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PREFACE

The economic growth and development are main objectives of any country in the
world so far now countries that developed their basics are now focusing on the
sustainability of the continuity of their development and growth. This developed
create some new challenges to the modern world and one of the critical challenge is

the climate-c hange. The emission of greenhouse

transportation, energy and different processes causing induced climate change and
fateful issue. The think tanks, national and international organization, government

sector oughttoengagefort he reducti on of dfféictengtheg@®MIGO s wi

Amongallot her GHGG6s t he c aneWhich hadeifooermostirepadt an
climate change.

The CO, emissions from the transport sector are in the measuring and monitoring
process too, the research studies, case studies of the companies are available to
share their experiences, lesson learned and for future research. To manage the CO;
emissions from transport sector it is very important to measure the existing
emissions by examine the fleet efficiency, set the target, developed the strategy and
gradually implement the framework. The strategy shall cover the emission sources,
the mobilization data, appropriate methodology for calculation and estimation,
organizational aspect and liability.

Monitoring all type of emissions from transport activities reduce the risk of data
reliability, the way for optimization is to identify the better and alternative road
transport, which could effect on lead-time, capability, warehousing and cost are the
factors that should be considered for future analysis. The typical barriers are the
introducing the new system, lack of knowledge, availability of resources and limited
number of options in any mood of transportation.

Reference to the Pakistan context the comprehensive data and studies related to
freight transport are missing, even the calculating and reporting the GHG emissions
from freight transport is not so difficult and the true calculation can be beneficial for
this particular sector. This cost of poor quality performance improve by measuring or
estimating the use of fuel, type and quality of fuel, the good logistics management,
freight management and bring up with the cost saving.
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This report focused on CO, assessment emitted from truck freight transport, efforts

to estimate the increase / growth of freight transport in Pakistan, future evolution of

GHG6s emissions in Pakistan by the truckin,
guantification of the risk to mitigate the emission, estimate the cost of low carbon

action implementation, the potential barrier in implementation process, the
development expectation and measure to overcome the hurdles in building the low

carbon scenario, the ultimate change from current scenario to a low carbon and its
macroeconomic affects, the position of current energy requirement and estimation of

future energy.

By clarifying these points the report will certainly help the transport sector to
understand the more details of the specific challenges of calculating and reporting
emissions. Encourage users and operators to adopt standardize approach for freight
transport management, its emissions monitoring and specific sector development,
also the effective and efficient supply chain which will be helpful to face the climate-
change challenges and implementing mitigations.



1. INTRODUCTION OF THE PROJECT

Pakistan, the country of around 195 million peoples and similar to the other Asian,
regional countries mostly relay on the road transport for passenger and cargo, the
existing road infrastructure, transport (passenger and freight) are reasonably
developed to accommodate and facilitate the users.

Road transport considered to be backhb
make road transportation a significant contributor of emissions at national level, this
road transport increases the burden on the economy of the country as consume half
of the imported oil and cause huge financial burden on economy of the country.
According to the statistics the population and economy grown so the users of the
road transport are also increased in 1990 there are 2.7 million vehicles which
increase to 5.5 millions in 2005 by increase over 100%, and 9.8 millions in 2010.

The National Highway and Motorway network comprises 7144 Kms, which is 4% of
the available road network of Pakistan and carries 63% oft ot a | traffl
Over the decade the road traffic both the freight and passenger increased due to
increase in population and increase in economic activities; however the rate of this
growth is faster than the national economy, the 90% growth in passenger and 96%
growth in freight transport were observed. This increasing in the road transport and
reliance cause many transportation problems, e.g. traffic congestion in cities,
increase in air pollution which ultimately degrade the quality of air and the GHG

emissions, these all factors associated with the ecological, social and health related

adverse impacts.
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Beside the road transport shipping by ports, railways and air-freight are also play
important role in freight transportation. Pakistan has three developed and operational
ports the Karachi Port Trust (KPT) and Port Muhammad Bin Qasim located in Sindh
province facilitating 95% of all international cargo and trade, the third Gwadar port
located in Balochistan was inaugurated in 2007, initially operated by Singapore Port
Authority and now being operated by China has important role in Pak-China
economic corridor aiming to develop hub of China trade-transit route to the Gulf
regions and to the central Asia. Other than the sea-ports at present Pakistan have 11
dry ports to deal with the freight transport and trade in the country. Six dry
ports running under the management of Pakistan Railways and five dry Ports

established and running under the management of private sector firms?.

In Pakistan the railways network build during the British era and it is not flourished as
it seems to be, the main network is the north-south railway lines, connecting the
Karachi the southern part of the country to the Landi-Kotal the northern point of
Pakistan Railways, this railways network connected with the Karachi port to the other
major cities, industrial and population centers of Pakistan however the passenger
railways is operational and increase whereas the freight and cargo not is the full-

operational condition.

