The Big Picture
What is "renewable" energy? 
Renewable energy sources are those that are continually renewed by nature, and hence will never run out. For example:
· Solar Power - Capturing sunlight for: 

· driving steam turbines to generate electricity, 

· heating homes (passive solar design),  

· heating hot water (active or passive solar hot water),  

· cooking (solar ovens), 

· distilling water, 

· generating electricity directly with solar electric (photovoltaic) cells, 

· other uses. 

Solar Power is considered renewable because the nuclear (fusion) reactions that power the Sun are expected to keep generating sunlight for many billions of years to come. 
Other examples of renewables: 

· Hydropower - Channeling falling water to drive turbines (generators) to generate electricity. This is renewable because the Earth's hydrological cycle, driven by the Sun, continuously replenishes lakes and rivers through rain. Hydropower is really an indirect form of solar power.  

· Biomass - Using the heat generated by burning plants, trees, and other organic waste. Biomass is renewable because new organic matter is always being created by photosynthesis. Biomass is also an indirect form of solar power! 

· Wind Power - Using the wind to turn propellers connected to turbines. Wind power is considered renewable because the Sun and the Earth's rotation are always generating more winds. Wind power, like biomass and hydropower, is really another form of indirect solar power. The wind power resource of the United States, like its solar power resource, is huge. The dark blue areas in the map below show the areas where "class 6" winds exist. Developing even a small fraction of these areas could power the US several times over, without creating adverse environmental or social impacts. Wind power is presently the fastest growing energy source in the world!  

Fantastic opportunities for large scale wind power exist in New Mexico, and one large turbine (660 kw) was recently installed by Southwestern Public Service Company of New Mexico near Clovis, New Mexico. For information on Wind Power in New Mexico and links to the wind power world, see the wind power section on the Coalition for Clean Affordable Energy (CCAE) website, http://www.cfcae.org/Wind_Power/index.htm (NMSEA is a CCAE member organization).
· Geothermal Power - Using the heat created by the decay of radioactive elements within the earth to heat buildings or generate steam to drive turbines (generators) to generate electricity. Geothermal power is considered renewable because there is enough radioactive elements in the Earth to keep it warm for billions of years to come. 

· Landfill Gas - Using the methane (CH4) generated by the breakdown of garbage in land fills. Although this is not necessarily renewable for the long term, there is enough landfill gas to provide a significant source of energy in the United States. This should tell us something about how much waste our society generates! 

Some people argue that nuclear power from earth based uranium should also be classified as renewable because the sun is nuclear powered and because they claim that there is lots of earth based uranium. Others like the word "inexhaustible" instead of "renewable" for renewable energy sources, which better conveys the important point that renewable energy sources will never run out for the foreseeable future of humankind. Another useful term might be "nonextracted", reflecting the fact that renewable energy sources do not require extraction of minerals from the ground.
What are the costs of renewable energy?
This is often the first question that people ask about renewable energy. One way to express the cost effectiveness is to compute the time it takes for a system to pay for itself, relative to the prices of natural gas or electricity from the grid. In other words, how much time does it take for the total energy savings achieved by using a renewable energy system take to equal to the cost of the system. Relative to prices for gas and grid power in the 1990s, which were quite low, payback time for renewables were roughly:
· Passive Solar Heating: 0-2 years 

