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Lecture - 12
Analysis of Collection System (Part I1)

So hello students. Today we will extend our discussion on the collection of solid
waste. So in the part 1, we have seen the analysis of haul container system. We found
some unit operations also and we solved few numericals.

(Refer Slide Time: 00:52)

1. ANALYSIS OF STATIONARY COLLECTION S5YSTEM

v To establish vehicle and labor requirements for the various collection systems and methods, the unit time
required to perform each task must be determined.
& Ty separating the collection activities into unit operations, it 14 possible to-
# ¥ Develop design data and relationship that can be used universally and
¥ Evaluate both the variables associated with collection aetivities and the variable related to the
particular location.

There are four unit operations -
J Pickup

J Haul

J At-site

J Off-route

Now, this is part 2, where we will discuss the analysis of the stationary collection
system, okay. So | think a few slides are similar. Why it is important to analyze the
collection system because of unit time required in each task is very important. And
there are different unit operations that pick up haul at site of route time. So which we
will discuss during the stationary container system or collection system.

(Refer Slide Time: 01:22)
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So before that we will go though one example, simple, which was initially also
discussed in the previous class, how the operation of a stationary container system. So
route will get start from dispatch center, wherever the vehicles are available or at
night wherever they will be dispatched. It will start with the first location and it will
load the content from the container, from the location so that the container will be

empty.

Then it will go to the next location, the next pickup location. It will do the same way,
it will load the content from the container or dustbin and you will get one empty
container in the same location. Similarly, it will go to a different location or nth
location. And once the vehicle will get full completely, whether is a simple vehicle or
compactor vehicle and finally, it will go to the transfer station, recycling facility, or
disposal site.

And from that, if the time available in a day is available, then it will go to it will start
the next route. Suppose the time will get over 8 hours, it will go to the dispatch center
finally. Or otherwise, it will start the next collection route. Like it will start the
beginning. This will be the beginning of the next collection route. And this is the
collection route for one trip.

(Refer Slide Time: 03:01)



' sC5+ stationary container system
U Pickup (P, - '

: . last container
Pm: It refers to the time spent Tl contnts freas containeris) at loud 5 3
> ickp o ation into collection vehiele —
in  loading the vehicle, et wastes pekop
2 Incsition

\ Dreive o mest pickep location
beginning with the stop to load

| ] 3 s
7 . ' | | | I
the first container and ending Deginningol doiy y 4

ity A e —

when the last container has —— I
Drive lowded
been loaded. coltinebich
Drlve eupty collection ToTocation where
vebiele bo beginning of contents of vohicle
next eollection rowte or willbe v pticd

First container relurn o dispaich

station -« cud of Towte

loading

Transfer sation, MIF
o disposil site

Stationary Container System

So now first unit operation we will see the pickup. So in this case, in a stationary
container system, pickup refers to the time spent in loading the vehicle beginning with
the stop to load the first container and ending when the last container has been loaded.
So it will start from the first location loading and it will go to the beginning and it will
the last container loading. So this entire collection route will have the pickup time,
okay.

(Refer Slide Time: 03:40)
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Stationary Container System

Now the next unit operation is a haul. So here haul, the time required to reach the
location where the full container will be emptied, and continue until the truck arrives
at the location where the first container will be emptied for the next route. So it will
start from the last container location to the recycling facility or disposal facility and

also it will start the time required to go to the next route or next collection route.



And is not including the pickup and redeposition of a container, okay. This is the
same in the haul container system.
(Refer Slide Time: 04:21)

3) At-Site (s)

* The time spent at the site (landfill, MRF, transfer station) where the system is unloaded

P w1t also ineludes the time spent waiting to unload as well as the time spent unloading the wastes from the container
(HCS) or collection vehicle (SCS).
4 4) Off-Route (w)
* This refers to the time spent on all non-productive activities; typically 13%,
* Many of the activities associated with off-route fimes are sometimes necessary or inherent in the operation and
therefore they may be subdivided into two categorics:
v Necessary - Includes;
+ Time spent in check in, check out, meeting, breaks.
¢ Time lost due to unavoidable congestion.
* Time spent on equipment repairs, maintenance. As c,\‘p]uincd in prcvi()us Jecture
v Unnecessury - Includes :
* Time spent in personal errands

¢ Extended collee breaks

The remaining unit operations are almost similar, which was discussed in the haul
container system like at-Site time and off-route factor necessary, unnecessary off-
route factors.

