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Properties of Solid Waste

 Physical composition of solid wastes includes:
i. Identification of individual components that make up 

municipal solid wastes
ii. Analysis of particle size
iii.Moisture content
iv.Specific weight of solids
v. Permeability of compacted waste
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Component

Solid Waste as 
collected excluding 
waste components 
now recycled and 

excluding food 
waste that is ground 

up.
excluding Recycle; 

excluding Food

Solid Waste as 
collected plus food 

waste that is ground 
up, but excluding 

waste components 
now recycled

excluding Recycle; 
including Food

Solid Waste as 
collected plus waste 

components now 
recycled, but 

excluding food 
waste that is ground 

up
including Recycle; 

excluding Food

Solid Waste as 
collected plus waste 

components now 
recycled and plus 
food waste that is 

ground up
including Recycle; 

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
Plastics 7.0 7.0 6.9 6.9
Textiles 2.0 2.0 1.8 1.8
Rubber 0.5 0.5 0.4 0.4
Leather 0.5 0.5 0.4 0.4
Yard Wastes 18.5 18.4 17.3 17.2
Wood 2.0 2.0 1.8 1.8
Misc. Organics
Inorganic
Glass 8.0 7.9 9.1 9.0
Tin cans 6.0 6.0 5.8 5.8
Aluminum 0.5 0.5 0.6 0.6
Other metal 3.0 3.0 3.0 3.0
Dirt, ash, etc. 3.0 3.0 2.7 2.7
Total 100.0 100.0 100.0 100.0Dr. A. B. M. Badruzzaman
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Solid Waste As Collected

Typical Physical Composition of MSW

Food wastes

Paper

Cardboard

Plastics

Textiles

Rubber

Leather

Yard Wastes

Wood

Glass

Tin cans

Aluminum

Other metal

Dirt, ash, etc.
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M = Moisture Content (%)
w = initial weight of sample as delivered, (kg)
d =  weight of sample after drying at 105 °C

Moisture Content:

Particle Size:
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Specific Weight:
Sp. Wt. = Mass / Volume

Permeability of Compacted Wastes:

K = coefficient of permeability
C = dimensionless constant or shape factor
d = average pore size
γ = specific weight of water
µ = dynamic viscosity of water
κ = intrinsic permeability

Typical value for the intrinsic permeability of compacted solid waste is 
10-11 to 10-12 m2 in the vertical direction and 10-10 m2 in horizontal 
Direction.
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Properties of Solid Waste
 Chemical composition of solid wastes includes:

i. 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 950º C according to (ASTM D3175). After combustion the sample is weighed 
to determine the ash dry weight and the volatile matter is given by;
%VM = [(Weight of dry  sample − Ash weight) / Dry sample weight] ×100

– Ash ( residue after burning)
Ash content of the wastes is the non-combustible residue left after the waste is burnt.

– Fixed carbon (45remainder)
Fixed carbon is the residue or char remaining after volatile matters escape. 
The sample is dried at a temperature of 700ºC. In this, fixed carbon is determined by 
removing the mass of volatile from original mass of the sample according to equation;

Fixed carbon (Wt %wet basis) = 100 − (Wt % moisture content+%Wt Ash + Wt
%volatile matter 
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Properties of Solid Waste

 Chemical composition of solid wastes includes:
i. Fusing point of ash
ii. Ultimate analysis - percent Carbon, Hydrogen, Oxygen, 

Nitrogen, and ash
iii.Heating value (energy value)
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Ultimate Analysis

Chemical Composition of MSW

Component, 
Basis 100 lbs 
total weight

Wet 
weigh
t, lbs

Moist
ure
Conte
nt, %, 

Dry 
weigh
t, %

Dry 
weigh
t, lbs

C, % 
by 

weigh
t, dry 
basis

C, 
Comp
ositio
n, lbs

H, % 
by 

weigh
t, dry 
basis

H, 
Comp
ositio
n, lbs

O, % 
by 

weigh
t, dry 
basis

O, 
Comp
ositio
n, lbs

N, % 
by 

weigh
t, dry 
basis

N, 
Comp
ositio
n, lbs

S, % 
by 

weigh
t, dry 
basis

S, 
Comp
ositio
n, lbs

Ash, 
% by 

weigh
t, dry 
basis

Ash, 
Comp
ositio
n, lbs

[1] [2] [3] [4] [5] [6] [7] [8[ [9] [10] [11] [12] [13] [14] [15] [16] [17]

100-[3]
[2]x[5]

/100
[5]x[6]
/100

[5]x[8]
/100 [5]x[10]/100 [5]x[12]/100 [5]x[14]/100

[5]x[16
]/100

Organic

Food wastes 9.0 70.0 30.0 2.7 48.0 1.30 6.4 0.17 37.60 1.02 2.6 0.07 0.4 0.01 5.0 0.14
Paper 34.0 6.0 94.0 32.0 43.5 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 2.51 5.9 0.34 44.60 2.54 0.3 0.02 0.2 0.01 5.0 0.29

