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Conventional Open Truck and Hauled Container
Systems of Waste Collection in Khulna City: A
Comparative Analysis

Riyad, A.S.M., Rafizul, I.M., Kabir, M.M., Rasel, M. Chowdhury, Shahariar, M.S. and Ekhlas, U.M.

Abstract— Collection is one of the tires of municipal solid waste (MSW) management; therefore, it's proper planning and implementation
can serve as a foundation for a sound waste management system. The two most common collection systems of Khulna city are open truck
(OT) based collection and hauled container system (HCS). A study has been carried out for evaluating the collection system of MSW and
comparing them. In contrary, time and motion survey, interview of municipal staff, conservancy officers, conservancy inspectors and drivers
and truck crews were carried out as study methodologies. Results show that within the round trip haul distance of 20-35 km, OT can make
at least 4 trips and HCS can make 3 trips per shift. The study also reveals that actual trips made and the trips for which fuel is allocated
were not always being the same. Time ratio of traditional OT container collection for pickup, unloading and travelling was around 7, 4 and
83% of total trip time, respectively. For demountable container collection time ratio was 3, 3 and 85%, respectively. Result shows that
capacity usages of vehicles were 82-93% and 79-87% for OT and HCS, respectively. Moreover, time efficiency ratings were found 38-41%

and 39-43% for OT and HCS, respectively.

Index Terms— Waste collection, demountable container, efficiency indicators, time ratio, traditional open truck, travel distance, trip time.

1 INTRODUCTION

Municipal solid waste collection (MSWC) has about 85%
proportion of the total cost for solid waste management

system (Ludwig and Black 1968). The existing Capacity
for Solid Waste Management (SWM) of local government or-
ganizations (city corporations, municipalities) cannot meet the
service demand of citizens in Bangladesh. 'Capacity for Solid
Waste Management’ ranges from individual skills to organiza-
tional and institutional/societal capacities (Fukuda-Parr et al.
2002). Municipal corporations of the developing countries are
not able to handle increasing quantities of waste and a signifi-
cant portion of wastes are not properly stored, collected or
disposed in the proper places for ultimate disposal due to lack
of enthusiasm, consciousness, loyalty, as well as money (Ahsan
et al. 2005). Several ethnic communities with different social
backgrounds are living in the KCC area. There is a wide mix-
ture diverse communities living in harmony in this city. It was
revealed that the solid waste generation (amount and compo-
sition) by different communities are significantly vary as a
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result of many factors: living conditions, cultural behaviors,
income variations and even on people’s attitudes (Mahees et al.
2011). KCC vehicles collect wastes from SDSs and transfer it to
UDS for disposal at Rajbandha, 10 km far from the city center.
This is the only UDS in Khulna and open dumping is prac-
ticed for wultimate disposal, as there is mno con-
trolled/engineered/sanitary landfill in Bangladesh (Alamgir et
al. 2005).

More than 60 SDSs are available in city area from where
KCC vehicles collect wastes and approximately 1200 commu-
nity bins, located on roadsides throughout the city. The city
authority places some haul containers (HCs) and permanent
concrete/masonry bins in SDSs. KCC has 32 motorized and
266 non-motorized vehicles for waste collection and transpor-
tation. Only motorized vehicles are used for collection of
wastes from SDSs and then transfer to UDS. Non-motorized
vehicles are uses for transfer wastes from community bins to
SDSs. KCC have 20 demountable containers for collection of
the waste. Most recent study shows that the waste generation
rate is 0.3-0.4 kg/capita/day and total generated MSW is var-
ied from 420-520 tons/day in KCC. However, the collection
capacity of KCC vehicles is 240-260 tons/day, which is about
50-55% of the total generation (KCC 2005). The maximum cov-
erage of waste collection was done by HCS and OT based sys-
tem provided in Figures 1 and 2, respectively.

