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Historians of economies have examined the key transitions to alternative 

energies and regard the transitions as pivotal in bringing about significant economic 

change. Prior to the shift to an alternative energy, supplies of the dominant energy 

type became erratic, accompanied by rapid increases in energy prices. 
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Alternative energy is any energy source that is an alternative to fossil fuel. These 

alternatives are intended to address concerns about such fossil fuels. 

The nature of what constitutes an alternative energy source has changed 

considerably over time, as have controversies regarding energy use. Today, because 

of the variety of energy choices and differing goals of their advocates, defining some 

energy types as "alternative" is highly controversial. 

In a general sense, alternative energy as it is currently conceived, is that which is 

produced or recovered without the undesirable consequences inherent in fossil fuel 

use, particularly high carbon dioxide emissions, an important factor in global 

warming. 

Alternative Energy Research 

There are numerous organizations within the academic, federal, and commercial 

sectors conducting large scale advanced research in the field of alternative energy. 

This research spans several areas of focus across the alternative energy spectrum. 

Most of the research is targeted at improving efficiency and increasing overall energy 

yields.  
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Multiple federally supported research organizations have focused on alternative 

energy in recent years. Two of the most prominent of these labs are Sandia National 

Laboratories and the National Renewable Energy Laboratory (NREL), both of which 

are funded by the United States Department of Energy and supported by various 

corporate partners. Sandia has a total budget of $2.4 billion while NREL has a budget 

of $375 million.  

Solar 

Solar energy can be used for heating, cooling or electrical power generation. 

Solar heat has long been employed in passively and actively heated buildings, as 

well as district heating systems. Examples of the latter are the Drake Landing Solar 

Community is Alberta, Canada and numerous district systems in Denmark and 

Germany. In Europe, there are two programmes for the application of solar heat: the 

Solar District Heating (SDH) and the International Energy Agency's Solar Heating 

and Cooling (SHC) programme.  

The obstacles preventing the large scale implementation of solar powered 

energy generation is the inefficiency of current solar technology, and the cost. 

Currently, photovoltaic (PV) panels only have the ability to convert around 16% of 

the sunlight that hits them into electricity.  

Both Sandia National Laboratories and the National Renewable Energy 

Laboratory (NREL), have heavily funded solar research programs. The NREL solar 

program has a budget of around $75 million  and develops research projects in the 

areas of photovoltaic (PV) technology, solar thermal energy, and solar radiation. The 

budget for Sandia’s solar division is unknown, however it accounts for a significant 

percentage of the laboratory’s $2.4 billion budget.  

Several academic programs have focused on solar research in recent years. The 

Solar Energy Research Center (SERC) at University of North Carolina (UNC) has the 

sole purpose of developing cost effective solar technology. In 2008, researchers at 

Massachusetts Institute of Technology (MIT) developed a method to store solar 

energy by using it to produce hydrogen fuel from water. Such research is targeted at 
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addressing the obstacle that solar development faces of storing energy for use during 

nighttime hours when the sun is not shining. 

In February 2012, North Carolina-based Semprius Inc., a solar development 

company backed by German corporation Siemens, announced that they had 

developed the world’s most efficient solar panel. The company claims that the 

prototype converts 33.9% of the sunlight that hits it to electricity, more than double 

the previous high-end conversion rate.  

Wind 

Wind energy research dates back several decades to the 1970s when NASA 

developed an analytical model to predict wind turbine power generation during high 

winds. Today, both Sandia National Laboratories and National Renewable Energy 

Laboratory have programs dedicated to wind research. Sandia’s laboratory focuses on 

the advancement of materials, aerodynamics, and sensors. The NREL wind projects 

are centered on improving wind plant power production, reducing their capital costs, 

and making wind energy more cost effective overall.  

The Field Laboratory for Optimized Wind Energy (FLOWE) at Caltech was 

established to research alternative approaches to wind energy farming technology 

practices that have the potential to reduce the cost, size, and environmental impact of 

wind energy production.  