Plastics 7.0 2.0 98.0 6.9 60.0 4.12 7.2 0.49 22.80 1.56 0.0 0.00 0 0.00 10.0 0.69
Textiles 2.0 10.0 90.0 1.8 55.0 0.99 6.6 0.12 31.20 0.56 4.6 0.08 0.15 0.00 2.5 0.05

Rubber 0.5 2.0 98.0 0.5 78.0 0.38 10.0 0.05 0.00 0.00 2.0 0.01 0 0.00 10.0 0.05

Leather 0.5 10.0 90.0 0.5 60.0 0.27 8.0 0.04 11.60 0.05 10.0 0.05 0.4 0.00 10.0 0.05

Yard Wastes 18.5 60.0 40.0 7.4 47.8 3.54 6.0 0.44 38.00 2.81 3.4 0.25 0.3 0.02 4.5 0.33
Wood 2.0 20.0 80.0 1.6 49.5 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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Component, weight (lbs) Without H2O

With H2O, includes 
moisture as 

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

Component, weight 
(lbs)

Atomic Weight, 
lbs/mole

Without H2O, 
moles

With H2O, 
moles

Carbon 12.01 2.314 2.314
Hydrogen 1.01 3.628 5.888
Oxygen 16 1.456 2.597
Nitrogen 14.01 0.041 0.041
Sulfur 32.07 0.004 0.004

Molar Composition With H2O and Without H2O, Neglecting the Ash
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Component, mole ratios
Nitrogen=1,

Without H2O
Nitrogen=1, 
With H2O

Sulfur=1,
Without H2O

Sulfur=1, 
With H2O

Carbon 56.3 56.3 648.6 648.6
Hydrogen 88.3 143.3 1016.9 1650.2
Oxygen 35.4 63.2 408.0 727.9
Nitrogen 1.0 1.0 11.5 11.5
Sulfur 0.1 0.1 1.0 1.0

Approximate Chemical Formula

Chemical formula without sulfur Chemical formula with sulfur

Without H2O C56.3H88.3O35.4N C648.6H1016.9O408N11.5S

With H2O C56.3H143.3O63.2N C648.6H1650.2O727.9N11.5S

Note: Formulae must be manually adjusted based on table
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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,
2. Hemicellulose, a condensation product of the five- and six-

carbon sugars,
3. Cellulose, a condensation product of the six-carbon sugar 

glucose.
4. Fat, oils, and waxes, which are esters of alcohols and long 

chain fatty acids,
5. Lignin, a polymeric material containing aromatic rings with 

methoxyl groups (-OCH3) [present in some papers: 
newsprint and fiberboard],

6. Lignocellulose, a combination of lignin and cellulose, and
7. Proteins, which are composed of chains of amino acids.
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Biodegradability of Organic Waste Components 

Volatile Solids (VS) content, determined by ignition
at 500°C, is often used as a measure of the
biodegradability of the organic fraction of MSW. The
use of VS in describing the biodegradability of the
organic fraction of MSW is misleading, as some of
these organic constituents are highly volatile but
low in biodegradability (e.g. newsprint, some plant
trimmings).
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Biodegradability of MSW (contd…)
Alternatively, the lignin content of MSW can be 
used to estimate the biodegradable fraction, using 
the following:

BF = 0.83 – 0.028 LC
Where,

BF = biodegradable fraction expressed on a 
volatile solids (VS) basis

0.83 & 0.028 = empirical constants
LC = lignin constant of the VS expressed as a 

% of dry wt.
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Component Volatile Solids 
(VS) % of Total 

Solids

Lignin Content 
(LC), % of VS

Biodegradable 
Fraction, BF

Food Wastes 7 – 15 0.4 0.82

Paper
Newsprint
Office Paper
Cardboard

94.0
96.4
94.0

21.9
0.4
12.9

0.22
0.82
0.47

Yard Wastes 50 – 90 4.1 0.72

Data on the Biodegradable Fraction of 
selected organic waste components based 

on Lignin Content
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Energy Values of MSW
Computation from Approximate Chemical Composition 
Using Modified Dulong Formula: 

C = carbon, %
H = hydrogen, %
N = nitrogen, %
S = Sulfur, %

Dr. A. B. M. Badruzzaman

nafsa
Highlight

nafsa
Highlight

nafsa
Highlight

nafsa
Highlight

nafsa
Highlight



Dr. A. B. M. Badruzzaman



Waste 
Generation

Waste handling, 
separation, storage and 

processing at source

Collection

Transfer & 
Transport

Separation and 
processing and 

Transformation of 
solid waste

Disposal
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Measures and Methods Used to Assess Quantities

MSW should be measured as a weight as opposed to a volume 
because the weight measurements are consistent and reproducible 
while the volume can vary considerably attendant to compaction. 
Ultimately, however, the capacity of a landfill is a volume 
consideration.

