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Waste Minimisation Techniques

RECYCLING SOURCE PRODUCT
REDUCTION MODIFICATION

Onsite Creation of Good
recovery Useful by- House-
and reuse products Keeping

Input Better Equipment Technology
Material process modification change
change control

DAY B M Badiizzaman




US doliars Solid waste management cost
for selected cities

per person per year

Sources: MacFarlane, 1998; UNJESCAP, IGES, 2002,
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TABLE 3-1

Sources of solid wastes wi

Source

Residential

Commercial

Institutional

Construction and
demolition

Municipal services
(excluding treatment
facilities)

Treatment plant sites;
municipal incinerators

Municipal solid waste®

Industrial

Agricultural

Typical facilities, activities,
or locations where wastes
are generated

Single family and multifamily
detached dwellings,

low-, medium-, and high-rise
apartments, etc.

Stores, restaurants, markets,
office buildings, hotels, motels,
print shops, service stations,
auto repair shops, etc.

Schools, hospitals, prisons,
governmental centers

New construction sites, road
repair/renovation sites, razing
of buildings, broken pavement

Street cleaning, landscaping,
catch basin cleaning, parks
and beaches, other recrea-
tional areas

Water, wastewater, and indus-
trial treatment processes, etc.

All of the above

Construction, fabrication, light
and heavy manufacturing,
refineries, chemical plants,
power plants, demoalition, etc.

Field and row crops, orchards,
vineyards, dairies, feedlots,
farms, eftc.

a community?

Types of solid wastes

Food wastes, paper, cardboard,
plastics, textiles, leather, yard
wastes, wood, glass, tin cans,
aluminum, other metals, ashes,
street leaves, special wastes (in-
cluding bulky items, consumer
electronics, white goods, yard
wastes collected separately, bat-
teries, oil, and tires), household
hazardous wastes

Paper, cardboard, plastics, wood,
food waste, glass, metals, special
wastes (see above), hazardous
wastes, etc.

As above in commercial

Wood, steel, concrete, dirt, etc.

Special wastes, rubbish, street
sweepings, landscape and tree
trimmings, catch basin debris,
general wastes from parks,
beaches, and recreational areas

Treatment plant wastes, prin-
cipally composed of residual
sludges

All of the above

Industrial process wastes, scrap
materials, etc. Non-industrial
wastes including food wastes,
rubbish, ashes, demolition and
construction wastes, special
wastes, hazardous wastes

Spoiled food wastes, agricultural
wastes, rubbish, hazardous
wastes

2For comparison, the sources of waste and waste classifications used in the early 1900s are given in

Tabte 3-12.

“The term municipal soli(DPsm‘gh‘nSBl “‘W‘FP"B"E!’EFFE]‘Z'/'(FW!‘]‘EFP}“ of the wastes generated in a

community with the exception'oﬁndu

strial process wastes and ¢ é'g]ricultural solid wastes.




TABLE 3-3
Estimated distribution of all components of MSW generated in a typical

community excluding industrial and agricultural wastes?

Percent by weight

Waste category” Range Typical

Residential and commercial, excluding special and 50-75 62.0
hazardous wastes
Special (bulky items, consumer electronics, white 3-12 5.0
goods, yard wastes collected separately, batteries,
oil, and tires)
Hazardous®
Institutional
Construction and demolition
Municipal services
Street and alley cleanings
Tree and landscaping
Parks and recreational areas
Catch basin
Treatment plant sludges

Total

a8 Adapted in part from Refs. 9, 14-16.
bSee Table 6-3 for estimated quantities of waste generated.

°Range of reported values varies widely depending on method used to identify and classify hazardous wastes
found in MSW.
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Properties of Solid Waste

¢

i. Identification of individual components that make up
municipal solid wastes
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TABLE 3-4
Typical physical composition of residential MSW excluding recycled
materials and food wastes discharged with wastewater (1990)

Percent by weight

United States?

Component Range Typical® Packaging materials® Davis, California“

Organic
Food wastes 6—18 9.0 6.0
Paper 25—40 34.0 33.1
Cardboard 3—10 6.0 7.9
Plastics 4-10 7.0 10.7
Textiles 04 2.0 2.4
Rubber 02 0.5 2.5
Leather 02 0.5 0.1
Yard wastes 5-20 18.5 17.7
Wood 1—4 2.0 50
Misc. organics — —_— 0.4

Inorganic
Glass 8.0 5.8
Tin cans 6.0 3.9
Aluminum 0.5 0.4
Other metal 3.0 3.6
Dirt, ash, etc. 3.0 0.5

Total 100.0 100.0

2 Adapted in part from Refs. 2, 3, 9, and 14—-16. Reported percentage distributions are exclusive of special and
hazardous wastes.

bTwenty percent of the households in the United States are assumed to have food waste grinders. Additionally,
it is assumed that the percentage of food waste ground up and discharged with wastewater is 25 percent.
Current (1990) recycling rate for the United States assumed to be 11 percent.

¢Adapted in part from Ref. 10.

dBased on measurements made over a five-year period (1985 to 1990) during the first two weeks of October
(see Table 3-9).

DAY B M Badiizzaman




TABLE 3-5
Typical distribution of components in residential MSW for low-, middle-,

and upper-income countries excluding recycled materials?-?

Low-income Middle-income Upper-income
Component countries countries countries®

Organic
Food wastes 40-859 20-65 6-30
Paper 2045
Cardboard 1-10 8-30 5-15
Plastics 1-5 2—6 2—-8
Textiles 1-5 2-10 2—6
Rubber 0-2
Leather 1-5 14
Yard wastes
Wood

Misc. organics

Inorganic
Glass
Tin cans
Aluminum
Other metal
Dirt, ash, etc. 1—40 1-30

a2 Adapted in part from Refs. 1 and 17.

b1 ow-income countries: per capita income of less than U.S. $750 in 1990.
Middle-income countries: per capita income of more than U.S. $750 and less than U.S. $5000 in 1990.
Upper-income countries: per capita income of more than U.S. $5000 in 1990.

¢Upper-income countries are more highly industrialized.

9 Food wastes composed predominantly of waste from the preparation of food (corn husks, melon rinds,
banana leaves, etc.).
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TABLE 3-6 ) ] . ] .
Typical data on the distribution of solid wastes generated by major industries excluding recycled materials and

industrial process wastes®

Percent by weight

Food
SIC Code wastes®  Paper Leather Rubber Plastics Metals Glass Textiles

20  Food and kindred products 15-20  50-60 0-2 0-2 0-5 5-10 4-10 0-2
22  Textile mill products 0-2 40-50 0-2 0-2 3-10 0-2 0-2 2040
23 Apparel and other finished products 0-2 40-60 0-2 0-2 0-2 0-2 0-2 30-50
24 Lumber and wood products 0-2 10-20 0-2 0-2 0-2 0-2 0-2 0-2
Furniture, wood 0-2 20-30 0-2 0-2 0-2 02 0-2 0-5
Furniture, metal 0-2 20-40 0-2 0-2 0-2 0-2 0-5
26 Paper and allied products 0-2 4060 0-2 0-2 0-2 0-2 0-2
27  Printing and publishing 0-2 60-90 0-2 02 02 0-2 0-2
28  Chemicals and related products 0-2 40-60 0-2 0-2 5-15 0-5 0-2
29  Petroleum refining and related industries 0-2 60-80 0-2 0-2 10-20 0-2 0-2
30  Rubber and miscellaneous plastic products 40-60 0-2 5-20 10-20 0-2 0-2
31 Leather and leather products 0-2 5-10 40-60 0-2 0-2 0-2 0-2
32  Stone, clay, and glass products 0-2 2040 0-2 0-2 0-2
33 Primary metal industries 0-2 30-50 0-2 0-2 0-5 0-2
34  Fabricated metal products 0-2 30-50 0-2 0-2 0-2 0-2 0-2
35  Machinery (except electrical) 0-2 30-50 0-2 0-2 1-5 0-2 0-2
36  Electrical 0-2 60-80 0-2 0-2 2-5 0-2 0-2
37  Transportation equipment 0-2 40-60 0-2 0-2 2-5 0-2 0-2
38  Professional scientific controlling instruments ~ 0-2 30-50 0-2 0-2 0-2 0-2
39  Miscellaneous manufacturers 0-2 40-60 0-2 0-2 0-2 0-2

4From Ref. 13.
bwith the exception of food and kindred products, food wastes are from company cafeterias, canteens, etc.
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Solid Waste as Solid Waste as

collected excluding Solid Waste as collected plus waste Solid Waste as
waste components collected plus food components now collected plus waste
now recycled and waste that is ground recycled, but components now
excluding food up, but excluding excluding food recycled and plus
waste that is ground waste components waste thatis ground food waste that is
up. now recycled up ground up
Component excluding Recycle; excluding Recycle; including Recycle; including Recycle;
excluding Food including Food excluding Food including Food
Food wastes 9.0 9.4 8.0 8.4
Paper 34.0 33.8 35.8 35.6

Cardboard 6.0 6.0 6.4 6.4
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Yard trimmings 12.A8%

Wood 5.6%

Rubber, leather & feotilas
T.6%

Plasfics 12.19%

Food scraps 12.5%

Metals 8.2%
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Percent by weight Weight of Solid waste
solid waste as collected
Solid waste Solid waste components excluding waste
as collected components now recycled now recycled Solid waste
excluding recycled now recycled (11 Ib based on a (89 Ib based on a Solid waste as collected
waste components (not reflected total of 100 Ib total 100 Ib as collected plus recycled
and ground in as collected excluding ground excluding ground plus recycled and ground
Component up food waste’ distribution) up food waste), Ib® up food waste), Ib® wastes” up food waste?

