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Renewable Energy II:
Biofuels, Ethanol, and Algae

Lecture 20
1 December 2020

Today:
• Pros and cons of various aspects of meeting energy needs of society

by means of combustion of biomass, biofuels, and biowaste 

http://www.taxpayer.net/library/article/federal-subsidies-for-corn-ethanol-and-other-corn-based-biofuels

Class Web Sites: 
http://www2.atmos.umd.edu/~rjs/class/fall2020
https://myelms.umd.edu/courses/1291919

AOSC/CHEM 433 & AOSC/CHEM 633
Ross Salawitch

http://www.taxpayer.net/library/article/federal-subsidies-for-corn-ethanol-and-other-corn-based-biofuels
http://www2.atmos.umd.edu/%7Erjs/class/fall2020
https://myelms.umd.edu/courses/1291919
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Announcements: Class
• Problem Set #4 has been posted:

https://www2.atmos.umd.edu/~rjs/class/fall2020/problem_sets/ACC_2020_problem_set_04.pdf

and is due a week from today.  Please get started early, and email me and Laura McBride
mcbridel@terpmail.umd.edu if you have any questions

• As for P Set #3, this problem set will be completed outside of ELMS.  Prefer you mail me and 
Laura McBride either one PDF file (entire P Set) or two PDF files (one per question) when the 
problem set is complete, with an email subject such as:

AOSC 433: Problem Set 4    *or*   CHEM 633: Problem Set 4 etc

https://www2.atmos.umd.edu/%7Erjs/class/fall2020/problem_sets/ACC_2020_problem_set_04.pdf
mailto:mcbridel@terpmail.umd.edu
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Student Papers
• Mandatory for 633 students: paper grade will count towards final grade in an 

amount equal to each exam
• Optional for 433 students: can use paper grade to replace a single

problem set grade: advisable for anyone who failed to turn in a problem set
or would otherwise like to replace the grade on a problem set

• Due Thursday, 10 Dec 2020 (last day of class)
• 5 to 8 pages single spaced (not including reference list or figures) on a topic

related to class (your choice …we’re happy to discuss potential topics)
• Must be new work for this class but can be related to your dissertation

or some other topic in which you’ve had prior interest
• Paper can build on a topic covered in class or can be on a topic related to 

Atmospheric Chemistry & Climate not covered in class: should have about 5 to 10
citations to material outside of that provided in class

• Request all students who will complete a paper provide a 2 to 3 sentence   
description of their topic one week from today: Tues, 3 Nov 2020

https://umd.instructure.com/courses/1291919/quizzes/1351196
Please use next week to speak to exchange email with me about a topic

• Delighted to provide feedback if you turn in a draft by 11:59 pm on 1 Dec

https://umd.instructure.com/courses/1291919/quizzes/1351196
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Announcement: Outside of Class

4

Students might be interested in watching Planet of the Humans
by Jeff Gibbs and Michael Moore, released 21 April 2020, at

https://planetofthehumans.com

In my opinion this film, an expose mainly focused on energy from
the combustion of biomass, solar, wind, and corporate greed, 

gets many points “right” and certain other important points “wrong”.

https://twitter.com/LibSnoflake/status/1252652168991121411

https://planetofthehumans.com/
https://twitter.com/LibSnoflake/status/1252652168991121411


Copyright © 2020 University of Maryland
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 5

World Energy & Electricity Supply
World Energy World Electricity

Nuclear
6.8%

Olah et al., Beyond Oil and Gas: The Methanol Economy, 2009

Largest energy source that does not involve
combustion of fossil fuels is Biomass and Waste
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World Total Primary Energy Supply

https://ourworldindata.org/energy

https://ourworldindata.org/energy
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World Total Primary Energy Supply

https://ourworldindata.org/energy

2005: Biomass = 9.6%

https://ourworldindata.org/energy
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World Total Primary Energy Supply

https://ourworldindata.org/energy

2019: Biomass = 7.7%2005: Biomass = 9.6%

https://ourworldindata.org/energy
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World Total Primary Energy Supply

https://ourworldindata.org/energy

2005: Biomass = 9.6%

https://ourworldindata.org/energy
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Bond et al., Bounding the role of black carbon in the climate system: A scientific assessment,  JGR,  2013
Black Carbon Aerosols