· Solar Hot Water: 5-15 years 

· Solar Electricity (photovoltaics): 15-25 years 

· Utility Scale Wind Electricity: 20 years 

One should keep in mind that these estimates do not include the addition savings that a renewable energy system might provide, such as avoiding the cost of installing power or gas lines, which can be enormous for remote sites. Nor do they take into account occasional large jumps in gas and electricity prices, such as those that occurred in the year 2000. These can substantially decrease payback time.
More importantly, instead or worrying about the payback time, it might instead be more sensible to focus on the fact that renewable energy systems can in fact pay for themselves at all! How many other appliances can do this? From this standpoint, this ability of renewable energy systems means that their costs, in principle, could be included in the long term financing of homes and vehicles and actually decrease the total monthly payments of the buyes, because the savings on utility bills would more than balance out the extra cost added to payments to buy the systems over the long term! 
When comparing costs of renewable electricity, one should also be careful to distinguish retail costs from wholesale (or production) costs. The production cost of utility scale (centralized) renewables that is commonly quoted (e.g. 4 cents/kwh for wind) should be compared to wholesale cost that utilities pay to either produce or acquire energy from nonrenewable sources. In contrast, the cost of home solar systems should be compared to the retail cost of grid electricity, because the home solar system does not require transmission and distribution of its power - the Sun takes care of that part! The Sun is Earth's built-in transmission and distribution system! From this standpoint, solar electricity doesn't look so expensive, for although solar electricity (in the form of photovoltaics) is about 7 times the production cost of utility scale wind power, it is only about 2 times the cost of retail electricity. 
Utility Scale Renewables: Relative to an average wholesale cost of electrical power from the grid, which is about 3.5 cents per kilowatt-hour for coal in New Mexico, renewable energy sources rank in cost as follows:
· Hydropower: 2 cents/kwh -cheapest of all, cheaper than coal 

· Wind (utility scale): 4-6 cents/kwh  - just above coal.  

· Geothermal: 6-8 cents/kwh - twice the cost of coal. 

· Solar Thermal Plants: 10-14 cents/kwh - 3-4 times the cost of coal. 

Home Scale Solar: Relative to an average retail cost of electrical grid power, which was around 10 cents per kilowatt-hour in the 1990s: 

· Photovoltaics (home solar electricity): 19-25 cents/kwh - twice to three time the cost of grid power. 

For more on cost, see our solar curriculum project: Calculate the cost of Photovoltaic Systems (Home Solar Electricity), or the section further on in this primer: System Costs (for PV).
What are nonrenewable sources of energy?
Nonrenewable sources are those based on a finite amount of pre-existing fuel. Fuel is any substance which stores energy, for example, gasoline, kerosene, natural gas, and firewood are all examples of fuel - firewood being the only renewable fuel among these. The primary nonrenewable fuels are:
· Fossil Fuels: Natural Gas, Oil, and Coal - These three fuels are the leftovers from plants and animals that lived millions of years ago - hence the name "fossil fuels".  They are all "carbon-based", that is, they consist primary of compounds made of carbon and hydrogen derived from the bodies of ancient plants and animals. Natural gas is the gaseous form (small molecules, consisting of one or two carbon atoms each), oil is the liquid form (several carbon atoms per molecule), and coal is the solid form (many carbon atoms per molecule).  

Although they are a form of stored solar energy (because their energy originally came from the sun through photosynthesis), they are considered nonrenewable because there is only a finite amount of them. This is a consequence of the fact that it took many millions of years for these fuel reserves to form, so that it takes too long for nature to "renew" them for our practical purposes. They are so finite in fact, that it is thought that oil production may peak during the first few decades of the twenty first century (the famous "Hubbard Curve"), and that coal and natural gas will last only a few hundred years more (at the current rate of usage). There are also a number of environmental reasons for not using these fuels that we will discuss later.  

· Nuclear Power -  Nuclear power is the generation of heat (say, to drive steam turbines to generate electricity) by the nuclear reactions involving radioactive substances such as uranium 235, an "isotope" of the element uranium.  There are two kinds of nuclear power: 

· Fission: In this process, radioactive elements split apart to release energy. There are currently about 1100 nuclear "reactors" that use fission. About 430 of these are used to generate electricity in nuclear power plants (the rest are for research or production of special radioactive materials used in medicine, food processing, and scientific research). 

· Fusion: In this process, radioactive elements (usually hydrogen nuclei) are combined to release energy. This is the source of the Sun's energy! At this point, successful fusion reactors have not been achieved, but there is much research on them. 