Collection system in which the containers used for the stor-
age of wastes are hauled to the processing, transfer, or dispos-
al site, emptied, and returned to either their original location
or some other location are defined as hauled-container system
(Peavy, et al. 1985). Traditional OT collection is typically used
in morning time for removing waste from street sweeping,
dustbins, extra waste beside containers, drain cleaning, con-
struction debris and garden trimmings. This collection sys-
tem also removes wastes being generated by shops and
restaurants.
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Figure 1: Schematic of operational sequence for Hauled Con-
tainer System (Exchange mode) (Source: Peavy, et al., 1985)
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Figure 2: Schematic of operational sequence for OT Collec-tion
System (Source: Peavy, et al., 1985).

This study focuses on the analysis of HCS and OT based col-
lection systems. Comparison is made based on determination of
various efficiency indicators. Merits and demerits of two sys-
tems and system improvement options are identified and sug-
gestions are made. Findings can be used for waste collection
system planning and system improvement in almost similar

conditions.

2 METHODOLOGY

Khulna City is located in the southwestern part of Bangladesh
near the Sundarbans, the largest mangrove forest in the world.
It is situated below the tropic of cancer, around intersection of
latitude 22.49° North and longitude 89.34° east. The total area
of Khulna city corporation (KCC) is about 47 sq. km compris-
ing 31 wards (BBS 2001). This paper is based on primary data.
The methods used for this study are a combination of observa-
tion by transect walk in the study area, case studies and ques-
tionnaire survey. Data were collected in and around different
dumping sites of the study area along with other sources of
waste generation. Observation was done by transect walk in
the study area to observe the sources of wastes, types of
wastes and dumping sites of wastes and necessary notes were
taken in the note book. Interview with related workers, staff
and officials- before, after and at the time of time and mo-
tion (T and M) survey. At the time of T and M survey
crew behaviours were monitored to understand whether
improvement could be made. Several discussion meetings and
interviews were organized among field level staff of study
areas and officer of conservancy department to rationalize the
results found from T and M survey. For traditional OT collec-
tion, Ward 12, 23, 31 and for Demountable container collec-
tion, wards no. 1, 15, 20, 30 were selected shown in Figure 3.
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Figure 3: Location of the study area with collection system
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Figure 4: Time fraction sketch for OT collection

3 DETERMINATION OF EFFICIENCY INDICATORS

The working efficiency of collection workers were calculated
as how many workers spend how much time to load and carry
per ton of waste and how much time was required for collect-
ing and disposing per ton of waste. The loading efficiency of
vehicles was calculated on the basis of percentage of vehicle's
capacity. Wide varieties of efficiency parameters can be gener-
ated from T and M survey which reflect not only the efficiency
of the time, vehicle or crew but also give an idea of improve-
ment measures. Percentage of time taken in different compo-
nents of a collection cycle is calculated with respect to Total
Trip Time (TTT). TTT is the total actually engaged working
time in the full collection cycle. It is time from beginning from
garage at the start of work and to the moment of arriving at
garage after finishing the work. In this time several trips may
be made. The following break up or time ratio can be made on
the basis of total trip time provided in Figure 4.

0 Total travel time, when vehicle is in travel (t1 + TT;
+TTm + TTn + t2)

0 Net pickup time, it is the time required just to load
the vehicle, (LT1+LT> + LTn)

0 Total time spent in the collection area is the total time
taken for waste collection only.

0 Time efficiency rating (E) of collection workers is cal-

culated as how much percentage of time labors were
actually engaged in work with respect to the total as-
signed working time. It is an index showing the effi-
ciency of collection workers during the working
hours.
E =100% x {1(TTT-BT-RT- other time not actually en-
gaged in work) + NP x (ITC + TTU)} / {(1+NP)} x
PNWH = 100 % (Yactually engaged labor-hour)/
(> assigned labor-hour)

Where, TTT = Total Trip Time, RT= Recycling Time, BT
= Break time, NP= Number of collectors except driv-
er, TTC = Total time of collection or pickup, TTU= To-
tal time of unloading,

0 TTT = total travel time + total pickup/collection time
+ Break time + fuelling time + others, PNWH = Pre-
scribed number of working hours per shift.
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Other efficiency indicators such as gross labor efficiency,
net labor efficiency, net pickup time per station, need speed in
collection area, speed of the vehicle and unloading time is
measured as follows:

0 Gross labor efficiency as Gross person x minute /load
= {(number of driver + number of collectors) x (total
trip time)}/ load.

