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Some near-term topics

Energy conversion

Need for energy conversion

Value of energy efficiency
Environmental impacts and challenges
Fossil energy

Greenhouse effect

Global climate change

Weather vs. climate
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Understanding energy

When we talk about energy, our language refers to energy generation
and energy consumption. Physically, these phrases refer to energy
recovery (or development) and energy conversion.

Examples:

« We establish systems for bringing fuels (such as coal, natural gas, and
wood) to power plants where the energy is converted to electricity;

« Mining, drilling, hydraulic fracturing, pumping, biomass harvesting --
these are all methods we use to recover (or gather) fuels (primary
energy sources) — petroleum, natural gas, nuclear fuel, wood and plant
maftter;

« These fuels are then subjected to various processes which convert their
stored energy content (chemical energy, or mass energy) to (most
commonly) thermal energy to generate steam which drives turbines
which generate electricity.
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Environmental impacts and challenges

« Energy conversion processes and technologies always impact the
environment, but in widely varying ways.

«  Environment consist of air, water, soil, flora and fauna.

« Energy conversion processes include photosynthesis, photovoltaic energy
conversion, combustion, hydrodynamic power, nuclear fission.

«  Water quality: the combustion of coal emits substantial quantities of pollutants
into the air, which ultimately enter the water supply (lakes, oceans) through
rainfall. Nuclear and coal plants use copious amounts of water —in some
cases the water is expelled at an elevated temperature, and in other cases
the water is depleted through evaporation.

http://www.ucsusa.org/clean_energy/our-energy-choices/energy-and-water-use/water-energy-electricity-coal. html?print=t

“For every three units of energy produced by the reactor core of a U.S. nuclear
power plants, two units are discharged to the environment as waste heat. Nuclear
plants are built on the shores of lakes, rivers, and oceans because these bodies
provide the large quantities of cooling water needed to handle the waste heat
discharge.”

http://www.ucsusa.org/nuclear_power/nuclear_power_technology/got-water-nuclear-power.html
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Environmental impacts and challenges (cont.)

Health Effects of Selected Power Plant Pollutants®®

Human Toicity
Substance Acute Chronic Comments
Sulfur dioxide Lung Irritant, triggars asthma, Raduces lung funclon, assocl- Also contributas to acld raln
Iow barth welgnt In intants. ated with pramaturs desth. and poor visibilty.
Mitrogen oxides Changas lung functon, Incraasas suscaptibility b res-  Forms ozong smog and ackd
Inicreasas respiratory Mngss plratory Minessas and cawses rain. Ozong Is associatad witl
In childran. parmansant altaration af lng. asthma, reducad lung func-
tlon, adverse birth outcom s
and allargen sensiizaton.
Particulate Matter Asthma attacks, heart rate Cardipvascular disease, FAng particie poliution from
variabliity, neart atiacks. pneumonia, chronic obstric- powar plants i astimated to
tive pulmonary dlseasa, cut short tha (ves of 30,000
premature deatn. Americans aach year.
Hydrogen chloride Inhialation causss coughing, Chronlc occupational Baposurn
noarseness, chest pain, and |5 ass0ciatad with gasiriis,
Inflammiation of raspiratory chironic bronchitis, dermmatris,
fract photo senshzation In workers.
Hydrogen Fluoride Inhalatian causas sevare Very high exposuras

rasplratory damaga, savers

through drinking watar

Combustion . Waste Disposal

http://www.catf.us/resources/publications/files/Cradle_to_Grav

al marcury results In cantral
nanvoUs systom effects and
gffacts on gastrointestingl tract
and raspiratory systam.

.... energizing Ohio for the 21st Century

canses devalopmental effects.
INFants BO &0 WOmen who In-
qestad methyimarcury may
DEMarm POOry on neurnbana-
orlal tasts.

Irmitation and pulmanary aralr can cause skeletal
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ura to high levels of cagmium  organi In humans Tollowing e plTysama.
£an rasuit in long-lasting chronic Inhalation and
Impalrment of lung Tunchion.  oral exposura,

Chromium High expasura to chromium Known human caminogenof  Chronlc effects from indust-
Vi'may result In renal fodcity,  high pafancy. rlal exposures arg Inflamma-
gastrainfastinal namarrags fion of the respliratory tract,
and Imtarnal hamarmage. effacts on the kidnays, Bver,

and gastroimtestinal tract

Mercury Inhalation axposurs to plemant-  Mathyl marcury ingestian Tha major effect from chron-

It eacpesure to Inarganic
miamury IS kangy famage.




Environmental impacts and challenges (cont.)

The main human activity that emits COz is the combustion of
fossil fuels (coal, natural gas, and oil) for energy and
transportation, although certain industrial processes and land-
use changes also emit COz. The main sources of COz emissions
in the United States are described below.