Total Climate Forcing, Black Carbon Aerosols (W m−2)

Report IPCC (1995) IPCC (2001) IPCC (2007) IPCC (2013)

∆RF, BC 0.1 (0.03 to 0.3) 0.2 (0.1 to 0.4) 0.2 (0.05 to 0.35) 0.4 (0.05 to 0.80)

Lecture 7, Slide 61
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Black Carbon & Climate

12

Bond et al., JGR, 2013
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http://visibleearth.nasa.gov/view.php?id=57559

Poor air quality over India (left) and Bangladesh (center),
This NASA MODIS image from 12 Jan 2002 shows a thick
blanket of pollution butting up against the Himalayas (arcing
across the top of the image) and stretching out into the Bay of
Bengal (bottom). Tan-colored sediment fills the Bay through the
Mouths of the Ganges River (image center). North of the
Himalayas, the skies are clear over the Tibetan Plateau.

http://visibleearth.nasa.gov/view.php?id=57559
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https://www.apc.org/en/resources/project-surya

https://www.apc.org/en/resources/project-surya
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Surya – Sanskrit for Sun

• 65 villages (6500 homes) covering 1500 km2, where most
residents use wood for cooking, will be provided with either
solar and/or biogas burners

• Air quality, soot, and particulates will be monitored for 6 months prior
to installation of alternate cookers and for at  least 1 year subsequent

• Indoor air quality will be measured in selected homes

• Outdoor air quality will also be monitored using NASA satellite instruments

• PI: V. Ramanathan, Scripps

https://www.apc.org/en/resources/project-surya

https://www.apc.org/en/resources/project-surya
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http://www.nytimes.com/2009/04/16/science/earth/16degrees.html?_r=3&ref=earth

http://www.nytimes.com/2009/04/16/science/earth/16degrees.html?_r=3&ref=earth
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Project Surya: Nature Climate Change Paper

17

http://projectsurya.squarespace.com/storage/Nclimate3141.pdf

http://projectsurya.squarespace.com/storage/Nclimate3141.pdf
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What other deleterious effects might result from 
Third-World Stove Soot ?
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What other deleterious effects might result from 
Third-World Stove Soot ?

http://ipsnews.net/news.asp?idnews=36052

2007

http://ipsnews.net/news.asp?idnews=36052
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Lots of great info at https://ucsdnews.ucsd.edu/feature/creating_a_new_kind_of_climate_warrior

https://ucsdnews.ucsd.edu/feature/creating_a_new_kind_of_climate_warrior


Copyright © 2020 University of Maryland
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 21

http://www.ibtimes.co.in/traditional-wood-burning-stoves-bad-health-study-60769226 Aug 2014

Cooking food over a traditional wood-burning stove is believed to improve the taste. It is also widely used to heat homes in many 
countries. However, it turns out that the risks associated with this cooking and heating method outweigh its benefits.

A new study from Canada found that regular exposure to the black carbon pollutants in wood smoke can increase the risk of 
cardiovascular diseases in women.  Researchers from McGill University recorded levels of different types of air pollutants 
present in the rural Yunnan province of China. During the study, about 280 women wore air samplers to measure the fine 
particular matter present in the environment.

"We found that exposure to black carbon pollutants had the largest impact on women's blood pressure, which directly impacts 
cardiovascular risk…" researcher Jill Baumgartner from McGill's Institute for the Health and Social Policy said. The findings
reported in PNAS support previous warnings released by experts. The small particles can remain many months in the lungs and 
can cause structural damage and chemical changes to the organ and also increase risk of heart attacks and strokes … The 
pollutants produced while burning wood in fireplaces, woodstoves, include sulphur oxides, carbon monoxide, nitrogen 
oxides, polycyclic aromatic hydrocarbons, benzene, formaldehyde and dioxins.

http://www.ibtimes.co.in/traditional-wood-burning-stoves-bad-health-study-607692
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Electricity from Biomass

Olah et al., Beyond Oil and Gas: The Methanol Economy, 2009.