(Refer Slide Time: 04:34)

Stationary Container System

Mechanically loaded collection vehicle

T = )
I = (P +5+a+bx)

7 where, T, = time per trip (h/trip)
P.., = pickup time per trip (W/trip)
s = at-site time per trip (W/trip)
a = empirical constant (h/trip)
b = empirical constant (W/trip)

x = average round-trip haul distance (mi/trip)

Now we will see some equations which is a stationary container system that we have
seen in the haul container system. So first is because there will be a two-way

stationary container system. One is the mechanically loaded container collection



vehicle where mechanically container is getting loaded onto the vehicle. So their time

for trips will be pick up time + s + a + bx.

It is similar to the haul container system because the entire route time is required the
same in the stationary container system and the haul container system.
(Refer Slide Time: 05:18)

Pickup time per trip (h/trip)

Py = Cy(uc) + (N-1){dbe)

e

C, » number of container emptied per day (containers/trip)
uc = average unloading time per stationary container {l/container)
4 N, = number of container pickup location per trip (location/trip)
dbe = time required to drive between container location (h/location)
The pickup time depends upon the number of containers multiplied by the unit loading time plus the number of

locations times the driving time between the locations.

No. of trips per day N=V, i

where, N, = number of collection trips required per day 17:1[)x(\])/
V= average daily quantity of waste collected (yd*/d)
v volume of collection vehicle (yd*trip)

[ = compaction ratio

Now in this pickup time per trip, in the haul container system that was pc + uc + dbc.
But in this case, this will be Py that is the stationary container system is

Pscs = Ct(uc) + (np-1)(dbc)

where Ct is the number of containers emptied per day and uc is the average unloading

time per stationary container.

np is the number of container pickup locations per trip. Here you see that we did it
here np — 1. Why, the number of container pickup locations per trip minus 1? You see
here in the operation, the number of container location suppose these are four

container locations. But you see the dbc is 1, 2 and 3. Means that will be 4 — 1.

That will be the dbc value. So that is why we did (np — 1) multiplied by dbc okay. And
uc also has been multiplied to the number of containers emptied per day multiplied by
uc value that unloading time per location. Now here has to calculate the pickup time
depends upon the number of containers multiplied by the unit loading time plus the
number of locations times the driving time between the locations that is (np — 1)

multiplied by dbc.



Now, the number of trips per day can be calculated as-

Na=Va/vr

Where Ngq is the number of collection trips required per day. Vg is the average daily
quantity of waste collected, v is the volume of collection vehicle, r is the compaction
ratio. You see here it is a very simple equation, the number of trips can be finalized
simply if you know the average daily quantity of waste generated and divided by the

volume of the collection vehicle.

And that also volume of collection vehicle we multiply by compaction ratio and if we
know the average quantity of waste generated or collected onto that particular area we
can calculate the number of trips per day. This is easy way to remember these
formulae.

(Refer Slide Time: 07:52)

Time required per day

—
H= [ttt + N, T/ (1-W)

where, £, = time to drive from dispatch station to the location of the first container to be

176,

picked up on the first route of the day, h

. = time to drive from the approximate location od the last container pickup on last

raute of the day to the dispatch station, h

Other terms as usual

Now time required per day, that is the H value we can calculate or is the similar
equations if you done in the Tscs form. So remaining are other terms are usual like Ng
is the number of trips, Tscs IS the total time, t1 is time to drive from dispatch station to
the location of the first container and t2 is time to drive from the approximate location
to the last container to the next route.

(Refer Slide Time: 08:24)



Manually loaded collection vehicle

N, =60P, 0/t

4 N, = number of pickup locations per trip (locations/trip)
60 = conversion factor from hour to minutes
P, = pickup time per trip (h'trip)
n = number of cnllccl(lli {labars), collectors

t, = pickup time per pickup location (collector-min/location)

And now here are few equations for manually loaded collection vehicle. That N, we
can calculate as-

Np =60Psesn / tp

It is also a simple expression for N, value, where number of pickup locations we can
finalize by pickup time multiplied by number of collectors or how many labourers are

working.

