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a  b  s  t  r  a  c  t

Widespread  implementation  of  renewable  energy  technologies,  while  preventing  significant  increases  in
greenhouse  gas  emissions,  appears  to be  the  only  viable  solution  to meeting  the  world’s  energy  demands
for  a  sustainable  energy  future.  The  final  energy  mix  will  include  conservation  and  energy  efficiency,
wind,  geothermal,  biomass,  and  others,  but  none  more  ubiquitous  or  abundant  than  the  sun.  Over  sev-
eral  decades  of development,  the  cost  of photovoltaic  cells  has  decreased  significantly  with  lifetimes  that
exceed 25  years  and  there  is  promise  for widespread  implementation  in the  future.  However,  the  solar
input is  intermittent  and,  to be  practical  at a truly  large  scale,  will  require  an  equally  large  capability  for
energy  storage.  One  approach  involves  artificial  photosynthesis  and  the  use  of the  sun  to  drive  solar  fuel
reactions  for  water  splitting  into  hydrogen  and  oxygen  or to reduce  CO2 to reduced  carbon  fuels.  An  early
breakthrough  in  this  area  came  from  an  initial  report  by  Honda  and  Fujishima  on  photoelectrochemical
water splitting  at  TiO2 with  UV  excitation.  Significant  progress  has  been  made  since  in exploiting  semi-
conductor  devices  in water  splitting  with  impressive  gains  in  spectral  coverage  and  solar  efficiencies.
An  alternate,  hybrid  approach,  which  integrates  molecular  light  absorption  and  catalysis  with  the  band
gap  properties  of  oxide  semiconductors,  the  dye-sensitized  photoelectrosynthesis  cell (DSPEC),  has  been
pioneered  by  the  University  of  North  Carolina  Energy  Frontier  Research  Center  (UNC  EFRC)  on  Solar  Fuels.
By  utilizing  chromophore-catalyst  assemblies,  core/shell  oxide  structures,  and  surface  stabilization,  the
EFRC recently  demonstrated  a viable  DSPEC  for solar  water  splitting.

©  2015 Elsevier  Ireland  Ltd.  All  rights  reserved.
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1. Introduction

Energy is a unifying theme across the physical and natural sci-
ences, geopolitics, and economics. How we  use, distribute and
manage our energy resources is at the forefront of the global
agenda. There is steadily increasing demand as global affluence
increases, and the nagging deleterious effects of climate change if
renewable resources aren’t used to supply this increasing demand.
As a perspective of present and future needs, in September 2000 the
United Nations millennium development goals (MDGs) promised
to halve the global population living in extreme poverty by 2015.
The result has been remarkably successful, decreasing the num-
ber of people subsisting on $1 a day from 43% in 1990 to 21%
by 2010 [1]. In the summer of 2013, a list of post-2015 MDGs
were recommended to the UN, most notably the eradication of
extreme poverty by 2030. As shown in many studies, an increase
in the global standard of living will result in increasing energy con-
sumption. In Sub-Saharan Africa alone the economy is estimated
to quadruple by 2040 with an 80% increase in energy demand
[2].

Until now, the global community’s energy demands have been
largely met  by fossil fuels. On the short term, the concept of “Peak
Oil” and the predicted decline of oil reserves has been overcome
by the advent of modern exploration techniques and the use of
horizontal drilling and hydraulic fracturing technologies allowing
access to oil and shale gas reserves that were previously out-of-
reach. Use of the new technologies comes with an environmental
risk, including the impact of methane leakage on global warming [3]
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