Pakistan air transport also contributing in freight and passenger traffic, currently
there are 27 operational airports in Pakistan, Karachi is the main international and
national air port, head office of the national Civil Aviation Authority (CAA) and
Pakistan national flag carrier Pakistan International Airline (PIA), few private airlines
are also in business and contributing to the domestic and international air transport

(passenger and freight)®.


https://en.wikipedia.org/wiki/Dry_port
https://en.wikipedia.org/wiki/Dry_port
https://en.wikipedia.org/wiki/Dry_port
https://en.wikipedia.org/wiki/Pakistan_Railways

1.1 Economic Value of Transport Sector

Federal Government allocate 12-16% of the annual budget for transport sector in
their Federal Public Sector Development Program (PSDP), with all the problems and
challenges the transport sector contributing 10.5% of the country total GDP, having

6% of the employment opportunities in the country

The objectives of this study are well defined in the TOR document and same referred

T

in the inception report, working methodology, the study provides the baseline data
for the future evolution of GHG emission in Pakistan, quantitative data requires to
guantify CO, emission developing mitigation measures and set action plans,
assessment and estimation of cost required for low carbon fleets, identification of the
potential and possible barriers, referring case studies similar to the socio-economical
conditions of Pakistan to implement here for the development of low carbon scenario
in Pakistan, financing needs at macro level requires to shift from current position to
the low carbon scenario in line with the projected growth of freight transport of
Pakistan, covering the current energy demand & supply and future energy
requirement in Low Carbon Scenario, general emissions factors from Low Carbon
Scenario and breakdown of differences in emission in different scenarios.

Introducing system changes in order to decrease CO, emissions will have a range of
implications for all actors involved. Effects on lead-time, cost and warehousing
capability are some of the factors that will have to be further analyzed. Other barriers
to introducing system changes can be lack of knowledge, resources and available

transport options.



Through this study the consultant work to explore the possibilities for monitoring and
measurement of CO, emissions from transport, moving vehicles especially in freight
transport, freight transport and good are moving through 20ft. and 40ft. containers
and trucks, for other industrial and commercial transportation are used. The
objectives of the study aims to provide clear picture of the driving forces behind the
CO, emission factors, i.e. fuel type and quality, emission calculation methods,
instrument and techniques, significance of environmental impact due to emission
from freight transport. All this will be helpful to identify the causes of CO, emission,
providing possible solution and low carbon scenario.

1.2 Challenges

As mentioned earlier and observed in recent years and over a decade the transport
sector is growing, variety and quality of transport is also improved with the passage
of time, even with the functional and operational stage this sector is performing
below average due to multiple factors like long waiting and travelling time, lack of
planned investment in this sector, improper fleets and fleet management, below
satisfactory infrastructure, these factors also affect on competitiveness of the market
as well as slow the growth of the sector, in broaden aspect become constrain for
Pakistan to integrate with the global supply chain with the concept of just-in-time

delivery.

The road and infrastructure also requires improving and enhancing for the growth of
this sector in Pakistan half of the national highways, connected and link road
requires repair and maintenance. Another important element is the road safety;
unfortunately the road accident records are not properly maintained this comprises
both the incident situation and the dacoit at highways. There are certain causes of
road accidents which are either technical (pertaining to road and the vehicle) or
pertaining to the driver.

The fleet itself requires to be updated gradually as most of the trucks are obsolete,
underpowered and polluting vehicles, they become inefficient when overloaded. The
speed limit according to the capacity of the trucks is about 40-50kph which is half of
the truck speed in developed countries Europe and ultimately increased the time of
travelling.



2. BACKGROUND OF THE PROJECT

The Government of Pakistan (GOP) and United Nations Development Program

(UNDP) have entered into an agreement for a
Transport Projecto (PAKSTRAN) in 2011. The
supplement Provincial Government initiatives in Punjab and Sindh, to improve
transportation systems. The project is aimed at institutional strengthening and
capacity devel opment t o support regul atory
environmental challenges in the transportation sector.

CIU-Trucking started its operations from May 2015 at National Transport Research
Centre (NTRC), Ministry of Communication (RP) Government of Pakistan. The need
was felt because Trucking poses a major challenge for the environment and road
safety. CIU-Trucking is responsible to demonstrate international best practices for
modernizing the trucking fleet through developing fleet strategies in concert with
strengthening of regulatory institutions, and to create an investment environment
with widespread stakeholder acceptance to sustain modernization of trucking fleets.

‘

The trucking sector of Pakistan is operating in a highly competitive environment,
consisting mainly of a very large informal and un-organized segment. Low quality of

service is seriously impeding Pakistands tr



and external l evel s. Pakistands heald@Bhy
has | ed to significant increases iIn road
system can be characterized as:

Dominated by road transport with a share of 94% of all the freight, while the
opportunities for more energy efficient rail transport are clearly underutilized;

Being comprised mainly of trucks that are more than 40 years old that are highly
energy inefficient; and

A trucking industry that is highly competitive leading to dangerous transport practices

eco

fre

and overloading that damage Paki standés road assets. Up t

293,000 cargo trucks operating in Pakistan. The increases in road freight transport
have been one of the primary causes of
adversely i mpactdencgmpeitvdness and nnpedingt sustainable
economic growth.

t

h e



3. SCOPE OF WORK:

Assessment of CO, emissions from truck freight transport in a Low-Carbon (LC)
scenario of PAKSTRAN Project will result in assessment of CO, emissions from
trucking sector as well as pollutant emissions including greenhouse gases emissions
( GHGs) . |l denti fy opportunities to make
by aligning development and climate change agendas. As of policy, the project
would ensure that the investments contribute to the national sustainability goals,
comply with the national climate change and environmental policies, and result in
moving countryds e c-@nWsuoayandlow-carboB grewvih patis s
while reducing the carbon footprint. Under the study main task for consultant is to
evaluate carbon offset in Truck/freight sector institutional capacity for its
management in operational phase, and a continuation of the Low Carbon model
growth of the transport sector without interventions will be counter to Millennium

Paki

S

Devel opment Goals (MDGs) of fdfensur i7hand envi r c

to develop global partnerships to achieve development.




