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ABSTRACT

Bangladesh is one of the poorest countries in the world with a per capita income of

approximately US $520 in 2006. High population density, poor resource management,

and numerous natural disasters coupled with frequent political turmoil have affected the

economic and social development of the country over the past two decades. As the new

millennium begins, our society faces the task of creating a transportation system that

expands the energy resources available for mobility while reducing negative effects on

the environment. The history of transport development all over the world is a process of

gradual evolution. Bangladesh is not an exception in this regard. Over centuries a varied

and complex transport system has developed in this country on account of its various

geographical features and historical facts. Achieving future goals for transportation

energy efficiency and conservation, requires an understanding of how much energy is

consumed by the transportation sector and how the transportation sector affects energy

consumption in other areas.

This study is designed to find out present energy consumption and environmental

emission by our transportation sector and consequently projected future energy demand

and environmental emission trends. To calculate the total energy consumption by each

vehicle, total vehicle number and vehicle km driven by that type of vehicle has been

collected. Then based on the fuel efficiency, total consumption is calculated and

compared to the base data. At the same time environmental emission data per gm/lt has

been collected to calculate the total CO, SOz and NOz emissions. Future energy and

emissions trend is projected from 2003 to 2030. Monetary value required to import the

product is also calculated based on with CNG (Compressed Natural Gas) conversion

policy and also without CNG conversion policy. Results demonstrate that the

differences are highly recognizable. If 50% of total vehicle and 90% of Taxi and Auto-

rickshaw are converted to CNG driven vehicle by 2030 and also some portion of people

are diverted to use public transport rather than private vehicles, total amount of energy

savings would be approximately 600 Trillion BTU in year 2030. Correspondingly, the

environmental emissions would be also reduced a great amount. Transport sector

ensures about 60% of imported total fuel cutting that of nation about US 2.5 million
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Dollar. It may increase to 20 Million by the year of 2030. In addition to energy

consumption and environmental emission calculation, this study also examines different

type of land transport policy and energy policy taken by Government, which could

reduce dependency on petroleum and thus lessen the harmful emission in our

environment. In this regard, different type of alternative options and their relative

acceptability are analyzed in respect of our country.
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CHAPTER I

INTRODUCTION

1.1 Background

Transportation is essential to modern economies, and this sector is mainly dependent on

oil as a source of energy. The ability to freely and inexpensively move goods and people

is a fundamental link in the economic chain. Today, large changes in the price or supply

of oil send shock waves rolling through the world's transport sectors. Transportation is

the most rapidly growing consumer of the world's total energy [29]. Scarcity of energy

and increasing fuel price is a serious concern for transport sectors.

The world has already entered the challenging period for energy supply, because of the

limited resources and production problems of conventional oil. Nearly 40 % of the

world's energy is provided by oil, and over 50% of the latter is used in the transport

sector. Clearly, crude oil consumption and production capacity are among the most

important issues today throughout the world. Dependence on foreign crude oil stresses

our environment and the economy, as well as that of other developed and developing

nations. The global demand for oil is presently growing by nearly 2 % per year and the

cunent consumption is 84 million banels per day (I banel=159 liters) or 30 billion

banels per year. Finding additional supplies to increase the production rate is becoming

problematic, since most major oilfields are well matured. Already 54 of the 65 most

important oil-producing countries have been reducing their production and the rate of

discoveries of new reserves is less than a third of the present rate of consumption. Crude

Oil prices have already risen several times and continued high global petroleum prices

pose a considerable risk to the domestic economy. During the last few months, world oil

prices have remained stubbomly high around an average value of US $ 65-70 per barrel.

The oil prices have been on the upward trend since the beginning of 2005. At present

the high oil prices are due to the limitations of worldwide production, refining and

transportation capacities. Furthem10re, the price is influenced by the threat of tenorist

attacks on the world's oil supply, transport system and infrastructure. Petroleum

importing countries around the world, both developing and developed are facing the

challenge of handling the unexpected and unprecedented increase in oil prices.

Economists fear that such levels could severely dent consumer demand and curb



business activities. Some are referring to this situation as the "third oil shock" after the

first in 1973 and the second in 1979/1980 [34].

Until recently, governments in developing Asia had been lessening consumers from the

impact of high oil prices by subsidizing retail fuel prices. Their thought was that higher

oil prices, as in previous episodes, would be temporary. As the transport and residential

sectors account for more than half of total fuel consumption in many developing Asian

economies, government intervention was largely focused on reducing the burden of

rising fuel prices on these sectors, mainly through subsidies on sales of gasoline, diesel,

liquefied petroleum gas (LPG), and kerosene. However, it is becoming increasingly

clear that higher oil prices may be permanent or at least here to stay for some time. With

hardly any let up in fuel price rises, many Asian governments now face increasing

pressure on their budgets from rising subsidy bills. The result of the momentary oil-

price shock is tantamount a blow to any social concept of the energy sector, i.e. for

government-set prices and exorbitantly high subsidies especially in Bangladesh. It is

worth to note that the Government of Bangladesh is taking some steps to curb fuel

demand but this would not be adequate and a lot more needs to be done on both to

control demand for oil and increase supply of less oil dependent energy. To meet

present and future energy needs, countries require an energy policy that is in line with

overall development goals, contributes to economic growth, and that takes the principles

of environmental sustainability and social justice into account [30].

The fuel price is not the only dilemma for our country; pollution is also considered as a

major issue in our countries development as well as for whole world. To avoid acute

economical, social and environmental problems worldwide, it's required to adopt a

global approach along with the widest possible international cooperation. Activities in

this direction have started and they should be strongly encouraged and intensified. The

technically advanced countries have a particular responsibility. Considerably increased

resources for Research & Development on alternative non-fossil energy sources, as well

as on efficient and sustainable use of energy are necessary. In order to develop a

sustainable energy system beyond the fossil fuel era, we need a full system analysis of

the energy sector based on realistic time scales. Today, the decision makers need to

provide the right (performance based) kinds of strategic incentives, so the inevitable

transition occurs on our terms, rather than waiting for desperate consequences to make

changes quickly.
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1.2 Objectives of the Study

The preliminary aim of this study is to assess the implications of national transport

policy on energy and environment of Bangladesh. The specific objectives of the study

can be summarized as follows:

• To review National Transport Policy in the context of energy and environment.

• To develop a methodological framework to analyze the interaction between

transport policy, energy demand and environmental pollutions.

• To analyze the impact of alternate transport policies on energy and environment.

1.3Methodology

The methodological approach of the analytical framework can be divided into four

distinct stages as follows:

• Review of transport policy and investment scenario of the Government of

Bangladesh and its implication on vehicle usage, mode choice and energy

demand.

• Analysis of energy and emission impacts of alternative policies and vehicular

technologies in the context of Bangladesh. Stochastic Micro Simulation Model

will be used in this regard. An outline of model is provided below.

Energy Illtensity Transportation Emission Factors
(Btu/ton-mi) Distance (mi) (g/mmBtu fuel bumed)

Share of
I-t Energy Use by Mode - Emissions by Mode

Process Fuels (Bru/nunBtu fuel (g/nunBtu fuel
tranS1l011ed) transpoI1ed)

: Ivlode Share I
I

Energy Use Emissions
(Btu/mmBtu fuel transported) (g/nunBtu fuel transported)

Figure 1.1 Schematic Diagram of Analytical Framework

• Review of global energy demand and price, and analysis of their impact on the

economy of Bangladesh.
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• Comparison among the alternatives and make recommendation accordingly.

1.4 Organization of the Project Reports

The study begins by outlining the nature and extent of the problem. The remaining of

the thesis has been organized into following chapters.

Chapter 2 projects the pattern of our governmental transport policy and its implication

on energy demand and environmental pollution. This chapter also highlights global

perspective of energy and environmental situation, relationship among transport, energy

and environment.

Chapter 3 presents the historic and projected scenario of transportation, consequential

demand for energy and their economic and environmental consequences.

Chapter 4 describes alternative options for sustainable transport in respect of energy

demand and environmental pollution.

Chapter 5 presents conclusions of the study with major findings and recommendations

for improving existing situation based on this study. It also provides direction for future

study.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Transportation is a basic element of modem life and a means by which energy use leads

to economic activity and higher living standards, However it also contributes to energy

scarcity and environmental degradation. A transportation system that is affordable, safe,

efficient and environmentally friendly is a fundamental component of sustainable

development. At the starting of the new millennium, society faces the task of creating a

transportation system that expands the energy resources available for mobility while

reducing negative effects on the environment. Three critical issues--oil dependence, air

pollution, and greenhouse gas emissions-eonfront the global transportation and energy

system. Meeting these challenges will require energy-efficient technologies that are

powered by improved energy sources and also by high-level transport policy.

The technologies that determine transportation energy use now were invented a long

ago and were unforeseen a thousand years ago. The underlying needs- societies desire

for ever more convenient and rapid access to goods and services-have persisted

throughout history. Such desires will continue to shape transportation in the centuries

ahead. The years of the new millennium have been marked by expansive innovation,

offering vehicle and energy technologies that promise to meet both the underlying needs

and the challenges posed. Implementing these new options must be accomplished

ultimately through market choices.

2.2 Global Perspective of Energy and Environmental Situation

Twenty-four years ago, petroleum dependence led to the first "energy crisis," when the

Organization of Petroleum Exporting Countries (OPEC) boycotted nations they

believed to be key supporters ofIsrael in the 1973 October War. The Iranian revolution

induced another, more severe, oil price shock from 1979-80. Much has happened since

then, including the Gulf War in 1990, but the growth of transportation energy demand

and its continued reliance on petroleum have not changed. Although it is far from

certain that petroleum dependence will reemerge as a significant problem in the 21 st

century, there exists more than adequate cause for concern. Transportation energy

5



problems are becoming increasingly global. In 1950,70% of the world's 70 million cars

and trucks were in the United States. Today, the world fleet stands at more than 670

million, 70 percent of which are located outside of the United States. Motor vehicle

populations in Europe are growing at faster rates than in the United States, despite

higher vehicle taxes and fuel prices three to four times as high. Vehicle use in the

developing world is growing faster still [12].

Transportation now consumes more than 20% of the world's total primary energy and

produces much of the world's air pollution. The automobile is responsible for nearly

90% of the energy consumed for travel in the U.S., about 80% in Western Europe, and

nearly 60% in Japan [21]. Today, there are approximately 400 million cars in the world,

and sometime around year 2030 the world's automobile population will surpass one

billion. Private transportation will then need 2- 1/2 times more energy and produce 2-1/2

times more air pollution. If global trends are projected to year 2100, the world will need

10 times more total energy, and transportation will consume 40% of this much larger

pool [22].

Cars in the U.S. have become more energy-efficient over the past two decades, but other

developed countries are losing ground and actually consuming more fuel per passenger

mile traveled. Europeans are turning more to private cars, and as a result transportation

trends and energy use patterns are converging with those of the U.S. But the greatest

increase in transportation energy consumption will occur in the developing world. By

year 2010, India is expected to have 36 times more cars than in 1990. China will have

9 I times more cars, Mexico will have 2-1/2 times more cars, and Eastern Europe and

the countries of the former U.S.S.R. will probably double their automobile population.

The rest of the developing world will experience a 300% increase over the same period.

In comparison, the number of cars in the U.S., Canada, Western Europe, and Japan will

have grown by only 12%-15% [29].

Nearly 40% of the world's energy now comes from petroleum, and another 21% comes

from natural gas. Together, these finite natural resources supply about 60% of the

world's energy. If oil and natural gas consumption continued to double every 15 to 20

years as it had for the 100 years preceding 1973, the earth's entire original endowment

of these resources would be 80% depleted in another 30 years or so. As early as 1970,

new oil and gas discoveries had dramatically declined and have remained low. In the

6



'80s, experts estimated that U.S. reserves would last about 35 years at existing pumping

rates as shown in Figure 2.1. The total world production decline will begin most

probably sometime within the next decade. Other petroleum sources, like gas

condensates and non-conventional oil will attenuate and postpone the "Big Rollover"

from that shown, but not probably, not substantially. More recently, estimates have been

revised downward. Considering known reserves and estimated undiscovered deposits,

U.S. oil will be depleted in about 10-12 years at present pumping rates. And new finds

will make little difference on a worldwide scale. Each year, the demand for oil is

increasing by an amount equal to Kuwait's entire annual production, and for the first

time, OPEC has no substantial excess production capacity. Because of declining and

more costly-to-recover petroleum reserves, prices are expected to begin rising in the

mid to late '90s, and continue to rise thereafter [29].

The Big Rollover

fore iul('.1
lrod cllon

seller's market+-- Oil hllyt~r's markt~t

• World
• World outside PCI'sian Gulf
_ Persian Gulf
• US and Canada

: Former Soviet
an l'a

0- J'

W:W HJ40 IH50 HHiO H170 WHO HmO 20()O ZOW Z()20 20:m 20.1{) 2050

Figure 2.1 Past and Forecast World Conventional Oil Prodnction [7]

The last few years have seen an unusually sustained strong demand. Table 2.1 shows

that the global demand for oil has raised from 76.7 million barrels per day in 2000 to

84.3 million barrels per day in 2005. And this high rate of demand growth, although it

might slow down as indicated in the Table 2.1 (from 2 per cent in 2005 to 0.7 per cent

in 2025), is unlikely to reverse its course in the near future. Demand for oil is on the

increase due to the rapid growth in Asian countries, in particular, India and China. With

the rapid growth of these two economies, the number of middle class vehicle owners

has increased rapidly contributing to the additional demand. 35-40 per cent of additional

oil demand during the last 5 years has come from China and India. But US still remains

the largest oil consumer in the world accounting for 25 per cent of global consumption.
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India is the 6th largest energy consumer in the world and by 20 I0 it will be the fourth

largest. Asia will account for one-third of world oil demand by 2025.

Table 2.1: Demand & Supply of Oil: 2005-2025 (Source: OPEC)

~IILLON IlARI{EI.IIlAY I IIl)torica I Prolcclloll
2000 ZO()5 lOIO 2015 lOlO 2025

WORLD OIL DEl\tANIl 76.7 8-1.:1 92.5 99.1 10".~ 107.8
% Growlh nrr lUlllllfU , .O'~{, 2.0'% 1.9"~ lA% 1.1'~;. O.7t~.;.

NO:'l.OPEC SUPI'!.Y (IJ'\CI.. ~GLs "'8.7 5-1.9 60 ..' 62.2 62.9 6~.7

IOTIIERS)
CAl.L ON OPI:C CRUDE OIL 28.0 29.5 J2.J .17.0 -II.~ ~~.l

Siocks cl1:lIIfJ{' - 0.1 0.1 0.1 0.1 0.1
OPI:C CAI'ACITY IINC\.. I R.\Q) .' 1.1 32,0 35.4 .19.9 ~4.3 ~6.7
OPf:C CAPACITY UTlLl7_.\TION 90% 91'!(, 91'Y•.• 93% 94'}1, 95%

SIiAIUO: OF OPI-:C SUPPLY (Crude oU onlr 37% .15%. J.S'X, .\7% -IO'X, 41'~{.

Although the OECD countries will still hold the greatest share of global transport

energy use over the next 20 years, the fastest growth will come from non-OECD

countries. The amounts of oil they use will more than double by 2020. Transport's

central economic role and its deep influence on daily life have made rapid changes in

energy efficiency and diversification difficult to achieve. Its weak responsiveness to

energy price movements, and the slow turnover of its infrastmcture, means that

reducing expected growth in energy demand in this sector will be challenging.