0 Net labor efficiency = (Net person x minute) / load =
{number of driver x (total trip time - break time or
any other time not related to collection and transpor-
tation) + number of collectors x (pickup time+ un-
loading time)} / load

0 Net loading or pickup rate is measured as net collec-
tion time in minute/load in ton.

0 Net pickup time per station per person is calculated
net pickup time/ (total number collection stations or
points x number of person).

0 Gross speed in the total trip time is travel distance in
full collection cycle per unit time as km/hr.

4 RESULTS AND DISCUSSION

4.1 Performance/Efficiency Indicators of Traditional OT
and Demountable Container Collection

A summary of traditional OT system and demountable con-

tainer collection system is depicted in the Table 1. Findings are

based on T and M survey.

In addition, the open trucks working in KCC are usually
assigned to make four trips unless special trip is assigned. In
practical, it has found that open trucks usually make three
trips unless additional trip with fuel (in addition to four trips)
is allocated. However, for surveyed OT, the fuel was allocated
for four trips. The surveyed container carrier was assigned to
make 3 trips per shift and it was found to make 2 trips per
shift. Open truck is found to be most useful and effective col-
lection system but due to significant numbers of trips being
lost (false trip) it can be regarded as inefficient collection sys-
tem. The reason of over loading is intentional reduction of
trips and save the fuel from allocated amount. Vehicles do not
use weighbridge which is a barrier for system improvement-
planning and difficult to understand accurate existing system
capacity. Time efficiency ratings for open truck and hauled
container collection systems were found 39.5%%1.5% and
41%%2%, respectively. It is calculated based on the ratio of
actually engaged labor-hour to the officially assigned labor-
hour. Ratio shows that labor productivity could be increased
further. However, practically drivers and workers have to
work more than officially assigned labor-hour for both collec-
tion systems. It is an important reason of reducing labor
productivity. Majority of time for full collection cycle of OT
and HCS is consumed in travel time, around 86 and 84%, re-
spectively. The % of time fraction and time efficiency rating
illustrates in Figures 5-6, respectively.
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Figure 5(a): Time ratio of traditional OT collection
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Figure 5(b): Time ratio of traditional HCS collection
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Figure 6: Percentage of time efficiency rating of OT and HCS

Figure 7: Waste Collection by Open Truck

4.2 Merits and Demerits of OT and Demountable
Container Collection System

OT collection systems collect waste from open dumping points
from the community including street sweeping waste is provided
in Figure 7. Just after the collection of OT, the community is clean.
However, container stays whole day in the community and create
public nuisance and traffic congestion. Although the OT and HCS
are available near the road side, however, public throw their
waste outside the container shown in Figure 8. The crews do not
use safety gears in both collection systems. There is high risk of
injury to load the OT due to pick up or loading and carrying of
waste and there is risk also of sharp materials. There is no prac-
tice of manual lifting and placing of container to the carrier and
almost no risk of injury. Unsafe or careless movement of the
crews was observed in both collections. Odors and scatting of
wastes are common in both the collection system but this situa-
tion is more common at OT collection and there is no leachate
control facility.

