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ABSTRACT
An adequatc and efficient transport system is a prerequisite
development.

This study compares three transportation

for economIc

energy conservation

strategies such as introduction of fuel-efficient vehicles; use of alternative fuels and
increase of fuel price using a comprehensive evaluation framework that takes into
account how each strategy affects annual vehicle travel, and therefore mileagerelated impacts such as traffic congestion, road and parking facility costs, and
crashes.

The transportation system in Bangladesh is extensive and about 140000 km of roads
in addition to railways and waterways. Travelers tend to place a high value on
qualitative factors such as convenience, comfort, security and prestige. However,
conventional transport planning practices tend to focus on quantitative impacts and
undervalue qualitative impacts. This study describes ways to evaluate qualitative
impacts. These mileage-related impacts tend to be large in magnitude compared with
energy conservation benefits, so even small changes in total vehicle travel can have a
large impact on net benefits.

For selecting the best energy conservation strategy at first some planning objectives
is selected like energy conservation, pollution reduction, congestion reduction, road
related cost savings, accident reduction etc. Some energy conscrvation strategy is
selected like introduction of fuel efficient vehicles, use of alternative fuels and
increase of fuel price. Introduction of fuel-efficient vehicles and use of altemative
fuel cause vehicle travel to increase that is 3% and 3.5% respectively from a
questionnaire survey that was conducted for this study. Higher fuel prices cause a
combination of increased vehicle fuel economy and reduced mileagc that is 5% from
survey.

To know the consumers decisions about the selection of strategy a questionnaire
survey is conducted. From the survey it is known that the amount of mileage is

VI

decreased/increased
planning

if any of the strategies

objectives

is collected.

condition of planning
decrement
introduction

objectives

the planning

are applied.

Then the condition

For the increment/decrement
is also decreased/increased.

objectives

are rated. It gives

of mileage

the total rating

increment/decrement

documents.

objective

Then per km cost is multiplied

+2 for

fuels and +6 for

increase of fuel price. It is for the qualitative analysis. Again for quantitative

different published

the

From the increment!

of fuel efficient vehicles, + I for use of alternative

the cost values i. e. per km cost for every planning

of

analysis

dctellnined

from

by the mileage

of each vehicle. It gives Tk. 1597.44 increases for introduction

of fuel efficient vehicles, Tk. 3899.62 decreases for use of alternative

fuels and Tk.

8406 decreases for increase of fuel price per vehicle per year. Then the best energy
conservation strategy is easily found.

In this study it is found that increase of fuel price strategy is the best strategy than
introduction of fuel-efficient

vehicles and use of alternative fuels. From a survey it is

found that the mileage of vehicles is decreased if fuel price is increased. That is why
the mileage related costs are decreased. So the finding from this study is increase of
fuel price is the best energy conservation strategy for Bangladesh.
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CHAPTER-l
INTRODUCTION

1.1

General

Bangladesh is a developing country. So she has to take efficient and economic planning
and action. We have always scarcity of money. So we have to plan that it can conserve
energy, reduce emissions, congestion, crashes and increase affordability for most of the
people. A problem often has many possible solutions. The selection of solution often
depends on how the problem is evaluated. A particular solution may appear effective
and desirable using one evaluation framework, and ineffective and undesirable using
another.

Conventional transpottation planning and decision tends to use a reductionist approach,
in which

individual

organizations

evaluate

solutions

based on narrowly

defined

objectives.

For example,

roads and highways and traffic department of police are responsible

primarily for reducing traffic congestion and improving mobility and environmental
department and city corporations are responsible for reducing pollution emissions. Every
organization

evaluates

solutions

based

on their

objectives,

often

giving

consideration

to other impacts. Again roads and highways may implement

little

roadway

capacity expansion to reduce congestion although this induces additional vehicle travel

•

2

that increases other transport problems. Environmental

department may mcrease fuel

efficiency standards to reduce pollution, but it has similar negative effects.

Reductionist planning and decision may be appropriate for addressing relatively simple
problems, but may fail when dealing with complex,

interrelated

problems

with

significant indirect impacts. It can result in organizations implementing solutions to one
problem but exacerbate

other problems

outside

their responsibility,

and tend to

undervalue strategies that provide multiple, diverse benefits.

\.2

Statement of the Problem

Described differently, transport planning is increasingly applying a marketing program,
in which travelers are considered customers with various needs and preferences, rather
than just objects to be moved around. This type of planning uses surveys and behavior
studies to identify consumer preferences, and develops goods and services that respond
to those demands, often involving services targeting specific types of users, such as
express commuter bus services and walking improvements around schools.

However, current planning practices tend to undervalue these impacts. Transport system
evaluation focuses on quantitative factors (speed, operating costs, and traffic fatality
rates) while undervaluing

qualitative factors (convenience, comfort and prestige). This

results in a less diverse transport system than is optimal.

In recent years economists and planners have developed various techniques for more
comprehensive impact analysis, including monetization

(measuring in monetary units)

of nonmarket impacts such as congestion, crash and environmental

costs, and multi-

criteria analysis using various scoring and weighting systems (Litman, 2002 and 2004).

This study uses a comprehensive

framework

to evaluate

three potential

transport

strategies. Each of these strategies can provide comparable energy savings and related

3

emiSSIon reductions, but they differ in their impacts on annual vehicle mileage, and
therefore their mileage related costs and benefits.

As a result, an efficient transportation strategy may not be acceptable overall if it causes
even small increases in other transport costs, while a stratcgy that reduces other transport
costs provides far more total benefits. For example, a strategy that reduces energy
consumption and emissions, but increases traffic congestion, crash and parking costs
cach is probably not acceptable. But a strategy that reduces energy consumption,

and

congestion, crash and parking costs each provides more than twice the benefits that
would be recognized by a reductionist planning process that only considers energy and
emission impacts.

Many of the strategies help achieve planning objectives, such as congestion reduction,
road and parking facility cost savings, improved safety and health, energy conservation
and pollution reductions. But in this study it is tried to find out the best strategy.

For example, cun-ent transport planning tends to focus on certain impacts, such as traffic
congestion, while overlooking other social and environmental impacts. Many plans are
dedicated to roads and parking facilities that cannot be used for other transport
improvements,

even if they are more cost effective and bcneficial

overall. More

comprehensive

and objective planning tends to increase support for alternative modes

and mobility management strategies, rcsulting in a more diverse and efficient transport
system.

This

study

can

provide

guidance

for

comprehensive

economIc

evaluation

of

transpol1ation policies and programs, to help identify the better approach to improve
transportation.

In this study there are two types of impact

analysis

qualitative,

quantitative. Description of them is given below. Table l.l represents Ways to Describe
an Impact.

4

Table 1.1: Ways to Deseribe an Impact

1.3

Positive

Negative

Qualitative

Objective

Problem

Quantitative

Benefit

Cost

Objeetive of the study

As the problem described above, with a view to get the solution the objectives of this
study is given below.

•

To

formulate

analytical

framework

for varIOUS transportation

energy

conservation strategies .

• To make a comparative evaluation among three selected transportation energy
conservation strategies .

• To select the most efficient transportation

energy conservation

strategy for

Bangladesh based on the developed framework.

1.4

Outline of Methodology

The first step is to review the relevant literatures available on the internet to know how
to select transportation

strategy. From those papers it is important to find out the

techniques, needs, objectives. By reviewing those papers the following methods are
applied in this analysis.

5

The analysis is based on some planning objectives which one must be achieved by the
government. Then the analysis is divided into two parts one is qualitative and another is
quantitative. In the qualitative analysis the objectives are rated as positive and negative.
Then some energy

conservation

strategies

are chosen because

energy

price and

reservation are the burning issue nowaday.

Data are collected

from published documents of different organization.

Under every

strategy each objectives are rated as positive or negative. Applying a strategy if the
objectives become worse then it is rated as negative. On the other hand it is better then it
is ranked as positive.

The ranking is divided into seven-point

scale from -3 (very

hannful) to +3 (very beneficial).

After completing qualitative analysis now it is time to perform quantitative

analysis.

This analysis gives clearer picture than the other. In this analysis monetary value for
every objective are defined as per kilometer travel of every registered vehicle. Now from
a preliminary survey the mileage reduction or increment for every registered vehicle per
annum are defined for each strategy. From this value benefit or loss is defined per year
of a vehicle. In this way the efficient strategy is determined.
flowchart of the study methodology.

Figure

1.1 providcs

6

Literature review for a better understanding to select the efficient transportation
strategy from related works done

Select planning objectives that have to achieve

Selection of some energy conservation strategies

Collection of data from published documents of different organization

Formulate analytical framework for transportation energy conservation
strategies

Comparative evaluation among three selected transportation energy
conservation strategies

Selection of efficient transportation energy conservation strategy on the
developed framework

Figure 1.1: Flow Chart ofthe Study Methodology

1.5

Organization

of the Thesis

The study work performed in this study are divided into different topics and presented in
four chapters. A detail introduction to the general and statement of the problem is
presented in the first chapter. This chapter also contains the objective of the study along
with brief description of the study plan.

7

Chapter two represents the literature review of related topics and methodology.

In this

chapter the definition ofthe related terms, objective ratings, different informatory tables,
guidelines for this analysis, economic analysis etc of different papers of similar works
have been described.

In chapter

three,

analysis

quantitative comparison

and results are described.

It contains

qualitative

of three transportation energy conservation strategies.

and

It also

contains some graph and table related to Bangladesh.

Chapter four contains conclusion and discussions of the study.

An appendix and references is attached at the end of this report containing some data.

CHAPTER-2
LITERATURE

2.1

REVIEW AND METHODOLOGY

Introduction

This analysis uses an evaluation system with the five planning objectives described in
Table 2.1 along with another four objectives which not considered

in this study.

Individual strategies are rated according to the degree they support each objective, using
a seven-point scale, from +3 (most beneficial) to -3 (most harmful). This system is
reasonably comprehensive
adding more objectives

but not too complex. Of course, it could be expanded by
(such as physical fitness), by disaggregating

example, by having separate categories for different

pollutants),

categories (for

by weighting

the

objectives, and by using experts to rate impacts, but such elaborations are not necessary
for this level of analysis, which is primarily illustrative.

Except for equity and affordability, these objectives are directly related to vehicle travel.
All else being equal, a change in annual vehicle mileage causes a similar change in
energy consumption,

pollution emissions, congestion, road and parking facility costs,

crashes, sprawl and mobility benefits,
proportional.

although

the relationships

are not exactly

9

Table 2.1 Various Planning Objectives Used in Evaluation

Objective
Energy Savings

System (Litman, 2004)

Description
Reductions in per capita transport energy consumption.
Reductions

"conventional"

111

Pollution Reductions

pollution

elnlSSlons,

including NOx, CO, particulates, toxics, water pollution
and noise.
Congestion Reduction

Reduced traffic congestion.

Road Related Costs
Reduced road and parking facility costs.
Savings
Improved Safety

Reduced per capita crash damages, injuries and fatalities.
Reductions

ill

per

capita

impervious

surface,

patterns,

more

more

Land Use Reduction
accessible

development

livable

communities.
Improved
Equity Confirmation

accessibility

transportat ion-disadvantaged,

for

people

who

(lre

and fairer distribution of

benefits and costs.
Affordability

Vehicle cost savings

and more affordable

transport

options.
Mobility Benefits

Benefits to consumers from increased mobility.

For example, parking costs reduces with a reduction In vehicle trips but not with a
reduction in trip length. Congestion reduces if peak mileage is reduced, but much less if
off-peak mileage is reduced. Certain types of mileage reductions provide greater crash
reductions or user benefits than others.

10

Fuel consumption changes more than vehicle mileage because fuel prices affect vehicle
fuel economy as well as vehicle travel. "Fuel economy" refers to fuel consumption rates
per mile or kilometer.
vehicle. Consumers

"Fuel efficiency" refers to the mechanical

may use increased fuel efficiency

efficiency of the

to purchase

larger, higher-

performance vehicles without improving fuel economy.

Conversely, purchase of more fuel-efficient vehicles leads to increased annual mileage,
because it reduces the per-mile cost of driving.

2.2 Description

2.2.1

of Qualitative

Objectives

Energy savings

It is the first objective that we have to achieve. Because nowadays

the amount of fuel is

decreasing and the price is also increasing. So if we can save energy it will be very
beneficial to us. First we have to know the amount of fuel needed per mile of different
vehicles.

Fuel consumption and emission rates per passenger-mile depend on load factors. A bus
with 50 passengers uses about one-tenth the energy per passenger-mile
automobile, energy consumption per passenger-mile

as an average

is little higher for transit systems

than for driving, due to low load factors. (Litman, 2005) In other countries, and cities
with higher levels of transit demand, transit is much more energy efficient than driving.
Increasing rider ship using existing vehicle capacity consumes little additional energy
and produces little additional pollution, so the marginal cost of an additional rider in a
motor vehicle (i.e., a rider ship passenger) can be very low. Table 2.2 represents energy
savings rating assumption.

11

Table 2.2

2.2.2

Energy Savings Rating Used for Evaluation

(Assumption)

Rating

Notes

+3

Can achieve 10% energy savings.

+2

Can achieve 5% energy savings.

+1

Can achieve 2.5% energy savings.

0

No clear impacts.

-1

Increase 2.5% energy consumption.

-2

Increase 5% energy consumption.

-3

Increase 10% energy consumption.

Pollution reductions

This is the second objective that we have to achieve. It means we want our environment
is free from different types of pollutions. These are requirements

that manufacturers

produce vehicles that incorporate certain technologies (such as emission catalysts) or
meet a maximum pollution standard. These have been widely applied and have been
successful at reducing per-mile pollution rates for some pollutants. Such standards can
be increased to force manufactures to develop and implement
controls. McGranahan

additional

pollution

and Murray (2003) discuss vehicle pollution standards suitable

for developing countries. Table 2.3 shows vehicle pollution standards.

12

Table 2.3 Pollution Standards

(Grams/Mile) (BTS, 2000)

Total HC

NI\1HC

CO

Cold CO

NOx

Passenger Cars

0.25

0.16

2.1

6.2

6.2

0.05

Full Useful Life

NA

0.19

2.6

NA

0.4

0.06

Light Trucks

NA

0.20

2.7

6.2

0.4

0.05

Full Useful Life

0.50

0.25

3.4

NA

0.6

0.06

Particulates

Major vehicle pollutants and their hamlful effects are summarized in Table 2.4. Some of
these impacts are local in nature, so where pollution occur affects the damages they
impose, while other are regional or global, and so where they are released is less
important.