3.1 STUDY OBJECTIVES:

The overall purpose of the study is to collect valid and reliable information,
application and assessment of broad impacts and implementation mechanism that
will be accomplished by the following objectives:

Evaluate potential to develop a carbon emission protocol for Freight Lanes focusing
on CDM and voluntary carbon market.

Identify procedures for carbon emissions monitoring and analysis of development
impacts for the Trucking Sector.

Identify opportunities and mechanism for carbon emissions trading.

Evaluate institutional capacity for the overall management of carbon emissions in
Trucking/Freight sector.

Assessment of CO2 emissions from the freight transport in a Low-Carbon (LC)
Scenario.

3.2 PROJECT DELIVERABLES

The Study of assessment of CO, emissions from Truck freight transport identifies

opportunities to reduce GHG emissions while fostering sustainable development. It

provides technical inputs on ways to assess mitigation potential and conditions for

low carbon development in key GHG emitting sectors as of Transport.

The following project deliverables are planned:

1T Establishes a reference scenario by antici
GHG emissions

1 Identifies and quantifies actions that could be taken to mitigate emissions and
increase carbon uptake

1 Assesses the costs of implementing low carbon actions, identifies potential
implementation barriers, and explores measures to overcome them

1 Builds a low carbon scenario that meets development expectations

=

Analyzes the macroeconomic effects of shifting from the reference scenario to a
lower carbon pathway and additional financing needs.

Development of Low Carbon scenarios

Projections of freight transport of Pakistan

Estimation of future energy requirement for LC scenario

Estimation of CO, emission factors from LC scenario

= =4 4 A

Decomposition of differences in emissions among different scenarios.



4.0 GLOBAL WARMING AND GREENHOUSE EFFECT

The survival of earth is based on the certain parameters and natural phenomenons,
the earth receive energy, heat and water from different sources. To keep the
temperature of the earth at specific range is known as the greenhouse effect. The
short wave radiation from the sun reflect in the atmosphere and received as long
ware radiation on earth, the gases in the atmosphere, i.e. CO, and water vapors are
not affected by the incoming short wave radiation but absorb the outgoing long wave
radiation. This means that the trap heat in the atmosphere, keeping the temperature

on earth on a higher level than it would be without them. Without the greenhouse

effect the average temperature on earth would be about-1 7 AC compar ed

15°C.

o
BN

Source: Climatic.org

The concept of global warming refers to the increase in temperature on earth due to
the emissions of greenhouse gases to the atmosphere, where the rate of absorption
of long wave radiation is increased, which means the more and more heat is trapped
in atmosphere and resulting the increase in the temperature. This will further
increase the precipitation patterns and increase level.

t
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41 CO; Emissions

Among the greenhouse gases the carbon dioxide is the most significant contributor
of temperature increase, the other gases are methane, nitrous oxide, ozone and
water vapors. The carbon dioxide is released because of combustion of fossil fuel.
When the fossil fuel is combusted the carbon is the fuel reacts with the oxygen in the
air and makes a bond, there is formulation to calculate the amount of carbon in the
fuel and amount of carbon released. The simple calculation formula to be when a
fossil fuel is combusted, the carbon in the fuel reacts with oxygen in the air and
carbon dioxide is created. In a complete combustion process, i.e. when all carbon is
used, there is a direct relationship between the amount of carbon in the fuel and the
amount of carbon released (derived by Network for transport Measures - NTM 2007).
As most of the freight transport is operated on diesel fuel the formula is given below:

General Formula:

Cc x O x X [kg/1] = [Kg Co2 / Liter of fuel

Value for diesel fuel:

cc = carbon content in fuel in mass percentage = 86% = 0.86

O = fuel density = 0.820 [kg/1]

X = Molecular weight relation for CO2 = (12 p+ (2 x 16 W)/ 12 yu=44/12
Result for diesel fuel:

0.86 x 0.82 X (44/12) [kg/1] = 2.6 [kg CO2 / liter of fuel]

Source: NTM-2007, Calculating procedure for estimation of carbon emissions from fuels, the
specific numbers are referring to diesel fuel

Consequently the emission factor is close to 2.6 kg of carbon dioxide per liter of
diesel fuel. This value does not consider the fact that some of the carbon can be
released as hydrocarbons, carbon monoxide and particles. However, of the total
carbon emitted, less than one percent is in the form of hydrocarbons or carbon
monoxide. Since it is such a small share it is neglected in this study.

