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Abstract: The development of the bus rapid transit system (BRTS) is tremendously growing in
developing countries of the world. In large cities, the projection of transportation intends to
enhance economic growth and changes the image of the city for both residents and outsiders.
The purpose of this research was to study the application of alternative options for energy efficient
BRTS in developing countries. The BRTS has some of its accessibility patterns that relate to the
socio-economic strata. A decision-making efficiency analysis methodology has been applied to
analyze the comparative analysis of both conventional fuel and hybrid bus systems for the Multan city
of Pakistan. The section-wise application of a hybrid energy-based bus system has been analyzed in
comparison to the conventional bus system. Out of 21 stations, the efficiency-wise hybrid bus system
remained superior or equivalent to the standard value of 1 except one midpoint section. The finding
of the analysis indicates that the hybrid mechanism of buses can not only replace a conventional
fuel-based system, but will also help as an energy-efficient and eco-friendly economical solution.
This study will help to revolutionize the bus rapid transit system in developing countries.

Keywords: transport; fuel; energy; management; bus rapid transit

1. Introduction

Bus rapid transit systems have witnessed outstanding growth in the recent years. The new
implementations are taking place throughout the cities of the developing countries. These systems are
relatively inexpensive with greater flexibility, as compared with railway systems and their promise to
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encourage economic revitalization [1]. The project of the bus rapid transit (BRT) type of transportation
setup intends to enhance economic growth and changes the image of the city for both residents and
outsiders. A successful system is a system that provides access to all residents of the city. Bus rapid
transit is an economical substitute for other modes of transport [2]. It is highly operational in well-built
countries. A bus rapid transit system (BRTS) matches the features and performance of the contemporary
rail system, includes station facilities, ticketing, and the row of way. However, BRTS has benefits
well over rail transit, which includes lesser execution cost, lesser construction cost, accommodation
of many routes, and relaxation towards town conditions [3,4]. In the past years, this system has
become more popular in urban transit, particularly in emerging capitals. Almost six continents have
applied this system, comprising more than 166 cities, and most of them are in construction phases [5].
To evaluate the performance of newly introduced public transport facilities is the core theme of the
research. In view of the above, the enlisted objectives are as follows: (a) To study the performance of
BRTS as a safe, reliable and efficient transport for the people of Pakistan, (b) to analyze the performance
of BRTS against traffic congestion, (c) the analysis of an attractive alternative in terms of time and
convenience, (d) to carry out a service performance evaluation of Multan BRTS, and (e) to conduct an
energy-efficient operational analysis of BRTS and to recommend solutions for the improvement of
bus transit services. A combination of increasing population, increased automobile ownership, and
insufficient road space created a situation of long commute times within an average speed of 40 km/h,
with a very high accident rate. The air pollution also appears to be increasing every day. In the last ten
years, the travel time for persons of the cities declined by 32% and there was an increase in pollution [1].
Given this situation, the city of Multan invested a new transit system that was aimed at increasing the
population, efficiency, and competitiveness, and contributing to the inclusive sustainability aims of
these cities.

This study is focused on the feasibility analysis of alternatives for focus on the performance
of an energy-efficient bus system to improve the efficiency and environment-friendly bus rapid
transit system operating in developing countries. To study the performance analysis, a first-time
benchmarking technique has been applied to insight realistic conditions for the energy efficient
BRTS. The benchmarking technique like the data envelopment analysis (DEA) can help to implement
energy-saving alternatives like hybrid bus systems with multiple inputs and multiple outputs.
This study will help in the comparative analysis of resources with practical implications and policy
development. The case study of the BRT system for the city of Multan has been considered to study
the performance of the developing city of the Asian region. This is a first-time study, related to the
implementation of an energy-efficient public transport bus system in this region of South Asia.

2. Background

Bus rapid transit system (BRTS) is described as “an integrated system of facilities, services, and
amenities that collectively improve the speed, reliability, and identity of bus transit” [6]. It is an
assimilated system with good quality buses, distinct infrastructure, and limited mix traffic running
way and designed for greater speed, reliability, and safety. BRTS has a separate bus lane and limited
large spacing stops compared with local buses. BRTS is provided as it has a high speed, more capacity,
an increased reliability, a successful attraction of ridership, and environmental, social, and economic
benefits [7].