Units - lb/capita/day for residential and commercial, a repeatable 
measure of production for industry and agriculture e.g. lb of 
manure/chicken.

Estimation of Waste Quantities :
Load-count analysis - A landfill without scales may estimate the 
vehicular capacity and the number of vehicles of that capacity.
Weight-Volume Analysis – A landfill equipped with weighing 
scale records the weight-volume data to assess the waste quantities.
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Example:
Given: On a single day you observe the following at a landfill:
• 10-16 yd3 compactor trucks
• 18-3 yd3 pickup trucks hauling loose and dry leaves
• 56-1 yd3 private cars
• 2-45 yd3 trucks with broken concrete
Find: If there are 3.82 lb/cap.day with 2.7 cap/home and all the waste comes from 
the town, estimate the number of homes in the town. What's wrong with the 
answer?

1. Compute the total weight
Item Number of

loads
Avg. Vol.

yd3
Specific Wt.

lb/yd3
Total Wt., lb

col.2x3x4
Compactor 

truck
10 16 500 80,000

Pickup trucks 
with leaves 
loose and dry

18 3 100 5,400

Private cars 56 1 220 12,320

Broken 
Concrete

2 45 2595 233,550

Total, lb/day 331,270
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Steps:

Determine the number of homes
number of residence = 331,270 (lb/day) x(capita.day/3.82 lb) x  
(residence/2.7cap)
number of residence = 32,118

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) (lb/day) x(capita.day/3.82 lb) x  
(residence/2.7cap) 

number of residence = 9,475 vs. 32,118 with the broken concrete
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Estimation of Generation Rate
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Factors affecting Solid Waste generation rates

 Source reduction
 Extent of recycling
 Public attitudes
 Local legislation
 Geographic location
 Season of the year
 Use of kitchen grinder
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Waste 
Generation

Waste handling, 
separation, storage and 

processing at source

Collection

Transfer & 
Transport

Separation and 
processing and 
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solid waste

Disposal

Dr. A. B. M. Badruzzaman



Dr. A. B. M. Badruzzaman



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
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Factors to be considered in case of  On-site 
Storage

 Effect of storage on the waste components
– Biological decomposition
– Absorption of fluids
– Contamination of waste components

 Type of containers to be used
 Container location
 Public health and aesthetics
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Processing of Solid Waste at Site

 Reduce the volume
 Recover usable materials
 Alter the physical form of the waste

– Food waste grinding
– Component separation
– Compaction
– Incineration
– Composting
– Lawn mulching
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Waste 
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Collection of Unseparated (Comingled) Waste
 Low-rise detached buildings:

– Curbside
– Alley
– Setout-setback
– Setback

 Low and Medium-rise Apartments:
– Curbside

 High-rise Apartments
– Large containers

In Cities of Bangladesh door to door collection and 
large containers are used.  
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Solid Waste Collection Systems

Hauled Container System (HCS)
- Hoist Truck System
- Tilt-frame System
- Trash Trailer System
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Stationary Container System (SCS)
 Mechanically loaded collection vehicles
 Manually loaded collection vehicles
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1 2 3 n

Container 
Location

Drive to next container

Truck from dispatch 
station – beginning 
of daily route(s), t1

Truck to dispatch station 
– end of daily route, t2

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

Pickup loaded container Deposit empty container

Haul loaded container

Haul empty container to 
original pickup location 

Haul Container System
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1 2 3 n

Container 
Location

Truck with empty 
container from 

dispatch station – 
beginning of daily 

route(s), t1

Truck with empty 
container to dispatch 
station – end of daily 

route, t2

Transfer station, MRF or 
disposal site

Deposit empty container 
from previous location and 

pickup loaded container

Haul loaded container 
from location 1

Haul empty container to 
originally at location 1 to 

location 2 

Exchange Mode Hauled Container System
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1 2 3 n
Solid Waste 

Pickup 
Location

Load contents from 
container(s) at pickup location 

into collection vehicle
Drive to next pickup 

location

Collection Route
Empty collection vehicle from 

dispatch station – beginning of daily 
route(s), t1

Drive loaded collection vehicle 
to location where contents of 

vehicle will be emptied

Transfer station, MRF or 
disposal site

Drive empty collection vehicle to beginning 
of next collection route or return to dispatch 

station – end of route

Stationary Container System
Dr. A. B. M. Badruzzaman
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Definition of Terms

 Pick Up for HCS (Phcs) 
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.