Energy



Copyright © 2020 University of Maryland
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 23

Electricity from Biomass

Olah et al., Beyond Oil and Gas: The Methanol Economy, 2009.

World electricity consumption (2006) = 19,000 TWh

Electricity from Biomass = 200.1 TWh

Energy
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Electricity from Biomass

Olah et al., Beyond Oil and Gas: The Methanol Economy, 2009.

World electricity consumption (2006) = 19,000 TWh

Electricity from Biomass = 200.1 TWh

or 200.1 / 19,000 = 0.01053    1.1% of total world consumption

Energy
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World Installed Electricity Generating Capacity:
Power (Energy/Time)

Total Source GW (year 2020)

Coal 2154

Natural Gas 1662

Hydro-electric 1262

Solar 700

Wind 646

Nuclear 374

Liquid Fossil Fuel 297

Other Renewable 
(Biomass) 121

Geothermal 13

Total 7229

Source: https://www.eia.gov/outlooks/ieo/tables_ref.php

In 2020, only 1.7% of global electricity generating capacity occurs via the combustion of biomass

https://www.eia.gov/outlooks/ieo/tables_ref.php
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Electricity from Biomass: Overview

https://www.eia.gov/energyexplained/biomass/

https://www.eia.gov/energyexplained/biomass/
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Electricity from Biomass: Overview

https://sites.google.com/site/ecosytemadvocates/biomass-whole-trees

https://sites.google.com/site/ecosytemadvocates/biomass-whole-trees
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Electricity from Biomass: Overview

McNeil Biomass Plant - Burlington, VT 

https://sites.google.com/site/ecosytemadvocates/biomass-whole-trees

Average Coal Plant: 328 GW / 518 = 0.633 GW or 633 MW

https://energy.mit.edu/wp-content/uploads/2016/03/MITEI-WP-2016-01.pdf

https://sites.google.com/site/ecosytemadvocates/biomass-whole-trees
https://energy.mit.edu/wp-content/uploads/2016/03/MITEI-WP-2016-01.pdf
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Electricity from Biomass: Overview

https://sites.google.com/site/ecosytemadvocates/biomass-whole-trees

McNeil Biomass Plant - Burlington, VT 

Average Coal Plant: 328 GW / 518 = 0.633 GW or 633 MW

https://energy.mit.edu/wp-content/uploads/2016/03/MITEI-WP-2016-01.pdf

How large is McNeil Biomass Plant ?

https://sites.google.com/site/ecosytemadvocates/biomass-whole-trees
https://energy.mit.edu/wp-content/uploads/2016/03/MITEI-WP-2016-01.pdf
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Campus Combined Heat and Power, along Route 1

https://dbknews.com/2019/08/29/umd-climate-change-energy-carbon-renewable-fossil-fuel-power-plant/
https://vpaf.umd.edu/sites/default/files/reports/Utilities%20Master%20Plan.pdf

How large is our campus CHP Plant?

https://dbknews.com/2019/08/29/umd-climate-change-energy-carbon-renewable-fossil-fuel-power-plant/
https://vpaf.umd.edu/sites/default/files/reports/Utilities%20Master%20Plan.pdf
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Electricity from Biomass: Overview

• Plant size average 20 MW
• Efficiencies range from 15 to 30% (electricity only) to 60% (electricity + heat)

− co-firing uses biomass to supplement fossil fuel

• Use wood, agricultural residues, and municipal waste

• 85 plants in U.S generate some type of energy from waste

• Addresses energy need and growing “mountain of waste”:
− waste converted to CO2 and water; unburned residue about 10% of initial volume
− iron-containing metals often recovered and recycled

Fig 4.24, Chemistry in Context 
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Electricity from Waste

• Opened in 1984
• Site of old pyrolysis plant
• Burns 2,250 tons of trash per day
• Metals recovered; volume of trash reduced by factor of 10
• Can generate 60,000 kW of electricity  60 MW (900 × size of Univ Park Elem School

66 kW solar array,
but only 6% typical nuclear plant)

• Heat used for direct steam heating / cooling downtown Baltimore
• One of 16 such plants in the U.S.