Table 2.4

Pollution

Vehicle Pollution Emissions (Litman, 200 I)

Description

Source

Harmful

Effects

Scale

A toxic gas
Carbon
monoxide
(CO)

undermines blood's
ability to carry
oxygen.

Human health,
Engine
Climate change

Very local

13

Table 2.4 (Continued)
Description

Sonrce

Fine

Inhaleable particles

Diesel engines

particulates

consisting of bits of

and other

(PMIO; PM2.5)

fuel and carbon.

sources.

Pollution

Dust particles
Road dust

created by vehicle

Harmful Effects

Scale

Human health,

Local and

aesthetics.

Regional

Human health,
Local

Vehicle use.
aesthetics

movement.
A variety of
compounds, some of
Nitrogen

which are toxic, and

Human health,
Regional

Engine
ozone precursor.

oxides (NOx)
all of which
contribute to ozone.
Fuel
Hydrocarbons

Unburned fuel.

(HC)

Forms ozone.

Volatile
orgal11c

Human health,
Regional

production and
ozone precursor.
engInes.

A variety of organic

Fuel

compounds that form production and

hydrocarbons
aerosols.

Human health,

Local and

ozone precursor.

Regional

engInes.

(VOC).
Fuel
Toxics (e.g.

VOCs that are toxic

benzene)

and carcinogenic.

Human health
Very local

production and
risks
engines.

Major urban air
Human health,

pollution problem
Ozone (02)

resulting from NOx
and VOCs combined
in sunlight.

Nox and VOC

plants,
aesthetics.

Regional

14

Table 2.4 (Continued)
Pollution

Description

Source

Lung irritant, and
Sulfur oxides

causes acid rain.

Harmful Effects

Scale

Human health
Regional

Diesel engines
risks, acid rain

(SOx)
Fuel
Carbon

A byproduct of
production and

dioxide (CO2) combustion.

Climate change

Global

Climate change

Global

Ozone depletion

Global

engmes.

A gas with
Fuel
Methane

significant

(CH4)

greenhouse gas

production and
engmes.
properties.
Durable chemical
Vehicle
widely used for
(especially

CFC

industrial purposes,
older air
now banned due to
conditioners).
environmental risks.

Aesthetic,
Undesirable noise
Noise

Engine, tires,

distraction,

wind

reduced property

Local

produced by
pollution
vehicles.

values.

Water pollution
Water

Leaking

Human health,

Local and

liquids

ecological.

Regional

caused by motor
pollution

vehicles.

Although tailpipe emissions tend to receive the most attention, pollution is also produced
during fuel production and distribution (called "upstream" emissions), vehicle refueling,
hot soak (i.e., evaporative

emissions that occur after an engine is turned off), and

mechanical emissions produced from road dust and wear of brake linings and tires. More

IS

than half of some types of emissions occur during cold-start and hot soak conditions, and
so are affected more by the number of vehicle trips that occurs than by mileage. For
example, increasing trip length from 10 to 20 miles increases mileage by 100%, but only
increases some types of pollution by 35% (Litman, 2001). Table 2.5 represents pollution
reduction rating assumption.

Table 2.5

2.2.3

Pollution Rednction Rating Used for Evaluation

Congestion

(Assumption)

Rating

Notes

+3

Reduction of 10% pollution.

+2

Reduction of 5% pollution.

+1

Reduction of2.5% pollution.

0

No clear impacts.

-I

Increment of 2.5% pollution.

-2

Increment of 5% pollution.

-3

Increment of 10% pollution.

reduction

This is the third objective and it means that traffic congestion is a burden for us and we
have to eliminate congestion

as much as possible. Traffic Congestion refers to the

incremental costs resulting from interference among road users. These impacts are most
significant under

urban-peak

conditions

when traffic volumes

approach

a road's

capacity. The resulting congestion reduces mobility and increases driver stress, vehicle
costs and pollution (TTl, 200 1). Traffic congestion is considered one of the main urban
transportation

problems.

Congestion

can be measured

in various ways,

including

roadway Level of Service (LOS), average traffic speed, and average congestion delay
compared with free-flowing traffic ("Congestion Costs," Litman, 2005). The capacity of
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a road depends
configurations.

on various

design factors such as lane widths and intersection

Traffic speed and flow on urban streets are detennincd

primarily by

intersection capacity, which is affected by traffic volumes on cross streets and right tum
signal phases.

Traffic congestion tends to reduce injuries and deaths and pollution. Although most
traffic congestion

indicators

(such as roadway level of service ratings and various

congestion indices) only consider impacts on other motor vehicle traffic, vehicle use can
also cause delays to non-motorized

travel (called the barrier effect or severance, as

discussed in Litman, 2006). Reduced congestion can provide various specific types of
benefits, such as those listed below.

2.2.3.1

Congestion

reduction

benefits snbcategories

• Reduced delay/improved mobility for personal travel, commercial services and
freight transport.

• Reduced vehicle operating costs (fuel and brake wear) .

• Reduced energy consumption and pollution emissions .

• Reduced traffic crashes (but increased crash severity) .

• Reduced delay to walking and cycling .

• Improved emergency response.

From the following table we can easily define congestion. Table 2.6 summarizes various
congestion cost indicators. Some only consider impacts on vehicle traffic and ignore the
benefits of shifts to alternative modes or reductions in travel distances.
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Table 2.6

Congestion Indicators (Litman, 2003)

Description

Indicator

Congestion intensity on a particular roadway or at an
Roadway Level Of
Service (LOS)

intersection, rated from A (un congested) to F (extremely
congested).
The ratio of peak period to free-flow travel times, considering

Travel Time Rate

only reoccurring delays (normal congestion delays).
The ratio of peak period to free-flow travel times, considering

Travel Time Index

both reoccurring and incident delays (e.g., traffic crashes).

Percent Travel Time

Portion of peak-period vehicle or person travel that occurs

In Congestion

under congested conditions.

Congested Road

Portion of roadway miles that are congested during peak

Miles

periods.

Congested Time

Estimate of how long congested "rush hour" conditions exist

Congested Lane

The number of peak-period lane miles that have congested

Miles

travel.

Annual Hours Of

Hours of extra travel time due to congestion.

Delay
Annual Delay Per

Hours of extra travel time divided by area population.

Capita
Annual Delay Per

Hours of extra travel time divided by the number of peak

Road User

period road users.

Excess Fuel

Total additional fuel consumption due to congestion.

Consumption
Fuel Per Capita

Additional fuel consumption divided by area population
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Table 2.6 (Continued)
Description

Indicator

Hours of extra travel time multiplied times an travel time
Annual Congestion
Costs

value, plus the value of additional fuel consumption. This is a
monetized congestion cost.

Congestion Cost Per

Additional travel time costs divided by area population

Capita
Average Traffic

Average speed of vehicle trips for an area and time (e.g., peak

Speed

periods).

Average Commute

Average commute trip time.

Travel Time
Average Per Capita

Average total time devoted to travel.

Travel Time

Programs to reduce vehicle traffic congestion are sometimes promoted as ways to save
energy and reduce vehicle emissions, but their actual benefits are difficult to predict, and
often small or negative over the long ternl. Traffic speed has different effects on
different types of pollutants. Per-mile emissions of most pollutants are high at very low
speeds and under stop-and-go conditions, and decline as traffic speeds increase and
become steady. NOx emissions are lowest at 20-30 mph and increases at speeds over 45
mph. CO and VOC emissions increase significantly at speeds over 55 mph (Litman,
2001). As a result, strategies that relieve congestion and increase traffic speeds from 25
mph up to 50 mph may reduce CO and VOC emission, but increase NOx emission.

Whether

a particular

congestion

reduction

program

causes

overall

reductions

or

increases in energy use and emissions depends on the specific circumstances, including
location, time, change in level of congestion, driving style, and which emissions are
considered most harmful. Although extreme traffic congestion that results in stop-and-go
driving (Level of Service F) significantly increases energy consumption and emissions, a
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good portion of urban-peak travel occurs under moderate congestions in which energy
consumption and emissions are minimized (Level of Service C or D).

Latest research indicates that for newer, cleaner vehicles emissions increase at much
lower speeds than previously thought. NOx emissions increase with highway speeds
above 15-20 miles per hour, VOC emissions increase with speeds above 30-35 mph, and
CO above 30. On arterials and local streets emissions

increase above 30-35. A

congestion reduction program that improves roadway Level of Service from F probably
reduces energy consumption and emissions, but shifting Level of Service from D to A
probably increases energy consumption and most emissions.

Table 2.7 compares energy consumption and emissions for a typical diesel transit bus
under various driving conditions, showing the effects of higher speeds and traffic
congestion. Congestion increases emissions and energy consumption.

Table 2.7

Diesel Transit Bus Energy and Emissions (Litman, 2007)

Constant

Constant

Congested

Minor

Arterial

50 kmlh

80 km/hr

Flow

Roads

Road

C02 (g/km)

865

964

1,541

997

1,080

NOx (gIkm)

8.78

12.16

13.37

9.89

IU8

PMIO (g/km)

0.241

0.344

1.051

0.770

0.545

Fuel (Ill OOkm)

32.7

36.4

58.2

37.5

40.6
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Congestion reductions tend to induce additional vehicle travel by reducing travel time
and vehicle operating costs. A less congested roadway allows people to take additional
automobile trips that they would forego under more congested conditions. For example,
if roads are uncongested you might take a cross-town shopping trip, but choose a closer,
more convenient store if roads are congested. Increased roadway capacity may induce
some people to choose more distant homes or worksites, resulting in long-term increases
in vehicle mileage. This additional travel can increase overall energy consumption and
emissions, even if it occurs under less congested conditions.

Recent modeling indicates that roadway capacity expansion reduces energy consumption
and emissions in the short term, but in most cases this is soon offset by induced travel
(OECD/IEA, 2001; Noland, 2006). Cities with increased roadway capacity tend to have
higher per capita transportation energy consumption and emission rates, indicating that
congestion reduction
emIssIons

(Newman,

efforts are unlikely to reduce overall vehicle energy use or
1999).

Table

2.8

represents

congestion

reduction

assumption.

Table 2.8

Congestion Reduction Rating (Assumption)

Rating

Notes

+3

Reduction of 10% peak period trips.

+2

Reduction of 5% peak period trips.

+1

Reduction of 2.5% peak period trips.

0

No clear impacts.

-1

Increment of2.5% peak period cost.

-2

Increment of 5% peak period trips.

-3

Increment of 10% peak period trips.

rating
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2.2.4

Road related costs savings

This is the fourth objective i.e. we have to save parking requirements and other costs
related to travel. There are many road related costs like parking cost, toll, road
construction,

maintenance,

signaling etc. Every vehicle trips requires parking at its

destination, so parking facilities are an integrated component of the roadway system.
Parking is one of the first experiences that people have when traveling to a destination.
Convenient and affordable parking are considered a sign of welcome. Parking that is
difficult to find, inadequate,

inconvenient or expensive will frustrate users and can

contribute to spillover parking problems in other areas. As a result, inadequate parking
supply can create problems to both users and nonusers. Parking is of five types:
• Oil-street (also called curb) parkillg, located within roadways. A significant
portion of road space is often devoted to parking. Most urban streets have one
or two parking lanes that typically represent 20-30% of their width, and rural
roads often shoulders used for parking .

• Residential, bundled with housing costs .
• NOIl-residelltial. unpriced, provided free to employees, customers and clients .
• Commercial, rented or leased for profit.
• Unimproved, unmaintained land, used for parking.
However, excessive parking can also create problems. Parking facilities are expensive to
construct, imposing financial costs on developers, building users and governments.
addition,

parking

development

facilities

objectives

impose

environmental

costs,

contradict

for more livable and walkable communities,

In

community

and abundant,

unpriced parking tends to increase driving and discourage use of alternative modes. This
table shows the parking

solutions described

in this item. Headings

approaches, with specific strategies listed in table 2.9.

show general
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Table 2.9

Increase
Parking
Supply

Min i/1/U/1/
Parking
Require/1/ents
Increase OnStreet
Parking
Subsidize
Off-Street
Parking

Use Existing
Parking
Capacity
More
Efficiently
Improve User
Information
Encourage
Use Of
Remote
Parking
Regulate
Parking

Parking Solutions (Litman, 2003)
Address
Variable
Demand

Rednce
Parking
Demand

Respond to
Spillover
Impacts

Parking
Brokerage
Services
Overflow
Parking
Plans

Price Parking

Regulate,
Price And
Enforce
Compensate
For
Spillover
Impacts

Variable
Pricing

Commuter
Parking
Benefits

Parking
Location

Tax Parking

Management
and Design

Improved
Enforcement
Universal
Design

Remote
Parking

Pedestrian
Improvements

Improve
Transport
Altematives

Safety And
Security

Redesign
Existing
Facilities

Shared
Parking

Transportation
Demand
Management

Aesthetics

Car Stackers

Public
Parking

Reduce
Parking
Supply
Bicycle
Parking

Charge
Impervious
Surface Fees

Access
Management

More
Accurate
Parking
Requirements
Control
Parking
Passes

Reduce
Stonn water
and Heat
Gain Impacts
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To reduce road related costs we have to use pavements as much as we can. Table 2.10
summarizes the parking management strategies and how to reduce pavement usage.
Table 2.10

Management

Pavement Reduction Strategies (Litman, 2003)

Description

Strategy

Educate decision-makers concerning the costs of excessive
road and parking supply, distortions in current planning
Educate decision-makers

practices, and alternative options that result in more efficient
use of available road and parking capacity.
Adjust road and parking standards to more accuratcly reflect

More accurate and
flexible standards

demand in a particular situation taking into account various
geographic, demographic and management factors.
Implement mobility management programs that reduce

Mobility management

vehicle ownership and use.
Implement parking management policies and programs that

Parking management

encourage more efficient use of parking facilities by sharing,
pricing and use of off-site parking facilities.
Charge users directly for using roads and parking facilities.

Efficient pricing

Cash out and unbundled currently free parking.
Encourage more compact, mixed, multi-modal development,

Smart growth

which encourages sharing of parking facilities and use of
alternative modes.
Develop plans that indicate how parking and traffic will be

Overflow plans

managed during occasional peaks and special events.
Use structured and underground parking facilities rather than

Structured and

surface lots in order to reduce impervious surface area and

Underground Parking
increase development density.
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Table 2.10 (Continued)
Management

Description

Strategy

Use existing facilities

Increase parking supply by using othelwise wasted space,

more efficiently

smaller stalls, car stackers and valet parking.
Various tax policy changes that support parking management

Parking tax reform

objectives.