And if you know the t, value like pickup time per pickup location, based on that we
can calculate number of pickup locations. And this multiplication also is because if
you see the unit of tp, it is collector minute per location. That is only conversion factor
from hour to minute.

(Refer Slide Time: 09:12)

The pickup time (t) per location depends on the time required to drive between container locations, the number

of containers per pickup location and the percent of rear-of-house pickup locations.

t,=dbe-+ K, C, + ky (PRH)

Where, t, = average pickup time per pickup location (collector-min/location)

dbe = average time spent driving between container locations (W/locations)

k, = constant related to the pickup time per container (min/container)

C, = average number of containers at each pickup location A

k, = constant related to the time required to collect waste from the backyard of a residence (min/PRH)

PRH = rear-of-house pickup locations (percent)



Now the tp has to be calculated the pickup time that is t, per location depends on the
time required to drive between container location that is the one point and the number
of containers per pickup location and the percent of rear-of-house pickup location. So,
the formula will go as-

tp = dbc + ki Cn + ko (PRH)

where, Cy is the average number of containers each pickup location and PRH is rear
of house pickup location and ki and k2 are constants related to the time required to
collect waste from either per container or from the backyard of the residence in the
PRH. So by that way we can calculate the t, value.

(Refer Slide Time: 10:06)

Design of residential collection system
U Problem statement 1

v Design a solid waste curb collection system fo service a residential area with 1000 single-family

dwellings.
v Twwo manally loaded collection systems are to evaluated,
7\
v The first involves the use of a single loaded collection vehicle with a one-person crew \)
el s

g

(e
¥ The second involves the use of a rear-loaded collection vehicle with a two-person crew. Y
_—/

v Determine the size of collection vehicle required and compare the labour requirements for cach

collection system.

Now we will go to a problem. Here we will solve the two problems by giving
different operations. So the first is a problem statement is we have to design the solid
waste curb collection system to service a residential area of 1000 single-family
dwellings. And two manually loaded collection systems are to evaluate. That is first to

involve the use of a single-loaded collection vehicle in a one-person crew.

That is the first choice or first collection system and second is the second involves the
use of rear loaded collection vehicle with a two-person crew. So we have to compare
both the collection system which will be beneficial. So we have to determine the size
of the collection vehicle required and compare the labor required for each collection

system.



So we have to compare one person crew and a two-person crew collection system,
which will be beneficial. And some data will be given in the problem.
(Refer Slide Time: 11:21)

1. Avernge ne. of residents per serviee =33
2, Solid waste gulwriui\m TiiE par capita 1.13 I.;g. \'.1|1i1:| d
3, Diensity of solid wastes {at containers) = 119 kg/n?

4, Comtainer per service = two 121 L containers plus 1.5 cardboard confainers | 751 on averngeh

—_— L

5, Collestion frequency = once per weck

B, Collection vehicls campaction ratio, 1= 2.5

T, Ronnad-trip haual distonce, b = 56 km '5_

K, Nominal I.!nl_-:lh of warkday, H=8 h

B, Trips per day, M= 1

140, Truvel time fo first pickup location, = 0,3 b

11, Travel time from |t pckup lacabion, =04 b

12, O poute Buctor, W =0.15

13, Haul time constunts: o= 0006 hinp and b= 0011 hikm

14, Ad-site time per irip, & = 0.0 hiwp M
I

15, Average lime spent deiving between conlaimer locations (dhe) = 0,72 4

Assume the following data are applicable

16 Constants celated o pick up tivee: k, = 0018 & k, =022

These are the data like the average number of residents per service 3.5. So the number
of houses is 1000 and the average number of residents per service is 3.5. Solid waste
generation rate per capita 1.13 kg per capita per day is very high. Maybe this data is
from Japan or some developing countries. Density of solid waste which is very low

compared to Indian waste density is 119 kg/m?3.

Container per service. So there are two containers of 121 L plus 1.5 cardboard
container each of 75 L on average. So it is having 3.5 containers okay. And collection
frequency once per week. Collection vehicle compaction ratio 2.5. Means the vehicle
is a compactor vehicle. Round trip haul distance 56 kilometers. So x value is given

here. This is the x value. The nominal length of workday H is 8 hour.

