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What  are  the  criEcal  societal  and  policy  issues  involved  in  

creaEng  fuel  from  sunlight?	  

Energy	  is	  essen?al	  to	  modern	  life.	  None	  of	  us	  could	  survive	  without	  it,	  but	  we	  find	  it	  curiously	  hard	  to	  
imagine.	  Despite	  our	  constant	  need	  for	  energy	  as	  individuals,	  our	  access	  to	  it	  is	  nego?ated	  collec?vely:	  
beyond	  turning	  on	  a	  switch	  or	  going	  to	  a	  gas	  sta?on	  we	  have	  liQle	  engagement	  with	  the	  larger	  energy	  
system.	  However,	  with	  the	  onset	  of	  climate	  change,	  peak	  oil,	  and	  global	  energy	  instabili?es	  it	  is	  
impera?ve	  that	  our	  imagina?ons	  of	  energy	  and	  our	  rela?on	  to	  it	  start	  to	  change.

The	  development	  of	  new	  energy	  systems	  involves	  not	  only	  technological	  innova?on	  -‐	  how	  such	  new	  
systems	  could	  work	  -‐	  but	  also	  societal	  dimensions:	  how	  they	  will	  impact	  our	  lives.	  Such	  systems	  are	  
surrounded	  by	  ques?ons	  of	  social	  and	  behavioral	  dynamics,	  ethics	  and	  equity,	  social	  and	  cultural	  
geography,	  economics	  and	  public	  policy.	  We	  need	  to	  understand	  these	  ques?ons	  in	  order	  to	  ensure	  that	  
the	  promises	  of	  new	  energy	  technologies	  are	  realized.	  

This	  report	  describes	  a	  workshop	  which	  sought	  to	  consider	  
some	  of	  these	  ques?ons.	  The	  workshop	  sprang	  from	  research	  
being	  undertaken	  within	  Arizona	  State	  University	  on	  the	  societal	  
dimensions	  of	  emerging	  technologies.	  The	  Solar	  to	  Fuels	  
workshop	  was	  inspired	  by	  the	  development	  of	  LightSpeed	  
Solu?ons,	  a	  proposed	  research	  project	  to	  create	  fungible	  fuels	  
from	  sunlight.	  Ul?mately,	  the	  aim	  of	  this	  effort	  is	  to	  develop	  a	  
technology	  which	  can	  be	  deployed	  at	  the	  scale	  of	  current	  oil	  
extrac?on	  and	  which	  will	  u?lize	  exis?ng	  infrastructure	  (in	  which	  
the	  United	  States	  has	  trillions	  of	  dollars	  invested).	  ‘Solar	  to	  Fuel’	  
technology	  will	  make	  use	  of	  a	  variety	  of	  technological	  pla]orms,	  
but	  is	  fundamentally	  about	  (non-‐biological)	  systems	  which	  

harness	  energy	  directly	  from	  the	  sun	  to	  create	  a	  variety	  of	  fungible	  fuels.	  Not	  only	  will	  these	  fuels	  be	  
carbon	  neutral	  and	  enable	  the	  con?nued	  use	  of	  exis?ng	  infrastructure	  (such	  as	  cars,	  gas	  sta?ons,	  and	  
pipelines),	  they	  can	  be	  produced	  within	  the	  USA	  and	  will	  support	  na?onal	  energy	  security.

The	  LightSpeed	  Solu?ons	  project	  -‐	  currently	  at	  the	  stage	  of	  a	  proposal	  to	  the	  Department	  of	  Energy	  -‐	  will	  
create	  innova?ve	  solu?ons	  to	  these	  challenges.	  Drawing	  together	  exper?se	  from	  universi?es	  and	  
laboratories	  across	  the	  US,	  it	  will	  take	  an	  end	  to	  end	  approach	  to	  solar	  to	  fuels	  technology	  with	  an	  
emphasis	  not	  just	  on	  cu^ng	  edge	  technology	  but	  on	  workforce	  development	  and	  industrial	  
partnerships.

The	  Solar	  to	  Fuels	  workshop	  was	  an	  opportunity	  to	  consider	  these	  emerging	  energy	  technologies,	  their	  
implica?ons	  for	  broader	  society,	  and	  the	  resource,	  social,	  and	  poli?cal	  barriers	  to	  their	  implementa?on.	  
These	  are	  complex	  and	  dynamic	  challenges	  which	  lie	  at	  the	  interface	  of	  energy	  technologies	  and	  society:	  
they	  require	  new	  combina?ons	  of	  exper?se	  in	  dealing	  with	  them.
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The	  Solar	  to	  Fuels	  workshop	  brought	  together	  natural	  scien?sts	  with	  scholars	  of	  technology	  and	  society,	  
history,	  poli?cal	  science,	  and	  sociology.	  Their	  discussion	  had	  a	  number	  of	  aims:

• To	  ar?culate	  and	  clarify	  current	  direc?ons	  and	  trends	  in	  research,	  in	  societal	  issues,	  and	  in	  policy	  
on	  this	  technology;

• To	  map	  key	  insights	  around	  future	  visions	  of	  this	  technology	  and	  the	  cri?cal	  carriers	  and	  barriers	  
that	  will	  help	  and	  hinder	  its	  development;

• To	  generate	  material	  for	  a	  social	  science	  research	  ar?cle	  on	  the	  societal	  implica?ons	  of	  energy	  
technologies	  and	  interdisciplinary	  collabora?on	  on	  these.

