Fuel Sources and Designers
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Our WogLo.
Our ResponsiBiLiTy.

Review of last lecture:

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.

“What you really need is a sea change in public opinion,”
says McCain. “Global warming has to become a campaign
issue, and it never has, either in congressional cam-
paigns or senatorial campaiqns or presidential campaigns.”
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What do the people say?
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Potential Carbon Reductions to 2030

with associated costs and savings
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New York State as 100% Renewable by 2030
—Stanford Professor Mark Jacobson, 2013

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)
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States ranked by of thalr electricity derived from bls fusls
Solar includes anly utility-scale solar
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2009 2016
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Alternative energy means jobs for Americans:

2% 50.000

Coal- 111dustry employees, 2016

102.500

Wind-industry employees, 2016

260000800

Solar- mdustry employees, 2016

Energy storage, in megawatts,
built in the United States in
the last five years
...and storage makes AND
wind and solar ever more  Foc storaee in mesawitts,
expected to be added in a single

effective. yearby 2020




IN A WORLD ON FIRE,

STOP BURNING THINGS
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Non-Combustion Fuels

e

£ Conservation

= Hydroelectric

Solar

[~
g Photovoltaic
—
=

. - Geothermal
Wind

%,2 Fuel Cells
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1}, Conservation

At a crossroads?




Investment in conservation...
Direct-Savings Programs: Costs and Savings 1981-1989

BPA Program Dollars Energy Savings by Sector (megawatts)

$2 million
158 million Agricultural
Industrial

Agricultural

Total = $602 mittion Total = 291 MW

...is this 291MW savings still the case?
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Northwest Energy Savings Now
Second Largest Resource

Natural Gas_ Nuclear s Blomass

9.3% 3.3%

Hydropower

46%

Geothermal
<1%

nergy Efficien: .
R ey Yep, 262 MW in 2014

In 2014, Pacific Northwest utilities developed 262 average megawatts of new
energy savings, enough to power 180,000 homes each year, adding to the
region’s impressive track record in achieving energy efficiency. Read more.
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Sixth Power Plan Resource Portfolio

B oemand Response
B vatural Gas
[ renewables

[ eneray Efficiency

Northwest

4 -?Power and
C

Cumulative Resource - Average Megawatts

Conservation

) © » ounci
& ® L3 ® £

In the Pacific NW energy efficiency (reducing demand)
is now, and in the future, the largest power resource.
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Practiced most successfully when by...

ENERGY NEEDED
S 1874 Emciency

Code or Crisis
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Hydroelectric 2.28 Quads

18




Montana

The Columbia River Basin

Outtall pipe of juvenile fish bypass system at Rocky Reach Dam

20

How to avoid environmental
disruption...

J470rlov Hydropneumatic System
Figure 2

Gorlov Door e Weight Detail

Figure 3

21




The design at Wells Dam enables the spillway, on top of the turbine intakes, to
function as an efficient bypass system.
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2019 Innovation!
Whooshh

‘Whooshh system less stressful than fish ladders
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Columbia Basin salmon runs
are up dramatically
Salmon returns of nearly all stocks are up
Clearly, fresh-water conditions sup-

port the productivity of these stocks, especially
when ocean conditions are good

Salmon Return Increases

Current Status of Select Pacific Northwest
ESA-Listed Salmon Stocks
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Alte rpativgs ave Power

Salter’s Ducks

Tidal Power

Wave motion generators...

B Polamis wave power

machine at work at the
Agugadoura Wave Park
off Portugal

Subsurface wave hub
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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.




Solar Energy
1.5 Quads

How to harness a plentiful
resource?

(in terra-watts)
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Solar Thermal

Large Scale
(focusing mirror array)

10 MW e
SOLAR PILOT PLANT PROJECT
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Solar Thermal

Medium Scale
(Stirling engine)

30




Solar Thermal

Medium Scale
(focusing trough)

31

Kramer Junction’s five concentrating solar power stations have a combined capacity of 150|
i igh to power

Solar Thermal

Small Scale
(batch DHW)

11



Photovoltaics

Station
us the

powering change

A
o

by

From large scale, grid-
connected to small scale
stand-alone systems...
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From buildings to
transportation...