2.1. Key Features of Bus Rapid Transit System (BRTS)

BRTS, a unique modern standardized public transit service comprising innumerable amenities,
technologies, and facilities to provide a quality public bus service has the forthcoming key elements.
To make the system more friendly and attractive to commuter and riders” perception of the service
quality required effective, exact, and reachable commuter information technologies. To get route
guidance, scheduled prior to starting a trip is required by the commuter, and the source of the
information may be the telephone or internet [7]. Real-time bus information including bus arrival time,
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next to bus station distance, name of current station, next station arrival time, location information,
service alerts, and interchange facilities information are required to improve the BRTS ridership by
reducing waiting time fears [7]. All the above stated features of BRTS assimilated to form a system,
stated as BRTS [7]. The layout features, design characteristics, operational techniques, and all features
of BRTS may vary from system to system, depending upon the land use pattern, investment plan, and
environmental consideration.

2.2. Energy Consumption

Worldwide fuel energy consumption for the transport sector is increasing, and this is one of the
largest energy consumption and environment-related issues. Consumption of transport fuel and future
prediction for Pakistan can be seen in Figure 1. To solve this problem, energy-efficient solutions are
necessary. Developing countries cannot afford to consume the high value of fuel for public transport,
especially for BRTS. Otherwise, it increases the travel cost with the change in market fuel rates and
makes public transport out of reach from the pocket of common travelers.
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Figure 1. Transport-related energy consumption prediction [8].

After the successful implementation of BRTS, its performance analysis was under the core target of
the study. The fuel-saving and energy-efficient public transport system is now a major goal for future
studies. To study these features, a carbon footprint concept with reference to BRTS was to be studied
in a view of environmental impact [9]. Different fuel consumption parameters like compressed natural
gas (CNG), Diesel Fuel features were also discussed [10]. Overall energy-efficient performance study
is necessary for BRTS for the efficient rapid bus transit system [1,11-14]. Fuel and energy consumption
for public transport utilization is one of the cases to be studied for an efficient transport system [15-17].

2.3. Spatial Accessibility

Spatial accessibility, in order to provide easy transport facility, plays an important role for the
urban development. The bus system works as a backbone and replacement of the transport system
for efficient and effective transportation modes [18-21]. Thus, some of the policies had been made to
overcome the problem that causes impedance between residents and employment areas. Due to this,
transportation with spatial accessibilities of housing authorities to the services of urban areas is being
made easy. The best solution was to link the people to the social areas by means of transportation that
connects the people to the society with a lot of ease. Bus rapid transit (BRT) has increasingly become an
attractive urban transit alternative [3,14,21-24] especially in developing cities, due to its cost-effective
and flexible implementation [14]. The BRT system has particular stations at the most critical areas,
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which are fully commercial, overpopulated, and recreational. The main point is the planning that
leads to the connectivity of people to the BRT system, with ease and a better economy. A system that
has to be run must be compatible and accessible to the residents at each point of the route. One can
travel easily to the BRT system, by taking a little walk from houses. This is the main accessibility that
a system should provide in order to increase its performance. Each person must be able to perform
each activity relating to society without any resistance. This resistance is reduced by better planning
of the route selection and station selection of the BRT system, where anyone can have access, from
any place, to the BRT system. Thus, the attractive places and locations that are highly demanded
must be connected closely to the BRT stations, so that everyone can take advantage of this system.
This advantage only seems to be possible if the system is provided with excellent spatial accessibility
to the targeted locations of the society.

3. Materials and Methods

3.1. Framework

The basic framework followed for the analysis of energy-efficient public transport bus system
alternatives is shown in Figure 2. A step-by-step working formation has been designed following
previous patterns [25,26] given in the flowchart.

Selection of Study Area

v

Data Collection

Official Data Collection Field Data Collection

v

Data Stratification & Analysis

v

Selection of Alternatives

'

Benchmarking based Performance
Analysis

'

Final Decision Making

Figure 2. Research Methodology.

