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Waste Overview
* Solid Waste

—any unwanted material that is not a liquid
or a gas.

* The U.S. produces 11 billion tons per year

* Waste Stream : the steady flow of
wastes that humans produce from all
sources

Sources of U.S. Waste

® Mining, oil and Sources of 12 Billion Tons of U.S. Solid Wastes Each Year...
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Agricultural Waste 13% of waste
ex: Corn, Rice Husks

Sources of U.S. Waste
¢ Industrial Solid Waste 10%:

—Scrap metal, plastics, paper,
fly ash and sludge

—ost i_s burned or buried on-site

e Municipal Solid Waste
(MSW) 1.5%
—From homes and
businesses

—1500 Ibs per person
per year
What Happens

to Stuff We Throw Away*?
B

Combusted
54.20 M {omheste

Landfilled




What is the largest % of MSW?

2010 Total MSW Generation (by Material)
250 Million Tons (Before Recycling)

Rubber,Leathe 5 Paper & Paperboard
_ &Textiles

9%
Metals

13.9%
12.4% Food Scraps
Plastics

13.4%
Yard Trimmings.

Disposal of Solid Waste:

OPTIONS
* Open dumps

Why are you
| throwing away all
the good stufi?  |=

» Ocean Dumping
« Landfills
* Exporting

* Incinerating

Waste Disposal Methods

— Open, unregulated dumps are still the
predominant method of waste disposal in
developing countries.

— Most developed countries forbid open dumping.
« Estimated 200 million liters of motor oil are
poured into the sewers or soak into the
ground each year in the U.S.
—About five times volume of Exxon Valdez olil
spill




Waste Disposal Methods

— Every year 20 million tons of plastic debris are du ~ mped
at sea where they are eaten by wildlife or washup  on
beaches, even in remote regions.

— In the North Pacific alone, 50,000 northern fur sea Is are
entangled in refuse and in the 1,000 km of fishing nets
lost each year. They drown or starve to death.

Plastics In the Stomach of
Albatross Chick

Waste Disposal Methods

— Industrialized nations have agreed to stop
shipping hazardous and toxic waste to less-
developed countries, but it still continues.

» About 80% of electronic waste (e-waste) is
shipped abroad, mostly to Asia and Africa
where it is broken apart to salvage metals.

» The remaining material is thrown into open
dumps causing soil and water contamination.

» Much of this e-waste is outdated televisions,
computers, game consoles, and cell phones.




A Chinese Woman Extracts Valuable
Metals From E-Waste
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Waste Disposal Methods

» Refuse compacted and covered every day
with a layer of dirt

—Dirt takes up as much as 20% of landfill space

« Since 1994, all operating landfills in the U.S.
have been required to control hazardous
substances with lining and drainage systems.

Sanitary Landfill




Sanitary Landfills
= Thin Layers of waste, compacted, and covered daily with a
layer of clay, dirt, or foam.
= Surrounded by a thick, impermeable liner.
* A methane gas recovery system
¢+ Aleachate collection and treatment system.
* Monitor wells to make sure no leachate is flowing i nto the
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Landfills

- Historically, landfills have been a convenient,
inexpensive waste-disposal option.

— Rising land prices and shipping fees, and
demanding construction and maintenance
requirements, are increasing costs.

« Suitable landfill sites are become scarce
—1,200 - 1,500 landfills have closed.
—Communities are rejecting new landfills.

— Positive trend in landfills is methane recovery

Open Dumps - Landfills
« Most common method for ' :
solid waste removal in
developing countries

¢ Thousands of people live
and work on dumps

scavenging for food &
recyclable materials in
very unsafe conditions




Landfills

* 50% of all U.S. cities have used up
landfill space

« Cities export trash (New Jersey, NYC)

Exporting Wastes

* Wastes get exported from develop ed to
develop ing countries

* In 2011; 170 countries, agreed to accelerate a
global ban on the export of hazardous waste,

including old electronics and discarded

computers and mobile phones, from developed to

developing countries Feportof St
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Landfill Problems

¢ Methane is a
greenhouse gas
that absorbs 25X
more heat than
CO2.

 Risk of explosion

» Old landfills don’t
have impermeable
liners. Leachate
can contaminate
groundwater.

Energy from Landfills

* Methane gas is produced by anaerobic

microbes breaking down waste.

* Methane can be harnessed for electricity.

majl» Leachate / Liquids Addition
> Gas Collection

Leachate
Nitrification
Treatment

Gas
Collection
to Generate
Energy

Tires in Land Fills

» Tires are made of vulcanized
rubber that is more difficult to be
melted down or reused




» Can be recycled

equipment,
garden hoses and
soles of shoes

* Reused as artificial
reefs to increase

t

populations — did
not work

Tires

nto playground

ropical fish

Waste Disposal Methods

- - heat derived from incinerated
refuse is a useful resource

* Burning garbage is used to create steam used
for heating buildings or generating electricity.