The	  workshop	  was	  led	  by	  the	  NanoFutures	  project	  at	  the	  Center	  for	  Nanotechnology	  in	  Society	  at	  
Arizona	  State	  University,	  and	  was	  jointly	  funded	  by	  the	  Center	  for	  Nanotechnology	  in	  Society,	  	  the	  
Arizona	  Ins?tute	  for	  Renewable	  Energy,	  and	  ASU	  LightWorks.	  It	  took	  place	  at	  Arizona	  State	  University	  
over	  a	  four	  hour	  ?meslot.	  This	  report	  summarizes	  the	  content	  of	  the	  discussions	  and	  of	  a	  set	  of	  
interviews	  with	  par?cipants	  conducted	  prior	  to	  the	  workshop,	  highligh?ng	  the	  key	  themes	  which	  
emerged.	  In	  par?cular	  it	  discusses	  visions	  of	  Solar	  to	  Fuel	  technology	  in	  2025	  and	  issues	  seen	  as	  cri?cal	  
to	  the	  technology’s	  development.

“Our	  energy-‐producing	  technology	  systems,	  or	  pla]orms,	  will	  be	  scalable,	  energy-‐efficient,	  
resource-‐	  efficient,	  economical,	  and	  prac?cal.	  These	  pla]orms	  will	  include	  bold	  and	  innova?ve	  
advances.	  They	  will	  be	  flexible	  in	  their	  ability	  to	  incorporate	  new	  science	  and	  breakthrough	  
technologies	  as	  they	  emerge.	  We	  will	  build	  on	  and	  learn	  from	  adjacent	  technologies.

To	  produce	  fuel	  from	  sunlight,	  we	  will	  draw	  inspira?on	  from	  nature’s	  solu?on:	  photosynthesis.	  
We	  will	  expand	  the	  solu?on	  space	  by	  freeing	  ourselves	  of	  nature’s	  constraints	  and	  
requirements.”

“LightSpeed	  Solu?ons	  will	  address	  the	  technical	  challenges	  by	  
developing	  two	  complementary	  and	  poten?ally	  
synergis?c	  technologies:	  a	  solar	  thermochemical	  
technology	  that	  uses	  heat	  from	  concentrated	  
sunlight	  to	  drive	  a	  chemical	  redox	  cycle	  	  and	  a	  solar	  
electrochemical	  technology	  that	  uses	  light	  ...	  for	  
reducing	  carbon	  dioxide	  and	  oxidizing	  water.”

Ellen Stechel leads the Sunshine to Petrol Grand 
Challenge at Sandia national Laboratories and will 
serve as deputy director of LightSpeed Solutions. She 
holds a doctorate in chemical physics and spent seven 
years in management at Ford Motor Company. Stechel 
has led large, complex, high-risk, high-impact projects 
and a team to prove, integrate, and deploy – in high 
volume and in compressed time – technology that 
was previously unproven.

These individuals will come together as a goal-
oriented, innovation-driven, translation-focused hub, 

empowering 
researchers 
in basic 
and applied 
science and 
engineering, 
while aligning 
their work 

through clarity of purpose and communication of 
strategic intent. 

Industrial partners will be key to the success of the 
hub. They will participate on advisory boards and on 
technical and management teams. They will provide 
a seamless mechanism for the adoption and scale-up 
into the marketplace and society of the materials, 
devices, and systems created by the hub. 

LightSpeed Solutions has world-class facilities in place 
at Arizona State University and at Sandia National 
Laboratories, as well as at our partner institutions, for 
advancing the science and translating to technology. 

The hub will develop, train, and employ a skilled 
workforce through research opportunities, 
coursework, and practical experience in use-
inspired research, device development, and systems 
integration. 

This workforce will possess the technical 
competencies required to support and create novel 
and emerging technologies that can mature to 
market-ready status and change our energy future 
and will be poised the enter that new industry. 

Figure 1.  The challenge is to create fungible fuels 
starting with carbon dioxide, water, and sunlight.

