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Announcements

» First Paper (25% of overall grade)

1 Nov (Fri) deadline to guarantee comments on draft version
14 Nov (Thurs) midnight deadline for paper submission

5 to 8 pages single spaced; must include references & can include figures, both of
which are excluded from the page count

original work for this class, related to the themes of the class in some manner
Please submit via email, using HONR 229L in the subject
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HONR 229L: Climate Change: Science, Economics, and Governance

Essay #1 on Longer and More Damaging Wildfire Seasons

Longer and more damaging wildfire seasons are a direct result of global warming, and a very
present and costly one at that. As the global average temperatures rise, and humidity drops as a
result, drier and hotter environments are being created. The average temperature increase in the
North American west (where wildfires are most common) has increased at about twice the global
average since 1970. Due to this average temperature increase, the average wildfire season in the
area has increased in _length by about 40%. The annual humber of wildfires has increased by
about 75%, a statistic which shows that not only is the wildfire season gettinqg longer, but also
that the number of wildfires is increasing at a disproportionate rate.

These wildfires are increasing as a direct result of global warming due to human greenhouse
emissions. The cost of this is wrought in money, life, and land. Since 1985, the financial cost of
eliminating forest fires has nearly quadrupled. This diverts significant portions of the Forest
Service budget, taking away from the potential of other conservation-focused projects. Homes are
also being lost at an_alarming rate, as housing development is being allowed much closer to
forests which carry the risk of wildfires than usual. In addition, the habitat of many species which
thrive in forests are being lost as well, reducing our biodiversity in an alarming fashion.
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HONR 229L: Climate Change: Science, Economics, and Governance

fLos Angeles Times ]

CALIFORNIA

'+ : .
@ Californians fume over PG&E power outage: ‘A humongous inconvenience’

By HANNAH FRY, PATRICK MCGREEVY, TARYN LUNA, MARIA L. LA GANGA, JACLYN OCT. 9, 2019
COSGROVE | 6:25PM
Millions of Californians could spend days without power as the state’s largest utility
continues shutting off electricity in a desperate attempt to avoid wildfires sparked by

windblown power lines.

The first power cutoffs, affecting about 513,000 Pacific Gas & Electric Co. customers,
begzan shortly after midnight Wednesdav in several counties around Sacramento,
including Placer and Yuba. Roughly five hours later, the outages had extended to
Humboldt County to the north, Marin County to the south and Nevada County to the

east, according to a map provided by the utility.

The second phase of the shut-off was expected to begin about noon in areas around
Silicon Valley and the East San Francisco Bay Area, but the utility said those outages
would be delayed until later in the day. About 234,000 customers in Alameda,
Alpine, Contra Costa, Mariposa, San Joaquin, San Mateo, Santa Clara, Stanislaus,
Tuolumne, and parts of Mendocino and Calaveras counties were expected to lose

power by the evening.

https://www.latimes.com/california/story/2019-10-09/pg-e-cuts-power-across-northern-california-as-winds-bring-critical-fire-danger
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https://poweroutage.us/area/state/california
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HONR 229L: Climate Change: Science, Economics, and Governance

s THE DAILY CALIFORNIAN Rl

News Sports Arts Opinion Blogs  Multimedia  Weekender  Featured ADVERTISE  CLASSIFIEDS ~ APPLY  SPONSORSHIPS  ABOUT

BREAKING NEWS UC Berkeley cancels classes for 2nd day because of power outage

NEWS [ ALAMEDA COUNTY

UC Berkeley cancels
classes for 2nd day
because of power

outage (

PG&E began shutting down power
in Alameda County about 11 p.m.
Wednesday night, according to a
tweet from the Alameda County ) ; .
Sheriffs Office, in accordance with 2019 Rolling Loud brings charisma, energy,

its Public Safety Power Shutoff. . :
Hts Fublie Saten o hip-hop stars to Oakland Coliseum Grounds

CONCERTS

https://www.dailycal.org/
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HONR 229L: Climate Chanae: Science. Economics, and Governance

Peter Gleick €3 v
@PeterGleick

Dear California,

You realize if PG&E is permitted to cut power to
millions of people whenever wildfire risk is high, it will
mean no power for millions every year over and over
and over again, just to save their corporate stability.