(1) 2 &) @ ()

Percent by weight

(6) = (4) + (5) () @

Organic
‘Food wastes
Paper
Cardboard
Plastics
Textiles
Rubber
Leather
Yard wastes
Wood
Misc. organics

Inorganic
Glass
Tin cans
Aluminum
Other metal
Dirt, ash, etc.

Total

9.0
34.0
6.0
7.0
2.0
0.5
0.5
18.5
2.0

8.0
6.0
0.5
3.0
3.0

100.0

0.0
50.0
10.0

6.0

0.0

0.0

0.0

8.0

0.0

18.0
4.0
1.0
3.0
0.0

100.0

8.0
35.8
6.4
6.9
1.8
0.4
0.4
17.3
1.8

9.1
5.8
0.6
3.0
2.7

8.4
35.6
6.4
6.9
1.8
0.4
0.4
17.2
1.8

9.0
5.8
0.6
3.0
2.7

aFrom Table 3-4.

b Amount now recycled = 11 percent or 11 Ib based on 100 Ib.

€89.0 Ib = 100 Ib — 11 Ib (amount now recycled).

9 Column 7 represents the percentage distribution of the total amount of waste generated including the waste components that are now recycled and the food wastes that are

ground up.
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ABLE 3-10
Materials that have been recovered for recycling from MSW?

Recyclable material

Aluminum

Paper
Old newspaper (ONP)

Corrugated cardboard

High-grade paper
Mixed paper

Plastics
Polyethylene terephthalate (PETE/1)

High-density polyethylene (HDPE/2)
Polyvinyl chloride (PVC/3)
Low-density polyethylene (LDPE/4)
Polypropylene (PP/5)
Polystyrene (PS/6)
Muiltilayer and other (7)
Mixed plastics

Glass

Ferrous metal

Nonferrous metals

Yard wastes, collected separately

Organic fraction of MSW

Construction and demolition wastes
Wood

Waste oil
Tires
Lead-acid batteries

Household batteries

Types of materials or uses

Soft drink and beer cans

Newsstand and home-delivered newspaper

Bulk packaging; largest single source of waste paper for
recycling

Computer paper, white ledger paper, and trim cuttings

Various mixtures of clean paper, including newsprint,
magazines, and white and colored long-fiber paper

Soft drink bottles, salad dressing and vegetable oil bot-
tles; photographic film

Milk jugs, water containers, detergent and cooking oil
bottles

Home landscaping irrigation piping, some food packag-
ing, and bottles

Thin-film packaging and wraps; dry cleaning film bags;
other film material

Closures and labels for bottles and containers, battery
casings, bread and cheese wraps, cereal box liners

Packaging for electronic and electrical components,
foam cups, fast food containers, tableware and micro-
wave plates

Muitilayered packaging, ketchup and mustard bottles
Various combinations of the above products

Clear, green, and brown glass bottles and containers
Tin cans, white goods, and other metals

Aluminum, copper, lead, etc.

Used to prepare compost; biomass fuel; intermediate
landfill cover

Used to prepare compost for soil applications; com-
post for use as intermediate landfill cover; methane;
ethanol and other organic compounds; refuse-derived
fuel (RDF)

Soil, asphalt, concrete, wood, drywall, shingles, metals

Packing materials, pallets, scraps, and used wood from
construction projects

Automobile and truck oil; reprocessed for reuse or fuel
Automobile and truck tires; road building material; fuel

Automobile and truck batteries; shredded to recover
individual components such as acid, plastic, and lead

Potential recovery of zinc, mercury, and silver

!Detailed information on the recycling opportunities for the individual materials may be found in Chapter 15.
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w—d
M = (—) X 100
w

M = Moisture Content (%)
w = initial weight of sample as delivered, (kg)
d = weight of sample after drying at 105 °C
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Mesh 2@, in

Typical sizes of individual components comprising residential and commercial M3 {4-.--1‘21'
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Table ¥.2.5 : Moisture Content (%) of As-Discarded Solid Waste Components at Different
’ Locations of Dhaka City
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s 4 vy

Typical specific weight and moisture content data for residential,
commercial, industrial, and agricultural wastes

Moisture content,
Specific weight, 1b/yd?® % by weight

Type of waste Range Typical Range Typical

Residential (uncompacted)

Food wastes (mixed) 220-810 490 50-80
Paper 70220 150 4-10
Cardboard 70-135 85 4-8
Plastics 70-220 110 1-4
Textiles 70-170 110 6—15
Rubber 170-340 220 1-4
Leather 170—-440 270 8-12
Yard wastes 100-380 170 30-80
Wood 220-540 400 15—40
Glass 270-810 330 1-4
Tin cans 85-270 150 2-4
Aluminum 110-405 270 2-4
Other metals 220-1940 540 2—4
Dirt, ashes, etc. 540-1685 810

Ashes 1095-1400 1255

Rubbish 150-305 220

Residential yard wastes
Leaves (loose and dry) 50-250 100
Green grass (loose and moist) 350-500 400
Green grass (wet and compacted) 1000-1400 1000
Yard waste (shredded) 450600 500
Yard waste (composted) 450-650 550
Municipal
In compactor truck 300-760 500
In landfill
Normally compacted 610—-840 760
Well compacted 995—-1250 1010

Commercial
Food wastes (wet) 800-1600 910
Appliances ) 250-340 305

(continued)
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Sp. Wt. = Mass / Volume
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Properties of Solid Waste

Proximate analysis —
— Moisture (loss at 105°C for 1 hr.)
— Volatile materials:

The volatile matter is that portion of the wastes which is converted into gas before and
during combustion as the temperature increases. The sample is weighed and ignited in
furnace at 950° € according to (ASTM ID3175). After combustion the sample is weighed
to determine the ash dry weight and the volatile matteris given by;

— Ashi(‘residue atter burning)

Ash content of the wastes is the non-combustible residue left atter the waste is burnt.

— Fixed carbon (45remainder)

Fixed carboniisithe residue o charremamimeg attervolatile matters escape:

e sampleisidried ataitemperatire off700PE I nithis, fixed carboniisid etermined by,
remoyving themmassiofvelatilefromiongmalimassiofithe sampleiaccording tojequation;
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Properties of Solid Waste

*
i. Fusing point of ash

i. Ultimate analysis - percent Carbon, Hydrogen, Oxygen,
Nitrogen, and ash:
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TABLE 43
Typical data on the ultimate analysis of the combustible materials

found in regidential, commercial, and industrial solid wastes®

—_—

Percent by weight [dry basis)

Type of waste Carbon  Hydrogen  Dxygen  Nitrogen  Sultur  Ash
-

Food and food products
Fets 3.0 115 148 0.4 | 2z
Fordl wAstes [miNed) 48.0 a4 g 2.6 0.4 ED
Frut wastes a8 5 52 a5 1.4 0.2 4.2
Moat waetes EG.B o4 a7 12 0z 4.9

Paper preducts
Cardbaard 230 5.0 A48 0.3 0.2 5.0
lAagazines 32.3 5.0 RN 0.1 o4
MEwspring 48,1 i 43.0 0.2 1.5
Fapar | mwecd) 43.4 5.8 343 0.3 0.2
Wamed cartons 5.2 9.3 301 . 0.1 1.2
Mastics
Plastics (mixed] 7.2 228 . -
Palyethylene 14.2 - =0, 1 =(.1
Polysiyrene H4 in 2 --
Polwrethana” 6.3 17.6 E.0 =01
Pobyviryl chioride® 52 EE 1.6 . c.1
Textibes, wbben, kathen
Tennlas | 6.4 . 0.2
Hiboar R i.6
Leather a0 I 0.4
Wood, treea, etz
Yard wastes L 6.0
Wora [grass tmher) i 6.4
Hardwood B.1
Woed [mixed) 6.0
Woca chips {mixed) 58
Glass, metals, eic.
Hags and minerar
Matale mixad©
Misselanecus
Cffice sweepings
Cils. meainils
Refuse-rervad fissd (ROF)

“aAaptrd in part T Hal H
PRemairds- i chlorre,
"‘:.Il"ﬂﬂl"lll:' cortent is frxm nc-mi.'lu:;. labes, arc oin2r anached maieras.
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TAELE 4-3
Typical data on the ultimate analysis of the combustile components

in residential MSW?