The Technical Goal: Solar-powered 
devices and integrated systems

To meet the challenges, the hub will advance the science 
and technology for converting sunlight, carbon dioxide, 
and water into hydrocarbon fuel plus oxygen by:

• Generating useful intermediates and products: 
  - hydrogen (H2), 
  - carbon monoxide (CO), formic acid (HCOOH),  
    formaldehyde (CH2O), methanol (CH3OH), 
    methane (CH4)

• Processing the intermediates into infrastructure-
compatible transportation fuels:

  - mixtures of longer-chain hydrocarbons 
    such as gasoline, diesel, and aviation fuels.

Current known technologies for the production of 
fungible transportation fuels from carbon dioxide 
and water using sunlight as the energy source are 
not commercially viable. Known chemistries and 
reactors can convert syngas and other intermediates 
to the desired final products, but downstream 
processing can still benefit from significant advances. 
The exceptionally difficult problems and high-payoff 
solutions are upstream in the solar-induced chemical 
conversions. 

LightSpeed Solutions has identified promising 
pathways capable of this transformation, resulting in 
more than one potential solution. Each pathway has 
advantages and disadvantages, a range of challenges 
and opportunities, various strengths and weaknesses. 

The Major Partners
•     Arizona State University
•     Sandia National Laboratories
•     Princeton University
•     University of Minnesota
•     Yale University
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Plausible  Futures:  Key  themes  from  visioning  acEvity

	  

The	  future	  is	  uncertain.	  Even	  in	  the	  15	  year	  ?me-‐frame	  the	  visioning	  stage	  focused	  on,	  it	  was	  clear	  that	  
there	  are	  many	  unknowns	  and	  that	  there	  would	  be	  surprises	  in	  how	  the	  technology	  develops	  and	  is	  both	  

integrated	  into	  and	  shaped	  by	  society.	  What	  will	  the	  oil	  industry’s	  role	  be?	  How	  controversial	  will	  finding	  
a	  site	  for	  centralized	  plants	  be?	  Will	  sustainability	  priori?es	  influence	  financial	  incen?ves?	  How	  much	  
refining	  will	  the	  new	  fuel	  need?	  The	  answers	  to	  these	  and	  many	  other	  ques?ons	  are	  s?ll	  unclear.

However,	  many	  people	  felt	  that,	  in	  prac?ce,	  2025	  is  unlikely  to  look  or  feel  very  different  to  society  

today.	  At	  best,	  Solar	  to	  Fuels	  technology	  will	  have	  reached	  proof	  of	  concept	  deployment,	  with	  a	  small	  

unit	  producing	  fuel.	  Even	  as	  the	  technology	  is	  deployed	  further	  -‐	  and	  though	  there	  are	  uncertain?es	  
around	  the	  way	  that	  it	  will	  be	  refined	  and	  the	  type	  of	  fuel	  that	  will	  be	  produced	  -‐	  the	  technology	  will	  be	  
designed	  to	  fit	  into	  exis?ng	  infrastructure,	  and	  individuals	  will	  therefore	  s?ll	  use	  fuel	  in	  the	  same	  way.	  
“The	  consumer	  won’t	  know	  that	  things	  have	  changed.”	  However,	  significant	  differences	  are	  likely	  to	  be	  
upstream	  in	  fuel	  produc?on	  and	  use:	  while	  end	  users	  have	  the	  same	  experience,	  refiners	  and	  
distributors	  may	  have	  their	  prac?ces	  and	  procedures	  disrupted.	  Energy	  security	  is	  a	  key	  driver,	  and,	  at	  
this	  upstream	  level,	  there	  may	  be	  global	  effects	  as	  paQerns	  of	  produc?on	  and	  distribu?on	  change.	  
Interna?onal	  as	  well	  as	  na?onal	  poli?cs	  (for	  example	  around	  pricing,	  incen?ves,	  and	  land	  use)	  will	  thus	  
be	  a	  significant	  feature	  of	  the	  technology’s	  development	  and	  could	  very	  well	  change  the  internaEonal  

energy  economy.

Solar	  to	  Fuel	  technology	  will	  therefore	  play	  out	  on	  a	  global	  
stage	  and	  may	  be	  adopted	  in	  different	  ways	  in	  different	  
loca?ons.	  One	  poten?al	  impact	  of	  the	  emphasis	  on	  using	  the	  
United	  State’s	  exis?ng	  infrastructure,	  for	  example,	  might	  be	  a  

leapfrog  effect  in  the  global  South.	  Countries	  without	  

networks	  of	  refineries,	  pipelines,	  and	  point	  of	  sale	  facili?es	  may	  
develop	  this	  technology	  in	  different	  ways	  and	  -‐	  perhaps	  -‐	  more	  
quickly.	  They	  may	  make	  different	  choices	  -‐	  to	  immediately	  
focus	  on	  distributed	  rather	  than	  centralized	  fuel	  produc?on,	  for	  
example	  -‐	  and	  take	  different	  technological	  pathways.	  For	  them,	  
the	  future	  could	  look	  different	  both	  to	  their	  experience	  today	  
and	  to	  the	  paQerns	  of	  fuel	  produc?on	  and	  use	  that	  countries	  
such	  as	  the	  US	  have.