Trips per day Ng is fixed 2; t1 value is given 0.3 hour, t> 0.4 hour. Off-route factor is
0.15. Haul time constants are given. At-site time is given and the dbc value is given
0.72 hour per trip. This is hour per trip. And constants related to pick up ki and k2 are
given.

(Refer Slide Time: 13:03)



Solution: )
Labor requirements for manual curbside
Determination of the time available for the pickup operation: — collection using @ one-person crew

i (b # 82+ Ny (Bis +5+a + bx)] —
1-W Average number
H(1=W)=(t, +1t;) ol containers and!or boxes Pickup time /
o R ”.N S~ (s4a4bx) per pickup location collector - minlocation
i et e
050060 Y
4 B(1 = 0.15) = (034 0.4) iy
—————————— (010400164 0.011 X 56)
232 hiip S
Determination of the pickup time required per pickup location —

(a) One-person crew

t, = 0.92 min/location (se¢ table right)
a) Two-person ceew o

t,=dbe +k €, +ky PRH

1, = 0.0240.18(C, (sine, PRH=0)

=0,72-0.18(3.5) = 1,35 collector-min‘location

So now we will go for solution. At first we will determine the time available for the
pickup location okay. So that is H. By this formula, we can calculate, where we know
the N d value, but we do not know the Pscs value. So from this we can calculate the
pickup time for stationary container system. So the Pscs will come up in this way. And
already the data are given like H is 8. (1 — W) is (1-0.15).

trand t2 is 0.3, 0.4; s at-site time 0.1 and these are the constant a and b and the x is
given 56 and Ngq is 2. So by that way we can calculate the pickup time as 2.3 hours per
trip. Now we will determine the pickup time required for pickup location. So we have
two different collection systems; one is one-person crew and another is two-person

crew. In one-person crew, t, we will find from this table.

So is the similar textbooks, which I propose for this course. There are two columns is
given here. The average number of containers or boxes per pickup location and in that
case, what will be the pickup time that collector minute per location. So in our case,
number of containers on each pickup locations are 3.5. So in that case we can select

the second one, three or more or unlimited services.

In that case, your t, value will be 0.92 which we assume. So it is possible in the exam,
these values are given in this table, are very easy to remember also. So and this labor
requirement is only for one person crew. Please remember this table is only for one
person crew. Now we will go for two-person crew. We will solve by the different

equations. But for one-person crew need not to solve.



We can take it from the same table. And just remember that if there are more than
three containers in each pickup location then in that case t, value will be 0.92
collector minute per location and if there are only one or two locations, in that case,
we can take it 0.5 or 0.6 value in between value we can take. Now for two-person
crew, so we have this formula-

tp = dbc + ki Cn + k2 (PRH)

So now we will put up the value. So dbc is 0.72. Now here PRH is 0. There is no rear
house locations given okay in the problem. So we will take PRH as 0. So this entire
value will be 0. So from that we can calculate. So here C, is 3.5 number of containers
on each location, t, = 0.72+0.18(3.5). So the t, value is 1.35 collector-minute per
location.

(Refer Slide Time: 16:44)

3. Determination of the no, of pickup locations from which the wastes can be collected

a) One person crew
G080
r ts
Bl x232xl
# T

131 Teeations'trip
b T\\'npl:nn:m Crew

6070

fo
_60x232x2
T 135

206 locationsnip

So now we calculate the number of pickup locations. So in one-person crew, the here
tp value is 0.92. And n is number of crew person, that is 1. So in that case, the value
will come 151 locations per trip. And in two-person crew here n will be 2 and tp, will
be for two-person crew. So in that case it will come to 106 locations per trip okay. So
see here the number of pickup location in one-person crew is less than the two-person
crew.