Percant by weight (dry basis)

Companant Carban Hydrogan Oxygen Mitrogen

Organic
~o0d wastes 40.0 5.4 37.6 26

Faper 43.5 5.0 :E Ny 0.3
Cardbeand 230 549 L 0.3
Flastics B0.0 7.2 228 -

Textiles 55.0 G.G 312 4.0
Ruboer 8.0 10.0 — 2.0
Leather 60.0 B 11 H 10.0
Yard wastes 47.3 6.0 8.0 34
Wood L0.5 6.0 42.7 DE

horganic
Hass' 0.5 0,1 0.4 <11

Majals® i 5 6 4.3 1
Dt ash_ gte. 263 30 2.0 0.5

adagtad in pard from FRef. 6.
"Diganic contert is fiom coalivgs labwels, and ocher atached materdais,
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Ultimate Analysis

EXAMPLE 4-2 Estimation of the chemical composition of a sclid waste sam-
ple. Determing the chemical composition of the argznic fmction, without and with sulfur

and without and with water, of a resicential MSW with the tysical composition shown in
Table 3-4,

Chemical Composition of MSW
C, % H, % O, % N, % S, % ASh,
Moist by C, by H, by O, by N, by S, %by Ash,
Component, Wet ure Dry Dry weigh Comp weigh Comp weigh Comp weigh Comp weigh Comp weigh Comp
Basis 100 Ibs weigh Conte weigh weigh t, dry ositio t, dry ositio t, dry ositio t, dry ositio t, dry ositio t, dry ositio
total weight t,1Ibs nt, %, t,% t,1bs basis n,lbs basis n,lbs basis n,lbs basis n,lbs basis n,lbs basis n,lbs

[1] 21 381 1[4 [51 [el [71 I8 [91 [101 [11] [12] [13] [14] [15] [16] [17]
[2Ix[5] [51xI6] [51x[8] [5Ix[16
100-[3] /100 /100 /100 [51x[10]/100 [51x[12]/100 [5]x[14]/100 1/100

Organic

Food wastes 9.0 70.0 30.0 2.7 48.0 1.30 64 017 37.60 1.02 2.6 0.07 04 0.01 5.0 0.14

Paper Kz X) 6.0 94.0 320 435 13.90 6.0 1.92 44.00 14.06 0.3 0.10 0.2 0.06 6.0 1.92
Cardboard 6.0 5.0 95.0 5.7 44.0 251 59 034 44.60 254 0.3 0.02 0.2 0.01 5.0 0.29
Plastics 7.0 2.0 98.0 69 60.0 4.12 72 049 2280 1.56 0.0 0.00 0 0.00 100 0.69
Textiles 20 10.0 90.0 1.8 55.0 0.99 6.6 0.12 31.20 0.56 46 0.08 015 0.00 25 0.05
Rubber 0.5 2.0 98.0 05 78.0 038 10.0 0.05 0.00 0.00 20 0.01 0 0.00 100 0.05
Leather 0.5 10.0 90.0 0.5 60.0 0.27 80 0.04 11.60 0.05 10.0 0.05 04 0.00 100 0.05
Yard Wastes 185 60.0 40.0 74 47.8 3.54 6.0 0.44 38.00 281 34 0.25 0.3 0.02 45 0.33
Wood 20 20.0 80.0 1.6 495 0.79 6.0 0.10 42.70 0.68 0.2 0.00 0.1 0.00 1.5 0.02
Total 79.5 59.0 27.79 3.66 23.29 0.58 0.11 3.52
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With H,O, includes

moisture as
Component, weight (Ibs) Without H,O indicated below
Carbon 27.79 27.79
Hydrogen 3.66 5.95 )
Oxygen 23.29 41.55
Nitrogen 0.58 0.58
Sulfur 0.11 0.11
Ash 3.52 3.52
Total 59.0 79.5
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Nitrogen=1, Nitrogen=1,

Component, mole ratios Without H,O With H,O

Carbon
Hydrogen
Oxygen
Nitrogen
Sulfur

56.3 56.3
88.3 143.3

35.4 63.2
1.0 1.0
0.1 0.1

DrEVARBIMEBadriiZzzanie

Sulfur=1,
Without H,O
648.6
1016.9
408.0
11.5
1.0

Sulfur=1,
With H,O
648.6
1650.2
727.9
11.5
1.0
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Biological Properties of MSW

Excluding plastic, rubber, and leather components, the organic
fraction of most MSW can be classified as follows:

1.

Water-soluble constituents, such as sugars, starches,
amino acids, and various organic acids,

Hemicellulese, a condensation product of the five- and six-
carbon sugars,

Cellulese, a condensation product of the six-carboen sugar
glucose.

Fat, olls, and waxes, Which' are esters off alcehols and leng
chain fiatty acids,

Cignin; a pelymerc materal containing arematic rngs: With
metheXxyl groups (F-OCHS) [ PrESENE INFSEMIE PaRErS:
newsprnt and fikereoard];

Signecelltlose; a combination e ligninrand cellulese; and
PROLEINS, WhHICH are cOomposed Gl chalins o amine acids.

DAY B M Badiizzaman


nafsa
Highlight


Biodegradabllity of Organic WWaste Components

Volatile Solids (VS) content, determined by ignition
at 500°C, Is often used as a measure of the
pbiedegradability of the organic fraction of MSW. The
use of VS In describing the biodegradability of the
erganic fraction off MSW IS misleading, as seme of
these organic constituents are highly volatile but

low. IR Biedegradability: (é.g- newsprnt, seme plant
tHMMIRgGSs)-
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Biodegradability of MSW (contd...)

Alternatively, the lignin content of MSW can be
used to estimate the , using
the following:

BF = 0.83 — 0.028 LC
Where,
BE = biedegradanle fraction expressed on a
velatile selids! (VS) hasis
0.83 & 0.028' = empirical constants
L€ = lignin constant: off the

DAY B M Badiizzaman
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Data on the Biodegradable Fraction of
selected organic waste components based
on Lignin Content

Component

Food Wastes

Paper

Newsprint
Office Paper
Cardboard

Yard Wastes

Volatile Solids
(VS) % of Total
Solids

Lignin Content
(LC), % of VS

DAY B M Badiizzaman

Biodegradable
Fraction, BF




Energy Values of MISW

Computation from Approximate Chemical Composition
Using Modified Dulong Formula:

F I’
il 1 L. "ll.lz_' -E -t

kjper Kg=337C + 1446 !

carbon, %o

hydrogen, %6
nitrogen, %o
S

ulfur, %o
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TABLE 4-5 ] : .
Typica! valuas for Inerl residue and energy content of residential MSW

s | residue,? percent Energy” Biu/ls

Compenant Ronge Typlcal Rangé

Thigaric
Foud wastss '2 Gd 1 BU=3 000
Paper ;. 5000 =, 10D
Canrdbcard g0 BOI=r 500
Plaztics 100G 12 001 /000
Textiles 4.k BRI OO0
Mibber 0.0 BLIEI=12,000
Leataar 100 &, BO0H SO
Yard wasias 4.5 1.0C0=H, LD
Mood 1.6 7 R —EA00
Sise. crganics - -

borgane
Glags b=l H =00
Tin cans B5=89— 1uG=5C0
Slurniram S3-90- -
Otnas etal ad4-99-+ 110=500
Dirt ashes, atc EO-ai A N5 200G

VIrdpe suid wasies 4,000-G,000

 pdapied in past fram Fafs. & and &

& afier connakle Corrbastion.

Che s rded Dass

o Enargy tartert is Irm cozfings, plats, and etagkod matsrgle.

" The typisal enangy walie gein 0 iz 1ebie bs Trghes tnen goroepanding valLe Civen in e S S
of Jrie tet (see “mhie 4100 [1 1], Tle 1¢asan iz due lagely to 1) “he reducad MLt of rew foog wasts and
(2} 1p inCIeaEEd ETCEn iy i udken af pasis [T warsus ipamcanl T ragidentlial kS,

Nite: Etufh = 2 336 = KJ/KC
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Waste |
Generation

!