Step 1: The selection of study area and BRT route map;
Step 2: Data collection from BRT offices and field data collection;
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Step 3: Data stratification and analysis (for travel route segmentations, travel speed and time
analysis, roadway condition, traffic flow, urban land regional analysis, and fuel consumption);

Step 4: Comparative data analysis of BRT alternatives (1—conventional fuel based bus system
and 2—hybrid battery based bus system);

Step 5: Efficiency performance analysis using benchmarking concept with the help of data
envelopment analysis (DEA), with the concept of maximizing output and minimizing input;

Step 6: Decision making based on efficiency analysis for the application of alternatives for the
energy-efficient BRT system.

3.2. Study Area and Data Collection

The city of Multan (known as the city of saints) is the seventh-largest city of Pakistan and is located
in the south region. It covers 132.1 sq. km of area. Multan had a population of 1.31 million in the 1998
census, but it has increased up to 1.87 million in 2018 [27]. This means that Multan has an average
growth rate of 2.6% annually. It is often called the city of saints. Multan has a critical condition in
terms of income and inequality. The city is small and is overpopulated; thus, the road system is bearing
a burden that causes a lot of problems for the inhabitants. It also causes problems like congestion,
accidents, pollution, etc. Hence, the government has decided to overcome this problem in Multan
by the development of the BRTS. The traffic route planning was poor, which caused the failure of the
BRT system in Multan. The BRT system of the Multan corridor is approximately 18.5 km in length,
which has been developed for the cost of 200 million United States dollars (USD). It also consists of 21
stations variable in length. Some of the sections are located at ground level and the rest is elevated.
The elevated portion is 6.5 km, while 12 km are at grade level. The Multan BRT system carries 5-10
thousand persons daily, which is considered to be a good number of passengers. The BRT system
consists of different types of corridors such as the feeder, stops and stations, access to a pedestrian, and
main and other terminals along a control center unit. The BRT Route plane is shown in Figure 3.
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Figure 3. Route Map of BRT Multan [28].

Complete data about infrastructures and operation was available from the BRT authorities. Some
of the variables were taken out directly and some of them were collected indirectly. Official data were
collected from BRTS offices and the remaining data were physically collected from the BRT travelers
through a questionnaire. The analysis was manual and followed a standard iterative process used for
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qualitative data, based on the content analysis theory. This section intends to summarize the overall
investigation procedure that was directed in May 2018 in Multan. Route lists were acquired from
the Bus Rapid Transit Authority, and these were followed by a survey. These provided the concrete
data for the quantitative measures developed in this study. The security staff and BRT representative
helped to complete the survey. To make the data more precise to randomness, data were collected
during three peak hours (8:00-9:00), (13:00-14:00), (17:00-18:00). Therefore, the following variables
could be further used to distinguish the good and bad performance of the bus rapid transit systems.
A flow chart below Figure 3 explains the methodology quite significantly. A structural framework of
the whole study methodology is made, and through it, the methodology is well explained along with
its other various important factors or components.

3.3. Data Stratification and Analysis

After the collection of data, the BRT system performance was analyzed with graphical visualization.
In the case of this BRT system, the evaluation was made by calculating some of the variables which
serve as an important factor in determining the performance analysis of the BRT system. Variables
were calculated by means of field visits, official visits to the officials, and taking some confidential
information. The focus was to study the data related to the travel cost, inflow rate or ridership,
BRT travel speed, signals, crossing or intersections all over the BRT routes, educational institutes
(presence/number of institutes in that area), roadway conditions, urban area type along the BRT route,
population density, speed limit, stopping time, travel time, and traveler numbers. These variables
have been studied by means of field visits and official visits. The travel time has been calculated
for both the BRT system of Multan by means of Global Positioning System (GPS) and confidential
works. Some of the other variables, like cost, have been fixed by the government as (0.125 USD) per
person, through which the traveler can travel at any place throughout the city. These variables help to
evaluate the object or the BRT system. There are a few other important factors that are included in the
methodology, which determine or help to determine the BRT performance of Multan. The stratification
was also done for the required areas. The city streets were divided into a number of strata, and then,
according to their level, the evaluation is made. Moreover, two measures of accessibility were taken
into account and were calculated as (a) complete access to the stations and stops, and (b) access to the
social opportunities and social activities. The pedestrians must have easy and quick access to the BRT
system, and then the BRT must have good access to all the social institutes and opportunities related to
society. The comparative bus formation and infrastructure of the BRT system are shown in Figure 4.