Infill and brown field

Encourage redevelopment of existing urban areas rather than

redevelopment

expansion into green fields.
Improve roadway design, including traffic calming and road

Streetscaping

diets.
Encourage government agencies and utilities to share rights

Shared rights of way

of way among various utilities and other land uses.

Parking facility design

Improved parking facility design and operations to help solve

and operations

problems and achieve parking management objectives.

Table 2.4 represents road related cost savings ratings assumption.

Table 2.11

Road Related Costs Savings Ratings (Assumption)

Rating

Notes

+3

Reduced vehicle travel reduces 10% road related costs.

+2

Reduced vehicle travel reduces 5% road related costs.

+1

Reduced vehicle travel reduces 2.5% road related costs.

0

No clear impacts.

-I

Increased vehicle travel increases 2.5% road related costs.

-2

Increased vehicle travel increases 5% road related costs.

-3

Increased vehicle travel increases 10% road related costs.
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2.2.5

Improved safety

Traffic crash is a common picture of Bangladesh. The fifth objective is to save life and
property. Traffic crashes cause deaths; injuries, pain, disabilities, lost productivity, grief,
material damage, and transportation decisions can affect personal safety (risk of being
attacked) and aerobic fitness. Changes in travel pattems affect traffic risk and public
health in many ways, as summarized below.

• Strategies that reduce traffic speeds can significantly reduce per-mile crash
frequency and severity where they are applied, and encourage reductions in
total vehicle travel.

• Strategies

that reduce traffic congestion

tend to reduce the frequency of

crashes but can increase the severity of those crashes that do occur. Strategies
that shift automobile travel time, route or destination but do not reduce total
vehicle travel probably do little to increase road safety or public health, and
may increase injuries and fatalities.

•

Strategies that shift travel from driving to transit and ridesharing

tend to

provide medium to large road safety benefits.

• Strategies that shift automobile travel to nonmotorized modes may increase
risk per mile for the people who change mode, but this can be offset by
reduced risk to other road users, reduced trip length, and Health benefits from
aerobic exercise.

Some transportation

improvement

projects can have unanticipated

negative

safety

impacts. (Elvik, 2001) points out that, although highway capacity expansion is often
justified based on projected crash reductions, such projects must fulfill certain criteria in
order to really improve road safety. "First of all, the new road must not lead to increased
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speed, which entails more stringent speed regulation. The new road must not encourage
more traffic, which also means more accidents." Table 2.12 represents improved safety
rating assumptions.

Table 2.12

Rating

Notes

+3

Reduced vehicle travel reduces 10% traffic crashes.

+2

Reduced vehicle travel reduces 5% traffic crashes.

+1

Reduced vehicle travel reduces 2.5% traffic crashes.

0

No clear impacts.

-I

Increased vehicle travel increases 2.5% traffic crashes.

-2

Increased vehicle travel increases 5% traffic crashes.

-3

Increased vehicle travel increases 10% traffic crashes.

2.3 Description

2.3.1

Improved Safety Rating (Assumption)

of Qnantitative

Analysis

Defining "Cost"

What most people call problems, economists call costs. For example, if somebody says,
"Traffic congestion is a terrible problem," an economist might say, "Traffic congestion
is a significant cost." The tenn cost is more neutral. Problem

implies something is

flawed and must be corrected, while cost recognizes that solving a problem involves
tradeoffs.

Calling congestion a problem implies that it must be fixed, but describing it as a cost
recognizes that a certain amount of congestion may be acceptable

compared with the

costs involved in eliminating it. Also, a cost implies that impacts can be quantified.
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Calling congestion

a problem

indicates nothing about

its magnitude

but calling

congestion a cost suggests that it can be measured and compared with other impacts.
Costs have various attributes that affect their impacts, which are described below.

2.3.1.1

Internal,

external and social costs

Internal (also called user or private) costs are borne by a good's consumer. External
costs are borne by others. Social costs are the total costs to society, including both
internal and external impacts.

Some costs, such as traffic congestion and crash damages are largely imposed by
motorists on other motorists, and so are external to individuals but internal within a
group (sector). Whether such costs should be considered internal or external depends on
the type of problem being addressed. If the only concern is sector level equity ("It's
wifair that trucks impose costs on car users. "), sector level analysis may be appropriate.
If the concern is either individual level equity ("It's wifair that risky drivers endanger
seife drivers.") or economic efficiency ("Under priced road use leads to congestion and
inefficiency.") then external costs must be defined at the individual level.

2.3.1.2

Variable and fixed costs

Variable (also called marginal)

costs are the incremental

costs resulting

from an

incremental change in consumption, and so reflect costs that can bc reduced by reduced
consumption, for example, if motorists reduce their annual mileage. FL~ed costs are not
affected by consumption.

Sunk costs are fixed costs incurred in the past, and so are

unavoidable. For example, equipment, buildings and land are fixed cost, but they can be
sold and their value partly recovered. Planning and rents are sunk costs; resources spent
on them cannot be recovered in the future.
Fuel, travel time and crash risk are variable automobile costs, they increase with vehicle
mileage. Depreciation,

insurance,

and registration

fees are considered

fixed. The
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distinction between fixed and variable often depends on perspective.

For example,

although depreciation is usually considered a fixed cost, a vehicle's operating life and
resale value are affected by how much it is driven, so depreciation is partly variable over
the long term.

2.3.1.3

Market and non-market

costs

Market costs involve goods that are traded in a competitive market, such as vehicles,
land and fuel. Nonmarket costs involve goods that are not regularly traded in markets
such as clean air, crash risk, and quiet. Monetary costs are called expenditures.

2.3.1.4

Perceived and actual costs

There is sometimes a difference between users' perceived and actual costs. Consumers
tend to be most aware of immediate costs such as travel time, stress, parking fees, fuel,
and individual transit
insurance,

fares, while costs that are only paid occasionally,

depreciation,

maintenance,

repairs

and

residential

parking,

such as
are often

underestimated.

2.3.1.5

Price

Price refers to perceived-internal-variable
bears for consummg

cost, that is, the incremental costs that a user

a good. These are the costs that directly affect consumption

decisions. For example, a change in fuel prices, parking fees and transit fares affect
consumers'

travel decisions. Economic efficiency requires that prices reflect the full

costs of producing

a good to give accurate market signals.

Price is often defined

narrowly to only include monetary costs, but it can also include nonmarket user impacts
such as time and risk, since they also affect consumption decisions.
Transport planners call this the generalized cost of travel.
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2.3.1.6

Direct and indirect impacts

Some impacts are indirect, with several steps between an activity and its ultimate
outcomes. For example, high levels of motor vehicle travel use tend to cause low
density, urban-fringe development (sprawl) and reduce mobility options for non-drivers,
resulting in various economic, social and environmental

costs. Although it may be

difficult to measure a particular vehicle-mile's contribution to such costs, the cumulative
impacts are significant and so should not be ignored. This is similar to the effects of
tobacco and alcohol: a single cigarette or drink may do little harm, but is no question
that smoking and excessive drinking impose significant costs on society that justify
public anti-smoking and responsible drinking campaigns to discourage excessive use.

Quantifying indirect impacts requires an understanding of the various steps connecting
an activity with its ultimate effects. Whether an activity imposes an indirect cost can be
determined using a "with and without" test: the difference in impacts with and without a
project or policy is considered a result of that project or policy.

If indirect cost values are likely to be criticized in a particular planning process, it may
be best to incorporate them qualitatively rather than quantitatively.

For example, rather

than assigning a value to land use and transport diversity impacts, a study can simply
note whether

a. particular

option supports or contradicts

a community's

strategic

objectives to reduce sprawl and improve travel options for non-drivers.

2.3.1. 7 Economic transfers,

resource costs and taxes

Economic transfers involve costs or benefits shifts that do not change the total amount
of resources available. Pricing and taxes are economic transfers; they are a cost to one
group and a benefit (revenue) to another, although any additional administrative or time
costs needed to pay the fees are true resource costs. Economic transfers can involve
nonmarket costs. For example, driving a larger vehicle tends to increase safety for its
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occupants but increases risk to other road user, resulting in a transfer of risk. When
evaluating such impacts it is important to account for both the benefit and the costs of
economic transfers.
Taxes require special consideration in cost analysis. Taxes are usually considered an
economic transfer from consumers to govemments, and excluded when calculating costs
and benefits. Special charges, such as fuel taxes and vehicle registration fees can be
considered user fees that intemalize extemal costs, but general taxes, such as standard
sales taxes on vehicles, are not, since consumers pay such taxes on other goods.
If one activity is exempted from a broad-based tax, it can be treated as expenditure. Lee
states, "Referring to these as 'expenditures' derives ji-om the idea that the result would
be the same if all taxpayers paid the tax, and the revenues were then paid out to the
favored subset." Careful analysis is required to detennine how tax rates compare with
other comparable

goods.

From table 2.13 we see different

motor

vehicle

cost

distribution. How a cost affects transport decisions tends to vary depending on whether
it is intemal, external, fixed, variable, market, or non-market.
Table 2.13 Motor Vehicle Cost Distribution

(Italics

= Non-market)

Fixed

Variable
Fuel
Internal
(User)

Extemal

- Short term parking
Vehicle maintenance (part)

(Litman, 2002)

Vehicle purchase
Vehicle registration
Insurance payments

User time & stress

Long-teml parking facilities

User crash risk

Vehicle maintenance (part)

Road maintenance

Road construction

Traffic services

Subsidized parking

Insurance disbursements

Traffic planning

Congestion delays

Street lighting

Environmental impacts

Land use impacts

Uncompensated crash risk

Social inequity
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Table

2.14

lists

the 20 costs

identified

m the study

and

indicates

how

they

are

distributed.

Table 2.14

Cost

Internall
External

Transportation

Fixed/
Variable

Marketl
NonMarket

Cost Categories

Cost

(Litman,

Internall
External

2004)

Fixed!
Variable

Marketl
Non-Market

1. Vehicle
Ownership

Intemal

Fixed

Market

II. Roadway
Land Value

Extemal

Fixed

Market

2. Vehicle
Operating

Intemal

Variable

Market

12.Municipa
I Services

Extemal

Variable

Market

3.0perating

Extemal

Fixed

Market

13. Equity &
Option Value

Extemal

Variable

N-M

4. Travel
Time

Internal

Variable

N-M

14. Air
Pollution

External

Variable

N-M

5. Internal
Accident

Intemal

Variable

N-M

15. Noise

Extemal

Variable

N-M

6. External
Accident

External

Variable

Mixed

16. Resource

External

Variable

Mixed

7. Internal
Parking

Internal

Fixed

Market

17. Barrier
Effect

External

Variable

N-M

8. External
Parking

Extemal

Variable

Market

18. Land
Use Impacts

External

Fixed

Mixed

9.Congesti
on

Extemal

Variable

Mixed

19. Water
Pollution

External

Variable

N-M

10. Road
Facilities

Extemal

Variable

Market

20. Waste
Disposal

External

Variable

N-M

Subsidies

Consumption
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2.3.2 Economic evaluation

Economic Evaluation (also called Appraisal, Assessment or Analysis) refers to methods
to determine the value of a good, service, activity, policy, program or project. This can
help guide decisions

toward optimality,

which refers to maximum

social benefit.

Economic evaluation involves quantifying incremental (also called marginal) economic
impacts (benefits and costs) to determine net benefits or net value (benefits minus costs),
and the distribution (also called incidence) of these impacts. Economic evaluation is not
limited to market

(measured

in monetary

units) impacts; it can also incorporate

non market resources such as personal time, health and environmental quality. Any good
that somebody values is an economic resource, including non-market goods.

2.3.2.1

Energy savings

Energy savings External Costs refers to costs associated with natural resources used for
the production

and operation of motor vehicles, not bome directly by users. This

primarily refers to energy consumption, but can include other natural resources, such as
metals. Extemal costs can include environmental damage, health risks, national security
costs and risks,

macroeconomic

impacts

on individual

economies,

depletion

of

nonrenewable resources, and various financial subsidies. This indicates the benefits to
society of increased efficiency and conservation. Resource consumption

and efficiency

can be evaluated in various ways. For example, transport energy consumption can be
based on a full vehicle, average vehicle occupancy, marginal energy consumption (such
as the additional

energy used by an additional passenger, assuming that the vehicle

would otherwise be making that trip with an empty seat), or the overall system energy
consumption, including empty backhauls. Vehicle traffic speed and load affects energy
consumption rates. Fuel consumption rates (per vehicle-mile) are higher for the first few
miles of driving, when engines are cold. Energy conservation of a vehicle is measured in
this study in per km in monetary value.
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Figure 2.1 shows typical car lifetime energy consumption.

Manufacture,

R'P"":~:~1
I.

Setvicing, 3%\ \
Fuel Production,
9%

Fuel
Cons umption,
77%

Figure 2.1: Typical car lifetime energy consumption

2.3.2.2

(Heather, 1998)

Pollution reduction

The air pollutants are as follows. Carbon monoxide (CO), Fine particulates

(PMlO;

PM2.5), Road dust, Nitrogen oxides (NOx), Hydrocarbons

organic

hydrocarbons (VOC), Toxics (e.g. benzene), Ozone (02),
dioxide (C02),

(HC),

Volatile

Sulfur oxides (SOx), Carbon

Methane (CH4), CFC are the pollutants that emits from the smoke of

vehicles. Air pollution cost is measured in this study by dividing total environmental and
health related economic cost to the total no. of registered vehicles.
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2.3.2.3

Congestion

reductiou

Traffic Congestion Costs consist of incremental delay, driver stress, vehicle costs, crash
risk resulting from interference between vehicles in the traffic stream, particularly as a
roadway system approaches its capacity. Each vehicle on a congested road system both
imposes and bears congestion costs.

Traffic congestion is a non-linear function, meaning that a small reduction in urban-peak
traffic volume can cause a proportionally larger reduction in delay. For example, a 5%
reduction in traffic volumes on a congested highway (for example, from 2,000 to 1,900
vehicles per hour) may cause a 10-30% increase in average vehicle speeds (for example,
increasing traffic speeds from 35 to 45 miles per hour). As a result, even relatively small
changes in traffic volume or capacity on congested roads can provide relatively large
reductions in traffic delay. Modeling by Deakin and Harvey (1998) indicate that a
percentage

reduction

in urban vehicle mileage tends to produce

about twice the

percentage reduction in traffic congestion delays. Of course, when, where and what type
of travel changes will affect these congestion reduction impacts. Traffic Congestion cost
is measured in this study by dividing total congestion cost by no. of total registered
vehicles.