Combinations of changing supply and demand conditions are contributing to the recent

oil price hikes. The global low spare capacity, caused by inadequate investment in both

upstream and downstream activities (especially in refineries), contributed to the rise in

prices. New oil fields are not adding to global capacity at the rates witnessed in the past.

Political uncertainty in a number of oil-exporting countries added to supply owes.

Hurricanes Katrina and Rita disrupted supplies at a time when supply constraints were

having an impact on global oil prices.

It is perhaps demand conditions that seem to have had the upper hand in the current

spate of oil price hikes. The annual global demand for oil grew by 3.2 per cent in 2004

(Figure 2.2), the highest since 1976. Demand in the United States of America has been,

and continues to be, one of the most crucial factors in determining global oil prices. In

more recent times, fast growing China and India have emerged as major sources of

demand for imported oil. The unexpected upturn in global air travel, despite airfare

hikes and fuel surcharges, has also added to the rising demand for oil. The demand for

oil is expected to remain strong, rising from 84.2 million barrels per day in 2005 to 86

million barrels per day in 2006 [35].
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Sources: Ene-rgy lnrorm:l~jon Administration 2005, Internat.onai Enf;f9Y Annual 2003 .••••.••'ashington. DC. available:
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Figure 2.2: Global Oil Consumption Growth (Percentage)
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As the world's most populous country, China is now the second largest energy

consumer after the United States. In 2003, China surpassed Japan to become the world's

second-largest petroleum consumer, with total demand of 5.6 million barrels per day

(BPD) (Figure 2.2). China's oil demand is projected to reach 12.8 million BPD by 2025,

with net imports of 9.4 million BPD as shown on Figure 2.3. Over the next two decades,

China's oil imports are expected to grow from 36 percent to 73 percent. Chinese oil

demand has become a very significant factor in world oil markets, accounting for nearly

one-half of world oil demand growth over the past four years.

30
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Figure 2.3 Past and Projected Oil Consumption

The United States' demand for oil continues to increase by about 2 percent per annum.

Furthermore, a global demand has increased faster than production. In the last 10-15

years, two-thirds of the increases in reserves of conventional oil have been based on

increased estimates of recovery from existing fields and only one-third on discovery of
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new fields. In this way, a balance has been achieved between growth in reserves and

production. This can't continue. 50% of the present oil production comes from giant

fields and very few such fields have been found in recent years. A conservative estimate

of discovered oil reserves and undiscovered recoverable oil resources is about 1200

billion barrels, according to the US Geological Survey; this includes 300 billion barrels

in the world's, as yet unexplored, sedimentary basins. The strongest evidence that the

peak in world oil production is imminent is that for the last thirty years, production of

oil has exceeded discovery of new oil resources. The reason for this is relatively simple.

Oil is a limited commodity and the large oil fields with easily extractable resources were

naturally the first ones to be exploited. These fields were found thirty or forty years ago

in the Middle East (Saudi Arabia, Iraq, Iran and the United Arab Emirates) and are still

the main suppliers of the world's oil. As the finite supply of oil in these deposits

diminishes, exploration for new supplies continues. However, new discoveries tend to

be small and rapidly exhausted, making them less economically viable. This

phenomenon has increased the price of oil and consequently huge amounts of money

are needed to pay for foreign oil. And as many people have now become increasingly

aware, some of this money goes to governments and groups who are considered a threat

to our national security [36].
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Figure 2.4: Crude Oil Prices 1945-2005 131]

Before we start looking at the present status of the oil market, we look briefly at the

history of oil from after the end of World War" and up until today, Figure 2.4

illustrates the oil price movement over the period indicated. Oil prices have risen

sharply over the year 2005, leading to concerns that we could see a repeat of the 1970s,

when rising oil prices were accompanied by severe recessions and surging inflation. Oil
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prices declined from a high of $79 per barrel in July and August to $58 per barrel in

October 2006. Short-term fluctuations can be misleading, however, and it is the long-

term trends that are key issues. Crude oil prices averaged about $15 per barrel from

1986 to 1999, with an annual average value of $20 per barrel in 1990 leading up to the

first Gulf War and an annual average low of $10 per barrel in 1998 as a result of the

East Asian financial crisis. Prices averaged about $25 per barrel from 2000 to 2003 and

climbed to almost $37 per barrel in 2004, $51 per barrel in 2005, and $62per barrel

through November 2006. From 2000 to 2005, crude oil prices raised an average of 14

percent annually [36]. TIle current price hikes have sent shock waves across the region,

and Governments are looking for ways to minimize its adverse economic and social

effects without slowing down the pace of growth. The current real price of oil, adjusted

for world export prices, is above the peaks of 1974 and 1985 and is almost equal to the

highest level reached in 1980. Most experts are agreed that higher oil prices are here to

stay, although short-term price fluctuations will continue to be part of the emerging

scenano.

The relationships between transport and the environment are multidimensional. Some

aspects are unknown and some new findings may lead to drastic changes in

environmental policies as it did in regards of acid rain and chlorofluorocarbons in the

1970s and 1980s. The 1990s were characterized by a realization of global

environmental issues, namely the impacts of carbon dioxide emissions on the

greenhouse effect. Transportation became an important dimension of the concept of

sustainability, which is expected to become the prime focus of transport activities in the

coming decades. These impending developments require a deep understanding of the

reciprocal influence between the physical environment and transport infrastructures.

The main factors considered in the physical environment are geographical location,

topography, geological structure, climate, hydrology, soil, natural vegetation and animal

life.

Again in respect of Environmental emission, In a typical U.S. city, motor vehicle

emissions account for 30%-50% of hydrocarbon, 80%-90% of carbon monoxide, and

40%-60% of nitrogen oxide emissions. Cars and light trucks are responsible for about

20% of the nation's carbon dioxide, which is a powerful greenhouse gas. Motor vehicle

carbon emissions are essentially proportional to total fuel consumed. Unfortunately, in
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the coming decades the greatest growth in the automobile population will occur in

developing countries which can least afford clean technologies. The United Nations

Fund for Population Activities estimates that, because of rapidly increasing automobile

populations, developing countries will be emitting 16.6 billion tons of carbon dioxide

annually by year 2025 as on Figure 2.5, or about four times as much as developed

nations [29].
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Figure 2.5 Historic and Forecasted Growths in \Vorld CO, Emissions from Oil Use

Energy use and emissions trends point to significant economic, political, and social

problems for future generations. The greenhouse effect alone could have devastating

effects on economies. Without interventiou, the buildup of greenhouse gases could

reach twice the pre-industrial level as early as 2030. The resulting global warming effect

could raise sea levels enough to threaten wetlands, increase coastal flooding, and

accelerate coastal erosion. The Intergovernmental Panel on Climate Change (IPCC)

estimated that sea levels would raise an average of 6 to 20 inches by 2050. In addition,

many unmanaged ecosystems will probably be lost. Changes in rainfall patterns will

likely result in more severe droughts, more intense tropical storms, and ultimately,

dislocations and reductions in agricultural output [29].

2.3 Transports and Energy

The relationship between transport and energy is a direct one, but subject to different

interpretations since it concems different transport modes. There is often a compromise

between speed and energy consumption, related to the desired economic returns. Energy

consumption has strong modal variations:

Land Transportation accounts for the great majority of energy consumption. Road

transportation alone is consuming on average 85% of the total energy used by the

12



transport sector in developed countries. This trend is not however uniform within

the land transportation sector itself, as road transportation is almost the sole mode

responsible for additional energy demands over the last 25 years.

Road transportation is the mode that has expanded the most over the last 50 years,

both for passengers and freight transportation. This is the result of growth of the

loading capacity of vehicle and an adaptation of vehicle to freight (e.g. perishables,

fuel, construction materials, etc) or passengers (e.g. school bus) demand for speed,

autonomy and flexibility. New types of problems, such as a significant growth of

fuel consumption, increasing environmental externalities, traffic congestion and a

multiplication of road accidents have emerged. The private car has a poor energetic

performance, although this performance has seen substantial improvements since the

1970s. Only 12% of the fuel used by a car actually provides momentum.

Considering this performance, the level of car ownership is a direct indicator of

energy consumption for the transport sector. Passenger service is effective where

population densities are high. Rail transport is a 'green' system, in that its

consumption of energy per unit load per km is lower than road modes. Overall, rail

transportation is more efficient than road transportation, although its main drawback

is flexibility as traffic must follow fixed routes and transshipment must be done at

terminals.

Maritimc Transportation. Even if maritime transportation accounts for about 70%

of all the tons-kilometers carried globally as well as 96% of world trade its nature

and its economies of scale makes it the most energy efficient mode. This mode

utilizes about 3 to 5% of all the energy consumed by transport activities.

Air Transportation represents a completely different situation. While it accounts

for about 5% of the energy consumed by transportation, it ships about 0.5% of all

passenger-kilometers [9].

2.3.1 Factors Affccting Pcrsonal- Transportation Encrgy Consumption

Transportation energy consumption depends on the mass being transported and the

distance it is transported. The technologies employed determine the efficiency at which

the mass is transported. Consequently, energy consumption can be reduced by

developing more efficient transportation technologies, or by reducing the transported

mass and/or the distance traveled. The factors of distance and mass are determined

largely by social and economic structures, and by vehicle layout and configuration.
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With revised architectures, and new business and social structures, it is possible to

significantly reduce society's transportation energy needs. The difficulties of such

revisions arise from the economic burdens of restructuring cities and the psychological

resistance to large scale changes in social and business structures. The technologies,

however, are largely available or just on the horizon. Reducing the transported mass,

independently of the distance traveled, can also fundamentally reduce transportation's

energy requirements. Moreover, mass reduction need not affect travel habits, social and

business structures, or the architecture of cities. The opportunity for a large reduction in

mass becomes apparent when one considers that the vehicle itself is responsible for

approximately 92% of the transported mass, while the occupants account for only 8%.

Most of the automobile's energy is consumed to transport itself. Mass reduction alone

can save more energy than the most advanced power train concepts [29].

2.4 Transports and Environment

Transportation systems are linked with a wide range of environmental considerations at

all geographical scales, from global warming to local smog and noise. The nature of

these environmental impacts is related to the transport modes themselves, their energy

supply systems, their emissions and the infrastructures over which they operate. While

consuming large quantities of energy, especially oil, vehicles also emits numerous

pollutants such as carbon dioxide, nitrogen oxide and noise and transport infrastmctures

have damaged many ecological systems. Many of the environmental impacts of

transport systems have been externalized, implying that the benefits of mobility are

realized by a few while the costs is assumed by the whole society. In recent years, the

problem has reached a point where the spatial accumulation of transportation is a

dominant factor behind the emission of most pollutants and thus their impacts on the

environment.

The complexities of the problems have led to much controversy in environmental policy

and in the role of transportation. The transportation sector is often subsidized by the

society, especially through the construction and maintenance of infrastmcture. Total

costs incurred by transportation activities, notably environmental damage, are generally

not assumed by the users. The lack of considcration of the real costs of transportation

could explain several problems that are experienced in a number of developing and

developed countries. For instance, external costs account on average for more than 30%
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of the estimated automobile costs. If environmental costs are not included in this

appraisal, the usage of the car is consequently subsidized by the society and costs

accumulate as environmental pollution. This requires due consideration as the number

of vehicles, especially automobiles, is steadily increasing [9].

2.4.1 Environmental Externalities

Externalities are an economic concept that refers to activities of individuals that have

consequences, positive or negative, on other individuals. This concept has a lot of

relevance over environmental issues, since many of the negative consequences are

assumed by the whole society. For transportation activities, Environmental externalities

include the consideration of physical measures of environmental damage and the

evaluation of involved costs for the society. The main fallacy underlined by externalities

is that the costs attributed to a few sources (e.g. users of cars) must be burdened by the

whole society (users and nonusers alike). Knowing the sources of environmental

externalities is a relatively easy undertaking, while the evaluation of damage and other

costs has not yet reached comparative standards among governmental and non-

governmental agencies.

TI,e sources of pollutants rarely bear the consequences of their impacts and costs for the

society. This has several implications. First, when specific sources are concerned like

road transportation, users only take account of the direct costs of modal ownership like

a car (vehicle, fuel, insurance, etc.). Ownership is often the only entry and utilization

cost for several transportation modes. The society generally assumes the role of

providing and maintaining infrastructure and any indirect costs like damage to

structures and infrastructure, losses in productivity (agriculture and labor), cleanup,

health services and damage to ecosystems. Second, the geographic separation between

sources and recipients is often acute. Acid rains and greenhouse effects are obvious

examples. On a local level, a community may be affected by noise levels well over its

own contribution (notably near major highways), while another (suburbs) may be

affected in a very marginal way and still significantly contributes to noise elsewhere

during commuting. Quantification of economic, social and environmental costs is very

difficult but possible if some simplifications and generalizations are assumed. Gross

estimations for land transportation suggest that noise related costs account for 0.1% of

GOP, health (social) from 0.04% to 0.11% of GOP, damage to structures and
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infrastructure 0.07% and between 0.1% and 0.16% for damage to the natural

environment. Those estimations reveal the important contribution of transportation to

environmental extemalities [9].

2.5 Energy Use and Environment

Transportation energy consumption and environmental health are interrelated issnes.

Relieving the demand side of the equation simultaneonsly relieves the rest. If vehicle

fuel economy were donbled, for example, transportation emissions would be essentially

cut in half, even if there were no improvement in emission control technologies. If

petroleum consumption were cut in half, reserves would be effectively doubled, even

though no new deposits had been discovered. With a doubling of vehicle fuel economy,

the same number of vehicle miles could be supported on half the investment in

exploratory drilling, half the recovery, refining, and delivery expenses, and half the

damage to the environment. The same interrelationships would exist with alternative

energy sources, regardless of the particular technology. Although each problem, from

emissions and resource burdens to economic factors, may yield to their own-targeted

efforts, alleviating the fundamental problem simultaneously reduces the entire spectrum

of associated difficulties.

The production, distribution and consumption of energy have wide-ranging

environmental effects. Fossil fuels are the major source of environmental pollution

including SOx, NOx and C02 emitted through combustion and processing. Projected

higher fossil fuel consumption in the region implies higher pollutant emissions. Some

research projects C02 emissions to increase 42 per cent in the period to 2010 and

increase by 22 per cent under the more energy efficient case. The fastest CO2 emissions

growth is expected in Southeast Asia, while the Americas and Oceania continue to have

the largest CO2 emissions per capita. The share of emissions from East Asia including

China, on the other hand, is expected to come close to that of the Americas including

the United States by 2010 [29].

Reducing petroleum consumption has the potential to provide air quality benefits,

whether the reduction comes from increased fuel efficiency or from fuel substitution.

While improved fuel efficiency does not directly reduce criteria pollutants, a beneficial

impact is realized because of reductions in upstream emissions. For example, reduced
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petroleum consumption results in lower emissions at refineries, fewer trips from tanker

trucks, trains, and ships transporting fuel, and lower evaporative emissions from

refueling.

2.6 Transport Scenario and Modal Share in Bangladesh

Due to its comparative advantages in terms of spced, flexibility, and accessibility, road

transport has emerged as the most popular mode of transportation in Bangladesh.