8:58 PM - Oct 9, 2019 - Twitter for Android

376 Retweets  1.1K Likes

Jason .F @jhyu - 14h v
Replying to @PeterGleick
Might encourage more people to install solar panels though.

Q3 (R Q 26 0
Peter Gleick @ @PeterGleick - 13h v
I have solar, but when the power is cut, | can't use my own solar. It's

connected to PG&E. I'd have to also invest in battery storage... Which is
looking better and better.

O u s Q 94 A

Jason E’E '@jh}’L- - 13h "
Oh ok yeah that's what | was getting at e.g. Tesla Powerwall + Solar

1 1 O 21 N

https://twitter.com/PeterGleick/status/1182097939105234945
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PG&E bankruptcy judge to consider
allowing trial on utility’s liability in Tubbs fire

+lvlslolwls]+
THE PRESS DEMOCRAT | August 12, 2019

“ Follow this story €)

Greg Wilson is not alone in his skepticism over what ignited the Help For Wildfire Victims

2017 Tubbs fire that forced him and his wife to cower in their
pool while flames destroyed their Mark West Springs home and People with losses from wildfires can
find more information about the
bankruptcy case and other matters,
from northern Napa County to Santa Rosa. including filing a claim against PG&E, at
www.pgefirevictimshelp.com.

neighborhood and thousands of other homes on its deadly path

Cal Fire's announcement early this year that private power

equipment at a Bennett Lane home near Calistoga started the Tubbs fire and not Pacific Gas and Electric
Co.'s power grid upended widely held heliefs that the utility was responsible for the deadly fire, as it was for
other major fires during the 2017 October firestorm and the following year.

Wilson and others wanted to contest Cal Fire's findings before a civil jury and argue state investigators
missed or disregarded key evidence that they believe shows a blown fuse on one of the utility's power
poles dropped hot metal on parched grasses below. But their lawsuits were halted in January when PG&E
filed for bankruptcy protection under pressure from upward of $30 billion in liability from wildfires ignited
by the company's power equipment.

Wilson and other wildfire survivors may still get their chance. On Wednesday, they're asking U.S.
Bankruptcy Judge Dennis Montali to consider lifting the stay in the civil case and allowing them to pursue a
fast-tracked state court trial on PG&E's liability for the Tubbs fire.

https://www.pressdemocrat.com/news/9894734-181/pge-bankruptcy-judge-to-consider
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HONR 229L: Climate Change: Science, Economics, and Governance

Essay on Ocean Acidification

To put it simply, the world’s oceans are becoming more acidic due to climate change. This occurs
due to the absorption of carbon dioxide. The carbon dioxide dissolves in the ocean water to form
carbonic acid. The formation of carbonic dioxide inevitably raises the pH level of the ocean. Since
the Industrial Revolution, the ocean’s acidity has increased by 30%. This has a significant impact
on the state and the health of the ocean and the millions of organisms who call the ocean their
home. Furthermore, this has an outreaching impact on the billions of people who depend on the
ocean for food and survival. Many organisms that reside in the ocean can only survive in specific
pH ranges, and increasing levels of pH in the ocean make it more and more difficult for certain
critical oceanic species to survive.

These increasing levels are caused by human activities, mainly the burning of fossil fuels. Only by
decreasing the use of fossil fuels will carbon dioxide levels drastically do down and the effects of
climate change on the ocean be lessened. If carbon dioxide levels continue to rise, the ocean will
continue to absorb it and the ocean will eventually turn into acid. Acidic oceans mean the
destruction of global reefs, and consequently the destruction of all ocean life. The entire ocean
ecosystem will collapse, along with the fishing industry and tourism that supports many island
economies. As a result, ultimately, ocean acidification would cause entire human settlements to
collapse as well.

