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Abstract

Increasing atmospheric greenhouse gasses (GHGs) is a major cause of rising global temperatures. The first part of this 
study quantifies emission reduction of greenhouse gases by shifting the mode of transport from vehicles including vans, 
buses, 3-wheelers and motorcycles to Metro Bus System (MBS), Lahore.. Secondly, the study assesses the sustainability 
of MBS through a set of specific indicators. A survey was conducted to categorize the passengers according to their 
modes of transportation and travel distance before the metro bus. Fuel type, mileage and average passenger capacity 
of vehicles information was collected in order to estimate the levels of GHG emissions. The net reduction of carbon 
dioxide (CO2), methane (CH4) and nitrous oxide (N2O) was 14242.66, 159.68 and 632.03 tonnes CO2-e, respectively. 
The total annual reduction of GHGs was 15034.38 metric tons CO2-e (59.25%) by MBS project. The annual emissions 
of GHGs per passenger kilometer were 1.06 kg CO2-e by MBS. Before the MBS, this value was 4.41 kg CO2-e for 
different vehicles. The total annual fuel reduction was 6574.52 kL (kiloliters). Significant social, economic, cultural, 
and environmental sustainability can generally be associated with the implementation of MBS, Lahore. However, MBS 
should transition to renewable fuel for climate change mitigation and sustainable development. In addition, disaster 
management problems exist due to a lack of emergency plans/routes and the poor condition of firefighting equipment. 
Officials must improve traffic flow and parking while promoting alternatives to personal vehicle use. In so doing, 
sustainability will increase safety and livability in the urban environment. 

Keyword: Climate change mitigation ; GHGs reduction; sustainable development; sustainable mobility.

1. Introduction

The transport sector is the fastest growing energy-
dependent sector that contributes to increased greenhouse 
gas (GHG) emissions. Around 15% of the total global 
emissions of GHGs and 23% of total CO2 emissions are 
emitted by the transport sector (WRI, 2017). Combustion 
of fossil fuels accounts for 30% of CO2 emissions. 
Passenger cars use the most energy in the transport sector, 
80% (Sims et. al. 2014; OECD 2010; Ribeiro et. al. 2007). 
Public transport has become the backbone of mobility in 
urban areas, making it a worldwide focus of policymakers 
in major metropolises. Some cities such as Hamburg 

and Oslo have recently announced their plans to become 
(partly) private car free. This will reduce emissions of 
GHG, air pollution and noise pollution (Nieuwenhuijsen 
& Khreis). 

Growing cities in Asia have been experiencing 
urbanization and rapid economic development since 
the latter half of the 20th century. Urban growth coupled 
with a rising middle class has increased personal vehicle 
ownership. As a result, more individuals are driving into 
the city. This development has caused a number of issues. 
First is the increased use of fossil fuels and increased 
emissions (Nawazish et. al., 2017). Second, roadways have 
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not been expanded in relation to the increase in number 
of cars, resulting in more traffic jams and congestion. In 
addition, traffic accidents have increased. All of these 
contribute to a decline in urban livability (Milam, et al. 
2017). Increased fossil fuel consumption relates to positive 
economic growth. However, the higher usage of coal, gas, 
and oil (by power plants, factories, homes, and vehicles 
(has resulted in more CO2 emissions, the most prominent 
GHG. It is now largely accepted as fact that economic 
development, urbanization and population growth are the 
major driving forces behind increased energy demand 
(World Energy Council, 2016).

Increased GHGs are severely affecting Earth’s 
environment. Pakistan is a very small contributor to the 
greenhouse effect and is ranked 135 among the countries 
of the world on the basis of per capita GHG emissions 
(GOP 2010). Lahore is one of metropolitan cities of 
Pakistan that is experiencing rapid urbanization with a 
population growth rate of 2% per annum (WPR, 2017). 
The current climate change scenario is a major obstruction 
to its future development. Proactive steps are needed to 
mitigate the local effects posed by climate change. Cities 
are responsible for 70% of the global GHG emissions 
from burning fossil fuels. There is need of new scientific 
and technological research, and adaptation of existing 
knowledge and technologies to specific local and regional 
contexts for sustainable development goals (UN, 2019). 