Reflecting popular demand for road transport and increased realization of the

significance of road transport for rural development and poverty alleviation, road

development has continued to receive major attention of all successive governments

since liberation in 1971. As a result, road transportation has become the principal mode

of transportation for both goods and passenger traffic. With major developments in the

road sector, the relative roles of the three modes of surface transport - road, inland water

transport (IWT) and railways are changing with road transport growing progressively.

Table 2.2 presents the overall transport output estimates in respect of the three modes of

surface transport together with their actual and projected percentage shares for different

years, separately for the passenger and goods (freight) transport segments. The changing

roles of the three major modes have many social, economic and environmental

implications.

Table 2.2 Transport Outpnt and Modal Shares (* Projected)

Passenger Freight

Total Share (%) Total Share (%)

Year P.km in Road IWT Rail T.kms in Road IWT Rail
billion billion

1974/75 17 54 16 30 2.6 35 37 28

1984/85 35 64 16 20 4.8 48 35 17

1988/89 57 68 15 17 6.3 59 30 11

1992/93 66 75 13 12 9.0 61 32 7

1999/2000 95 69 20 11 14.5 74 20 6

2004/2005' 121 69 19 12 20.3 74 19 7

2009/2010' 155 69 19 12 28.4 74 19 7

Source: Planning Commission [1994]

Public sector allocations to different modes of transportation over the successive plan

periods in Bangladesh are shown in Table 2.3. It shows that the share of road sector has
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allocation for Bangabandhu Bridge)
Mode Per cent of sector allocation in past plans

1973- 1978- 1980- 1985- 1990- 1995 1997-
78 80 85 90 95 -97 02

Road 28.36 37.51 31.80 42.30 66.42 74.4 58.68
"

Rail 23.91 27.35 32.14 29.83 17.06 16.0 21.82
~

Water 35.30 24.41 24.63 20.38 13.07 5.32 12.53
Air 12.44 10.73 11.44 7.49 3.45 4.14 6.96
Total 100 100 100 100 100 100 100

Total allocation for 5276.1 4500 12865 28023 52170 2480 10770
all modes (m taka) .

gradually increased from less than 30 per cent during the First Five Year Plan period

(1973-78) to more than 66 percent during the Fourth Five Year Plan (1990-95). Its share

in the current Fifth Five Year Plan (1997-2002) is about 60 per cent. It is important to

mention here that these calculations did not include special allocations for Bangabandhu

Bridge. If this is considered, share of road sector exceeds 80 per cent of total allocation

to transport sector. Obviously, greater allocation for road sector resulted in cuts in

shares of the other modes. Water transportation suffered the most followed by air and

rail transport. During the same period, the share of water transport decreased from about

24 per cent in 1973-78 to a mere 12 per cent during the current plan period. In most

cases, strategies and policies for different transport sub-sectors are adopted by each sub-

sector independent of the consideration of optimal modal-mix/inter-modal priority. The

implications of these changes in resource allocation are clearly reflected in the evolving

relative roles of these modes. The road transport has expanded at the expense of

railways and inland water transport. All these distortions have taken place due to

distorted pricing of the services, which are neither based on economic costing nor based
on cost-recovery principle.

Table 2.3: Share of Allocation to Different Modes in the Past Plans (Excludes

Source: Economic Revlc\v of Bangladesh 2002

In order to achieve the sustainability in terms of energy and environment, there would

be a need to develop and adopt clearly spelled and supportive policies. An attempt has

been made here to provide a framework within which policies could be formulated by a

team of experts. An analysis of all the five-year plans adopted since the creation of

Bangladesh reveals that some form of overall transport policies were outlined in the

plan documents of the country. The different plans emphasized on the adoption of
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appropriate pricing policy, capacity utilization, investment principle, development of

rural and urban transport systems, efficient allocation of resources, improved services,

fuel economy and identification of most cost-effective mode of transport.

Transportation is the foundation of construction, and energy is the foundation of

economic development. In recent years, the local Government has spared no effort in

improving transportation and obtaining energy resources. Other than pushing various

transportation projects, planning public rapid transport systems and building convenient

transportation networks, we are also working on the management of transportation

operations to increase their efficiency. The final goal is to completely modernize

facilities, systematize management, and up-grade the overall quality of public

transportation services.

Although there is considerable amount of disagreements regarding the appropriate level

of direct governmental provision of transport services, it is generally agreed that a well-

articulated transport policy is needed for the development of transport sector, even when

the private sector plays an increasing role in such development. The level of transport

needs in a growing economy depend on the pattern of development (e.g. spatial

distribution of economic activities, sectoral composition, and importance of

international trade).

2.7 Governmental Transport Policies and Its Implication

Nearly every government policy in the transport sector emphasizes the link between

transport, energy and environment. The three key strategies highlighted in every policy

document are checking the decline in the modal share of railways in traffic, augmenting

the capacity of other modes such as inland waterways and coastal shipping, increasing

the share of public transport in meeting urban travel demand, and introducing modem

and energy-efficient technologies.
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Automobile dependency is the cumulative effect of transport policy and land use

patterns that result in high levels of automobile use and limited transport alternatives. It

has a variety of economic, social, and environmental impacts, including higher car

ownership, higher cost of transport infrastructure, lack of roadway and railway supply, a

modal shift to the automobile, more congestion, mass energy consumption, increased

traffic accidents and pollution as shown in Figure 2.6. This Figure outlines the

mechanism behind these links. Economic development brings about income increases

and urbanisation. Income increases give rise to car ownership and road transport

demand, reinforced by the lack of alternative transport modes such as railways. At the

same time, the more sub-urbanisation proceeds, the longer trip-length becomes. As a

result, car dependence increases and so does road demand. Increase in road transport

demand, together with a lack of road supply and public transport causes severe

congestion. The increase in per capita transport energy seems to be induced by extended

trips in spread built-up areas as well as by road congestion [27].

In many Asian cities, it is observed that air quality has deteriorated, due to urbanisation

and motorisation. One of major causes of transport-related environmental problems in

Asia is the severe traffic congestion, resulting from increasing travel demands and a

lack of appropriate transport infrastructure. Infrastmcture supply hardly catches up with

the demand because of a shortage in road networks, delay in the introduction of mass

transit systems, low maintenance levels of public transport, and distressed investing
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capability of government. Therefore, there is a need for an integrated strategy, which

includes emission standards, fuel standards, effective inspection, maintenance systems,

and also transport planning and management [27].

We cannot be optimistic regarding the energy and environmental sustainability in the

Asian region, in light of projected trends, such as further population concentration,

rising incomes and increasing motorisation. The characteristics of transport systems in

Asia, also give rise to concerns about the future. For example, the fact that mass transit

is bus dependent suggests that future growth in demand could lead directly to an

increasing demand of road-based transport, causing further congestion correspondingly

increasing energy consumption and environmental emission. The high level of demand

for door-to door service, mainly supported by intermediate public transport could cause

a switch to private cars. There is a further concern that the switch to private vehicles

will be promoted by increasing use of poorly maintained vehicles that brings high

environmental pressure and energy burden.

To cope with transport-related energy and environmental challenges in Asia, we need to

come up with a strategic and comprehensive approach mixed with improved and time

oriented governmental transport policy. It is required to understand the following key

mechanisms: namely, i) growth rate of per capita GDP, ii) growth rate of urban area, iii)

influence of per capita GDP on car ownership, iv) influence of car ownership on road

length per passenger car, v) influence of suburbanisation on per capita transport-energy

consumption, and vi) growth rate of pollution, as shown in successive curves in Figure

2.7. In the current situation, insufficient understanding of environmental deterioration

mechanisms often delays the implementation of necessary measures in many Asian

countries. Back casting approaches towards a clear goal have to be supported by

identification of these essential mechanisms and further monitoring of them. Focusing

on the higher rate of economic development and the shorter cycle of urbanisation in

Asia than those experienced in developed western countries, timely and speedy

implementation of effective measures is necessary. It would be desirable to find a

shortcut to sustainable transport without repeating the mistake of developed countries.

This will be achieved by adopting appropriate measures of both technological

improvement and mobility management in the earlier phase of economic development.
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In this context, developed countries are required to help developing countries take the

alternative approach.
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Over the last three decades a number of transport policies have been introduced III

Bangladesh. Some of the policies have led to improvements in public transport systems,

transport demand management schemes and in traffic engineering. However the

majority of transport policies have mainly focused on the mobility of automobiles and

the supply of road networks. As a result, the country is currently suffering from severe

traffic congestion, heavy air pollution, higher energy consumption and a lack of

accessibility for certain social groups in urban areas. In recent years the United State

along with many European countries have suggested strategic guidelines associated with

transport policy and planning for metropolitan areas. Rather than promoting

construction of new roads, these guidelines encourage more efficient use of public

transport facilities, which ultimately benefit public transit passengers while improving

social costs of congestion and air pollution for automobile users on the basis of polluters

pay principle.
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Since mid-1980s our country have suffered from a variety of transportation problems as

a result of significant increases in income, highly dense urban developments, a swell in

car ownership, and a sharp rise in land prices coupled with a shortage of available land.

Recently, the pictures take severe fonn. Other factors such as large-scale development

of capital city, a shortage of rail networks, and a continuous concentration of economic

activities particularly centered on the Capital region have also led to a worsening of the

transportation system. Therefore, appropriate policy measures are required to meet the

challenges that our country faces currently.

In Bangladesh, the share of the transport sector in GDP (gross domestic product) in

2006/07 was 10.21% (in 1995-96 constant market prices). Road transport and the

railways account for the majority of this contribution, which is around 6.52%. Annual

contribution of important sectors to the GDP of the country in recent years at base 1995-

96 constant market prices is shown in percent in Table 2.4.

Table 2.4: Sectoral Contribution of Different Sectors into GO}' (in 1995-96

Constant Market Price). (Fignres in "!o).
Important 200t-02 2002-03 2003-04 2004-05 2005-06 2006-07
~cctors Current)

1. Agriculture 18.58 18.22 17.97 17.27 16.98 16.38
~. l\'lining & Quarrying 1.07 1.09 1.1 1 1.14 1.16 1.19
~. Industry 15.76 15.97 1616 16.51 17.08 t7.79
14.Construction 8.41 8.63 883 9.03 9.14 9.16
Is. Transport, Storage
l& Communication. 9.62 9.76 9.79 9.98 10.07 10.21
16.Power. Gas, 'Vater
1& Sanitary Services 1.5t 1.54 1.59 1.64 1.65 1.63
f7." Trade Services 13.77 13.87 13.97 14.12 14.08 14.17
18. Reat Estate 8.63 8.48 8.3 8.12 7.87 7.65
!9:" Public Admin.
1& Defense 2.6 2.6 2.63 2.68 2.71 2.75
10. Banking & 1.61 1.63 1.65 1.69 1.72 1.73
Insurance
11. Professional &
1\-1iscclla n COliS. 18.44 18.21 18 17.82 17.54 17.34
ITotat 100 100 tOO 100 100 100

Source: Economic Review of Bangladesh 2007

In spite of impressive achievements in the last 50 years, our transport system remains

deficient in several respects. Worldwide transport growth has been consistently higher

than the economic growth due to specialization, sourcing of material on a wider scale,
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the use of just-in-time strategies, further increase and dispersal of retail and wholesale

activities etc. Prices of transport services have been falling as a result of increased

productivity due to competition among suppliers of transport services as well as

pressure from users who face relentless pressure from global competition in their own

markets.

The liberalization of our economy has brought home the urgency of recognizing that an

efficient transportation system is necessary for increasing productivity and enabling the

country to compete effectively in the world market. Adequacy and reliability of

transport infrastructure and services are important factors, which contribute towards the

ability of the country to compete in the field of international trade and attract foreign

direct investment. Even in a market economy, the framework that national governments

provide for the transport sector largely determines the level of cost and transport

operations. It is, therefore, necessary to create a policy environment that encourages

competitive pricing and coordination between alternative modes in order to provide an

integrated transport system that assures the mobility of goods and people at maximum

efficiency and minimum cost. It is with this objective in view that the Integrated

Transport Policy document has been prepared.

Since the 1970s, the petroleum sector has been served mainly by the state-owned

Bangladesh Petroleum Corporation CBPe), which imports crude oil and petroleum

products and operates the state refinery. The prices of BPC's petroleum products have

generally been administered. However, instead of contributing to state revenues, BPC

has in fact been losing heavily in recent years because it sells below cost. The

Government has lowered taxes on fuels used by the poor, such as kerosene and diesel,

while taxes on gasoline remain much higher. In January 2003, it approved price

increases on BPC's retail sales, effectively reducing consumption subsidies. This is

partly reflected in the decline in BPC's losses for FY2003. The move also helped reduce

smuggling into India from Bangladesh. However, with the continued increase in crude

oil and in petroleum product prices, the Government has made only relatively small

increases in some domestic prices, thus at the same time raising certain categories of

effective fuel subsidization. This has generated larger losses for BPC, which are entirely

financed by commercial and external borrowings. As a result of the Government's

policy, diesel and kerosene was effectively being subsidized at 18.2% and 19.1%,
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respectively, of importlborder pnces in FY2004, translating into a total subsidy of

$170.5 million during that fiscal year. For FY2005, it is estimated that BPC losses were

$445.4 million (about 0.7% of GOP). Since customs and excise taxes were cut in the

FY2006 budget to reduce the company's losses, the Government is facing an immediate

worsening of its fiscal position, in addition to its quasi-fiscal obligation stemming from

BPC's large accumulated losses. On 4 September, the Government approved an

increase in prices of most petroleum products in an effort to reduce BPC's expected loss

for FY2006 to US$260 million (0.4% of GOP), from an initial estimate of US$615

million (1.0% of GOP) [32].

In the absence of significant fuel price increases specially diesel pnces or policy

intervention, only small improvements in energy intensity are expected in the future.

Strong policy measures could change this situation substantially. For cars and light

trucks, much new technology is available that could boost efficiency, but will probably

be used instead to boost vehicle size, weight and performance in the absence of policies

encouraging efficiency improvement. As in the past, aviation will show the strongest

average energy intensity improvements, but the ratc of improvement will decline. On

average, fuel intensity improvements in passenger transport will be negligible. In the

case of freight transport, the importance of fuel intensity improvements is expected to

diminish compared to what was observed in the past. Under the assumption of relatively

stable fuel prices and no additional policy intervention, fuel intensity improvements will

do little to offset activity growth and shifts between transport categories, and energy

demand will continue to grow.

The relationship between transport and environmental emISSIOns in Bangladesh is

established via the use of fossil fuels. The linkage between transport and the

environment is particularly visible in the urban transport sector due to the dominance of

road transport. In addition, the transport sector accounts for a large and growing

proportion of Greenhouse Gas (GHG) emissions. Emissions of carbon dioxide are not

the only important problem raised by transport. Others include safety, pollution,

competition for urban space, and energy-security risks associated with increased

reliance on imported oil. While transport systems provide enormous benefits to every

economy, there are many situations where such "external" costs are also high.

Frequently, they are of greater concern to policy-makers than the destabilisation caused

25



by CO2 emISSIons. Looked at more positively, reductions in CO2 emissions can be

realised as a fringe benefit of actions taken to reduce some of these other societal costs.