2.3.2.3.1

Barrier effect

The Barrier Effect (also called severance) refers to delays and discomforts that vehicle
traffic imposes on non motorized modes (pedestrians and cyclists). Severance usually
focuses on the impacts of new or wider highways, while the barrier effect takes into
account the impacts of vehicle traffic.

Roads and vehicle traffic tend to create a barrier to pedestrian and cyclist travel. The
barrier effect is equivalent to Traffic Congestion costs (most traffic congestion cost
estimates exclude impacts on nonmotorized travel). In addition to travel delays, vehicle
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traffic imposes crash risk and pollution on nonmotorized travelers. The ban-ier effect
reflects a degradation of the nonmotorized travel environment. This is not to imply that
drivers intentionally cause harm, but rather that such impacts are unavoidable when fast,
heavy and hard vehicles share space with vulnerable road users. Although it could be
argued that impacts are symmetrical, because nonmotorized modes cause traffic delays
to motorists, pedestrians and cyclists impose minimal risk, noise and dust on motorists
so the costs they bear are inherently greater then the costs they impose. Disadvantaged
populations tend to bear a disproportionate share of this cost because they often depend
heavily

on nonmotorized

non motorized

transport.

The barrier

effect

travel, leading to shifts from nonmotorized

reduces

the viability

to motorized

of

travel, with

associated external costs such as increased congestion, road and parking requirements
and environmental

costs. Many studies indicate that people would like to walk and

bicycle more for recreation and transportation,

but are constrained by heavy roadway

traffic.

2.3.2.3.2

Value of travel time

The Value of Travel Time (VTT) refers to the cost of time spent on transport, including
waiting as well as actual travel. It includes costs to consumers of personal (unpaid) time
spent on travel, and costs to businesses of paid employee time spent in travel. The Value
of Travel Time Savings (VTTS) refers to the benefits from reduced travel time.
Travel time is one of the largest categories of transport costs, and time savings are often
the greatest benefit of transport projects such as new and expanded roadways, and public
transit improvements.

Factors such as traveler comfort and travel reliability can be

quantified by adjusting travel time cost values. Table 2.15 represents travel time costs in
rural Bangladesh
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Table 2.15 Travel Time Costs in Rnral Bangladesh

(Taka per hour)

(I.T. Transport, 2002)

Average

Men

Women

In-vehicle Time

3.50

4.75

2.25

Walking Time

3.91

5.16

2.66

Additional Values
Uncomfortable travel conditions (add)

2.29

Market day (add)

1.47

Salaried or trader (add)

14.72

Traveling with a load (add)

0.48

Poor traveler (total travel time value)

0.31

2.3.2.4

Road related cost savings

Roadway related costs include public expenditures

to build and maintain roadway

facilities, including land, road construction, maintenance, and operations. Roadway land
value reflects the cost of land used for road rights-of-way

and other public facilities

dedicated for automobile use. It can be defined as the rent that road users would pay for
roadway land, or at a minimum, the equivalent of property taxes. Traffic services include
policing, emergency response, planning, courts, street lighting, parking enforcement, and
driver training. A variety of public services are provided

to support transportation

activities, including law enforcement, emergency response, planning, and street lighting.
With the exception of highway patrols included in highway budgets, these services are
mostly funded through

local general taxes. Studies described

below indicate that a

significant portion of municipal government budgets is devoted to traffic services.
Although they serve a wide range of users including pedestrians and cyclists, the need
for these services, and therefore their costs, tend to increase with motor vehicle traffic,
since motorized

travel is more dangerous and so requires

emergency response.

more management

and
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Road related cost also include parking facility land, toll, construction

and operating

costs, plus indirect costs such as stonn water management costs. There are various types
of parking facilities:
• Oil-street parking consists of parking lanes provided within public road rightsof-way .
• Off-street parking is parking facilities on their own land, not on road rights-ofway .
• Surface parking refers to parking lots directly on land .
• Structured parking (also called parades or ramps) are parking facilities in or
under multistory buildings

Table 2.16 indicates peak parking demand for different land use types. Parking can be
shared efficiently by land uses with different peaks.

Table 2.16 Peak Parking Demand (Litman, 2005)

Weekday Peaks

Evening Peaks

Weekend

Peaks

Banks

Auditoriums

Religious institutions

Schools

Clubs and play grounds

Parks

Distribution facilities

Meeting halls

Shops and malls

Factories

Restaurants

Medical clinics

Theaters

Offices
Professional services
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Road Related Cost for each car measured in this study in per km in monetary value. So
by dividing the expenditures to the total no. of registered vehicles we can easily get the
roadway costs of each vehicle.

2.3.2.5

Improved

safety

Every year there are many accident occurs in Bangladesh.

The accidents involve

economic cost. The elements taken into consideration to calculate the costs include
property damage, administration, and lost output, medical and human. The total cost of
the externalities is a big amount. To get the actual cost of crash externalities of each
vehicle we have to know total cost in a year divided by the total no. of registered
vehicles.

2.4

Modes Defined

There are different modes in Bangladesh. The modes are Motor Car, Jeep/ St. Wagon!
Microbus,

Taxi, Bus, Minibus,

Truck, Auto-rickshaw/Auto-tempo,

Human Haller,

Covered Van, Motor-Cycle, Others etc. The other modes are as follows:

I. Bicycle. A moderate priced bicycle ridden an average of 10 mph.

2. Walk. A person walking an average of 3 mph.

3. Telework. This represents two commute trips avoided when employees work
from home. Telecommuters

tend to have longer than average commute trips,

but this is offset by the tendency of some telecommuters

to take additional

vehicle trips and to move farther from their job site when they have the option
of working from home.
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Table

2.17

transportation

indicates

which

evaluation.

costs

3=Always

should

be

considered

Include, 2=Usually

Include,

for

different

1=Sometimes

types

of

Include.

Table 2.17 Impacts to Include In Various Evaluation Applications (Litman, 2007)

Project
Funding

Project
I'lanning

Strategic
Pricing

Sustain

F.qu

Econ.

-ability

ity

Oev

TOM

Planning

2.1 Yehiclc Costs- Fixed

2

3

1

3

3

3

3

2.1 Yehicle Costs- Yariable

3

3

2

3

3

3

3

2.1 Yehicle Costs Subsidies

3

3

1

3

3

3

3

2.2 Travel Time

3

3

3

3

3

3

2.3 Internal Safety & Health

2

3

3

3

3

3

3

3

3

3

3

3

2.4 Parking - Internal

2

3

3

3

3

3

2.4 Parking - External

3

3

3

3

3

3

3

2.3 Crash Externalities

I

3

2.5 Congestion

2

3

3

3

3

3

3

3

2.6 Roadway Costs

3

3

3

3

3

3

3

3

2.7 Roadway Land Yalue

2

3

3

2

3

3

3

3

2.8 Traffic Services

3

3

3

3

3

3

3

3

2

3

I

3

3

3

3

3

3

3

3

3

3

3

2.11 Noise

3

3

2

3

3

3

3

2.12 Resource Consumption

2

3

3

3

3

3

3

2.9 Transportation

Diversity

2.10 Air Pollution

I

2.13 Barrier Effect

I

3

3

2

3

3

3

3

2.14 Land Usc Impacts

I

2

3

1

3

3

3

3

2.15 Water Pollution

I

3

3

2

3

3

3

3

3

3

1

3

3

3

3

2.16 Waste Disposal

CHAPTER-3
ANALYSIS AND RESULTS

3.1 Qualitative

Comparison

of Three Strategies

Before starting the evaluation a small survey is conducted. The survey is conducted to
know the effect if mileage is reduced or increased after implementation

of a strategy.

The survey is conducted to hundred vehicles proportionate as registered motor vehicle
mix in Dhaka. The survey gives a result that introduction of fuel-efficient vehicles can
increase 3% mileage; use of alternative fuels can increase 3.5% mileage on the other
hand increase of fuel price can reduce 5% mileage. lt is assumed that the strategies will
be applied for all vehicles. The questionnaire is given in the appendix.
3.1.1

Introduction

offuel-efficient

vehicles

There are many forms of transportation that do not require oil or require much less than
the standard automobile. Today, these include the application of public transport, high
mpg hybrid vehicles, diesel vehicles, battery electric vehicles,

and plug-in hybrid

electric vehicles. Hydrogen vehicles such as General Motors Sequel are also being
developed. In a hybrid car, an electric motor and an internal combustion engine are
installed so that they can both individually or together power the vehicle. As the vehicle
speed increases or the acceleration demand is higher, the internal combustion engine
statis and both the power units work together in parallel. The installed electric motors
and battery capacity may offer a range of 3-5km in pure electric mode, at speed of up to
40km per hour. The Toyota Prius and the Ford Escape Hybrid are examples of vehicles
falling into this category. It saves 15% fuel consumption. (Delucchi, 2003) On the open
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road, the primary power source is the internal combustion engine, but when maximum
power is required, for example to overtake, the electric motor is used to maximize the
available power for a short time, giving the effect of having a larger engine than that
actually installed. This strategy will increase vehicle production cost but decrease per
mile running costs. Vehicle mileage is increased. When all factors are considered,
mileage reductions are often the most cost-effective way to reduce energy consumption
and emissions,

and make consumers

price/maintenance

better off overall.

Assumption:

a) vehicle

cost is same as conventional vehicle, b) average fuel efficiency is

considered, c) vehicles are made to eliminate CO emissions.
3.1.1.1

Energy savings

Energy consumption rates vary significantly due to vehicle design. Drive system design
improvements

have significantly increased vehicle fuel efficiency. Increasing vehicle

fuel-efficiency

reduces per-mile operating costs, causing annual vehicle mileage to

increase. Table 3.1 provides energy use and emission from different conventional modes
of transport. Motorcars typically consume between 1.5-3.02 MJ/p/km, buses between
0.52-0.87, bus rail 0.71, Rapid rail 0.43, and light rail 0.37 (Black, 1995).

Table 3.1

Modes

Energy Use and Emission from Different Modes (Karim, 2005)
Energy consumption

CO emission

(MJ/p/km)

(g/km/veh)

Energy use

Car

Gasoline

1.5-3.02

14.49

Auto-rickshaw

Gasoline

0.04*

39.4

Motor Cycle

Gasoline

0.03*

21.24

Bus

Diesel

0.52-0.87

1.641

Bus Rail

Diesel

0.71 *

1.641

Light Rail

Residual oil

0.37

0.01

Rapid Rail

Residual oil

0.43

0.01

* Units

in l/veh/km (Oil; 42MJ/kg).
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On the other hand major consumption of petroleum is in the transport sector (50%),
followed by domestic (18%), agriculture

(16%), power (10%), and industry (6%).

Majority of natural gas is consumed in home cooking, electricity generation, and as a
fuel in eNG vehicles (ADB, 2005). Motorcycles (46%), then motor cars (15%), and
auto-rickshaws

and auto-tempos (13%) dominate the registered

vehicle mix (Figure

3.IA). Almost the same vehicle mix is experienced by Dhaka (Figure 3.IB).
Others, 3%

r Motor car, 15%

I

r

Jeep,sl. wagon,
microbus, 7%

(Taxi,l%
- Bus,4%

Motorcycle, 46%

-Minibus, 4%

Autorickshaw,
auto-tempo, 13%
(A)Bangladesh
Others 4%

Motorcycle 38%

Jeep,st. wagon,

microbus 10%
Taxi 3%
Bus 1%

Autorickshaw,
auto-tempo 10%

0

_

Minibus 2%
Truck 6%
(B) Dhaka

BRTA= Bangladesh Road Transport Authority; st. =street; %=percent.

Figure 3.1: Registered Motor Vehicle Mix in Bangladesh

& Dhaka (BRTA, 2005)
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Assumption:

a) all vehicles are given the same priority; b) average

mileage/fuel

consumption is used from survey. Method of analysis: average mileage is multiplied by
no. of total vehicles and then divided by average fuel consumption.

In 2005 the total

number of registered vehicle is 852476. (BRTA, 2005) From the survey average fuel
consumption is 38.11 kmllit and average mileage per day is 127.96 km. Now fuel used
per day becomes 2862315.10 lit. Now, if fuel-efficient vehicles are introduced average
fuel consumption will be 43.82 km/lit (increase 15% efficiency) and average mileage per
day will be 131.80 km (increase 3% mileage from survey). Now fuel used per day will
become 2564042.40 lit. That is savings will be 10.42%. So the rating for energy savings
is given as +3.
3.1.1.2

Pollution reduction

Emission rates vary significantly due to vehicle design. Engine and fuel improvements
have significantly reduced tailpipe emission rates under design conditions, but a large
portion of driving occurs under non-design conditions and non-tailpipe emissions such
as tire particulates and road dust are not controlled by these technologies. The conditions
are severely harmful for the children and the elderly people. In the roads of Dhaka city
the concentration

of oxides of nitrogen (NOx), oxides of sulphur (SOx), carbon mono-

oxide (CO) and suspended particulate matter (SPM) are 500, 1200, 7500 and 2500
Ilgm/m3 respectively which far exceeds the acceptable limit set by WHO (ADB, 2005).

Car is the principal contributor of SOx, NOx and CO emission in the city.
The contributions

from bus and truck are significant in the case of SOx and NOx

emission. Auto-rickshaws

contribute significantly in the case of SOx and CO emission.

Higher fuel economy may reduce per-mile emission rates of some pollutants, such as
VOCs, but not others, such as NOx and particulates and increased mileage increases
emissions per vehicle-year.
Emissions inventory of mobile sources in Dhaka show that contributions
vehicles dominate

certain types of pollutants

(Figure 3.2). Petrol-fueled

of different
light-duty
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vehicles (cars/ vans) and auto-rickshaws contribute 84% Carbon monoxide (CO), while
diesel-fueled buses and trucks contribute 82% most of total Nitrogen oxides (NOx).
Two- and three-wheeled

auto-rickshaws contribute about half of the total hydrocarbon

(HC) emissions, while particulate matter (PM) emissions come mostly from diesel buses
and trucks (42%), and auto rickshaws (38%) (ADB, 2005).