Nuclear power is not classified as a renewable by many people in part because there is only a finite amount of uranium 235, and this cannot be renewed by nature for us. However, the amount of uranium may be quite large. Nuclear power is also not classified as a renewable by many because of its possible negative social and environmental problems, which we discuss further below. Many people consider fusion nuclear power to be fundamentally safer and cleaner than fission nuclear power, and hope that researchers will succeed soon in developing it as an energy source. The fuel for fusion is abundant on the Earth's surface - water!  

What are the environmental benefits of renewable energy?
· No mining or drilling for the fuel source - the energy is provided from the sky, not the ground (with the exception of geothermal)!  

Keep in mind that we must still obtain materials for manufacturing the collection devices for renewable energy, and this may include mining. But these materials are much less than the amount of fossil fuel we extract. For example, photovoltaic solar cells are very thin, so the volume of material relative to the energy they produce is very small. Related to this is the fact that they pay back the energy used to manufacture them in 2 to 3 years in sunny climates. Moreover, they're recyclable and therefore can be used indefinitely! 
  

· No paying for the fuel source - The energy is free!  

All that one must pay for is the initial construction and maintenance of the collection devices.
  

· No net emissions from burning a fuel - There are either no emissions associated with fuel at all (solar, wind, hydropower), or the emissions from burning fuel are compensated by photosynthesis initially (biomass, landfill gas), so that the emissions are closed-cycle (at least to a large degree). Thus we avoid many of the environmental problems associated with nonrenewable energy (see below). 

Keep in mind that there may be emissions, or other pollution associated with manufacturing the collection devices. Some of these emissions will be avoided in the future if new collection devices are manufactured using renewable energy in the first place. Careful attention will always be necessary, however, to minimize the impacts of pollutants associated with manufacturing.   

What are the practical and social benefits of renewable energy?
· Economic development! Switching to renewable energy sources would create at least several times as many jobs than traditional energy sources (some estimates suggest even 10 times as many). These jobs would include both manufacturing jobs and the maintenance of collection and energy storage devices. 

· Renewable energy is flexible! Because renewable energy generation can be de-centralized - that is, many small collection devices can be widely distributed instead of having only a few large centralized power plants, the need for transmission lines can be reduced, and the resulting system will be more robust with respect to civil disturbances, natural disasters, etc.   

· Freedom from Exploitation! Because renewable energy generation can be owned by the end user, switching to renewable energy would put more power, and ultimately money, in the hands of the general public, instead of into the hands of monopolistic energy companies.  

What are the environmental dangers of nonrenewable energy sources?
· Air pollution - Burning fossil fuel emits a number of noxious chemicals into the atmosphere: 

· Carbon Dioxide (CO2): CO2 is emitted when burning any carbon based fuels (as all fossil fuels are), and is the primary greenhouse gas causing global climate change (which includes global warming). For more info, see our primer materials on global climate change. 

· Carbon Monoxide (CO): CO is emitted when carbon based fuels are burned inefficiently, is poisonous, and contributes to the air pollution in cities associated with automobiles. A malfunctioning furnace can also produce carbon monoxide. 

· Sulfur dioxide (SO4): SO4 is emitted mostly by the burning of coal, and is the principle cause of acid rain. 

· Nitrous Oxide (NO2): NO2 , or "nox", is created when fossil fuels are combusted in the presence of air (which is 80% nitrogen). Nox is another greenhouse gas, and also an principle contributor to smog via automobiles. 

· Particulates: Particles of ash emitted from the smokestacks of coal fired power plants. These particulates are a serious threat to human respiratory health in many parts of the US. 

· Mercury: Coal contains significant amounts of mercury, a highly toxic element, that is emitted when coal is burned. Mercury from coal plants is thought to be a major pollutant of land and water in the US. The Environmental Protection Agency has recently decided to begin regulating mercury emissions. 

