2.1 (Solid Waste Management)

Pfeffer (1992)

Tchobanoglous (1993)

2.2 (Solid Waste)



23
})
2)
3
4
)
6)
)
24
241
253
7213%
19.06%
993%

2.2

11.25%

6.12%

(Density)

2539

Tchobanoglous (1993)

(Physical Composition)

1.34%

28.14%

0.35

2.16%

21



24.2

(Chemical Composition)

242.1 (Moisture Content)
(Composting)
40-60% 15-35%
2539 49.11%
2A2.2 (Total Solids)
2539
50.89%
2423 (Volatile Solids)
CO,
2539 39.26%
24.24 (Ash)
2539 11.63%
24.25 (Calorific Value)
( f ) 2539
1,159.11-1,725.20 keal/kg 1,471.91 keal/kg
- (2532)
Incineration Plant Krefeld Calorific Value

1,000-2,000 keal/kg
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2431
2529-2539
61.58%
14.85% (

2A3.2
2.2

52.10%
2537-2539

2539

1 56.06-72.13%
15.24%
) 1448% 1247%
2529-2539
0.28-0.35 / 0.34
,(2538) 3
0.10-0.17 /
0.17-0.35 /
0.25-0.50 /
45.02%-59.42%
22.66%-39.26% 3L76%
11.40%-24.32% 16.14% 2535-
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Yoty

(% )
2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539

60.61 61.75 56.07 61.75 56.60 63.91 63.37 59.30 59.52 62.87 72.13 61.58
18.62 14.71 14.21 15.71 14.95 19.23 10.80 15.40 13.99 14.49 11.25 14.85
10.23 6.11 1.99 6.11 5.44 5.53 4.15 4.50 3.49 1.95 7.34 5.17
13.09 10.76 12.77 10.76 10.44 16.22 19.10 16.02 20.66 18.72 19.06 15.24
8.50 11.18 11.95 10.18 7.05 4.78 7.06 4.24 5.89 5.39 2.98 7.20
6.82 12.66 8.99 12.66 11.21 8.10 18.94 15.76 14.72 20.72 28.74 14.48
3.01 5.62 4.69 5.62 4.13 4.97 1.66 121 0.62 0.78 0.40 2.97
0.35 0.71 1.47 0.71 2.84 5.28 1.66 2.17 0.15 0.82 2.36 1.68
14.79 15.13 14.20 15.13 16.84 15.20 14.54 7.78 7.75 6.19 9.93 12.47
3.27 3.63 3.63 3.63 3.78 4.98 1.66 2.52 2.00 1.28 2.76 3.01
2.84 4.79 8.37 4.79 7.18 4.52 10.80 4.65 4.64 3.86 6.72 5.74
8.68 6.71 221 6.71 5.88 4.70 2.08 0.61 111 1.77 0.46 3.72
24.60 23.12 29.74 23.12 27.10 21.89 22.09 32.92 32.73 30.22 17.94 25.95
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

,2540



2529

0.29

55.95

29.35

14.70

2530

58.82

27.72

13.46

2531

57.14

30.46

12.40

22

2532

59.42
26.12
14.46

,2540

2533

0.34

56.07

22.66

21.23

5553

2534

0.39

45.68

24.32

2535

0.32

45.02

34.85

20.13

2536

47.02

36.07

16.67

2537

48.91

33.95

17.13

2538

49.71

38.89

11.4

2539

0.35

49.11

39.26

11.63

0.34

52.10

31.76

16.14
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Load Method

26

2511

2522

(Direct Collection)

(Indiirect Collection)

Daily Route Method Single

15

Hydraulic Neumatic



26.1

(Trailer)

26.1.1

Emeragency Storage Capacity
Station)
)

U

(Transfer Station)

3 21
(Direct load)
(Storage load)
(Combine direct load and storage load)

100
100-500
500

(Dircet load Transfer Station)