The Bangladesh

Atomic

Energy Commission

(BAEC)

studied

the trace element

composition of samples particulate matter with a diameter of not more than 10 microns
(PMIO) and particulate matter with a diameter of not more than 2.5 microns (PM25) in
Dhaka during 1993-1994, using the positive matrix factorization method (PMF) (Biswas
et al. 2000). The results showed that approximately 55% of the particles with diameter
not more than 10 microns (PMIO) are attributed to resuspended soil and motor vehicle
with the latter having a 31% contribution. Fine particulates or particles with diameter not
more than 2.5 microns (PM2.5) were mostly attributed to motor vehicles (29%) and
natural gas/diesel buming (46%). figure 3.2 provides share of pollutant emissions by
vehicle type.
Share of pollutant emissions by vehicle type (%)

100%
80%
60%
40%
20%
0%

CO=Carboll

.
.
.
.
.

mOlloxide; HC=/zydrocarboll;

E]

CO '

III HC

I

. E]NOxi
•
I
,E] PM :

NOx=Nitrogell

oxide; PM=particlliate

matter;

%=Percellt

Figure 3.2: Emission Inventory of Mobile Sources in Dhaka (Nasiruddin, 2006)
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Table 3.2 presents the complete particulate pollution results showing the eight identified
sources.

Table 3.2 Average Mass Contributions

to Particulate

Pollution in Dhaka

1993-1994 (%) (Biswas et ai., 2000)

Source Type

Coarse (PMIO)

Fine (PM2.s)

Resuspended Soil

54.7:1:2.4

8.8801:5.04

2-stroke engine

6.0701:1.8

2.03:1:3.24

Construction works

7.09:1:3.36

Motor vehicles

31.201:6.1

29.H4.6

Sea salt

0.22:1:3.69

4.1 H2.48

Refuse buming

0.74:1:5.96

Natural gas/diesel buming

45.7:1:8.3

Metal smelting

10.2:1:8.1

PM,o=particulate

matter with a diameter of not more than 10 microns;

PM2.5=

particulate matter with a diameter of not more than 2.5 microns; %=percent

Motor vehicles account for a substantial part of fine particulates for both the hot-spot
(43%) and semi-residential

sites (38.2%).

Air pollution is estimated to be responsible for approximately 3,580 premature deaths,
10 million restricted activity days and 87 million respiratory symptom days per annum
(Karim, 1997).

Table 3.3 represents updated (2005) Bangladesh national ambient air quality standards
vs. WHO guideline values and US EPA standards.
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Table 3.3 Updated

(2005) Bangladesh National Ambient Air Quality Standards

vs.

WHO Guideline Values and US EPA Standards

WHOb
Averaging
Pollutant

Period

Bangladesh
Standards

US EPA

Guideline
a

Standards(/lgim3)C

3

Values(/lgim

)

8-hour

10,000Jlg/m3(9ppm)

10,000

b

10,000

1- hour

40,000Jlg/m3(35ppm)

30,000

b

40,000

Pb

Annual

0.5 Jlg/m'

0.5

-

NOx

Annual

100Jlg/m3(0.053ppm)

-

-

TSP

8-hour

200Jlg/m3

-

-

Annual

50,Lg/n)3-

20

-

24-hour

150Jlg/m3

50

150

Annual

I 5Jlgim3

10

15

24-hour

65 Jlg/m-T

25

35

CO

PM 10
PM2.5

03

S02

I-hour

235 Jlg/m3(0.12ppm)

-

235

8-hour

I 57Jlg/m\0.08ppm)

100

157

Annual

80Jlg/m\0.03ppm)

-

78

24-hour

365 Jlg/m\0.14ppm)

20

365

Co.=Carbon monoxide; No.x=Nitrogen oxide; o.3=ozone; PM,o=particulate

matter with

a diameter of not more than 10 microns; PM2.5= particulate matter with a diameter of
not more than 2.5 microns; So.2= Sulfur dioxide; S.R.o.
Environmental

Protection

=US EPA=United

Agency; TSP=total suspended particulates;

States

WHo.= World

Health o.rganization; Ilg/m3=micrograms per cubic meter; ppm=parts per mil/ion; -=no
value

Source:

a

S.R. o.. No: 220-Law, 2005;

b

WHO., 2000; and

C

US EPA, 2006.
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A typical baby taxi is driven 100-120 kms per day. Thus, in 360 days ofa year, Dhaka's
30,000 strong baby taxis «17%

of total vehicles) are responsible

for 25% of total

vehicular PM 10, 62% of hydrocarbons, and 32% of carbon mono oxide. It is estimated
that auto-rickshaw is the major contributor of HC emission (23,019 t/yr) having 56.0%
share, followed

by motorcycle

(10,574 t/yr) having 25.7%

share.

Bus has little

contribution of HC emission (ADB, 2005).

Dhaka has the highest lead pollution in the world for a part of the year, 1996, scientists
at

the

Bangladesh

(http://www.bangla.net/)
nanogram

Atomic

Energy

Commission

a 17-month survey study by BAEC scientists

of lead in I cubic meter of air over Dhaka,

(November'5-January'6).

(BAEC)

In Bangladesh,

during

all vehicles use leaded

observed
detected 463

the dry months
fuel because the

country's only refinery is not able to produce lead-free fuel. The higher share of SOx
emissions from automobiles, in Bangladesh is due to the poor fuel quality and the
extensive use of diesel-powered in some cases impure diesel vehicles.

Some studies predict that per-mile energy consumption and emISSion rates could be
reduced 30-50% by fully implementing
using available

technologies,

cost-effective

without significantly

vehicle design improvements

changing

performance

(Greene,

2000), although most researchers consider a 25% reduction more realistic (OECD/lEA,
200 I), and this requires that average vehicle size, weight and acceleration not increase.
Greater energy savings and emission reductions are possible by shifting to small, superefficient vehicles (http://www.hypercar.com/).

The daily total emissions of NOx, HC,

CO, PM and SOx are estimated and burdened to city's air and equivalent to: 42, 39, 314,
14 and 42 tons/day (Karim, 2005). So the total pollution is 451 tons/day.

Assumption:

a) average emISSIOn of each pollutant per day is considered,

b) CO

emissions is the highest so it is considered

to reduce, c) all other conditions

considered to be same, d) emission/pollution

increment/decrement

pollution per day.

are

are based on total
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Method of analysis: CO emissions are removed from average emiSSIon of pollutant.
Then other pollution is increased/decreased
pollution increment/decrement

due to mileage increment/decrement.

The

is calculated from total pollution.

If fuel-efficient vehicles are introduced it reduces CO emissions, but not all types of
emissions. Because manufactures design vehicles to meet specific emission standards
like CO. From the survey for introduction

of fuel efficient

vehicles the mileage

increment is 3%. So the daily total emissions of NOx, HC, CO, PM and SOx become
43.26, 40.17, 0, 14.42 and 43.26 tons/day. So the total pollution becomes

141.11

tons/day. So for introduction of fuel efficient vehicles remove CO pollution and totally
68.87% emission is reduced. So the rating for pollution reduction is given as +3.

3.1.1.3

Congestion reduction

Traffic on the Dhaka Urban highways is mainly buses and trucks representing 56% of all
movements with auto rickshaws (13%), rickshaws (11 %) and car/jeep (10%). In the city
buses and trucks are representing very small proportion of movements, only 10.4%.
Rickshaw representing 56.8%, auto rickshaw 24.4% and car/jeep 8.4% of all movements
(JBIC, 2000).

In Dhaka Metropolitan Area, as of 1999 about 1,45,05,000

trips are made by all modes.

Excluding walk trips the share of public transport for these trips is almost 89.5%
(55,05,000 trips). Of them, about 19,27,000 trips are made with rickshaw, 8,45,000 with
auto-rickshaw, 3,752 with existing rails, 2,85,634 trips by water transp011, and 6,93,163
with the buses (Karim et. aI, 2005).
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Table 3.4

Modal Split based on trip purpose and income in Dhaka Metropolitau.
(Karim et. aI, 2005)

Modal Split (%)

Income
Purpose of

Group

trips

(BOT)

Walk

Rickshaw

Public

Private

Transport

Mechanized

Home based

< 2000

80.6

10

9.4

0

trips to and

2000-9999

63.7

16

17.1

3.2

from work

10000-29999

43.2

32.5

12.8

20.5

Home based

< 2000

88

5.7

5.6

0.7

trips other

2000-9999

72.7

16.7

8.2

2.4

than work

10000-29999

37

38.4

6.6

18

Non home based trips

21.9

40.5

11.4

26.2

Total

63

20

10.7

6.3

The search for a sustainable transport policy has to start from an understanding of the
present situation and how it has come about. The purposes for which people travel are
analyzed in Table 3.4. Home based trips account for more than 90% of all person trips
made within Dhaka Metropolitan area (DITS, 1994). By far the single largest group of
trips is Home Based trips destination other than work in income groups (BDT 2000 9999), which account for 30% of all trips. From table 3.4 and survey it is found that
private mechanized mileage will increase. Table 3.5 also represents person trip by mode.
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Table 3.5

Metro-Dhaka:

Person Trip by Mode (ARC, 1999)

No. of Person Trips

Ave. Trip

Pessenger-km

Length per

Mode

OOO/day

%

10.4

5,990

11.9

10.2(27.0)

13.5

20,007

39.8

845

5.8(15.2)

12.8

10,816

21.6

Rickshaw

1,927

13.3(35.0)

4.3

8,286

16.5

Others

675

4.7(12.3)

7.5

5,066

10.1

Subtotal

5,505

38.0(100.0)

9.1

50,165

100.0

Walk

9,000

62.0

1.0

9,000

15.0

Total

14,505

100.0

4.1

59,165

100.0

OOO/day

%

Car

576

4.0(10.5)

Bus

1,482

Auto-rickshaw

Figures

ill

Day (km)

bracket are subtotal percelltage

Assumption: a) Mileage is found from survey, b) congestion and mileage are considered
to proportional, c) trips and mileage are considered to proportional. Method of analysis:
mileage of cars and motorcycles are increased from the survey. And then total mileage
increment/decrement

is calculated.

If fuel efficient vehicles are introduced the mileage of vehicles is increased 3%. But it is
considerable that the mileage for cars and motorcycles (Private mechanized) is 5816km
from survey (6.3% from table 3.4) and after introduction of fuel efficient vehicles it is
6200km from survey. Considering

the other trips are remaining

same the private

mechanized travel becomes 6.69%. If total increment is considered then it becomes
+0.41 %. Increased
congestion.

vehicle

travel increases

mileage-related

costs

such as traffic

The increased vehicle mileage increases mobility benefits,

consumers' comf0l1. So the rating for congestion reduction is given as -1.

but reduces
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3.1.1.4

Road related costs savings

Assumption: road related costs are construction of road, maintenance cost, signaling and
traffic related costs. Road related costs will also increase with the introduction of fuel
efficient vehicles because of increased vehicle travel. Every year 4.79% budget is
increased for road infrastructure development like government budget, traffic services
budget, different tolls, revenue etc. (RHD, 2005) Again movement increment is 3% from
the survey so road related costs will also increase. So the rating for road related costs
savings is given as -2.

3.1.1.5

Improved

safety

The available data covering a period of thirteen years indicate that the total number of
road accidents was 38,464 and the number killed was 26,363. Thus on an average about
69 percent deaths were reported, which is less than the global average of 86 percent.
This data, however, has to be accepted with a note of caution. This is because of
inconsistencies in official data. Thus for the year 2000, the annual report of Bangladesh
Police had reported fatal accidents at 3,058 and not 3,050 as reported in BBS document.
(Ali, 2004)

A recent study, based on household survey data, concluded that the 'actual number of
road deaths occurring in Bangladesh is at over 8,000 and currently

estimated to be

12,786, which is at least 2.6-4.2 times greater than that included in official statistics (Ali,
2004). From Accident Research Center (ARC), BUET, Dhaka some published data are
collected and presented in table 3.6, figure 3.3 and table 3.7. From which we get number
of vehicles, fatalities and fatality rates, vehicle involvement in road traffic accidents and
different types of vehicle involvement in road accidents and percent of death.
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Table 3.6

Different Types of Vehicle Involvement

in Road Accidents and Percent

of Death (SUET, 2003)

Vehicle types

Perccnt

Perccnt in

all

in (atal

pedestrian
accidents

Percent of

Percent of

Percent in

vchicles

vchicles

1'('rtCllt

Percent
Pedestrian
Death
Death

(registered)1

(on road)!

accidents

accidents

Bus/I\lillibus

5%

6%

33%

35%

38%

36%

40%

Trucks

8%

10%

26%

29%

30%

24%

32%

Jeep/Car/Taxi

24%

16%

12%

7%

9%

5%

5%

Microbus/Pickup

2%

3%

7%

6%

9%

7%

8%

15%

16%

5%

5%

3%

9%

4%

42%

45%

5%

5%

4%

5%

3%

0%

0%

5%

4%

1%

5%

0%

Bi-eycle

0%

0%

3%

3%

0%

4%

0%

Others

3%

3%

5%

6%

6%

6%

7%

Total

100%

100%

100%

100%

100%

100%

100%

Aulo
rickshaw/Tempo
Motorcycle
Rickshaws/Ricks
haw Van

Notes:
1. Total number a/vehicles registered is 784347

ill

2. Total number a/vehicles on road is 485228

(2001-2002)

Source: BRTA, BBS and MAAP Data Base

ill

2003
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Figure 3.3: Vehicle involvement in road traffic accidents (BUET, 2003)

Vehicle Statistics alld their Illvolvemellt ill Road Fatalities
Table 3.7 shows the registered and on road vehicular statistics. It also shows the yearly
fatalities contributed

by specific vehicle types along with fatality rates per 10000

vehicles of those categories.
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Table 3.7: Number of Vehicles, Fatalities and Fatality Rates (BUET, 2003)

Vehicle Types

Pedestrian

Number

Number

of

of

Avg.

Vehicles

Vehicles

Fatalities

(Rcgistc

(On

per Year

red)

Avg.