· Radioactive Uranium: Both coal and nuclear power plants can emit uranium (coal deposits often contain significant amounts of uranium). 

  

· Water Pollution/Usage: 

· Coal-fired power plants use enormous amounts of water to: 

· Transport the coal (in some cases) 

· Wash the coal 

· Cool the coal (to prevent spontaneous combustion) 

· Condense steam to complete the thermodynamic cycle 

·  Nuclear power plants use enormous amounts of water to: 

· Refine uranium ore into nuclear fuel rods 

· Condense steam to complete the thermodynamics cycle 

  

· Land/habitat impacts of mining, drilling, and spilling: 

· Coal mining and oil and gas drilling disrupt and pollute hundreds of square miles of land per year. Moreover, many of our largest fossil fuel resources are located in environmentally and socially sensitive regions, such as the Four Corners Area, the Cumberland (Appalachian Mountains) region, and the Artic National Wildlife Refuge, to name a few. 

· Mining underground can lead to poisoning of streams because water seeps into the coal mines and becomes acidic from the sulfur associated with coal seams.  

· Coal seams are on average only a meter thick, so vast areas must be either tunneled or strip mined to obtain the coal. Coal companies nowadays sometimes demolish entire mountains (called "mountaintop removal") to get at the coal underneath. 

· Oil spills from grounded tankers regularly contaminate vast areas of the ocean, killing enormous numbers of sea animals and birds. 

A good report on energy-related pollution issues and renewable energy in New Mexico can be found at http://www.nmpirg.org/reports/renew_energy/index.html
  

What are the social dangers of nonrenewable energy sources?
· Dependence on foreign sources - Dependence of foreign sources can greatly corrupt a nation's good intentions towards its neighbors, and also make it more susceptible to foreign exploitation. 

· Nuclear Weapons Proliferation - Developing nuclear power can put the technology and know-how for building nuclear weapons into the hands of those who might actually use them (not that the US is prohibited from using them!). 

· Energy Company Monopolies - Dependence on fuel sources that require large scale extraction and power production facilities tends to encourage the formation of corporate monopolies which can overcharge consumers, flaunt environmental regulations, and corrupt the moral integrity of a society. 

What are the obstacles to switching to renewable energy sources?
· Upfront Cost: While some renewable energy sources such as hydropower, wind power, and geothermal are now competitive or almost competitive with fossil fuels, solar is still about two to four times more expensive, and the financial mechanisms needed to avoid this problem (to allow renewable energy systems to pay for themselves naturally) do not yet exist. 

· Stranded Cost: We have already paid about a trillion dollars for a fossil fuel infrastructure. Some argue that this investment would be "stranded" if we switched completely to renewables, unless ways to incorporate much of that infrastructure could be found. Thus, this investment would seem to create a considerable economic disincentive to switch to renewables. Others argue that gradually abandoning this infrastructure would actually save money because a more distributed infrastructure would be so much cheaper that it would more than make up for stranding the old infrastruture.  

· Politics: People who make money from traditional energy sources simply don't want to lose their profits, and fight hard to avoid doing so. See our pages on political advocacy for more info. NMSEA is also an active member organization of the Coalition for Clean Affordable Energy (www.cfcae.org). 

· Environmental Impacts: All major sources of energy have significant environmental impacts of some kind, such as land use, material use, etc. Although the impacts of renewable energy generation is small compared to traditional sources in our opinion, some feel it will be too significant. Hydropower is in fact already widely opposed by many environmentalists nowadays, who feel that the impact of large dams on fish and other wildlife is too great a price to pay. 

· Lack of Inexpensive Energy Storage: Unlike fossil and nuclear fuels, renewable energy, especially solar and wind, is intermittent by nature and does not come in the form of easily storable fuels. Therefore, the development of practical storage processes is an important long-term research goal. However, in the meantime, it has been estimated that, despite its intermittency, between 15% to 45% of the electricity provided by the electrical grid could come from solar and wind without sacrificing the reliability of the grid. Therefore there is ample room to begin adding these renewable energy resources now. Some solar and wind plants, however, can also take advantage of existing hydropower storage - that is, they can be used to pump water back into reservoirs, so that water can be used later to generate electricity in a hydropower dam.  

