
                  

 

Renewable Energy
Is Capable of  

Meeting Our Energy Needs  

 
Despite having public support and advantages over other energy sources, renewable 
technologies have been repeatedly characterized as unable to meet our energy needs. 
People have been presented only a choice between conventional fossil fuels and nuclear 
power. This, however, is a false choice. Renewable energy can reliably generate as much 
energy as conventional fuels, and can do so without producing carbon emissions or 
radioactive waste.      
 
Renewable energy – which includes solar, wind, advanced hydro, 
certain types of biomass and geothermal energy1 – has the potential 
to replace conventional fossil fuels and nuclear power. While non-
hydro renewables presently provide just 2.3% of electricity in the 
U.S., it is technically and economically feasible for a diverse mix of 
existing renewable technologies to completely meet our energy 
needs. In fact, as much as 20% of U.S. electricity could 
immediately come from non-hydro renewable energy sources 
without any negative effects to the stability or reliability of the 
electrical grid. Over the longer term, improvements to the grid can 
be made, and renewable technologies could supply increasingly 
higher percentages. Examining possible implementation and 
growth rates for different technologies, a 2004 report from the 
European Renewable Energy Council concluded that renewable 
energy could meet baseload power needs, 2 and in fact, could 
provide 50% of the world's primary energy by 2040.3 Similar 
studies from Shell Oil have explored scenarios in which one third to 
one half of the world’s energy can come from renewables by 2050.4  
 
Importantly, renewable energy technologies produce virtually no 
greenhouse gas emissions and can effectively address climate 
change. If unchecked, the disruption of the earth’s atmosphere 
poses the greatest threat to humankind in our lifetimes. Continuing 
to fill the atmosphere with greenhouse gases will melt the ice 
sheets, raise sea levels, bring extreme weather patterns, disrupt food 
production, and destroy whole ecosystems. Hundreds of millions 
of people may be left without food, shelter or clean water, 
causing political and social upheaval. According to a study by 
Japan’s Ministry for the Environment, renewable energy combined 
with efficiency measures could reduce greenhouse gas emissions to 
a level consistent with goals of global climate stabilization – a 70% 
reduction by 2050.5 With minimal initial capital costs and short 
deployment times, renewable technologies could address global 
climate change more quickly than nuclear power, and without the 
production of radioactive waste or other significant types of 
pollution. 
 
HOW MUCH RENEWABLE ENERGY IS THERE? 
 
In the near to medium term, the combination of wind, solar, 

advanced hydro, and some biomass and geothermal energy could 
completely meet U.S. electricity needs.6 According to a recent 
National Renewable Energy Laboratory (NREL) analysis, the 
entire U.S. electricity demand could technically be met by 
renewable energy resources by 20207. In the longer term, the 
potential of domestic renewable resources is more than 85 times 
current U.S. energy use. 8
 
Wind Energy 
Researchers at Stanford University recently evaluated the potential 
of wind power globally. After analyzing more than 8,000 wind-
speed measurements, the researchers concluded that wind at 
specific locations could generate more than enough energy to meet 
world demands.9 Of the sites measured, over 13% had mean annual 
wind speeds strong enough for economic power generation (speeds 
greater than 6.9 meters per second at 80 meters). These candidate 
sites are found in every region of the world, both inland and 
offshore. The researchers concluded that global wind could have 
generated about 72 terawatts (TW) in 2000. This is equivalent to 
208 trillion kilowatt hours (kWh)—about one and a half times 
current annual world energy use.  
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Evaluating the wind potential of the U.S., the Pacific Northwest 
Laboratory – a Department of Energy (DOE) national laboratory 
based in Washington state – has estimated that land-based wind 
across the contiguous United States is capable of producing 
almost one and a half times current U.S. annual electricity use.10 
According to a recent analysis by DOE, there is also an additional 
900 GW of power from offshore wind within 50 miles of the U.S. 
coastline. This is equivalent to at least 2.6 trillion kWh/yr – almost 
70% of current U.S. electricity use.11  
 