Waste handling,
separation, storage and
processing at source

l

|

Transfer &
Transport

Collection

l

Separation and
s processing and

\4
> Disposal ¢

Transformation of
solid waste
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Estimation of Waste Quantities
Ferrcaiieentiherie- A landfill without scales may estimate the

vehicular capacity and the number of vehicles of that capacity.
Wt s itiEl b= A landfill equipped with weighing ‘

scale records the weight-volume data to assess the waste quan?ie’

DR ALBL ML Badriizzame ’ /
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Example:

1. Compute the total weight

Item Number of | Avg. Vol Specific Wt. | Total Wt., Ib
loads yd? Ib/yd3 col.2x3x4
Compactor 10 16 500 80,000
truck
Pickup trucks 18 3 100 5,400
with leaves
loose and dry
Private cars 56 1 220 12,320
Broken 2 45 2595 233,550
Concrete
Total, 1b/day 331,2‘,

£,
D AL B ML Badruzzarﬂ’ ’l

ot



What's wrong with the answer?

The demolition load, broken concrete may not be representative;
calculate the number of houses without the concrete.

number of residence = (331,270-233,550) (Ib/day) x(capita.day/3.82 Ib) x

(residence/2.7cap)

IDERACEEIVIE BadruzzarW’l,’

number of residence = 9,475 vs. 32,118 with the broken concrete
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Quiflow
{combustion gases and
ashes)

Cutllow
Stored materials [materials)
(raw malerial, products,
solid waste) Outliow

{product)
Outflow \

Lsolid wasles,
solids in
weastowaler)

FIGURE 6-3
Belinflion sketch for materials balance analysis used to determine solid waste generation rates.

quantity of wastes generated, collected, and stored. The materials mass balance
i be formulated as follows:

L. General word staterment:

Rale of rate of generation
sccumubation of rate of Tow of rate of flow of of waste material
miterizl within the = material mto the —  material out of the + within the {6-1)
system boundary system boundary system boundary system boundary

3, Simplified word statement;
Accumulation = inflow — outflow + generation (6-2)
J. Symbolic representation (refer to Fig. 6-3):

o M
Tﬁ_ = E-'H":'l'_in - E-'H":'ll_i:lu! Tl (6-3)

C
@)
©
@)
-
Q.
Q.

<
Q
@
C

o
®

0

©

-
Q
)
®

>

where d M/dt = rate of change of the weight of material stored
{accumulated) within the study unit, Ih/d
= sum of all of the material flowing into study unit, 1b/d
sum of all of the material flowing out of study unit, 1b/d
rate of waste generation, 1b/d

= tipgs, 0\ B, V|, Badruzzarnar




of raw producs, 5 tons of cans, 0.5 tons of cartons, and 0.3 tens of miscellaneons materi-
sls. Of the 12 tons of raw produce, 10 tons become processed pradnct, 1.2 toms ened up as
produce weste, which is f2d to catile, and the remzinder 15 discharged with the wastewater
from the plant. Four tons of the cans are stered nternally for future use, and the remainder
is used to packape the procuct. Ahout 3 percent of the cans used arz damaged. Swred
separalely, the damzged cans are racycled. The cartons are used for packaging the canned
product, except for 5 percent that are damaged and subsequently separated for recycling.
Of the m:scellanzous materials, 25 percent s stored intemally for Tulue ose; 50 percent
becomzs wasie paper, of which 33 percent is sepumead fon tecycling with the remainder
being discharged as mixed waste: and 23 percent becomes a mixture of solid wast: mateni-
els. Asswne the soaterials separated for tecyeling and dispesal are collected daily. Prepare
¢ maerials balancz fon the cannery on this day and a meaterials How diagram accounting
for all of the materiais. Also detzrmine the amount of wasie per ton of product.

Solution
1. On the given day, the canncry reccives

12 tons of raw producc

5 tons of cans

0.5 tons of cartons

0.3 tons of miscellaneous matarials

2. Ag a result of internal activity,
{¢) 10 tons of product is produced, 1.2 ton: of produce waste is generated, and the
remairder of the produce is discharged with the wastcwarer
(/) 4 ons of cars are stosed and the remainder is used. of which 3 percent ere damaged
{r) 0.5 tons of cartons are used of which 3 percent are camagad

{4y 75 percent of the miseellanecus materisls & stored; 50 percent becomes paper
waste, of which 33 percent is separatzd and recycled | with the remainder disposed

of =3 mixed solid wasie; the remaining 23 percent of the miscellsneous materials
are disposed of os mixcd waste,

3. Determinc the required yuartities
(2} Wastes genzrated from raw produce
- Solid waste fed to cattle = 1.2 ton (1089 kz)

1. Waste produce d':s_,sj-ﬁr;g@dg@-im‘ﬁgﬁﬂ_@gamé}g -10-1.2)1on =
LR tom (726 g)




{iry Cans
.. Damaged and recyuked = (0.03)(5 —4) tor = 0,03 ton (27 kg)
fi. Used for production of predust = (1 - .03} ton = 0.97 ton ($80 kg)
I¢) Cartons
i, Damaged and recycled = (1L03)(0.5 ton) = 0,015 won (14 l-'.;;}
i. Cartons used in product = (0.5 — 0.013) ton =~ 0.485 ton (420 kg)
i) Migcellaneous material
i, Amount stored = (0.251(0.3 wa) = 0075 ron (68 kg)
i1, Paper separatzd and : d = L S0¥0.3550.3 ton) = 0.053 on (48 k)
i, Mixed wast2 = (03 = 0075 - 0053 wo = 072 wn 056 b
(#) Towl weight of orodnct = (A0 + 0.97 + 0.485) ton = 11.455 ton (10,392 kg)
(f) Total matcrial stored = (4 + 0.075) ton ~— 4.075 ion (3596 kg)
4, Pepare & mateals belance and fow dingram for e canmery fou the day in quesiion
{¢) The appropriatz materials balance eguation is

Amount of material stored = inflow - outfiow - waste generation

(6) The materals balance quantities are as follows:
i. Material stored = (4.0 + 0.075) ton = 4,075 ton
i, Material inpur = (120 + 504+ 0.5 +03)ton = 178 ton
. Material output = (100 +0.97 +- 0.485+ 1.2 4+ 0.03 4+ £.015 -~ D.053) won =
12753 ton
iv. Waste generalion = (0.3 +0.172)ton = 0.972 ton
v. The final matzrials balance is

L0075 = 1T K= 12733 — (08972 (mass halance chacks)

{c) Materials balance flow diagram ie given below

12 : raw procuce -t 71,455 1 produd
Et cans - % twazte fed o catile
£1canons aiored 0.03 1 cans “etycled
01 t miscobancoug Intamally 0.015 1 cartons recycled

0,053 ¢t paper recveled

C.8 twoate 472t
produca Mmixed
discharga waszta
witl
waztawater



nafsa
Highlight

nafsa
Highlight

nafsa
Highlight


Estimation of Generation Rate

Example 6-3 Statistical analysis of solid waste coliection data. Petermine the sta-
listical charactaristics of the weekly waste pmduction data obtaired from zn ndustrial
account Tor a calendar quarier of operation.

Weelk Whste, Week Wasto,
no. ydhwh no. yaiwik

29 E ar
30 9 38
35 10 35
34 11 33
22 12 32
41 13 31
4J

TR e o mh s =

Solution

I. Determine zraphically whether the waste production data are distribucted normally o
arc skewed (log normal) using probability paper.

DAY B M Badiizzaman
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(@) Set up a data analysis table with three columns as described below.
i. In column 1, enter the rank serial number starting with number 1
i, In eolumm . arrange the wasie production data in ascending order
iii. In column 3, enter the probability plotting position (see Appendix D)

Rank Plotting
serial Waste, position,®
no., m yd3/wk %

29 74
30 14.3
31 21.4
32 28.6
33 357
34 42.9
35 50.0
35 571
37 64.3
38 71.4
38 78.6
40 85.7
41 92.9

OCoO~NOO s WN =

2Plotting position = [m/(n + 1)]100,n = 13

(b) Plot the weekly quantity of waste, expressed in yd3/wk, versus the plotting position
(determined above) on both arithmetic and logarithmic probability graph paper.
The resulting plots are presented below. Because the data fall on a straight line
in both plots, the waste production data can be described adequately by either
type of distribution. The fact that the data can be described adequately with both
distributions is often the case with waste production data.

100

W B
8 & 3

Waste generation rate, yd3/wk

n
o

[

NWOOO Q OO0 W O 5 - T woog (=g =]
-~ 0O B KOO O & ;D < 28 B REEE &

.01

Percent of values Percent of values
equal to or less than indicated value equal to or less than indicated value

2. Determine the statistical characteristics of the waste collection data.

() Set up a data analykkrtalfle tBoblMln (Bkeralavidzzree@ fito determine the statis-
tical characteristics (refer to Appendix D for equations and definitions).