Ethanol biofuels 

As the primary source of biofuels in North America, many organizations are 

conducting research in the area of ethanol production. On the Federal level, the 

USDA conducts a large amount of research regarding ethanol production in the 

United States. Much of this research is targeted toward the effect of ethanol 

production on domestic food markets.  

The National Renewable Energy Laboratory has conducted various ethanol 

research projects, mainly in the area of cellulosic ethanol. Cellulosic ethanol has 

many benefits over traditional corn based-ethanol. It does not take away or directly 

conflict with the food supply because it is produced from wood, grasses, or non-

edible parts of plants. Moreover, some studies have shown cellulosic ethanol to be 
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more cost effective and economically sustainable than corn-based ethanol. Sandia 

National Laboratories conducts in-house cellulosic ethanol research  and is also a 

member of the Joint BioEnergy Institute (JBEI), a research institute founded by the 

United States Department of Energy with the goal of developing cellulosic biofuels.  

Other Biofuels 

From 1978 to 1996, the National Renewable Energy Laboratory experimented 

with using algae as a biofuels source in the "Aquatic Species Program.” A self-

published article by Michael Briggs, at the University of New Hampshire Biofuels 

Group, offers estimates for the realistic replacement of all motor vehicle fuel with 

biofuels by utilizing algae that have a natural oil content greater than 50%, which 

Briggs suggests can be grown on algae ponds at wastewater treatment plants. This 

oil-rich algae can then be extracted from the system and processed into biofuels, with 

the dried remainder further reprocessed to create ethanol. 

The production of algae to harvest oil for biofuels has not yet been undertaken 

on a commercial scale, but feasibility studies have been conducted to arrive at the 

above yield estimate. In addition to its projected high yield, algaculture— unlike food 

crop-based biofuels — does not entail a decrease in food production, since it requires 

neither farmland nor fresh water. Many companies are pursuing algae bio-reactors for 

various purposes, including scaling up biofuels production to commercial levels.  

Several groups in various sectors are conducting research on Jatropha curcas, a 

poisonous shrub-like tree that produces seeds considered by many to be a viable 

source of biofuels feedstock oil. Much of this research focuses on improving the 

overall per acre oil yield of Jatropha through advancements in genetics, soil science, 

and horticultural practices. SG Biofuels, a San Diego-based Jatropha developer, has 

used molecular breeding and biotechnology to produce elite hybrid seeds of Jatropha 

that show significant yield improvements over first generation varieties. The Center 

for Sustainable Energy Farming (CfSEF) is a Los Angeles-based non-profit research 

organization dedicated to Jatropha research in the areas of plant science, agronomy, 

and horticulture. Successful exploration of these disciplines is projected to increase 

Jatropha farm production yields by 200-300% in the next ten years.  
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Geothermal 

Geothermal energy is produced by tapping into the thermal energy created and 

stored within the earth. It is considered sustainable because that thermal energy is 

constantly replenished. However, the science of geothermal energy generation is still 

young and developing economic viability. Several entities, such as the National 

Renewable Energy Laboratory  and Sandia National Laboratories are conducting 

research toward the goal of establishing a proven science around geothermal energy. 

The International Centre for Geothermal Research (IGC), a German geosciences 

research organization, is largely focused on geothermal energy development research.  

Hydrogen 

Over $1 billion of federal money has been spent on the research and 

development of hydrogen fuel in the United States. Both the National Renewable 

Energy Laboratory  and Sandia National Laboratories  have departments dedicated to 

hydrogen research. 

Lightning 

Since the late 1980s, there have been several attempts to investigate the 

possibility of harvesting energy from lightning. It has been proposed that the energy 

contained in lightning be used to generate hydrogen from water, or to harness the 

energy from rapid heating of water due to lightning, or to use inductors spaced far 

enough away so that a safe fraction of the energy might be captured. In the summer 

of 2007, an alternative energy company called Alternate Energy Holdings, Inc. 

(AEHI) unsuccessfully tested a method for capturing the energy in lightning bolts. 
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