


Paper Towel -2-4 weeks | Cigarette Butts -10-12 years

Banana Peel - 3-4 weeks Leather shoes - 25-40 years
Paper Bag - 1 month Tinned Steel Can - 50 years
Newspaper = 1.5 months Foamed Plastic Cups - 50 years
Apple Core - 2 months Rubber-Boot Sole - 50-80 years
Cardboard - 2 months | | Plastic containers - 50-80 years
Cotton Glove -3 months | Aluminum Can - 200-500 yrs
Orange peels -6 months | Plastic Bottles - 450 years
Piywood - 1-3 years ‘ Disposable Diapers -550 years
Wool Sock - 1-5 years L R :‘jmmnfilament Fishing Line - 600 years
Milk Cartons -5 years P Y Plastic Bags - 200-1000 yrs
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Recycling-Guide.org.uk

Buy only what you need, don't Q.I}l'
itemms that you won't use

Y

Buy long lasting products,instead
of disposable ones, such asink
cartridge pens instead of biro pens

Donate unwanted items, such as old 4
clothes and toys, instead of throwing
them in the rubbish bin

#

Drink from refillable bottles instead

Reduce paper waste by printing

ofpeper Ciigs o i thet Wik or writing on both sides of the paper

be thrown away after one use




= Recycling-guide.ory.uk
REDUCE REUSE

Buy only what you need, avoid unnecessary Carrier bags - Reused in shops or as
purchases and borrow items where bin bags.
possible.

( Envelopes - Put a sticker over the
Buy products with little packaging, avoid address and use them again.
disposable items and buy in bulk when

possible.

Jars and pots - Clean them and use

them as storage containers.
Buy products that can be reused, rather

than thrown away, such as rechargeable

batteries, Newspaper, bubble wrap and card-

board - Reuse as packing material.

Reduce paper waste by printing or writing |
on both sides of a sheet of paper ' Old Clothes - Donate them to charity

shops.

Danate unwanted items, instead of throw-

ing them away. Paper - Reuse as scrap paper to make
notes and sketches.

Reduce paper waste, by cancelling

unwanted mail. {'@J Twist ties - Used to secure loose items
together, such as wires.

Buy non-toxic products, in order to reduce

hazardous waste. Wood - Used in woodcrafts to make

items such as a bird table or spice rack.

RECYCLE

Recycle materials at your local recycling
bank, such as:

Glass Bottles

Paper and Cardboard ‘

Plastic

Textiles x

Buy products that are made from
recycled material

Recycle bins should be kept in an obvi-
ous place so you won't forget to use it

Composting in your garden is an excel-
lent way of recycling kitchen and garden
waste.



How to recycle

Motor oil (never dump into storm drains) and Tires.  Call your garbage company, local
quick-lube, tire shop. Old oil and old tires are serious problems.

Automotive batteries, sealed lead/gel-cell batteries  Keep lead out of the environment;
take to an automotive or security dealer for recycling or trade in.

Rechargeable batteries (cordless phone, camcorder, shaver, portable appliance,
computer, etc.) . Throw alkaline and heavy duty batteries in trash unless
prohibited(Nickel-Cadmium rechargeable batteries contain toxins, please recycle.

Laser/Ink printer cartridges Send to one of the many recyclers or refillers.

Household toxics (paints, oils, solvents, pesticides, cleaners) Call your garbage
company for advice. Do not dump into storm drains.

Computers, eyeglasses, household goods Donate to charity. Give to a repair shop.

From the Consumer Recycling Guide, "www.obviously.COM/recycle/". ©1997-2006
Evergreen Industries.



 Goodtorecycle Bad to recycle Notes
Unbroken glass containers :Ceramics, pyrex. tablware, windows, :Oﬂhﬁ bottle glass 15 acceptable. Ceramics contarminate ¢lass.,

Clearis the most valuable. Lids  lighthulbs, mirrors. Broken glass is hard to (Glass is normally color sorted for recycling.

can go with metal \ sont |

(Clean dry newspapers & Rubber bands, plastic bags, product — Pack newspapers tigntly in large brown grocery sacks or fie
newspaper insers samples, water, dirt, mold or other with natural twine. Keep dry.

| contamination. |

fEmpt\,/ metal cans caps lids,  Full cans, spray cans unless instructed,  [Metals can be recycled again and again.

bands and foi cans with paint or hazardous waste,

EPIastir: stamped #1 or #2 EPlastir: fypes #3, #4, #5, #0 or especially Even a small amourt of the wrong type of plastic can ruin a melk.|

aonthe bottorn. Some areas only  #7. Caps are Usually a diffarent type from Much plastic collected for racycling is actially lancfilled.
accept clear plastic or cetain ~— the hottle - toss if unmarked.

shapes.