« Internationally, there are well over 1,000 such
waste-to-energy plants that reduce garbage
while generating needed energy.

Incinerator Types

- refuse is
sorted to remove recyclable and
unburnable materials

* Higher energy content than raw
trash

- everything smaller
than major furniture and
appliances loaded into furnace

* Creates air pollution problems
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Mass-Burn Incinerator
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Incinerator Cost and Safety

« Initial construction costs are usually between $100
and $300 million for a typical municipal facility.
— Tipping fees (cost to dump 1 ton) are often
much higher than tipping fees at landfills.

« EPA has found alarmingly high levels of dioxins,
furans, lead, and cadmium in ash.

* One way to control this is to remove heavy metals
(batteries) and plastics before burning.

Incinerating Solid Waste — “Waste to Energy”

< Pro: Trash is burned, heat is used to generate elec tricity
* Cons:CO, particulates, heavy metals and toxic chemi  cals ar

produced. Expensive pollution control devices must be
installed.
¢ 1000 plants word-wide (110 in U.S.) .
Mass burn waste-to-energy incinerator L
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Types of Incinerators

* Mass Burn

— All trash is burned without separating
out hazardous materials (batteries,
plastics, etc.)

— Leftover ash must be disposed of in a
hazardous materials landfill.

» Refuse-Derived Fuels

— MSW is sorted first (glass and
metals removed)

— Dehydrated and shredded

— Left with mostly plastic and
biodegradable waste that can be
used as high quality fuel.

— Less air pollution

Ocean Dumping
« 55,000,000 Ibs of

trash are dumped
in the sea every
year

Waste from Japan Tsunami is going to
join the great pacific garbage patch.

—
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Ocean Dumping

» Ocean Dumping Ban Act of 1988, which prohibits
all municipal sewage sludge and industrial waste
dumping into the ocean.

What about what has
already been
dumped?

Photo courtesy of the
U.S. Army, In 1964,
mustard gas canisters
are pushed into the
Atlantic Ocean off
New Jersey.

Integrated Waste Management

= Finding the best use for discarded products — reuse,
recycling, making compost, etc.
« Ex: at home how many MSW containers do you have?

=,-,,‘,§,“i_‘,, Integrated waste management
s8Ing . Wastes
manufacturing ! E nd (separated at source)
= = oS RS - e T
m.?lpﬂ' Glass Metal Plastic Food/ Residue Hazardous
households and Yard (mixed waste
businesses waste  waste)
or Fertilizer
for new products _¥
- |
" Hazardous
Eidﬁll Incinerator waste management
&=
= conmame ey

Willow tree

PHYTOREMEDIATION= USING PLANTS
TO REMOVE CONTAMINANTS.

| Brooks/Cole_Cengage Leaming
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REDUCHE

WHAT YOU NEED TO THROW AWAY!

Al

Shrinking the Waste Stream

— Recycling is the reprocessing of discarded
materials into new, useful products.

* Currently, about two-thirds of all aluminum
cans are recycled.

» Old tires are turned into road surface
* Newspapers become insulation

* Recycling copper is so lucrative that thieves
are stealing copper pipes and wires, causing
gas leaks and explosions.

Recycling

— Saves money, raw materials, and landfill
space

« Costs $35/ton as opposed to $80/ton to
landfill

— Encourages individual responsibility

— Reduces pressure on disposal systems
« Japan recycles about half of all wastes
* Lowers demand for raw resources

— Reduces energy consumption and air
pollution

14



Recycling

* Present policies tend to favor use of new raw
materials because energy, raw materials, and
water are often sold below real cost to create
jobs and stimulate the economy.

* You can help by buying recycled products.

U.S. Recycling Rates

Copyright © McGraw-Hill Education. Al rights reserved. No reproduction
or distribution without the prior written consent of McGraw-Hill Education

Auto
batteries

Steel cans

Yard trimmings

Paper and paperboard

Aluminum beer and soft drink cans

Tires

Plastic HDPE milk and water bottles

Plastic soft drink bottles

Glass containers

=)
|
S

40 60 80 100
Percent recycled

Recycle Waste
¢ Recycling : melting
down and
reprocessing
discarded materials
into something new
—Closed loop- same
product after processing.

 Ex: plastic bottle to a
plastic bottle.

—Open loop- different WOULD THIS BE

product after processing OPEN OR CLOSED
» Ex: plastic bottle to a
: LOOP?

drainage pipe
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Recycling Aluminum Cans

» What incentive do we have to recycle?