In order to compare different greenhouse gases with each other to get the total
impact on the environment, CO, equivalents are often used. This factor compares
the global warming potential (GWP) of the greenhouse gases with carbon dioxide as
the reference point (EEA 2007). E.g. methane has GWP 21 on a 100 year time
horizon. This means that one kg of methane emitted today has the same climate

impact (within the next 100 years) as 21 kg of carbon dioxide®.



4.2  Other Emissions

Beside the CO, emissions in the transport another important and significant emission
factor is SO, emissions depending on the Sulfur contents in the fuel. By the time
advancement in refining technology and engine types the contents of sulfur
decreases and common available fuel (if is not taken from illegal means) the sulfur
contents are low as compare to the past. Although the sulfur contents in fuel are
permitted as per the limited defined and mentioned in the national & international
standards for fuel processing.

Another important emission from transport sector are Nitrogen Oxides (NO, NOy),
particulate matters, Hydrocarbon and carbon mono-oxide CO. In Pakistan these
emissions are regulated under Pakistan National Environment & Quality Standard by
the regional / provincial Environmental Protection Agencies. All these and other type
of emissions can affect the environment differently based on the chemical structure
and properties and their behavior in the atmosphere. The following table provides the
brief about the environmental impact due to different emission factors.

Table 1: Environmental Impact Due To Different Emission Factors

Acidification, eutrophication, Health Problems

Acidification, eutrophication, Ground Level Ozone Formation, Health Problems
Ground Level Ozone Formation, Health Problems

Health Problems,

Health Problems, Pollutions, Climatic Change

Source: TKF, 2009

4.3 Transport Factors Affecting the Emission

Several issues have to be resolved in choosing appropriate emission factors for
transport operations:

a) Greenhouse gases to be included

b) Transport modes to be covered

C) Degree of disaggregation by type of vehicle and power source
d) Energy supply chain

e) Assumptions about vehicle load factors and empty running

f) Nature of the product

0) Logistical operations at differing levels in the supply chain

h) Geographical variability



4.4  Greenhouse Effect

CO; is estimated to account for around 93-95% of total GHG potential of emissions
from freight transport. Nitrous oxide and refrigerant gases make up most of the
remainder. Furthermore, most of the published emission factors for freight are
expressed solely in terms of CO.. It is recommended therefore that the carbon foot

printing of transport also be confined to CO,."!

45 Transport Modes
Emission factors will be required for the main modes of freight transport used to
move goods in Pakistan, i.e. Road, Rail and Air freight.

It is possible to calculate composite emission factors for intermodal transport by
weighting mode-specific factors with estimates of the distances travelled by each
mode. While this can be done for individual flows on particular routes, no published
data are available on the distancesplit between modes that would be required to
calculate average emission factors for different intermodal combinations at a set
level. Average values for this distance split have had to be estimated. One can
either use average values for each of the main modes or disaggregate them by
vehicle type and power source. The available datasets vary in the extent to which
they disaggregate emission factors and in the classifications they use. The mode

offering the greatest degree of disaggregation by vehicle type is road.

4.6 Energy Supply Chain

As discussed above, one of the main decisions that must be made in any carbon
measuring exercise is whether or not to include emissions from the extraction,
production and distribution of energy in other words whether the calculations should
be done eamwhae edlwde | bla s i saccount ofeemissipns aitahk goint of
energyconsu mpti on on t h#o-wheleill® @missiondactars duoted in
this report relate solely to fuel consumption onboard the vehicle, exceptin the case
of electrified rail freight operations where emissions from the generation of electricity

in power plants is included.



4.7  Fuel Efficiency

As responsibility for maximizing fuel efficiency rests with the carrier operators,
usually the shippers was not aware about fuel consumption because the carriers
were unwilling to provide such information which may lead to show their commercial
benefits and further negotiation from the shippers. The situation in Pakistan is much
difficult because the private fleet / truck operators and limited organization setup in
trucking sector. Without realizing the fact that the fuel efficiency is important to the
operator and provides them the confidence that their commercial benefits will not
suffer achieving fuel efficiency objective in freight transport is faraway. Government
shall also take initiative and provide some framework of relaxation and enforcement
carbon tax to this industry, surveys and monitoring of freight transport to their
operating efficiency on motorways along with other legislative requirements may

help.

4.8 Logistical Operations at Different Levels of Supply Chain

The nature of the freight transport operation varies across the chemical supply chain.
At the upper end of the chain, primary producers distribute their products mainly in
bulk in volumes. The average carbon intensity of these operations will, therefore, be
significantly lower than those of more specialist producers further down the chain
whose output is dispatched in smaller orders to a more diverse mix of  customers,



sometimes on road-based multiple-drop delivery rounds. Ideally, separate emission

factors should be applied to companies at different levels of the chain to reflect these
differences in carbon intensity. Simply extrapolating the carbon footprint of transport
operations at the primary end of the chain to the industry as a whole in proportion to

tonnages or sales is likely to under-estimate total carbon emissions from transport.

4.9 Geographical Variability
The average emission factors for particular modes vary from country to country as a
result of several factors; nature ofthe road infrastructure, level of traffic congestion,

maximum vehicle weight, level of fuel taxes, climate, topography, driving styles etc.