(Platform) Surge Capacity
(Direct load Transfer

(Large Capacity Direct Load Transfer Station without Compactor)

2.2

Clamshell
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2)
(Large Capacity Direct Load Transfer Station with Compactor)

(Compactor)
(Bale) 13
3
(Medium and Small Capacity Direct Load Transfer Station with
Compactor) Hopper
Pit Hopper
Tilt Frame

24 25

»



Waste discharged .
directly into an
open-top trailer,
into compaction
facilities, or onto

amoving conveyor
for transport to Platform scales

processing facilities (optional)

or compaction
faciltes A

{}J : / Waste from storage pit

l VA pushed into open-top
7 transport trailers or into
compaction facilities or
into a moving conveyor
for transport to
processing facilities

or compaction
7 el faciliies

| RN N N S ——— AN
Waste discharged
from collection
vehicles directly Fissorn s"l"es
into storage pit / (optional)

Waste discharged onto unloading platform. After

recyclable materials have been removed, the remaining waste
is loaded into transport traitors with front-end loaders.

Waste discharged directly
into traiier or into
compaction facilities
Platiorm scales Definition sketch for the fypes
(optional) of transfer stations: (a) direct
/ oad, (b). storage-load, and

. (¢) combined direct-load and
© discharge-load.

21
: Tchobanoglous 51993



80ft  Unloading

\L [ dock \J
I ar v
L*1 Trauer 10ading
hoppers

H—Platform scale Fence

\Scale house
|

"IAW/V- ?
&l
Section 1-1
2.2 Direct Load Transfer Station without Compactor

: Tchobanoglous , 1993

Vertical
slide gate
Load chute

: “| /

1 1§ £

2 N

'ﬁ h /qmﬁmssg QD)
compaction cylinder f whora balos are formed Triock i

Load cells

(a)

2.3 Direct Load Transfer Station with Compactor
: Tchobanoglous , 1993



Waste HydrauWcafty operated ~ Waste hopper 3(1 3
discharge diaphragm used to stationary compactor
pit to push waste Into located on tower level

O G T

/ position
Waste

push pit

E’m"":‘/uu TYPLMW ‘:‘r

Entrance

Ptan vie

Unloading ptadomi

vahicta .
unioading
positon
Elevated
Semitrailer
-y used o
transport
wasts to
Wasts _ e
hopper
/ -
Sttionary
compactor
Section 1-1

24 Medium Direct-Load Transfer station with Stationary

Compactors ~: Tchobanoglous 11993

Collection
vehicle

Discharge

ho,
Truck with i
container in

Haul loaded position
vehicle -J
g /
= g
‘ \)

! Compa
Large-capacity transfer container i

Small-Medium Direct-Load Transfer Station with
Stationary Compactors ~: Tchobanoglous , 1993
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26.12 (Storage Load)
Storage Pit
1 3 2.6
Storage Load
2.1
26.13 (Combine Direct Load and Storage Load)
28
Collection vetucle Collection vehicle in unloading
unloacllingarea / position
Covered building
|~ Entrance
¢ s
% |/ clamshell
MR RN | | N
+ N ! = 76_'
£ pZ s A
Storage pi;u £ Trari::;;a:ing i > Semitrailer in loading

Platform scales pasition

Enclosed large-capacity (2000 ton/d) storage-load transfer station, San Francisco, CA

26 Storage-Load Transfer station
: Tchobanoglous , 1993
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Ferrous

scrap Q :
/77777 =
ﬂ 4 :’I‘, Unload‘ng = Ll =
/ area Scale
Separalor  grregaer |V Conveyor
Legend
- <= w 50lid waste direct to compactor
ﬂ l I l ] ] [ l = Compactor <& Solid waste to shredding and separation
® S| <fmmm Shredded solid waste
7 Zpzzza Ferrous metals
Tranafer trailae HIALAAALP. <<= Solid waste
<gmmmm S0id waste to compactor