Currently, it is not possible to establish perfect 
sustainable transport system with zero emissions and 
impacts (Sweeting & Winfield, 2012). However, it has 
been agreed that the international community must 
make efforts to reduce GHG emissions. Following this 
agreement, many countries have established goals for 
emission reduction. The present study was conducted to 
assess the role of Metro Bus Lahore on climate change 
mitigation and in achieving sustainable transport.

2. Methodology

2.1 Description of study area

Being among the world’s fastest growing cities and ranked 
as the 34th most populated city, Lahore is home to around 
10 million residents. It is the capital of Punjab province. 
Many historians are of the view that Lahore was built by 
Hindu Rajas in the earlier second century and is one of 
the ancient cities in the sub-continent. It is considered a 
major historic and cultural center of the Punjab region. 

The metropolitan city lies between 31.5546° N, 74.3572° 
E, and is elevated 217m above sea level. Like most 
other cities in Pakistan, Lahore has a semi-arid climate. 
Maximum rainfall is recorded during the monsoon months 
from July through August (Qamar et. al., 2009). 

2.2 Metro Bus System (MBS), Lahore

The MBS is a modern transport system in Lahore, 
Pakistan. It comprises a 27-km long course with 29 
transport stations between Gajumata and Shahdara. 
The route system covers numerous private and business 
neighborhoods near the city’s fundamental routes, i.e., 
Ferozepur Street, connecting Lytton Street, Jain Mandir, 
MAO College, Lower Mall, Civil Secretariat, District 
Courts, the Shrine of Hazrat Data Ganj Bakhsh, Ravi 
Road, and Shahdra Town. About 8 kilometers of the 
network is raised. The system utilizes e-ticketing and 
Intelligent Transportation System (Sheikh, 2014).

2.3 Data collection

2.3.1 Primary data

A questionnaire was given to passengers of MBS. Sample 
size for the social survey was calculated using the formula 
from Yamane (1967):

,                                   (1)

where, n is sample size, N is finite population size, and e 
is precision (i.e. 5%). Using a population size of 180,000, 
a sample size of 399 was calculated. The objective was to 
categorize passengers into different groups on the basis of 
their traveling mode prior to the implementation of MBS 
(Table 1). 

Table 1. Mode of transportation before Metro Bus

Sr. 
No.

Mode of Transport
Passenger

Number %

1 Motorcycle 76 19.048

2 Auto 52 13.033

3 Rickshaw(3-wheeler) 95 23.810

4 Van 103 25.815

5 Bus 73 18.296

Total 399 100.000
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Data were collected from passengers traveling by metro 
bus. The survey asked passengers how they traveled 
before the bus system started. 

2.3.2 Secondary Data

Secondary data were collected from the Punjab Metro 
Bus Authority, Lahore. The data included the number of 
operational buses, number of trips per bus per year, fuel 
consumption per trip, and the total number of passengers 
per year.

An interview of drivers was also conducted in order to 
get information regarding fuel type, mileage and number 
of passengers in different vehicles (motorcycles, autos, 
rickshaws, vans, and bus). The information was used to 
estimate the GHG emissions from different vehicles.

2.4 Estimation of GHG emissions from fuel 
combustion

The following formula was used to estimate GHG 
emissions from the combustion of each type of fuel used 
for transport energy purposes (DEE, 2014):

.                                               (2)

For this equation, Eij is the emission of gas type (j), CO2, 
CH4 or N2O, from fuel type (i) (CO2-e metric tons). Qi 
is the quantity of fuel type (i) (kiloliters, kL) combusted 
for transport energy purposes. ECi is the energy content 
factor of fuel type (i) (gigajoules per kiloliter, (GJ/kL)) 
used for transport energy purposes. EFijoxec is the emission 
factor for each gas type (j) (and which includes the effect 
of the anoxidation factor) for the fuel type (i) (kilograms 
CO2-e per GJ) used for transport energy purposes.

2.4.1 Quantity of fuel

The quantity of fuel for metro bus and different vehicles 
was calculated using the following equations:

Fuel quantity used by different vehicles:

                                     
(3)

Fuel quantity used by Metro Bus:

Fuel quantity by metro bus was calculated using number 
of buses, their trips and fuel consumption per trip. 

The required number of vehicles was calculated as

             
(4)

The total number of passengers for different vehicle types 
was calculated using the percent data for different vehicles 
from the questionnaire.

2.5 Energy content and emissions factor

Energy content and emissions factors for diesel and 
gasoline are given in Table 2. 