Sadly and strangely, ocean acidification is an often overlooked dire consequence of global climate change. The
rapid acidification of the world's oceans does have the potential to cause a collapse of Earth’s ocean ecosystem.

Copyright © 2019 University of Maryland.
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HONR 229L: Climate Change: Science, Economics, and Governance
Essay on Sea Level Rise

The sea level has risen about eight inches in the time between 1880 and 2009. This has been directly
linked to human-caused global warming; the effect, which has increased the global temperature by 1.4
degrees in that same time period, has not only warmed and expanded the ocean waters along with the
temperature but has also increased the rate at which land ice melts. The latter has become a more urgent
issue since land ice melts to become water, which becomes part of the ocean. In addition, with less land
ice _to_reflect heat back into space, a positive feedback within global warming is created, further
accelerating the melting of land ice and the warming/expansion of the ocean water. Projections estimate
that by 2100, the sea level [could] continue to rise by as much as 6 feet by 2100 unless action to stop
greenhouse gas emissions is taken.

The impact of sea level rise on human society is grave. At best, coastal areas around the world will
experience more frequent flooding - possibly a tripling of high-tide floods every year in the next 15 years;
this will heavily damage and isolate communities in those areas. Other areas, though, will be completely
submerged as the sea level increases, making them uninhabitable by humans. For instance, over 100
million people live in parts of states like Florida whose altitudes are not very high above sea level; should
even the modest sea level rise projections come true, those people may be forced to permanently relocate
before century's end.

Salt water incursion threatens agriculture in low lying areas throughout the world. Here is a link to an interesting research article
that describes one attempt to mitigate the effect on agriculture of salt water incursion:

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336437

In 2012, at the request of the U.S. Climate Change Science Program, NOAA scientists conducted a review of the research on
global sea level rise projections, and concluded that there is very high confidence (greater than 90% chance) that global mean
sea level will rise at least 8 inches (0.2 meter) but no more than 6.6 feet (2.0 meters) by 2100.

https://lwww.climate.gov/news-features/understanding-climate/climate-change-global-sea-level
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HONR 229L: Climate Change: Science, Economics, and Governance

Essay on Infectious Disease

The issue of infectious disease is affected by climate change in several ways. First, rising temperatures
increase water vapor making the environment more suitable for vectors such as mosquitos that carry
malaria. Additionally, these climbing temperatures could expand the area in which mosquitos can live,
making more groups of people vulnerable to such diseases. However, scientists have not agreed on the
true extent of the effects of climate change on malaria and other mosquito-carried diseases. While some
areas will become more hospitable to the mosquito’s needs, others will become too hot, resulting in a
decline in malaria outbreaks. Secondly, the risinqg oceanic temperatures promote an ideal climate for algal
blooms which help carry diseases such as cholera. Cholera travels in water ways and already Kkills a large
qgroup of people every year.

Both droughts and floods have the unfortunate effect of tarnishing sources of clean, drinkable water
especially in third world countries, resulting in more diseases through consumption of unclean water.
Malaria is one instance of a major disease which will almost certainly spread to a larger demographic of
people, many previously unexposed, as areas heat up to a level better accommodating mosquitoes
carrying the sickness. Other mosquito-borne ilinesses hold true to this trend as well, and dengue fever, or
Lyme disease are also prone to increase due to climate change.

The introduction of these new diseases into populations without resistance to them will have dire
consequences. As the disease pool for mosquito-borne illnesses expands, more people are infected with
malaria, dengue fever, Lyme disease, and yellow fever. It's especially tragic, at least to me, that many of
these deaths and outbreaks will be swept under the rug as they occur in impoverished and developing
countries without a media spotlight on them. Although, it is important to note that developed nations
won't be immune to these effects, and the treatments for these new diseases will certainly act as a drag on
the economy and quality of life for those afflicted.