There are two levels of connectivity for this model, among which the first level consists of
pedestrians, who are all over the accessible areas of the BRT, and the other consists of BRT system
stations and stops. These two connectivity levels serve as a model and the pedestrians are the main
level for this connectivity, while the BRT stations serve as the only entrance and exit points of this
model. Thus, this multi-model structure helps to calculate the travel time as the walking travel time
for the pedestrians to access the BRT stations. The pedestrians must have easy and quick access to the
BRT system, and then the BRT must have good access to all the social institutes and opportunities
related to society. This means the walk time of the passengers from the residential area to the BRT,
and then the BRT travel time to the destination, and finally the passenger’s time to reach society or
opportunities from that last station. This model helps to check the spatial accessibility of the BRT and
also the walk time. The areas are stratified and then the levels are evaluated, and each level has its
own pedestrians and population, including educational institutes and other social networks. We also
know that every mode of transport is given or provided with assigned speed. The feeder buses are
slow enough at 20 km/h. The walking speed is rather 5 km/h.
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Figure 4. The BRT-Metro Bus System: (a) Diesel Fuel Bus, (b) Hybrid Battery Base Bus, (c) Service Area,
and (d) Station [28,29].

3.4. Data Envelopment Analysis Model for Efficiency Analysis

One of the efficient techniques for the performance analysis of bus systems is data envelopment
analysis [18,19]. Data envelopment analysis (DEA) is one of the non-parametric approaches developed
by Chames, Cooper, and Rhodes in 1978 [30]. Its concept is described as “data envelopment analysis
studies structures approach, in which the association between all inputs and outputs are taken into
account simultaneously yielding a more consistent measure of efficiency. The weights used for each
BRT segment, hereinafter called the decision-making unit (DMU), are those, which maximize the ratio
between the weighted output and the weighted input. If the relative efficiency of a set of DMUs,
performing the same function is to be evaluated, those DMUs should use the same type of input to
produce the same type of output. The efficiency score of a DMU varies from 0 to 1. A DMU with an
efficiency score of 1 is considered to be most efficient. Efficient DMUs achieve greater output per unit
input than those achieved by the inefficient DMUs. If efficiency of a DMUisl1, no other DMU is more
efficient than that DMU and the weights adopted can be considered as the optimal weights. If efficiency
is less than 1, there can be other DMUs that may be more efficient. In short in case of measurement of
efficiency the concept of maximum output using minimum input is applied.” [31]. DEA, which is an
established technique in the field of transportation and management, has a mathematical expression as
Equation (1):

m
maxEg = Y vixjp
i=1
S
subjectto Y ury0 =1,
r=1 (1)

m S
X vixij — Zlur]/rj <0, j=1,---,n
i= r=
Uy, v; ZO’r: 1, ,S, [ = 1’ ,m
DEA model and efficiency level are calculated by applying the performance analysis outcome and
exposure variables [32,33]. In Figure 5, the formation of the DEA model can be explained according
to the two concepts. If the output is desired, it should be maximized for the calculation of efficiency,
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while minimizing output is required for the calculation of risk. Due to its benchmarking formulation,
DEA is considered superior with reference to the regression technique.

Outputs

‘ Efficient Frontier
Efficiency = Max.Output/Min.Input

Reg. Line

Inputs

g

Figure 5. Basic DEA Model Conceptual Diagram [33].