Table 2. Energy contents and emission factors for diesel 
fuel and gasoline

Fuel Type Energy 
Content 

Factor, EC 
(GJ/kL)

Emissions Factor, EF 
(kg CO2-e/GJ)

CO2 CH4 N2O

Gasoline 34.2 66.7 0.6 2.3

Diesel 38.6 69.2 0.2 0.5

Source: Modified from DEE (2014)

2.6 Sustainability assessment of transport

There are different indicators of sustainability. These 
indicators can be applied to the evaluation of the 
sustainability of transport (UN, 2019). Indicators are 
given for: 

Environmental sustainability• 

Social sustainability• 

Economic sustainability• 

Cultural sustainability• 

Governance and planning • 

Public health and safety• 

Using these indicators, data were collected through the 
survey and observations. The survey method used was 
self-administered and closed ended. The formula (Eq. 1) 
was used to calculate the sample size. Passengers were 
grouped by their mode of transportation in the absence of 
metro bus service. The results of the survey were applied 
to all the passengers travelling in Metro Bus.



Sustainability assessment of modern urban transport and its role in the reduction of greenhouse gas emissions: A case study of Metro Bus System (MBS), Lahore71

Data from the sustainability questionnaire was 
analyzed by t-test and one-way ANOVA using the 
Statistical Package for Social Science (SPSS).

3. Results and discussion

3.1 Emissions of greenhouse gases by different 
vehicles

The figures were based not only on the type of vehicle 
but also on the fuel type and number of passenger. Other 
factors, like vehicle condition and maintenance, were 
considered by average mileage of the vehicles. 

3.1.1 Carbon dioxide (CO2): Figure 1 shows the annual 
emissions of CO2 from motorcycles, autos, rickshaws, 
vans and buses. The highest amount of CO2 was emitted 
by motorcycles (8326.16 metric tons/year) followed 
by buses (5067.50 metric tons/year). High emissions 
from motorcycles may be due to the large number of 
them in the city and they have two-stroke engines. 
High emissions by buses might be due to congested 
and mixed roads and slow driving speed in urban areas 
(Baidya & Borken-Kleefeld, 2009). The amount of CO2 
emitted by rickshaws is 2792.63 metric tons/year, while 
the total amount of CO2 emitted by vans is 3996.39 
metric tons/year. The total amount of CO2 emitted by 
autos is 4297.05 metric tons/year. Although all modes 
of transportation in Lahore are major sources of carbon 
emissions, motorcycles seemed to be the biggest hazard 
for both human health and the environment. Another 
cause of higher levels of emissions from all transport 
types may relate to little control of vehicle emissions and 
a lack of effective inspection and maintenance systems 
(Hayashi et. al., 2004).

3.1.2 Methane (CH4): Figure 1 shows the annual 
emissions of CH4 from motorcycles, autos, rickshaws, 
vans and buses. The highest amount of CH4 is emitted by 
motorcycles (74.90 metric tons/year) followed by autos 
(38.65 metric tons/year). The amount of CH4 emitted by 
rickshaws is 25.12 metric tons/year. The total amount of 

CH4 emitted by vans is 35.95 metric tons/year. The total 
amount of CH4 emitted by buses is 14.65 metric tons/year. 
Higher emission levels for some modes of transport may 
result from poor vehicle emissions control and/or a lack 
of effective inspection and maintenance systems (Hayashi 
et. al., 2004). Comparatively, buses show the lowest CH4 
emission levels in Lahore.

3.1.3 Nitrous oxide (N2O): Figure 1 shows the annual 
emissions of N2O from motorcycles, autos, rickshaws, 
vans and buses. The highest amount of N2O is emitted 
by motorcycles with a maximum of 287.11 metric tons/
year. Automobiles followed with 148.17 metric tons/year. 
The total amount of N2O emitted by vans is 137.81 metric 
tons/year. The amount of N2O emitted by rickshaw is 96.3 
metric tons/year. The total amount of N2O emitted by 
buses is 36.61 metric tons/year.

3.1.4 Greenhouse gases: Figure 1 compares the annual 
emissions of greenhouse gases to the different modes 
of transport in Lahore. The highest amount of GHGs 
was emitted by motorcycles (8688.17 metric tons/year) 
followed by buses (5118.76 metric tons/year). The high 
emissions recorded by motorcycles is due to their large 
number in the city (Hassani & Hosseini, 2016). The 
relatively high emissions by buses can be attributed to 
low mileage and congestion on the roads (Milam, et al. 
2017). The amount of GHGs emitted by rickshaws was 
2914.04 metric tons/year. 