To produce this much energy, no significant developments in 
wind technology would be needed. Modern turbines are rugged 
horizontal-axis three-bladed designs that are turned into the wind 
by computer-controlled motors. The power capacity of these 
turbines has increased dramatically in the last twenty years, from 
24 kW in 1981 to 1.5MW in 2006.12 The turbines have been 
developed to function at high speeds,  high efficiency, and with 
low stress, which all contribute to good reliability. Research on 
new lightweight composite materials, advanced control systems, 
and methods for addressing the additional variables involved in 
offshore sites will only improve the effectiveness of these 
designs.13 Counter-rotating horizontal axis turbine designs, which 
capture a wider range of wind speeds, and vertical axis turbines, 
which have the potential to generate 4-10 megawatts (MW) per 
turbine, are also expected to become common in the next five to 
ten years. The most significant issue facing wind turbines will be 
the need for appropriate siting and community approval.  
 
Solar Energy 
The amount of solar energy by any measure is also enormous. 
Every hour more energy strikes the surface of the Earth than is 
consumed globally in a year.14 According to the DOE’s Solar 
Energy Technologies Program, there is on average between 2.8 
and 6.2 kilowatt-hours (kWh) of sunlight available per square 
meter (m2) each day.15 The exact amount of sunlight depends on 
the region and the season. In the United States, the annual average 
is 4.8 kWh/m2 per day.16  
 
One way of using this solar energy is to transform it directly into 
electricity.17 Two types of photovoltaic technology that have been 
developed for this purpose are photovoltaic panels (PV) and 
photovoltaic concentrators. For PV panels, the efficiency – or 
ability of the photovoltaic cells to capture solar energy and 
convert it into electricity – ranges from 12 to 25%. The panels 
themselves have efficiencies slightly lower than the actual cells 
because of  structure and wiring. Traditionally, the highest 
efficiencies have come from expensive, thick silicon panels. 
Recent work by several scientists, however, has led to the 
development of cheap, flexible thin film panels capable of at least 
15% efficiency.18 These panels have begun to be produced on a 
significant scale.19

 
As a result, with existing technology, PV could make a significant 
contribution to U.S. energy production. According to a recent 
Energy Foundation study, assuming 15% panel efficiency and a 
conservative estimate of at least 7854 million m2 available 
residential and commercial rooftop space, the U.S. could 
accommodate about 1 million MW of PV by 2025, which would 
generate approximately 1.9 trillion kWh per year – almost half of 

current U.S. electricity use. 20  This does not include other 
distributed forms of PV electric generation, such as ground 
mounted PV, PV shingles, covered parking lots, windows, 
awnings, and sides of buildings. It also does not take into account 
additional improvements in panel efficiency. According to a 
recent NREL analysis, the total long-term technical potential of 
PV in the U.S. is around 219 TW –which could provide over three 
times current world energy use. 
 
Photovoltaic concentrators – systems that reflect or focus light 
from a wide area onto a small photovoltaic panel – could also 
make a significant contribution to meeting U.S. energy needs. 
Solar concentrators move to track the sun, produce a more 
constant level of “peak energy” throughout the day, and operate at 
higher efficiencies than PV panels. Concentrators can also reduce 
costs by using less PV material per unit of energy generated 
(although they do require an inexpensive optical element and a 
support structure and tracker).21 Concentrators could be well-
suited for stabilizing the generation of wind farms and for 
installation along highways and transmission corridors.  
 

 
40 KW Solar photovoltaic system on a commercial building in Pittsburgh, 
PA, Installation by Mountain Solar, Grass Valley, CA. 
 
Advanced Hydro 
Hydropower currently provides 10% of the electricity generation 
in U.S. and could be a significant source of renewable energy.22 
Large conventional dams, however, have caused serious 
environmental damage.23 They will have to be retrofitted or taken 
down, while smaller systems with advanced turbine designs are 
set up (up to 25 MW).  According to DOE, advanced systems can 
be applied at more than 80% of existing hydropower projects, and 
can also be built at small existing dams that have not been 
previously used to produce power.24 Advanced hydro designs 
reduce the impact of turbines on fish, facilitate upstream fish 
migration, and mitigate sediment and water quality problems. 
River-run systems – which harness the power of moving water 
without dams or reservoirs - are also a small, low-impact 
alternative that could be developed where dams are removed or at 
new sites. Estimates of potential sustainable hydro resources from 
existing dams in the U.S. range from 77 to 82 gigawatts (GW). 
This includes 62 GW from retrofitted existing hydropower 
projects and 15-20 GW from fitting advanced systems onto other 
existing small dams.25 These hydropower sources could provide 
between 337 and 359 billion kWh per year, or 8.5 - 9 % of current 
U.S. electricity use.  
 