Figure 8: Waste outside of haul containers

Long time pickup operation creates public hazard in OT
system. Day-long staying of demountable container in com-
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munity may cause leachate contamination and scattering of
waste surrounding the container because of improper use.
Most of the OT vehicles are old, consumes more fuel and emit
more particulate matter, GHG and unburned hydrocarbon
than container carriers. OT collection is effective in every-
where, where vehicle can get in and are suitable for
commercial, domestic, garden and backyard trimmings,
construction and demolishing waste and drain cleaning
waste. Moreover, KCC faces lack of waste dumping area with
its increasing urbanized wastes since it has only a UDS. There-
fore, it is important to find out some other sites. The ecological
footprint (0.088 ha/capita) was calculated to develop a sus-
tainable waste management system by considering its existing
solid waste characteristics (Salequzzaman et al. 2005). Seven
suitable UDSs have been found by the multi-criteria evalua-
tion method using Geographical Information System (GIS)
approach in Khulna city. Each site has satisfied all the criteria
adopted for highly suitable sites for MSW disposal (Rahman et
al. 2008).

4 CONCLUSION

The managed waste was found approximately 45-63 and 107-
134 kg/km/hr for OT and HCS system, respectively. In terms
of system operation efficiency as kg/km/hr, HCS can be re-
garded as almost two times more efficient as OT based system.
It has found that within the round trip haul distance 20-35 km,
OT can make 4 trips/shift and HCS can make 3 trips/shift in
less than assigned working shift (8 hours). Time efficiency
rating for both the collection systems can be increased by in-
creasing crews working hours. The capacity usages of vehicles
were 82-93% and 79-87% for OT and HCS, respectively. Time
ratio of traditional OT and HCS for other times not actually
engaged in work was about 3 and 10%, respectively which
should be overcome for effectiveness of the system. Efficiency
and effectiveness standardization of regular collection is re-
quired to be set based on more sample survey, trial and error
and laboratory tests and management decisions to be taken to
promote the standardsthese should be referenced in the body
of the paper.
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Table 1: Summery of findings of OT and Demountable Container collection sysem
Evaluating Parameters - - Collection area -
Demountable container collection (HCS) OT collection
Types of Collection Ward-01 Ward-15 Ward-20 Ward-30 Ward-12 Ward-23 Ward-31
Vehicle/registration Number Khulnlallglloe;;o sha- Khulna Metro sha-110015  Khulna Metro sha-110026 Khulna Metro sha-110045 Khulnlallgloeztrgo cha- Khulnlallgloe;rgo cha- Khulnlallgloe;rzo cha-
Vehicle capacity (ton) 7 7 7 7 7 7 7
Crew size 2 (assigned 2) 2 (assigned 2) 2 (assigned 2) 2 (assigned 2) 2 (assigned 2) 2 (assigned 2) 2 (assigned 2)
Round trip haul distance (km) 32.5+1 30.50+0.5 23.50+0.50 20.50+0.50 20.5+5 27.5+0.50 24.50+0.50
35+.5 35.50+0.5 28.50+0.50 23.25+0.50 22.5+1.00 36.50+0.5 33.50+0.50
2 (assigned 3) 3 (assigned 3) 3 (assigned 3) 3 (assigned 4) 3 (assigned 4)
37248 (3 trip)
1

Total travel distance (km/trip)
Trips/day
Total trip time, TTT (min)
Collection stations/trip

2 (assigned 3)
446+9.5 (2trip)
2

Fuel allocation (km/litre) 4
Cost effectiveness in terms of fuel ~ 9(L/trip)*68(Tk/L)/5.5
allocation for surveyed vehicle (T/trip)
=112

capacity (taka/ton)

Number of trips/shift Assigned trips/shift: 3

Trip/shift from T&M:2

Total waste transportation and
disposal (ton/shift) 11.00+1.50
Net pickup time or Pickup time 8-9
(minutes/trip) Around 3% of TTT
6-8

Around 3% of TTT
6.2-6.7 hrs/shift
3.1-3.35 hrs/trip

Around 85-88% of TTT

Unloading time (minutes/trip)

Travel time (hour/trip)