EGracew bags, most clear plastic ?Paper, water, dirt, mold or other Reduce your need; reuse bags until they're tom. Use old bags
bags especially I marked #2 or #4 contamination. to pick up dog waste. Many grocery stores have a barrel for

| | recycling old bags.

;Mi}ted paper: junk mail, Stickers, napking, tissues, waxed paper,  When in doubt, throw it out

magazines, photocopies, milk cartons, carbon paper, laminated

computer printouts, cerealishoe  |paper (fast food wraps, some food bags, QPaperﬂber can be recycled about 7 fimes before it gets too
boxes, efc. (some places also take drink hoxes, foil), neon paper, thermal fax small. Plastic window envalopes are ok,

e TR

cormgated cardboard and phone - paper. Ay wet or food stained paper,
hooks]




Criticism of recycling

Extra vehicles to collect separate items
Less trees are grown for paper industry
Total amount of energy used is greater
Costs much more than burying
Creates more pollution

Limited cycle for recycling



General

Short summary



Old recycling processes

Glass

Metals

Silver (Photography)

Pt.Au,Rh from catalysts
Plastics from plastic plants
Used lubrication oils

Coal ash for cement

Sulfur from petroleum fractions



Newer processes

Waste paper

Packaging materials
Plastic bottles

Waste plastics
Aluminum cans

Metals from home waste
Electronic waste
Batteries



Agricultural waste

Compost for animal feed or fertilizer
Compost to methane

Cow & chicken waste for fertilizer
Hides for shoes

Bones for jelly



City waste

Separation at the home level -
Collection in separate collectors -
Deposits on bottles and cans -



Household waste composition

Soil and other organics
39 Fines 3%

Paper and board 18%

Kitchen waste 179%

Dense plastic 49

Other combusibles 1% Plastic film 3%

Texdiles 3%

Glass 7%

Garden waste 219%
Wibod 5%
: Mappies 2%
Scrap metalfiwhite goods Misc. non-combustibles
5%

5% hetal packaging 3%



Energy saved compared to primary production:

Recycled Steel 74%
Recycled Aluminium: 95%
Recycled Copper:  85%
Recycled Lead: 65%
Recycled Paper: 64%
Recycled Plastics: 80%

Secondary production is less polluting than primary production.

For instance: producing paper from recycled paper instead of from (wood)pulp
means 35% less water pollution and 74% less air pollution. Producing steel from
recycled steel means 86% less air pollution.
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Figure 5: Shares of waste management options in basis scenario
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2010 recycling rate !

Austria 82 .=
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L=l

The total recycling of municipal waste stated in percentage of the generated
amount

Bulgaria
Austria 70 Sy _TUI’I‘CE"‘]"

Germany _ Romania

Belgium Croatia

. a
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Metherlands / Lithuania

Switzerland

Sweden |

Luxembourg |

Denmark |

Norway |
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PERCENTAGE OF GLASS RECYCLED

FIGURE 12.Percentage of glass
recycled

SOURCE ORCD ENVIRONMENTAL DATA 1999
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PERCENTAGE OF PAPER AND CARDSOARD RECYCLED
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FIGURE 11.Percentage of paper
and cardboard recycled

SOURCE OFCD ENVIRONMENTAL DATA 1909



Paper recycling rates

Million Tonnes Recycling Rate* (%)
80 80
72.2%
70 70
60 60
50 50
40 40
30 30
20 20
10 10
0 0
-10 -10

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009






Gold recycling rates

*Duration: 12 months, billed annually, single license

United 5tates 129
Italy 123
China 120
India 113
United Arab Emirates 73
Turkey 72
United Kingdom B9
Mexico B3
Egypt 54

Indonesia 49

D 20 40 b0 80 100 120 140 160

Supply in metric tons

& Statista 2015



Chemicals waste

Chemicals waste is considered as dilute -
and dirty raw material and is used as
such,by concentration, separation and use



Recycling of basic chemicals
Sulfuric acid
Some sulfuric acid is produced from 'spent' (used) acid and related compounds such

as ammonium sulfate which Is a by-product in the manufacture of methyl
2-methylpropenoate.