Some databases contain separate average emission factors for different countries.
Some countries also maintain national emission inventories, based on  country
specific emission factors. The range of carbon emission factors currently available at
country level for the various transport modes is too limited to conduct the analysis on
country basis. This would also require the companies to provide a breakdown by
country of the quantities of freight moved and average distance travelled. It may
eventually be possibl e t o obtain all the necessary c
analysis of transport emissions. For the foreseeable future, however, it will be
necessary to rely on average modal emissions factors as a whole and hope that
these faithfully reflect the national pattern of transport emissions across the
continent.



5.0 ROADS & VEHICLES

5.1 Characteristics of Road

Among the different emission modeling few requires description of the road
characteristics, type of the area (rural or urban) and the speed limit. The road length
is an essential parameter in any model as the road gradient is also an essential,
these all have significant effect on emission especially in freight transport and heavy

duty vehicles.

o Flow of Traffic / Traffic Volume:

The method in which emission are estimated based on the total Vehicle T Km
travelled in an area during a period of time, in this approximation the emissions are

proportional to the total amount of traffic on a road.

Usually the emission factors are presented in grammes-per-vehicle-kilometer
travelled or grammes per liter of fuel consumed. In this technique the common
approach is to weight each emission factor by the proportion of vehicles in the
relevant categories, these categories are according to the vehicle type (i.e.
motorcycles, cars, buses, heavy vehicles, etc), these categories are further classified



according to the emissions standards set by the manufacturer under the regulations

of a country.

o0 Vehicle operation:

The treatment of vehicle operation is one of the most complex aspects of emission
modeling. Vehicle operation may be represented using average speed alone, or
using other methods which explicitly allow for driving dynamics. Setting targets and
reducing emissions are the next logical steps after calculating emissions. In the long
term this is essential to prevent the negative impacts of climate change on the
economy overall, but in the short term there are also sound business reasons for
doing this:

o Improve cost efficiency:

When fuel is a large part of your total outgoings, it makes a lot of sense to measure it
closely. Any fuel savings translate directly into profits.

o Demonstrate Leadership:

By setting ambitious targets for reporting and reducing emissions, Government and
organizations can establish a strong reputation in your sector.

5.2 REDUCE EMISSIONS

Reduce vehicle km, seek to improve routing and networks Improve loading efficiency
Use the most appropriate vehicle possible for each job, including switching mode
Improve the efficiency of drivers through training, etc. Improve the efficiency of
existing vehicles through modifications and improved maintenance regimes switch to
more efficient vehicles, and less carbon intensive fuels. Interpreting CO, Data for
Freight Transport Great care must be exercised in interpreting the available CO, for
freight, for several reasons:

i. Differing assumptions about the utilization of vehicle capacity:
The amount of fuel consumed and CO, emitted, is very sensitive to vehicle load

factors. Agencies promoting par t i cul ar transport modes

sometimes base CO, calculations for their mode on high levels of utilization while
using average load factor data for competing modes.

ii. Use of parameters derived from international studies:

as



Vi.

In the absence of carbon intensity data for freight transport operations in a
particular country, researchers often rely on intensity values calculated for other
countries or international averages. This is risky as there are wide international
differences in the nature and efficiency of freight transport operations and in the

condition of transport infrastructure.

Sectoral allocation of CO, emissions.

In Pakistan the transport are typically dominant by their activity, where freight
transport is undertaken whose main activity is not transport, the related freight
emissions are excluded. This makes it difficult to obtain a comprehensive, cross-
sectoral measure of CO, emissions from freight transport. This is the main reason
for that the official statistics still not developed accurately at government level.

Use of tonne-kms as the output measure for freight transport:

Analyses of the carbon intensity of freight transport invariably express CO,
emissions as a ratio of tonne-kms, i.e. weight transported multiplied by the
distance travelled. For some modes and commodity types, it would be more
appropriate to measure freight movement in terms of volume rather than weight.
Lack of government statistics on the cubic volume of freight makes this

impossible.

Movement of freight in passenger vehicles:
A significant amount of freight (mainly shopping) is moved in cars or public
transport vehicles. This does not appear in any official statistics and so has not

been included in CO; calculations for freight transport. With the growth of online

shopping, responsibility for the 061l ast

the consumer to the retailer / delivery company.

CO; and other global warming gases:
CO; is only one of several gases which contribute to global warming. It is
estimated to account for around 84% of the global warming impact of the

transport sector.



5.3 VEHICLE MANUFACTURED IN PAKISTAN

The collaborative efforts will be helpful in both the commercial aspect and reduction in carbon emission, fuel management
practices may introduced to apply for fuel economy measure as it is import in the country and Pakistan economy have huge burden
of these import payments. The categorical model setup for the freight transport would be introduced with respect to design,
maintenance and operation of vehicles which may leads towards the better and further sustainable transportation system. Below is
the table shows the production and sales of freight transport vehicles in Pakistan, even with the limited manufacturers of this
specific freight vehicle the sales and production is not significantly increased or remain constant due to many reasons, e.g. import
of new trucks and engines at low cost, the consistent old models with very little modification, uncertainty in the business, no R & D
facility / activity in this sector, etc.