(Refer Slide Time: 17:23)



Determination of the volume of wastes generated per pickup location per week

Volume per week per location = (1.13 kg/person/day) (3.5 persons/pickup location)(7days/wk.)' {(119 ke/m’)(1/wk.)}
~ g B 2l

-~
0.233 m¥/location

2 Determination of the required truck volume

(a) One-person crew (b) Two-person crew '
V= L\]I‘ V= .lir&
r .
0233 % 151 / o 0,233 x 206
BT Y
= 14,073 m'rip =19.199 m'/trip
Usel4 m* collection vehicle Use 19 m’ collection vehicle)

—

Now determine the volume of waste generated per pickup location okay to calculate
the volume of the vehicle. So this volume per week locations, | think we took the per
capita generation multiplied by how many people are residing in that particular
location 3.5%. And because once in a week collection, so we will multiply it by 7.

That is the quantity of solid waste and we divide it by density.

Density is given 119 kg per meter cube. So in that way, we can calculate the volume
per week per location. Here you see that different problems the different ways the
volume of waste will be given. Now in this case here, the per capita generation is
given and a number of residents per location are given. So and densities are given. So

sometimes it is possible that direct value is given in m/day.

So we have to just multiply it by the number of residents in that particular location
multiplied by 7. That is days in a week. So here we got the volume per week location
0.233 m?® per location. Now we will calculate the truck volume. So for one person
crew, that is the v,

m

v =
T

So is a truck volume we can calculate from this formula.

So here is a simple volume generated multiplied by the number of pickup locations
and divided by compaction ratio 2.5. So that is coming out to be around 14 m?®
collection vehicle. So simple dumper vehicle will have almost size of 18 to 20 m®. So



if you have one vehicle, a simple dumper vehicle having 18 to 20 m? is feasible for

this collection system.

And if you compare with the two-person crew, so in that case, it is coming out to be
19 m® collection vehicle. So in this case also a similar kind of dumper vehicle could
be possible. And if you will use the compactor vehicle which can get it which can
store or which can load around 130 to 140 m3 so that the same vehicle can collect the
waste from different locations.

Because it is a once per week collection, so that is why you are getting this much
amount of waste and if you go for daily collection you need not multiply it by 7. So
your volume will be very small. So in that case this value also will be a very smaller
value. So is possible that the smaller vehicle or one auto tipper having size of 4 m3, 5
m? is feasible for thousand households could be possible.

(Refer Slide Time: 20:42)

Determination of the number of trips required per week
N, = (Total locations/wk.)' (No. of pick up locations/trip)

(a) One-person crew
N, = (1000 locations) (1/wk.)' (151 locations/trip)

— -
6,62 trips/wk (/A a
” Ve

ﬁ (b) Two-person crew

Ny = (1000 locations) (1/wk.)! (206 locations/trip)

St S [l
48 ripswk /2 0

Determination of the lahor requirements

NOTE: Even though a partial trip is computed, a full trip will have to be made to the location where the contents of the

collection vehicle will be uploaded,

Ny X Poes + (S 4 @ 4 bx)

a‘\\)) Ty 7 No. of Collector Hi-)

Now we will calculate the number of trips required per week because it is a once in a
week collection. So how many trips will be required per week. So for one-person
crew that we can do it by number of locations, that is 1000 locations divide by how
many locations could be possible in each trip. So by that way, we can come up with

the number of trips required per week.

That coming out to be 6.62 trips per week. And two-person crew that is coming out to

be 4.85 trips per week. So you see here in one person crew we require more trips per



week compared to the two-person crew. Now determination of the labor requirement.
Means how much time will be required and here also one important note that even

though the partial trip is computed, now here partial trip.

Because it is not possible to have in 0.62. This should be one single numerical value.
So even though the partial trip is computed a full trip will have to be made to the
location where the content of the collection vehicle will be uploaded. So it is now it is
good to see that if you can get it these trips, we can assume these trips say one trip per

week and in this case six trips per week.