Baltimore RESCO (Refuse Energy Systems Company) Plant
Russell Street & U.S Interstate 95 (shadow of Ravens Stadium)
http://www.eia.doe.gov/kids/energy.cfm?page=RESCOE_Plant

http://www.eia.doe.gov/kids/energy.cfm?page=RESCOE_Plant
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Electricity from Waste

https://www.baltimorebrew.com/2020/04/22/baltimore-will-appeal-clean-air-act-ruling-solicitor-says

https://www.baltimorebrew.com/2020/04/22/baltimore-will-appeal-clean-air-act-ruling-solicitor-says
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Electricity from Waste

https://www.baltimorebrew.com/2020/04/22/baltimore-will-appeal-clean-air-act-ruling-solicitor-says

https://www.baltimorebrew.com/2020/04/22/baltimore-will-appeal-clean-air-act-ruling-solicitor-says
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Electricity from Waste

https://www.baltimorebrew.com/2020/04/22/baltimore-will-appeal-clean-air-act-ruling-solicitor-says

https://www.baltimorebrew.com/2020/04/22/baltimore-will-appeal-clean-air-act-ruling-solicitor-says
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https://www.wastedive.com/news/baltimore-wheelabrator-lives-on-controversy-zero-waste/588279/

https://www.wastedive.com/news/baltimore-wheelabrator-lives-on-controversy-zero-waste/588279/
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Ethanol
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Ethanol
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Ethanol

Fig 4.16. Energy differences (in kJ/g) for the combustion of methane (CH4), n-octane (C8H18),
coal (assumed to be pure  carbon), ethanol (C2H5OH), and wood (assumed to be glucose). 

Chemistry in Context
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Ethanol

• Ethanol : C2H5OH
• Alcohol

• C6H12O6 → 2 C2H5OH + 2 CO2 (ΔHf = 228 kJ/mol or 5 kJ/g)

• Reaction catalyzed by enzymes; theoretically, can be close to carbon neutral

• Ethanol combustion:

C2H5OH + 3 O2 → 2 CO2 + 2 H2O + 29.7 kJ/g

Heat release less than combustion of C8H18 (47.8 kJ/g) because C2H5OH
is already partially oxidized

• However … ethanol has a higher octane than gasoline
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Ethanol

• Ethanol : C2H5OH
• Alcohol

• C6H12O6 → 2 C2H5OH + 2 CO2 (ΔHf = 228 kJ/mol or 5 kJ/g)

• Reaction catalyzed by enzymes; theoretically, can be close to carbon neutral

• Ethanol combustion:

C2H5OH + 3 O2 → 2 CO2 + 2 H2O + 29.7 kJ/g

Heat release less than combustion of C8H18 (47.8 kJ/g) because C2H5OH
is already partially oxidized

• However … ethanol has a higher octane than gasoline

https://www.fueleconomy.gov/feg/octane.shtml

https://www.fueleconomy.gov/feg/octane.shtml
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Ethanol Production
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Ethanol Production



• U.S.: Ethanol produced from corn
• Brazil: Ethanol produced from sugar cane, which thrives in tropical climate
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Ethanol Production

Olah et al., Beyond Oil and Gas:
The Methanol Economy, 2009.