Risk = Min.Output/Max.Input

In these concepts, while calculating efficiency in the transportation field, the highest level has been
considered as the frontier of performance. In the case of efficiency evaluation, Efficiency is calculated
by maximizing output and minimizing input [33]. The simplest form of calculating Efficiency by DEA
is as follows:

Efficiency: Basic concept of DEA- Efficiency calculation is as in Equation (2):

Effici  Weighted Sum of Output  Maximize Output
fficiency = Weighted Sum of Input ~ Minimize Input

@)

4. Results

The analysis is the main part of this study, and the BRT system is analyzed through some of the
variables which are also discussed here. The access of the stations of the BRT system for the people is
a very important portion of this analysis along with these variables. The Multan BRT is evaluated
through some variables, which are also calculated, and then the analysis is made. The analysis of
the Metro Bus System station accessibility is further a very important factor as all the pedestrians
and the residents must have easy access to the BRT system. Spatial accessibility is a very important
term in transportation projects which includes residential areas, housing authorities, and modes of
transportation for remote areas. It is a major problem that the segregation of residential areas to the
services is being made. Therefore, in order to overcome this segregation of residents to the services,
transportation plays an important role. Thus, some of the policies had been made to overcome the
problem that causes impedance between residents and employment areas. Due to this, transportation
with spatial accessibilities of housing authorities to the services of urban areas is being made easy.
The best solution was to link the people to the social areas by means of transportation that connects the
people to the society with a lot of ease. Moreover, further analysis is made through these variables,
which are calculated, and then the object evaluation is made through these variables.
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4.1. Travel Speed Analysis

The travel speed is considered as the main aspect, when it comes to bus rapid transit performance.
The graph illustrates the discrepancy in speed with time, in comparison with Multan BRT systems.
The travel speed is a very important factor for the evaluation of the BRT system. Multan BRT system
has different travelling speed, which shows different values for both of them. The following are some
graphs that help to analyze the BRT performance.

This graph (Figure 6) shows the travel speed of BRT buses of Multan city with respect to time.
As illustrated from the graph, we can see that the average traveling speed of Multan BRT is between
40 km/h and 55 km/h, which is quite good compared with the other modes of transport. The BRT
maximum speed is 55 km/h and this is very good. Additionally, the time frame is given according to
the stations. The first stations required just 100 seconds to reach. The same was observed for other

stations covered within 60 to 110 seconds, which is also quite incredible.
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Figure 6. Analysis of Travel Speed of Multan with Respect to Time

From the analysis of these data, as shown in Figure 7, it was found that, at the distance of 1035 m,
the first station was located. The time consumed was about 100 sec, which was the double of the
Manzorabad location. Northern-By-Pass and Shalimar Colony have constant distances of 900 m with a
difference of 8 sec in the time period. The time duration suddenly leaped at BCG Chowk to 110 sec
with a 1010-m measured distance, and then varying until the last station. Hence, larger distances

between the stations degraded the BRT performance.
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Figure 7. Analysis of Travel Distance of Multan with Respect to Time.

4.2. Fuel Consumption and Efficiency Analysis

The bus rapid transit (BRT) is a contemporary public transport system with numerous potentials
like fast traveling efficiency and low fuel cost. However, when we compared it with the hybrid bus,
the results might be contradictory. Fuel cost is a substantial part of mass transit authority finances.
Hybrid technology is a striking choice for passengers and it can play an imperative role in reducing the
functional costs of interventions. There are thousands of regular hybrid buses moving in Multan and
only 35 articulated transit (60 feet) buses are operational along the BRT corridor. The main aspect of
using a hybrid bus is the fuel economy, time savings, and emission reduction. Additionally, three BRT
buses and three hybrid buses were analyzed on the same transit route of Multan. The fuel consumption
of BRT is 3 km per liter and the hybrid bus has a fuel consumption of 4.5 km per liter. Results revealed
that the highest fuel cost for BRT was $0.93 at the Shah Rukn-e-Alam station, while it was $0.21 for
a hybrid bus at the same terminal. The topmost traveling speed of 54 km/h was noted by a hybrid
bus at a particular station, but BRT had a 5-km/h crowning speed at Shah Rukn-e-Alam. The average
travel time for the hybrid bus was 73 sec, and 77 sec for the BRT bus, which shows that the hybrid
technology is dominating BRT in both these facets. The overall fuel costs of a BRT bus and a hybrid
bus are $108 and $66.81 respectively, during the entire day. The fuel consumption is rather dissimilar
for the dual modes (BRT and hybrid), because of the diverse passenger capacity, boulevard level, and

road condition, as shown in Table 1.
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Table 1. Fuel Consumption and Comparative Route Performance Analysis.