Table 2: Freight Vehicle Manufactured In Pakistan

Production 1,476 1058 768 1237 1307 2070 1700 2655
Sales 1,510 1055 842 1163 1338 2037 1724 2652
Production 857 378 208 228 469 515 567 926
Sales 852 378 226 224 487 519 551 1166
Production 784 641 648 712 746 490 384 590
Sales 811 650 583 693 736 505 362 619
Production 922 597 299 420 379 350 481 822
Sales 938 580 297 314 381 559 495 913

4,039 2674 1923 2597 2901 3425 3135 4993

4,111 2663 1948 2394 2942 3620 3136 5350




5.4  Vehicle Design
The brief about the vehicle design, maintenance and operation, fuel consumption is
strongly affect by the following attributes of the vehicles:

- New Trucks / Vehicle: Various manufacturer have claims about their fuel
efficiency and economy and the manufacturer are much clear and claimed that
the new truck / vehicles have economical in fuel consumption compare to the old
model and this variation is different from model to model and class of vehicle
about 5% - 10% variation was reported.

- Rating according to Engine power: Purchasing of more powerful truck than the
current need of operation is very common as the operators have some future

demands in their objectives.

- Weight of the Vehicle: Weight of the vehicle is significant factor in consumption
of fuel, as the buyers interested to buy the unit which is light in weight
manufactured by light metal such as aluminum or carbon fiber; unnecessary
fittings also increase the weight of the vehicle.

- Aerodynamic Shape: The conventional body structure of the trucks in Pakistan
is also cause the consumption of fuel the new and modern aerodynamic shape

potentially save the fuel about 6% - 20%.

- Advance Devices: Installation of some advance devices such as fuel meters,

speed governors are also in practice for fuel efficiency and economy.



5.5

Vehicle Operation

Vehicle operations have number of issues to be addressed they fundamental are:

Fleet Management: The management is to assign the right vehicle to the right
job, the assigning of job and task shall be according the capacity and capability of
the vehicles as well the operator, this could be done by analyzing the fuel
consumption and other performance records.

Vehicle Maintenance: Proper maintenance of the vehicle can also improve the
efficiency of the truck fleet in freight operations as the sector is operated by the
private owners the concept of preventive maintenance is not importantly
measure, however this practiced in fleet companies, usually the maintenance
issued like proper engine tuning, fuel / heat leaks, under-inflated tires and
misalignment of axles. These issues can affect on the fuel efficiency of the
vehicles and leads toward major defect.

Drivers Training: Driving style is also an influential factor on fuel efficiency, the
drivers training program will be helpful in improving the fuel efficiency generally it
is observed by 8% - 10%.

Speed Limits and Lead Time: By managing the delivery lead time, drivers were
encouraged to follow the indicated speed limits on vehicle speed to achieve fuel
saving.



6.0 MODERNIZED IN FREIGHT TRANSPORT

Through this project the basic frame-work is to developed for the agencies and actors
involved in the carbon emission monitoring and measurement in the freight transport
sector, this covers the district, city government level notification, provincial regulations,
federal law or act, in absence of any national regulation regarding the CO, emission from
truck freight the regional, any obligatory document consider as the reference. The truck
freight transportation improvement can be done through proper planning, ways to used
efficient energy, reduce the impact on climate, betterment of health and ultimately
improve the economy. The involvement and active participation from highways
authorities, freight business owners and operators are required this will further encourage
to the low carbon vehicle partnership through international donors agencies, organization
finance in carbon sector, carbon trust

addresses the following areas for national and international cooperation:

- Defining some roadmap through development of managerial and technical
documented procedures for fleet / truck management.

- Drafting the policy frame work for sustainable freight transport system

- Open the research opportunities in freight transport

- Spread awareness for the adoption and implementation of national and international
standards related to freight transport.

- Harmonization between stakeholders to share common practices.

The discussion about new truck technologies and fuels that may be required to
achieve GHG emission reductions in the time frame set by the climate change policy
frame-work for Pakistan. It covers the trends, available technologies for efficiency
and for deploying new fuels, the potential for adopting these technologies and fuels
in the medium and longer term, resulting impacts on GHG emissions, and potential
policies to achieve specific targets. Given the scope of the paper and resources
available, it does not consider potential changes in freight movement or methods of
reducing truck vehicle miles traveled, or achieving energy savings from logistics,
information and communications technologies, automation, changes in spatial
structure, or other strategies related to goods movement.

NGC



6.1 Technologies and Fuels for Trucks

There are several types of trucks with a range of usage and travel characteristics.
Different studies and reports often do not use the same groupings. These differences
in truck grouping also affect fuel economy and fuel consumption, vehicle range and
fuel storage requirements, and subsequent vehicle cost, and help guide the
identification of the most appropriate technologies for reducing CO..

6.2 Cost and CO, Comparison across Technologies and Fuels

New vehicle technologies generally are more expensive when they are first
commercialized, with costs decreasing over time due to increased production
volumes and improvements in design and manufacturing. The costs for present and
future heavy-duty trucks are estimated to vary significantly by technology and fuel
type. Mature technology costs, such as the purchase price of diesel trucks, are held

constant or either increased in Pakistan under the enormous pressure on economy

by imports and mismanagement.