Pick Up for SCS (Pscs)
The time spent for loading the vehicle, beginning with the 
stopping of the vehicle prior to loading the contents of the first 
container and ending when the contents of the last container to 
be emptied have been loaded.
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Haul for HCS (hhcs) 
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. hhcs = a + bx

Haul  for SCS (hscs)
The time required 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. hscs =  a   +  bx

At-site (s)
Time spent at the disposal site, including time spent waiting to unload as well 
as time spent unloading.

Off-route (W)
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
breaks, talking to friends, etc.
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 For HCS:

Thcs = Phcs + s + a + bx
Phcs = pc + uc + dbc

pc = time required to pick up loaded container, h/trip
uc = time required to unload container, h/trip
dbc = average time spent driving between container   

locations, h/trip
h = haul time, h/trip = a + bx
a = empirical haul-time constant, h/trip
b = empirical haul-time constant, h/mi
x = average round-trip haul distance, mi/trip
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Number of Trips per vehicle per day for HCS:
Nd = [(1 – W)H – (t1 + t2)] / (Phcs + s + a + bx)

Nd = number of trips per day, trips/day
H  = length of work day, h/day
W = off-route factor, expressed as fraction
t1 = time to drive from dispatch station (garage) to  

1st container location to be serviced for the 
day, h 

t2 = time to drive from last container to be serviced 
for the day to the dispatch station (garage), h

Thcs =  pickup time per trip, h/trip 

Dr. A. B. M. Badruzzaman



Dr. A. B. M. Badruzzaman



Dr. A. B. M. Badruzzaman



Dr. A. B. M. Badruzzaman



For SCS
Mechanically Loaded Collection System: 

Tscs = Pscs + s + a + bx

Pscs = Ct uc +  (np – 1) (dbc)

Ct = # of containers emptied per trip, container/trip
uc = av. unloading time per container for SCS, h/ container
np = # of container pick up locations per trip.
dbc = average time spent driving between container   

locations, h/trip

The number of containers that can be emptied per collection 
trip is related to volume of the collection vehicle and the 
compaction ratio that can be achieved.

Ct =  (vr / cf)
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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; 

Np = 60 Pscs . n / tp

Np = number of pickup locations per trip, #/trip
Pscs = pickup time per trip, h/trip
n = number of collectors
tp = pickup time per pickup location, collector-

min/location

Dr. A. B. M. Badruzzaman 18
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tp =  dbc +  k1 Cn +  k2 (PRH)

k1 = constant related to pickup time per container, min/cont
Cn = av. number of containers at each pickup location
K2 = constant related to time required to collect waste from   

backyard of a residence min/PRH
PRH = rear-of-house pickup locations, %

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

Average number of 
containers and/or boxes 

per pickup location

Pick-up time,
Collector.min/location

1 or 2 0.50 – 0.60
3 or more or unlimited service 0.92
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Once the number of pick-up locations per trip is 
known, the proper size of collection vehicle can 
then be estimated as follows;

v = Vp Np/r 
Where,

v = volume of collection vehicle, yd3/trip
Vp = volume of solid wastes collected per 

pick-up location, yd3/location
Np = number of pick-up locations per trip

locations/trip
r = compaction ratio
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Guidelines for Laying out Collection Routes

 Existing policies and regulations related to such 
items as the point of collection and frequency of 
collection must be identified.

 Existing system characteristics such as crew size 
and vehicle type must be identified.

 Whenever possible, routes should be laid out so 
that they begin and end near arterial streets, 
using topographical and physical barriers as toute
boundaries.

 In hilly areas, route should start at the top of the 
grade and end and proceed downhill as vehicle 
gets loaded.
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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.

 Sources at which extremely large quantities of 
wastes are generated should be serviced during 
the first part of the day.

 Scattered pickup points (where small quantities 
of solid wastes are generated) that receive the 
same collection frequency should, if possible, be 
serviced during one trip or on the same day.
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Waste 
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Waste handling, 
separation, storage and 

processing at source

Collection

Transfer & 
Transport

Separation and 
processing and 
Transformation 
of solid waste

Disposal
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Waste Separation

Type of wastes:
–Source separated 
–Comingled

Way of separation of wastes:
–Manual (Primarily used for separation at 

source) 
–Manual and Mechanical (at separating 

facilities: Material Recovery Facility, 
MRF and MR/Transfer Facility, TF)
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Type of MRFs

 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.

 MRFs for Comingled Wastes:
– All types of comingled materials
– Sophistication depends on the number & types of 

components to be separated; the waste diversion goals 
established for the waste recovery program; the 
specifications to which the separated product must 
conform.
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Units of Operations Used for Separation and 
Processing at MRFs 

 Size Reduction:
– The unit operation in which as collected waste materials 

are mechanically reduced in size (by Shredders, Glass 
Crushers, Wood Grinders, etc.) 
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 Size Reduction is done by shredding, grinding, 
and milling.

Examples of Shredding equipment are:
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