As	  Solar	  to	  Fuels	  and	  related	  technology	  progress,	  energy	  capture	  and	  use	  may	  gradually	  change.	  We	  will	  
move	  from	  using	  energy	  dense	  fossil	  fuels,	  which	  are	  oien	  extracted	  and	  refined	  in	  ways	  and	  places	  that	  
are	  invisible	  to	  us,	  to	  diffuse	  energy	  sources	  such	  as	  the	  sun.	  These	  will	  change	  our	  lives	  by	  being	  a  much  

greater  part  of  the  landscape:	  it	  is	  es?mated	  that	  solar	  to	  fuel	  technology	  would	  require	  x	  square	  miles	  

of	  concentrated	  solar	  mirrors	  in	  order	  to	  replace	  the	  oil	  currently	  imported	  in	  the	  USA.	  Land	  is	  therefore	  
going	  to	  be	  an	  important	  issue	  which	  has	  the	  poten?al	  to	  become	  a	  new	  poli?cal	  hot	  potato.	  Loca?ons	  
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water	  (whether	  purified	  or	  brackish	  may	  depend	  on	  how	  the	  technology	  develops);	  whether	  land	  is	  
currently	  used	  for	  food	  produc?on.	  How	  such	  decisions	  will	  be	  made	  is	  as	  yet	  unclear.	  To	  what	  extent	  will	  
the	  public	  buy	  in	  to	  difficult	  land	  use	  choices?	  Will	  they	  be	  driven	  through	  by	  the	  ‘brute	  force’	  of	  
government	  and	  industry?	  What	  role	  will	  lobbying	  and	  environmental	  groups	  have?

Indeed,	  concerns	  were	  voiced	  as	  to	  whether  the  US  poliEcal  system  will  be  able  to  keep  pace	  with	  

technological	  progress	  and	  the	  urgency	  of	  climate	  change.	  There	  may	  be	  ready	  technological	  solu?ons,	  
but	  without	  poli?cal	  will	  and	  robust	  policy	  instruments,	  change	  could	  be	  slow.	  Revising	  the	  energy	  
system	  requires	  the	  crea?on	  of	  new	  kinds	  of	  incen?ves,	  from	  capital	  investments	  for	  produc?on	  and	  
demand	  reduc?on	  incen?ves	  on	  the	  consump?on	  side.	  New	  regulatory	  models	  and	  market	  rules	  will	  
need	  to	  be	  craied	  in	  alignment	  with	  the	  specifici?es	  of	  some	  of	  the	  new	  energy	  technologies.	  Who	  will	  
lead	  this	  development?	  Can	  we	  fast-‐track	  the	  policy	  changes	  required?	  What	  role	  will	  global	  compe??on	  
-‐	  for	  instance	  with	  China	  -‐	  play?	  Many	  in	  the	  workshop	  felt	  that,	  at	  the	  moment,	  the	  poli?cal	  framework	  
of	  the	  US	  energy	  system	  is	  not	  developing	  quickly	  enough	  or	  in	  the	  right	  direc?ons.	  More	  research	  on	  
the	  complex	  interac?ons	  between	  people,	  science	  and	  policy	  in	  the	  context	  of	  energy	  is	  urgently	  
required	  in	  order	  to	  enable	  these	  changes	  to	  take	  place.

One	  change	  that	  could	  drive	  poli?cal	  reorganiza?on	  is	  if	  energy	  becomes	  a	  more	  obvious	  part	  of	  our	  
lives.	  This	  awareness	  may	  shii	  as	  energy	  begins	  to	  dominate	  our	  landscape	  in	  new	  ways	  and	  programs	  
for	  reducing	  demand  take  hold.	  Publics	  will	  be	  increasingly	  aware	  of	  global	  climate	  change	  and	  have	  a	  

greater	  apprecia?on	  of	  the	  ways	  in	  which	  their	  ac?ons	  and	  choices	  use	  energy.	  In	  par?cular,	  many	  in	  the	  
workshop	  expect	  higher  prices	  of	  fuel	  and	  energy.	  Solar	  to	  Fuel	  technology,	  for	  example,	  is	  es?mated	  to	  

