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Renewable Energy II:
Biofuels and Ethanol

Lecture 20
26 April 2022

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

AOSC/CHEM 433 & AOSC/CHEM 633
Ross Salawitch

Class Web Sites: 
http://www2.atmos.umd.edu/~rjs/class/spr2022
https://myelms.umd.edu/courses/137772

http://www.taxpayer.net/library/article/federal-subsidies-for-corn-ethanol-and-other-corn-based-biofuels
http://www2.atmos.umd.edu/%7Erjs/class/spr2022
https://myelms.umd.edu/courses/137772
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Announcements
• Review of second exam posted at:

https://umd.hosted.panopto.com/Panopto/Pages/Viewer.aspx?id=16ea56e9-deab-42d0-b41c-ae7f012ef22a

• Problem Set 4 for 433 students only, due a week from today, has been posted at:
https://umd.instructure.com/courses/1317772/quizzes/1515902
Same link on class website and sent in class announcement

• Campus decarbonization protest Fri, 29 April, 3 pm:

https://umd.hosted.panopto.com/Panopto/Pages/Viewer.aspx?id=16ea56e9-deab-42d0-b41c-ae7f012ef22a
https://umd.instructure.com/courses/1317772/quizzes/1515902
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World Energy & Electricity Update: units of Energy

World electricity 
generation mix, 2019

https://www.iea.org/data-and-statistics/charts/world-gross-electricity-production-by-source-2019

World energy generation mix, 1990 to 2019

In 2019, the world still obtained:
~9.4% of its energy &
~2.4% of its electricity

from the combustion of biofuels and waste

https://www.iea.org/data-and-statistics/charts/world-gross-electricity-production-by-source-2019
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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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Black Carbon & Climate

6

Bond et al., JGR, 2013
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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) IPCC (2021)

∆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) About 0.1
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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
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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.

World electricity consumption (2006) = 19,000 TWh

Electricity from Biomass = 200.1 TWh

2006: 200 / 19,000 = 0.011    1.1% of total world consumption
2019: 650 / 27,000 = 0.024    2.4% of total world consumption

Energy



Copyright © 2022 University of Maryland
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 11

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

McNeil Biomass Plant - Burlington, VT 

Typical coal plant: 670 MW
Typical nuclear plant: 1000 MW

https://sites.google.com/site/ecosytemadvocates/biomass-whole-trees
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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/
WBAL news: https://www.wbaltv.com/article/baltimore-wheelabrator-upgrade-to-lower-emissions/39398045#

https://www.wastedive.com/news/baltimore-wheelabrator-lives-on-controversy-zero-waste/588279/
https://www.wbaltv.com/article/baltimore-wheelabrator-upgrade-to-lower-emissions/39398045
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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

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

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 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: 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/data-products/chart-gallery/gallery/chart-detail/?chartId=101522

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/data-products/chart-gallery/gallery/chart-detail/?chartId=101522
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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 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 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: High Stakes Politics

https://www.nytimes.com/2022/04/12/business/economy/biden-ethanol-gas.html

https://www.nytimes.com/2022/04/12/business/economy/biden-ethanol-gas.html
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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 Land Requirements

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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