« In California all carbonated beverages sold in alum  inum
cans, glass bottles and plastic #1 (PET) bottlesre  quire a
deposit. The deposit amount is 2.5¢ for containers under
24 ounces and 5¢ for containers at or above 24 ounc  es.

« Depositis redeemable at any certified redemptionc  enter.

« 2/3 are recycled.

WHAT WOULD CLOSED §
LOOP RECYCLING OF

CAN§ DO’?

Generation of Electronics (U.5.}
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Recycle Paper

One Sunday paper requires 500,000 trees.
* 40% of paper is recycled today.
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Recycling Metals Other

than Aluminum
» Copper, Leadiron, steel, zinc, etc.
are also profitable to recycle

» Sometimes difficult to extract from
municipal solid waste because
waste products are not pure metal

Recycling Plastic
« Only about 2.5% of plastic is
recycled
* Plastic is more difficult to
recycle than paper,
aluminum, and glass
 Polyethylene bottles are the
exception, up to 40% are

recycled  meug == ™ @ |
d

e (e &
*’Eg ’ng

Be Plastic-Smart - check recycling codes on plastics

—
_

c Ve S Sy
iy | N 3
-‘\ﬂt% ,2" L.)—
v
can contain BPA PETE Lé contains numerous

often leach phthalates HDPE toxic chemicals/
don't re-use safer option human carcinogens

don't expose to heat

Kow ) B2

safer option
LDPE

safer option Other

contains BPA
don't expose to heat

5
> known to release toxins incl.
styrene, especially when heated
4 Give Me Life €9 |
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DISPOSAL METHOD

Recovery of the composting
component of recycling

Combustion with energy recovery
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Reuse is More Efficient Than Recycling

« Auto parts, brass fittings, woodwork, bricks, are
routinely reused and can bring a high price.

» Glass and plastic bottles are washed and
refilled.

 In developing countries, poor people make a
living by scavenging, sorting, and reprocessing
scraps from dumps.

Shrinking the Waste Stream

— Excess packaging of consumer products is
one of our greatest sources of unnecessary
waste.

« Paper, plastic, glass, and metal packaging
material make up 50% of domestic trash.
We can:

—Decrease unnecessary packaging;

—Increase use of photodegradable and
biodegradable plastics.

* By 2020, new laws in the European Union
mandate that 50% of municipal solid waste and
70% of construction waste will be reused or
recycled.

Reducing Waste

* Reduce consumption

* Reduce packaging
(50% of domestic
waste)

* Trash taxes, increase
cost.

» Also, modify waste

—Photodegradable and
biodegradable
plastics

19



After Reduce? REUSE!

« Can Refillable Bottles Make a CGamehack?
—1n 1947 100% of soft drinks, today <.5%

—Drinks Cost 1/3 less in refillable
bottle...why?

THE DECLINE OF REFILLABLE
BEVERAGE BOTTLES IN THE US

SOFT DRINKS SOLD
IN REFILLABLE BOTTLES

Reuse Waste

* Make purses
from plastic
bags.

* Use fabric bags
for groceries

* Reuse car
parts, motor oll
etc.

After Reuse? RECYCLE!

What is recycling?
We can recycle:

» Paper

* Glass

e Aluminum
* Metals

¢ Plastic

« Tires

* Styrofoam
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% Percent of Municipal Solid Waste that is Recycled:
1960-2007

B85%

30%

20%

y 5 1 n f L L 1 |

1960 [965 1970 1975 1980 1985 1990 1995 2000 2005 2007

"W 2 SOURCE £pa Facts and Figures about Municipal Solid Waste, 2008

RECYCLING TREND IS INCREASING! |

Composting

« recycling of organic waste into organic
fertilizer,

* Food waste , yard clippings are broken
down by microorganisms.

B

% & Keep these out
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Weeds,
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curtings
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newspapers q

Twigs  EEREER
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leaves
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Grassroots Action Has Led to Better
Solid and Hazardous Waste Management

* NIMBY - “Not in my backyard”

Hazardous and Toxic Wastes

« EPA estimates U.S. industries generate 265
million metric tons of officially classified
hazardous wastes annually.

— At least 40 million metric tons of toxic and
hazardous wastes are released into the
environment each year.
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All other
industries 7%

Federal Legislation

Resource Conservation and Recovery Act
(RCRA) - 1976
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Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) 1980

—Toxic Release Inventory
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e Hazardous waste site

[T Aquifers
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Brownfields

Produce Less Waste

Convert to Less Hazardous Substances

Store Permanently
Retrievable Storage

Secure Landfills
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Leachate removal standpipes
Topsoil cover

Methane removal

Recompacted clay

Existing clay.
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