By that way we can calculate how much is the labor requirement. So and this we can
calculate this is T w is total time per week, how many days will be required and in
this particular collection system and the unit will be days per week, how many days
will be required in a week, that is labor requirement. That we can calculate by the
number of collectors
Nyx Poes+ (t, + 5+ a+ bx)

H(1-w)

Here, the Nw we already calculate. And this tw is we can put it 7 in the one-person

Twises) = No.of collector

crew and in two-person crew 6 this value.
(Refer Slide Time: 23:01)

(a) One-person crew

LD collector (16,62 wipswki (2,32 hitrip) + (7 tapswk) [0.1 Wirip + 0,016 Weip + (0011 k) (36 k'trip)]}
({1015 {8h/c)]
=301 collector-dayiwk "

4 (b Two-person crew
20 collector {(4.85 tripsiwh)(2.32 hitvip) + (3 tripsik)[0.0 brip 000 hteip (0,011 hkm) (36 kmirip) ] )

[(1-0.15)8hid)]
= 4,39 collector-daywk '\/

¢ The laber requirements for one-person crew are approximately 23% less than corresponding requirements for the

Additional comments:

two-person collection crew,

v The results of this problem llustrate why the trend in collection is towards the use of curb collection with one

collector-driver and collection vehicles that are either manually or mechanically loaded,

Now will calculate the one-person crew. It is coming out to be 3.01 collector days per
week. So these many days will be required in one-person crew. And two-person crew

will be required 4.39 collector days per week. So here we can easily compare that the



labor requirement in a one-person crew is a low value compared to the two-person

Crew.

So the major comments on the solution labor required for one person crew are
approximately 25% less than the corresponding requirement for the two-person crew.
So that is why the result of this problem illustrates why the trend in the collection is
toward the use of curb collection with a one collector driver and collection vehicle
that has either manually or mechanical load. Normally we found most of the local
authorities.

(Refer Slide Time: 24:07)

Tabulated comparison

Comparison One-person crew Two-person crew

Time available for the pickup operation 232 Wtrip

,6Pickuplinwrcquir«l per pickup location 0.9 collector-min/location .35 collector-min/location

=4

No. of pickup locations 151 locations/trip / 206 locations/trip

Volume of wastes generated per pickup

- 133 m¥locats
location per week 0.233 m¥location

Required truck volume 4w vV 9w
No. of trips required per week 6.62 trips'wk / 4.85 tripsiwk
Labour requirements 301 collector-daywk 439 collector-day/wk

Now there is one more tabulated answer here, the time required for pickup location
that is the same for both the case. So here t, value, number of pickup locations. So is a
very surprising number of pickup locations 151, in this case, 206. And the required
volume is smaller here, required truck volume smaller compared to the two-person
crew. And the number of trips is could be possible more here compared to the two-

person crew.

And finally, the labor required also is very less compared to the two-person crew. So
your answer is, one-person crew is more beneficial for the stationary container
system, okay.

(Refer Slide Time: 24:58)



J Problem statement 2

¥ Design a solid waste curb collection system fo service a residential area with 2000 single-family

dwellings.

4 ¥ Manually loaded collection system is used which involves a rear-loaded collection vehicle with a two-

persoi crew
e
¥ Determine the size of collection vehicle required and compare the labour requirements for the

following:

A

¥ Trips per day, N, =2

/

¥ Trips per day, Ny = 3

So now we will go to the next problem where we will compare the Ng value Ng =2
and 3. So the problem statement is the design of a solid waste collection system in a
similar way. 1000 single-family dwellings. Is a manually loaded collection system
and having a facility of rear loaded collection vehicle facility. And especially here the

option is given only the two-person crew.

Only one option and we have to determine the size of the collection vehicle required
and compare the labor required for the following for Ng = 2 and Ng = 3. These are the
two options given okay. But remember that we have only one choice for a person
crew is only two-person crew. Now we will go for a similar way problem solution.
(Refer Slide Time: 25:49)

1. Average no, of residents per service = 3.5

ra

. Solid waste gencration rate per capita = 1.45 kg/capita-d
3. Density of solid wastes (al containers) = 139 kg/m3

4, Collection frequency = once per week

5. Collection vehicle compaction ratio, r = 3.0

6. Round-trip haul distance, h = 65 km

. Nominal length of workday, H=8 h

& Travel time to first pickup location, t,=0.3 h

9. Travel time from last pickup location, t,= 0.4 h

10. O route factor, W = 0.15

11. Haul time constants: a= 0.016 Wurip and b= 0.011 hkm

12. At-site time per trip, s = 0.10 hiteip /
20% ¥

13. PRH = rear-of-house pickup locations
—— T e

Assume the following data are applicable

14. dbe = average time spent driving between container locations = 0.72

15. Constants related to pick up time: k; = 0.18 & k, =0.22




And data are given. So similar data, data are given. Now here the one different the
PRH values are given okay. 20% rear of house pickup locations. So you remember
that while calculation of tp value, we need to use that particular equation-

tp = dbc + k1 Ch + ko (PRH)

Now he has two-person crew, so we cannot take the values as given in the table from
the book. So we have to analyze by this equation.