This inequity can be seen in Shetty's article "Climate change and insect-borne diseases: Facts and
figures,” which states that 315,000 people have already lost their lives due to climate change, and that this
number is 500 times higher in Africa when compared to Europe.

Copyright © 2019 University of Maryland.
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World Installed Electricity Generating Capacity:
Power (Energy/Time)

Total Source GW (year 2018)
Coal 2,167
Natural Gas 1,769
Hydro-electric 1140
Wind 524
Liquid Fossil Fuel 381
Nuclear 374
Solar 352
Ot Renenatl
Geothermal 19
Total 7016

Source: https://www.eia.gov/outlooks/archive/ieol7/ieo_tables.php

In 2018, 38.4% of global electricity generating capacity does not release prodigious GHGs to the atmosphere
33.1% involves hydro, wind, solar, biomass, and geothermal
12% involves solar energy and wind

Copyright © 2019 University of Maryland
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World Electricity Generation Capacity

World electricity generation mix, 2018
26,700 TWh

Hydro and other .
19% Ay

Coal
38%
Solar PV and wind
7%
Muclear
10%

Gas
23%

https://www.iea.org/geco/electricity/
See also: https://renewablesnow.com/news/renewables-supply-25-of-global-power-in-2017-iea-606070

In 2018, world obtained ~36% of its electricity from sources that do not release prodigious
amounts of GHGs to the atmosphere.
Only 7% involved solar and wind.

Copyright © 2019 University of Maryland
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SOLAR ENERGY

Abhay Patel




In the KH book, industry research firm Clean Edge makes a prediction of the
total installed capacity for solar photovoltaics (PV) in year 2015.

* 75 gigawatts
* Over 300 gigawatts




Worldwide Cumulative PV Growth (GW) Worldwide Solar PV Growth (GW)

Why do you think the PV growth has been so rapid?
What countries are leading this growth?


http://solarcellcentral.com/markets_page.html
http://solarcellcentral.com/markets_page.html

PV Solar Installed by Country in Megawatts

Country

2015

2016

2017

2018

17.0

34.5

53.0

45.0

2.2

4.0

2.1

10.8

8.0

14.6

10.6

10.6

95

8.6

7.0

6.5

9

8

1.3

3.8

1.9

1.D

1.8

3.0

18.3

125

16.1

25.8

Total Market

57.8

76.5

98.9

105.5

http://solarce

llcentral.com/markets page.html
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PV Solar Installed by Country in Megawatts

Country

2015

2016

2017

2018

China

17.0

34.5

53.0

45.0

India

2.2

4.0

2.1

10.8

United States

8.0

14.6

10.6

10.6

Japan

95

8.6

7.0

6.5

Australia

9

8

1.3

3.8

Germany

1.9

1.D

1.8

3.0

ROTW

18.3

125

16.1

25.8

Total Market

57.8

76.5

98.9

105.5

http://solarce

llcentral.com/markets page.html
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Paris Climate Agreement, Dec 2015:
Article 2, Section 1, Part a):

Objective to hold “increase in GMST to well below 2°C above pre-industrial levels and
to pursue efforts to limit the temperature increase to 1.5°C above pre-industrial levels”

INDC: Intended Nationally Determined Contributions to reduce GHG emissions
» Submitted prior to COP21-UNFCCC meeting in Paris

» Extend from present to year 2030

GMST: Global Mean Surface Temperature
COP: Conference of the Parties

UNFCCC: United Nations Framework Convention on Climate Change

Nov 2014:
Presidents Obama & Xi announce:
RE'IING, U.S. will reduce GHG emissions to 27% below 2005 level by 2025
P China will peak CO, emissions by 2030 with best effort to peak early




The KH book gives a numerical value for how much the price per peak watt for solar energy must be, for solar energy
to be able to compete with “coal-fired electricity virtually everywhere”. This number appears twice in the reading; also
the wiki page provides the same price per peak watt cost for solar energy to achieve economic parity with the grid.

a) $1.00 per peak watt
b) ~2011

c) It would "require the next-generation photovoltaic technologies now emerging from the labs" to have solar-
generated energy compete with coal-fired electricity.