This research was based on an estimation of GHG 
emissions from different vehicles used by passengers 
traveling in metro bus (180,000). This study does not 
represent 100% of total emissions before the MBS. After 
launching the metro bus, the number of vehicles decreased 
as more individuals began to ride the public transportation 
system. The metro bus did not completely replace any 
other transport system. Table 1 shows the survey results 
from passengers travelling by bus. 
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Fig. 1. Annual emission of greenhouse gases by different types of vehicles.
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The total amount of GHGs emitted by vans was 4170.15 
metric tons/year. In addition, the total amount of GHGs 
emitted by autos is 4483.88 metric tons/year. The figures 
show that all modes of transportation in the Lahore 
metropolitan area emit high levels of harmful GHG, but 
motorcycles are the biggest hazard for environmental and 
public health.

Figure 2 depicts the total annual emissions of GHGs in 
percent from different vehicles on the Lahore bus system. 
CO2 (96%) was the most prevalent of all the GHGs.  

Fig. 2. Annual emissions of greenhouse gases from 
different vehicles.

The total annual emissions of CO2 from different 
vehicles were 2470.73 metric tons/year. On the other 
hand, the annual emissions of N2O and CH4 are 706 
metric tons/year (3%) and 189.27 metric tons/year (1%), 
respectively. 

3.2 Comparison of GHGs emissions from MBS and 
other vehicles

Figure 3 compares the annual emissions of all GHGs 
(CO2, CH4 and N2O) from different vehicles to the 
emissions of GHGs by the MBS. The annual emissions 
of  CO2  by  MBS  was  estimated  at  10237.07  metric 
tons/years. Figure 3 clearly demonstrates that the annual 
emissions of CO2 would have been around 24,479.73 
metric tons/year (twofold higher) had there been no MBS 
servicing the Lahore area. It is clear that transportation 
by MBS has significantly lowered CO2 emissions than all 
other modes of transport. The results show a reduction 

in the annual emissions of CO2 by 58.18 % (14,242.66 
metric tons/year) with the introduction of MBS. The 
CO2 reduction is a result of less cars, vans, rickshaws 
and motorcycles on the roads.  Reducing CO2 emissions 
helps mitigate climate change.

Figure 3 also shows the annual emissions of CH4 
gas by metro bus. It was estimated at 29.59 metric tons/
year. The annual CH4 emissions would have been around 
189.27 metric tons/year in the absence of MBS. It is clear 
that metro bus services have significantly lowered CH4 

emissions more than all other modes of transportation. 
There was an 84.37% reduction (159.68 metric tons/year) 
in the annual emissions of CH4 through the launch of the 
metro bus system service in Lahore. Bus service reduces 
CH4 gas emissions to a reasonable level, which can 
improve air quality in the city and lessen climate change 
impacts.

Figure 3 also compares the annual emissions for N2O 
from different vehicles to the emissions from MBS. The 
annual N2O emissions from MBS were estimated as 73.97 
metric tons. The annual emissions of N2O would have been 
around 706 metric tons/year in the absence of MBS. Metro 
bus service has significantly lowered N2O emissions more 
than all other modes of transportation. There is a reduction 
in the annual emissions of N2O by around 632.03 metric 
tons/year (89.52%) with the launching of the metro bus 
system service in Lahore. As more passengers use the 
buses, N2O emissions are significantly reduced.

The annual emissions of GHGs by metro bus were 
calculated as 10340.62 metric tons. The annual emissions 
of CO2 would have been around 25,375 metric tons 
without bus service. Transportation by metro bus has 
significantly lowered CO2 emissions more than all other 
modes of transport. There was a reduction in the annual 
emissions of CO2 by 59.25% (15034.38 metric tons) 
with the introduction of Metro Bus Lahore. Such public 
transport reduces the use of individual transportation. 
Shapiro et. al. (2002) conducted a comparative study 
and found that public transport produces 45% less CO2, 
48% less NO2 and 95% less CO as compared to private 
vehicles.
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Fig. 3. Comparison of GHG emissions between metro bus and different vehicles.
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3.3 Reduction of GHGs emissions by Metro Bus