have	  an	  end-‐use	  price	  of	  $6-‐8	  per	  gallon.	  Workshop	  par?cipants	  were	  agreed	  that	  price	  linked	  directly	  to	  
demand	  and	  use:	  raising	  prices	  will	  therefore	  reduce	  energy	  consump?on,	  shii	  paQerns	  of	  
transporta?on	  use,	  and	  increase	  energy	  efficiency.	  Raising	  prices	  ar?ficially	  -‐	  through	  taxa?on	  or	  ‘clean	  
up’	  costs	  -‐	  might	  be	  one	  way	  of	  enhancing	  public	  understanding	  of	  energy	  use	  and	  of	  achieving	  the	  
reduc?on	  in	  demand	  that	  is	  necessary	  for	  sustainable	  technologies	  such	  as	  Solar	  to	  Fuel	  to	  supply	  our	  
energy	  needs.	  At	  the	  same	  ?me,	  rising	  prices	  could	  also	  aggravate  inequality	  (na?onally	  and	  

interna?onally),	  with	  par?cular	  communi?es	  being	  over-‐burdened	  by	  the	  costs	  of	  cleaner	  fuel	  or	  losing	  
access	  to	  cheaper	  energy	  sources.
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While	  the	  workshop	  focused	  on	  Solar	  to	  
Fuel	  technology,	  it	  was	  emphasized	  that	  
there	  is	  no	  one	  solu?on	  to	  our	  energy	  
needs.	  It	  is	  more	  likely	  that	  we	  will	  
experience	  a  suite  of  new  technologies	  -‐	  

based	  directly	  or	  indirectly	  on	  the	  sun	  -‐	  
which	  will	  develop	  in	  a	  number	  of	  different	  direc?ons.	  Such	  technologies	  will	  ideally	  be	  used	  as	  a	  
por]olio,	  in	  combina?on	  with	  one	  another,	  but	  are	  also	  likely	  to	  compete	  with	  each	  other.	  This	  is	  
par?cularly	  significant	  for	  as	  yet	  untested	  Solar	  to	  Fuel	  technology,	  which	  may	  appear	  as	  a	  compe?tor	  to	  
more	  established	  technologies.	  This	  
diversity	  will	  mean	  that	  everyday	  energy	  
experiences	  are	  likely	  to	  vary	  from	  place	  to	  
place	  within	  the	  US.	  Solar	  to	  fuel	  
technology	  may	  eventually	  evolve	  into	  
more	  distributed	  models	  of	  fuel	  produc?on	  
and	  distribu?on,	  as	  well	  as	  the	  centralized	  
route	  it	  will	  ini?ally	  take.	  Cheaper,	  more	  
efficient	  photovoltaics	  will	  mean	  that	  it	  is	  
easy	  for	  homeowners	  to	  produce	  their	  own	  
electricity	  and	  to	  live	  off	  the	  grid	  (such	  as	  in	  
more	  remote	  areas)	  if	  they	  wish.	  Such	  
changes	  could	  alter	  contemporary	  urban	  and	  living	  environments	  both	  aesthe?cally	  and	  spa?ally,	  
crea?ng	  new	  kinds	  of	  homes,	  communi?es	  and	  ci?es.	  It	  is	  these	  kinds	  of	  choices	  -‐	  and	  the	  different	  ways	  
that	  different	  public	  groups	  make	  them	  -‐	  that	  are	  likely	  to	  drive	  the	  direc?on	  of	  technological	  innova?on	  
in	  the	  coming	  years.

“Per  capita  we're  the  largest  carbon  producer  on  the  
planet  -‐  we  could  cut  that  in  half  without  changing  

our  lifestyle  a  lot.”  
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Barriers  and  carriers:  Key  dynamics  around  the  technology’s  

development

	  

In	  addi?on	  to	  the	  visions	  of	  the	  future	  of	  Solar	  to	  Fuel	  technology,	  the	  workshop-‐	  and	  the	  interviews	  
carried	  out	  beforehand-‐	  	  threw	  up	  a	  range	  of	  broader	  issues	  seen	  as	  cri?cal	  to	  the	  ways	  that	  this	  -‐	  and	  
related	  -‐	  technologies	  will	  develop.	  These,	  for	  example,	  include	  the	  public	  and	  policy	  context	  of	  new	  
energy	  systems,	  decisions	  to	  be	  made	  between	  centralized	  and	  more	  distributed	  energy	  systems,	  and	  
the	  sense	  of	  urgency	  created	  by	  global	  climate	  change:	  such	  issues	  are	  not	  necessarily	  specific	  to	  Solar	  to	  
Fuels	  technology,	  though	  they	  will	  shape	  its	  trajectory.	  These	  broader	  dynamics	  are	  detailed	  below.