X = 453/13 = 34.8

(p) Determine the statistical characteristics
i. Mean

I x

n

453

13

X

= 34.8 yd3/wk

Median (the middle value)

Median = 35 yd?®/wk (sece data table above)
Mode

Mode = 3 Med — 2x = 3(35) — 2(34.8) = 35.4

Standard deviation
[Z(x — x)?
S == e e e e
n

173.2
s 3 = 3.65

Coefficient of variation
100s

X
100(3.65)
34.8 -

CV =

CV = 10.5

Coefficient of skewness

2(x — Mod)

. Ay

ooy = 2(34.8 —35.4)
Dr. A%B, M BackrazZarran

X3 =

—0.33




_ 4385.0/13
(3 h3 )2

T4 =19

Comment. The term {» + 1) 18 used to obiain the plotting positions in Step 1, as
cpposed 1o just #, to account for the fact that there may e an cheervation tha: is either
lirger or smaller thar the largest or smallest m the data set. Reviewing the statistical
chapscteristics it czn be geen that the dismribution iz scewed (- = —0.33 wversus 0 for
a rarmal disttbotion] and i3 considerably Hater than a normal distribotion woonld be
(g = 1 9 versus 3.0 for a nomms| distnbuation).

TABLE §-2
Estimated total per capita solid waste quantities generaled

in the United States and selected states for the year 1990%

Waste generation rate, ib/capita - yr

United States California Flarida

Waste Range Typical Range Typical Range Typicsal

WSWE 1453-3C00 222: 18502500 2500 135 0—24 0+ 2200
Industriz] wasts 502-1750 75C TS0-1500 1000 230-750 £00
Agncuntural was'e 2SI—-3000 —¥ 15000040 J000 S00-1500 *CO0

Total 29007 7ol 37005000 GS00 20304550 3500

" Dreveloped o prart rorr Relz i=4, 3, 8, 10,

P delailedd 2vealrais of T wasle calegories Dral compose MESW e presented in Taolz 633,
"Musl be estimated separately for each lecation.

MWata: Ib/eapila - wr = 24808 — kedcapila -Ft




Factors affecting Solid \Waste generation rates

= Source reduction

= Extent of recycling

= Public attitudes

= [lecal legislation

= Geographic lecation

= Seasen of the year

= Use of kitchen grinder
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Persons responsible for and auxiliary equipment used in the handling
and separation of solid waste at the source

Source

Persons responsible

Auxiliary equipment and facilities

Residential
Low-rise

Medium-rise

High-rise

Commercial

Industrial

Open areas

Treatment
plant sites

Agricultural

Residents, tenants

Tenants, building maintenance
crews, janitorial services, unit
managers

Tenants, building maintenance
crews, janitorial services

Employees, janitorial services

Employees, janitorial services

Owners, park officers, municipal
employees

Plant operators

Owners, workers

Household compactors, large-wheeled
containers, small-wheeled handcarts

Gravity chutes, service elevators, col-
lection carts, pneumatic conveyors

Gravity chutes, service elevators, col-
lection carts, pneumatic conveyors

Wheeled or castered collection carts,
container trains, burlap drop cloths,
service elevators, conveyors, pneu-
matic conveyors

Wheeled or castered collection carts,
container trains, service elevators,
conveyors

Vandalproof containers

Various conveyors and other manually
operated equipment and facilities

Varies with the individual commodity

DAY B M Badiizzaman




In High-rise apartments most common approaches for handling solid
wastes are:

1. Wastes are picked up by building maintenance personnel
2. Wastes are taken to the basement by tenants
3. Wastes, usually bagged, are placed by tenants in specially designed vertical chutes

Sprinkler

FIGURE 7-4

Typical chute openings for the discharge of waste materials in high-rise apartment buildings:
(g) isometric view of waste chute opening on individual floor {courtesy of Cutler Manufacturing
Corp.) and (&) outdoor type used in some older high-rise apartment buildings.
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Weight
- === Volume

Weight, Ib
Volume, ft3

AT
8 9 10

Weight
- = \olume

Weight, |b

Volume, ft2

(b)
FIGURE 7-5
Typical waste discharge rates in apartments with waste chutes: (a) hourly and (b) daily.
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Vertical gravity
trash chute with
multiple charging Process or transfer
stations equipment (incinerator,
compactor, grinder, etc.)
Charging Solid waste
station collection hopper

Lowri ruct attenuator
w-rise structure / Air filter

Manifold
valves

Equipment room or
Material transport pipe service building
(buried, located in base-
ment, in tunnel or be-
tween floors)

Air inlet
‘control valve

Typical underground pneumatic waste transport system for high-rise apartment buildings.




ON-SITE HANDLING:

- Activities associated with the handling of
SW until they are placed in the containers
used for storage before collection

ON-SITE STORAGE:

Factors considered:
1. Types of containers used
. Container Locations
. Public health
. Aesthetics
. Methods of Collection

DAY B M Badiizzaman
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Factors considered:

1) Types of Containers:

- Depend on:
- characteristics of SW collected

- E.g. Large storage containers (Domestic SW:
flats/apartment)

— Containers at curbs
— Large containers on a roller (Commercial/Industrial)
Collection frequency

Space available for the placement of containers( Refer
to Table 11-4)

Residential; refuse bags (7 -10 litres)
Rubbish bins - 20 -30 litres

Large mechanical containers - more commonly used to
cut costs'(reduce-labor; time , & ¢ollection costs)

must be standardized to suit collection equipment

DAY B M Badiizzaman
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i) Container Locations:

- side/rear of house
- alleys
- special enclosures (apartment/condos)

- Basement (apts. in foreign countries)/ newer
complexes

iii) Public Health:

- relates to on-time collection to avoid the
spread of diseases by vectors, etc.

iv) Aesthetics:

- must be pleasing to the eye (containers
must be clean, shielded from public’s view).

DAY B M Badiizzaman
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Factors to be considered in case of On-site
Storage

¢ Effect of storage on the waste components
— Biological decomposition
— Absorptlon of fluids

¢ [ype of containers to be used
¢ Container location

iealth and

|

¢ PUIIC I3

DrEVARBIMEBadriiZzzanie
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TABLE 7-4
Data on the types and sizes of containers used for onsite storage of solid wastes

Capacity

~

Dimensions?

Type

Range

Typical

Typical

Small
Container, plastic or galvanized metal
Barrel, plastic, aluminum, or fiber
Disposable paper bags
Standard
Leak-resistant
Leakproof
Disposable plastic bag

I

Medium
Container

Large
Container
Open top, roll off (also called yd®
debris boxes)
Used with stationary compactor yd3
Equipped with self-contained yd?
compaction mechanism
Container, trailer-mounted
Open top yd?
Enclosed, equipped with self- yd?
contained compaction mechanism

2040
20-65

30
30

30
30
30

20D x 26H (30 gal)
20D x 26H (30 gal)

15W x 12d x 43H (30 gal)
as above
as above
18W x 15d x 40H (30 gal)
30W x 40H (30 gal)

72W x 42d x 65H (4 yd®)

8W x 6H x 20L (35 yd®)
8W x 6H x 18L (30 yd®)
8W X 8H x 22L (30 yd®)

8W x 12H x 20L (35 yd®)
8W x 12H x 24L (35 yd?)

2D = diameter, H = height, L = length, W = width, d = depth.
bSize varies with waste characteristics and local site conditions.
Note: gal x 0.003785 = m?®

in x 254 = cm

yd® x 0.7646 = m?

ft x 0.3048 = m

DAY B M Badiizzaman
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FIGURE 7-8

Typical containers used for the storage
of commingled wastes. Containers are
designed for curbside collection with
mechanized collection vehicles.

FIGURE 7-9
Typical containers used for the storage of commingled wastes and recyclable materials at apartme

buildings.
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FIGURE 7-10
Typical container-storage locations for containers used at commercial facilities.
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Processing of Solid Waste at Site

¢ Reduce the volume
¢ Recover usable materials

¢ Alter the physical form of the waste
— Feed waste grinding
— Component separation
— Compaction
— lncineration
— Composting
— "lawnRrmulching

DAY B M Badiizzaman
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Collection of Unseparated (Comingled) \Waste

¢ Low-rise detached buildings:
— Curbside
— Alley
— Setout-setback
— Sethack
¢ Low and Medium-rise Apartments:
— Curbside
¢ High-rise Apartments
— |large contalners

IR Cities) ol Bangladesh; deor: tor deer collection: anad
large’ coRtalners are Used.