Table 3 compares the annual per passenger emissions of 
greenhouse gases by different vehicles to emissions by 
MBS. The annual emissions of greenhouse gases from 
MBS were estimated as 57.45 kg CO2-e. The annual 
per passenger emissions of greenhouse gases would 
have been around 151.54 kg CO2-e in the absence of 
metro bus Lahore. Clearly, metro bus use by citizens 
significantly lowered the emissions of greenhouse gases 
per capita than all other modes of transportation. There 
is a reduction in the annual per capita emissions of 
greenhouse gases by 94.1 kg CO2-e (62.09%) with the 
inception of the metro bus system in Lahore. In addition, 
75.94% of the annual GHG emissions per passenger 

kilometer has been reduced by the Lahore metro bus 
project from 4.41 to 1.06 kg CO2-e. The reduction in 
per passenger kilometer emissions of GHGs might be 
helpful in mitigating the impacts of climate change. 
This significant reduction in per passenger emissions of 
GHGs is due to lower fuel consumption. MBS consumed 
63.17% less fossil fuel (3832.5 kL) as compared to other 
vehicles (10407.02 kL). 

Although the MBS has significantly reduced GHG 
emissions, the use of fossil fuels makes the program 
less sustainable. Therefore, there is a need to transition 
the urban transport system to a sustainable one by using 
renewable energy (DECC, 2014; EC, 2011).

Table 3. Comparison of the annual per person GHG emissions and fuel consumption by metro bus 
and different vehicles 

Annual GHG Emissions (t CO2-e) Annual GHG Emissions Reduction

Different Vehicles Metro Bus Lahore t CO2-e %

Carbon dioxide 24479.73 10237.07 14242.66 58.18

Methane 189.27 29.59 159.68 84.37

Nitrous oxide 706.00 73.97 632.03 89.52

Total GHGs 25375.00 10340.62 15034.38 59.25

Annual GHG Emissions (kg CO2-e) Annual GHG Emissions Reduction

Different Vehicles Metro Bus Lahore kg CO2-e %

Per passenger 151.54 57.45 94.10 62.09

Per passenger 
kilometer 4.41 1.06 3.35 75.94

Annual Fuel Consumption Annual Fuel Reduction

Different Vehicles Metro Bus Lahore Fuel %

Total Fuel (kL) 10407.02 3832.50 6574.52 63.17

Per passenger 
Fuel (L) 57.82 21.29 36.53 63.17

Per passenger 
Km Fuel (L) 1.68 0.39 1.29 76.63
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Table 4. Emission reductions by passenger transports

Transport Project Emission Reductions (t CO2) Reference

RENFE-Spain 2,460,488/year RENFE, 2008

Lisbon Metro-Portugal 130,275/year Lisbon Metro, 2010

Porto Metro-Portugal 46,996/year Porto Metro, 2013

Lahore Metro Bus 15,034/year Present Study

3.4 Sustainability assessment

As mentioned, the sustainability assessment was carried 
out through a survey of passengers riding the Lahore 
Metro Bus. Some indicators were evaluated through site 
visits and personal observations.

3.4.1 Environmental sustainability

According to the data in Figure 4, a large number of 
people were satisfied with the positive impact of MBS on 
the environment. The majority of them agreed with the 
prospect of less air, water and noise pollution. They were 
in agreement with increased habitat protection, noise 
pollution reduction, lowering solid waste generation, 
lowering land use and reducing fossil fuel consumption. 
Air and noise pollution should be minimized to achieve 
environmental sustainability (Bahadure & Kotharkar, 
2015). However, a small number of people still think that 
MBS is not an environmentally friendly service in Lahore. 
In addition, less than half of the respondents had a neutral 
opinion on the environmental sustainability of the metro 
bus, while the number of people who strongly disagree 
was significantly smaller and negligible.

3.4.2 Social sustainability

Figure 5 shows the results from the social sustainability 
questionnaire. The findings clearly demonstrate the huge 
positive impact on the general public. Most people are 
of the view that the use of metro bus is extraordinarily 
beneficial when it comes to community livability, 
satisfaction and comfort, reliability, traffic crime rates, 
traffic casualties, and health and fitness. However, despite 
an overwhelming response from the general population, 
a negligible number of respondents still disagree that 
the metro bus will improve social sustainability. A small 
number of people had a neutral opinion on the matter.