New  energy  systems  -‐  not  just  technologies

New	  energy	  technologies	  will	  require	  new	  ways	  of	  thinking	  about	  science,	  technology,	  and	  society.	  Not	  
only	  are	  new,	  interdisciplinary	  forms	  of	  working	  required,	  but	  the	  technologies	  need	  to	  be	  understood	  
‘end  to  end’,	  within	  a	  context	  of	  policy,	  usage,	  and	  

technological	  life	  cycles.	  This	  means	  that	  targeted,	  
science-‐only	  calls	  and	  proposals	  are	  no	  longer	  effec?ve	  
means	  of	  development.	  New	  ways	  of	  developing	  human	  
capital	  -‐	  to	  create	  a	  body	  of	  workers	  who	  are	  able	  to	  
integrate	  different	  natural	  and	  social	  science	  
perspec?ves	  into	  their	  thinking	  -‐	  are	  required	  to	  deal	  
with	  the	  business,	  public	  and	  policy	  contexts	  of	  energy	  
systems.	  Similarly,	  research	  on	  and	  implementa?on	  of	  
policy	  innova?on	  is	  required.	  Regulatory	  and	  incen?ve	  schemes	  need	  to	  develop	  in	  ways	  that	  keep	  pace	  
with	  new	  technological	  development	  but	  which	  also	  manage	  the	  ?ming	  of	  this	  development	  in	  ways	  that	  
acknowledge	  the	  urgent	  need	  for	  change	  in	  US	  energy	  use.

Understanding	  scaling	  up	  is	  also	  essen?al:	  building	  new	  power	  plants	  and	  factories	  can	  take	  decades	  and	  
relies	  on	  complex	  sets	  of	  supply	  chains.	  If	  solar	  to	  fuels	  technology	  is	  to	  be	  rolled	  out	  on	  a	  large	  scale,	  the	  
ability	  to	  meet	  this	  produc?on	  capacity	  -‐	  in	  terms	  of,	  for	  example,	  materials	  for	  mirrors	  or	  human	  capital	  

in	  the	  form	  of	  engineers	  -‐	  needs	  to	  be	  planned	  in	  advance.	  
Research	  therefore	  needs	  to	  understand	  not	  just	  how	  a	  
technology	  might	  work,	  but	  what	  the	  industrial  ecosystem	  

around	  it	  might	  look	  like.	  

The  public  as  a  problem?

The	  public	  are	  oien	  seen	  as	  a	  challenge	  to	  change	  in	  
energy	  systems:	  they	  are	  perceived	  as	  energy-‐hungry,	  
energy-‐inefficient,	  and	  unwilling	  to	  change	  their	  behavior.	  
“Solar	  has	  always	  had	  to	  address	  some	  kind	  of	  public	  
percep?on	  of	  a	  problem.”	  Nega?ve	  or	  overly	  pessimis?c	  

Research  therefore  needs  to  
understand  not  just  how  a  technology  
might  work,  but  what  the  industrial  
ecosystem  around  it  might  look  like.
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public	  percep?ons	  of	  emerging	  energy	  technologies	  do	  exist.	  But	  to	  emphasize	  this	  is	  perhaps	  to	  take	  an	  
overly	  simplis?c	  view:	  while	  educa?on	  programs	  are	  certainly	  necessary,	  public	  responses	  to	  technology	  
are	  informed	  by	  a	  wide	  variety	  of	  concerns	  and	  experiences	  as	  well	  as	  an	  apprecia?on	  of	  scien?fic	  facts.	  
Indeed,	  public  understandings  of  energy  technologies  are  likely  to  vary  widely.	  More	  research	  is	  

needed	  on	  the	  ways	  in	  which	  different	  public	  groups	  will	  consume,	  perceive,	  and	  make	  choices	  about	  
emerging	  energy	  technologies	  such	  as	  Solar	  to	  Fuel.	  What	  kinds	  of	  behaviors	  -‐	  from	  having	  to	  go	  to	  the	  
gas	  sta?on	  to	  paying	  more	  for	  fair	  trade	  or	  organic	  food	  -‐	  are	  likely	  to	  be	  carried	  over	  from	  exis?ng	  
experience,	  and	  in	  what	  ways	  will	  radical	  new	  ways	  of	  using	  energy	  come	  about?	  	  

Workshop	  par?cipants	  thus	  felt	  that	  more	  humility	  in	  mee?ng	  people	  where	  they	  are	  at	  is	  required	  in	  
order	  to	  enable	  the	  co-‐evolu?on	  of	  energy	  transi?ons	  between	  producers	  and	  consumers.	  Public	  
engagement	  with	  new	  energy	  technologies	  needs	  to	  be	  seen	  as	  an	  opportunity,	  rather	  than	  a	  problem,	  
and	  par?cipa?on	  should	  be	  built	  into	  scien?fic	  research	  on	  these	  areas.	  Diverse	  public	  groups	  -‐	  
legislators,	  ac?vists,	  ‘NIMBY’ers	  -‐	  should	  be	  brought	  together	  with	  those	  involved	  in	  developing	  new	  
energy	  technologies	  in	  order	  to	  understand	  the	  ways	  that	  these	  technologies	  will	  be	  used	  -‐	  or	  not	  -‐	  in	  

prac?ce.

