
NEW VOICES IN CHEMISTRY

O
ne goal of the chemical

sciences is the development of
efficient and affordable meth-
ods for harnessing renewable
energy. Although renewable

energy received much attention during the
oil crisis of the 1970s, the subsequent
return of inexpensive oil reduced the
urgency to develop alternative energy tech-
nologies. Renewable energy is again enter-
ing the spotlight, but now price is not the
driving force. The current concern focuses
instead on increasing global energy
demands that accompany population
growth and the industrialization of devel-
oping countries, coupled
with the accelerated increase
in global warming that is pro-
jected to occur if fossil fuels
are the primary source of
increased energy supplies.
The 1992 Intergovernmen-
tal Panel on Climate Change
concluded that merely stabi-
lizing greenhouse gas emis-
sions at 2–3 times their 1990
levels would require utiliza-
tion of renewable energy on
a massive scale by the middle
of the 21st century. Some
people have concluded that
developing viable technolo-
gies in a timely fashion to
accommodate such enor-
mous renewable energy de-
mands may require an effort
comparable to the Manhat-
tan Project or the Apollo space program. 

At least two technology development
efforts seem to be required in an R&D pro-
gram intended to reduce carbon dioxide
emission levels. First, very inexpensive solar
energy conversion and storage technolo-
gies must be developed and widely
deployed. Current photovoltaic cells gen-
erally suffer from high costs for materials
and fabrication because they use expen-
sive single-crystal semiconductors as the
active light-absorbing materials. Although
such systems are now cost-competitive in
remote locations that are not currently
connected to the electrical grid, an entirely
new approach is preferable—for example,
“solar paint,” in which the materials and

structures provide efficient energy con-
version devices but are as inexpensive, and
as simple to fabricate and assemble, as
painting one’s roof. 

Second, liquid fuels need to be exploited
in a far more efficient fashion, with respect
to useful energy per kilogram of emitted
CO2, than is possible in gasoline-fueled
internal combustion engines. Vehicles that
use methanol/air fuel cells, perhaps in a
fuel cell/battery hybrid engine configura-
tion, seem to be an attractive option. Such
systems would require the development of
a robust direct methanol fuel cell technol-
ogy (not involving reforming the methanol

to H2 and CO), as well as development of
energy-efficient transformations that pro-
duce methanol either from methane or
from CO2 and sunlight. 

Research targeting efficient renewable
energy utilization inherently involves
many areas of chemistry, including inor-
ganic, organic, solid state, electro-, and
biochemistry. Such research additionally
involves concepts of homogeneous and
interfacial chemistry of solids and liquids.
The upcoming decade presents the
opportunity and challenge to launch an
intensive, interdisciplinary effort that will
place chemists at the forefront of this
area and ultimately produce a solution to
this grand challenge.

Chemists have much to learn from na-
ture in developing viable approaches to the
production and use of renewable power.
Biological systems readily perform multi-
electron transfer processes involved in fuel-
forming reactions, such as the reduction of
protons from water to form H2, the oxi-
dation of water to form O2, and the trans-
formation of CO2 into alcohols. No known
human-made system can duplicate, or even
approach, the biological performance char-
acteristics for even these simple chemical
transformations. No stable photosensi-
tizer can efficiently absorb sunlight and
catalytically deliver charge in an efficient
multi-electron transfer reaction. Enor-
mous intellectual challenges lie in the
design and synthesis of materials that per-
form these transformations in an energy-
efficient fashion .

Finally, achieving a significant change in
the primary global energy mix demands far

more than an expanded basic
research effort in academic
and government-funded lab-
oratories. Policies to stimulate
industrial R&D of both evo-
lutionary and revolutionary
CO2-efficient energy produc-
tion and utilization technolo-
gies must be key components
of global energy policy, along
with coordinated government
policies that promote the
adoption of energy-related
technological innovations in
both industrialized and devel-
oping nations. Chemists have
made great strides in under-
standing organic transform-
ations, developing pharma-
ceuticals, controlling the
structure and properties of
inorganic and organic materi-

als, understanding biochemical transfor-
mations, and developing theoretical descrip-
tions and simulations of many chemical
processes. Similar levels of effort will
undoubtedly be required if our discipline is
to effectively lead the development of a solu-
tion for one of the truly outstanding prob-
lems facing society in the 21st century.
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