DAY B M Badiizzaman
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Solid Waste Collection Systems

¢ Hauled Container System (HCS)
- Hoist Truck System

- Tilt-frame System

- Jrash Trailer System

DAY B M Badiizzaman
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Stationary Container System (SCS)

¢ Mechanically loaded collection vehicles
¢ Manually loaded collection vehicles

CITY OF BOZEMAN

CURBSIDE RECYCLING

1582-2332 &




Haul loaded container

Haul empty container to
original pickup location

Transfer station, MRF or
disposal site (contents of
container are emptied)

DrEEATBENEBaditizzame
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Exchange Mode Hauled Container System
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2 ® T 2T

Collection Route

dispatch station — beginning of daily
route(s), t;

Drive loaded collection vehicle
to location where contents of
vehicle will be emptied

of next collection route or return to dispatch
station — end of route

Transfer station, MRF or
disposalsite

DrEEAR BN Badiuzzam:
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Definition of Terms

The time spent picking up the loaded container, time required to
redeposit the container after its contents have been emptied, and
the time spent diving to the next container.

he time spent for ling the vehicle, _)e,J ARING Wit
StoppIng of th e vehicle ,)rbr to loading the contents) of the first
container: and: e Jm g WhEen the contents of th
pe emptied have been loaded:

€ |last container: to

DrEEATBENEBaditizzame
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Time required o reach the disposal site, starting after a container
whose contents are to be emptied has been loaded on the truck, plus the time
after leaving the disposal site until the truck arrives at the location where the
empty container has to be re-deposited. Time spent at the disposal site is not
included.

to reach the disposal site, starting after the last container
on the route has been emptied or the collection vehicle has been filled, plus the
time after leaving the disposal site until the truck arrives at the location of the
first container to be emptied on the next collection route. Time spent at the
disposal site is not included.

Time spent at the disposal site, including time spent waiting to unload as well
as time spent unloading.

All time spent on activities that are nonproductive from the view of the overall
collection process. Necessary off-route time includes (1) time spent checking in
and out in the morning and at the end of the day, (2) time lost due to
unavoidable congestion and (3) time spent on equipment repair and
maintenance. Unnecessary off route time includes time spent for lunch in
excess of the stated lunch period and time spent on taking unauthorized

aks, talking to friends, etc.
' DAY B M Badiizzaman
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¢ For HCS:

Thes = Phes + S + @ + bX
Pies — PC + UC + dbe

pc = time required to pick up loaded container, h/trip
time required to unload container, h/trip

=
©
|

locations; h/trp:
laul time; h/thpr= a + X
empirical nrul=r1rne constant; h/tHp
= empircalhatl=timer constant, h/mi

aVerage round=trprhaul distance; mi/thp

DrEEATBENEBaditizzame


nafsa
Highlight

nafsa
Highlight


Number of Trips per vehicle per day for HCS:
|\Id — [(1 _W)H i (tl T tz)] / (Phcs H S a bX)

Ny = number of trips per day, trips/day

H = length of work day, h/day

W = off-route factor, expressed as fraction

t; = time to drive from dispatch station (garage) to
15t container location to be serviced for the
day,

&5 = time tordive o last contaiRer: to ve SErVICEd
O the day, te’ the dispateh station (garage); i

e = PICKUP tIME PEer the; h/tH|3
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214  COLLECTION OF SOLID WASTE

o Maximum allowable

speed limit, mith

o
o

Haul-speed constants
Speedlimit _a e
mi/h h/trip h/mi
55 0.016 0.018
45 0.022 0.022
35 0.034 0.029
25 0.050 0.040
5 0.060 0.067

w
o

Haul speed (y), mi/h

I
10

Round-trip haul distance (x), mi/trip

FIGURE 8-16
Correlation between average haul speed and round-trip haul distance for waste collection vehi-
cles [6).

For places where a number of pickup locations are located in a given service
area, the average round-trip haul distance from the center of gravity of the service
area to the disposal site can be used in Eq. (8-2). Determination of the haul-time
constants is illustrated in Example 8-2, presented at the end of this discussion.

Substituting in Eq. (8-1) the expression for 4 given in Eq. (8-2), the time
per trip can be expressed as follows:

A Thes = (Pocs + 5 + @ + bx) (8-3)
The pickup time per trip, Py, for the hauled container system is equal to
Pycs = pc + uc + dbe (8-4)

where Py = pickup time per trip, h/trip
pc = time required to pick up loaded container, h/trip
uc = time required to unload empty container, h/trip
dbc = time required to drive between container locations, h/trip

If the average time required to drive between containers is unknown, the time can
be estimated by using Eq. (8-2). The distance between containers is substituted
for the round-trip haul distance and the haul-time constants for 15 mi/h (see Fig.
8-16) should be used.

The number CF ﬂp,\ mj cv] .i—?ﬁf‘.ln;"

container system, tarq 1g ‘into atcouht the off-foute

le D "a with a hauled
rer} i - 5
r W, can be determined




Ezamole 5-1 Analyals of B Haulsd contalner BysieEm .'-.-4.--.'| wigse [ -.|1 T:ll I:.;
dusirsal park 16 o0 be geillected i large sshiEmery {drmp I:m:_-..;._ 1-::|r u-:] '.I.I;|I|I|.IIL r.,..,p;-._
i ~irrie. Happh e rEife sflices S TTLLERL %
ped in conjumcton wiih slNlcEary o o & smdies ;
IJI. s exmated chat e average fime o drive from e prrmge 10 - I'r'lﬂll""ﬂi:l FJII"'JT:
fis ;-ul from Yhe |nsl SoMEIRET lecaliom [1y] b e jpRSEEC gnch doy will be 1. uula |
|| .: 5P '|:.|:-I- [f the average time regaired 10 drve betwesn cohiminers is & min o
fiin. = | 1 ! e e R el
T inpeeed Hifst 33 m i
see-way disaace 0 dhe disgusal e 133 mm iy ' :
E:q:-_'l:r ﬂdl- |I':I.-Ilrlll=l" thai CAf I_'I-;l emphed por iy, haigd o wm B-h wOTREERY Sagume the
ffpouip Factor W, 15 egeal 1o 013

Eolutho
| Bletermans the plekup lime pEr DD EASTE |.'.-..| -4

Fl. n B -~ |1h|.-
0.4 hinip {see Table B-2)
dbe = 0.1 htrap (gEven)
B o= k4 =00 Aeg
fid 4 1) amp
_J 1 ] :II.II!-
wing Bg- (B-1)
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1. Determene e numbses of
N

Use N

W oLr - 1. 514
'III 'l-l--j--':lll'll

B b (given)

= 1. 15 { assurned

-
-

Use Ny =

.45 b igiven)
033 h {given)
I.2]1 h'tmsp
[8{1 = 0.15)
(6.8 = 0.38)/(1.2]1 hitrip)
5.14 inpaid

3.0 tripad

ML2F + 03011

tripa thet cen be made per day usisg E:

al BvTrpl

4. Deermine the sctual length of the workday

5 mped = [H{l = D.15) = 0.38]/(1. 21 hithp)

if = 7.8 h (esseniially B &)

Commant. ‘Where frctions| equipment snd labor regquirements are obsoined, o
mse Of lwpe commmers snd reduced collection freguency sbhould be investigaeed. If it b
sssumed that no off-route sctivibes occur dunng times ¢ and ry, then theoreteadly 5,20
uip-a.'d- could be made. Agmn, only 3 inpsid woukd b mads 0 an actual opembon. B
kowever, the mumber of Hps per day that eould be made wene 3.8, for example, i g
b cost-e{lective o pay the driver for the oventime and make & ripsid
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Mechanically Loaded Collection System:

Toes = Poes + S+ @ + bx

SCS SCS

Pes = Ciuc + (n, — 1) (dbc) &

C. = # of containers emptied per. trip, container/trip
uc = av. unleading time per container for SCS, h/ container

N, = # Of container D locations PEr: tre

average time spent drving between: container:
locations;

he number of contalners that can e emptied per collection

thHpISs related torveltlime oif the  collection venicle and the
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Manually Loaded Vehicles:
=

Once the pickup time per trip Is known, the number
of pickup locations from which wastes can be
collected per trip can be estimated as follows;

N, =60 P.,.n/t,

N, = number of pickup locations: per trip, #/trp

Pece = PICKUP time! per trip, h/trp

N = RUumber of collectors

by = pPIckUp EmeErperpickupiocation, collectorn-
min/iecation

DAY B M Badiiizzamean
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t, = dbc + k; C, + k, (PRH)

k; = constant related to pickup time per container, min/cont

C, = av. number of containers at each pickup location

K5 = constant related to time required to collect waste from
backyard of a residence min/PRH

PRH = rear-of-house pickup lecations, %

Labor requirements for manual curbside
collection using a one-person crew

Average number of Pick-up time,
containers and/or boxes Collector.min/location

per pickup location
lor2 0.50 — 0.60
3 or more or unlimited service 0.92

DEFASBIVS B adiZZanme




Once the number of pick-up locations per trip IS
Known, the proper size of collection vehicle can
then be estimated as follows;

V=V INS/T
Where,

v. = volume of collection vehicle, yad=/trip

Vi, = volume of solid wastes collected per
pick=uUplecation, yd=/lecation

NP = Rumber of pick-up’ locations per thp
|OCatIONS/ P

= compaction ratie
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Guidelines for Laying out Collection Routes

¢ EXxisting policies and regulations related to such
ltems as the point of collection and freguency of
collection must be identified.