• U.S.: Ethanol produced from corn
• Brazil: Ethanol produced from sugar cane, which thrives in tropical climate
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Ethanol Production

https://farmpolicynews.illinois.edu/2017/10/usda-ers-u-s-exports-ethanol/

https://farmpolicynews.illinois.edu/2017/10/usda-ers-u-s-exports-ethanol/
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U.S. Ethanol Plants and Domestic Utilization

← Represents fraction of
U.S. ethanol consumed

domestically

https://farmpolicynews.illinois.edu/2017/10/usda-ers-u-s-exports-ethanol/

https://farmpolicynews.illinois.edu/2017/10/usda-ers-u-s-exports-ethanol/
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Ethanol Production: Good News

• Brazil: Ethanol produced from sugar cane, which thrives in tropical climate
− energy to convert sugar to ethanol supplied by burning bagasse (sugar cane husk)

• About half cars in Brazil are “flex fuel vehicles (FFV)”
− can run on 100 percent ethanol or any ethanol-gasoline mixture.

• Ethanol accounts for ~40% of non-diesel fuel use in Brazil

• 2010: Brazil produces 26% of world ethanol (US produces most)

https://www.ers.usda.gov/amber-waves/2011/december/can-brazil-meet-the-world-s-growing-need-for-ethanol/

https://www.ers.usda.gov/amber-waves/2011/december/can-brazil-meet-the-world-s-growing-need-for-ethanol/
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Ethanol in Brazil

https://www.youtube.com/watch?v=1Jn2AIAWmjg

https://www.youtube.com/watch?v=1Jn2AIAWmjg
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Ethanol Production: Bad News

• Annual Brazil ethanol production < 1 day world petroleum consumption

• Brazil consumes nearly all the ethanol it produces due to high
domestic demand 

https://www.ers.usda.gov/amber-waves/2011/december/can-brazil-meet-the-world-s-growing-need-for-ethanol/

https://www.ers.usda.gov/amber-waves/2011/december/can-brazil-meet-the-world-s-growing-need-for-ethanol/
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Ethanol Production Nuance
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Ethanol Production Nuance
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Ethanol Production Nuance
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Ethanol Production Nuance
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Ethanol Production: Carbon Debt

Nice summary of the debate over the climate benefit of sugar and corn based biofuels at:
http://cen.acs.org/articles/85/i51/Costs-Biofuels.html

http://cen.acs.org/articles/85/i51/Costs-Biofuels.html
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Ethanol Production: Carbon Debt

Nice summary of the debate over the climate benefit of sugar and corn based biofuels at:
http://cen.acs.org/articles/85/i51/Costs-Biofuels.html

http://cen.acs.org/articles/85/i51/Costs-Biofuels.html
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Ethanol Production: Fertilizer and Food Production

Biofuels Threaten Fertilizer 
By KEITH BRADSHER and ANDREW MARTIN

Published: April 30, 2008

The squeeze on the supply of fertilizer has been 
building for roughly five years. Rising demand for food 
and biofuels prompted farmers everywhere to plant 
more crops. As demand grew, the fertilizer mines and 
factories of the world proved unable to keep up. 

Some dealers in the Midwest ran out of fertilizer last 
fall, and they continue to restrict sales this spring 
because of a limited supply.

“If you want 10,000 tons, they’ll sell you 5,000 today, 
maybe 3,000,” said W. Scott Tinsman Jr., a fertilizer 
dealer in Davenport, Iowa. “The rubber band is 
stretched really far.

• Ammonium leached as nitrite or nitrate, contaminating water supply
• Ammonia converted to NO, increasing acidity of atmosphere and soils
• N2O produced by NO and fertilizer production

Fig 6.19, Chemistry in Context 

Nice summary of the debate over the climate benefit of sugar and corn based biofuels at:
http://cen.acs.org/articles/85/i51/Costs-Biofuels.html

http://cen.acs.org/articles/85/i51/Costs-Biofuels.html
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U.S. Ethanol Production: The Show Must Go On
• Despite these debates the “show goes on”

