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The Air & Energy Connection

Throughout history, our energy choices have affected our air quality.

"Chicago - Epoch of a Great City"
Henry Sternberg, 1938. A WPA mural project.
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Energy Challenges — LIMITED SUPPLY

Energy Source Limits

Traditional Fossil Fuels  Pollution, finite supply,
Coal fired power plants, oil,  transportation risks
gasoline, natural gas

Nuclear Security, radioactive waste

Alternative Fuels Availability, lack of infrastructure,
Biodiesel, compressed natural gas, ~ Public perception, emissions
ethanol, hybrid, electric, hydrogen,

biomass

Renewable Energy  High cost, young technology,

Solar, wind, hydro, geothermal ~ Weather-dependent, bird
collisions
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Energy Challenges — RISING DEMAND

Source of Demand

Rising population and development
Unsustainable urban sprawl

Larger buildings
Requiring more energy to heat and cool,
increasing energy load.

More energy-using commodities
Multiple-TVs & fridges per family, computers

Urban heat island effect

Hotter cities require more energy to cool;
some pollutants are heightened by higher
surface temp

Regional development maps courtesy of Chicago Metropolis 2020.



Consequences of Inefficient Energy
Usage

More air pollution
» Resulting health issues

Higher cost of living

Degraded environment

+ Slag, mining, oil spills,
radioactive waste dumps

Global warming




Air Challenges

Outdoor Air Pollution

Mobile sources

e Point sources

* Area sources

Natural/Biogenic sources

-Mobile sources include cars and trucks, of course, but also lawn mowers, airplanes, and
anything else that moves and puts pollution into the air.

-Point sources include stationary things like factories and electric power plants

"Major" sources are defined as sources that emit 10 tons per year of any of the listed
toxic air pollutants, or 25 tons per year of a mixture of air toxics. These sources may release air toxics
from equipment leaks, when materials are transferred from one location to another, or during
discharge through emission stacks or vents

-Area sources consist of smaller stationary sources such as dry cleaners and degreasing
operations.

"Area" sources consist of smaller-size facilities that release lesser quantities of toxic
pollutants into the air. Area sources are defined as sources that emit less than 10 tons per year of a
single air toxic, or less than 25 tons per year of a combination of air toxics. Though emissions from
individual area sources are often relatively small, collectively their emissions can be of concern -
particularly where large numbers of sources are located in heavily populated areas.

-Natural sources include gas seeps, microbial activity, and trees and vegetation. These
natural sources are called “biogenic” if the source is alive.

(People will likely be surprised at this so here’s some more information:)
Natural source air emissions include VOC, NOx, and greenhouse gases such as methane
(CH4), nitrous oxide (N20), ozone (03), and carbon dioxide. Includes: geologic activity in the
form of geysers or volcanoes, meteorological activity such as lightning, and fauna such as
ruminates and termites. The agriculture industry is also included in this definition (includes
fertilizer use which triggers emissions from microbial activity, and agricultural biomass
burning). Some plants emit isoprene (a VOC), including cut grass.
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Air Challenges

Seven key outdoor pollutants:
» CO2

» Has an indirect adverse effect on human health by contributing to
global warming

o EPA’s six “criteria pollutants”

+ Concentrations above established thresholds can have a direct
adverse effect on human health.

(from EPA website)
Emissions is the term used to describe the gases and particles which are put into the air or emitted by various sources.

EPA uses six "criteria pollutants" as indicators of air quality, and has established for each of them a maximum concentration
above which adverse effects on human health may occur. These threshold concentrations are called National Ambient Air
Quality Standards (NAAQS).

Ozone: “Good up high, bad nearby”. While we want to keep from depleting the OZONE LAYER (up high), which protects us
from UV rays, we DO NOT WANT much ozone nearby. This nearby ozone basically equivalent to urban smog, and is formed
when NOx and VOC gases react in the presence of heat and sunlight.

The reactivity of O3 causes health problems because it damages lung tissue, reduces lung function and sensitizes the lungs
to other irritants.

Nitrogen dioxide (NO2) is a brownish, highly reactive gas that is present in all urban atmospheres. NO2 can irritate the lungs,
cause bronchitis and pneumonia, and lower resistance to respiratory infections. Nitrogen oxides are an important precursor
both to ozone (03) and acid rain, and may affect both terrestrial and aquatic ecosystems. The major mechanism for the
formation of NO2 in the atmosphere is the oxidation of the primary air pollutant nitric oxide (NO). NOx forms when fuel is
burned at high temperatures. The two major emissions sources are transportation and stationary fuel combustion sources
such as electric utility and industrial boilers.

Carbon Monoxide

Carbon monoxide (CO) is a colorless, odorless and poisonous gas produced by incomplete burning of
carbon in fuels. When CO enters the bloodstream, it reduces the delivery of oxygen to the body® organs and tissues. Health
threats are most serious for those who suffer from cardiovascular disease. Exposure to elevated CO levels can cause
impairment of visual perception, manual dexterity, learning ability and performance of complex tasks.