PV Module Price Per Watt

http://solarcellcentral.com/markets page.html

I ]

1990 1995 2000 2005 2010 2015
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If the infrastructure is built using current and possibly inefficient
solar technology, is it good practice to push out quantity or should
we focus efforts on reducing costs further and making the

technology more efficient?




Let's talk business:

®MiaSolé. Smovaucs

A Hane’yy Company https://www.crunchbase.com/organization/innovalight

http://miasole.com/

Edisun Microgrids

https://www.linkedin.com/company/edisun-microgrids
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https://www.solarpowerworldonline.com/2018/12/editor-picks-for-the-top-solar-products-of-2018/

10 miles would be the side length

» This is at 10% efficiency
» At the Boeing Spectrolab highest efficiency, which was 40.7%, the length

of the side would be 49.6 miles long




Solar Thermal & Solar Photovoltaic

Key:
/ Internal House Wiring

Solar Thermal - Domestic Hot Water System B SRR
(Grid) Wiring

1. Sun goesin - 5. Your friendly utility
to the panels. provides a new
DC Electricity . / “Import/Export” meter to
comes out g ¢ make sure that your new
system can export
- | power when you don't
2. A box of electronics ./ use itall
called an Inverter ,
takes the not-very-

useful DC electricity o
and converts it into 3 ‘ 4. Your solar electricity

240V AC power that - connects into your home's
Is compatible with our wiring at your existing fusebox

http://www.somersetrenewables.co.uk/solar_thermal/systems.php appliances 3. Your freshly baked AC electricity goes
thru a disconnect switch (just in casel)

https://www.solarquotes.com.au/how-does-solar-power-work/solar-power-diagram/
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Harnessing the Sun’s Heat

o

Flat glass reflectors
follow the sun,
concentrating its
heat on the
fixed-pipe receivers.

The sun’s heat boils

water, producing high- @ The steam cools

pressure steam. back into water and
is recirculated.

The steam turns
: a turbine and
generates
electricity.

© Hot water can be stored
under pressure to
generate power at night
or on cloudy days.

This low-cost approach is just one of the solar thermal technologies
now under development to generate electricity from the sun’s heat.
Another approach puts the receivers at the top of a tall tower,
achieving higher efficiencies at a higher capital cost.

Morth pole

South pole

Voltage

Time



https://gfycat.com/deliriousparallelbug

SOLAR RESOURCE MAP
PHOTOVOLTAIC POWER POTENTIAL
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Notice how similar these are
What does this tell us?
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The KH book notes “a key advantage of solar thermal over solar PV”.
What is this key advantage and how, possibly, might this key advantage
play a role in overcoming a major shortcoming of renewable energy?

—

Steam generator
and turbine

550°C )
Solar thermal is much

N 4
- -260°C easier to store

Hot storage tank Cold storage tank

http://large.stanford.edu/courses/2010/ph240/barile2/
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The KH books quotes John O’ Donnell as stating financing is ‘the last big obstacle to

large-scale renewable energy deployment”. The book then goes on to name three
additional obstacles.

1. Access to the regional transmission grid
2. Cost of renewable technologies
3. Reliability of renewable energies

Which of these three obstacles do you think is truly the hardest to overcome and how
do you think it could possibly by overcome?




Renewable Portfolio Standard: requires utilities to buy a set percentage of their
total power from clean sources

Feed-In Tariff: requires utilities to buy electricity from renewable-energy producers,
including owners of rooftop systems, at above market rates.