The future of renewable energy storage
Presently, most home solar systems must use batteries (unless they are grid tied - for more on grid interconnection, see our Net-Metering page). There are two principle problems with batteries - short lifetime, and too great a weight per unit energy for mobile (automobile) applications.
In the long term, it is hoped that a fuel such as hydrogen, or a synthetic fuel produced from hydrogen and carbon dioxide, can be used to store energy from renewable resources. The process of "electrolysis", for example, can be used to produce hydrogen from water: this is done simply by running an electrical current through water. This hydrogen can be stored, and then later converted back into electricity using a fuel cell (to learn more, see our project Explore Fuel Cells). A fuel cell is a device that chemically recombines hydrogen and oxygen to produce water and electricity, without actually burning the hydrogen as a flame. For this reason, many solar advocates talk about the emergence of a solar-hydrogen economy. Our solar curriculum contains an interesting electrolysis project, which includes a discussion of fuel cells, that every kid should try once in their life.
Other energy storage techniques such as fly wheels and synthetic fuels are also quite promising and under development.
The use of thermal mass in passive solar buildings will probably always be an effective means of renewable energy storage. Guidelines for passive solar design are referenced below.
The Even Bigger Picture: Recycling Writ Large
The intrinsic advantage of renewable energy over nonrenewable sources is the fundamental difference that they allow an energy economy with no net emissions of pollutants from the combustion of fuels, i.e, a true closed-cycle economy. This should remain true even if synthetic fuels are eventually introduced to store renewable energy - for example, through manufacturing of methanol from carbon dioxide and water using renewable electricity as an energy source. This is because such fuel, while carbon-based, can be neutral with respect to emissions of greenhouse gasses: the carbon dioxide used to manufacture them could be absorbed from the air (or biomass), and then simply released back into the air at the point of use (similarly with the water used). 
Thus, what we are really talking about is recycling writ large: a process which could eventually lead to closing all of our material cycles. Achieving this goal for society as a whole will require more than just the act of switching to renewable energy and instituting recycling programs for metal, glass, and paper: We will also need to learn to manufacture commodities without inextricably mixing manufactured materials with organic materials. Otherwise, items made from inextricably mixed materials will still wind up in the landfills. 
Moving towards a truly closed-cycle economy will therefore require a fundamental shift in our approach to both energy and manufacturing. We therefore urge you to take recycling and renewable energy very seriously: recycling is not just a nice thing to do for the environment - its the whole baliwag!
A Closer Look at Solar Power 
How much energy comes from the Sun?
The sun provides about 1000 watts per square meter at the Earth's surface in direct sunlight (this level of reference intensity is often called "one sun" by solar scientists). Per square meter, this is enough power to power ten 100 watt lightbulbs, or 50 twenty watt compact fluorescent lightbulbs! Contrary to what is sometimes repeated by those who oppose solar energy, solar power is not very diffuse or weak. In fact, the sunlight falling on a small fraction of a home's roof is typically more than enough to provide all the energy needs of a home. Covering less than one percent of the land area of the United States with solar panels could provide all the energy we currently use. For more on this topic, see our solar curriculum project "Exploring the Solar Resource". 
Another way to look at this is to consider the enormous energy in the geophysical flows around us - ocean currents, wind, and rain. Most of this energy originates from solar power, which drives the hydrological cycle, thermal upwelling of air, and heats the ocean's surface. 
As an example that's even more close to home, you, the reader, are solar powered!  All the energy you obtain from your food originates with solar power, via the photosynthesis of sugars in plants.
Types of Solar Energy Technology
There are several primary solar energy technologies, most of which are discussed further below, including
· Photovoltaics (for obtaining electricity),  