Stora%e-loa_d transfer station with |ngocessmg and compaction facilities. (Courtesy of Municipality
of Metropolitan Toronto, Department of Public Works,)

2.1 Storage-load transfer station with processing and
compaction facilities :Tchobanoglous , 1993

Entrance for Er"“‘a"““".
o scals IO 8cale8 - 6t chain nk 4
fence (typ.)
>¢
i { _f
Bhorage
containers
wmaledals \
f o [t
! vehicle waste materials
discharge __ Direct-load
area discharge hoppers
| Raised wall Exit
Exit to scales Plan
28 Combination direct-load and discharge-load transfer

station with materials recovery activities: : Tchobanoglous , 1993
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Negative Pressure



2.9

2.10

2
1) (Fixed Cost)
) (Operating Cost)
3)
Andeson and Nigam (1967) Hans . Gottinger (1988)

Mark and Liberman (1970)

Branch and Bound

Fixed Cost ~ Linear Processing Cost



Fixed Cost  Processing Cost
Subproblem  node node  Branching Tree
kilter Algorithm
Mixed Integer Model
Allocation Mol
Cost  Operating Cost

Harvey and OTlaherty (1972)

14

(2529)

30
29

23

Branch and Bound
[ Fulkerson’s out-of-

Location-
Fixed
5
155
Trailer
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400

380 t

300

280 |

260

20

24

=

1

(5)

1 i 1 1 1 e

29

16
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8 20 22 24 26 28 30 3R 34
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52532



JICA (2534)

2-3 15

2 30 .. 2535-2543

25
10

lkuo Suzuki (2534)
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650 3
4
2532
3
18
6.8
2529

211

(Operations Research)
3
1) Transportation Problem
2) Transshiptment Problem
3) Capacitated Plant Location Problem

2.11.1 Transportation Problem

Transportation Problem
Source Destination
(Minimize Total Distribution Costs)
2.10

26
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Illustration of the graph of a transportation problem.

2.10 transportation problem

» Bazarra 1990

Source 1 (i=1,23,.in) i
U
3
Destination | (Cost of Distribution Unit) G
Destination | 2.3
/==

-

(Distribution Quantities)

Linear Programming Formulation

Destination| (j = 1,23,.. )

Source |

Source i

(Total Distribution Cost)
Sourcei  Destination)



Minimize L = ZiZjCjx,]

Subject to
Exy ; fori=123..m
El
% X, = ¢  forj=1523..
and Xy > 0 for il iand]
2.3 Transportation Problem
————— A Supply

1 e . K ,

Source 2 Mo N M 2

Demand | I d,
Millier, 1990

Constraint Coefficients 24
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24 Constraint Coefficients

X, X2 .xh o x2 X2 "x* xn

1 1 1
1
1 1 1
1 1
1 1
Millier , 1990
d X 1

L Transportation Problem

ttx |

(Bound)
Destination (Dummy)
Problem

X2 wXm
Supply
Constraints
1 1
Demand
1 Constraints
1

Optimal Solution

Supply  Demand

1 21 d
Souree
Transportation
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Supply > Demand Dummy Destination 211
Demand > Supply Dummy Source 2.12
M Large positive number

Costper nit

Distributed
Destination
1 2 3 4 5(0D) Supply
1.080 1.09 1110 112 25
Souiceé M 1.118 1.18 1.148 §
R
4n M M M : 0
Demand 0 55 25 2 N
Cormplete cost and requirements table for the Northem Airplane Co.

211 Supply > Demand
Hillier , 1990

Cost per Unit
Distribution

Destination

B.(min.) B.(extra) L.D. S.G. H.
()(2)3 !

4 Supply

1.
ol. R 1 16 16 B 2 U ga
Source  Sac. R. 14 14
LU I A RN

Demand 30 20 70 30 60
Cost and requirements table for Metro Water District

212 Demand > Supply
: Hillier, 1990



21111 Transportation Problem

Transportation Problem Linear Programming
Problem Simplex  Method

Transportation Simplex Method

. Transportation Simplex
Source, Destination, Demand, Supply, Cost, , V

25
25 Transportation Simplex tableau
Format of transportation Simplex tablea
Destination
o 2 Supply
1 fild Q g
7 (Al 2 tn g
Source
Demand d di d.