& EXIsting system characteristics such as crew size
and vehicle type must be identified.

¢ \Whenever possible, routes should be laid eut se
that they begin and end near arterial streets,
USing tepegraphicalland physicall Darriers as toute
pPeURNdares.

¢ I hilly areas; route shoeuld start at the tep) of the
grade andienaand preceead downnhilliras venicle
gets loaced.
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Guidelines for Laying out Collection Routes
(Contd..)

Route should be laid out so that the last
container to be collected on the route Is located
nearest to the disposal site.

\Wastes generated at traffic congested locations
should be collected as early In the day as
possible.

Soeurces at which extremely large guantities of
\Wastes are generated should e serviced during
the first part of the day.

Scattered pickup’ peints: (Where small guantities
Of Selid Wastes) are generated); that receiverthe
same collection; freqguency, sheuld; I pPessIkie; e
SEerviced durng GRe thp 01 BN the same aay.
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Waste
Generation

!

—
Waste handling,

separation, storage and
processing at source

l

' Transfer &
Transport

Collection

> Disposal ¢
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\Waste Separation

& ype of wastes:
— Source separated
— Comingled

¢ \Way of separation of Wastes:

— Manual (Prmarily, Used for separation at
sEUKGe)

—Manualrand - Mechanical (At separating
facilities: MateralrRecoVvery Facility,
MREand MR/ZIranRsier Facility; i)
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Type of MRFEsS

¢ MRFs for Source-Separated \Wastes:

— Paper & cardboard from mixed paper & cardboard;
aluminum from aluminum & tin cans; plastics by class
from comingled plastics; glass by color; aluminum cans,
tin cans, plastics from mixture of these materials.

¢ MRES for Comingled \Wastes:
— All'types of comingled materals

— Sephistication depends: on the nUmber & types: of
COMPORERLS tO) e separateds; the waste dIVErsion geals
established for the waste FECOVERY progkamy; the
SPECcIiications; torWhIChI the separated Product must

conform.
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Units of Operations Used for Separation and
Processing at MRFEs

¢ Size Reduction:

— The unit operation In which as collected waste materials

are mechanically reduced In size (by Shredders, Glass
Crushers, Wood Grinders, etc.)

|n|:rf'ﬂ{'F'-f..ﬂ.Fﬂ resicantial
sobd wasie

Llnpn..rf-ﬂed sommarcial
solid wasis
Salid waste \.\ “‘* \
.-;ﬂnr shreadding *, \

"'q.
"& "‘n
S
g

o
]
)
g
T_.E
E
=
@
i
El'l
E.
c
e,
==
0
=
o
2
|4
a
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¢ Size Reduction Is done by shredding, grinding,
and milling.
Examples of Shredding equipment are:

Infead conveyor

- Ineed conveyor

" A Adiustable
_'E f__" jj“(hmlﬂlarbdr

.r'f-

% e Grate with E: . & '__}:-J-—'— Shaft
opanings \N ' 1! !f Cuiter feeth

", -
Discharge conveyor [Mscharge conveyar

=4

Harmmers of flails

~Hator
,ﬂg\___,.- \.ﬁ ~End plme

g

"' "fr'l:'.'ll.achargn COnvEyor

In{oud COMVEyor An il platg  (Bnciosed)
[enclosed)

(b}
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94 UNIT OPERATIONS USED FOR THE SEPARATION AND PROCESSING OF WASTE MATERIALS 263

Suspended
stationary magnet
Centinuous
belt

a® . .

Ferrous
e
/

A .
Troughed Solid
conveyor wastes
from shredder

Stationary

electromagnet

) located inside
Solid wastes revolving ”

frnmxshredde.r nonmagnetic

-
Conveyor Ferrous # /] 5o
belt . l
matenal oo

O
Monterrous

material
1]

FIGURE 9-11
Typical magnet separators: {a) schematic overhead magnet and (b) view of commercial overhead

magnet. The unit shown is equipped with an armored stainless steel self-cleaning belt for severe
duty applications such as solid waste. (Courtesy of Ding:s Co., Magnetic Group), and (¢) pulley

magnet.

Dr. A. B. M. Badruzzarrian
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Commingled
plastic and glass

Collection vehicle

Commingled

Receiving hopper aluminum and tin cans

Mixed paper

Collection vehicle Conveyar Collection vehicle

Plastics
- Manual sorting - :Zgg;:il:;
e to type
Conveyor e

Receivin

Front-end loader used
10 spread waste for
presorting

Bulky items - Tin &
) Manual sofing  —= Cardboard Overhead magnetic t:ale:::sr.
Frant-end loader, Contaminants siorege isee Fig. 8-113) crushed
floor, inclined,
and picking Conveyor Onveyor
GI}I'I\-‘EI'!'OI’

Clear glass,
Manual sorting —= crushed for

Manual sorting e Cardboard Vibrating screen Hesidual Pulley magnet o

: materials _— baled or
(see Fig. 9-8a) to landfill (see Fig. 9-119) crushed

Conveyor leadin ;
|gbale: g Paper Mixed glass conveyor Aluminum cans

ling Baler or

Glass crusher can crusher

Forklitt or
Forklift preumatic
conveyor
Storage of bales Storage of baled

Glass crusher or crushed cans

Forklift

Forklift Forkift Forklitt

Shipping Shipping Shipping

(a) ib) ic)

FIGURE 9-21
Flow diagrams for the separation of source-separated waste: (a) mixed paper, (b) commingled plastics and glass, and (¢} aluminum and tin cans.

DAY B M Badiizzaman



nafsa
Highlight

nafsa
Highlight

nafsa
Highlight

nafsa
Highlight


Steam turbine (8

20N

Generator

Steam
Combustion
chamber, Boiler Dry
@ scrubber

N

Charging
chute Ammonia @
injection

Baghouse

[ NN 1]

Furnace @

Weigh scales @

Waste
storage

it Induced
P drat

fan

FIGURE 9-31
Section through a typical continuous-feed mass-fired municipal combustor used for the production of energy from MSW. (Courtesy of County
Sanitation Districts of Los Angeles County.)

DAY B M Badiizzaman




"

Waste boiler

Waste feed hopper

Electrostatic
precipitator
or fabric filter

Induced draft fan

oo'ing tower

FIGURE 9-32
Section through water-wall mass-fired combustor used for the production of energy from MSW. (Courtesy of Wheelabrator Environmental
Systems, Inc.)
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Enciosed bins and

feeders to prevent

dust and odors Dry scrubber system

(a lime solution is injected
into the exhaust stream
10 neutralize acid gases)

Enclosed RDF feed conveyors (Economizer combustion gases
operated under negative are used to preheat boiler water
pressure to capture and in the economizer to increase
contain odors T, boiler efficiency)
' / Stack
Gas scrubber,
Fabric filters used to trap

and remove particulate matter
and other pollutants ‘\

RDF metering and \\

feed system ~—_

Particulate collectors

RDF fuel
distributor

Blower /

Traveling gr: ker Combustion air i 4
aveling grate stol ombustion air is Ash collector

contains zoned control of preheated to increase
underfire air for proper air thermal efficiency
distribution and improved of steam generator
combustion of RDF

Ash conveyor(s)

FIGURE 9-34
View of industrial water-wall boiler combustion system used for the production of energy from processed solid wastes, natural gas, oil, and

coal. (Courtesy of ABB Resource Recovery Systems.)
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102 TYPES OF TRANSFER STATIONS 329

‘Waste discharged

directly into an

open-top trailer,

inta compaction

facilities, or onto
a moving conveyor /

for transport 10 Platform scales
processing facilities {optional)

or campaction

tacilities

Waste from storage pit
pushed into open-top
transport trailers or into
‘compaction facifities or
into & moving conveyor
tor transport to
processing facilities
or compaction
facilities

Waste discharged
from coflection
vehicles directly
into storage pit

—7— Platform scales
(optional)

(b)

Waste discharged onto unloading platiorm. After
recyclable materials have been removed, the remaining waste
is loaded into transport trailers with front-end loaders.

