks	
  to:	
  
Jonn	
  Axsen	
  &	
  George	
  Kamiya	
  

Paulus	
  Mau,	
  Grace	
  Lau,	
  Steven	
  Groves	
  	
  
Jeff	
  Rambharack	
  &	
  Curran	
  Crawford	
  

Testers	
  
Respondents	
  

	
  
	
  
	
  
Contact:	
  
Joseph	
  Bailey	
  |	
  Doctoral	
  Candidate	
  
Energy	
  and	
  Materials	
  Research	
  Group	
  
Simon	
  Fraser	
  University	
  |	
  hbailey@sfu.ca	
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Image	
  from:	
  hFp://www.flickr.com/photos/pugetsoundenergy/6010020662/in/set-­‐72157626524981160	
  



Demographics	
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Survey	
  Information	
  

•  For	
  more	
  informa2on	
  on	
  the	
  CPEVS	
  2013	
  
survey	
  visit:	
  hFp://www.rem.sfu.ca/people/
faculty/jaxsen/CPEVS-­‐2013-­‐documents/	
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CPEVS	
  2013:	
  Conceptual	
  Framework	
  



Guaranteed	
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  out	
  of	
  5)	
  would	
  you	
  be	
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  to	
  wake	
  up	
  to	
  a	
  
vehicle	
  that	
  was	
  only	
  X%	
  charged?	
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Level	
  2	
  Installation	
  Costs	
  

•  	
  Price	
  model	
  for	
  Level	
  2	
  installa2on	
  at	
  all	
  (only	
  
for	
  respondents	
  that):	
  
– have	
  a	
  reliable	
  parking	
  space	
  
– do	
  not	
  already	
  have	
  Level	
  2	
  access	
  
– have	
  authority	
  to	
  install	
  a	
  vehicle	
  charger)	
  	
  



Design	
  Game:	
  Upgrade	
  Costs	
  



Vehicle	
  Assumptions	
  

•  Usable	
  baFery	
  capacity	
  (kWh)	
  for	
  a	
  range	
  of	
  PEV	
  designs	
  and	
  
vehicle	
  classes	
  (Adapted	
  from	
  Axsen	
  and	
  Kurani,	
  2013b)	
  

•  Electricity	
  consump2on	
  (kWh/km)	
  by	
  vehicle	
  class	
  (Adapted	
  from	
  Axsen	
  
and	
  Kurani,	
  2013b)	
  	
  



Axsen et al., 2010


 Plug-in Hybrid Electric Vehicle 
(PHEV)


• Example: Chevy Volt!
All-electric range: 56km!
Total range: 610km!

gm.ca




Axsen et al., 2010


Battery-Electric 
Vehicle (BEV)


• Electric motor only!
• Example: Nissan Leaf!
• All-electric range: 
117km!

nissan.ca