Fatalities

Pedestrian

per 10000

Fatalities

Vehicles

Fatalities

Vehicles

J

per Year

per 10000

4

3

(on Road)

Road)

(on Road)

Bus/Minibus

40469

29717

1005

545.13

338.3

183.4

Trucks

65239

48753

673

426.75

138.0

87.5

Jeep/Car/Taxi

189287

78236

133

63.00

17.0

8.1

18492

14743

193.88

112.25

131.5

76.1

116242

77700

246.63

58.25

31.7

7.5

328294

220225

147.00

45.25

6.7

2.1

N/A

N/A

129.25

2.88

N/A

N/A

Bi-cyclc

N/A

N/A

105.63

3.63

N/A

N/A

Others

26324

15854

172.13

89.25

108.6

56.3

Total

784347

485228

2805.25

1346.38

57.8

27.7

Microbus/Pickup
Auto

4

rickshawrrcmpo
Motorcycle
Rickshaw/Ricksha
wVan

'Note:
1. Total number of vehicles registered is 784347 in 2003
2. Total number of vehicles on road is 485228 in (2001-2002)
3. Traffic fatalities with known vehicle involvement in the period of 1998-2005. There
were a total of 23194 fatalities out of which vehicle involvement was known for
22442 (97%) fatalities.
4. Fatalities per 10000 respective vehicles

Annual fatalities in road accidents 85.6 fatalities/IO,OOO vehicles number of fatalities
from road motor vehicle accidents resulting in at least one person killed (with 30 days of
the accident's
2005)

occurrence) per 10,000 road motor vehicles registered.

(World Bank,
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Assumption: a) because of mileage increment of cars and motorcycles the accident rates
is also increased at the same rate, b) average fatalities per year of all vehicles are
considered. Method of analysis: average fatalities per year are increased at the rate of
mileage increment. Then total percentage increment/decrement

is calculated. From table

3.7 accidents regarding to car and motorcycle is 133+147=280 average fatalities per
year.

If fuel efficient vehicles are introduced the mileage of different

vehicles will also

increased. Increased vehicle travel increases road accidents. Increased vehicle travel
increases crashes; vehicle weight reductions may increase crash severity. The average
fatalities per year will also increase. From the survey the mileage increment is mainly
occurring for cars and motorcycles and it is 6.6%. Now the average fatalities per year
will increase 6.6% that is it becomes 298.48. The total increment of all accident will
become 0.66%. So the rating for improved safety is given as -I. Rating from +3 (very
beneficial) to -3 (very harmful). A 0 indicates no impact or mixed impacts. Table 3.8
provides summary impact of introductions of fuel efficient vehicles.

Table 3.8 Introductions

of Fnel Efficient Vehicles- Impact Summary

Objective

Rating

Energy Savings

+3

Can achieve 10.42% energy conservation.

Pollution Reductions

+3

Reduce CO emissions and totally 68.87%.

Congestion Reduction

-I

Increased trips will increase congestion. (0.41 %)

Road Related Cost
-2

Notes

Road related costs will increase about 4.79%.

Savings
Improved Safety

.1

Increased vehicle travel increases accidents.
(0.66%)
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3.1.2. Use of alternative

fuels

Various incentives and regulations can be used to encourage the production, sale and use
of alternative fuel vehicles, including diesel, LPG, methanol, ethanol, hydrogen and
electricity, renewable energy sources (solar, wind, hydro, tidal, geothermal, wave, ocean
thermal), butanol fuel, biodiesel, tar sands, oil shale, coal liquefaction,

gasification,

nuclear energy (fission or fusion). These fuels reduce per-mile energy consumption and
emissions, although net benefits are sometimes small when all impacts are evaluated on
a lifecycle basis (Kreith, 1995; McCubbin, 1997). Table 3.9 summarizes advantages and
disadvantages of different fuels.

Table 3.9 Alternative

Fuel
Diesel

CO2*
20%

Fuels Compared

(Pilorusso Research, 1995)

Advantages

Disadvantages

Widely available and

Increases emissions of particulates,

used. Reduces carbon

sulfur and noise.

emiSSions.
LPG

CNG

10%

20%

Increased efficiency and

Requires rebuilding engines. Limited

reduced emissions.

availability.

Increased efficiency and

Requires rebuilding engines. Limited

reduced emissions.

availability. May reduce methane.

Methanol

60%

Reduces some emissions.

Poisonous. Increases some emissions.

Ethanol

0-

Reduces some emissions.

Increases some emissions. Energy

60%
Electricity

savings depend on fuel source.

20-

No tailpipe emissions.

Reduced vehicle performance.

70%

May be generated from

Vehicles are currently expensive.

renewable sources.

Energy savings depend on how
electricity is generated.
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Table 3.9 (Continued)
Fuel

COz*'

Hydrogen

Advantages

20-

Disadvantages

No tailpipe pollutants.

70%

Not currently available. Energy
savings depend on how hydrogen is
produced.

* Estimated

reduction in lifecycle CO2 emissions per vehicle-mile compared with

gasoline.

Table 3.10 shows how costs typically differ between gasoline and electric vehicles. The
following table shows effects on transportation costs of electric vehicles

Table 3.10

Fuel Type Effects on Transportation

Costs (Bricker, et aI., 1997)

Costs Typically Reduced

Costs Unaffected by

Costs Typically Increased

in Electric Vchicles

Electric Vehicles

in Electric Vehicles

User travel time Congestion

Air pollution

Vehicle ownership

Crashes Parking

Noise

Land value Barrier effect

Water pollution

Transport Diversity Land

Resource externalities

Road facilities
Waste (from batteries)

use impacts

(energy)

Vehicle operation

Traffic services

The energy conservation and emission reduction benefits of some fuels depend on how
they are produced.

The lifecycle emissions of electric vehicles

(including

battery-

powered cars, electric trolleys and trains) depend on the marginal source of electricity
they use: renewable and nuclear generation reduces total emissions, but coal generation
tends

to

mcrease

COz

and

sulphur

emiSSIOns

(Delucchi,

2003).

58

In Bangladesh, natural gas (NG) is abundantly available. A recent estimate by the US
Geological Survey reveals that the total resource reserve of natural gas is about 32
trillion cubic feet (TCF). Petro BangIa estimates the recoverable natural gas reserves to
be about 12 TCF. The annual consumption of natural gas in year 1998 was about 0.2625
TCF. There are 22 gas fields in Bangladesh including recently explored two fields of
Bibiyana and Moulavibazar in 1998 and 1999 respectively. The natural gas available in
Bangladesh mostly contains methane to the tune of95-97 percent.
CNG has been used as clean fuel for automobiles in various countries for a long time.
Many vehicle owners use CNG as it is cost effective as compared to diesel. In Japan,
however, it is used mainly because of its environmental advantages even though CNG
costs more than diesel. Natural gas is an environmentally friendly fuel due to three major
reasons.
• First, NG typically contains mostly methane (95-97 % in case of Bangladesh).
The emissions from NG vehicle exhaust contain about 20-25 percent less CO2
up to 90 percent less CO, and 75 to 90 percent less non-methane hydrocarbons
(Malek, 200 I). Unbumed methane is a major emission from CNG vehicle
exhaust. Although methane is a greenhouse gas having the greenhouse gas
potential of 32 CO2 equivalent, natural gas vehicles on the whole contribute
less to greenhouse gas formation as NG contains less carbon as compare to
gasoline and other petroleum products. Moreover methane is not a volatile
organic compound (VOC) and thus does not react with NOx which otherwise
results in formation of ozone and photochemical

smog. CNG has 80 percent

less ozone generating potential than gasoline.
• Second, the fuel cycle emissions of NG are much less than other vehicle fuels.
The refining,

processing, conversion,

and transportation

by road are not

required in case of NG. The only energy requirement is for compression to
high pressure.
emissions.

This lesser energy requirement

results in fewer fuel cycle
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• Third, there are no evaporative emissions from CNG vehicles. NG vehicles do
not emit carcinogenic and toxic air pollutants such as 1-3 butadienes.
Other advantages of CNG include; no heavy metal additives necessary to increase knock
rating, no losses through vaporization from the tank and! or while refueling, and no
transport by road because natural gas is normally supplied via pipelines.
Bangladesh natural gas does not contain toxic elements such as mercury or arsenic.
Experts from BUET and Petrobangla have confirmed this. Secondary evidence supports
this finding also.
CNG vehicles emit more (10%) NOx in comparison with gasoline, however de-NOx
converters would be able to reduce the NOx emissions to acceptable levels. CNG results
in 10-20 percent less power output with existing engines and may pose problem of
premature defects of engine components (gas pressure regulators, valves, gaskets, hoses,
monometers,

etc). Storage cylinders are heavy which add load on vehicle; space

requirement is also large for placing thesc cylinders. Operation of vehicle may be
restricted to shorter distance ranges due to unavailability of CNG stations widely.
At this time the consumption ofNG in transport sector particularly as automotive fucl is
negligible. However, there is a growing demand for conversion of cars and baby taxis to
CNG vehicles, with the condition that sufficient numbers of CNG filling stations are
available. Estimated demand of CNG for car for the year 2008 would be 136,000 m
J/day and 226,000 m J/day with conversion of 30 and 50 percent of cars respectively.
The immediate demand could be of80,000 and 135,000 mJ/day for similar percentage of
cars to be converted to CNG.
The government
stakeholders

has also formulated some action plan discussing with the vanous

of the society to control vehicular

air pollution

transport system. For example, The Environment Conservation

and improvement

of

Rules 1997 has been

amended and under this amended rules, use of Catalytic Converter and Diesel Particulate
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Filter for Petrol and Diesel driven vehicles respectively has been made mandatory.
Ministry of Communication has taken a step to a total ban on plying of two strokes three
wheelers in Dhaka City from January 2003. Moreover, a ban has been imposed on
plying in Dhaka City from I January 2002 of Bus, Minibus, Microbus, and Taxi older
than 20 years and Truck, Mini truck, Tank lorry, Van older than 25 years. Moreover,
introduction of four-stroke CNG run-au to-rickshaws,

use of low sulfur content fuel

prove the noble intention of the government.
CNG as a vehicle fuels was first introduced to Bangladesh in 1982 through a World
Bank pilot project. Bangladesh has a large amount of stranded gas. Most analysis
recommended

CNG as a major downstream

use for this gas. CNG use could save

Bangladesh significant amounts in foreign exchange. World Bank estimates savings of
Tk. 4 core per station per year that is twice that of the investment cost. Maintaining air
quality in metropolises

like Dhaka has become the nation's top most priority. CNG

could cater to that need and make significant cross savings in the health sector and
reduce public health hazard. World Bank recently estimated that about Tk. 117 crore per
year could be saved in health costs in Dhaka city alone on account of PM reduction. This
does not include

mortality estimates.

Cost of CNG is attractive

and could offer

significant consumer savings to the average consumer. Most noticeable feature of the
converted

baby-taxis

is the low tailpipe

emissions

(reductions

of CO by 90%,

hydrocarbons by 83%, CO2 by 48% and SOx by 99%). The cheaper price of CNG in
comparison with petrol provides excellent incentives for auto-rickshaw

drivers and

owners to convert.

Average distance

traveled by auto mobile per year is 20,000 km. Average

fuel

consumption rate of auto mobile is 20 km / litre. Average fuel consumption per year of
auto mobile is 20,000120 = 1,000 litre (gasoline equivalent). (Malek, 2001)

In a drive to clean up the impoverished country's polluted cities, the government has also
ordered all public transport, especially some 150,000 diesel-run buses and Lorries, to
convert to compressed natural gas (CNG). Officials said some 40,000 small vehicles had
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already been changed to CNG since 1996 under an environmental
replacing

vehicles emitting

harmful carbon. The Bangladesh

safety programme,
government

recently

increased prices of diesel, petrol, octane and kerosene by about 40 percent on average in
the wake of spiraling

world

oil prices. Public agencies

can sponsor

demonstration and marketing programs to develop super-efficient

research,

and alternative fuel

vehicles and encourage their use. The emission reduction benefits from alternative fuels
depend on many factors, including the type of fuel and engine used, how the fuel is
produced,
Government

and whether

full lifecycle

can minimize

emissions

are considered

(Delucchi,

taxes on alternative fuels, development

2003).

and production

subsidies and tax credits, government fleet purchases of high efficiency and alternative
fueled vehicles, infrastructure

support (such as government

supply of refueling and

recharging stations), mandates and promotion campaigns.

Vehicle fuel quality (such as sulphur and heavy metal content) affects the amount of
pollution produced per vehicle-mile (Sax, heavy metals, NOx, and particulates), and
some fuel contaminants can degrade vehicle emission control equipment. Fuel quality
can also be improved by imposing higher taxes on lower-quality fuels or fuels that have
harn1ful additives. This approach has been successful in reducing the use of leaded fuel.
A continuous air quality monitoring station has been set-up in the premises of national
parliament under the air quality management project with the financial assistance of the
World Bank. From this station vehicular emission is being monitored regularly against
different parameters to get various inforn1ation of the status of the air quality of Dhaka
city. Initiatives have been undertaken to setup a continuous air quality monitoring station
in the Chittagong

city. Under this programmes

a number

or satellite air quality

monitoring stations will be set-up in other cities. In addition, procurement of two mobile
air quality monitoring station is underway to monitor local air quality regularly. A
Webster has been opened for giving information and creates awareness to the people
about air pollution. A draft vehicular emission standard has been fonnulated.
draft air pollution standard and air pollution index have been formulated.

Beside,
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Vehicle mileage impacts vary. Some alternative fuels reduce per-mile vehicle operating
costs (often due to favorable tax treatment and production subsidies) and so increase
vehicle travel. This table represents the comparison between using gasoline/diesel and
CNG. From this table it is found that gasoline price is Tk. 67.00/lit, diesel price is Tk.
40.00/lit (average Tk. 53.50/lit) and CNG price is Tk. 16.75/m3. Assumption: a) CNG is
used as altemative fuel, b) fuel efficiency is different; c) price of vehicles is considered
to increase.

Table 3.11

Comparison

of Fuel Requirements

And Cost/Expenses

Between The

Uses of Oil And eNG (Maw la, 2008)

Types of

No.

of

Fuel cost/expenses

Fuel consumption

No. Of

51.

