The Science of Renewable Energy Technologies
(Comments regarding this draft version can be sent to snyder@umassk12.net)

Each renewable energy technology has a unique way of transforming a renewable energy resource into a useful form of energy that can heat or cool an interior space, provide a mode of transportation or power industrial, commercial and residential machinery or appliances.
1. Wind turbine-generator systems transform the kinetic energy of wind into electrical energy.

2. Hydroelectric turbine-generator systems transform the gravitational potential energy of water into electrical energy.
3. Deep-Earth geothermal systems transform the thermal energy of high temperature water reservoirs into electrical energy.

4. Biomass systems transform the chemical potential energy of plant material into thermal energy or electrical energy using turbine-generator systems.

5. Solar thermal systems transform the energy of light photons into thermal energy.

6. Photovoltaic systems transform the energy of light photons into electrical energy.

7. Earth-coupled heat pump systems concentrate and transport thermal energy in Earth’s atmosphere and soil.

Renewable Energy Science Concepts

· The following sections of this document provide some examples of science concepts that need to be synthesized into an understanding of how renewable energy technologies transform energy. 

· The science concepts are numbered for the sole purpose of facilitating discussions of concepts.

· The concepts listed are those that are most closely related to K-12 national and state science learning standards.
Understanding Solar Thermal Systems:
1. Nuclear fusion reactions in the sun transform matter into energy in the form of photons. Photons of visible light have specific wavelengths, frequencies and energies.

2. Materials, such as glass, are transparent because they absorb and reemit visible light photons with no changes in wavelengths, frequencies or energy.  

3. Visible light photons can be absorbed by opaque materials in the interior of a structure and reemitted as thermal energy (commonly referred to as heat).

4. The amount of thermal energy gained in the interior of a structure can be managed by controlling the amount of thermal loss by radiation, conduction and/or convection.

5. Solar thermal systems range in complexity from a cluster of windows on a home or greenhouse to a system that stores thermal energy in a thermal mass.
6. Solar thermal systems also can consist of arrays of mirrors that produce very high temperatures of fluids that can be used to power electricity generators

Understanding Wind Generated Electricity

1. Nuclear fusion reactions in the sun transform matter into energy in the form of electromagnetic radiation emitted from the surface of the sun. HS-PS1-8 Page 91
2. Visible sunlight that reaches Earth’s surface consists of bundles of electromagnetic energy referred to as photons.

3. A portion of sunlight reaching Earth’s surface is transformed into thermal energy in the atmosphere.

4. The uneven heating of Earth’s surface results in differences in atmospheric densities creating differences atmospheric pressures resulting in wind currents. This process is aided by differences in atmospheric humidity. 
5. The kinetic energy of wind is transformed into the rotational kinetic energy of a wind turbine that is connected to an electricity generator. 
Understanding Hydroelectric Systems:
1. Nuclear fusion reactions in the sun transform matter into energy in the form of electromagnetic radiation. 
2. Visible light is transformed into thermal energy at Earth’s surface.

3. Thermal energy absorbed by liquid water on Earth’s land and ocean surfaces is transformed into gravitational potential energy as liquid water becomes water vapor in the atmosphere.

4. Water vapor in Earth’s upper atmosphere loses some of its gravitational potential energy as it falls as rain (or snow) and collects in water reservoirs at high elevations. 
5. Gravitational potential energy of water at high elevation reservoirs is transformed into kinetic energy as it flows to lower elevations. 
6. The kinetic energy of flowing water is transformed into the rotational kinetic energy of a turbine that is connected to a generator. 
Understanding Biomass and Biofuel Systems

1. Photosynthesis in plants initiates the process of transforming the energy in photons of light into the chemical potential energy in molecular structures.

2. Several species of trees can be grown, harvested, cut, split and dried to be used in conventional wood stoves. 

3. Waste wood from the production of construction lumber can be compressed into wood pellets that can be used in stoves designed for that purpose.

4. Sugars produced by some plants can be fermented into alcohols, which can be used directly in a fuel cell or as an additive to gasoline.

5. Biodiesel fuels can be produced from leftover food products such as vegetable oils and animal fat.

6. The chemical potential energy of biofuels is transformed into heat and light during the combustion process. 

Understanding Deep Earth Geothermal Systems

1. The radioactive decay of elements such as uranium and thorium in Earth’s interior combined with the gravitational pressures exerted on Earth’s interior produces the thermal energy that results in the very high temperatures of Earth’s deep interior  
2. Gravitational pressures exerted on deep-water reservoirs are in a liquid state even though the temperatures are higher than the normal boiling point of water.