2.7.1 Land Transport Policy of Bangladesh

Bangladesh needs to develop a strong economy, a sustainable environment and

inclusive society. Good communications are vital to economic development of a country

and also a better quality of life. The transport policy of Bangladesh government aimed

of creating a more efficient transport system, a better environment and safer travel

conditions. An effective transport policy is needed at national, regional and local levels

which could ensure people's transport needs and also reduce environmental emission

and ability to pay for it.

A major theme in the development of the land transport policy has been integration. The

land transport policy is needed

• To help determine the appropriate levels of expenditure to meet transport goals.

• Assist in identifYing the legal and administrative arrangements to support the

achievement of aims

• To provide framework within which the appropriate institutional arrangements

can be created and strengthened

• To provide a firm framework within which transport infrastructure and services

can be provided and used efficiently.

• To give a reliable basis on which transport projects and programmes can be

funded

A Land Transport Policy is essential to ensure the proper physical and institutional

infrastructure transport in order to achieve national development. Roads and transport

are inseparable part of man's livelihood. The people of Bangladesh spend a significant

part of their time and money on transport, in search of a livelihood. The Land Transport

Policy has been formulated III the light of the Government pledge to establish a

transport system which is a safe, cheap, modem, technologically dependable,

environment friendly and acceptable in the light of globalisation. The Policy has been

prepared for a long term vision of at least 30 years to make the role of transport in

economic activities more significant and emphasize continued economic and social

development.
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2.7.1.1 Policy Objectives

The primary objectives of the government's transport policy are to underpin and sustain

economic development and to assist with poverty reduction strategies.

• To provide a safe and dependable transport service

• Removal of unnecessary control and formulation of laws and regulations

conducive to providing service

• Fare control

• Deternlining the roles of the Government sector and the private sector

• To maintain an economic and environmental balance

• To ensure maximum good utilization of Government funds

• Expansion of the role of transport in the ever increasing economic activities

• Reduction of transport cost of goods for export

• Growth of traffic commensurate with economic development

• Formulation of transport system for Dhaka city (Greater Dhaka)

• Introduction of an integrated transport system

• Provision of alternate transport systems

• Creating of awareness regarding better standard of life and safety

• Poverty alleviation

The land transport policy will commit the government to a number of actions. At the

same time, it will provide opportunities for the private sectors to participates in transport

to a greater and more fruitful extent. Though the flexibility of private transport makes it

necessity to some people of our country and it believes that all people have the right to

enjoy the benefits of modem transport facilities, everybody should be aware about

transport oriented problem like pollution, accidents and congestion.

2.7.1.2 Policy Issues

Transport policy should play its part in:

• Promoting economic development

• Promoting greater efficiency in the use of scarce resources

• Promoting environmental objcctives

• Reducing social exclusion

• Ensuring a high standard of safety across all modes
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• Promoting greater awareness of transport issues throughout society

The individual policy components result from detailed consideration of a large number

of policy issues. The policy issues addressed fall into following categories:

• Overview and strategic issues involve the organization and institutions,

inteh'fated transport planning, subsidy, policy awareness and ate role of subsidy.

• Integrated policy includes transport development, employment, inland water,

rural transport and transport planning for Dhaka.

• Highways which includes road network development to urban traffic

management.

• Traffic and vehicles disscuss about different vehicle factors, safety, regulations

and other fuel and air quality issues.

• Railways preserve all issues related to rail operations and management.

Others issues includes non-motorized transport and institutional policies. Transport

policy for Bangladesh must support, and be integrated with the economic development

of the country. Government policy is to reduce transport cost through more efficient use

of assets, through better operating practices, open and fair competition, and better and

more efficient vehicles and rolling stock.
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Figure 2.8: The Number of Vehicles Increases from 1989 to 2005

Though the vehicle ownership of Bangladesh is low compared with other countries in

Asia, the recent growth of traffic is enormous. Figure shows the recent growth of in the

number of vehicles. Between 1995 and 2003, there was 74% increase in the number of

motorized traffic. If demand for movement by road continues unchecked it is possible
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that many sections of the network will become congested. Even with the improved

public transport policies in place, local bottlenecks in the network will develop. A

transport policy along with a number of institutional changes to strengthened in order

that it can be implemented quickly and efficiently.

Though the Government has the full responsibilities of transport policy making and its

implementation, it is not possible for the Government alone to build the country

effectively. The key to success lies in full involvement of the people, and the

government will work side by side with its citizens to achieve this. The Land Transport

Policy has been formulated to meet the needs of the twenty first century. It is possible to

achieve the revolutionary changes and reforms that are necessary in the horizon of Land

Transport in the near future by following and implementing this policy.

2.7.2 The Energy Poliey of Bangladesh

Energy development appears to be a major constraint for continued development of a

country like Bangladesh. In response to non-cooperation for large-scale investment in

energy development by the major donors, which was fuelled by unacceptably high level

of 'system loss' by the major government managed energy utility companies, the

government encouraged participation of the private sector in energy development and

management programme. This was highlighted in the first ever National Energy Policy

(NEP), completed and gazetted in 1996 (GOB, 1996). The NEP recognized that enerh'Y

plays important roles for socioeconomic development of the country and energy

development and management should be brought under an integrated policy framework.

The NEP set a number of objectives, which are outlined below:

I. To provide energy for sustainable economic growth so that the economic

development activities of different sectors are not constrained due to shortage of energy.

2. To meet the energy needs of different zones of the country and socio-economic

groups.

3. To ensure optimum development of all the indigenous energy sources.

4. To ensure sustainable operation of the energy utilities.

5. To ensure rational use of total energy sources.

6. To ensure environmentally sound sustainable energy development programmes

causing minimum damage to environment.
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7. To encourage public and private sector participation In the development and

management of the energy sector.

Bangladesh has been suffering from energy insecurity and also poor environmental

condition. Simultaneous attentions are to be given to solve immediate crises as well as

to solve energy problems of the country in the short, medium and long term

perspectives. To reduce dependence of imported fuel, CNG (compressed natural gas)

has been introduced as environmental friendly alternatives. In order to encourage the

use of CNG the Government has determined that from I June 2002 all cars purchased

by Government and it agencies should be capable of gas propulsion. Bangladesh has an

indigenous energy sources like CNG which also produce low levels of emissions. To

ensure CNG as a real alternative to imported fuel, Government should take the step that

the country has adequately covered by full network of CNG filling stations. If

Governments take the initiative to convert 90 percents vehicles as a CNG driven vehicle

by 2030, the result would be enornlOUS savings of imported fuel as well as huge amount

of money and also that could reduce pollution from our air quality.

2.8 Weakness Of Governmental Transport Policy Of Bangladesh

Transport policy can influence the way the transport needs associated with a particular

pattern are met. It is vital for any country to have a vision for transport development.

Without a vision, development efforts become ad-hoc, and remain unguided. A vision

sets the direction for development and guides the formulation of policy measures and

strategies to attain certain objectives. Unfortunately, no such vision for transport

development exists in Bangladesh. Consequently, our development efforts have resulted

in situations such as sectoral imbalance leading to inefficient utilization of scarce

resources, adverse environmental impacts, development of a system having little focus

on any regional role. Besides the policy failure of oil pricing, unclear priorities and a

lack of direction combined with unfavorable changes in the external environment of the

transportation system, traffic conditions have been even further exacerbated. The

Government of Bangladesh was not successful in implementing an energy efficient

transportation system, as it costs huge amount of money yearly to purchase oil with the

resultant impact upon national finance. As the price gap between diesel and gasoline

widens in Bangladesh, particularly after the 1997 economic crisis, diesel engines for
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transportation of passenger as well as commercial goods increased in number and as

such air pollution came to the fore as a serious social problem.

Frequent power brown-outs or black outs and long hours of traffic congestions, high

level of air pollution in cities, poor traffic safety, presence of non-motorized transport

on major roads, and long delays at major ports, inadequate telecommunication services,

including long waiting list for telephones, unplanned urbanization and sub-division of

land around major urban centers, all bear witness to the inadequacy of existing

infrastructure facilities, inefficiency in the management of services, lack of enforcement

of laws and regulations, and provisions of approved Master Plans and Transport Policy

of Bangladesh. Partly in response to such observations and in recognition of the vital

role which transport infrastructure and services play in economic and social

development, Government of Bangladesh has been trying its best to develop the

transport system to meet the country's present and future requirements. An analysis

however, shows that although in most of the national five-year plans, policies to address

many of the deficiencies were clearly stated; yet during implementation, these were not

adhered to. As a result transport development in Bangladesh have been driven mostly by

ad hoc considerations having no explicit focus on long term requirements and the means

of meeting these requirements on a competitive as well as sustainable basis. These have

also produced many serious deficiencies and imbalances in the system. Some of the

major deficiencies include sectoral bias, improper modal mix, unintegrated system,

serious institutional weaknesses, limited role of the private sector and lack of national

and urban transport policies. The current deficiencies have produced an unsustainable

trend of transport development, which is characterised by misallocation of resources,

adverse impacts on the environment and lack of competition.

The Bangladeshi institutions, in general, have weak and outdated structure. Inadequate

capacity and shortage of resources and trained manpower seriously undermine their

ability to deliver good governance that requires sound policymaking as well as

management. Institutional reform would therefore be crucial to achieving a sustainable

transport system in a new environment, which involves changing role of government

from provider to more of a facilitator, greater external orientation of the economy, and

increasing involvement of the private sector. The unguided nature of present

development efforts is rooted in the absence of a vision for future development. A
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vision sets the direction for development and guide formulation of policy measures and

strategies to attain identified objectives. Unfortunately, no long-term vision for transport

development exists in Bangladesh. The current road biased trends in transport

development indicate the need for correct policy directions to make such development

environmentally and socio-economically sustainable and to create a transport system

that can meet the growing demand for transport services in the future resulting from

increasing economic liberalisation and external orientation of the economy. The present

deficiencies can however, be addressed by institutionalising an appropriate planning and

development process based on certain norms.

As indicated earlier, Bangladesh has been developing its national transport system,

essentially with an inward looking strategy. In the context of the globalisation process

which is currently underway, it has been observed that world wide economic dynamism

has been driven to a significant extent by economic exchange on an increasing scale

among economies situated in the same region. Despite her strategic location in the sub-

region comprising the countries/areas which are the close neighbours, such as Nepal,

Bhutan and North-East India, Bangladesh has not been planning and developing its

transport system with a regional perspective in mind. Future development strategies

should include a regional role for the national transport system. Future actions

concerning appropriate modal mix and integration of different modes should also reflect

this regional role of the transport system.

Apart from these overall policies, some detailed policy measures were uttered for

different transport sub-sectors. In principle these overall transport policies as well as

policies relating to each sub-sector were well documented and appeared to be well

thought out and commensurate with the requirement of the economy. But during

implementation of these policies for the development of transport sector, things did not

happen as expected. While it was stated in the plan documents that the investment in the

transport sector would be in accordance with commercial and cost-benefit criteria, and

pricing policy would be framed aiming at cost-recovery, only a few of these principles

were applied in practice. It is found that fare and rate fixed for the transport services are

far below the cost of providing these services. It was proposed that full capacity

utilization of the existing facilities would be ensured, but in practice under utilization

due to a number of reasons still exists in the different transport sub-sectors of the
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economy. This sectoral bias because of market and policy distortions has set a trend of

development, which may not be sustainable in the long term because it leads to

misallocation of resources, and inhibits competition. However, the misallocation of

resources could have been much less severe, if the allocations were based on true

economic costs of all modes of transport rather than on their perceived costs by the
users.

2.8 Summary

This chapter presented an overview of the energy situation and environmental condition

based on Internet resource. Description of global energy and environmental condition

with necessary outlook of our country has been added as a background of study. This

chapter concluded with a discussion of Governmental Transport Policy and its

implication on energy and environmental sector. Governmental Land Transport Policy,

Energy Policy of Bangladesh and their weakness based on the applications of that
policy have also discussed in this chapter.
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CHAPTER 3

ANALYSIS OF TRANSPORTATION ENERGY DEMAND AND

ENVIRONMENTAL EMISSION
3.1 Introduction

Movements of people, goods and information have always been fundamental

components of human societies. Contemporary economic processes have been

accompanied by a significant increase in mobility and higher levels of accessibility.

However, these conditions are interdependent with the capacity to manage, support and

expand movements of passengers and freight as well as their underlying information

flows. Developing transport systems has been a continuous challenge to satisfy mobility

needs, to support economic development and to participate in the global economy.

Demand for mobility and transportation fuels in our country continues to increase as its

population and economy grow. Motor vehicles will continue to be the most convenient

mode to transport goods, services and people for the foreseeable future.

Despite the intemationally agreed basic requirements for sustainable transport and

energy policies, the general knowledge of national fuel prices, data and facts in our

country remains remarkably rudimentary. This can mainly be attributed to the weakness

of statistical organizations to be happened in most developing countries. Despite the

relevance of energy prices for sustainable transport and energy policies, most

developing countries like Bangladesh do not have the pertinent information on fuel

prices and relative burden on their economy at their fingertips. This is mainly due to a

lack of statistical data. To meet this need, this research aimed to publish a

comprehensive database for the fuel sector of Bangladesh. This chapter discusses the

present state of transportation scenario and consequently forecast future scenario and

their implication on energy demand and environmental status.

3.2 Data Collection

Data were mainly collected from Bangladesh Statistical Yearbook of Bangladesh and

Bangladesh Road Transport Authority. All type of motorized transport plying on road in

Bangladesh; total number of registered vehicle, movements of good, and sector wise

energy consumption were collected. Vehicle operating costs of different type of vehicles
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were taken from 'RHO Road user cost-annual report for FY 1999/2000'. Annual

kilometer driven by each type vehicle was collected from 'Vehicle operation survey

1999'. For pollution from different vehicle calculation, results of recent studies

conducted by Jaigirdar (1998) and AQMP (2006) was taken and have shown in Table

3.1.

Table 3.1: Emission from Different Type of Vehicle

Emission type SOx in gm/It Nox in gm/It CO in gm/It

Bus 3.7728 24.5632 31.1062

Minibus 4.7338 16.2792 25.7664

Microbus 3.3001 13.6586 276.198

Truck 5.9822 31.6479 44.5031

Jeep 3.2661 22.4756 126.709

Car 2.852 10.3938 198.425

Taxi 2.852 10.3938 198.425

Auto-rickshaw 3.5998 2.3986 226.584

Motorcycle 4.7616 2.4208 264.396

Source: Jaigirdar (1998)

For calculating total energy consumption, vehicle km driven by each type of vehicle is

needed. The values are taken from RHO Road user cost, annual report for FY

199912000. The values are given in Table 3.2.

Table 3.2: Annual km Driven by Each Mode

Km

veh-km for one Bus = 120000

veh-km for one Minibus = 56000

veh-km for one Microbus - 31000

veh-km for one Truck - 51000

veh-km for one Jeep - 42000

veh-km for one Car = 24000

veh-km for one Taxi 24000

veh-km for one Auto rickshaw 52000

veh-km for one Motor cycle 14000

Source: RHD Vehicle operation survey 1999
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3.3 Data Analysis

Fuel efficiency of different type vehicles was calculated from vehicle operating cost and

Fuel price as reported in Road User Cost study, Roads and Highways Department of

Bangladesh. Vehicle operating cost for different vehicles was taken for different Road

Roughness Index, which are shown in Table 3.3.