77% of the nationwide CO emissions are from transportation sources. Other major CO sources are
wood-burning stoves, incinerators and industrial sources.

High concentrations of sulfur dioxide (SO2) affect breathing and may aggravate existing respiratory and cardiovascular
disease. Sensitive populations include asthmatics, individuals with bronchitis or emphysema, children and the elderly. SO2 is
also a primary contributor to acid deposition, or acid rain, which causes acidification of lakes and streams and can damage
trees, crops, historic buildings and statues. In addition, sulfur compounds in the air contribute to visibility impairment in large
parts of the country. This is especially noticeable in national parks.

Exoosure to lead (Pb) can occur throuah multinle pathwavs. includina inhalation of air and inaestion of Pb in food. water. soil



Air Challenges

Indoor Air Pollution

¢ Lack of natural ventilation

¢ (Surgeon General reports Americans spend 85 - 95%
of their time indoors.)

» Tobacco smoke => Carcinogens

« Stoves, fireplaces => Carbon dioxide

« Paints, cleaning products, bldg materials => VOCs
* Mold => Allergens

* Vermiculite => Asbestos

e Gas-powered appliances => Carbon monoxide

« Naturally occurring seepage => Radon

* Lead paint, windows, soil =>Lead

Paints, cleaning products, building materials often contain volatile organic compounds (VOCSs)

Vermiculite- often used for insulation. Often contains asbestos.
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Air Pollution
Consequences

Important point: The environmental health issues listed on this slide end up affecting human and
social health as well-- as environments are destroyed by rising waters, or degradation, there will be
people displaced and more deaths as a result of contamination, heat, etc.

http://www.epa.gov/airnow/airaware/airaware.html
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Air Pollution Consequences
Greenhouse effect causes global warming

This picture explains the greenhouse effect. It is from the Pew Center on Global Climate Change.

Note: Greenhouse gases are shown as a layer to simplify the drawing. In reality, they are dispersed throughout the
atmosphere. Although the atmosphere consists largely of oxygen and nitrogen, neither absorbs infrared energy; thus, they do
not play a role in warming the earth and are not greenhouse gases.

Also important to note-- the greenhouse effect is NATURAL- but we are just making it happen MORE, disrupting the natural
balance that's kept the Earth’s temperature as it is.

What are the most important greenhouse gases and their sources?

* Water vapor - Water vapor contributes the most to the greenhouse effect and occurs in the atmosphere as a result of the
natural cycle of water

* Carbon dioxide (CO2) - Carbon dioxide also cycles naturally between the atmosphere and living organisms. Plants and
algae remove CO2 from the atmosphere via photosynthesis, while all living things release CO2 via respiration (i.e.,
breathing). Carbon dioxide also cycles back and forth between water on the Earth® surface (freshwater and the oceans) and
the atmosphere. In addition to these natural processes, humans release large quantities of CO2 to the atmosphere by
burning fossil fuels, deforestation, and other industrial processes.

* Methane (CH4) - Methane is a natural byproduct of decomposition, but significant quantities are also produced via
agriculture and animal husbandry as well as by fossil fuel production.

* Nitrous oxide (N20) - Nitrous oxide is released naturally from terrestrial soils and oceans, but substantial quantities are
also generated from the use of nitrogen fertilizers in agriculture and through some industrial processes.

* Other gases - A number of other natural and man-made gases also contribute to the greenhouse effect, including
tropospheric ozone, and industrial gases such as halocarbons.

* Aerosols - Aerosols are airborne particles within the atmosphere. Some aerosols, such as sulfate aerosols and black
carbon aerosols are also produced by fossil fuel combustion. Sulfate aerosols tend to reflect incoming solar radiation,
cooling the Earth® surface. Black carbon aerosols absorb, rather than reflect, solar radiation, which shades the Earth®
surface, but warms the atmosphere.

See also: IPCC (Intergovernmental Panel on Climate Change) 3rd Assessment Report (2001). If people want to know the
scientific facts about climate change, this is the place to look - the document is strictly factual and you don't have to worry
about seeing through politicaly agendas.

(the 4th assessment report will be published in mid-2007). http://www.ipcc.ch/
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Air Pollution

Consequences
Global warming effects

Chicago’s Shoreline
Sister Cities

Areas in red indicate a
6 meter rise in sea-
level.

This is the estimated
sea-level rise that
would occur if the
Greenland Ice Sheet
were to melt.
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Air Pollution Consequences
Global warming effects

Shoreline Cities

Melting of all continental
ice sheets (including
Antarctica) would lead to
the potential sea-level
rise could be over 80
meters.
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Air Pollution Consequences

A recent Nature study suggested that Greenland® ice sheet will begin to melt if the temperature there rises by 3 degrees
Celsius (5.4 degrees Fahrenheit). Some scientists think that this is likely to happen in the next 100 years; others emphasize
that such scenarios are not likely for many centures. The complete melting of Greenland would raise sea levels by 7 meters
(23 feet). But even a partial melting would cause a one-meter (three-foot) rise. Such a rise would have a devastating impact
on low-lying island countries, such as the Indian Ocean® Maldives, which would be entirely submerged.
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(Now, for some good news...!)

