Chapter 10
I. Alternative Fuels

a. New Fuels from Coal

i. To reduce US Dependence on petroleum-based fuels, some of the vast coal reserves could be converted into gaseous and liquid fuel

1. Gasification: conversion of coal to gas

2. Liquefaction: conversion of coal to liquid and solid fuel

ii. Both require high temperature and pressure

iii. Hydrogen must be added to make synthetic hydrocarbons

1. Water is the cheapest source of Hydrogen

iv. Coal can be converted to 3 types of gas
1. High-Btu gas: directly substituted for natural gas

2. Medium- Btu gas: used for

a. Utility boilers

b. Industrial fuels

c. Electrical power

d. Chemical feedstock

3. Low-Btu gas: electrical power generation

v. Gasification process:

1. Coal is ground into a very fine powder

2. Powder is then sprayed into a gasifier

vi. Environmental problems with gasification and liquefaction

1. Consumes huge quantities of water

a. 1 lb of coal: 1.5-3 pounds of water

b. Much of the US coal is in semi-arid West

2. Air pollution and solid wastes are generated

3. Net energy question: It takes energy to make energy- Is it enough made to justify?

4. At high temperatures, forms “polycyclic aromatic hydrocarbons” (PAH)

a. carcinogenic

vii. Coal gasification process (pg 393 and 394)

b. Oil Shale
i. Oil Shale: sedimentary rock containing a high-molecular weight organic solid-

1. kerogen

a. when heated (retorted) breaks down into synthetic crude oil and hydrocarbon gas

b. World’s largest reserves found in US- Rocky Mountains

2. Advantages of using oil shale-derived products

a. It is a fossil fuel( technology doesn’t need modification
b. Some of the by-products are raw materials for petrochemical industry

c. Method of developing oil shale:

i. Mining oil shale

ii. Crushing first to fist-size pieces( grain-sized pieces

iii. Fed into the top of a 20 story-tall retort tower

1. Heated in the absence of air
2. Solid kerogen is broken into liquid and gases

a. Gaseous vapors are condensed into synthetic crude oil

b. Flammable gas is used to heat retort tower

iv. Retorted (spent) shale must be disposed of

d. Disadvantages to oil shale:

i. Development creates extensive land disruption

ii. Air pollution

iii. Vast amounts  of water consumed (arid West)

iv. Net energy

c. Tar Sands

i. Tar Sands: deposits of rock, sediment containing heavy oil- or tar- like fossil fuel substance (bitumen)

1. Very old hydrocarbons from which light hydrocarbons have escaped
a. Heavy, asphaltic residue is left behind

2. Raw material can be changed to wide range of fuels:

a. Gases to heavy furnace oils to solid

ii. Many can be surface mined

1. Currently mined in Canada from drained swap-like areas

iii. Deep deposits are difficult to extract

iv. For most of the world, it is too expensive to extract-neither cost nor energy effective

II. Local Energy Options

a. Geothermal Energy

i. Geothermal Energy: heat energy stored in the Earth’s interior; superheated water created by proximity of magma source

1. Must be near Earth’s surface to be useful
ii. Important supplemental source of energy in many planes around the world

1. 6,000 MW serve 20 countries

2. 500 MW at Geysers geothermal installation near San Francisco, California us the largest in the world.

3. Major source of energy in Iceland

b. Tidal Energy

i. Tidal Energy: source in gravitational interaction between the Earth and the moon

1. Relatives contribution is small
ii. Important where energy is expensive and difference between high, and low tides are large
1. About 16 ft (5 m) difference between high and low tide is necessary for a site to be considered

2. Bay of Fundy

iii. Tidal outlet is dammed with reversible turbine

iv. Energy is generated as water enters and leaves with each tide

c. Ocean Waves
i. Kinetic energy carried by wave oscillations

1. Wind

2. Ocean current interaction
ii. Considerable energy:

1. May have up to 10,000 Watts/m2 along each wave front

iii. Currently no areas using ocean waves

1. Many devices undergoing small-scale testing
III. Solar Heating and Cooling

a. Passive Solar

i. “Passive” Solar: uses sun’s energy for heating; no outside energy required to operate fans or pumps

ii. Familiar elements of building and landscaping helps collect, store, and distribute sun’s energy

iii. Basic ideas behind passive solar:

1. Building faces south
a. Captures greatest amount of solar radiation

2. Outside walls and attic must be well insulated

3. South-facing windows maximized and all others minimized

4. Double of triple paned or high tech (low E) design

5. Roof overhangs shades or recessed windows block out high summer sun

a. Lowers cooling cost

b. In winter, lower angle of sun allows rays to enter

6. Thermal mass: dark brick of stone wall, dark tiles on concrete floor

a. Absorbs and stores energy in day time

b. Radiates at night

7. Insulated drapes/shutters opened in daytime for heating; drawn at night for insulation

8. Deciduous trees on south for shade and cooling in summer

9. Coniferous trees for windbreak on north side

10. Well-placed roof ventilation for summer cooling

11. Caulking of small openings and cracks; doors and windows weather stripping

a. Prevents energy loss/cool air from entering

12. Dirt banking on the north side retains heat and cools in summer

13. Energy loss minimized by:

a. Wingwalls (solid barriers perpendicular to walls)

b. Landscaped barriers

c. Storm doors

14. Use natural lighting as much as possible

a. Should be as diffuse as possible

i. Skylights and sky shafts

ii. Page 406

b. Earth-Sheltered Homes

i. Earth-Sheltered: combining passive strategies with the underground placement of building homes

ii. Moderate soil temperatures greatly reduce total heating and cooling energy required

iii. Usually 3 sides are in the ground with south wall exposed
1. Sun’s rays penetrate interior only in winter

iv. Some have earthen roofs

v. Potential to withstand tornadoes

vi. Long-term design life

vii. Negligible exterior maintenance

viii. Acceptance has been low

c. Active Solar

i. Flat-plate collectors: device that collects solar energy and converts it to heat

1. Covered with transparent glass/plastic

2. Air space with pipes containing water or air

a. Heated water/air carried to storage tank or rocks which absorb heat
3. Black plate

ii. Heat is transferred throughout the building by electricity driven pumps

iii. For cooling, flat-plate collectors must be replaced by parabolic reflectors

iv. Pg 412-413
IV. Solar Electricity

a. Solar Thermal Energy Conversion (STEC)

i. Solar Thermal Energy Conversion: a collection system that concentrates enough sun onto a boiler or fluid to make large quantities of steam
ii. The steam spins a turbine that rotates a generator producing electricity
iii. 2 methods are being researched

1. Distributed Collector Concept: long reflecting trough with a parabolic cross-section concentrates solar energy onto a collector tube

a. Excess heat is stored for use at night and on cloudy days

2. Heliostats: computer-guided mirrors that track the sun and focus its rays onto a boiler

a. Produces higher temperatures

iv. Advantages:

1. Sunshine is free

2. Environmental impact is minor

v. Disadvantages

1. Restricted to use in sunny areas

2. Requires large areas since sunlight is diffuse

b. Solar photovoltaic Energy (Solar Cells)

i. Solar Cell: an electronic device that converts sunlight directly into electricity

1. Photon: particle of light, of appropriate wavelength enters a solar cell
a. Frees an electron from its chemical bond, leaving behind a “hole”

b. As the electron moves forward, electricity is generated

2. The movement creates electrical potential (voltage) ( small, light activated battery.

ii. Solar cells have been used for years to power:

1. Highway call boxes

2. Offshore buoys

3. Various remote devices

iii. Once installed, require virtually no maintenance

iv. Chief barrier to widespread use is cost

v. Research is ongoing to make solar cells commercially competitive

c. Wind Power

i. Wind’s energy originates in uneven heating of Earth’s surface

1. Hot air rises from tropical regions

a. Flows toward poles and sinks

i. Cooler air heads towards equator

2. Earth’s spin breaks this pattern into major wind belts

a. Prevailing westerly winds

b. Trade winds

ii. Earth’s topography and biomes affect wind

iii. Advantages:

1. Used for Centuries

2. Economic in certain situations

3. Non-polluting

4. Well adapted to remote sites

iv. Disadvantages:

1. Design is crucial for intended use

a. Water pumping requires high torque

b. Electricity generation requires less torque

2. Wind is very erratic

a. Generators need significant storage capacity or backup

b. Most practical systems are large, interconnected grids of wind machines( wind farms.