In the developed countries and when we are talking about road transport USA is one
of the examples where the incremental technology advances may cost more when
introduced but volume sales will then reduce these costs. Fuel cell trucks are
estimated to be the most costly; though their price drops substantially due to fuel cell



cost reductions related to scale and technology learning. Several potentially
i mportant but wuncertain factors that affect
this sector fruitful to invest due to very slow progress, law & order situation, safety
and security of the fleet as well as staff, due to poor infrastructure the cost of
maintenance is high, these factors directly impact on vehicle maintenance, potential
additional downtime, possible loss of payload due to increased vehicle weight,
impact of more frequent fueling, financing of new technologies, and infrastructure

requirements

6.3 Truck Fuel Economy Standards

In 2011 the U.S. National High Traffic Safety Administration (NHTSA) and
Environmental Protection Agency (EPA) implemented complementary fuel economy
/ GHG emissions standards for heavy-duty trucks covering 2014-2018 models (and
tailored to each of three main regulatory categories: combination tractors, heavy-duty
pickup trucks and vans, and vocational vehicles) (EPA, 2014).

The standards are based on energy and CO, emissions per mile, as well as grams of
CO, per ton-mile and gallons per 1,000 ton-miles. (Engine standards use another
metric: grams of CO.e per brake horsepower-hour or gallons per 100 bhp-hr.) Overall
they are expected to cut fuel use per mile by between 9% and 23% depending on
truck type, via the adoption of a range of technologies including engine and drive
train improvements, light weighting, aerodynamics, tire improvements and auxiliary
improvements such as more efficient air conditioning systems. EPA estimates that
this standard will save 530 million barrels of oil and reduce GHG emissions by
approximately 270 million metric tons, saving vehicle owners and operators an
estimated $50 billion in fuel costs over the lifetimes of the vehicles covered (EPA,
2014).

These standards are scheduled to be revised during 2015/2016 although the
rulemaking process is complex, there will be changes in the way that trucks and
truck engines are tested and the standards are expected to be tightened. This
process is a critical part of maintaining a strong rate of fuel economy improvements
in trucks and reaching the efficiency improvement potential out to 2025 and beyond.



Since in Pakistan the standard for manufacturing / assembling of these heavy duty
trucks are established and maintained by the PSQCA, the emission factors are much
generalized and even not implemented properly. It is clear that more and quick
actions are needed in this area and this is right time to investigate and implement the
action for the improvement. Further to the improvement the policies and legal frame-
work should also be established for the overall improvement and management of this
industry so it will be production, efficient, effective and income generated for private
organization and government by collection of revenues.

6.4  Future Evolution of GHG Emission in Pakistan

Pakistan is among the lowest emitters of greenhouse gases in the world, but ranks
among the highest in terms of vulnerability to climate change. Its high dependency
on the Indus River system makes it particularly vulnerable to the increasing rate of
glacial melt and erratic monsoon patterns. The 2010 floods affected 20 million
people and caused extensive damage to infrastructure, services and livelihoods.
This was repeated to a lesser extent in 2011, 2013, 2014 and 2015. Major disasters
such as these have spurred government interest in implementing disaster risk
reduction (DRR) and climate change adaptation measures.

National and Provincial Disaster Management Authorities have been set up, in
addition to the federal Ministry of Climate Change. The National Climate Change
Policy was approved in 2012. Since 2013, there has been a greater emphasis at the
national level on climate change mitigation, with the Ministry of Climate Change
actively pursuing the development of Nationally Appropriate Mitigation Actions
( NAMAs) across the energy, transport a
to achieve proactive and inclusive policy action on low-carbon and climate-resilient
development that reduces long-term risk from climate change to human security and

economic growth in the country.

Global Emission Projections Emission projections for four Green House Gases
(GHGS) i.e. Carbon Dioxide (CO,), Methane (CH4), Nitous Oxide (N20) and Sulpher
Dioxide (SO,) under different set of scenarios are presented in various seminars and
workshops. Presently about 8 gigaton carbon is being emitted to the atmosphere

from various sources including industry, agriculture, forest, transport, land use etc.
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which is expected to rise to the level of 30 gigaton by the end of this century if
emissive rate is maintained. Nitrous Oxide is another important GHG with large
warming potential of air and it is released from industry, fertilizers and polluted
stagnant water. Its concentration in the air is likely to reach 26gt from the present
state of 16gt if status-co is maintained. Methane is largely emitted from paddy fields
as rice cultivation is generally done by flood irrigation. China, Bangladesh and
Philippines are the major producers of rice and largely blamed as main emitter of
methane.

Other sources include animal dung and swamps. Present level of methane emitted
to atmosphere is 590 terra grams which is most likely to be doubled by the end of
21° century. Sulpher Dioxide is highly hazardous gas for living things and it makes
sulphuric acid when joins atmospheric moisture. First spells of precipitation in areas
of its higher concentration occur as acid rains and this water not only contaminates
the soil and open water sources but affect the biological processes in animals and

plants

As Pakistan struggles with the rising risks of floods and melting glaciers, it is crafting
a plan to cut its planet-warming emissions under a new global climate deal due to be
agreed in Paris in December. Pakistan is currently considering a goal to reduce its
greenhouse gas emissions by 30 per cent from 2008 levels by 2025.