(Refer Slide Time: 26:30)

Solution:
I Determination of the time available for the pickup operation
a) Trips per day, Ny =2
H= [(t; +) + .’\'dl(l‘,.;‘ll+s+¢l+l)x)]

p H(1-W) = (t; +1;)
2 >>P,,=+—(s+a—bx)
8(1-015)~(034+04) :
=" (0,104 0.016 + 0,011 x 65)
=222 hitrip v
by Trips per day, Ny=3
H(1=W) = (t, +1t;
Py = ———-1—4'——42—(s+.\-i1x)

Ny
8(1-0.15) - (03+04) _ _
= ————————~ (0.10+ 0016 + 0011 X 65)

1.20 hitrip /

So we will start the solution. Similar way we will we can calculate the time available
for pickup operation. First we will go for Ng = 2. So here we can calculate the Ps value
and it will come up to be 2.22 hour per trip. That is for Ng = 2. And for Ng = 3 that is
coming out to be 1.2 hours per trip. So you see here for number of trips per day will
be required more pickup time and here pickup time is less here in Ng= 3. So is a very
obvious answer.

(Refer Slide Time: 27:19)



2. Determination of the pickup time required per pickup location
t, =dbe-+ k, €, + Ky (PRH)
t, = 0.7240.18(C, * 0.22 (PRH)
0.7240.18 (3.5) +0.22 (0.20) = 140 collector-min‘location
3. Determination of the no, of pickup locations from which the wastes can be collected
u) Trips per day. N, =2
m 60 x2.22 X 2

= = 190 locations/trip
fp 140

b) Trips per day, N, = 3
N - 60P.,n  60x120x%2
v, 140

102 locations/teip

4. Determination of the volume of wastes generated per pickup location per week

Volume per week per location = (1.45 kg“pcx'S(»nr'd.ly'H;ﬂ.S pcrsonx‘pw&ulv  Jocation) (Tdays'sk.N(139 kg/m*)(1 fivk)

0,256 m*/location

Now will calculate the pickup time required per pickup location that is t, value. now
here you see the PRH locations we took 20%. So is 0.22(PRH). So is coming out to be
1.4 collector-minute per location. Now once the tp is known that we can calculate
number of pickup locations from that is for trip per day Np, we can calculate. Now
here n is 2 okay for Ng = 2.

So both the cases the pickup time is different here okay Pscs value. So in Ng = 2 it will
come out to be 190 locations per trip. And number of trips 3 per day. So from that we
can calculate the number of pickup locations that is coming out to be 102 locations
per trip. So we can calculate the similar way volume of waste generated per pickup

location okay. The similar way.

The first we can calculate the quantity or waste generation divided by density. So that
is coming out 0.256 m? per location.
(Refer Slide Time: 29:01)



5. Determination of the required truck volume 6, Determination of the no, of trips required per week

8) Sfupaper ey Ny =2 N, = (Total locations'wk. ) (No. of pick up locations/trip)
p= 2Lt a) Trips per day, N, =2

_0256% 190 N, = 1000190

~
- 30 = 5.26 tripsiwk A
5 i 2 5

16.21 m*eip

b) Trips per day, Ny =3

Use 16 m* collection vehicle

N, = 1000/102

b) Trips per day, N;=3 = 9.80 trips/vk N \O

_ 0256 x 102

a0
8.70 m*trip

Use 9.0 m’ collection vehicle

Now we will calculate the truck volume first in for Ng = 2. So we can calculate the
vehicle volume is coming out to be 16 m? collection vehicle okay. And for Ng= 3, 8.7
m? per trip. We can use 9 m® collection vehicle. Now here you see that for Ng= 2

required larger size vehicle that is 16 m3size vehicle will be required.