3.4.3 Economic sustainability

Figure 6 illustrates the economic sustainability of metro 
bus. The majority of survey respondents strongly agreed 
that the system offers low-cost travel and a reduced 
commute time. It also lowers congestion delays and 
manages mobility. Many respondents strongly agreed 
with land use planning, transport diversity at stations, 
educational institutional accessibility, and employment 
accessibility. However, more than 150 people strongly 
disagreed with electronic communication. This indicates 
the poor Internet (3G & 4G) and cellular services at Metro 
Bus stations. Meanwhile, most of them had a neutral 
opinion on transport diversity, electronic communication 
at stations, employment accessibility and land use 
planning. In general, this results imply that the majority 
of people travelling by MBS are satisfied in terms of 
economic sustainability. 

The economic growth of developing cities depends on 
road-based transport. Buses are often the only means to 
access public services, education and employment. As the 
majority of people have limited access to automobiles in 
developing cities, these destinations are beyond feasible 
cycling or walking distances. Bus services in developing 
cities are often uncomfortable, unreliable, inconvenient, 
or even dangerous (Pojani & Stead, 2015). Economic 
indicators recommended by Zheng et al. (2011) include 
affordability, mobility, finance, equity and resilience to 
economic fluctuations.

3.4.4 Cultural sustainability

Figure 7 shows the results of the cultural sustainability 
portion of the survey conducted on the metro bus. Results 
show that riders believe that the metro bus has a positive 
impact on tourism, as it improves access to historical sites, 
and community livability. Public opinion is that modern 
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urban transport enhances visits to touristic and historical 
sites, such as the Badshahi Mosque, Lahore Fort, Lahore 
Museum, Minar-e-Pakistan, and Data Darbar. The high 
scores of “strongly agree” for positive impacts on tourism, 
access to historical sites, and community livability indicate 
that residents are satisfied.

3.4.5 Governance and planning

Figure 8 shows the survey results regarding governance 
and planning. The majority of the respondents strongly 
agree that the metro bus has efficient pricing. Many 
respondents had neutral opinions about public engagement 
in planning decisions and the availability of information 
and documents of the project to the public.

Important public transport attributes include service 
reliability  and  frequency.  Fare  promotions  and habit-

interrupting measures can be useful in changing travel 
behavior and attracting car users (Redman et al., 2013). 
Sustainability can be achieved by encouraging public 
transport. The transport system of Singapore is a good 
reference for other countries of the world (Haque, 2013).

3.4.6 Public health and safety

Table 5 shows the level of different practices for public 
health, safety and environment at the project site. These 
results are based on site visits and personal observations. 
There was excellent management of solid waste. Sanitation 
services and training of employees were also ranked as 
“good”.  However, satisfactory and poor scores were 
given to fire extinguisher availability and an emergency 
exit plan, respectively. These results could cause problems 
in cases of disaster management. 

Fig. 4. Response of passengers to different parameters of environmental sustainability.

Fig. 5. Response of passengers to different parameters of social sustainability.
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Fig. 6.  Response of passengers to different parameters of economic sustainability.

Fig. 7. Response of passengers to different parameters of cultural sustainability.

Fig. 8. Response of passengers to different parameters of governance and planning.
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Table 5. Observations based upon results of public health and safety

 V Poor Poor Satisfactory Good Excellent

Solid Waste Management ●

Sanitation Services ●

Fire Extinguisher ● 

Emergency Exit Plan/ Route ● 

Training to Employees ● 

Table 6. Factors associated with different elements of sustainability

Variables Frequency 
(%)

Environmental 
Sustainability

Mean (S.D)

Social 
Sustainability

Mean (S.D)

Economical 
Sustainability

Mean (S.D)

Cultural 
Sustainability

Mean (S.D)

Governance & 
Planning

Mean (S.D)

Gender 

Male 60.40 16.50 (5.73) 22.00 (7.61) 24.86 (7.92) 8.72 (3.55) 11.42 (4.48)

Female 39.60 15.30 (8.32) 21.05 (12.04) 22.70 (11.48) 8.11 (5.05) 10.60 (6.42)

 t = 1.702 ns

(p = 0.089)
t = 0.969 ns

(p = 0.333)
t = 2.223 ns

(p = 0.027)
t = 1.401 ns

(p = 0.162)
t = 1.501 ns

(p = 0.134)

Age 

< 20 13.78 15.44 (8.54) 22.02 (12.45) 23.31 (11.82) 8.51 (5.40) 11.07 (6.83)