ZJ

Addroocil information to be added in earh cefl:

11 Xij s a 1yt @
basic variable nonbasic variable
Cij cj

© Gj- M- V]

‘Hillier 11990
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Initialization Step Initial

Basic Feasible Solution ( ) Row  Column
Basic Variable (X])) Source i Destination |
1 Row  Column Basic Variable Northwest
Comer Rule, Vogel's Approrimation Method Russell’s Approximation
Method
2 Cell (xy) Row
Column Supply ~ Demand  Row
Column

3 Row  Column Demand  Supply
Row ~ Column  Demand  Supply
Row Basic Variable 0 Column

4 Row  Column Basic Variable

2.6 ( Northwest Comer Rule)

. Stopping Rule Basic Feasible
Solution
Basic Feasible Solution '
xi  Nonbasic Variable G- V>0 (i,))
.M Basic Feasible Solution
g=y+\ (i,) X Basic Variahle
Y =0 | = Row
J-u-V 2T Complete
Initial Transportation Simplex Tableu g-U-\v Initial

Feasible Solution



2.6 Initial Basic Feasible Solution

Initial hesic feasible Solution from northwest comer rule

Destination

‘Hillier, 1990

Northwest Corner Rule

| 4 5 Supply U
16 16 13 2 17
1 A— 0 50
1 14 13 19 15
2 (o) 0 60
Souree 19 19 2 B M
3 _ (0—-He 50
M 0 1l 0 0
4(D) i %0
Demand 39 10 Rl 60
Vi
:Hillier, 1990
2.1 Complete Initial Transportation Simplex Tableu
Conpleed iniial rarsporation Sinplex tablea
Iteration Destination
0 1 4 5  Supy U
b (] 2 17
n -5
l +2 +2 ) + )
) 149 i 19 ) 5 2 9
mg 0 BoM
) w2
m] 0 0 0
-2
Dy 3ows a4 )
Ded 3 | Iy @
&/ 9 9 3 2



lteration Step
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Basic Feasible

Solution Basic Feasible Solution - -V
) 3
1) Entering Basic Variable Cell Cy- i-V
) Entering Basic Variable 0 Basic
Variable Reaction Chain Supply  Demand Basic Variable
0 Leaving Basic Variable
Basic Variable  Reaction Chain (Donor
Cell)
Basic Variable Reaction Chain
(Recipient Cell) 1
Chain Reaction
(1)  Chain Reaction Cell Basic Variable
(2)  Column Entering Basic Variable (Donor Cell)
3)  Row (Donor Cell) (Recipient Cell)
(4)  Column (Recipient Cell) (Donor Cell)
(5)  Row  Entering Basic Variable (Donor Cell)
Basic Variable
] )
3) 2 Chain Reaction
Basic Feasible Solution Transportation Simplex Tableu

Reaction Chain 2.13



Destination

3 4 5 Supply
, 13 (A?iv+_22 17 %
Source e
B W 15
2 .. i T 60
+1 2
Demand L 30 60 _ o
M%IH%%%O&%&%@%&UMFQWWH reaction caused fy
2.13 Reaction Chain
 Hillier, 1990
2.11.12 Transportation Problem
I} (Initialization Step) Initial Basic Feasible
Solution Stopping Rule
2 (Iteration Step)
1 Entering Basic Variable Non Basic Variable X$
G- -V)
2 Leaving Basic Variable Chain Reaction
Supply ~ Demand Basic Variahle
Leaving Basic Variable Cell Donor Cell

| '<0 0 6 2



Row
X Basic

Flow Chart

36

New Basic Feasible Solution Leaving Basic Variable

Recipient Cell Donor Cell
3 (Stopping Rule)
Basic Feasible Solution 1V,

0 G +y 0,j)

G- - <0 2
Transportation Problem 1 2.14



Start

Obtain a basic feasible
solution using the North-
west Corner method, the
Vogel Approximation
method, or some other
method.