And if you go for Ng = 3 number of trips per day 3 then, in that case, will be required
smaller size collection vehicle. Now we can calculate the number of trips required per
week that is Nw value. So the total locations per week and the number of pickup
locations. For Ng = 2, 5.26 trips per week is coming out and for Ng = 3, 9.8 trips per
week.

(Refer Slide Time: 30:26)

7. Determination of the labour requirements
NOTE: Even though a partial trip is computed, u full trip will have 1o be made fo the location where the contenis of the
collection vehiele will be uploaded.

N, %P, 4, (s +athr)
iy = No. of Colleetor Sula TRBTOTOR
H(1-W)]

(i) Trips per day, Ny, =2

[(5.26 mips'wk.) (2.22 hiteip) + {6 trpsiwk) (0010 'trip +0.016hrip {0,011 hkm)(65 kmirip)]}
T = 1.0 collector

wlsce)

— /
lelwlur-duy.@

(i) Trips per day, N;=3

[(10.15)(8h/c)]

(9,80 tripstoek )L 20 hieip) + (10 trips'sek)[0.10 hteip +0016h/ripH 001 km) (65 kmirip)]}
T

= 2.0 collector

wlaE)

[(10.15)(8hd)]

= 5.0 collector-day wh




So from that we can calculate the labor requirement. In that case, we can take this
value 5 and this we can take 10. So the same way the full trip has to be made in the
location. So we can calculate by the similar formula for Ng = 2 is coming out to be 4.9
collector days per week and for Ng =3 is coming out to 5.9 days per week. So here
you see for Ng = 2 will be required 4.9 days per week and for Ng = 3 5.9 days per

week.

So your answer will be the Ng =2 so in that case. So lower time is required as
compared to the Ng= 3.
(Refer Slide Time: 31:33)

Tabulated comparison

Comparison Trips per day, Ny=1 Trips per day, Ny =13
Time ayailable for the pickup operation Wby L20htp
Pickup time required per pickup locati

o Pickup time required per pickup location 140 callecorminocation
No. of pickup lncations 1901 locations/trip v/ 102 Ioeations/trip i
Yolume of wastes generated per pickup

. 0,236 m*/location
loeation per week
Required truck volume 16 m / Im v
No. of trips required per wee 1
Mo, of trips required per week .i!_fﬂips-""-'k\ S0 tripsiwk,
Lubour requirements @ L:U”u('tt}l’-t{nyg'l‘. V4 540 I.',U”\'\'lw-d'.l!'-"‘.l'klt-/

So we will go for a tabulated comparison. So in that case you see here, pickup
operation requires different values. So the large value in the Ng =2 and number of
pickup locations are more here in Ng =2 compared to Ng =3. And finally, here your
vehicle size is large compared to in Ng =3 and the number of trips, but lower here
compared to the Ng =3. But if you see the labor requirement or time required in a

week that is low compared to the Ng =3.

So here the answer is now Ng =2 is your answer okay. So so during this class, we
understood how to solve the problem related to stationary container system. Here we
took two different examples, one example was given the two alternates one-person
crew and two-person crew. And next problem the second problem was given where

two alternate was given Ng =2 and Nqg =3.



Similarly, it is possible that and we can compare the different alternatives. And based
on that, we can finalize the more beneficial solution by comparing it with the vehicle
volume and labor requirement. Based on that we can select one particular option or
particular alternates. So now next lecture we will again compare because nowhere,
what we have done from the last two lectures, the first lecture we understood the

design of haul container system.

In this lecture, we understood the stationary container system, how the alternates can
be compared. But we do not compare whether in the same location it is possible that
haul containers could be beneficial or could be possible stationary container systems.
And that is again dependent upon the x value round trip haul distance and is

dependent upon the economy, the cost of both the collection system.

In so next lecture we will compare the haul container system with the stationary
container system. We will solve one problem. And we will plot the one particular
curve where we will compare the haul container system with the stationary container
system. And also need to be discussed once any collection system is finalized whether
is a haul container system or stationary container system always needs to be finalized

the collection route.

That is important. Especially this collection route is very important for the haul
container system. Because there are several haulings compared to the stationary

container system. So thank you for today’s class.