· Passive Solar Design (heating, cooling, and hot water) 

· Active solar thermal (Solar Hot Water/Air)  

· Solar thermal electricity (large and small scale electricity generation from solar heat) 

· Solar cooking 

· Solar distillation 

· Solar water pumping 

A passive solar system is a solar water-heating or space-heating system that captures and moves sun-heated air or water without using explicit collectors, pumps or fans.  An active solar system, on the other hand, is a system that moves sun-heated air or water using pumps or fans. Many homes incorporate several aspects, such as passive solar design and photovoltaics, and sometimes other renewable energy forms such as wind systems, and are totally energy sufficient and not connected to or dependent upon utility power lines. 
Our solar curriculum has both solar thermal and solar electric projects.
Solar Thermal Electricity
Solar thermal electricity is the solar power variant on the traditional power plant: Solar energy is focused onto either a central receiver using mirrors or onto pipes using parabolic troughs to heat a working fluid, usually either water or molten salt, which is then used to drive a turbine to generate electricity. This technology is only now beginning to become commercialized (Spain plans to build a large solar thermal electricity plant soon). Here is a picture of the experimental Solar II plant, near Barstow California:
This 10 megawatt (ten million watt) solar plant, the largest of its kind, uses molten salt as a working fluid, which it stores for several hours in order to extend power generation well past sunset. The plant can supply power for approximately 10,000 homes from morning until well into evening, at a production cost of 10-14 cents per kilowatt hour (about three to four times the production cost of coal fired electricity). Over the period of several decades, this plant uses less land area, and uses it less destructively, than a coal-fired power plant that produces the same power (assuming we including the land area that needs to be mined for the coal).
The following diagram shows they are connected together: 

First, the Sun shines on the panels to produce electrical power. That power is routed through a charge controller to the batteries. The charge controller regulates the charging of the batteries - the voltage on the batteries needs to be increased slowly, because charging them too fast or routinely overcharging the batteries quickly degrades them. Next, the inverter converts the dc (direct current) electrical power from the batteries into ac (alternating current) electrical power at 110 volts. This can then be fed to household appliances via a wall socket.
System Costs
The costs of typical PV system range from anywhere between a few thousand for a vacation cabin size system, to about ten thousand for a small home, and upwards of $35,000 for a large home (for more details on home PV system costs, see our curriculum project "Calculate the cost of Photovoltaic Systems"). Component costs break down roughly as follows:
· About $4-6 per watt for the panels, so for a typical 2 kilowatt system the panels cost about $8,000-12,000.  

· Several hundred dollars for the charge controller. 

· About $1 per watt for the inverter: a typical 2 kilowatt system typically uses a 2400 watt to 5000 watt inverter: therefore the inverter cost will be $2400 to $5000. 

· About $100 per kilowatt-hour of energy storage: a typical 2 kilowatt system might require 20 kwh of storage (only 10 kwh in active use to extend battery life) and therefore about $2000 worth of batteries.  

Today's crystalline PV panels have a very long lifetime, at least 25 years, and possibly much longer. Today's batteries typically last 3-10 years before they need to be replaced. Fortunately, US law requires that the batteries be recycled, and over 99% are. Many solar enthusiasts are hopeful that energy storage systems using hydrogen fuel cells will become available in coming decades to replace the need for short-lived batteries.
A commonly repeated myth is that PV panels take more energy to manufacture than they produce. In fact, PV panels typically pay back their energy in 2 to 3 years in a sunny climate.
New Mexico also has many small businesses that specialize in PV installation and maintenance (see our Professional's Directory). 
Sandia National Labs in Albuquerque (see http://www.sandia.gov/pv/), and the National Renewable Energy Laboratory in Golden Colorado (http://www.nrel.gov/photovoltaics.html), both have active photovoltaic research and development programs.