Load per TTT (kg/hr) 14854235
Load per transporting time
(kg/hr) 17174229
Net loading rate or pickup time 2954025
(min/ton)
Managed waste of load/total 4253+7.23

2 (assigned 3)
31149 (2 trip)
3

4

9(L/trip)*68(Tk/L)/6
(T/trip) =102

Assigned trips/shift: 3
Trip/shift from T&M:2

12.00+.50

6-7

Around 3% of TTT
5-6

Around 3% of TTT

4 t0 4.60 hrs/shift
2-2.30 hrs/trip
Around 83-87% of TTT
2157+164

2812.5+ 312.5
1.75£0.25

65.43+5.53

390410 (2 trip)
2

4
7(L/trip)*68(Tk./L)/5.25
(T/trip)
=91
Assigned trips/shift: 3
Trip/shift from T&M:2

10.5£1.5

4-5
Around 3% of TTT
5-6
Around 3% of TTT
5.4-6.0 hrs/shift
2.7-3.00 hrs/trip
Around 85-90%

1622.5+272.5

1861.5+ 316.5
1.25+0.25

57.12+10.50
Ton/trip:5.25+0.75

45313 (3 trip)
2

4
6(L/trip)*68(Tk/L)/6(T/trip)
=68

Assigned trips/shift: 3
Trip/shift from T&M:3

18.25+1.25

5-6
Around 3% of TTT
5-6
Around 3% of TTT
6-7 hrs/shift
2-2.3 hrsftrip
Around 85-89% of TTT
24244235

2839.5+410.5
1.5+0.25

104.52+ 12.36
Ton/trip:5.95+.28

416+11.5 (3 trip)
1

5
4.5(L/trip)*68(Tk/L)/6.
5(T/trip)
=47
Assigned trips/shift: 3
Trip/shift from T&M:3

19.00+1.00

14-15
Around 7% of TTT
7-8

Around 4% of TTT
5.4-6 hrs/shift
1.80-2 hrs/trip

Around 80-84% of TTT

2746.5+ 220.5

33524352
2.2+0.4

123+15
Ton/trip:6.36+0.36

408+7.5 (3 trip)
1

5 5
7.5(L/trip)*68(Tk/L)/5.  7(L/trip)*68(Tk/L)/5.89
9(T/trip) (T/trip)

=86.50 =81

Assigned trips/shift: 4
Trip/shift from T&M:3

18.0+£1.00

Assigned trips/shift: 4
Trip/shift from T&M:3

17.75+1.50

7-10 8-9
Around 7% of TTT Around 7% of TTT

4-5 4-5
Around 4% of TTT

Around 4% of TTT
5.20-5.70 hrs/shift 1.73- 5-5.5 hrs/shift
1.9 hrs/trip 1.6-1.80 hrsftrip

Around 78-83% of TTT  Around 78-85% of TTT
2614.5+ 296.5 2908+224

3276.5+425.5 3445.5+ 354.5

1.6+0.4 1.2+04

118.94+11.57

Ton/trip:5.89+0.22
T&M:81-91%

71.76+8.34

Ton/trip:5.92+0.50
T&M:78-92%

distance/total time (kg/km/hr)
Vehicle capacity utilization calcu- Ton/trip:5.50+0.75 Ton/trip:6.00+0.25
lated as ton/trip and as percentage T&M:68-89% T&M:83-90% T&M:65-76% T&M:81-93% T&M:86- 96%
Net overall speed (km/hr) 3244 30+2 3244 3244 22+3 22+3 22+3
Time efficiency rating 44%+1% 30%+2% 38.5%+1.5% 43.25%+ 1.5% 41%+1% 39%+2% 37%+1.5%
Gross labor efficiency (person- 94+2 53.6£2.4 755£12.5 5045 4375+ 3.75 4626 415%35
minute/ton)
Net labor efficiency (person- 36.545.5 225415 3445 2225+ 175 2142 19.25+1.75 175+1.25
minute/ton)
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