Finding  poliEcal  (and  corporate)  will

All	  in	  the	  workshop	  were	  agreed	  that	  there	  
is	  a	  profound	  urgency	  around	  the	  
development	  of	  new	  energy	  systems.	  
Climate	  change	  is	  real	  and	  will	  have	  
significant	  impacts:	  indeed,	  the	  ?me	  for	  
ac?on	  to	  mi?gate	  its	  worst	  effects	  is	  
probably	  over.	  “It	  is	  now	  too	  late.	  We	  are	  
now	  going	  to	  be	  faced	  with	  catastrophic	  

draconian	  ac?on.	  …	  The	  ?me	  frames	  to	  evolve	  the	  energy	  industry	  are	  simply	  too	  long	  to	  deal	  with	  the	  
problem	  that's	  ahead	  of	  us.”	  Dealing	  with	  these	  effects	  would	  necessitate	  pu^ng	  the	  world’s	  produc?on	  
systems	  on	  a	  “war?me	  foo?ng”	  -‐	  conver?ng	  all	  automobile	  produc?on	  plants,	  for	  example,	  into	  wind	  
turbine	  factories.	  Such	  a	  conversion	  will	  simply	  not	  happen,	  however,	  given	  that	  public	  and	  poli?cal	  will	  
is	  not	  commiQed	  to	  this	  sense	  of	  urgency.	  Our	  current	  
systems	  have	  a	  limited	  capacity	  to	  deal	  with	  the	  
unprecedented	  challenges	  the	  world	  is	  facing.	  
Changing	  this	  may	  require	  shiis	  in	  government	  -‐	  one	  
somewhat	  tongue	  in	  cheek	  sugges?on	  was	  to	  switch	  to	  
a	  socialist	  or	  monarchical	  system	  in	  which	  something	  
other	  than	  money	  and	  pricing	  will	  drive	  development	  -‐	  
as	  well	  as	  forcing	  corpora?ons	  to	  act	  as	  ‘ci?zens’	  and,	  
poten?ally,	  draconian	  policy	  measures.	  If	  we	  are	  to	  
avoid	  the	  consequences	  of	  failing	  energy	  and	  climate	  
systems,	  the	  ?mescales	  of	  technological	  development	  
need	  to	  move	  forward	  by	  decades.	  Doing	  this	  will	  require	  decisions	  made	  at	  the	  highest	  levels	  of	  
government	  and	  radical	  new	  ways	  of	  pricing	  energy	  -‐	  carbon	  taxing,	  for	  example,	  may	  become	  necessary.

Diverse  public  groups  -‐  legislators,  acEvists,  
‘NIMBY’ers  -‐  should  be  brought  together  with  those  
involved  in  developing  new  energy  technologies  in  

order  to  understand  the  ways  that  these  
technologies  will  be  used  -‐  or  not  -‐  in  pracEce.
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Who  is  ‘we’?

These	  issues	  are	  important	  to	  think	  about	  at	  this	  early	  stage	  of	  solar	  to	  fuels	  technology’s	  development.	  
It	  is	  also	  important	  to	  recognize,	  however,	  that	  as	  this	  and	  other	  technologies	  develop,	  they	  will	  affect	  
different	  groups	  of	  people	  (and	  countries)	  and	  that	  they	  will	  unfold	  in	  a	  changing	  public	  and	  poli?cal	  
context.	  While	  ‘we’	  -‐	  those	  in	  the	  workshop	  -‐	  may	  be	  relevant	  decision-‐makers	  today,	  the	  decision-‐
makers	  of	  the	  future	  are	  likely	  to	  come	  from	  different	  countries,	  socioeconomic	  backgrounds,	  and	  ethnic	  
groups.	  As	  with	  the	  technology’s	  engagement	  with	  the	  broader	  public,	  then,	  there	  is	  a	  need	  for	  
considering	  mul?ple	  vantage	  points	  and	  agendas.	  The	  perspec?ves	  of	  diverse	  public	  groups	  and	  of	  
interna?onal	  partners	  should	  be	  incorporated	  as	  solar	  to	  fuels	  technology	  is	  developed	  and	  deployed.