Table 3.3: Sensitivity of Vehicle Operating Costs to Road Roughness with Zero

Horizontal and Vertical Curvature

MODE VOC
IRI4 IRI5 IRI6
m/km mlkm mlkm

Bus 14.03 14.3 14.59
Minibus 8.83 8.99 9.16
Microbus 4.82 4.99 5.19
Truck 11.43 12.13 12.84
Jeep 10.83 11.42 12.1
Car 5.79 6.15 6.59
Taxi 5.79 6.15 6.59

Source: RHD Vehicle operation survey 1999

Fuel price was assumed to be the average price of 2003-04 market prices. 25% of total

vehicle cost was assumed as a fuel cost as indicated by RHD Vehicle operation survey

1999. From total number of vehicle plying on road and annual vehicle km driven for

each type of vehicle, total vehicle km driven for each type of vehicle has been

estimated. From total annual km driven and fuel efficiency, total oil needed for a

specific type of vehicle were estimated and also total energy needed for transport sector

were estimated. Calorific value and specific gravity of different fuel were collected

from Internet, which is shown below in Table 3.4.

Tablc 3.4: Calorific Valnc and Specific Gravity of Differcnt Fuel

Gross calorific
value in MJ/ kg
For liquid fuel
and MJ/mJ for Specific

Petroleum and petroleum products CNG gravity,kg/lt
Diesel fuel 0.8
Gas oil 46 0.8
Petrol 45.8 0.75
CNG 39 0.424
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Again from emission data of different type of vehicles, total sax, NOx, CO emissions

in Gg in different years are calculated. Flow diagram of total calculations are shown

below in Figure 3.1:

Number of Annual Kil10meter
X Fuel Price in . Vehicles Fuel CostVehicles Driven By Each •

Type of Vehicle TakafLitre in TakaiKilomerer

I I

Total Vchicle Kilometer Fuel Efficiency for Each Type
for Each Type of Vehicle . ofVebicie in KilometerfLih'e

I

Multiplied By T"tal Fuel Needed for Each Multiplied Bv
Type of Vehicle in Litre

I
Emission Factors

Specific Gravity Calorific Value offor Each Type of
oflhe Fuel in X tbe Fuel in Mega-Vehicle in
.Kilogram/Litre Joule/KilogramGran Litre

• I
Total Emission

~
for Each Type of

Total Energy RequiredVehicle in Gram
lor Each Type of

Vehicle in Mega-Joule

Total Emissiun in
Oiga-gram for Each

Total Energy RequiredType of Vehicle
for Eoeh T}l'e of
Vehicle in BTU

Figure 3.1: Flow Diagram of Total Calculation
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3.4 Transportation Scenario Analyses and Forecasting

Vehicle ownership is one of the main elements in discussing social status of a country.

Several decades ago, it was observed that the vehicle ownership in Bangladesh was a

requirement only for people with high incomes as an indication of power and social

status. But finally, it became a very important aspect for people regardless of their

income levels to manage their mobility rather than suffering from inefficient level of
service offered by public transportation.

Transportation system of our country includes 786244 registered vehicles and almost

21000 km of roads maintained by Road and Highways Department (RHO) of

Governments of Bangladesh in 2004-05. The country's motor vehicle fleet includes

private passenger cars as well as buses, minibuses, motorcycles, auto-rickshaws, taxis

and medium trucks that are used for passenger and freight movement. The country has

3029 km of National Highway, 4127 km Regional and 13126 km Feeder type A road

under RHO road network in 2005 (Table 3.5).

Table 3.5: Length of RHD Road Network as Per Road Type (Length in kilometer)

Survev vear National RCl'ional Feeder TVlle A Total
1995 2868 1573 10508 14949
1996 2862 1565 15860 20287
1997 3144 1746 15964 20854
1998 3090 1752 15117 20959
1999 3086 1751 15962 20799
2000 3086 1751 15962 20799
2001 3086 1751 15962 20799
2002 3086 1751 15962 20799
2003 3086 1751 15962 20799
2004 3086 1751 15962 20799
2005 3029 4127 13126 20782
Source: Bangladesh Statistical Yearbook of Bangladesh 2004

In 2003, 67% of total registered vehicle were actually plying on roadway among which

around 6% bus/minibus, 13 % car. 46 % motorcycle, 16% auto-rickshaw, 10% truck.

According to the recent data from BBS, the number of vehicles on road in 2005

increased by about 7.19 % up to 603282 cars or 40516 cars from a year earlier (Figure
3.2 and Figure 3.3).
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Number of motor vehicle registered by type in different years
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Figure 3.2: Total Number of Different Motor Vehicle Registered in Different Year
Source: Bangladesh Statistical Yearbook of Bangladesh 2004

Growth rate for car, motorcycle, auto rickshaw, microbus, and taxi are very high. All

these modes are representing private mode of transfer. Increasing rate of public

transport like bus/minibus is low compared to individual transport mode. Modal share

for car and motorcycle are also very high in our country. Buses have got only 6% of

total vehicle actually plying on road.
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Source: Bangladesh Statistical Yearbook of Bangladesh 2004

Freight movements are very important in respect of energy consumption and

environment pollution. As the population increases and also demand for different types

of goods at different part of the country also increases. Movements of goods by means

of transportation in different years are explained in Figure 3.4.
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Movement of good by means of trans pOl tat ion
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Figurc 3.4: Movcmcnt of Goods by Means of Transportation
Source: Bangladesh Statistical Yearbook of Bangladesh 2004

Major portion of freight movement are handled by road transport (Figure 3.5). Among

all modes available, modal share for rail for movements of goods is very low and it may

be due to limited accessibility and poor serviceability of rail service.
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Number of truck is increasing at average growth rate 4.5% per year between 1990 and

2003 because freight transport by road is mainly depend on truck. This creates a huge

burden on our economy and also on our air pollution. The SOx and NOx emission rates

for a truck in gmllt are around 6 and 32 respectively. Almost 50% of S02 and N02 are

emitted by truck in 2003-04.

3.5 Estimation of Energy Demand

All of these transportation services consume transportation fuel. Within our country oil

represents major percentage of energy consumption making gasoline and diesel fuels

the most significant sources of energy. Our country's total oil consumption is from

imported sources, maximum of these imports from the Persian Gulf. Oil and

transportation energy consumption is an increasingly prominent issue in national and

international energy and pollution security considerations. Item wise consumption of

energy during the last five years is shown in the Table 3.6. Consumption of petroleum

grew from 3232 thousand metric ton in 1999-00 to 3657 thousand metric ton in the year

2003-04 at the average growth rate of 3.2% and from 2002-03 to 2003-04; the growth

rate was 7.59 %.

Table 3.6: Item Wise Consumption during Last Five Years
Item Unit Year

1999-00 2000-01 2001-02 2002-03 2003-04

Electricity MKWH 11352 11634 12567 13717 15330

Gas MMCM 8780 9876 10325 11346 12107

Petroleum Thousand metric ton 3232 3403 3315 3399 3657

Coal Thousand metric ton 92 66 157 624 233

Source: Bangladesh Statistical Yearbook of Bangladesh 2004
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Sector wise final consumption ofconuncrcial energy
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Figure 3.6 Sector-Wise Final Consumption of Commercial Energy, 1991-2035
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The transport sector is the highest consumer of our commercial energy now and this

sector consumes around 25% of total commercial energy in 2006. As a second largest

consumer of our commercial energy Non-Energy sector that includes fertilizer

production etc. consumes around 22% of total commercial energy in the same year

(Figure 3.6 and Figure 3.7). Delivered energy consumption in the transportation sector

of our country is projected to around total 800 Trillion Btu in 2029-30.
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As reliable data are scarce, transport fuel consumption has been estimated on the basis

of the known figures of the size of the vehicle flee!. Based on vehicle data, total energy

consumption by transport sector is calculated from 1991-2003 (vehicle data available in

recently published BBS) and then compared to the base data. As the Base data are

available from Year 2000, the comparisons of calculated and base data between 2000

and 2004 are depicted in the Figure 3.8.
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Figure 3.8: Differences between Actual and Estimated Consumption of Transport

Energy

There are some differences between these two values. The mam reason of this

difference is illegal vehicle plying on road and also pilferage of oil due to fuel price

variation at our surrounding country in respect of our country. The contribution of non-

transport fuels (such as heavy diesel for power plants etc.) has not been taken into

consideration.

The average growth rate of different vehicle from 1991-2003 was estimated and based

on that growth rate future motorized vehicle are estimated from 2003 to 2030. Total

energy consumed by each of these vehicles was also estimated. Two case studies are

taken in this regard. Energy consumed with policy and also without policy are

calculated and compared to BBS based data (Figure 3.9).
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Figure 3.9: Energy Consumed in Different Projected Years and Their Differences

Description of 'With Policy' and 'without Policy':

If Government of Bangladesh takes the initiative of converting 50% of all vehicles as a

CNG driven vehicle by the year 2030, economic as well as environmental benefit will

be enormous. I have taken this as a policy measure and assessed result based on

application of these policies and without applying these policies means without

converting vehicles into CNG driven vehicles. In these policy measures, I have assumed

that about 50% of all vehicles and 90% of Taxi and Auto-rickshaw could be converted

as a CNG driven vehicle by 2030. I have also reduce the growth rate of car and taxi and

correspondingly increase the growth rate of bus as a public transit as a part of the policy

taken.

Table 3.7: Policy of Ycar Wise Convcrsion rate of CNG Driven Vehicle

Year CNG conversion rate

Bus Minibus Microbus Truck Jeep Car Taxi Auto-ricksha"

2005 10 10 10 0 10 10 50 50

2010 20 20 20 5 20 20 65 65

2015 25 25 25 15 25 25 70 70

2020 30 30 30 15 30 30 75 75

2025 40 40 40 30 40 40 85 85

2030 50 50 50 30 50 50 90 90
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3.6 Environmental Impact Assessment

Fuel is not only the issue in respect of our energy burden but also in respect of our

environmental aspect. Carbon dioxide (C02) emissions from energy use are increases

from 188.835248 Thousand ton in 1990-91 to 409.845125 Thousand ton in 2003-04 at

an average annual increase of 6.16 percent per year in between our calculation period.

Emission of S02 and N02 are also increases at the rate of 4.46% and 4.16% per year

respectively. (Figure 3.10)
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Figure 3.10: Estimated Emission of CO, N02 and S02 in Different Year

In 2002-03, contribution in CO emission of Auto rickshaw is 24%, Car 18%, Truck

21% and Bus 14% of total CO emission in that year. (Figure 3.11)

Auto-rickshaw

Motorcycle

Jeep

Microbus

Figure 3.11: Estimated Mode Wise Emission of CO in 2002-03
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From the measured emission it is clear that S02 and N02 emission of diesel fueled

vehicle like Buses, Trucks are higher than the gasoline fueled vehicles (Figure 3.12).

Where the CO emissions of gasoline fueled vehicles like Microbus, Auto-rickshaw is

higher than diesel fueled vehicle.

Taxi
~
Car

Jeep

M orcycle

Bus

Minibus

Microbus

Truck

S02 emission in 2002-03 by different vehicle

Mctorcyde

N02 emission in 2002-03 by different type of vehicle

Figure 3.12: Estimated S02 and N02 Emission by Different Type of Vehicle in

2002-03

In general the emission from vehicle is directly dependent on the combustion efficiency

of the vehicle. The vehicle, whose combustion efficiency is less, high is the emission.

Often it is seen in our country that buses, trucks, three-wheelers on the street carry

higher load than their allowable limits and thus exerts excessive pressure in their

engines and consequently combustion efficiency decreases resulting in excessive

emission of gases and black smoke. Mode wise CO emissions by Different types of

vehicles in different year are showed in the Figure 3.13.
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Figure 3.13: Estimated Mode wise CO Emissions by Types of Vehicles in Different
Year

3.7 Future Scenarios and Their Implication on Energy Demand And

Environmental Pollution

Energy use and emissions trends point to significant economic, political, and social

problems for future generations. The greenhouse effect alone could have devastating

effects on economies. Without intervention, the buildup of greenhouse gases could

reach twice the pre-industrial level as early as 2030. The resulting global warming effect

could raise sea levels enough to threaten wetlands, increase coastal flooding, and

accelerate coastal erosion. The Intergovernmental Panel on Climate Change CIPCC)

estimated that sea levels would raise an average of 6 to 20 inches by 2050. In addition,

many unmanaged ecosystems will probably be lost. Changes in rainfall patterns will

likely result in more severe droughts, more intense tropical storms, and ultimately,

dislocations and reductions in agricultural output.

Energy consumption Without Policy Application

Based on the prevailing growth rate of different type of vehicle, the total number of

vehicle projected from 2004 to 2030. Without applying any policy measure, the on-road

fuel demand is increased from 65.54 trillion BTU in 2002-2004 to 193.29 trillion BTU

in 2019-2020 and to 732 trillion BTU by 2029-30_ Among these Diesel demand only is

projected to increase from 45.3 Trillion BTU in 2004-05 to more than 100 trillion BTU
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by 2029-30. And petrol demand would be increased more than 500 Trillion BTU.

(Figure 3.14)
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Figure 3.14: Estimated Future Fuel and CNG Based Energy Consumption

(Without policy)

Energy consumption With l'olicy Application

Fuel based energy consumption will be reduced huge after this policy application.

Without taking the initiative the final fuel base consumption might be around 800

trillion BTU whereas after applying the CNG conversion policy, total consumption will

reduce to around 200 Trillion BTU by the year 2030. (Figure 3.15)
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Figure 3.15: Estimated Energy Consumption after Policy Application
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Environmental Emission With And Without Policy Applications
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Figure 3.16: Estimated Emissions after Policy application

Fuel based Environmental emission will also reduced substantial amount after Policy

Apllication. Total CO emission will be reduced more than 70% by the year of 2030.

S02 and N02 would be also reduced substantially. (Figure 3.16)
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Figure 3.17: Estimated Emission of CO, S02 and N02 in Differcnt Projected Year
(Without Policy)

Without any policy, environmental pollution also would be much higher. Carbon

dioxide (C02) emissions from energy use are projected to increase from 205.18 Gg in

2004 to 971.09 Gg in 2025 and 5186.71 Gg in 2030, an average annual increase of8.13

percent per year. S02 and N02 emissions also projected very high. (Figure 3.17)
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3.8 Assessment of Economic Consequence: Before and After Policy Applications

Figure 3.18: Money would be required for Importing Fuel in Different Projected

Year (Without I'olicy)

The government spends more than $1000 million US dollar (in the year of 2004-05)

annually for importing transportation fuels. In the absence of new government policies,

at $11O!bbl, the projected Bangladeshi oil import in 2030 would cost around 15 Billion

US dollar. (Figure 3.18)
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Figure 3.19: Economical Couscqueuce after Policy Application

Economic burden for paying fuel importing bill would be reduced a great amount which

could effect our economy positively after policy application. After the policy

applications at USD $ 100 !bbl price, the savings will be more than 5 Billion USD in

2025. (Figure 3.19)
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The world is entering a period of rising consumption, declining reserves of traditional

energy feedstocks, higher energy costs, and increasing environmental stress, which

could have vast economic, political, and social implications. As environmental

limitations are approached, ecosystems become unstable. In the future, ecosystem

management and environmental maintenance will become more the responsibility of

humans rather than nature. The economic impact of higher energy costs will be

compounded as the cost of environmental protection and repair is included in the

fundamentally higher cost of energy. As a result, varying degrees of negative economic

effects are likely. Ultimately, a fundamental restructuring of the way in which energy is

produced and consumed, as well as its value and role in the economy, must occur,

regardless of the particular energy technology. Reducing the energy intensity of

industrialized societies is the most environmentally sound and least economically

harnlful strategy. Energy use must be constrained if the interrelated problems of energy

supplies, environmental degradation, and economic well being are to be solved.