Biomass 
Biomass is the burning of organic matter – typically agricultural 
crops and grasses – to produce heat or electricity. Biomass, unlike 
solar and wind, does produce significant carbon dioxide emissions. 
These emissions, however, can be balanced out by planting new 
crops, which take up carbon dioxide as they grow. The carbon 
emission to carbon uptake ratio, the location of the two processes, 
and the effects on local soil and water quality, are important issues 
that must be considered in determining what forms of biomass are 
sustainable. For biomass to be a significant source of non-carbon 
emitting renewable energy, crops must be grown with little 
cultivation and fertilizer, transported only over short distances, and 
grown and harvested in a way that does not degrade the land. 
Grasses - such as switch grass and big blue stem - are low impact 
possibilities for biomass. If produced and used correctly, biomass 
could contribute significantly to meeting U.S. energy needs. 
According to a recent NREL study, biomass could produce 17-28% 
of U.S. electricity by 2020.26   
  
WHAT ABOUT VARIABILITY AND 
INTERMITTENCY? 
 
Despite the abilities of renewable technologies and the vastness of 
the resource, renewable energy is still often depicted as far too 
variable and inconsistent to meet our energy needs. This, however, 
is an incorrect picture. Advanced hydro and sustainable biomass are 
already capable of producing baseload power, and offshore wind 
has similar potential. For PV and land-based wind - although it is 
true that “the sun doesn’t always shine and the wind doesn’t always 
blow” - it is possible to harness these sources of energy in a way 
that substantially reduces the problems of intermittency and 
variability. 
 
A recent analysis by the International Energy Agency (IEA) - an 
intergovernmental body of twenty-six countries committed to 
advancing security of energy supply, economic growth, and 
environmental sustainability- concluded that intermittency is not a 
technical barrier to renewable energy.27 To deal with variability 
and intermittency,28 IEA recommends distributed generation, links 
across geographic areas, a diverse mix of technologies harnessing 
different resources, and the continued development of storage 
technologies. 
 
Significant advances along these lines have already been made. The 
first three measures alone can allow non-hydro renewable 
technologies to well exceed 20% of generating capacity by 2020 
without impacting grid reliability or stability. In the longer term, 
storage remains the most significant issue. Presently, the best 
options for storage are hydroelectric pumped water and compressed 
air. Hydroelectric pumped storage moves water from lower to 
higher reservoirs when extra electricity is being produced, and 
releases it when that energy is needed. These systems are well-
established, low in cost, up to 80% efficient, and have an enormous 
capacity for storage. Also, because energy is stored in times of 
excess generation, pumped storage systems do not compete with 
hydro generation.29 Using advanced hydro technology, these 
systems can also have minimal environmental impact. Air 
compression systems work on a similar principle, compressing air 

and storing it in airtight underground caverns during times of less 
demand, and releasing it to run turbines when needed.30 These 
technologies have undergone significant developments recently, 
being designed to store energy from wind farms. In the longer term, 
the development of extensive regional grids will increasingly 
stabilize geographically distributed generation, and the production 
of hydrogen will likely become an important energy storage 
mechanism.  
 
ARE RENEWABLE TECHNOLOGIES MORE 
EXPENSIVE? 
 
Despite all their advantages, renewable technologies are still often 
rejected as too costly. But this fails to take two very important 
factors into account. In the last fifty years, federal support for 
nuclear power and fossil fuels has far surpassed support for 
renewable technologies. This imbalance has resulted in unequal 
technology development and commercialization. In addition, while 
the costs of renewable technologies are decreasing substantially, the 
costs of nuclear power and conventional fuels continue to be 
underestimated.  
 