Avg. Run
vehicle
per day
BRTA
KM

vehicle

Gasoline

Diesel

CNG

Gasoline

CNG

Liter/day

Lifer/day

M3/day

TK./day

TK./day

2005
1

Motor Car

128037

150

1920555

0

1745959

128677185

29244815

55837

100

697963

0

634511

46763488

10628065

Jeep.st

2

wagon.
Mircobus

3

Taxi

11987

300

359610

0

326918

24093870

5475880

4

Bus

32257

350

0

2822488

3528109

112899500

59095832

5

Minibus

34347

300

0

2944029

3680036

117761143

61640598

6

Truck

56749

350

0

5674900

7093625

226996000

118818219

112330

250

2340208

0

1950174

156793958

32665408

1349

300

67450

0

56208

4519150

941490

581

350

29050

0

24208

1946350

405490

Auto

7
Ric/Tempo
Human

8
Haller
Covered

9
van
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3.1.2.1

Energy savings

In 2005 the total number of registered vehicle is 852476. (BRTA, 2005) From the survey
average fuel consumption is 38.11 km/lit and average mileage per day is 127.96 km.
Now fuel used per day becomes 2862315.10 lit. Now, if alternative fuels are introduced
average fuel consumption will be 20 km/lit (Malek, 2001) and average mileage per day
will be 132.44 km (increase 3.5% mileage from survey). Now fuel used per day will
become 5645096.10 lit. So conventional fuel price becomes Tk. 153133858 and CNG
price becomes Tk. 94555360 (Mawla, 2008). Now the savings becomes 38.25%. So the
rating for energy savings is given as +3.

3.1.2.2

Pollution reduction

Impacts

on conventional

particulates
emissions.

air pollutants

and sulfur emissions,

vary. For example,

diesel

fuel increases

and methanol and ethanol increases

some toxic

Electric vehicles eliminate tailpipe emissions but their overall emission

impacts depend on the marginal electrical generation fuel. If alternative fuel (CNG) is
introduced it can reduce most of the pollutants at a high percentage like 83% less HC,
90% less CO, 99% less SOx (Malek, 2001). On the other hand 3.5% mileage is
increased so NOx (10%) pollution is increased (Malek, 2001). Because manufactures
design vehicles to meet specific emission standards like CO. The daily total emissions of
NOx, HC, CO, PM and SOx are estimated and burdened to city's air and equivalent to:
42,39,314,

14 and 42 tons/day (Karim, 2005). The total pollution is 451 tons/day. So

the daily total emissions of NOx, HC, CO, PM and SOx become 46.20, 6.63, 31.40,
14.00 and 0.42 tons/day. After adding 3.5% mileage increment pollution, the daily total
emissions of NOx, HC, CO, PM and SOx become 47.82, 6.86, 32.50, 14.49 and 0.43
tons/day. So the total pollution becomes 102.10 tons/day. So for alternative fuel (CNG)
totally 77.36% emission is reduced. So the rating for pollution reduction is given as +3.
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3.1.2.3

Congestion reduction

Alternative

fuel vehicles have mixed impacts on safety, reducing

some risks and

increasing others (Bricker, 1997). For example, electric vehicles reduce risks associated
with petroleum fires, and increase risks associated with battery chemicals, electrical
shocks, and crash risk to pedestrians and cyclists (because electric vehicles are quiet at
lower speeds). If alternative fuel are introduced the mileage of vehicles is increased
3.5%. But it is considerable

that the mileage for cars and motorcycles

(Private

mechanized) is 58l6km (6.3% from table 3.4) and after introduction of alternative fuel it
is 6264km. Considering the other trips are remain same the private mechanized travel
becomes 6.75%. If total increment is considered then it becomes +0.48%. So the rating
for congestion reduction is given as-I.

3.1.2.4

Road related eosts savings

Assumption: for infrastructure development, set up CNG station and pipeline installation
will increase for the natural/recent condition. Road related costs will also increase with
the introduction of alternative fuel because of increased vehicle travel. Every year 4.79%
budget is increased for road infrastructure development like government budget, traffic
services budget, different tolls, revenue etc. (RHD, 2005) Again movement increment is
3.5% from the survey so road related costs will also increase. Most alternative fucl
vehicles have higher purchase costs and lower operating costs, and some reduce vehicle
perfonnance (speed, range and carrying capacity). On the other hand for infrastructure
development, set up CNG stations, pipeline installation needs budget allocation. So the
rating for road related costs savings is given as -3.

3.1.2.5

Improved safety

From table 3.7 accidents regarding to car and motorcycle

is 133+147=280

average

fatalities per year. If alternative fuel are introduced the mileage of different vehicles will
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also increased. Increased vehicle travel increases road accidents. Increased vehicle travel
increases crashes; vehicle weight reductions may increase crash severity. The average
fatalities per year will also increase. From the survey the mileage increment is mainly
occurring for cars and motorcycles and it is 7.7%. Now the average fatalities per year
will increase 7.7% that is it becomes 301.56. The total increment of all accident will
become 0.77%. So the rating for improved safety is given as -1. Rating from +3 (very
beneficial) to -3 (very hannful). A 0 indicates no impact or mixed impacts. Table 3.12
provides summary impact of use of alternative fuels.
Table 3.12

Objective

Use of Alternative

Fuels - Impact Summary

Rating

Notes

Energy Savings

+3

Can achieve 38.25% Energy Conservation.

Pollution Reductions

+3

CNG can reduce more pollution emissions. (77.36%)

Congestion Reduction

-1

Increased trips increase congestion. (0.48%)

Road Related Cost
-3

Savings

Increased vehicle travel increases road related costs.
(More than 5%)

Improved Safety

-I

Increased vehicle mileage increases accidents.
(0.77%)

3.1.3

Increase of fuel price

Fuel tax increases give consumers a direct incentive to conserve energy. Fuel tax
increases are an effective way to reduce energy consumption,
reducing other emissions or other mileage-related
effects, it causes modest

reductions

but is less effective at

costs. Raising fuel price has two

in vehicle mileage,

and over the long ternl

encourages motorists to choose more fuel-efficient vehicles.

Fuel prices can be increased through Market Reforms such as a revenue-neutral tax shift
(increasing fuel taxes and using the revenue to reduce other taxes that are considered

66

more economically harmful, such as taxes on employment and business activity). Such
tax shifts can provide Economic Development benefits by reducing investment costs,
reducing the economic costs of imported petroleum, stimulating
technological

innovation, and encouraging

energy efficiency

consumers to shift their expenditures

to

goods that generate greater regional employment.

Higher fuel prices cause a combination of reduced driving and increased fuel economy.
This analysis assumes that the fuel tax increase required to reduce energy consumption
by 10% would reduce vehicle travel by 5%, reflecting private mechanized

non home

based trips are 6.3% of all trips.

By reducing annual vehicle travel, fuel tax increases reduce mileage related costs such
as traffic congestion, road and parking facility costs, crashes and sprawl. This strategy
tends to result in smaller vehicles that increase crash injuries to occupants but reduce
damages

to other road users (CBO, 2003). Overall impacts

on affordability

and

consumer welfare depend on the quality of vehicle and transport options available, and
how revenues are used (if consumers can easily purchase more fuel efficient vehicles,
easily shift to other modes, or benefit from reductions in other taxes, they can be better
off overall). Assumption: a) fuel price is increased to I 0%, b) all other conditions are
same.

3.1.3.1

Energy savings

In 2005 the total number of registered vehicle is 852476. (BRTA, 2005) From the survey
average fuel consumption is 38.11 km/lit and average mileage per day is 127.96 km.
Now fuel used per day becomes 2862315.10 lit. Now, if fuel price is increased (10%)
average fuel consumption will be same i.e. 38.11 km/lit and average mileage per day
will be 121.56 km (decrease 5% mileage from survey). Now fuel used per day will
become 2719199.36 lit. That is savings will be 5%. So the rating for energy savings is
given as +2.
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3.1.3.2

Pollution reduction

If fuel price is increased (10%) it can reduce all emissions at the same percentage. From
the survey for fuel price increment the mileage is decreased 5%. So the CO, HC, NOx
and PM pollution will be decreased at least 5%. So the rating for pollution reduction is
given as +2.

3.1.3.3

Congestion

reduction

If fuel prIce is increased (10%) the mileage of vehicles is decreased 5%. But it is
considerable that the mileage for cars and motorcycles (Private mechanized) is 5816km
(6.3% from table 3.4) and after fuel price is increased (10%) it is 5177km. Considering
the other trips are remain same the private mechanized
decrement is considered
mileage-related

costs

travel becomes II %. If total

then it becomes -0.7%. Decreased vehicle travel decreases

such as traffic congestion.

The decreased

vehicle

mileage

decreases mobility benefits. So the rating for congestion reduction is given as + I.

3.1.3.3

Road related costs savings

Assumption: road related cost will be the same and no increment/decrement.

Road

related costs will also decrease with the increment (10%) of fuel price because of
decrement vehicle travel. Every year 4.79% budget is increased for road infrastructure
development like government budget, traffic services budget, different tolls, revenue etc.
(RHD, 2005) So, traffic facilities cost, tolls, taxes also decreased but they are not
considerable. So the rating can be given as 0 i.e. no clear impacts.

3.1.3.4

Improved

safety

From table 3.7 accidents regarding to car and motorcycle

is 133+147=280 average

fatalities per year. If fuel price is increased (10%) the mileage of different vehicles will

68

also decreased. Decreased vehicle travel decreases road accidents. Decreased vehicle
travel decreases crashes. The average fatalities per year will also decrease. From the
survey the mileage decrement is mainly occurring for cars and motorcycles and it is
II %. Now the average fatalities per year will decrease II % that is it becomes 249.20.

The total decrement of all accident will become l.l 0%. So the rating for improved
safety is given as +1. Rating from +3 (very beneficial) to -3 (very harmful). A 0
indicates no impact or mixed impacts. Table 3.13 provides summary impact of increase
of fuel price.

Table 3.13 Increase of Fuel Price - Impact Summary

Objective

Rating

Notes

Energy Savings

+2

Can achieve 5% Energy Conservation.

Pollution Reductions

+2

5% mileage reduction reduces emissions 5%.

Congestion Reduction

+1

Reduced trips reduce congestion 0.70%.

0

No impact or mixed impacts.

Road Related Cost
Savings
Improved Safety

+1

Reduced vehicle mileage reduces accidents
11%.

3.1.4

Qualitative impacts summary

Table 3.14 summarizes the results of this qualitative analysis and compares how each
strategy rates with respect to the five objectives, using ratings from +3 (very beneficial)
to -3 (very harmful). All strategies have different impacts with regard to other planning
objectives.
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Table 3.14 Qualitative Analysis Summary

Introduction of Fuel
efficient vehicles

Use of
Alternative fuels

Increase of
Fuel Price

Energy Savings

+3

+3

+2

Pollution Reductions

+3

+3

+2

Congestion Reduction
Road Related Cost
Savings

-I

-I

+1

-2

-3

0

Improved Safety

-I

-I

+1

Totals

+2

+1

+6

Objective

All three strategies are assumed to reduce energy consumption, but introduction of fuel
efficient vehicles

receive low ratings because

increases mileage-related

they increase vehicle

travel which

costs. The increased vehicle travel provides mobility benefits,

although these tend to be small. These strategies provide little consumer

financial

savings since fuel cost savings are largely offset by increased vehicle production costs.

Use of alternative

fuel impacts vanes. Vehicles powered by solar-powered

reduce total air emissions,
moderate emission

CNG and conventionally

produced

electricity

electric
provides

reductions, and while diesel or alcohol fuels can increase total

pollution costs. To the degree that use of alternative fuels reduces vehicle-operating
costs they increase vehicle travel, providing mobility benefits and increasing mileagerelated costs.

Increase of fuel price increases cause moderate reductions in vehicle travel, providing
moderate reductions

in mileage-related costs. This strategy increases direct consumer

costs but these are economic transfers that can be offset by other tax reductions. It
causes small reductions in mobility benefits, the cost of which depends on how easily
consumers can increase vehicle fuel efficiency or reduce their vehicle travel.
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3.2

Quantitative

Comparison

Various studies provide monetized
'Feasibility

of Rehabilitating

Metropolitan'

of Three Strategies
estimates of various transport

Existing

Railway

for City

by Md. Masud Karim and Mohammed

Pollution in Bangladesh & Metropolitan
Masud Karim;

Accident

Research

Center (ARC); 'The

Commuting

Shafiqul

Dhaka a Preliminary

impacts, such as
in Dhaka

Mannan;

'Traffic

Investigation'

by Md.

Economic

Cost of Road

Accidents in Bangladesh' By A M M Shawkat Ali. Monetized values are better than
qualitative

ratings for this type of analysis because they are easily understood and

implicitly weigh the relative magnitude of impacts, for example, allowing the relative
importance of congestion, crash and pollution impacts to be compared.

Vehicle fuel consumption is estimated to have external costs that average Tk.1.09 per
vehicle-kilometer

for an average automobile based on total budget for Energy and

Mineral Resources Division in 2005-06 is TkJ,708,73,70,000;

no. of total registered

automobile in 2005 is 852476 (BRTA, 2005); and annual vehicle travel relative to a
20,000 km base (Malek, 200 I). Major consumption of petroleum
sector (50%), followed by domestic

(18%), agriculture

is in the transport

(16%), power (10%), and

industry (6%) (ADB, 2005). Assumption: transport sector considered to roads sector.

The economIC loss associated with these health problems could range from a low
estimate of $60 million to a high estimate of $270 million, equivalent to 1.7 to 7.5% of
the city's gross product. If added with traffic congestion, global warming, soiling of
materials, and aesthetic degradation, the total cost of air pollution would be substantially
larger (Xie et al. 1998). The health related economic cost is Tk. 25200 per vehicle per
year (Medical

Information

Group (MIG),

1998). It becomes

Tk.I.26

per vehicle-

kilometer for an average automobile based on annual vehicle travel relative to a 20,000
km base (Malek, 200 I). Although introduction of fuel efficient and use of alternative
fuels increase mileage, this is not considered to increase local air pollution emissions per
vehicle-year due to reductions in per-mile emission rates, as discussed earlier.
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Delays due to congestion

In different intersections

are considered

to estimate the

economic value (the delay cost) of the delays. This cost can be aggregated to the
economic viability ofthe modal shift of transport. One of the World Bank funded project
(DUTP, 1996) in Dhaka indicated that in 24 most congested intersections the annual
delay cost totaled BDT 600,947,000 (US$ 14, 308262). Cost of congestion and accidents
is Tk. 3,000 crore (US$ 520 million per annum). (ARC, 2005) Traffic congestion and
accidents costs are estimated to average Tk.3.96 per vehicle-kilometer

overall based on

annual vehicle travel relative to a 20,000 km base (Malek, 2001) (higher under urbanpeak conditions, and lower under other conditions).

Road related costs are estimated to average Tk. 2.096 per vehicle-km. Because annual
road budget is average Tk. 34020 million BDT with annual maintenance expenditure Tk.
1722 million BDT per annum. (World Bank, 2005) It is divided by no. of tot a! registered
automobile in 2005 is 852476 (BRTA, 2005); and annual vehicle travel relative to a
20,000 km base (Malek, 2001). Appendix

I and 2 gives the number of year wise

registered motor vehicles in Bangladesh and Dhaka.