Distance

Stations (km) BRT Bus Hybrid Bus
Fuel Fuel Speed Time Fuel Fuel Speed Time
Cons Cost (kmph) © Cons Cost (km/h) ©
(lit) ($US) (lit) ($US)

BZU 1.035 0.34 0.30 43 100 0.23 0.20 43 86
Bahadar Pur 1.035 0.34 0.30 43 100 0.23 0.20 43 86
Mehmood Kot 0.75 0.25 0.30 40 53 0.17 0.14 41 52
Northern By-Pass 0.9 0.30 0.26 55 75 0.20 0.17 54 60
Shalimar Colony 0.9 0.30 0.26 40 67 0.20 0.17 41 66
Sabzazar 0.65 0.22 0.19 42 60 0.14 0.13 40 58
Chungi No. 6 0.9 0.30 0.26 40 80 0.20 0.17 39 83
Gulgasht 1.1 0.37 0.32 37 102 0.24 0.21 39 100
Chungi No. 9 1 0.33 0.29 40 93 0.33 0.29 42 85
Fort Qasim 0.85 0.28 0.25 41 81 0.19 0.16 43 71
Daulat Gate 0.9 0.30 0.26 45 95 0.20 0.17 48 67
Hafiz Jamal 0.87 0.29 0.25 39 60 0.19 0.17 44 71
Manzoor Abad 0.7 0.23 0.20 40 50 0.16 0.14 40 52
Ahmad Abad 0.9 0.30 0.26 44 75 0.20 0.17 45 72
BCG Chowk 1.1 0.37 0.32 46 110 0.24 0.21 47 88
Peoples Colony 0.9 0.30 0.26 45 70 0.20 0.17 45 72
Vehari Chowk 0.9 0.30 0.26 43 55 0.20 0.17 43 75
General Bus Stand 0.7 0.23 0.20 46 58 0.16 0.14 46 54
Jinnah Park 1.2 0.40 0.35 45 87 0.27 0.32 46 94
Shah Rukn-e-Alam 1.1 0.37 0.93 47 60 0.24 0.21 48 72
Kumaranwala Chowk 1.15 0.38 0.33 44 920 0.26 0.22 47 88

Note: Fuel Cons (lit) = Fuel Consumption (Liters).

4.3. Comparative Performance Analysis of Conventional Fuel Bus vs. Hybrid Fuel Bus System Analysis

To analyze the performance of the BRT system after utilization of the hybrid battery-based bus
system, data envelopment analysis can be used to see the performance of the effective utilization of
the system.

The basic model can be viewed in a simple expression in Equation (3), as follows:

Efficienc _ uyi;j + U2j +...+ U Ykj 3)
y= Y1+ 2Y2j + -+ 1Y

where:

ux = weight of output k,

Ykj = amount of output k from unit j,

u; = weight of output J,

yij = amount of output 1 from unit j.

Following the similar concept of using inputs and outputs, technical parameters have been
considered as output, and the target is to minimize the output while the discharge is the inputs, as
the target is to maximize the input [33]. Thus, the Equation (4) to calculate the efficiency score value
through the DEA is as follows:

U (Speed) + U, (Distance)
V1 (Fuel) + V,(Cost) + V3(Time)

Ef ficiency = 4)
where:

U, » = weights for 1st and 2nd output,

V1,23 = weights for 1st, 2nd, and 3rd input

The Lingo software was used to apply the DEA model via programming, which produced the

efficiency values for each decision-making unit (DMUs), i.e., segments of BRT sections as shown in
Table 2.
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Table 2. Comparative Performance Analysis of Conventional Fuel Bus vs. Hybrid Fuel Bus System

Analysis.