Federal Subsidies 
In the last fifty years, federal support for nuclear power and fossil 
fuels has been significant, while support for renewable technologies 
has been limited. According to a report by the Renewable Energy 
Policy Project (REPP), from 1947 through 1999, direct federal 
government subsidies totaled $115.07 billion for nuclear power and 
$5.49 billion for wind and solar.31 If the most notable non direct 
budget subsidies–such as limitations on nuclear liability and 
renewable energy investment and tax credits–are added into these 
figures, the federal subsidies for the same period are $145.4 billion 
for nuclear power and $5.7 billion for wind and solar.32 These 
numbers are consistent with the 1992 study by Charles Komanoff - 
an internationally known energy-economist and transport-
economist - which puts subsidies to nuclear power at about $124 
billion through 1990.33  
 
The disparity in funding continues, and is well illustrated by recent 
appropriations and the Energy Policy Act of 2005. For instance, the 
annual budget for the National Renewable Energy Laboratory 
(NREL) – the country’s primary research and development facility 
for renewable energy technologies – is just $174 million in fiscal 
year 2006.34 This is $28 million less than fiscal year 2005, and is 
less than one grant to NuStart Energy – a consortium of energy 
companies looking to build new nuclear power plants in the U.S. – 
for the paperwork for one license application under DOE’s Nuclear 
Power 2010 program. 
 
Cost 
Despite the vast discrepancy in federal support, wind power is 
competitive with nuclear power and fossil fuels at around $0.05-
0.06 per kWh, and the price of solar PV has fallen to roughly $0.25-
0.30 per kWh.35 With recent advancements in thin film PV 
technology,36 improved wind turbine performance, and greater 
economies of scale, it is expected that the costs of these 
technologies and others will continue to fall. For solar, this fall is 
expected to be particularly dramatic, as more panels are produced 



and significantly less photovoltaic material is required per panel. 
The price of PV, for instance, has been shown to drop by 20% for 
each doubling of production volume.37  
 
It is also important to include the costs of conventional technologies 
not presently accounted for in their cents per kWh. These 
externalized costs from fossil fuels include carbon emissions, air 
pollution, and land and water degradation from coal mining. For 
nuclear, they include the pollution from uranium mining, the safety 
and security risks posed by commercial reactors, risks from nuclear 
weapons proliferation, and the dangerous legacy of radioactive 
waste. Coal and uranium are also finite, while most renewable 
energy sources are unlimited in supply and free. If these effects are 
quantified and included in the price of conventional fuels, 
renewables are already far cheaper for society.38  
 
POTENTIAL FOR EFFICIENCY 
In addition to renewable technologies, using energy more 
efficiently is also an important part of moving to a clean energy 
future. Efficiency is the cheapest and easiest way to reduce 
electricity use and facilitate the transition to renewable 
technologies. In 1993, the U.S. federal government’s Office of 
Technology Assessment (OTA) estimated that the U.S. could 
reduce its electricity use 20-45% by adopting currently available 
efficiency technologies. OTA similarly concluded in 1994 that the 
federal government – the nation’s largest single energy consumer - 
could reduce the energy use at its facilities by at least 25% using 
commercially available, cost-effective efficiency measures.39 These 
changes range from improvements in heating, ventilation, and air 
conditioning systems, to more efficient refrigerators and other 
appliances, advanced lighting systems, and increased building 
insulation. Since the early 1990’s when these analyses were 
performed, other efficiency measures - such as LED lights - have 
become commercially available, and thus the energy reductions 
possible through efficiency today are likely to be even greater. For 
example, earth source heat pumps – which use the relatively 
constant temperature of the earth to provide heating and cooling – 
are also an effective efficiency measure. It is estimated that 
widespread use of these pumps could reduce energy used for 
heating and cooling by 30-60%.40 41  
 
WHERE DO WE GO FROM HERE? 
 
Presently, there are many artificial regulatory barriers limiting the 
immediate growth of renewable energy technologies. If we are truly 
to move towards these technologies, adjustments to the way 
renewable energy is produced and sold, and the establishment of 
long-term purchase agreements between renewable energy 
producers, utilities, and large end-users are necessary. Change like 
this can be affected from the local and state level. In addition, cities 
and states can develop renewable portfolio standards (RPS) which 
mandate a certain percentage of energy generation come from 
renewable technologies, and states can also put in place financial 
incentives that encourage the development of renewable 
technologies.   
 
For further detail and explanation of the technical terms used in this 

fact sheet, refer to glossary of terms at 
http://www.eia.doe.gov/cneaf/electricity/epav1/glossary.html
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