WHAT IF WE TOLD YOU_ Zmnes
THAT YOU WILL BE ABLE

TO CHARSE YOUR CAR

WITH STREET-LGHTS

SOON?.

R
Car Technology  SOLECTAIA

Solar Car Race

12



high-tech vs.
low-tech

‘Module Costs Dip Below 50 Cents per
Watt in JinkoSolar's Strong Q4

High-Tech is becoming low-cost! =
=
N | koot of i just Bt e U S. Sunshor gon of w52

®

FIGURE: U.S. PV Installations and System Price, 2000-2013
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The next wave...
PV windows!

Photo by Denniz Schroeder courtesy NREL

Scientists at the U.S. Department of Energy's Natiol
Laboratory (NREL) have developed a switchable sol,

transparent to tinted in the sunlight, converting the|

is a fundamental tradeoff betwee

electricity. “The

good solar cell," said NREL scientist Lance Wheele|

technology by hat. We have a good solar c:

sunshine and we have a good window when there's|

of perovskites and single-walled carbon nanott!

[NR

39
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A

Local and distributed sources avoid transmission losses...

40

Geothermal
0.20Quads

U.S. Geothermal Resources

...at Yellowstone and
in Boise...

42
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...in California and
in Reykjavik...

* Free fuel.

« No pollution.

- Preservation of habitat.

« Agricultural stimulus.

« Zero CO, emissions.

« Distributed electric generation.

Wlnd Power 7 - Nominal water use
3.33 Quads

A CONVERSATION WITH OBAMA'S fCLIMATE CZAR

RED, WHITE
AND GREEN

An oil-rich, conservative
stronghold discovers a
lucrative energy future

Pros and cons!

15



...mechanical energy for milling
and replaces electric cloths drying...

46

...pumping...

...technology transformation...

Optimum for high wind speeds

16



The least expensive
and most benign

N . ¢ means for new
Tdaho Wind Power Conference |
October 22, 2001
Boise, Idaho

¥

'/— 50% Wind

—— 35% Hydro
12% Coal
@————— 3% Biomass and other

Purchase 5 to 8 blocks and half of your
electricity will be from wind power.”
R

IDWR and Avista

49

“The federal tax credit
for wind power
production is $19 per
megawatt-hour for 10
years, and that makes

wind a cost-effective

resource compared to

other forms of generation."
Jeff King
Senior Resource Analyst

NWPPC 2006

.. 47% of the new power in
the PNW in 2005 was wind.

50

PAGE 2> SrRNG 2011

...and growth
continues in PNW
and nationally...

.. Pereent of New LS. Power Capacity

“* New Natural Gas [

: Comparison of Wind Power Growth
-~ .I in the Pacific Northwest
™ %03 704 05 06 "07 '08°09 '10 22 g )

51
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From 1 wind farm in 1975 to 815 in 2012

ADDED CURRENT YEAR

2016 Update

Ledger bt
N

»» Sun and Wind
on the Rez

» North Buying
Sauthern Nature

» Hybrid vs. Biodiesel
Smackdown

» Bikes of Burden
» Gus Speth on How

Business Needs
Government

T

...a dream in 2005...

54
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...to reality in 2009...
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Environmentally

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.

56

NREL Research Project: g
Bird detection radar

Field test with Sam Dollar
and Houdini in 2015

ri

The ultimate aim is to be able to detect birds soon enough that an alert can
wind power plant operator in time to shut down the blades.

19



Bird-Safe Design for glass buildings

58

Vertical axis turbines for compact
and urban settings...

