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Fuel Sources and Designers

Part II: Ethics

According to the EPA, the way we produce electricity is the 

number one cause of air pollution and global warming. In the US, 

about 60% of our electricity is produced by burning fossil fuels, 

with the following effects:

• Depletion of natural resources and destruction of natural habitat 

for ALL humans and animals.

• Compromised public health for ALL humans and animals. 

• Increased world conflict due to quests for more natural resources.

• Smog, air pollution, acid rain. 

• Global warming. 

• Extraordinary use of water in the production process.

Another 22% of our electricity comes from nuclear energy, which 

leaves a bi-product that future generations will have to deal with 

and compromises our national security.

Review of last lecture:

Vs.
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What do the people say?

2017 update —>

The path to 60% reduction requires annual investment of ~$36B/yr.

Since 2010 averaged ~$56B
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• 40 percent: Offshore wind (12,770 5-megawatt turbines) 

• 10 percent: Onshore wind (4,020 5-MW turbines) 

• 10 percent: Concentrated solar (387 100-MW CSP plants) 

• 10 percent: Utility-scale solar PV (828 50-MW plants) 

• 6 percent: Residential rooftop PV (5,000,000 5-kW systems) 

• 12 percent: Commercial/government rooftop PV (500,000 100-

kW systems) 

• 5.5 percent: Hydro (7 1.3-GW hydroelectric power plants, most 

of which already exist) 

• 5 percent: Geothermal (36 100-MW plants) 

• 1 percent: Tidal (2,600 1-MW tidal turbines) 

• 0.5 percent: Wave energy (1,910 0.75-MW wave devices) 

New York State as 100% Renewable by 2030
—Stanford Professor Mark Jacobson, 2013

Where’s 

New York?

Alternative energy means jobs for Americans:

…and storage makes 

wind and solar ever more 

effective.
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Non-Combustion Fuels

Conservation

Hydroelectric

Solar 

Photovoltaic

Geothermal

Wind

Fuel Cells

Conservation

At a crossroads?
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Investment in conservation…

…is this 291MW savings still the case?

Yep, 262 MW in 2014

In the Pacific NW energy efficiency (reducing demand) 

is now, and in the future, the largest power resource.

13

14

15



6

Practiced most successfully when by…

Code or Crisis

1960-2000

Environmentally and socially sustainable…

Hydroelectric 2.28 Quads

Hydro-mechanical roots
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How to avoid environmental 

disruption…
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2019 Innovation!

Whooshh
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Tidal Power

Salter’s Ducks

Alternatives Wave Power

Wave motion generators…

Subsurface wave hub

Oyster wave generator under 

construction at Queen’s 

University, UK…goal 1.3 GW 

by 2020 (300 MW by 2015)

In-Stream turbine under 

construction…operates in 

rivers.
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Solar Energy

1.5 Quads

How to harness a plentiful 

resource?

(in terra-watts)

Solar Thermal
Large Scale
(focusing mirror array)

Solar Thermal
Medium Scale
(Stirling engine)
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Solar Thermal
Medium Scale
(focusing trough)

Solar Thermal
Small Scale
(batch DHW)
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Photovoltaics

From large scale, grid-

connected to small scale 

stand-alone systems…

From buildings to 

transportation…
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high-tech vs. 

low-tech

High-Tech is becoming low-cost! 

The next wave… 

PV windows!
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Local and distributed sources avoid transmission losses…

Geothermal

0.20 Quads

…at Yellowstone and

in Boise…
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…in California and

in Reykjavik…

• Free fuel.

• No pollution.

• Preservation of habitat. 

• Agricultural stimulus. 

• Zero CO2 emissions. 

• Distributed electric generation. 

• Nominal water useWind Power

3.33 Quads
Wind is the new corn!

Pros and cons!
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…mechanical energy for milling

and replaces electric cloths drying…

…pumping…

…technology transformation…

Optimum for medium windspeeds

Optimum for high wind speeds
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The least expensive 

and most benign 

means for new 

power generation…

IDWR and Avista

 47% of the new power in 

the PNW in 2005 was wind.

…and growth 

continues in PNW 

and nationally…
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See http://eerscmap.usgs.gov/windfarm/

From 1 wind farm in 1975 to 815 in 2012

2016 Update

…a dream in 2005…
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…to reality in 2009…

The Audubon Society

estimates 10,000 to 40,000 birds are killed annually by wind 

turbines as compared to: 

• 60-80 million due to vehicle collisions, 

• 98-980 million due to buildings and windows, 

• 174 million due to power lines, and 

• 7-50 million due to communications towers. 

Environmentally friendly?

NREL Research Project:
Bird detection radar

The ultimate aim is to be able to detect birds soon enough that an alert can be sent to the 

wind power plant operator in time to shut down the blades. 

Field test with Sam Dollar 

and Houdini in 2015
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Vassar College uses random shading and etched 

glazing

US Embassy London

Uses shading

Bird-Safe Design for glass buildings

Vertical axis turbines for compact

and urban settings…
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New age windjammers…

…storage is a problem…
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Potential Storage worldwide

Road 

infrastructure 

required
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Fuel Cells

Scalable!
Can power toys…

Equipment…

Fuel cell stack

Can power cities, 

buildings, or cars…

Barriers
• Hydrogen fuel

• Costs

• Weight

NASA Sustainability Base
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Iceland’s 

Hydrogen Bus

Bottom Line?

70

71

72



25

…not until 11:20…
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