21-30 42.61 16.86 (6.09) 22.28 (7.89) 25.39 (8.31) 8.95 (3.72) 11.76 (4.78)

31-40 28.57 16.59 (7.34) 22.29 (10.68) 24.47 (10.16) 8.67 (4.34) 11.28 (5.48)

> 40 15.04 13.13 (5.74) 18.17 (8.34) 19.85 (8.16) 6.75 (3.71) 8.85 (4.54)

 F = 4.888**
(p = 0.002)

F = 3.113 ns

(p = 0.026)
F = 5.344***
(p = 0.001)

F = 4.257**
(p = 0.006)

F = 4.570**
(p = 0.004)

Education 

Illiterate 10.02 9.45 (2.14) 13.40 (1.65) 15.00 (2.38) 4.52 (0.78) 6.15 (1.12)

Primary/ Middle 6.77 12.67 (2.97) 17.00 (3.92) 19.89 (5.36) 6.67 (1.96) 8.85 (2.68)

Matric 33.33 17.52 (6.06) 23.22 (8.56) 25.84 (8.49) 9.20 (3.92) 12.07 (5.03)

Intermediate 19.80 23.40 (6.44) 31.97 (10.77) 34.70 (8.22) 13.04 (4.11) 16.68 (5.19)

Graduate/ above 30.08 12.47 (4.34) 16.83 (4.73) 18.87 (5.89) 6.41 (2.38) 8.48 (3.12)

 F = 74.674***
(p = 0.000)

F = 66.743***
(p = 0.000)

F = 81.029***
(p = 0.000)

F = 69.975***
(p = 0.000)

F = 65.305***
(p = 0.000)

Occupation 

Student 9.27 16.65 (8.33) 22.05 (10.25) 24.59 (10.72) 8.51 (4.87) 11.57 (6.59)

Govt. Job 10.28 13.51 (5.06) 18.37 (5.80) 20.76 (7.36) 7.10 (2.76) 9.27 (3.77)

Private Job 25.56 22.70 (6.85) 31.15 (11.22) 33.47 (9.28) 12.66 (4.50) 16.18 (5.72)
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Business person 24.56 11.18 (2.90) 15.38 (3.12) 17.28 (4.38) 5.82 (1.83) 7.76 (2.31)

Unemployed 30.33 14.99 (4.65) 19.63 (5.75) 22.40 (6.47) 7.53 (2.76) 9.98 (3.40)

 F = 61.109***
(p = 0.000)

F = 60.608***
(p = 0.000)

F = 64.496***
(p = 0.000)

F = 58.495***
(p = 0.000)

F = 53.990***
(p = 0.000)

t = Independent sample t-test (used for comparison of two means)
F= one-way ANOVA (used for comparison of more than two means)
*Significant at p<0.05
**Strongly Significant at p<0.01
***Highly significant at p<0.001

Table 6 shows the statistical analysis of the questionnaire 
for sustainability assessment of Lahore Metro Bus. 
Significant results have been found for factors relating to 
age, education and occupation with sustainability scores. 
High scores were found for qualified respondents for 
all elements of sustainability. Students and private job 
holders also showed very high scores for all components 
of sustainability.  

4. Conclusions

This study investigated GHG emissions for the city of 
Lahore. A comparative analysis is given to show the 
impact of the Metro Bus System, Lahore and its effects 
on GHG levels.  The total annual reduction of GHGs was 
15034.38 metric tons CO2-e (59.25%) with the launch of 
the Metro Bus Project. The annual emissions of GHGs 
per passenger kilometer were reduced to 1.06 kg CO2-e 
by metro bus compared to 4.41 kg CO2-e from all other 
vehicles. The survey suggests that the Metro Bus Lahore 
has average sustainability in terms of social, economic 
and environmental sustainability. Therefore, the metro bus 
system should transition from fossil fuels to renewable 
energy to mitigate climate changes and ensure further 
sustainable development. Furthermore, some problems 
were encountered regarding disaster management, such as 
a lack of emergency exit routes and the poor firefighting 
equipment. Recent investigations reveal that effective 
traffic and parking management coupled with appropriate 
planning by relevant authorities for the promotion of 
alternative to private car means would ensure adequate 
levels of road safety and sustainable mobility within the 
urban area (Perra et. al., 2017).
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