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A PERSPECTIVE ON GLOBAL ENERGY FUTURE 
Global energy consumption in the last half century has rapidly increased and is expected to continue to 

grow over the next 50 years, however, with significant differences. The past increase was stimulated by 

relatively “cheap” fossil fuels and increased rates of industrialization in North America, Europe and Japan; 

yet while energy consumption in these countries continues to increase, additional factors make the picture 

for the next 50 years more complex. These additional factors include China and India’s rapid increase in 

energy use as they represent about a third of the world’s population; the expected depletion of oil resources 

in the near future; and, the effect of human activities on global climate change. Oil production will peak in 

the near future and will start declining thereafter. Since oil comprises the largest share of world energy 

consumption, a reduction in availability of oil will cause a major disruption unless other resources can fill 

the gap. Natural gas and coal production may be increased to fill the gap, with the natural gas supply 

increasing more rapidly than coal. However, that will hasten the time when natural gas production also 

peaks. Additionally, any increase in coal consumption will worsen the global climate change situation. 

Presently, there is a resurgence of interest in nuclear power. However, it is doubtful that nuclear power 

alone will be able to fill the gap. Forecasts from the International Atomic Energy Agency show that nuclear 

power around the world will grow at a rate of only 0.5% to 2.2% over the next 25 years. Based on this 

information it seems logical that the RE technologies of solar, wind and biomass will not only be essential 

but will hopefully be able to fill the gap and provide a clean and sustainable energy future. Fortunately the 

solar, biomass and wind  technologies are finally showing signs of maturity. Wind and photovoltaic power 

have grown at rates of over 30% - 35% per year over the last few years. It seems that Solar Thermal Power 

technologies are at the verge of such rapid growth.  There are many differing views on the future energy 

mix. However, it is becoming evident that as much as 50% of the world’s primary energy in 2050 will have 

to come from Renewable Energy. To achieve that level of renewable energy use by 2050 will require a 

worldwide commitment and an unprecedented global effort.   

 

TRANSITION TO A RENEWABLE ENERGY FUTURE FOR THE WORLD 
Dwindling fossil fuel resources worldwide along with their unacceptable environmental impact make it 

inevitable that much of our future energy will come from renewable resources.  

The past 30 years have witnessed tremendous advancements in renewable energy technologies using direct 

solar radiation, wind and biomass. System efficiencies have increased and costs have come down by orders 

of magnitude, making many renewable applications cost effective even without considering their 

environmental benefits. As a result, worldwide wind power is growing at an annual rate of 32% and 

photovoltaic (PV) at a rate of over 36%. The transition to a Renewable Energy Future has begun.  

There is little time left for us to make an orderly transition from the remaining convenient and affordable 

fossil fuels to sustainable renewable energy resources. Therefore, the transition must occur faster than at the 

present rate. Technologies and economics of renewable energy will continue to improve with time; 

however, there is no need to wait for the epitome of research. Present technologies are sufficiently advanced 

to allow major contributions to the current energy infrastructure. What is needed today is vigorous, far-

sighted public policy and political leadership for an accelerated and orderly transition to a renewable energy 

future. 

NEW AND EMERGING DEVELOPMENT OF SOLAR ENERGY 

Solar Energy can potentially play a very important role in providing most of the heating, cooling 

and electricity needs of the world. With the emergence of solar photocatalytic oxidation 

technology, solar energy also has the potential to solve our environmental problems. The 

photocatalytic technology may also provide security against Chem-Bio attacks on buildings. This 

presentation  describes some of the new and emerging developments, with special emphasis on: (1) 

Nanoscale antennas for direct conversion of sunlight to electricity with potential conversion 

efficiencies approaching 80%; (2) New thermodynamic cycles for solar thermal power, that have 

the potential to reduce capital costs by 50%; and (3) Solar photocatalytic oxidation for cleanup of 

industrial wastewater, drinking water, soil and for disinfection of indoor air..  



(1) Nanoscale Antenna Solar Energy Conversion 

The current photovoltaic technologies rely on the quantum nature of light and semiconductors 

which are fundamentally limited by the band-gap energies. A revolutionary new approach uses the 

wave nature of light utilizing broadband rectifying antennas for solar radiation to DC conversion. 

These rectifying antennas (rectennas) would not have the fundamental limitation of semiconductor 

band-gap limiting their conversion efficiencies. Rectennas for solar conversion would have 

dimensions of the order of the wavelengths of solar radiation which falls mostly in the sub-micron 

range. The challenges in actually achieving the objectives are many, however, significant progress 

has been achieved making the concept viable. 

(2) New Thermodynamic Cycles for Solar Thermal Power  

It is recognized that the capital costs of solar thermal power will have to be reduced by about 50% 

in the near future in order to make it competitive with fossil fuels based power systems. Potential 

exists for meeting this goal by reducing the costs and improving the thermodynamic performance 

of power cycles by hybridization and combined cycle approaches and by employing new and 

innovative ideas in thermal power cycles. This presentation describes the new thermodynamic 

approaches with an emphasis on an innovative new thermodynamic cycle using ammonia and 

water mixtures as the working fluids.  

(3) Solar Photocatalytic Detoxification and Disinfection of Water and Air 

Although the potential of solar radiation for disinfection and environmental mitigation has been 

known for years, only recently has this technology been scientifically recognized and researched. 

Solar photocatalytic oxidation has been demonstrated to effectively treat groundwater, drinking 

water, and industrial wastewater. In some applications such as decoloration and reduction of  COD 

it may be the only effective method of treatment. Treatment of indoor air by the photocatalytic 

method has been demonstrated as the most effective technology for that application. Recent 

developments have shown its effectiveness against bio-terrorism. This presentation describes the 

recent developments and identifies challenges and future research opportunities. 
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Dr. D. Yogi Goswami is the John and Naida Ramil Professor in the Chemical Engineering Department and 
Co-Director of the Clean Energy Research Center at the University of South Florida. He conducts 
fundamental and applied research on Solar Thermal Power and Cooling, Photocatalytic Detoxification and 
Disinfection, Thermodynamics, Third Generation Photovoltaics, and Hydrogen production. Dr. Goswami 
has served as an advisor and given testimonies on energy policy and the transition to renewable energy to 
the US Congress and the Government of India, as well as providing consultant expertise to the US 
Department of Energy, USAID, World Bank, NIST, among others. Professor Goswami is the Editor-in-Chief 
of the Solar Energy journal, and Advances in Solar Energy: Annual Review of Research and Development. 
Within the field of Renewable Energy he has published as an author or editor 14 books, 13 book chapters, 
6 conference proceedings and more than 200 refereed technical papers. He has delivered 41 Keynote and 
Plenary lectures at major international conferences. He also holds 16 patents and 5 provisional or pending 
patents. Two of his inventions have been successfully commercialized and two others are in the process of 
being commercialized.  
 
A recognized leader in professional scientific and technical societies, Prof. Goswami has served as a 
Governor of ASME-International (2003-2006), President of the International Solar Energy Society (ISES, 
2004-2005), Senior Vice President of ASME (2000-2003), Vice President of ISES and President of the 
International Association for Solar Energy Education (IASEE, 2000-2002). Dr. Goswami is a Fellow of the 
ASME International, and the American Solar Energy Society. He is a recipient of the Farrington Daniels 
Award from ISES, Frank Kreith Energy award and medal from ASME, John Yellott Award for Solar Energy 
from ASME and the Charles Greely Abbott award and Hoyt Clark Hottel award of the ASES, and more than 
50 awards and certificates from major engineering and scientific societies for his work in renewable 
energy.  
 
 