National CSP capacities in 2018 (MW,)
Country + Total & | Added

United States 1,738

South Africa 400

Feed-In Tariffs == —

India 225

China 210

United Arab Emirates 100

Saudi Arabia 50

Algeria 25

Egypt 20
https://en.wikipedia.org/wiki/Solar_power in_Spain#linstalled capacity | australia 12

Thailand 5

Source: REN21 Global Status Report, 2017 and 2018/6215IIE]
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https://www.acciona.us/projects/enerqgy/concentrating-solar-power/nevada-solar-one



https://www.acciona.us/projects/energy/concentrating-solar-power/nevada-solar-one/
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Solar Photovoltaics: The Last Word

Ross Salawitch

Copyright © 2019 University of Maryland.
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Concentrated Solar Power (CSP)

 Parabolic mirrors heat fluid that drives Stirling engine
— Fluid is permanently contained within the engine's hardware
— Converts heat to energy
— Theoretical efficiencies often challenging to achieve
http://en.wikipedia.org/wiki/Stirling_engine

* Highest electrical efficiencies for solar — lowest costs!

http://www.powerfromthesun.net/Book
http://www.oilcrisis.com/us/ca/CaliforniaCSP Benefits200604.pdf

[—

Kramer Junction, Calif Nevada Solar One

Fully operational in 1991: 350 MW capacity Output: 64 MW capacity : 134,000 MWh / year
Low output in 1992 due to Pinatubo aerosol! Construction cost: $266 million or
Present operating cost: ~11 ¢ /kWh ~$2 /kWh for one year’s prod

Copyright © 2019 University of Maryland.
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Nevada Solar One
Project capacity: 64 MW (power = energy / time)

Project output for 2008 to 2018: 1,313,500 MWh (energy, or power x time)

Number of hours in year = 365x24 = 8760 h

Capacity Factor = 1,313,500 MWh /(64 MW x 8760 h/yr x 11 yrs) = 0.21

Year | Solar | Fossil | Total
2007 | 41.21 0.38| 41.59
2008 | 122.69 0.91| 123.31
2009 | 120.65 2.43 | 123.07
2010 | 133.00 1.16 | 134.16
2011 | 128.26 1.99 | 130.26
2012 | 12894 1.39 | 130.33
2013 | 1279 231 | 115.10
2014 | 116.23 258 | 118.80
2015 | 105.65 214 | 107.79
2016 | 116.89 224 119.13
2017 | 118.03 258 120.60
2018 110.38'\2.5? 112.95

Nevada Solar One
Output: 64 MW capacity

Generation {(MW-h) of Nevada Solar One

Nevada Solar One's production is as follows (values in GW-h).[20]

Note: 1 GWh = 1000 MWh

2018 was 17% lower than 2010 peak

http://en.wikipedia.org/wiki/Nevada Solar_One#Production

Could supply all of US electricity needs in 2017
if built over a 144 mile x 144 mile area
Construction cost: ~$2 / kW-hr for one yr’s prod

Copyright © 2019 University of Maryland.

Fossil backup, night time preservation, and

morning pre-heating, is provided by natural gas

and provides up to 2% of total output.

This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.
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Market Force #1: Cost of Fossil Fuel
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Graph shows cost of a barrel of oil
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Market Force #1: Cost of Fossil Fuel
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Graph shows cost of a barrel of oil
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Market Force #1: Cost of Fossil Fuel

Graph shows cost of a barrel of oil
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Market Force #1: Cost of Fossil Fuel

Graph shows cost of 1000 cubic feet of natural gas

United States Natural Gas Industrial Price

X DOWNLOAD
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e@ Source: U.S. Energy Information Administration

https://www.eia.gov/dnav/ng/hist/n3035us3m.htm

Copyright © 2019 University of Maryland
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.

21


https://www.eia.gov/dnav/ng/hist/n3035us3m.htm

Market Force #1: Cost of Fossil Fuel
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https://www.eia.gov/todayinenergy/detail.php?1d=29872
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Market Force #2: Cost of Electricity from Renewables |

2016 US Average Cost of Electricity: ~12.55 cents per kw-hour

Geothermal Photovoltaic Concentrating Solar Power

w o
b

Advancing
technologies

Proven technologies

8
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National Renewable Energy Lab: http://www.nrel.gov/analysis/docs/cost_curves_2005.ppt

The notational view “back in the day” was the cost of generating
electricity from renewables would drop due to innovation,
and the cost of generating electricity from fossil fuels would
rise due to scarcity.