The acid and compounds are usually in dilute solution which is evaporated under
vacuum to produce concentrated solutions. These are fed into a furnace with oxygen
at about 1200 K to produce sulfur dioxide:

HS0, —» H,0 + 80, + %0,
(NHy),S04 + O, —>» S0, +N,+ 4H,0

The sulfur dioxide is dried by passage through concentrated sulfuric acid. It is then
oxidized to sulfur trioxide and hence sulfuric acid using the Contact Process (Unit 50).



N

The steel industry is a major user of hydrochloric acid for the pickling process to
remove impurities. The industry uses a process known as pyrohydrolysis to recover
the spent acid, which now contains a mixture of iron chlorides. The spent liquor is first
concentrated in an evaporator, with dissolved HCI being given off and collected. The
concentrated liquor is then fed into a roaster at ca 800-1000 K which converts the iron
chlorides into HCI and iron(lll) oxide, the HCI again being collected. For example:

4F9C|2 + 4H20 * 02 —>» 8HC| + 2F9203

HCI from both streams Is absorbed in water to make 18% hydrochloric acid for reuse.
It s difficult however to collect all the HCI gas, and emissions to air are a problem with
this process.
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Plastics

Amounts, separation,treatment -



Figure 1. A shematic approach to the recovery of plastics from durable goods.
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Annual Production of plastics 2012

China 57.6 million tonnes
Rest of Asia 38.1 million tonnes
NAFTA 48.0 million tonnes
Latin America 11.8 million tonnes
Europe 49.2 million tonnes
Russia™ 7.2 million tonnes
Middle East & Africa 17.4 million tonnes
Japan 11.8 million tonnes

*Russia plus Commornwealth Indeperndent States that used to



SHUTTERSTOCHK {ALL)

CHANGING
IMPACTS After eight
uses, not including
washing, a reusable
plastic bag has a lower
environmental impact
than a single disposable
plastic bag. Numbers
given are per 1,000 bags.2
Reusable nonwoven Reusable polyethylene
Polyethylene Paper polypropylene with 40% recycled content
(mass =6 kg) (52 kg) (42 kg) (44 kg)
luse luse luse + 8uses luse + 8uses
Nonrenewable energy, GJ 763 2,620 3736 | 467 2945 | 368
Greenhouse gas emissions 2::::',, | 2000 |
metric tons of CO, equivalent 0000000 | 0000000 |
- 0010 (YT 40088009 0000000 ' 000! 00000080 1Y
= 0.040 0.080 0.262 ' 0.033 0.182 : 0.023
000400040
000040000000000 : !
00000000000000 001 : :
Q00000000000000 0000000000 |
Freshwater consumption, gal Q00000000000000 |0000000000 00000 |
=10 CO0000000000000 |0000000000 0000000000 |
ITITY Q00000000000000 (0000000000 : 00000000 | 000000000 ' (111
58 1,000 426 ! 85 250 ! 40

a Except for single-use polyethylene, which is per 1,500 bags to account for their smaller carrying capacity.
SOURCES: California State University, Chico, Research Foundation; Joseph Greene




PET

The preferred plastic for recycle



CRI

PET Soda Bottle Recycling Rates

1800
1600 -
1400 - [ Sold
1200 B Recveled 3
1000 -
i 31%
600 = 70%
oy 11%
200
0 : :
All Collection “"Deposits” in10 "Curbside” in 10 "Curbside” in 40
Systems Deposit States Deposit States  Non-Deposit States

=ource: GRI based on data from “2002 Natiomal Post-Consumer Plastics RecyclingReport.” R.W. Beck. Inc.
for the American Plastics Coundil, 2003 and CRI assumptions.




Year

Bottles

U.S.

o B = =

Collected Shelves Recycling

(mmibs.) (mmibs.) Rate
1995 T IS 1,950 39.7%
1996 69/ 2,198 31.79%
1997 691 2551 27.1%
1998 /745 3,006 24.8%
1999 o g | 3.250 23.7%
2000 /69 3,445 22.3%
2001 834 3,/68 22.1%
2002 /797 4,007/ 19.9%
2003 841 4,292 19.6%
2004 1,003 4,637 21.6%
2005 1 170 5 N75 23 1%







BOTTLES REBORN More than
half of PET bottles recycled in the
U.S. in 2009 were turned into fiber or
new bottles.