	  	  

“It's  a  poliEcal  issue.  A  policy  issue.  We  could  build  these  [technologies]  but  we  don't  do  it  
because  we  don't  have  the  policy  in  place  to  drive  it  and  because  we've  got  so  much  fossil  

fuel  that  we  don't  need  it.”  
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Next  steps

It	  is	  worth	  emphasizing	  again	  the	  complexity	  of	  the	  systems	  being	  shaped	  by	  new	  energy	  technologies.	  
We	  cannot	  fully	  predict	  the	  ways	  that	  Solar	  to	  Fuel	  technology	  will	  be	  taken	  up	  by	  publics	  or	  the	  ways	  
that	  it	  will	  shape	  global	  energy	  use	  and	  sale.	  “Will	  there	  be	  a	  ‘curse	  in	  the	  success’?”	  Are	  there	  
challenges	  around	  equity,	  democracy	  and	  resource	  use	  that	  are	  being	  lei	  unresolved	  by	  focusing	  on	  CO2	  

emissions	  and	  climate	  change?	  How	  might	  
individuals	  have	  new	  kinds	  of	  rela?onships	  with	  
energy	  and	  with	  each	  other?	  These	  kinds	  of	  
ques?ons	  should	  now	  be	  considered	  as	  part	  of	  
the	  process	  of	  normal	  technological	  research	  and	  
development,	  in	  which	  social	  and	  natural	  science	  
exper?se	  are	  used	  in	  tandem	  to	  deal	  with	  the	  
complexity	  of	  energy	  transi?ons.	  We	  should	  also,	  
however,	  not	  expect	  research	  to	  give	  us	  all	  the	  
answers.	  These	  will	  be	  understood	  in	  full	  only	  as	  
the	  technology	  unfolds	  into	  everyday	  experience.

This	  document	  has	  presented	  the	  key	  themes	  
which	  emerged	  from	  an	  innova?ve	  discussion	  between	  scholars	  from	  a	  range	  of	  disciplines	  with	  interests	  
in	  energy	  and	  society	  and	  which	  took	  Solar	  to	  Fuels	  technology	  as	  its	  focus.	  It	  has	  described	  the	  key	  
features	  of	  these	  scholars’	  vision	  of	  a	  ‘Solar	  to	  Fuels’	  future,	  in	  which	  the	  technology	  has	  started	  to	  be	  
rolled	  out.	  It	  has	  also	  raised	  a	  set	  of	  broader	  dynamics	  which	  are	  likely	  to	  shape	  changes	  in	  energy	  
systems.	  In	  doing	  this,	  this	  Report	  presents	  ques?ons	  which	  were	  raised	  at	  the	  workshop	  and	  not	  
answered	  -‐	  which,	  indeed,	  
cannot	  be	  answered	  without	  
further	  study.	  	  What	  are	  the	  
geographies,	  economic	  and	  
environmental	  impacts,	  
distribu?ons	  of	  risks	  and	  
benefits,	  opportunity	  costs,	  
aesthe?cs,	  and	  long-‐term	  
societal	  implica?ons	  of	  exis?ng	  
energy	  systems,	  and	  how	  will	  these	  change	  in	  the	  coming	  years?	  What	  are	  the	  meanings	  people	  aQach	  
to	  novel	  technological	  infrastructures	  and	  paQerns	  of	  land	  use	  and	  water	  consump?on,	  and	  what	  will	  the	  
long-‐term	  impacts	  of	  these	  be	  for	  people’s	  lives	  and	  the	  lives	  of	  their	  neighbors	  and	  communi?es?

This	  Report	  therefore	  represents	  a	  star?ng	  point	  for	  con?nued	  conversa?on.	  The	  ques?ons	  and	  themes	  
it	  describes	  call	  for	  further	  research	  -‐	  and	  for	  a	  con?nua?on	  of	  interdisciplinary	  forms	  of	  collabora?on	  
and	  discussion.	  

What  are  the  geographies,  economic  and  
environmental  impacts,  distribuEons  of  risks  
and  benefits,  opportunity  costs,  aestheEcs,  

and  long-‐term  societal  implicaEons  of  exisEng  
energy  systems,  and  how  will  these  change  in  

the  coming  years?
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ParEcipant  research  interests

A	  sec?on	  of	  the	  graphic	  notetaking	  for	  the	  workshop	  showing	  par?cipant	  research	  interests.
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Ardeth	  Barnhart,	  The	  Arizona	  Research	  Ins?tute	  for	  Solar	  Energy
George	  Basile,	  Decision	  Theater,	  ASU
Ira	  BenneQ,	  Center	  for	  Nanotechnology	  in	  Society
Monamie	  Bhadra,	  Consor?um	  for	  Science,	  Policy	  and	  Outcomes
Gary	  Dirks,	  LightWorks,	  ASU
Sandy	  Epstein,	  Decision	  Theater,	  ASU
MaQhew	  Fraser,	  School	  of	  Sustainability,	  ASU
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Clark	  Miller,	  Consor?um	  for	  Science,	  Policy	  and	  Outcomes
Tom	  Moore,	  Dept	  of	  Chemistry	  and	  Biochemistry,	  ASU
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Bruce	  RiQman,	  Biodesign	  Ins?tute,	  ASU
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