Table 3.15 summarizes economic impacts. A positive value indicates reduced costs or
increased benefits; a negative value indicates higher costs or reduced benefits. The
second row shows changes in annual vehicle travel relative to a 20,000 km base (Malek,
2001). The second column indicates the per-km cost values used in this analysis, based
on Litman, 2004. All three strategies differ in mileage-related

impacts.
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Table 3.15 Quantitative

Analysis - Changes in Net Benefits per Vehicle-Year

Cost

Introduction of

Values,

Fuel efficient

veh-km

vehieles

Annual mileage change

Increase of

Alternative fuels

Fuel Price

+3% (+600km)

+3.5%(+700km)

-5%(-1000km)

Tk. 1.09

Tk.2271.5

Tk.8338.5

Tk.1090.0

-Tk. 1.26

-Tk. 235.34

-Tk. 199.68

Tk. 1260.00

-Tk.3.96

- Tk. 2376.00

- Tk. 2772.00

Tk.3960.00

-Tk.2.096

- Tk. 1257.60

- Tk. 1467.20

Tk.2096.00

-Tk.6.226

- Tk. 1597.44

Tk.3899.62

Energy Savings
Pollution Reductions

Use of

Congestion Reduction
Improved Safety
Road Related Cost
Savings
Totals

Tk. 8406

Table 3.15 summarizes the results of this quantitative evaluation of the three energy
conservation strategies. All three strategies differ in every impact, primarily due to their
differing effects on vehicle travel. From qualitative analysis energy savings are 10.42%,
38.25% and 5% for introduction of fuel efficient vehicles, use of alternative fuels and
increase fuel price respectively. From these, changes in net benefits per vehicle-year will
(20000 X 1.09 X 10.42 %=) 2271.5, (20000 X 1.09 X 38.25 %=) 8338.5 and (20000 X
1.09 X 5 %=) 1090.0 taka for introduction of fuel efficient vehicles, use of altemative
fuels and increase fuel price respectively. From qualitative analysis pollution increases
(100-68.87=)

31.13%

and (100-77.36=)

22.64% for introduction

of fuel efficient

vehicles and use of altemative fuels respectively. From these, changes in net benefits per
vehicle-year will (600 X 1.26 X 31.13 %=) 235.34 and (700 X 1.26 X 22.64 %=) 199.68
taka for introduction of fuel efficient vehicles and use of alternative fuels respectively.
Figure 3.4 illustrates these impacts. Values above the zero line indicate benefits; values
below that line indicate costs.
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Figure 3.4: Quantitative

Figure 3.4 illustrates

•• Totals

Analysis- Changes in Annual Costs

how the three energy conservation

benefits. By conducting

Reduction &
Improved
Safety
o Road Related
Costs Savings

strategies affect costs and

a survey to the vehicle owner percentage

of increment or

decrement of vehicle mileage is calculated. Introduction of fuel efficient vehicles that
increase average vehicle fuel efficiency by 15% are estimated to increase annual vehicle
travel by 3% (from 20,000 to 20,600 average annual kms), resulting in a 10% net energy
savings and an increase in mileage-related costs such as congestion, facility costs and
crashes. In the quantitative analysis Tk. 1597.44 increases per vehicle per year. In this
case the energy savings, pollution reduction and mobility benefits are more than offset
by increased mileage related costs.

The cheaper price of CNG in comparison with petrol provides excellent incentives for
auto-rickshaw drivers and owners to convert. Use of alternative fuels can reduce vehicleoperating costs, depending on the type of fuel and its tax rate. This analysis assumes that
alternative fuel vehicles are cheaper to drive so travel increases 3.5%, and any additional
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emIssIons from the increased mileage is offset by net reductions

in per-kilometer

emission rates, although actual impacts vary depending on the type of alternative fuel
used. In the quantitative analysis Tk. 3899.62 decreases per vehicle per year.

A vehicle fuel price increase would reduce long-run fuel consumption an estimated, a
third of which consists of reduced vehicle travel. This 5% reduction in vehicle kms
provides modest reductions in mileage-related costs, resulting in net social benefits, even
taking into account the loss of consumer surplus from reduced vehicle travel. In the
quantitative analysis Tk. 8406 decreases per vehicle per year.

Of course, the results of this analysis reflect various assumptions

and estimates, and

some impacts, are omitted altogether because they are difficult to monetize. However,
the results are consistent with the qualitative analysis and are logical, since many
transport costs increase with vehicle travel, energy conservation strategies that increase
mileage will increase these costs, reducing net benefits, while energy conservation
strategies that reduce vehicle mileage reduce these costs, increasing net benefits.

This analysis gives the result that increase of fuel price is the best energy conservation
strategy. This analysis uses standard transport economic evaluation methods, that is, the
changes in direct benefits to consumers from changes in their annual mileage. The
results indicate that the value of this impact tends to be small, since consist of
consumers' least valued vehicle travel. If mileage is reduced, consumers must be better
off overall or they would not accept the offer. As a result, pricing reforms such as PayAs-You-Drive insurance provide net consumer surplus benefits.

CHAPTER-4
CONCLUSION

4.1 General Comments on Evaluation System

This analysis

is based on data available on the published documents

of different

documents. How things are measured and evaluated can affect their perceived value. A
particular activity or option may seem desirable and successful when evaluated one way,
but undesirable and ineffective when measured in another (Litman, 2003). It is therefore
important

to understand

measurements

the assumptions

and implications

of different

types of

(Litman, 2005). In this study all registered vehicle has given the same

priority. The calculations are of one year.

In this study the strategies are mainly energy conservation strategy. This type of analysis
can be done for different types of strategies like road expansion, mobility management
etc. Planning concerned only with reducing energy consumption and a related vehicle
emission often concludes that the best strategy is to encourage or require the purchase of
more efficient

and cleaner vehicles. Fuel efficient vehicles are now commercially

available that use a third as much fuel and produce much less emissions per vehicle-km
as the fleet average. But driving such vehicles does not reduce congestion, road related
costs, most consumer costs, accident costs, mobility problems facing non-drivers, or the
environmental impacts of roads and sprawl; in fact, by reducing vehicle operating costs,
it tends to increase these problems.
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Current transport

evaluation practices generally overlook impacts

changes in vehicle mileage. Critics argue that these strategies
purchase vehicles,

but there little discussion

of additional

that result from

force consumers to

crashes resulting

from

increased vehicle travel. The analysis is usually limited to how much it erodes energy
conservation benefits. Little attention is given to the traffic congestion, road related cost
and crash resulting from changes in mileage.
4.2 Conclusions

The rapid rise in population along with increased and versatile urban land use patterns
have generated considerable travel demand as well as numerous transport problems in
major cities in Bangladesh. The congestion, safety and environmental
rapidly growing due to the combined effects of rapid motorization
particularly in Dhaka, the capital of Bangladesh.

problems are

and urbanization

The findings from qualitative and

quantitative analysis are as follows:

•

For qualitative

analysis it gives the total rating +2 for introduction

of fuel

efficient vehicles, + I for use of alternative fuels and +6 for increase of fuel price.

•

For quantitative analysis it gives Tk. 1597.44 increases for introduction of fuel
efficient vehicles, Tk. 3899.62 decreases for use of alternative fuels and Tk. 8406
decreases for increase of fuel price per vehicle per year.

•

Both qualitative and quantitative analysis gives the result that increase of fuel
price is the best energy conservation strategy for Bangladesh.

•

Each of the three strategies evaluated
significantly.

provides

that all the impacts

vary

In this study it is found that increase of fuel price strategy is the

best strategy than introduction of fuel-efficient vehicles and use of alternative
fuels.
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•

The result shows that more trip of a person creates more problems. So it is
desirable to give people such facilities that people come out of home less as
possible. It is important to use a comprehensive

framework when evaluating

transportation policy and planning options.

•

In this study many assumptions are made for the simplicity of the analysis. This
type of analysis may create complexity in case of non-mileage related problems.
The analysis could be improved by using a panel of experts and stakeholders to
rate impacts and select cost values, and perhaps by weighting impacts and adding
sensitivity analysis.

•

Some analysis regarding to Bangladesh should be done like traffic behavior of
people, impact of an action taken by the respective departments
types of trips etc. However,

the basic conclusions

on different

are unlikely to change

significantly with more sophisticated analysis.

According to standard monetized values widely used by transport economists, mileage
related impacts such as congestion, facility costs and accidents are generally larger in
magnitude than energy conservation benefits, so ignoring them can result in the selection
of energy conservation

strategies that provide negative net benefits to society. In

particular,

strategies that increase vehicle mileage provide

strategies

that reduce

mileage

provide

less total benefit, while

greater total benefit,

than recognized

by

conventional analysis that ignores mileage-related impacts.

A limited analysis can result in solutions to one problem that exacerbate other problems,
resulting in little or no benefit overall. Efforts to increase vehicle fuel economy or
reduce congestion can reduce overall transport system efficiency by exacerbating market
distortions and leading to economically excessive vehicle travel. Mobility increases but
total benefits to society decline.
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Some planners may consider comprehensive analysis excessively difficult to apply. But
comprehensive

analysis

is an opportunity to identify opportunities

for cooperation

among divergent interests, and so can gain support for energy conservation strategies by
groups that have little interest in this objective. People and organizations concerned with
congestion, road related costs, safety, economic development,

consumer costs, and

equity issues all have reasons to support strategies that reduce economically-excessive
vehicle travel.
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UNIVERSITY
DEPARTMENT

_

OF ENGINEERING

OF CIVIL ENGINEERING

AND TECHNOLOGY
(BUET)

QUESTIONAIRE
Serial No.
Vehicle No.
1. Typc of vehicle

--------

: Motor Car/Jeep, St. Wagon, Microbus/Taxi/ Bus/
Minibus/Truck! Auto-rickshaw, Auto- tempo/H uman
Haller/Covered Van/Motor-Cycle

2. Average mileage per day

Km

3. Type of trips with mileage
Type

Home base trips to and

Home based trips other

from work

than work

Mileage

Km

4. Type of fuel used

Non-Home based trips

Km
: Petrol/Diesel/CNG/Others

Km
(Km/liter

)

5. If fuel efficient vehicles are introduced what will be the mileage and type of trips
increased / decreased
Type
Mileage

-----

Km

Home base trips to and

Home based trips other

from work

than work

Km

Km

Non-Homc bascd trips
Km

6. If alternative fuels are introduced what will be the mileage and type of trips increased /
decreased
Type
Mileage

Km
Home base trips to and

Home bascd trips other

from work

than work

Km

Km

Non-Home based trips
Km

7. If fuel price is increased (10%) what will be the mileage and type of trips increased /
decreased
Type
Mileage

-----

Km

Home base trips to and

Home based trips other

from work

than work

Km

Km

--- Thank you for co-operation. ---

Non-Homc based trips
Km

«
><
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NUMBER OF YEARWISE REGISTERED MOTOR VEHICLES IN BANGLADESH.

SL.

Type of
Vehicles

Before

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

TOTAL

8714

12478

8354

5876

4986

4087

6587

6757

7045

5410

6431

128037

1.

Motor Car

1995
51312

2.

Jeep! 81.Wagon!

27460

2451

2408

1459

2705

2269

1517

3068

3782

2245

2514

3963

55837

No

Microbus

3.

Taxi

1908

28

59

14

103

216

580

771

2233

5020

540

515

11987

4.

Bus

27510

214

149

99

286

267

337

594

740

421

857

783

32257

5.

Minibus

24007

1085

795

866

602

479

404

1218

2314

1594

622

361

34347

6.

Truck

27919

3787

3164

1282

2733

2018

2725

2575

2377

2795

2583

2791

56749

7.

Auto-rickshaw/
Auto-temoo

35586

14953 11984

6546

4403

2140

3135

397

5479

13856

8974

4877

112330

8.

Human Haller

*

*

*

*

*

*

*

993

259

97

1349

9.

Covered Van

.

.

581

- -

581

10.

Motor-Cycle

11.

Others

*

163699
5872

Total

* Human

.

365273

*

.

*

.

.

.

.

.

.

11389 13977 12080 14525 16511

14614

24409

29047

21096

24941

43226

389514

1383

2617

1365

2891

2148

4183

1921

2834

29488

44004 46457 32283 32481 31503

28764

42510

54877

59248

49202

65878

852476

1443

1583

Hailers are included in others row (81. No. 11)

Covered Van are included in others row (81. No. 11)

1248

p:)

:a><

NUMBER OF YEARWISE REGISTRATION OF MOTOR VEHICLES IN DHAKA

"
OJ

0.
0.

-<

81.
No

Type of
Vehicles

Before
1995

11995

1 1996

11997

11998

I

1999

I

2000

I

2001

I

2002

I

2003

I

2004

I

2005

1.

Motor Car

36998

6923

8386

6528

I

4984

4330

2452

5560

5542

6163

4734

5633

98233

2.

Jeep/St.Wagonl
Microbus

17937

1556

1387

1492

I

1438

1371

910

1579

2911

1810

2114

3303

37808

3.

Taxi

787

25

35

14

102

215

348

762

2101

4980

523

514

10406

4.

Bus

269

145

73

58

184

224

202

453

632

374

779

728

4121s

5.

Minibus

2009

324

167

397

300

215

242

831

1924

1051

368

118

7946

6.

Truck

9775

802

615

834

1681

855

1635

890

1127

2128

1437

1104

22883

7.

Auto-rickshawl
Auto-tempo

8359

7301

4615

1902

1689

682

1881

75

2616

7996

2344

139

39599

8.

Human Haller

**

**

**

**

**

**

**

**

**

673

136

20

829

9.

Coverd Van

10.

Motor-Cycle

61478

4427

4027

5346

4992

5330

8768

8590

9102

7239

7872

12879

140050

11.

Others

2063

878

828

310

196

1326

819

1825

1012

3257

1300

2361

16175

20565

126967

Total

*
**

26,429 Two-Stroke

I

.
139675 122381
Three-wheeler

I

20133

I

16881

.
I

15566

(Auto-rickshaw/Auto-tempo)

Human Hailers are included in Others row(SI. No. 11)
Covered Van are included in Others row(SI. No. 11)

527

I

14548

I

17257

I

removed from Dhaka.

I

35671 122134

5027

I

26799

378577