Specify the dual
iable for one

source or destination
arbitranly.

{

For every basic cell,
we must have

¢, —u;—y;=0

Salve for all values of
u, or y; in this manner.

I

For every nonbasic cell
compute the reduced
cost

dyp=cy—u; =y

Selec. the niinimum
d; ¢

Designate the variable
corresponding 10 the
most negative d; to
enter the basis.

Find a series of alternating
vertical and honizontal
Jjumps, analogous to

Rook's moves in chess, that
start and end on the
incoming cell with all inter-
mediaie hops on basic cells.
Nobasic cell may be landed
upon more than once.

|

Label the incoming cell
with a + sign, and
alternately label basic
cells along the Rook's
move wilii — and + signs.

Choose the smallest basic
entry having a minus sign.
(I theee s a tie, there is
degeneracy; break the tie
arbitrarily}. Add the min-
imum quantity just determined
to the cells with + signs and
subtract it from cells with
minus signs. A cell whose
entry becomes zero is now
nonbasic. Drop all signs,
dyj up and y)'s,

37

Obtain a starting basic feasible
solution,

Set some dual variable (u; or ;)
arbitrarily. Setting it to zero is
usually a convenient choice.

All basic reduced costs must be
zero. Taking advantage of the
triangularity of the basis,

solve for all u;’s and u;'s using
¢, = u, v, for basic cells. »

Compute reduced costs for
nonbasic cells.

s the minimum reduced cost
negative?

Choose the variable having the
most negative reduced cost to
enter the basis.

Starting with the cell of the
incoming variable, find the
unique set of basic cells which
are necessary to balance the
Now.

Express the incoming vanable
in terms of basic variables.
Determine the unique set of
adjustments nccessary for
balance for the incoming
variable to be increased.

Revise the solution to the new
basic solution by increasing

the amount of flow in the enter-
ing cell and balancing Now

accordingly.

I 2.14 Flow Chart Transportation Problem

:Zionts 51974
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2.11.2 Transshipment Problem

Transshipment Problem

Intermediate Transfer Point Intermediate Transfer Point
Source | Destination |
Intermediiate Transfer Point Distination]

(Total Shipping Cost)
Transshipment Problem Transportation Problem

(Network Flow)
(Minimize Total Shipping Cost) Transshipment Problem 2.15

s Tt Desiretiors

=0

transshipment problem.

2.15 Transshipment Problem
'Bazarra , 1990
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21121 Transshipment Problem
Transportation
Problem Transportation Simplex Method 28 Cost
Matrix  Transshipment Problem 2.16
Transportation Problem
2.8 Cost Matrix of Transshipment Problem
Shipping Cost per Truckload
To
Cannery Junction Warehouse
1 2 3 1 A 4 5 1 2 3 4 Output
Canne 21 $146 - §% %%21%25 570 $609 %gé %28% 688 §%}1 1%%
Vg 658 %405 %419 S8 . 685 %359 673 100
1 %322 7L %656 $262 %398 30 3 $234 $39
2 S8 R0 262 106 ST 644 9305 $207 $464 $558
Junction 3 69 $403  $398 406 8 $272  $597 $753 S $282
i 608 9418 1 $422 %81 287 $613 $280 $236 $79
5 158 647 $274 $288 3 0T $093 482
1 $453 $3% 05 $307 $599 %615 4631 $359 $706 $587
Warchoue 2 00 S07 $68 b 908 $H4 S8 BN 83 62 $34L
3 687 37 $309 $od SI7L 36 $90 8105 %362 57
4 $868 sre 9610 b8 sos2 $220 $480  $587 S0 $457
Allocation € 6 710 &