- Electricity. Electricity is a significant source of energy in
the United 5tates and is used to power homes, business,
and industry. The combustion of fossil fuels to generate
electricity is the largest single source of COz emissions in
the nation, accounting for about 40% of total U.5. CO:z
emissions and 33% of total U.5. greenhouse gas emissions
in 2009. The type of fossil fuel used to generate electricity
will emit different amounts of COz To produce a given
amount of electricity, burning coal will produce more COz
than oil or natural gas.

- Transportation. The combustion of fossil fuels. such as
gasoline and diesel to transport people and goods is the
second largest source of COz emissions, accounting for
about 31% of total U.5. COz emissions and 26% of total U.5.
greenhouse gas emissions in 2010. This category includes
transportation sources such as highway vehicles, air travel,
marine transportation, and rail.

- Industry. Many industrial processes emit COz through
fossil fuel combustion. Several processes also produce CO:z
emissions through chemical reactions that do not involve

Other (Non-Fossil Fuel Combustion)
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MNote: All emission estimates from the fmventory of L5 Creenfiouse
Cas Emissions and Sinks. 1990-2070.

combustion, for example, the production and consumption of mineral products such as cement, the production
of metals such as iron and steel, and the production of chemicals. Various industrial processes accounted for
about 14% of total U.5. COz emissions and 20% of total U.5. greenhouse gas emissions in 2010. Note that many
industrial processes also use electricity and therefore indirectly cause the emissions from the electricity

production.

hTTp://WWW.epCI.gOV/ClimGTeChOnge/ghgemiSSiOnS/gcseS/COQ.hTmI e energizing Ohio for the 21st Century




Environmental impacts and challenges (cont.)
Air quality

From hitp://www.epa.gov/hg/about.nim: “Health effects of
mercury. Mercury exposure at high levels can harm the brain,
heart, kidneys, lungs, and immune system of people of all ages.
Research shows that most people's fish consumption does not
cause a health concern. However, it has been demonstrated
that high levels of methylmercury in the bloodstream of unborn
babies and young children may harm the developing nervous
system, making the child less able to think and learn.”
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http://www.elmhurst.edu/~chm/vchembook/globalwarmA5.html
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Radiation Transmitted by the Atmosphere
1

0.2 10 70
:;-'-:’; Downgoing Solar Radiation Upgoing Thermal Radiation
A 70-75% Transmitted 15-30% Transmitted
b
e
=
I
=
9}

F]
Q.
)
Visible Infrared

Percent

2
c
GCJ Carbon Dioxide
o]
g- ! N ‘ . A Oxygen and Ozone
8 III Methane
e : .
E‘ ) I I Nitrous Oxide
K Rayleigh Scattering
= — . —
0.2 1 10 /0

Wavelength (um)

http://upload.wikimedia.org/wikipedia/commons/7/7c/Atmospheric_Transmission.png ... energizing Ohio for the 21st Century



Greenhouse effect (continued)

« Climate change has been linked principally to the generation and
emission of so-called greenhouse gases.

« The most substantial greenhouse gas, due to its prevalence and
direct quantitative accounting through our use of fossil fuels, is CO.,,.
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Fig. 1 Vibrational modes of CO,

http://chemwiki.ucdavis.edu/@api/deki/files/13250/=Slidel.png

Symmetric mode, bending mode, and
asymmetric mode. Corresponding “energies”
are 667 cm! for the bending mode, and 2349
cm-! for the asymmetric mode.

Energies expressed in units of cm! (called
wavenumber units) are based on the fact
that the energy of a photon depends on the
wavelength (since h and ¢ are constants).
Larger values of wavenumbers corresponds
to higher energy, with 10,000 cm > 1 um.

An energy of 2349 cm-' can be converted to
show the wavelength (e.g. in um) by (1/2349)
cm =426 x104cm =426 x 10 m = 4.26 um.
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Global climate change

The most general definition of climate change is a change in the
statistical properties of the climate system when considered over long
periods of time, regardless of cause. - http://en.wikipedia.org/wiki/Climate_change
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Global warming

Earth’'s weather system has been observed to be warming over the past >
100 years. The weather system includes the atmosphere and the oceans.
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//upload.wikimedia.org/wikipedia/commons/7/75/Instrumental_Temperature_Record_%28NASA%29.svg

Global warming (cont.)

1999-2008 Mean Temperatures

Versus
1940-1980 Means
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10-year average (2000-2009) global mean temperature

anomaly relative to the 1940-1980 mean.
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Weather vs. climate

Weather refers to the atmospheric conditions over a short period of
time (e.q., "the weather forecast”), such as week or a little longer.
The climate of aregion refers to the average weather over a period
of many years or even decades.

Weather conditions vary quite widely around climate averages.
Over long periods of fime, we have observed changes in the
climate for many regions on earth, leading to glaciers receding,

reduced average snowfalls, and (typically) increased average
temperatures.
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