Waste discharged directly
into trailer or into
compaction facilities

FIGURE 10-1
Platform scales Definition sketch for the types
(optional) of transfer stations: (a) direct-
load, (b) storage-load, and
(c) combined direct-load and
(c) discharge-load.

that are transported to the disposal site (see Fig. 10-1a). In some cases, the
wastes may be emptied onto an unloading platform and then pushed into the
transfer vehicles, after recyclable materials have been removed. The volume of
waste that can be stored temporarily on the unloading platform is often defined
as the surge capacity or the emergency storage capacity of the station.
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|} Detgrmine the tme required per week, T.. as 2 fuscoon of the round-trip haud
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o &l legef value
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326  TRANSFER AND TRANSPORT

es (typically more ﬂlm 10 ml) (3) the use of sma.ll capacny collec-
2 under 20 yd*), (4) the existence of low-density residential

em with relatively small con-

sources, and (6) the use of

ommon practice to empty the contents of the loaded cart
¢ehicle for transport to some intermediate point for proce:

and direct hauling was adopted. Today, with rising labor, operating, and fuel costs
and the abs > of solid waste disposal sites the trend is reversing. and
transfer stations are again becoming common. For e mple wastes from the city
of Portland, OR, are hauled to a

the decision to use a transfer operation is based on economics.
For example. in Examples 8-2 and 8-5 the time and economic advantages of the
stationary container system over the hauled container system were demonstrated
clearly. Simply stated, it is cheaper to haul a large volume of wastes in large
increments over a long distance than it is to haul a large volume of wastes in
small increments over a long distance. The economic advan
operation is illustrated in Example 10-1.

Example 10-1 Economic comparison of transport alternatives. Determine, based
perating costs, the break-even points for a hauled and a stationary conta

as compared with a system using transfer and transport operations for transporting W'l\lu

collected from a metropolitan area to a landfill disposal site. Assume that the following

cost data are applicable:

. Operating costs
(@) Haul container system using a hoist truck with an 8-yd* container = §$
tem using a 20-yd® compactor = §
ort unit with a ¢ ty of 105
() Transfer station operation cost = $2.7.

Solution
1. Convert the haul cost data to units of dollars per cubic yard per minute (see comment
at end of th
(a) Hoist trucl
(h) Comp
(e Transfer station transport equipment = $0.0063
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1041 THE NEED FOR TRANSFER OPERATIONS 327

2. Prepare a plot of the cost per cubic yard versus the round-trip driving time expressed
in minutes for the three alternatives. The required plot is presented below.

{a) 103 min

(b} 64 min

Transter station operation

50 80
Round-trip driving time to dispasal site, min

(a) Break-even time for stationary container system
{b) Break-even time for hauled container system
(c) Transter station operating cost

. Determine the break-even times for the hauled and stationary container systems
the plot prepared in Step 2.
(a) Hauled container system = 64 min
(b) Stationary container system = 103 min
Thus, for example, if a stationary container system is used and the round-trip driving
time to the disposal site is more than 103 min, the use of a transfer station should be
investigated.

Comment. In most cases, articles, and reference books dealing with the long-distance
hauling of solid wastes, cost data are expressed in terms of dollars per ton per minute or
dollars per ton per mile. practice is widely accepted for transfer station analysis
because weight is the most critical measure for efficient highway or rail movement. Such
cost data can be misleading, however, when the densities of solid wastes vary significantly
from location to location or container to container. For example, if the density of the
wastes in two hoist-truck containers varies by a factor of three, then comparing the costs
of hauling two containers of the same size on a per-ton basis would tend to be misleading
because the actual cost is the same for both. On the other hand, a comparison based on
dollars per cubic yard per minute or dollars per minute would be valuable in comparing
the two operations.

Remote Processing Facilities
or Disposal Sites

Transfer operations must be used when the processing facilities or disposal sites
are in such a remote location that conventional highway transportation alone is not
‘wasle. For example, transfer stations are required when rail cars or ocean-going
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102 TYPES OF TRANSFER STaTIoNs 335

Collection

Truck with
container in
Haul  loaded position
vehicle

‘Compactor
Large-capacity transfer container

FIGURE 10-8
Small-capacity direct-load a transfer station equipped with a stationary compactor. (Adapted from
Schindler Waggon AG, Prattein.)

A small-capacity direct-load transfer station with compaction facilities is
shown in Fig. 10-8. As shown, a large container is used with this type of transfer
station as opposed to a transfer trailer. The container is hauled to the disposal
site using a tilt-frame vehicle (see Fig. 8-10). Depending on the length of time
required to haul the loaded container to the disposal site and to return, an empty
container may be attached to the compactor before the full container is hauled to
the disposal site.

Small-Capacity Direct-Load Transfer Stations Used in Rural Areas. Used
in rural and recreational areas, small-capacity direct-load transfer stations like
those shown in Figs. 10-9 and 10-10 are designed so that the loaded containers are
emptied into a collection vehicle for transport to the disposal site. In the design and
layout of such stations, which are usually unattended, the key consideration should
be simplicity. Complex mechanical systems are not suitable in such locations.
The number of containers used depends on the area served and the collection
frequency that can be provided. To facilitate unloading, the tops of the containers
may be set about 3 ft above the top of the unloading-area platform (see Fig. | .
Alternatively, the tops of the containers may be set level with the unloading area
(see Fig. 10-10), and the area behind the containers can be excavated to provide
space for maneuvering the collection vehicles when the contents of the containers
are empti

Small-Capacity Direct-Load Transfer Station Used at Landfill Disposal
Site. The transfer station shown in Fig. 10-11 is of the type used at landfill
disposal sites for individuals and small-quantity haulers. The transfer facilities are
also used for the recovery of recyclable materials. After any recyclable items are
dropped off, waste materials are emptied into two large transfer trailers each of
which is hauled to the disposal site, emptied, and returned to the transfer station.
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340  TRANSFER AND TRANSPORT

Ferrous
scrap

Unloading
area Scale

Separator Shredder
Legend

Solid waste direct to compactor
Solid waste to shredding and separation
‘Shredded solid waste
7 Ferrous metals
Transfer traile Solid waste
Solid waste to compactor
FIGURE 10-14

Storage-load transfer station with processing and compaction facilities. (Courtesy of Municipality
of Metropolitan Toronto, Department of Public Works.)

Combined Direct-Load and Discharge-Load
Transfer Station

In some transfer stations, both direct-load and discharge-load methods are used
(see Fig. 10-1c). Usually these are multipurpose facilities that service a broader
range of users than a single-purpose facility. A multipurpose transfer station can
also house a materials recovery operation. The layout of a multipurpose transfer
station, designed for use by the general public and by various waste collection
agencies, is shown in Fig. 10-15.

The operation may be described as follows. All waste haulers (general public
as well as commercial haulers) wishing to use the transfer station must check in
at the scale house. Large commercial collection vehicles are weighed, and a
commercial customer ticket is stamped and given to the vehicle driver. The driver
then proceeds to the unloading platform and empties the contents of the collection
vehicle directly into the transport trailer. After unloading the collection vehicle,
the driver returns the vehicle to the scale house for reweighing and turns in her or
his customer ticket. The weight of the empty vehicle is recorded while a discharge
fee is calculated.

Individual residents as well as small independent noncommercial haulers
haul significant quantities of yard wastes, tree trimmings, and bulky wastes
(stoves. lawn mowers, refrigerators, etc.) to the transfer station. All automobiles
pulling trailers and pickup trucks containing wastes must be checked in at the
scale house. These vehicles are not weighed, but users do pay a discharge fee
that is collected at the scale house by the attendant, who gives the user a cash re-
ceipt. The scale attendant visually checks the waste load to determine if it contains
any recyclable materials. If it does, the attendant instructs the driver to deposit the
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356  TRANSFER AND TRANSPORT

T = transfer station
/ D= disposal site
Dy

O

FIGURE 10-24
Definition sketch for allocation of solid wastes from three transfer stations to three disposal sites.

Let R; = the total amount of wastes delivered to transfer station i.

Let D; = the total amount of wastes that can be accepted at disposal site j .
If the total haul costs are to be minimized, then an objective function, which
is defined as the sum of the following terms, must be minimized subject to
the problem constraints:

XiuCn + X12C12 + X21Ca1 + X02C + X23C23 + X31Cy
+X32C32 + X33C33 = objective function

Expressed in mathematical summation form, the problem is to minimize the
function
Objective function = 2 XiiCij (10-1)

subject to the following constraints:

(10-2)

3
TXU = Dj j=1t3 (10-3)
i=1

The fact that the amount of waste hauled to the disposal sites must be equal
to the amount brought to the transfer station is given by the first constraint. The
condition that the total amount of waste hauled from the transfer station must
be equal to or less than the capacity of the disposal sites is given by the second
constraint. The third constraint is that the amount of waste hauled from the transfer
station must be equal to or greater than zero.
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