v. Solar and Wind energy are complementary:

1. Wind may blow when sun doesn’t shine and vice versa

2. Connect both types of collectors to a grid

d. Ocean Thermal Energy Conversion (OTEC)
i. Ocean Thermal Energy Conversion: uses temperature differences between surface waters and ocean depths to generate electricity

1. In tropics:
a. Surface water is warm (~80()

b. Deeper layers are cold (~40()

c. Power plant in ocean draws water from surface to heat working fluid in closed container until fluid evaporates:

i. Ammonia

ii. Propane

iii. Freon

d. The confined fluid creates pressure to turn turbines

e. Cold water cools the working fluid until it condenses back to a liquid

2. Questions related to this source of energy:
a. What will this do to aquatic life and ocean cycles?

b. Cold water contains large amounts of CO2
i. What happens when this is released to the atmosphere

c. Is net energy yield possible?

e. Water Power

i. Potential and kinetic energy when stored behind dams: hydroelectric power plants

1. Further development of dams is reduced:

a. Majority of sites have been used

b. Many optimal are federal protected for scenic beauty

2. New technology: “non-dam” hydropower

a. Total immersible turbo generators placed in:

i. Rivers

ii. Irrigation ditches, etc.

f. Orbiting Solar Satellite Energy

i. Solar panels would be attached to satellites

1. Captured solar radiation beamed back to Earth in form of microwaves

ii. Advantages:

1. Solar radiation is more intense in outer space

2. No clouds are present to block sun’s rays

iii. Disadvantages:

1. Economics of collecting and utilizing energy

2. Little known about short and long term effects of microwaves on living organisms

3. How would nation defend solar satellites?

4. If done on a large enough scale, would it be change our global temperature?

5. Would greatly increase society’s dependence on technology

V. Fuels from the Sun

a. Wood (form of biomass)
i. First solar energy option to be used

1. Originally 90% of total energy consumption until mid 19th century

2. Now <5%

ii. Disadvantages:

1. Not efficient

a. Heat lost as warm air used for combustion

2. Air pollution

a. Banned in many places

b. Energy from Trash

i. Municipal trash has an average energy content of ~4500 Btu/lb

1. Mostly paper, cardboard, plastic, and food scraps

a. Glass, metals, and other non-combustible materials must be separated out
ii. Advantages

1. Reduces volume going to landfills

iii. Disadvantages

1. Air pollution

c. Bioconversion

i. Biofuels (biomass): living materials used as fuels

ii. Energy can be released:

1. Direct combustion

2. Conversion into solid, liquid, or gaseous fuels

iii. Byproducts can be used for:

1. Food

2. Fertilizer

3. Chemicals

iv. Biofules can be used to produce:

1. electricity

2. heat

3. steam

4. transportation fuels

v. Sources of biofuels:

1. Forest products: sawdust, bark, paper pulp, wood shavings, scrap lumber, wood dust, and paper

2. Agricultural and food-processing waste: fruit pits, walnut shells, rice hulls, corn cobs, manures, and sugar cane residue.

3. Municipal sewage and solid waste

vi. Conversion Processes:

1. Type of fuel dependent on conversion process

a. Methane (CH​4) is the most common product

i. Sewage treatment plants use anaerobic bacteria to digest waste

ii. Trapped from landfills

iii. Used as direct substitute for natural gas
d. Future of biofuels

i. Municipal waste disposal is becoming problematic( lack of room

1. Incineration is focus of resolution efforts

a. Alternative is to gasify refuse

ii. Generation of energy from forestry and agricultural wastes to power transportation

iii. Energy farms specializing in fast-growing crops to produce high-energy yields:

1. Silviculture (tree plantations)

2. Grain farms (fuel alcohols)

3. Freshwater farms (algae, duckweed, water hyacinth)

4. Marine farms (seaweed)

5. Marginal lands (grasses, oil-bearing plants, plants with high hydrocarbon content)

iv. Disadvantages:

1. The only way it will be widely used is if it is less expensive than conventional fuels

2. Lower energy content than fossil fuels

3. Must be near source

4. Land use, combustion, related byproducts, and wildlife impact must be carefully considered

e. Conversion of biomass to fuels (diagram page 436)