DMUs Stations C. B. Eff. Score H.B. Eff. Score
A BZU Stop 1 0.9856917
B Bahadar Pur 1 0.9856917
C Mehmood Kot 0.9879466 1
D Northern By-Pass 0.9890059 1
E Shalimar Colony 0.9889976 0.999981
F Sabzazar 0.9774379 1
G Chungi No. 6 0.9889847 0.999962
H Gulgasht 0.9820954 0.999963
I Chungi No. 9 0.9955113 0.7700518
] Fort Qasim 0.9972956 0.9999797
K Daulat Gate 0.9889749 0.999987
L Hafiz Jamal 0.9971261 0.9944214
M Manzoor Abad 1 0.9620835
N Ahmad Abad 0.9889937 0.999979
O BCG Chowk 0.9820965 0.999983
P Peoples Colony 0.9889996 0.999979
Q Vehari Chowk 1 0.999974
R General Bus Stand 1 1
S Jinnah Park 0.9856904 0.9644047
T Shah Rukn-e-Alam 1 1
U Kumaranwala Chowk 0.9956418 0.9856835

Note: C. B. Eff. Score = Conventional Fuel Bus Efficiency Score; H.B. Eff. Score = Hybrid Fuel Bus Efficiency Score.

The comparative analysis shown in Figure 8 explains the benefits of using a hybrid bus system
for cost-saving and shows a better performance of the BRT system. Hence, it can be implemented
successfully for energy-efficient utilization.

Conv.Bus BRT Vs Hib.Bus BRT Sytem
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Figure 8. Comparative Performance Analysis of Conventional Fuel Bus vs. Hybrid Fuel Bus
System Analysis.

The comparative analysis shows that the efficiency has been calculated on the basis of the
benchmarking concept with the concept of minimizing fuel, cost, and time, while maximizing the speed
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and travelling distance. Thus, in this formation, DEA helps to evaluate the efficiency of section-wise
BRT analysis, which shows that the hybrid bus system will be more efficient to utilize in comparison
with the conventional fuel-based bus system.

5. Conclusions

This study is based on the efficiency analysis of a hybrid bus system using advanced benchmarking
techniques for an efficient energy-saving BRT system. Developing countries around the world are
investing in large city-wide BRTS projects, sometimes accompanied for invigorating the economic
development and overcoming a legacy of injustice with the income policies. The research has worked
to highlight the importance of both the design and designing an accessible transportation system, and
also working on the distribution of opportunities and services for an urban area thoroughly. It has
provided a framework for planning new policies and their potential for improving accessibility for all
segments of the population. The bus rapid transit was a new project in Pakistan that has revolutionized
the transport sector. It was beneficial for lower-class people, who had less income and low living
standards. Its quality and fare were better than conventional bus systems, and that is why most people
preferred to ride it. The aim of this project was to evaluate the system through the analysis of the
existing setup and existing system and it suggested and designed an improved public transit system
for the two cities. It also provides an overall assessment of the BRTS Multan. The main discussion of
this case study is to give answers to the question relating to how well Bus Rapid Transit has achieved
its aims towards sustainable mobility in Multan. Road conditions, travel time, bus depot location, and
travel speed are the main factors influencing the efficiency of bus rapid transit systems. It was found
that the BRT could attract expressly private vehicle customers to change the mode choice. Bus rapid
transit (BRT) grants a higher passenger capacity, economical, comfortable, and flexible alternative for
high-performance transit facilities, and thus, has progressively gained attentiveness from policymakers.
The Multan BRT project was curtailed due to a number of reasons. The internal setup was not simple
enough to implement this project. The selection of the first corridor (a route of stumpy demand
outlying location) was rather fruitless.

Using the data envelopment analysis (DEA) provides an opportunity to compare the performance
of the BRTS system with conventional diesel and hybrid bus systems for an energy efficient BRTS.
Comparative analysis shows that, out of 21 stations, except at only one section located at Chungi
Number 9 Stop, the efficiency-wise hybrid bus system remained superior or equivalent to the standard
value of 1. The range of efficiency was almost equal to 1 on all stops, except at Chungi Number 9,
where it was 0.77. The finding of the analysis indicates that the hybrid mechanism of buses can not
only replace the fuel-based system but will also help as an energy-efficient and eco-friendly economical
solution. For the improvement of the system, some recommendations have been suggested as follows:
being the first study in Pakistan that carries out a detailed analysis of the Multan bus rapid transit.
The major focus of this study was to evaluate the overall performance of the Multan BRT system after
the application of a hybrid bus system which has shown a positive indication of the implementation of
energy-efficient fuel-saving bus rapid transit systems.
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