3.9 Summary

This chapter outlined the experiment methodology used in this research. The data

collection environment and the data used in this work were described. Based on present

and past data, projection of future energy use and environmental impact are

summarized. After thc final analysis, it can be concluded that technology alone may not

be able to solve the world's energy problems: partly because of the limitations of

technology, but primarily because of the economic realities of alternative energy

systems. And even the most optimistic estimations of the energy savings obtainable

with advanced-technology systems still fall short of accommodating the long-term

forecasts of transportation's energy needs. A reduction in personal transportation energy

intensity is essential in order to reduce the economic impact and technical hurdles of

new energy systems and more costly energy supplies. Energy conservation is the most

economically sound and environmentally friendly option.
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CHAPTER 4

ALTERNATIVE OPTIONS FOR SUSTAINABLE TRANSPORT

4.1 Introduction

Moving people and freight in an environmentally sustainable and energy efficient

manner will be one of the biggest challenges of the 21 st century. Overall, insufficient

progress has been made so far towards achieving environmental and energy

sustainability for the transport sector. A new target-oriented approach is needed that

places environment and energy at the top of the policy agenda for transport and related

sectors, at international, national and local levels [17].

There is a growing interest in sustainable development, which requires us to be more

sensitive to environmental and social constraints, including indirect and long-term

impacts. It emphasises intergenerational equity and long-term ecological viability.

Sustainability has significant implications for transportation planning, since transport

activities tend to be highly resource intensive, have numerous external costs, and

frequently distribute impacts inequitably. Sustainable development focuses on improved

access to facilities and to using each mode for what it does best. Improvement of access

and distribution of linked production and storage activities can substantially reduce the

necessity of movement and/or reduce trip length resulting in lower demand for transport

infrastructure and services, less energy consumption and reduction of external costs.

Achieving sustainability of the transport sector has been difficult for a number of

reasons, including, lack of public support and resulting political resistance, the inelastic

response of the transport sector to energy price movements (i.e. drivers do not drive less

even with higher prices) and the slow turnover of infrastructure. No government has

implemented policies that successfully reduce energy consumption in transport.

Technically, there are many options to reduce or limit the growth of energy use and

greenhouse gas emissions from transport. However, there are few options available to

reduce transport energy consumption, which do not involve significant economic, social

or political costs. For now, governments can playa key role in preparing the transition

to a more efficient and diverse energy future for the transport sector. While that is true

across all four of the main options for mitigating greenhouse gas emissions in the

transport sector - reducing transport activity, shifting to less energy- or carbon-
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intensive transport forms, reducing the energy intensity of the varIOUS modes, and

reducing the carbon intensity of fuels - it is particularly pertinent to the challenge of

switching to a more diverse and lower greenhouse gas sectoral fuel basket. Patterns of

transport energy use are the result of a long and slow build up of capital stock, vehicles,

refuelling infrastmcture and the transport networks themselves, and learnt behaviour on

the part of citizens. Governments can playa key role in stimulating and preconditioning

the transition to more energy efficient transport technologies, reducing these barriers

and introducing lower carbon fuels. The challenge for government is to recognise that

demanding sudden and short-term changes in the pattern of energy use in the

transportation sector will be very costly, yet changing human transport patterns and

extensive infrastructure must begin now for longer-term sustainability to be achieved.

4.2 Technological Options for Sustainable Transport

Continued reliance on petroleum-based fuels poses risks for the economic and

environmental health of our country. Over the long-term, the country should work to

reduce demand for petroleum and shift to a more efficient, environmentally sound and

diverse transportation energy system. Options to address our fragile supply and demand

condition include an increased supply of non-petroleum fuels as well as lessening fuel

demand. Although these solutions are mid- to long-term, action should be taken now to

avoid the adverse consequences related to country's heavy reliance on petroleum.

Future actions to address global climate change and greenhouse gas emissions could

lead to reductions in the demand for petroleum fuels in the transportation sector [6].

To reduce dependence on petroleum, measures must be adopted to improve

transportation efficiency and expand the use of non-petroleum fuels. Just as the

country's substantial demand for petroleum products is the result of many factors that

have occurred over a long period of time, efforts to reduce petroleum consumption will

require implementation of a suite of options over the long terrn. While there are steps

that the government can take in the near term, the most effective strategies to reduce

demand for petroleum require long lead times to fully implement. Having examined the

economic situations that will certainly drive changes in transportation, we must look

forward in our search for the technology opportunities that exist for future advanced

fuels, engines and drive trains. First we will examine the options and choices for

advanced transportation fuels, and then later examine advanced engines and drive trains.
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4.2.1 Fuel Substitutions/Alternative Fuels

An alternative fuel for motorized transport is "something eonsurned to produee energy

for transport", other than conventional petrol or diesel. It thus includes energy

carriers/stores (such as hydrogen) as well as sources of embodied energy (eg LPG,

CNG). It is imperative that action is taken now to reduce the oil vulnerability of

transport system by promoting alternative transport to motor vehicles, by being more

frugal through traveling less, through greater efficiency in fuel use and by carefully

examining alternative fuel sources. The challenge of alternative fuels is primarily an

economic one. Alternative fuels do not save primary energy, but they are cleaner than

gasoline. Carbon dioxide levels remain essentially unchanged when alcohol fuels are

made from renewable biological feedstocks. Because energy is an indispensable

necessity, we cannot leave the basic decisions for future energy development only to

comparisons of actual energy costs and to the energy market. In addition to demand

reduction options such as improved efficiency, supply-side options are available. This

would include expanded use of cleaner burning, non-petroleum fuels, often referred to

as alternative fuels.

Biofnels

Conventional fossil and atomic energies have multiple negative macroeconomic side

effects- such as the increasing need to protect globalized power lines against attacks;

the high water consumption for mining, extractions, and heating power stations; the

currency costs for importation; and the environmental and health damages. In contrast,

renewable energy sources have multiple positive macroeconomic benefits because they

help to avoid the negative effects mentioned above. The practical challenge is the

creation of policies for the transformation of these benefits into microeconomic

incentives for application. Only with renewable energies can we achieve real energy

efficiency. Only with short energy chains, based on the use of indigenous energies, will

energy losses radically be reduced. The acceleration of renewable energy is not an

economic burden. It is a unique new economic opportunity.

Bio-diesel, which has received a fair amount of attention, is a good diesel fuel. The big

question with bio-diesel is cost and total quantity that can be provided from its base

resource. Biodiesel is a renewable diesel replacement fuel made from new and used

vegetable oils and animal fats that are chemically reacted with an alcohol to produce
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fatty acid methyl esters. Biodiesel is the name given to these esters when used as a fuel.

Little or no modification to an engine is required with biodiesel/diesel blends. Different

concentrations of biodiesel fuels have been used in vehicles, ranging from two percent

blends with conventional petroleum diesel (B2) to neat biodiesel (B 100). Biodiesel has

several advantages over petroleum diesel fuel, but there are also some challenges to

using it, as shown in the Table 4.1 below.

Biogas such as ethanol and biodiesel can be produced from the fermentation of energy

crops (sugar cane, corn, cereals, etc). It is estimated that one hectare of wheat produces

less than 1,000 liters of transportation fuel per year which represents the amount of fuel

consumed by one passenger car traveling 10,000 kilometers per year. This limit is

related to the capacity of plants to absorb solar energy and transform it through

photosynthesis.

Table 4.1: Summary of the Major Characteristics of Alternative Fuels [33J Most of
EREOI I b d . f d' d t ttl' I Iva ucs arc ase on In orme l.lll 19men , no ec Inlca analYSIS

Fuel Feedstock EREOI Engine Environmental Social
The capital cost

Any for plant
Organic • Fischer- Tropsch construction is
Material

Conventional diesel has a high cetane higher than
Fischer- Such as

Compression number, low aromatic conventional
Tropsch Coal, N/A

Ignition content and no sulfur diesel
Diesel Natural Gas • It is attractive for roduction

or engmes
~lending with facilities. Can

Municipal conventional diesel. e used with
waste existing fueling

infrastructure
• Organic emissions
(ozone precursors) will
have lower reactivity

Flex fuel than gasoline emissions.
Methanol Natural Gas N/A

Vehicles • Lower emissions of Higher cost
toxicpollutants, except
formaldehyde. Less
flammable but more toxic
than gasoline

• Organic emissions
(ozone precursors) will

Coal or Flex fuel have lower reactivity
Methanol

Wood N/A
Vehicles than gasoline emissions. Higher cost

• Lower emissions of
toxic pollutants, except
formaldehyde.
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• Less flammable but
more toxic than gasoline.
• Green house problem
if made from coal.

• 25% reduction in Competes for
ozone forming emissions land wi th food
compared to petrol. production.
• Increased soil Forces up food

Com or Flex fuel erosion.30% net prices,
Ethanol

Other grain -I
Vehicles reduction in greenhouse including staple

emissions. food for less
• Competes for land developed
with bio-diversity if land- countries. Much
clearing required for higher cost than
roduction offeedstock. gasoline.

• 25% reduction in Competes for
ozone forming emissions land with food
compared to petrol. production.
• Increased soil erosion Forces up food

Flex fuel and loss of biodiversity. prices,
Ethanol Sugarcane -7 Vehicles • 60% net reduction in including staple

greenhouse gas foods for less
emissions. Competes for developed
land with biodiversity if countries. Much
land-clearing required for higher cost than
production of feedstock. gasoline.

Large numbers
• Competes for land of research

Ethanol Hemi-
N/A Flex fuel with bio-diversity if land- institutions are

cellulose vehicles clearing required for tackling
production of feedstock. production

problems.
• Fewer particulate
matter, carbon monoxide, Requires large

Any vehicle and sulfur dioxide harvesting areas
Biogas Sugar cane,

N/A that runs on emissions (all air that may
com, cereals

diesel oollutants under the compete with
Clean Air Act). other types of
• Non-toxic land use
• Safer to handle

• Serious concerns over • Requires

he destruction of tropical appropriate

rainforests branding to
Any vehicle

Competes for land ensure that
Biodiesel Palm oil -7 that runs on •

with bio-diversity. source
diesel is not• Neat biodiesel (100% environmentallybiodiesel) reduces carbon

damaging.dioxide emissions by
• Slightlv
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more than 75% over lower fuel
petroleum diesel. economy and
• Using a blend of power (10%
20% biodiesel reduces lower for B I00,
carbon dioxide emissions 2% for B20)
[by 15%. • Currently
• Much less more expensive
combustible than
Ioetroleum diesel.

• Competes

• Competes for land for land with
foodwith bio-diversity if land-
production.clearing required for

IProduction of feedstock. Forces up food

• Neat biodiesel (100% prIces,
including staplebiodiesel) reduces carbon
food for lessVaries

Any vehicle dioxide emissions by
developedbetween more than 75% overBiodiesel Seed crops 1.2 and that runs on

petroleum diesel. countries.

7 diesel • Slightly• Using a blend of lower fuel20% biodiesel reduces
economy andcarbon dioxide emissions

by 15%. lPower (10%
lower for B 100,• Much less 2% for 820)combustible than

petroleum diesel. • Currently
more expensIve

Demonstrates a Most suitable• for heavyreduction in ozone
Internal forming emissions. freight and

CNG Gas fields N/A
combustion Hydrocarbon passenger• vehicles ratheremissions may be

than smallincreased.
]Jfivate vehicles.

• Demonstrates a
reduction in ozone

LNG Gas fields N/A Internal forming emissions.
combustion • Hydrocarbon

emissions may be
increased.

• Demonstrates a
Only a fewreduction in ozone

Internal forming emissions. vehicle models
LPG Crude oil N/A have beencombustion • Hydrocarbon

available foremissions may be
saleincreased.
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• Suitable for
• All emissions are light cars and
generated at the power micro-light
plants, except for those vehicles such as
associated with extraction electric bikes

Coal, and processing of and 'gopher
Nuclear, feedstock. buggies'.

• Batteries must be • Also usedElectricity Natural Gas N/A Electric motor
replaced every 3-6 years. for publicand

Renewable • No tailpipe transport with
emissions. fixed
• Big greenhouse infrastructure
advantage if powered by power
nuclear or solar rather supply.
than coal. • Maintenanc

e for EVs is less
• Zero tailpipe
emissions. Other

From emissions associated with
feedstock extraction andnatural gas
iProcessing.at present, Fuel cell

Currently no large- FuellingHydrogen but almost -0.3 With an •
scale stations.any source Electric motor
production fromof power
renewable energycan be used
sources.
• Very expensive to
transport.

Natural Gas

Natural gas continues to be used as a transportation fuel in a variety of light- and heavy-

duty vehicles. In applications where vehicle range is critical, liquefied natural gas

(LNG) is preferred over compressed natural gas (CNG). Like natural gas vehicles, LPG

vehicles are generally produced as bi-fuel designs, allowing the operator to run on LPG

or gasoline. Natural gas vehicles (NGVs) have emerged in a variety of on-road

applications and are designed as either bi-fuel or dedicated (Natural Gas only) vehicles
[ 17].
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Traditionally, Natural gas prices have been lower than diesel and gasoline on an energy

equivalent basis, which can offset higher vehicle capital costs. However, retail fuel

prices vary depending on the cost of natural gas in the specific utility service area, bulk

or retail purchase arrangements and fuel facility. Natural gas-based transportation

systems has several advantages-

First, Reduced emissions- NGVs are significantly less polluting than gasoline- and

diesel-fueled vehicles. For example, some research of refuse trucks found that for those

t1eets that calculated their emissions, trucks converted from diesel to natural gas

achieved reductions in particulates of 67% to 94%, in nitrogen oxides of 32% to 73%,

and in non-methane hydrocarbons of 69% to 83%.

Second, Lower operating cost - An equivalent unit of CNG is approximately 75 cents

per gallon less than gasoline, although the exact cost difference varies regularly

depending on the market value of both fuels. The fuel mileage of a CNG powered

vehicle is roughly the same as a conventional gasoline vehicle. While power output on a

natural gas vehicle is slightly lower than a conventional gasoline-only vehicle, on-board

engine management systems on CNG powered vehicles alter engine tuning to take

advantage of natural gas' higher octane rating.

Third, Maintenance cost savings-Natural gas burns cleaner than gasoline, reducing not

just pollutants, but engine wear and carbon build up. CNG vehicles benefit from

extended tune-up intervals and longer exhaust system life. Many types of NGVs are

commercially available, and the infrastructure and technologies needed to produce,

transport, store, and refuel them are well developed.

Fourth, long-term supplies of natural gas may be more secure than those of oil, since

reserves are distributed in areas that are more stable than today's Middle East. Because

of the synergies between natural gas and hydrogen fuels, widespread use of NGVs can

help pave the way to the hydrogen fuel cell vehicles of the future [17].

