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Global Energy Challenges 
One of the great advances in the 20th century is the revolution in transportation 

which resulted in explosive growth in fossil fuel consumption for powering trains, cars, trucks, 
and airplanes. The invention and widespread utilization of light bulbs, the electric appliances, 
computers, and AV equipments coupled with the automation of machineries and plants in 
industries and electrical heating/cooling of commercial and residential buildings led to 
exponential growth in demands for electricity. Most industrial nations rely heavily on fossil 
energy for transport fuels and electric power, while rapid economic growth in developing 
nations further increased global consumption of fossil fuels, mainly oil, gas and coal. The 
exponential growth in world population coupled with much longer human life span and higher 
living standards resulted in much higher per capita energy consumption. The current energy 
systems also suffer from low efficiencies, less than 40% for centralized power plants and less 
than 30% in transportation vehicles. Thus over 60% of chemical energy is wasted in most of 
the current energy systems. The ever increasing energy consumption by the combustion-based 
utilization systems in the 20th century also led to the continuing increase of greenhouse gases, 
mainly CO2, in the atmosphere at an alarming rate which has caused serious concerns for 
global climate change.  The world has depleted a major portion of the non-renewable fossil 
energy resources, and now faces the following major energy challenges summarized below. 
Catalysis can play a critically important role in addressing each of the nine challenges for 
sustainable energy development.  
1. Supply clean fuels, electricity and water to meet the growing demand worldwide with 

declining resources, safely, and develop more environmentally-friendly processes for using 
conventional as well as unconventional fuel sources. 

2. Eliminate environmental pollution and minimize GHG (CO2, etc.) emissions due to energy 
utilization. 

3. Increase energy efficiency by developing new energy systems to overcome the intrinsic 
limits of existing wasteful energy systems. 

4. Develop sustainable ways of rapid production of renewable fuel sources such as biomass 
and energy crops and their efficient conversion to fuels and chemicals.  

5. Expand the renewable energy-based electricity generation in large power plants and in 
distributed systems, and develop efficient conversion of solar energy directly to electricity.   

6. Develop effective ways for using solar energy directly in generating hydrogen from water 
and hydrocarbons from CO2 and H2O. 

7. Replace all the energy-intensive wasteful manufacturing processes worldwide with energy-
efficient and atom-efficient processes.    

8. Cultivate sustainable organic material development involving carbon-based skeletons. 
9. Promote cooperative and integrated efforts beyond the borderlines of countries and regions 

in solving global energy and environmental problems. 

Catalysis for Clean Fuels  
Clean fuels present a major challenge as the remaining resources are becoming sour 

and heavier while the demands continue to increase for more cleaner and light distillate fuels. 
Catalytic hydrotreating has been the workhorse for removing sulfur and nitrogen from 
petroleum-derived fuels and major advances have been achieved in improving catalytic activity 
and selectivity for the molecular transformation processes. Selective adsorption processing has 
been developed to remove nitrogen and sulfur at ambient conditions which have shown 
potential for producing ultra-clean fuels for end uses such as fuel cells. Catalysis is also a key 
component in developing processes for gasification and liquefaction of solid fuels, integrated 
gasification-combined cycle for solid fuel utilization coupled with fuel cells, and gas-to-liquid 
processes for remote gas resources. More effective processing of heavy oils, distillation 
resides, and oil sands call for more efficient and robust catalysts. Production of fuels and 
chemicals from the largely unexploited unconventional resources such as oil shale and natural 
gas hydrates in deep ocean also require catalysis for process and product development.  
 
Catalysis in Fuel Processing for Fuel Cells 

Fuel cells are intrinsically far more efficient than combustion-based electricity 
generation. Catalytic processing of hydrocarbon and alcohol fuels is important for both high-
temperature fuel cells (SOFC, MCFC) and low-temperature fuel cells (PEMFC and PAFC).  
Hydrocarbon fuels, bio-fuels and alcohol fuels can all be used as fuels for catalytic reforming 
on-site or on-board. Alcohol fuels can be reformed at lower temperatures, but hydrocarbon 
fuels have the advantages of existing infrastructure of production and distribution.  
Hydrocarbon fuels and bio-gases require sulfur removal for use in fuel cells. Further research 
and development is necessary on fuel processing for improved energy efficiency and reduced 
size of fuel processor. More effective ways of deep removal of sulfur before or after fuel 
reforming, and more active and stable catalysts and processes for reforming hydrocarbon fuels 
are necessary for fuel cells.  Recent advances in this area will be discussed. 
 
Catalysis for Solar Energy and CO2 Utilization 

Effective use of catalysis can advance sustainable energy development, and 
decouple the traditional link between energy utilization and negative environmental impacts 
including greenhouse gases (CO2, etc.) emissions. Solar thermo-chemical catalytic processes 
can be carried out for industrially useful endothermic reactions and solar thermal electrical 
power generation.  Great challenges are to produce H2 from water by photo-catalytic splitting 
into H2 and O2 where hydrogen and oxygen are produced and separated in-situ at practically 
useful rates in large quantities. CO2 is a plentiful source of carbon that can be used either as a 
chemical or as a carrier for energy.  With catalytic tri-reforming process, CO2 in flue gas can 
be converted into synthesis gas without the need for pre-separation of CO2. With photo-
chemical bio-reactor, hydrocarbon-rich algae can be produced. CO2 can be captured from 
various sources by sorbents such as “CO2 molecular basket sorbent” which can be used for 
chemical conversion. With renewable energy input, the catalytic conversion of CO2 can be 
advanced further to become a carbon-neutral production and recycling of fuels and chemicals. 
Greater challenges are to develop effective ways for photo-catalytic production of 
hydrocarbons and directly from air and water (CO2 and H2O), which is more desired for 
producing chemical energy in the industrially useful form. Recent advances in these areas will 
be introduced. 