− US produced 15.3 × 109 gallons of ethanol in 2016
− 90 million acres (20% of cultivated land area) harvested for corn
− ~50% of US corn produced goes to ethanol production
− “The maze of historic subsidies for corn ethanol has allowed the federal government

to pick winners and losers, distort energy and agriculture markets, and contributed
to expansion and overproduction of corn and ethanol”

https://www.taxpayer.net/energy-natural-resources/federal-subsidies-corn-ethanol-corn-based-biofuels

https://www.ers.usda.gov/webdocs/charts/83915/cornuse.jpg?v=8618.3

Chemistry
in Context 

McElroy, Ethanol Illusion,
Harvard Magazine,

Nov-Dec 2006.

https://www.taxpayer.net/energy-natural-resources/federal-subsidies-corn-ethanol-corn-based-biofuels
https://www.ers.usda.gov/webdocs/charts/83915/cornuse.jpg?v=8618.3
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U.S. Ethanol Update

https://www.eia.gov/todayinenergy/detail.php?id=45316

https://www.eia.gov/todayinenergy/detail.php?id=45316
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U.S. Ethanol Production: The Show Must Go On

http://ctgpublishing.com/peach-and-blossom-illustration-circa-1878/united-states-top-corn-producing-areas-map/

http://ctgpublishing.com/peach-and-blossom-illustration-circa-1878/united-states-top-corn-producing-areas-map/
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U.S. Ethanol: High Stakes Politics
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U.S. Renewable Fuel Standard

https://www.eia.gov/todayinenergy/detail.php?id=37712
https://www.epa.gov/sites/production/files/2015-09/congressional_volume_target-02_0.png
https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-standard

EISA: Energy Independence and Security Act of 2007

https://www.eia.gov/todayinenergy/detail.php?id=37712
https://www.epa.gov/sites/production/files/2015-09/congressional_volume_target-02_0.png
https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-standard
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U.S. EPA Mantra

https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-standard

https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-standard
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One Last Comparison:
In prior lectures, we have looked at market forces such as:

• Cost of Fossil Fuel 

• Cost of Electricity from Renewables 

as well as complete life cycle effects of various options:

• Carbon release (early) and methane release (late) from areas
flooded for hydro

• N2O associated with fertilizer production for biofuels

There is one more comparison that could be vital
for society to consider, for large-scale transition to 

energy production from some means other
than combustion of fossil fuel
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One Last Comparison:
Land Requirements

http://geothermal.inel.gov/publications/future_of_geothermal_energy.pdf

http://geothermal.inel.gov/publications/future_of_geothermal_energy.pdf


Copyright © 2020 University of Maryland
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 68

One Last Comparison:
Land Requirements

Wind turbines: 125,000 to 200,000 m2 / MW

Hydroelectric: enormous impact upstream of reservoir

http://geothermal.inel.gov/publications/future_of_geothermal_energy.pdf

http://www.nrel.gov/docs/fy09osti/45834.pdf

http://geothermal.inel.gov/publications/future_of_geothermal_energy.pdf
http://www.nrel.gov/docs/fy09osti/45834.pdf
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Ethanol Production: Really Bad News

• Annual ethanol production in Brazil < 1 day world petroleum consumption
• Sugar Cane: 650 gal/acre http://www.earth-policy.org/Books/PB2/PB2ch10_ss7.htm

650 gal/acre × 3785.1 cm3/gal × 0.789 g/cm3 × 29.7 kJ/g = 5.8×107 kJ/acre
5.8×107 kJ/acre/year = 1.83 kW/acre = 2,211,390 m2/MW Yikes!

http://geothermal.inel.gov/publications/future_of_geothermal_energy.pdf

http://www.nrel.gov/docs/fy09osti/45834.pdf

Wind turbines: 125,000 to 200,000 m2 / MW

Hydroelectric: enormous impact upstream of reservoir

http://www.earth-policy.org/Books/PB2/PB2ch10_ss7.htm
http://geothermal.inel.gov/publications/future_of_geothermal_energy.pdf
http://www.nrel.gov/docs/fy09osti/45834.pdf
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Ethanol Production: Really Bad News