Alas, abundant natural gas (methane, CH,) from fracking (the f-word in climate)
has stabilized if not lowered the cost of generating electricity from fossil fuels.

Copyright © 2019 University of Maryland
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Market Force #2: Cost of Electricity from Renewables |

Global levelised cost of electricity from utility-scale renewable power generation technologies 2010- 2017

Solar

Biomass Geothermal Hydropower Photovoltaic

csp Offshore Wind Onshore Wind

0.400

2016 US Average
Retail Cost of Electricity: | T
~12.55 cents per kw-hour

0.300

2016 USD/k

0.000

2010 2017 2010 2017 2010 2017 2010 2017 2010 2017 2010 2017 2010 2017

Source: IRENA Renewable Energy Cost Database. Note: All costs are in 2016 USD. The dashed lines are the global weighted average LCOE value for plants

commissioned in each year. Cost of Capital is 7.5% for OECD and China and 10% for Rest of World. The band represents the fossil fuel-fired power generation
cost range. . . . .
http://resourceirena.irena.org/eateway/dashboard/?topic=3 &subTopic=1065 ©IRENA

@ IRENA

International Renewable Energy Agency

Biomass, Geothermal, Hydro, Solar PVs, and Onshore Wind cost competitive with fossil fuels.

Utility-scale renewable options of Concentrated Solar and Offshore Wind still lag.
LCOE: Levelized Cost of Electricity https://en.wikipedia.org/wiki/Cost_of electricity by source
Copyright © 2019 University of Maryland
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U.S average residential retail price of electricity:
12.55 cents per kilowatt-hour in 2016

United States Residential Electricity Prices

Average
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Average Prices
(cents/kWh)
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W 25.00 to 29.61

https://commons.wikimedia.org/wiki/File:Average Residential Price_of Electricity by State.svg
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Price of Electricity varies a lot Internationally

hverage electricity prices in US cents/kWh (2011 ppps)
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http://theenergycollective.com/lindsay-wilson/279126/average-electricity-prices-around-world-kwh
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World Electricity Supply, 2016

Figure 7: Fuel shares in
world electricity production in 2016
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We’'ll discuss biofuels on Tues & hydroelectricity on Thurs

https://webstore.iea.org/download/direct/2260?fileName=Renewables Information 2018 Overview.pdf
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World Energy Supply, 2016

Figure 1: 2016 fuel shares in
world total primary energy supply

Other*
0.3%

Hydro

Biofuels

Renewables and
13.7% waste
9.5%

Solar, wind,
geoth., tide
1.6%

We’'ll discuss biofuels on Tues & hydroelectricity on Thurs

https://webstore.iea.org/download/direct/2260?fileName=Renewables Information 2018 Overview.pdf

Copyright © 2019 University of Maryland
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.


https://webstore.iea.org/download/direct/2260?fileName=Renewables_Information_2018_Overview.pdf

	HONR 229L: Climate Change: Science, Economics, and Governance��Discussion #12: Solar Energy
	Announcements
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	HONR 229L: Climate Change: Science, Economics, and Governance��
	Slide Number 12
	World Electricity Generation Capacity
	HONR 229L: Climate Change: Science, Economics, and Governance
	HONR 229L: Climate Change: Science, Economics, and Governance
	Concentrated Solar Power (CSP)
	Nevada Solar One
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Market Force #2: Cost of Electricity from Renewables 
	Market Force #2: Cost of Electricity from Renewables 
	U.S average residential retail price of electricity:� 12.55 cents per kilowatt-hour in 2016
	Price of Electricity varies a lot Internationally
	World Electricity Supply, 2016
	World Energy Supply, 2016
	Discussion Presentation Solar Energy.pdf
	SOLAR ENERGY
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