 Hillier . 1990
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Destination
(Junctions)

ehouses)

—

(Wa

(Canneries)

=
= LIS CSoooo [ )
AN OO OO
S OOt ONONONONOND T ONONONOD
w
~ it CONNLOCN =i~ Lo
~—OOr— LOOONIOO O0O<fLOO OO
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o
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LD OO - ~Lor~— <
LA= A 3 = oo
LOCHLOCO0O
[<=} I —_,e O
'’ L0 Tioe IS0 o
== Mn.On/_n/_ oOoLONI<t
OO O 0O  LO—HKOOH OO
~ O OO0 s—ocoonNN O
== M_.XM N ONNNy o
SHOOCON SAOMN—00
MEJA_. o<t N O o
Oy o O~ r~—oco<toco <O
0O OHsS  OOooONNISH OON‘.O_.O [
[aN{aN] [aN] < <o OONI<TLO o
<tonoo OO LOLOSY o
= QoD OwWwoHon OO S
OO SRR =E BUS=E S
O _ oo N O
o ] Lo Mn S>—iLO OOLOM— ()
== =25 =836 S
o —IOSHCO O~ O
To= B508l= B I
-~ ODAILOO OO~
© o<t oL O o
- == S==E= ER=S8 &

— O <FHLOXON—-00 OO —IN!

(Canneries)

Source (Junctions)

(Warehouses)

Demand

) Transportation Problem

Transshipment Problem 1 !!

1216 1

= Hillier ;1990
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2.11.3 Capacitated Plant Location Problem

Plant m (i=12,3..in)

Customer (=123 .)
M Planti
Customer |
f Fixed Cost  Planti
0. Planti ~ Customerj

Planti ~ Customerj

X =0 Planti
=1 Plant i
Mixed Integer Programming

Minimize Z =11 qlgj+Z/, X
Subject to =] 0=123,... )
iz <MX (i=12,3,...m)

7] >0 forall (i,])
and X, =0orl 0=123,...m)
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21131 Capacitated Plant Location Problem

]  Capacitated Plant Location Problem X; 0

1 Plant Feasible

Solution m Feasible
Solution m'

Branch and Bound Technique

. Branch and Bound Technique

Branch and Bound Feasible Solution Subset
(Objective Function) Feasible Solution
Lower Bound Upper  Bound
(Fathomed) Subset Lower Bound Subset
Lower Bound

Subset

1 Initialigation Step Zu= ot (infinity)  Zu=Upper Bound

2 Branch Step Node  Subset Fathomed
Subset 2 Subset X=0 X=1
3 Bound Step  Subset Objective Function
Feasible Solution Subset ZL (Lower
Bound)
4 Fathomming Step Z  Subset

Fathomed Test 1ZL> Zu
Fathomed Test 2Subset ~ Feasible Solution
Fathomed Test 3ZL< Zu Zu=7L
Fathomed Test 1 Subset
5 Stopping Rule Subset  Fathomed Test ZU
Objection Function
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Subset Fathomed Test
Subset ZL Branch Step
Branch and Bound Plant Location Problem 4 Plants 5
Customer ~ Cy= Plant i Customerj ~ fl  Fixed Cost
Plant | 29 217
29 Branch and Bound for Plant Location Problem
o0
1 3 4 5= §

400 900 550 90 450 110 2
600 90 1980 240 550 130 26
100 180 1210 2520 750 140 28
100 1170 2200 1320 1050 160 32

=~ o ro

Tabic
Nock Description Linear Prtganmw?as)mm

[ T (I L3

3 %i

v 11] . @aﬁ@ T S

1l
—_—r——
|1

IR I Tl

—_

W\g‘u

%

‘Incicates improved integer solution found

: Salkin |, 1975



2718

| {
) H | i . ¢
Optimal —_J L First solution Second solution
solution found found

Branch and bound tree

217 Branch and bound tree
:Salkin . 1975
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