Air & Energy Solutions

Structural:
* Smarter building design — AlA challenge: carbon neutral by 2030

» Urban planning — high density development allows people to walk to
access necessities

+ Large scale investment in energy efficient and renewable
technologies

» Energy efficiency and pollution laws and policies

Architecture2030.org. American Institute of Architects (AIA) has adopted a 2030 challenge — to design buildings to be carbon
neutral by 2030.

Daily Behaviors: a few examples:
-transportation. Don't just jump in your car! Walk, bike, or use public transit or carpool/carshare.
-recycle.

-turn off the lights, don’t leave appliances on. This wastes a lot of energy, which means that power
plants must produce more energy and therefore emit more pollution.

-use low-VOC cleaning products

Consumption:

HOW MUCH you buy is one big thing- do you need it? can it be recycled?

WHAT are you buying? Is it sustainably produced? Is it overpackaged? Does it contain harmful pollutants?
-> buy local. This cuts down on emissions from transporting the product over large distances.

Social:

With effective urban planning that focuses on public transportation, and allows people to have the necessary groceries,
pharmacies, banks, and other necessities closeby, emissions from cars can be cut drastically. With sprawl comes long
commutes and increased emissions, as well as the accompanying increased costs to the household. The Center for
Neighborhood Technology focuses on such projects.
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Chicago’s Energy Solutions

Renewable Energy

20% of City energy from renewable sources
by 2010

Sponsored 1MW solar PV installations at
local facilities

Solar thermal grant program

Green Power Purchasing
Mayor Daley set a target of 20% (40 MW) of the City’s energy to come from renewable resources by 2006
By 2003, 10% of the City’s energy came from renewable resources

Renewabl e Ener gy Gener ation:

*By 2004, the City helped install over 1 MW of solar photovoltaic equipment on various facilities, including schools
and museums

*The City has installed a geothermal system at the Chicago Center for Green Technology and will soon install one
at the Marine Safety Station

*The City attracted both Spire Solar Chicago (a solar PV manufacturer), and Solargenix (a solar thermal
manufacturer) to Chicago, creating about 40 new jobs
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Chicago’s Energy Solutions

Energy Efficiency

Chicago Industrial Rebuild Program
More than 50 Private Industrial Sites
$15.5M of identified annual savings

Retrofitting of city facilities Basement Lighting
More than 15 million s.f. of City & allied agency facilities Retrofit - BEFORE
Annual savings of approx. $4M

Policies

Adopted Chicago Energy Efficiency Code in 2003;
beginning enforcement in 2006

Requiring LEED cert. for all new municipal bldgs
Urban heat island policies
LED traffic lights
400+ installed
Green roofs
City Hall installation Basement Lighting

Grant program Retrofit - AFTER




Chicago’s Air Solutions - Outdoor

Chicago Climate Exchange

e Chicago a founding member in
2001

Commitment to reduce GHG
emissions

2004 reductions 37.7% below
baseline

Alternative Fuels

93 compressed natural gas
vehicles

161 ethanol vehicles
25 hybrid sedans
Alternative Transportation

e 100 miles of bike paths, 10,000
bikes racks

Free downtown trolleys

Chicago became a founding member of CCX and the first municipal
government to enter the exchange.

Commitment to reduce GHG emissions 1% per year over the years 2003
through 2006 relative to a 1998 through 2001 baseline. During 2006
program-wide net emissions must be 4% below baseline.

2003 reductions 8.95% below baseline — 1% required

2004 reductions 37.7% below baseline — 2% required — due to lower natural
gas usage

2005 projected reductions of 11% below baseline — 3% required
City will retire its credits

Looking to get credit not only from energy efficiencies and usage, but for all
of the trees planted by Mayor Daley and the carbon sequestration available
with a tree.

Green Fleets:

Deployed 93 Compressed Natural Gas (CNG) vehicles in 12 City
departments, including 22 at CTA and 35 at Chicago Park District

Deployed 161 Ethanol (E85) light duty vehicles in 17 City departments,
including 36 at CTA

Placed 25 hybrid sedans into service with the City’s shared-cost lease
program.

Green Fleets at Airports:

Department of Aviation (DOA) installed a compressed natural gas (CNG)

fueling station at O’Hare and operates CNG-powered buses and pick up
triicks
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Chicago’s Air Solutions - Indoor

Indoor Air Quality

e Transitioning to green cleaning
products in all city facilities

e Lead abatement program

e Chicago Lead and Energy Efficiency
Retrofits Program

¢ Household Hazardous Waste drop offs

e Public can drop off unused high VOC
materials like paints

¢ Smoking ban
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