Figure 4.1: CU Mail Truck Powered by Natural Gas
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Electricity

Electricity is also a potential transportation fuel worldwide since we can potentially

burn any base chemical energy feedstock to produce electricity and store it in batteries

to run any electric vehicle. Electric vehicles (EV) havc not turned out to be as cost-

effective as we have hoped they would be, but potential technical improvements

continue to be explored. These changes provide the automakers greater flexibility in

meeting the zero emission vehicle rules and now include options to use ultra low

emission technologies and an option to produce hydrogen fuel cell vehicles or battery
electric vehicles [17].

Figure 4.2: Electric Vehicles

Electricity is being considercd as an alternative to petroleum fuels as an energy source.

An electric car has a maximum range of 100 kilometers and speed of less than 100

km/hr requiring 4-8 hours to recharge [17]. The recent development of hybrid vehicles

(internal combustion engine and batteries) provides interesting opportunities combining

the efficiency of electricity with long driving range.

4.2.2 Advanced Engine Technologies

Clean Diesel Engines are the most efficient engines we have today, but in the past they

were not as clean as gasoline engines. To meet the environmental emissions standards, a

new generation of diesel engines is being developed, holding great promise as a future
powertrain technology.

Methanol and Ethanol Engines dedicated to burning alcohol fuels have been proven to

be much more efficient than those burning gasoline. It is believed that methanol engines
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could compete with diesel engmes to greatly Improve the vehicle efficiency over

gasoline engines, while being extremely clean.

Variable Displacement Engines allow, "re-sizing" a vehicle's engine to meet the power

required, as the driver's needs change. As an example, for normal urban driving

operation only half the engine's cylinders are used so the vehicle fuel economy is more

like one equipped with a small engine. But when there is a need for more acceleration or

towing capability, the other half of the engine is available to provide the extra power.

This engine has two crankshafts, essentially packaging two engines in one engine block.

Each half of the engine is independently operated, so when one half of the engine's

cylinders shut off the other half is stopped and does not generate friction or load. This

approach improves the vehicle fuel economy by as much as 15%, far greater than
displacement on demand designs.

Variable Compression Engines vary a key (conventionally fixed) engine parameter,

the compression ratio, to meet the instantaneous optimum engine condition. When an

engine is operated at light loads, the compression ratio is set higher to get high

efficiency, and the compression ratio is set lower to enable high engine power when

desired. By adding a supercharger to boost the engine, variable compression allows

extension of power to even higher levels.

Gasolinc HCCI Engines (Homogeneous Charge Compression Ignition) are run by

introducing the fuel with the intake air and auto-igniting it from the compression stroke

of the engine. Gasoline HCCI combustion is a nearer-term engine technology that

produces extremely low emissions and very high fuel efficiency _ competitive to the
diesel.

Fuel Cell powertrain technologies are evolving, requiring hydrogen fuel to produce

almost nothing but water as emissions. Currently, the fuel cell costs and an adequate

hydrogen infrastructure are constraints. As we consider longer term options, future

advanced engines versus fuel cells should provide some exciting competition in future
vehicles.

HyTEC (Hybrid Thermal Energy Converters) describe a field of novel energy recovery

systems capable of capturing and reusing some of an engine's waste energy normally
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rejected as heat in the coolant and exhaust (nearly 60% in a typical engine). A HyTEC

device returns some of the recovered energy (30%-40%) as power to the engine's output

shaft, typically working best with engines that mostly operate at continuous loads, such

as long haul trucks. HyTEC technology development points toward engines that

compete with fuel cells in ternlS of pollution & energy efficiency at a fraction of the fuel

cell cost [8].

4.2.3 Hybrid Configurations

Parallel Hybrids retain a driveshaft connection between the vehicle wheels and the

engine. In this concept, one can add an electric or hydraulic motor to the drive shaft to

add or remove power from the vehicle, storing and consuming energy to\from batteries

or hydraulic accumulators. The Toyota Prius is a parallel system.

Figure 4.3 Full Series Hydraulic Hybrid in a Ford Expedition.

Series Hybrids remove the rotating driveshaft connection between the vehicle wheels

and the engine. In a Series Hybrid, there is no conventional transmission or traditional

driveshaft connected to the wheels. The engine transfers its power through electric

generators or hydraulic pumps, and electric motors or hydraulic motors drive the

wheels. Batteries or hydraulic accumulators are placed in the system to compensate for

energy mis-matches between the engine and the wheel. In these vehicles, the engine

operation can be optimized independent of the speed of the vehicle. This is the kind of

drive system that can be most cost-effective, with the highest efficiency and the lowest

cost [8].
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4.3 Regulatory Options for Transport Energy Demand and Environmeutal

Pollution in Bangladesh

Until recently, however, energy was often overlooked as an explicit concern or goal

related to transportation planning and decision-making. Many states, regional and local

transportation planning processes still do not include energy as one of their

transportation planning objectives. Instead, transportation energy outcomes have been

the by-product of efforts to achieve other objectives, and positive energy outcomes have

not been clearly or consistently achieved. In order to ensure positive energy outcomes

from transportation activities, energy should be recognized as a legitimate goal or

concern by the wide range of transportation and land use planning bodies. As energy

efficiency and conservation starts to be considered as an issue or guiding principle,

planning processes are likely to result in different modes, transportation development

patterns and service options becoming relatively more attractive.

4.3.1 Charge the Real Costs of Transport and Oil

Motorised transport users do not pay the real costs of travel; many costs are imposed on

the community e.g. health effects and disruption of communities. Many transport costs

are fixed (e.g. vehicle registration and insurance) or too low (e.g. fuel prices compared

with many other nations) and so distort the market. This mismatch results in social and

economic costs for the community and a strain on public funds. In addition there are

many perverse subsidies that work against an equitable sustainable transport system.

The costs of depriving future' generations of vital petroleum are not included in current

pricing or policies. We are stealing resources from our grandchildren with no assurance

that there will ever be any replacement for the oil they will need for fertilisers, plastics

and transport. Incorporating costs more fully in what transport users pay, e.g. through

fuel prices, road user charges or other means, would send a stronger signal to influence

travel behaviour, better reflect the real costs, and provide funds for sustainable transport

infrastructure and for demand management.

4.3.2 Reducing Oil Subsidies

Widespread government interventions in influencing the domestic prices of petroleum

products have had a moderating effect on inflation and output growth. About half of the

countries in the region intervene administratively to set petroleum prices. They include
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Bangladesh, China, India, Indonesia, Malaysia, Thailand and Viet Nam. However, oil

price subsidies have placed a significant fiscal burden on these countries. Oil subsidies

accounted for as high as 3 per cent of GDP in Indonesia in 2004, which were expected

to increase to 4.4 percent in 2005. As a percentage ofGDP, Malaysia and Viet Nam also

offered high levels of subsidies.

High and rising oil prices have made oil subsidies fiscally unsustainable, and many

countries began to scale down those subsidies in the second quarter of 2005. Indonesia,

which had been spending a third of its budget on fuel subsidies, more than doubled the

average price of fuel on I November 2005. The price of petrol shot up by 87.5 per cent

and that of a litre of kerosene went up by 186 per cent. Thailand removed all subsidies

on diesel by July 2005. It has also freed gasoline prices from government controls.

Malaysia has both oil subsidies and price controls. Although total subsidies account for

only 1.5 per cent of GDP, pressures are likely to increase to equate domestic prices with

international prices as neighbouring countries begin to lower oil subsidies. China does

not offer official fuel subsidies but does control retail fuel prices. India's oil subsidies

account for less than 1 per cent of GDP, although the absolute level of subsidy on a litre

of petroleum is quite high. In the light of these countries, Government of Bangladesh

should take initiative to remove all type of fuel subsidy. Otherwise in the longer run, the

country will suffer more and more due to this huge subsidy burden [13].

4.3.3 Using Cleaner Alternate Fuel

Many alternative transport energy sources have been suggested. In the short term, CNG

can be substituted for petrol and diesel, and Bangladesh's natural gas reserves give the

nation a competitive advantage in starting the transition away from oil. Compressed

Natural Gas (CNG) is a relatively clean fuel, available in abundance in Bangladesh. It

may thus appear attractive to the government for both environmental and economic

reasons. In this context, it is, however, cmcial to note that CNG to be popular in the

country, besides large reserve and wide network for gas distribution, the pump price

difference would need to be about 50 percent of the production cost of liquid fuels.

Hence natural gas would seem to require strong fiscal encouragement if it is to be more

than a niche fuel. Arising from this is the question of fiscal policy. Diesel fuel, which is

a direct competitor of CNG, typically carries a low tax rate. The reason is that diesel is

used by vehicles carrying inter-urban freight movement.
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Some initiative to convert petrol cars to CNG operated cars has been taken since 1997.

Excellent opportunities exist to exploit gas resources at both the regional and sub-

regional levels. Government should take initiative to completely convert around 50%

vehicles as a CNG driven vehicle considering energy and environmental issue by the

year of 2030. If government could finally achieve this goal, huge economic burden will

reduce and correspondingly environmental emission.

4.3.4 Develop the Total Replacement of Fossil Energies

The possibility of completely covering energy demands by means of renewable energy

source should be shown worldwide and for each country. By highlighting this, it is not

necessary to calculate it accurately. No serious economist is in a position to predict the

future cost of a new technology, nor can he or she predict applications and their

different impacts on costs, nor the speed at which costs will decline as a result of mass

production, nor further technological developments. It is only necessary to outline the

principal opportunity in replacing all conventional energies. Once done, we can

overcome the myth that they are indispensable. If society and its players become aware

of the full possibility of renewable energy, more and more decision-makers will

abandon the obsessive idea that further large-scale investments with long-term capital

tie-up for conventional energy plants would be needed. The more we rid our minds of

this notion, the more space there will be for imaginative and creative thinking about

renewables, and the more that politicians, designers, and businesses will start activities

to promote renewable energy.

Greenhouse gas emissions are not the only problem of fossil energy, just as radioactive

contamination is not the only problem of atomic power. Many other dangers are caused

by using atomic and fossil energies: from the polluting of cities to the erosion of rural

areas; from water pollution to water scarcity and desertification; from mass migrations

to overcrowded settlements; and from the risk to individual security to the security of

states. Because the stability of the present energy system is the root of these problems,

renewable energy is the solution to its rehabilitation. On a macroeconomic scale,

nothing is better and cheaper than the substitution of conventional energies by

renewables. Biofuels and hydrogen generated from renewable energy sources should be

considered as potential transport fuels. However, hydrogen generated from fossil fuel

or biofuels that provide less energy than is needed to grow them are not sustainable
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options. Research and development for alternative transport fuels is important. A

mixture of energy sources as well as demand reduction and increases in efficiency will

be needed to fill the gap caused by dwindling oil availability [6].

4.3.5 Improving Competitiveness of Public Transit

Public transportation is arguably one of sustainability's greatest allies. Whether in the

form of bus, train, or subway, an effective public transit system reduces fossil fuel

dependency, hazardous air pollution, traffic, and parking needs. Most of the Asian cities

are experiencing severe transport problems resulting from rapidly increasing vehicle

ownership and usage. One of the reasons for increasing vehicle ownership and usage

may be due to insufficient supply and inferior quality of public transportation. As a

result, supply of transport facilities always stays behind the level of transport demand.

Especially in Bangladesh, mobility is rising very rapidly in conjunction with economic

growth. On the other hand, public transport facilities are getting improvements in

increasing supply and improving quality, with economic growth. However, there is a

considerable gap between demand and supply of transport facilities. Consequently,

travelers' attraction for owning and using private vehicles are increasing very rapidly

that may finally devastate the urban environment with traffic congestion and air

pollution. It is clear that there is a direct relationship between vehicle ownership and

ridership on public transportation. In a vehicle-based society, public transport services

decline in quality. Travelers in most countries often create complex travel patterns using

private vehicles since the public transportation facilities operate with inefficient and

unproductive phase. Therefore, investigations of travel demand and vehicle ownership

are found as important to understand the future transportation system including

expediency and role on public transport.

To sharpen the competitive edge of public transportation serVIces, it is necessary to

encourage more public transit-oriented development on the already highly dense streets.

Therefore, to improve transportation services in these streets, it is desirable to add more

public transit services. It is also necessary to restrain long distance automobile trips.

This can be achieved by: encouraging intercity travelers to use public transportation like

bus, railway etc; introducing integrated transit passes; fare reduction for transfers and

new transportation modes; the diversification of the taxi services; and, providing tax

benefits to employers who are frequently using public transit modes. Diverse

67



transportation networks are essential to our energy security and a centerpiece of

homeland security while producing a better quality of life for all citizens.

Changes can be made in freight transport, by changing mode split (e.g. more freight on

rail), logistics (e.g. using available container and truck capacity better and reducing

fuel-inefficient "just-in-time" practices) and location (e.g. localising production and

consumption and eliminating attenuated trips when alternatives are available). Freight

efficiency could also increase significantly by improving freight transport management.

We know that railway is more energy efficient and environmentally sound than any

motorized transport. In Bangladesh, most of the freight movement is done by truck,

which is a major source of environmental pollution and also creating huge energy

burden to our economy. If we can shift 10% vehicle km to railway, the corresponding

environmental and energy benefit will be increased. Globalisation of economic

activities and potential of increasing intraregional and interregional transport have

special significance to the railway sector in Bangladesh. Efforts are needed to revitalise

this sector in order to recapture some of its lost traffic from road transport.

The Bangladesh Railway should take the following steps:

• BR routes and services need to be integrated with other surface modes to make

the railway more attractive to the users.

• BR needs to further modernize and improve its operational efficiency through

adaptation of new technology, particularly, infornlation technology, and through

extensive programme for human resource development.

• Private sector involvement in some of the railway operations, which have been

successful, should be continued, and new areas opened up for further

involvement of private sector. Railway should provide the backbones of

intercity, intra-city passenger transit and commuter service.

Railways, by contrast, can be expanded with little land acquisition, and is more

environmentally sustainable. It saves on energy and generates less pollution. In densely

used corridors, railways could provide an efficient passenger transport system; rail

transports freight containers much more efficiently than trucks.

Bangladesh does not seem have a long-term strategy to deal with the oil price hike. The

government was advised on the need to improve public transport (both the bus and

railway services) to reduce motor vehicles on the road and thereby reduce traffic

68



congestions and also energy consumptions. In fact, "Developing an efficient mass

transport system will not only reduce the use of private vehicles thereby saving energy,

but will also help to protect the environment".

4.3.6 Shift to Alternative Modes

Many consumers can shift a portion of their automobile travel to alternative modes,

including walking, cycling, ridesharing public transit and telework. This mode shift

would mean more physical activity and therefore far better population health, lower

energy use (even renewable, for walking and cycling), reduced traffic congestion and

fewer emissions. As indicated earlier, present transport infrastructure development is

road biased. Considering that land is a scarce resource in the country, indiscriminate use

of this resource for road development where other mode of transport could serve the

purpose more economically, could lead to loss of land otherwise available for

agriculture and forestry. Such a framework can help minimize the major adverse

environmental impacts.

It is now well established that both railway and inland water transport are

environmentally sound and economical over longer distances. The transport system of

Bangladesh needs to be more balanced across different modes than presently with less

relative emphasis on roads. Integrating land use and transport will be an important

strategy to reduce travel demand, including mixed use urban activities on public

transport networks, enhancing pedestrian and cycle access within neighbourhoods and

across cities and locating commercial and industrial activities according to accessibility

requirements. As demand for alternative modes increase their facilities and services tend
to improve.