Other
5%

Nonfood bottles
7%

Strapping
12%

Fiber
37%

Food &

: beverage
Sheet & film bottles
17% 22%

PET bottles recycled in
the U.S. in 2009 = 937 million Ib

SOURCE: NAPCOR




One of the highest value end-uses for recycled PET 1s fo manufacture new PET bottles
and containers. However, PET can be recycled mto numerous other products including;

' belts

: blankets

’ boat hulls

’ business cards

° caps

' car parts (bumpers, distributor caps,
and extertor panels)

° carpets

' egg cartons

¢ furmture

' msulation

6 landfill lners

: overhead transparencies

' patnt brush bristles
¢ pillows

polvester fabric for upholsterv, T-sharts,
sweaters, backpacks. athletic wear and
shoes

recycling bins

sails

scouring pads %
strapping

stuffing for ski jackets, cushions,
mattresses,  sleeping bags and qults
tennts ball cans

teniis ball felt

twine

welcome mats



Converiing polymers infio monomers

Some polymers can be depolymerized to reform monomers, which can then
by distillation and polymerized again to produce the polymer. This still has tf
drawback that the polymer waste has to be sorted prior to being heated.

For example, PET waste is dissolved in the dimethyl ester of benzene-1,4-di
acid (dimethyl terephthalic acid) and then heated with methanol under press!
K. This produces the two monomers of PET, ethane-1,2-diol and the dimeth
which are subsequently purified by distillation.

O O
2nCH4OH + fc@ 4 S
~+0 O—CH,-CH,
- —n
polymer

O\\ J?O

n /C C\ + nHO_CHz_CHz_Ol
CH,—O O—CHj,
dimethyl ester of ethane-1,2-diol

benzene-1,4-dicarboxylic acid



Modern Diapers

A blessing or a curse ?



Permeable
membrane

Polyacrilates +
wood pulp

Impermeable
sheet

Lo ships of the core materials ore jained o o pofyethylans botom sheet ond o
pehpropykng fop: shest. Tha companents are ofiached by glang,

ng, of uivasanic welding. Peces of eloshic may then be placed around the

g and woist arecs, and srips of tops to closa the diapers may also be odded.

The lang rell of diaper material i then
cud inke indviduol dipars, folded, and
pockaged fo shippg,




Environmental Impacts of Diapers

» More than 6 billion peaple currently inhabit planet Earth, According to
1.5, Census Bureau projections, our world population will increase to
nearly 8 billion persons by the end of the next quarter century and will
reach 9.3 billon persons - a number more than half again as large as
today's total - by 2030,

» More than 125 million babies were born worldwide in 2003, Each of
those babies will generate approximately one ton of dirty diapers by the
time he or she is potty trained.

» The use of disposable diapers has been increasing steadily over the
past 20 years as a rle*sult of thegfr convenience, The vast majority of
parents in industrialized countries rely on disposable baby diapers.

» Disposable diapers may take up to 500 years to decompose, essentially
making them present in our landfills forever,



Appraximately a quarter of a million trees, equivalent to 1.3 million tons
of wood pulp, are required annually to meet U.S. disposable diaper
demands.

The number of people age 65 and older more than tripled over the past
half-century to a record 420 million worldwide, leaving more and mare
elderly people dependent on disposable diapers or other incontinence
products,

From a global perspective, we are truly a disposable society, individually
generating between 500-750 kilograms (1,100-1,650 pounds) of waste
per year, The U.S, Environmental Protection Agency estimates that 3.3
million tons of disposable diapers were sent to U.S, landfills in 2000,
which 15 equivalent to more than 20 billion actual diapers,

Disposable diapers, containing untreated human waste, present
5|n;|rr|fru::ant environmental and publi: health concerns in landfills,
notentially contaminating precious groundwater resources,



Lubrication oll

Prevention/Generation
of Used Lubricating
Oils

Re-Use (Fuel Product)
Re-Use (Less Severe ; f~ v
N (Combustion)
Lubricant) .9
5
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7N Fi g\- x"n‘.",.
i n,\ w o <
2 L \‘ > ' '\-..‘ ,f“ "\\
s . ol i > = E’ = i
_-“Regeneration™ - Recovery ™, " Reprocessing *._

_____ -
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Rejuvenation / Reconditioning
(Reclaiming Laund ering plus
Be-additizing to finshed lubes)

ReRefining (to
Lube Base Stock)

Distillation. Coking
andfor Cracking (to a
range of Fuel Products

Reclhiming Lauml ering
{then blending to Fuel Oil)
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Used car tires

Best homes for mosquitos
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WHERE OLD TIRES GO Burning for energy

value is the largest U.S. use for scrap tires.

Other
9%

Exported
6%

Tire-derived fuel

53%

Land disposal
&%

Ground rubber

24%

Scrap tires generated in 2013 = 233 million

SOURCE: Rubber Manufacturers Association




Electronics waste
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