• Annual ethanol production in Brazil < 1 day world petroleum consumption
• Corn 350 gal/acre http://www.earth-policy.org/Books/PB2/PB2ch10_ss7.htm

350 gal/acre × 3785.1 cm3/gal × 0.789 g/cm3 × 29.7 kJ/g = 3.1×107 kJ/acre
3.1×107 kJ/acre/year = 0.98 kW/acre = 4,106,870 m2/MW Yikes; Yikes!

http://geothermal.inel.gov/publications/future_of_geothermal_energy.pdf

http://www.nrel.gov/docs/fy09osti/45834.pdf

Wind turbines: 125,000 to 200,000 m2 / MW

Hydroelectric: enormous impact upstream of reservoir

http://www.earth-policy.org/Books/PB2/PB2ch10_ss7.htm
http://geothermal.inel.gov/publications/future_of_geothermal_energy.pdf
http://www.nrel.gov/docs/fy09osti/45834.pdf
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Algae as a Biofuel

Pros:
• High oil content
• Absorbs atmospheric CO2
• Can use waste as fertilizer
• Not a food staple

Cons:
• Need sunny, warm conditions; certain areas preferred
• Growth limited by “self shading” effect; challenge to exploit entire volume of pond
• Water intensive (rules out many warm, sunny environs for large scale production)
• Efficient processing method still being researched
• Fertilizer intensive
• Water intensive

The promise of algae as an economically viable clean source of fuel is leading
many  groups to research the large scale viability of this potential resource. 

http://www3.signonsandiego.com/stories/2009/apr/29/1n29biofuels005337-new-center-focus-algae-biofuels

http://cosmiclog.msnbc.msn.com/_news/2011/04/14/6471719-is-algae-biofuel-too-thirsty

http://stateimpact.npr.org/texas/2012/12/17/the-downside-of-using-algae-as-a-biofuel

http://www3.signonsandiego.com/stories/2009/apr/29/1n29biofuels005337-new-center-focus-algae-biofuels
http://cosmiclog.msnbc.msn.com/_news/2011/04/14/6471719-is-algae-biofuel-too-thirsty
http://stateimpact.npr.org/texas/2012/12/17/the-downside-of-using-algae-as-a-biofuel
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Algae as a Biofuel
Wigmosta et al., Water Resources Res, 13 April 2011 conclude:

Using current technology, 48% of petroleum needed for US transportation can be produced using:
• 5.5% of U.S. land area (lower 48)
• 3 times the total amount of water used for irrigation

Optimal placement of algae production facility in the humid Gulf Coast, southeastern seaboard,  
and Great Lakes regions would considerably reduce the water needed

High yield: 8000 L/ha/year:

U.S. uses 5.4×1011 L/year

Hence, need 6.8 ×107 ha
or 2.6 ×105 mi2

500 x 500 miles
(7% land area, lower 48)



http://www.eia.gov/tools/faqs/faq.cfm?id=23&t=10

http://www.eia.gov/tools/faqs/faq.cfm?id=23&t=10
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Algae To Reduce Smokestack Emissions

https://www.youtube.com/watch?v=Y471u3SMwzc
http://www.hytekbio.com

https://www.youtube.com/watch?v=Y471u3SMwzc
http://www.hytekbio.com/
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World Installed Electricity Generating Capacity:
Power (Energy/Time)

Total Source GW (year 2020)

Coal 2154

Natural Gas 1662

Hydro-electric 1262

Solar 700

Wind 646

Nuclear 374

Liquid Fossil Fuel 297

Other Renewable 
(Biomass) 121

Geothermal 13

Total 7229

Source: https://www.eia.gov/outlooks/ieo/tables_ref.php

In 2020, 43% of global electricity generating capacity does not release prodigious GHGs to the atmosphere

https://www.eia.gov/outlooks/ieo/tables_ref.php
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