4.3.7 Making Vehicles More Efficient

From the traditional perspective, the "identified problem" contributing to the

automobile's high energy intensity is low vehicle occupancy. Transportation energy

intensity is a measure of the energy consumed per passenger mile traveled. When a

vehicle is lightly loaded, energy intensity goes up because the vehicle consumes about

the same amount of energy (fuel), regardless of the number of occupants. Operating

large, multi-passenger cars with only one or two occupants is therefore considered the

most wasteful habit affecting the world's consumption of transportation energy.
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Worldwide, automobiles operate, on average, with about 1.6 to 1.8 occupants. In the

U.S., approximately 87% of all automobile trips OCcurwith two or fewer occupants. The

average for work related trips are 1.1 OCcupants per vehicle. One- and two-occupant

trips account for approximately 83% of all vehicle miles traveled in the U.S. [29].

If the same number of travelers were condensed into half the cars (car pooling), total

automobile energy consumption would be reduced by half. But condensing Occupants

into fewer vehicles essentially defeats the automobile's primary benefit. Trips must then

accommodate the needs of other occupants, and the automobile is no longer a private

and personal means of transportation. Traditionally, occupancy-rate is considered a

behavioral by-product and therefore outside the bounds of vehicle technology. If the

definition were "inappropriate vehicle size" (rather than underutilization of large cars),

the solution would then be to resize vehicles so they more closely match trip

requirements. Since one- and two-occupant trips predominate, it naturally follows that a

category of smaller vehicles designed for one- and two-occupant local and commuting
trips would be beneficial.

The increase in four-wheel drive vehicles in the passenger fleet (larger and less

efficient) has countered the effect of improved fuel efficiency in smaller cars as has

increased 'road load' due to auxiliary power requirements. Vehicle design should

enhance efficiency, including reduced weight, improved engine technology to enhance

fuel economy and provide more appropriate, less ostentatious urban passenger vehicles.

4.4 Policy Recommendations to Promote Transportation Energy Efficiency

Policies to tackle the problems of oil depletion should be based firstly on an open

acknowledgement of the magnitude and urgency of the issue, and secondly on rapid

implementation of existing proven strategies to reduce oil usage and the demand for

automotive transport. Government, business and the community should act now to

reduce transport energy demand and shift to gas and renewable, less polluting energy

sources. Past and present transportation, land use and environmental planning processes

have an enornlOUS effect on the type and scale of transportation energy consumption in

Bangladesh, as well as the viability of different options for improving transportation

energy conservation and efficiency in the future. This rationale includes tlie need to

avoid severe dislocations in the long-term as well as promoting efficiency in the short
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tenn. Within the planning process, energy concerns can be taken into account 111 a

number of ways, which are described below.

4.4.1 Incorporating Energy Goals into Planning Objectives

Planning processes emphasize a range of objectives such as fiscal responsibility,

economic efficiency, livability, congestion management, air quality and environmental

justice. The annunciation and integration of these objectives throughout the planning

process has an impact on the achievement of energy efficiency and conservation in the

transportation sector. A lack of explicit energy related planning objectives, however,

hinders the development and assessment of more consistent and targeted measures to

achieve energy efficiency, conservation or other energy-related objectives.

In order for planning processes make progress toward greater energy efficiency and

conservation, energy should be included as one of the explicitly stated goals, objectives

or concerns of these processes. Transportation energy consumption is affected by

transportation, land use and environmental planning processes. In order to ensure that

energy issues are valued within this complex planning process, it is therefore advisable

that energy goals are not merely implemented at the state level, but are consistent and

cooperatively developed between the different agencies and tiers of governance.

4.4.2 Reform Transport and Energy Policy

Oil vulnerability is a significant issue yet it attracts little discussion in policy circles or

the media. Greater awareness of the issue is needed, infonned by research into its

implications for Bangladesh and the consequences of continued inaction. We urgently

need a national energy policy that will make our transport system far more energy

efficient and less oil dependent. The Government has a significant influence on

transport energy use through taxation, regulatory powers and funding. However

leadership is needed from Governments at all levels. The Government should follow

through on its lead in transport energy by implementing an effective Transport Energy

Strategy for Bangladesh. Local Governments Engineering Departments must also

implement infrastructure policies that minimise automobile and oil dependence.

71



4.4.3 Devcloping Encrgy-Rclatcd I'crformance Mcasures

Having established the legitimacy of energy related goals in transportation, land use and

environmental planning processes, these goals should be reflected in performance

measures designed to assess and develop options affecting transportation energy. In

order to ensure the achievement of energy-related planning goals and objectives there is

therefore a need for inclusion of energy parameters within the transportation modeling

process. This might be achieved using total travel demand produced in current planning

processes, as well as more detailed information on driving cycles, vehicle fleet

distribution, induced demand effects and land use interactions. Development of energy-

related performance measures such as fuel consumption levels may also be developed in

tandem with efforts to assess and predict carbon dioxide (C02) emissions.

In order to better understand energy implications of transportation planning activities,

there is a need to account for energy effects through energy-related performance

measures. The use of such performance measures is critical to achieving energy

conservation and efficiency within our transportation sector.

4.4.4 Improvemcnts to Currcnt Planning Practices

Having established energy goals and performance measures, transportation planning

practices are likely to alter somewhat to incorporate transportation energy consumption

estimates, predictions and impacts. The incorporation of energy objectives and

performance measures into transportation and land use planning processes is likely to

result in different modes and patterns of transportation development becoming relatively
more attractive.

The adoption of energy objectives in the planning process may also lead to specific

planning activities aimed at promoting greater energy efficiency. At a high level, this

could include the adoption of a specific policy of fuel efficiency, flexibility, diversity

and/or conservation. At a more detailed level, energy objectives might be addressed by

funding or promoting specific programs for congestion mitigation, smart growth,

transit-oriented development, compact and mixed development, non-motorized

transportation, and multi-modal transportation. Incorporation of energy issues into the

transportation, land use and environmental planning process will inevitably alter
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planning outputs in a manner which reflects a broader range of planning options and

strategies aimed at addressing new and existing planning objectives.

Transportation system efficiency and low energy consumption could be achieved by

urban and land-use planning, modal mix design (e.g., cars, trucks, rail, air, etc.),

behavioral and operational management (e.g., occupancy of vehicles, driver behavior,

and system characteristics), and vehicle efficiency and fuel choice. In particular, energy

efficiency in the passenger transportation system could be attained through pricing and

taxing schemes, technology improvements, and the overall system efficiency design.

Apart from raising revenue, tax measure provides an incentive for energy efficiency.

This is because people may choose to buy small rather than large automobiles, change

their mobility habits, drive less, or take public transportation to meet their commuting

needs. There are various types of vehicle tax measure, such as purchase tax, ownership

and registration fees, fuel/carbon tax, road and congestion pricing, and parking fees.

4.4.5 Integrated and Sustainable Development of Transport System

It is well recognized now that the transport costs facing the users do not fully reflect

either the economic costs due to the provision of subsidy etc., or the environmental

costs that are not reflected in the market prices. The present sectoral bias which led to

misallocation of resources, improper modal mix and set a trend of unsustainable

development has largely been an outcome of distortion in resource pricing. This

situation should therefore be rectified on the basis of correct evaluation of resource

costs to ensure long-term sustainability. As highlighted earlier, all future allocation of

resources should be based on a detailed analysis of true cost including those of

externalities by the different modes. While allocating resources, particular attention

needs to be paid to environmental costs and other adverse effects of transport
development.

While resource allocation based on tme costs will contribute towards a more appropriate

modal balance, a change in modal balance should be an explicit objective of all future

public policies and actions to achieve a transportation system, which is environmentally

sustainable, and at the same time socially acceptable and economically efficient. As

already pointed out, the inherent characteristics of different modes require that to

improve overall efficiency each mode should be used for what it does best in an overall
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transport chain. This requires a fundamental change in the traditional way of looking at

transportation. A mode should be considered only as a link in the logistics chain and

the whole issues of transportation from the origin to ultimate destination need to be

considered. For all major movements, integration of concerned modes from the origin to

ultimate destination should therefore be the strategy of future infrastructure

development. This would require development of both physical and non-physical

measures for efficient transfer of goods and people from one mode to the another with

minimum loss of time and transfer cost, through the provision of efficient physical

interface, single travel/shipping documentation and costing, freight forwarding, etc. To

ensure sustainability, another issue that needs immediate attention is the adequate

maintenance of the assets already developed.

4.5 Summary

This chapter mainly outlined the technological advancement in transport sector as well

as policy development, which can be applied to encourage reduction of conventional

energy use and also promoting clean environment globally and also in our country.

More vigorous government policies in consuming countries could, and no doubt will,

steer the world onto a different energy path. Scenario demonstrates that if governments

were to implement new policies they are considering today, aimed at addressing

environmental and energy-security concerns, fossil-fuel demand and carbon-dioxide

emissions would be significantly lower. Far more radical policy action and technology

breakthroughs would be needed to reverse these trends. The provision of adequate

transport infrastructure and services, along with macro-economic stability and a long-

tenn development strategy is one of the necessary conditions for sustainable economic

and social development. To improve overall efficiency of the transport system, each

mode should be used for what it does best in an overall transport logistics chain. A

vision is needed for a long-term balanced and integrated system development, which

can address the present deficiencies and at the same time meets the future requirements.

This should also take into account the changing needs of the people, their aspirations,

well-being and affordability, system efficiency, effective utilization of the existing

facility, technological development, and minimization of resource (physical and

financial) consumption, which is of vital importance. Our actions in transport

development cannot deliver the social benefits we are looking for without having such a

vision and accompanying broad strategies.
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CHAPTERS

CONCLUTION AND RECOMMENDATION

5.1 Conclusion

Bangladesh must have an efficient and sustainable transport system to ensure continued

economic development and wellbeing of the people. However, the present trend of

development appears to be more ad-hoc having no explicit focus on future requirements

and the means of meeting these directions on a competitive as well as sustainable basis.

The need to address the deficiencies with appropriate policies, strategies and actions as

indicated in chapter four are of paramount importance in the context of new

environment of increased globalization, and other improvement.

To face the challenges of competitiveness and Sllstainability, Bangladesh must have a

vision for future transport development with supporting broad policies, strategies and

actions, which are to be pursued by the transport agencies of the country. In this context,

institutional development is an issue of major importance. The government has now

adopted the general policy of private sector led development. [n this context, an

appropriate institutional and legal framework consistent with the changing economic

environment is yet to be put in place. The existing institutions should be made ready to

assume their redefined roles in the new environment.

There is also a great need to change the current approach to planning. The planning

agencies, be central, sectoral, or local must look for a new methodology to implement

an integrated and comprehensive approach that would ensure direct involvement of all

stakeholders in dealing with the energy and environmental issues of transport in

Bangladesh.

As in the past, technological progress holds vast potential for solving the energy

problems faced by the transportation industry. Recent developments illustrate just how

dramatically technology can change. But technological progress alone is not enough.

Public policy guidance and institutional innovations also will be necessary. If a country

does not know what its goals are, or how to achieve them, it is unlikely to be able to use

international negotiations effectively to secure its goals. New policies must be
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developed to guide technological and institutional changes toward a system for

transportation energy that provides efficient mobility along with resource security and

environmental sustainability. Transportation energy researchers will have an important

role to play in assessing these issues in the decades ahead.

Specific findings of the research are summarized below:

• Aggregate transport sector energy may cost the country about US$20 billion in

2030 for business as usual scenario. Using energy efficient policy the amount

may be reduced to US$3.5 billion adopting the options of rail based transport
system and CNG conversion.

• Emphasizing on railway aggregate transport sector energy demand can be

reduced by substantially. If 50% of total vehicle and 90% of Taxi and Auto-

rickshaw are converted to CNG driven vehicle by 2030 and also people are

diverted to use public transport rather than private vehicles, total amount of

energy savings would be approximately 600 Trillion BTU in year 2030.

• Emphasis on mass transit and use of eco-friendly vehicles has the potential to

influence air pollution. Emission might be reduced by 40 percent through

application of eco-friendly transport system.

5.2 Recommendation for Sustainable Transportation System for Bangladesh

The following recommendation can be made on the basis of the study:

I) Encourage the use CNG in the motor vehicle fleet. This should include

referencing gas for government fleets, providing financial incentives for vehicle

conversions, or purchase of dedicated gas vehicles and financial support for

provision or conversion of fuel storage and distribution infrastructure.

2) Give greater priority to walking and cycling in transport and land use planning
and transport funding.

3) Efficiency of mass transport system, with emphasis to provide comfortable fast

journey, should be maximized within existing system. Improve our rail and mass

transit infrastructure as a means to promote economic 6'TOwth while ending

dependence on oil by expanding investment in our nation's rail infrastructure.
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4) Emission standards will play an important role in reducing pollution from

transport sector. Strict implementation of standards developed for vehicular

emission is the urgent need of our country and should get top most priority.

5) Alternative fuels are particularly appropriate for use in captive vehicle fleets

such as taxis, buses, auto-rickshaws and trucks. Incentive to switch to cleaner

alternative fuels can be provided trough differential fuel taxation.

6) Develop a rigorous transport energy research framework that sets out an

assessment process for allocation of funding support and accreditation of green

transport energy sources.

7) Incrementally increase excise on petrol and diesel to European levels to reduce

demand and to provide funds for health, environmental and sustainable transport

programs. The need for compensation for low-income earners should be

addressed, but not in the form of fuel subsidies.

8) Inform citizens about peak oil and foster community and community-based

solutions. Researchers and policy makers will need to be aware of both new

demands and new opportunities in a future marked by globalization and rapid
technological change.

9) Governments should lead by example by developing and implementing fleet

purchasing and management policies that require use of energy efficient vehicles

and alternative fuels as the first preference.

10) Initiate a national inquiry into the implications of peaking global oil production,

and the priorities for reform that will promote sustainability in the transport

sector. This should include scenario modelling to assess the consequences of oil

shortages, higher oil prices and transport energy alternatives.

II) Develop a national transport energy policy to guide action including taxation

and industry assistance reforms, vehicle design standards, vehicle purchasing
and transport planning.

12) Implement an effective Transport Energy Strategy for Bangladesh. Priorities for

action should include the government fleet, community awareness and

behavioural change, green transport investment and land use planning.
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13)Regular and effective vehicle inspection and maintenance programmes are

essential to reduce emission and also reduce energy consumption. Vehicles that

cause high air pollution and greater energy consumption should be eliminated.

14)In order to ensure sustainability and continuity, the national experts of

Bangladesh should be given more opportunities to get involved in planning,

development and in solving transport problems including urban transport.

15)Pricing strategies can also be used to reduce petroleum dependence. The pricing

options could contribute to reduce gasoline use through their effect on consumer

behavior.

5.3 Recommendation for Future Study

The following recommendation can be made for the extension of this study:

• Detail analysis is deemed necessary regarding the impact of oil supply and price

scenarios on transportation and economic activities.

• Detailed research and study is needed on the feasibility of alternative transport

energy technologies, including hydrogen fuel cells, electricity and biofuels

where these are based on renewable sources and deliver net energy output.

• Study should be conducted to assess the appropriate alternatives to the

conventional fuel in terms of energy and environment at the context of our

country.

• Further Shldy is needed to investigate effect of application of other transport

policy like expansion of mass transit, enhancement of rail or water based freight

transport on national energy demand and their consequence based on future

economy and environment.
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