Chapter 14  Renewable Energy

I. Principles of Solar Energy

A. From where does it originate?


Thermonuclear fusion reactions occurring in the Sun.  Important- all the chemical and radioactive polluting by-products of reactions left behind on Sun.

A. How much solar energy reaches earth?

a. Almost beyond comprehension.  Just 40 minutes of sunlight striking land surface of US is equivalent to an entire year’s worth of our fossil fuel consumption.

b. If 1/10th of 1% of Earth’s land surface dedicated to solar energy collection- could supply electricity needs of the entire world.

II. Direct Solar

A. Water Heating

a. Passive Solar – Natural Convection
b. Active Solar – water moved by pump

i. Benefits

1. Cheap – Swimming pool system pays for itself in 3–5 yrs.

2. Environmentally friendly

3. Can reduce conventional water heating bill by 33%

ii. Costs -Only works in sunny areas; can freeze; corrosion

iii. Future – Presently only .5% of total US Water heaters

B. Space Heating – Same concept

a. Passive Solar – Natural Convection
b. Active Solar – pump moves air

i. Benefits

1. Economic – Can reduce energy bills by 75% on average household

2. Environmental – could save up to 25% of US oil, natural gas and electrical power use

ii. Costs

1. Backup heating system needed

2. At present, solar equipment somewhat expensive; adds approximately 10% to construction cost of average home

iii. Future- Could greatly reduce US reliance on oil, coal and natural gas

C. Electricity Production

a. Technologies

i. Photovoltaic Cells – Light photons dislodge electrons, creating an electrical potential between two silicon sandwiches.  System is approximately 20% efficient in converting light to electricity

ii. Solar-Trough Collectors – reflects light onto an oil-filled pipe.  Hot oil used to boil water/ steam turns turbine. 22% efficient.

iii. Experimental Technologies – Power tower & dish-engine (apx. 30% efficient) 

b. Costs

i. Downfalls – expensive and works only during sunny periods; battery storage? 

ii. Benefits- Environmentally clean if used directly and will reduce reliance on traditional fuels.


Future- At present, PV provides less than 0.005% of U.S. electricity consumption.  Practically all regions of U.S. other than Pacific Northwest and Northeast, receive average annual solar radiation of 4 kWh/m2/day or more.  This means a 2 kWp PV system, fitted on a standard house roof, will provide 3000 kWh a year. This represents around 1/2 of a typical U.S. household's electricity consumption

III. Indirect Solar
A.
Hydrogen Fuel
a. How it works:     2H2 + O2 -> 2H20 + energy

b. Negative net energy and why solar is suggested as a source of energy

c. Prospects – Too expensive at present/ Requires large solar transformers

d. Costs – Nitrogen oxides produced because air is nearly 4/5ths nitrogen.

e. Benefits – in pure state, only byproduct is water 

B. Hydropower/ Electrical

a. How it works – energy stored in water behind dams is used to turn turbines

b. Prospects – almost all appropriate places for large-scale dams have been used in US

c. Costs – environmentally very damaging; takes land out of production; not permanent

d. Benefits – clean energy producer 

C. Wind Power

a. How it works – Wind turbine; Propeller shaft is geared directly to generator

b. Prospects - North Dakota alone has enough potential energy from windy areas to supply 36% of the total electricity consumption of the 48 contiguous states.

c. Downfalls – Intermittent source; aesthetically unpleasing; hazard to many bird species

d. Benefits – Pollution free; Non-depletable 

D. Biomass Energy

a. Technologies

A. Burning Fire wood

B. Burning Wastes

C. Producing Methane

D. Producing Alcohol

b. Prospects – 

c. Costs- Fuel Crisis in developing countries (especially wood); combustion toxins

d. Benefits – Alcohol can be used in place of MTBE 

IV. Other Renewable Energy Options

A. Geothermal Energy Options

B. How it works – hot molten rock near earth’s surface heats water to steam

C. Prospects – Could provide 10% of US West’s energy needs by 2020

D. Costs- releases toxins such as salt and sulfur compounds; uses up ground water

E. Benefits- Cheap turbo-generator energy

V. Tidal Power

A. How it works- Gravitational pull of moon and sun makes tides rise and fall twice a day.  By building dams across bays, turbines could be used to harness tidal energy.

B. Prospects- Not many places on Earth with large tides to make it practical.


C. Costs- decimate migratory animals using bays; trap sediment; prevent navigation

D. Benefits- in theory, pollution free 

D.
Ocean Thermal Energy Conversion

a. How it works- 20oC (36oF) thermal gradient exists between water at top of oceans and water at bottom.  Use surface water to heat and vaporize low-boiling-point liquid (ie ammonia).  Vapor used to turn turbines and low temperature water used to cool vapors into liquid again.

b. Prospects- Little economic promise- unless coupled with other, cost-effective operations.