Mar3, 2015 POINtL OT VIEW o303 P

The Eiffel Tower Now Produces Its Own
Energy

d most notably, two vertical axis wind turbines ha

abeacon of green cesign. France has been eager 1o show their concem for a

more sustainable future, a commitment ilustrated by the tower

60
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New age windjammers...

Courtesy Elioth + Encore Heureux
“Even if the power is tiny, as soon as you integrate it e that, it creates big, big encrgy.”

—Raphat! Ménard, one-third of this year's Next Generation-winning team, on a proposal to
integrate wind turbines into existing electrical-transmission towers.

62

...storage is a problem...

DR. F. DAVID DOTY: FEBRUARY 2, 2011

Guest Post: Kicking Oil Addiction With Windfuels

A startup proposes using off-peak excess wind energy to recycle CO2 into
standard transportation fuels

2010 = 25 TWh
2011 =40 TWh
excess off-peak
production in US

For many years, greentech leaders have been saying renewables are never going to make a major
contribution to our energy needs until we have a better method for storing off-peak clean energy.
For even longer, environmentalists and national security analysts have been seeking an alternative
to fossil oil for our transportation needs. WindFuels, a small company in South Carolina, believes
both of these needs can be met simultaneously with a new concept to store excess intermittent

clean eneray in standard hydrocarbon fuels (qasoline, jetfuel, and diesel) for transportation.

63
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Potential Sforage Worldwide

during pumping
(o demand)

~ RENEWABLE
— ENERGY

VOLUMENT ISSUE2_ MARCH/APRR 2014
~ Road

~ infrastructure
required

EARM
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The Cost of ewable Energy (COE)

Levelized cents/kKWh in year 2000 dollars

& Biomass
rF
=8 Wind "
30
g :
2 g s
g 10 O3
0 0
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020

COE cents’kWh

c3888883

NREL ENERGY ANALYSIS OFFICE, UPDATED OCTOBER 2002

10980 1990 2000 2010 2020 1980 1990 2000 2010 2020

May/June 2004

66
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ELECTRIC CIRCUIT
(40% — 60% Effici y)

Fuel Cells

Fuel H, (Hydrogen) ! ! i Air Containing O, (Oxygen)

Heat (85°C)
Water or Air Cooled

Unused Fuel Recirculates <

Flow Field Plate L Flow Field Plate

Gas Diffusion Layer ——— [ L Gas Diffusion Layer

Catalyst - — L Catalyst

Proton Exchange Membrane

67

Hydrogen Fuel Coll

Scalable!
Can power toys...
Equipment. ..

Fuel cell stack

Can power cities,
buildings, or cars...

« Hydrogen fuel
« Costs
* Weight

69
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Where Every lzsue

March 2008 Issye

70

71

Iceland’s
Hydrogen Bus

Transition
‘energy productivity remains constant

THE ENERGY ROAD AHEAD

n order

‘energy — defined as the heat content of the material. This fol-

tion (ELA) and works well fo fosi fuls but is fess suitable for
sources that produce elecrc energy diecty. To deal with this,
the 1A developed appropriate comersion factor, which are used
ere. These factors for year 2008 are: 9,884 Btu per klowatt-hour
for hydro, solarand wind; 10,488 B per kowatt-hous for nude-
21,304 21,017 Bt pes Kdowatt-hous for geothermal.Forsimplc-

iy, these factors ae used thoughautthe S0-year gaph.

3 Totals follon
£
| EnergyType inyear  inyear tota,
| 2010 060 20102060
[ Notuslgas 241 78 1,188
z | Gl ns 0 35
g | Nudear 85 0 106
3 ‘ Domestcal 125 08 3
2 4 Ol impors 250 0 si6
[ Hyiro 25 25 i
g Vind 05 26 P
g Bomass 39 81 0
H Geothermal 04 04 %
210 2035 N0 S 01 8 E
unsustainable sustainable  Totals 100 50 3,600
solartoday
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“Mr. Enevay', may | be excused?
My brain is full”

73

...not until 11:20...
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