3. Reservoirs of liquid water in those reservoirs are at temperatures higher than the normal boiling points of water to the gravitational pressures exerted on the water. 
4. Flash steam power plants are the most common. Well pipes driven into the deep Earth water reservoirs provide a pathway for the high temperature water to move to Earth’s surface. The decrease in the pressure exerted on the water as it moves to Earth’s surface causes the liquid water to change into steam.

5. The kinetic energy of steam is transformed into the rotational kinetic energy of a turbine that is connected to a generator.  

6. Binary cycle power plants use geothermal water to heat a different fluid, which is used to turn a turbine.
Understanding Earth Coupled Heat Pump Systems
1. Earth’s surface absorbs approximately 50% of the solar energy it receives which then warms the atmosphere, hydrosphere and Earth’s solid surface.
2. Earth’s surface changes temperatures more slowly than the atmosphere. As a result, the temperature of soil a few feet below Earth’s surface is generally warmer than the atmosphere in winter months and cooler than the atmosphere in summer months.  
3. Heat spontaneously flows from a matter at higher temperatures to matter at lower temperatures. Heat pumps expand and compress fluids to transfer thermal energy from matter at a lower temperature to matter at a higher temperature.

4. Heat pumps expand a fluid until its temperature is lower than outside soil or air temperatures. That cooled fluid is then heated as it circulates in coils buried in the warmer soil or exposed to the warmer atmosphere. 
5. The heated fluid is compressed to increase its temperature until the temperature of the fluid is higher than the temperature of an interior space. A fan then blows air over coils that contain the heated fluid so that an interior space is heated.
6. The heat pump process can be reversed in summer months to function as a household cooling system when soil temperatures are cooler than interior temperatures.
7. Note: In many cases, the use of the term “geothermal” is a misnomer since solar energy is the energy source. Some geothermal coils are buried deep enough to utilize the heat produced by radioactive decay in Earth’s interior.
Understanding Photovoltaic Cells
1. Nuclear fusion reactions in the sun transform matter into energy in the form of electromagnetic radiation.  
2. Visible sunlight consists of photons that have both wave and particle characteristics.
3. Photons of different colors of visible light have specific wavelengths, frequencies and energies.  
4. Silicon is a semiconducting element used to produce many photovoltaic cells. Silicon atoms have 4 outer shell electrons and forms a tetrahedral crystal lattice structure with 4 covalent bonds associated with each silicon atom.
5. In a common “doping” process, atoms of an element with 5 outer shell electrons are added to a layer of silicon creating an N-Type layer. The results are that the fifth outer shell electrons of dopant atoms move about in the tetrahedral lattice structure.
6. In a common doping process, an element with 3 outer shell electrons is added to a different layer of silicon creating a P-Type layer. The result is vacancies in the tetrahedral lattice structure that are referred to as holes that move about in the lattice structure.
7. Electrons tend to migrate from the N-Type layer to the P-Type layer when a photovoltaic cell is manufactured and before the cell is exposed to sunlight.
8. A separation of electric charge produces an electric force field with an electric potential difference (voltage) across the P-N junction.
9. Electrons in the photovoltaic cell absorb the energy of photons of visible light that shine on the N-Type layer. 
10. An external electric circuit that connects the N-Type and P-Type layers provides a pathway for electrical charges (electrons) to move from the N-Type layer to the P-Type layer.
11. Appliances in the external circuit can transform electrical energy into other forms of energy.
12. There will be a continuous electric current in the complete circuit that includes the photovoltaic cell as long as sunlight is available.
13. In the absence of sunlight, the flow of electrons in the external circuit stops and the electric field with a “built in” voltage is reestablished.
Understanding Conventional Electricity Generators 
1. Wind, hydroelectric, some solar thermal systems and deep Earth geothermal systems utilize conventional electricity generators.

2. The rotational kinetic energy of a turbine is transferred to the rotor of an electricity generator. 
3. The rotor of an electricity generator causes a loop of conductive wires to move through a magnetic field or causes the magnetic field to move past a loop of conductive wires thus producing an electric current and voltage. 
4. The number of loops of wire, the strength of the magnetic field and the rate at which the rotor rotates all determine the current and voltage produced by the electricity generator. 
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