Pakistan accounts for less than one per cent of total global emissions and there is

still an opportunity in cutting the carbon emissions. Viable carbon-cutting policies

identified for Pakistan include boosting renewable energy, cutting electric power loss

during transmission, more efficient water use in agriculture to reduce diesel-powered

pumping, minimizing farm tillage to keep carbon in the soil and using manure to

generate biogas. Paki st andés energy and transport sec
source of emissions, together making up half of the national total, while agriculture

produces 39 per cent, according to a 2008 national greenhouse gas inventory.

At present, t he count myad an aenoal rats of ebnperceaty e i nc
Pakistands carbon emissions @0;ledquivatert gperh 400
year) by 2030 if the business-as-usual scenario remains intact. Uncurbed emissions

would speed up the melting process of glaciers in the north, trigger severe floods

and harm t he c o gmwth; fprésss haa enajor pateintial to reduce the

national carbon footprint, as trees sequester carbon.

Emi ssions could be cut nearly 40% by expand,]
area under forest from around 5 per cent no
can be achieved by involving communities, educational institutions and the private

sector in mass tree plantation campaigns. fF
acomplete banontree-c ut ti ng during the next 15 to 20

6.5 Mass Transit Buses

The transport sector alone is respons i bl e f or about a fifth o
emissions and over half of oil consumed. The introduction of energy-efficient mass
transit systems could shrink the sectorods c
2025 and some progress has been made. A mass transit bus system launched in

Lahore a couple of years ago and the new Rawalpindi-lslamabad Metro Bus system

is operational and aim to remove around one million cars from the road, from a total

of 12-13 million, cutting a significant amount of carbon emissions. The model is

being extended to other cities, including Ka

The country could maximize energy generation from renewable sources, including

hydro, solar and wind, to provide the bulk of electricity needed to supply 90 per cent



of the population. Water storage capacity could be boosted from 30 days to 90 days,
to enable an increase in hydro-power generation, it adds. But the actions presented
in the INDC are expected to be conditional on increased international assistance
through a range of channels, including the fledgling Green Climate Fund.

6.6 Emissions, Action and Mitigation

Pakistands Green House Gas (GHG) emi ssions
standar ds. I n 2008 Paki st an@®msilionhtomneslof CGHG e mi
equivalent. These comprised: CO2 54%; Methane (CH4) 36%; Nitrous Oxide (N20)

9%; Carbon Monoxide (CO) 0.7%; and Non-Methane Volatile Organic Compounds

0.3%.°!

Energy sector is the single largest source of GHG emission in Pakistan; it contributes
nearly 51% of these emissions and is followed by the Agriculture sector (39%),
Industrial processes (6%), Land Use, Land Use Change and Forestry (3%) and
wastes (1%). As such, the most important targets for mitigation effort involving
reduction of GHG emission are the Energy and the Agriculture sectors. In the energy
sector, integration of climate change and energy policy objectives is particularly
i mportant as todayo0s heimrasature; &uel &and wwchhologied | o c ki
to be used for decades to come. Similarly, the building and transport infrastructure



put in place today should meet the design needs of tomorrow. Therefore, greater
attention must be paid to the energy efficiency requirements in building codes and
long term transport planning.

Energy Pakistands energy sector has, besi de
gas (the fossil fuel with the lowest Carbon intensity), and very low reliance on coal

(the fossil fuel with the highest Carbon intensity) in utter contrast to the patterns of

primary energy consumption and electricity generation worldwide. It is largely for this

reason that the CO, emissions per unit of energy consumption in Pakistan are

among the lowestinthewor | d. Wi th this consumption patt
reserves have depleted to such an extent that it will be difficult to maintain even the

present level of production for long. Similarly the local oil resources are also dismally

low.

The only sizable fossil fuel resource available in Pakistan is coal with an estimated
resource base of 185 billion tonnes. To meet an increasingly large fraction of its
future energy needs, Pakistan has no alternative but to seek meeting an increasingly
large fraction of its future energy needs through the use of its practically unutilized
vast coal resources. As such, clean coal technologies are expected to be part of the

energy mix for the medium term future.

To find solutions to the present energy needs and future energy requirements, a
creative and sustainable energy policy framework is necessary that may help in
reducing the green house gas (GHG) emissions. The change in energy mix, the
development of renewable energy resources and the increase of nuclear and
hydroelectric share provides an opportunity to reduce carbon emissions in the
energy sector in Pakistan. The Government of Pakistan shall take the following
policy measures for mitigating its GHG emissions: Policy Measures:

a. Give preferential status to development and promotion of hydropower generation;

b. Ensure that the negative impacts of hydro-power projects on the environment as
well as on the local communities are properly assessed and addressed;



Promote development of renewable energy resources and technologies such as

solar, wind, geothermal and bio-fuel energy;

. Promote futuristic buildings design with solar panels for energy self sufficiency,

especially in public sector buildings;

. Pl an the necessary expansion of ysewgty ear

while ensuring the highest safety standards;

Explore the possibility of obtaining technological know-how and its transfer for
installing the clean coal technologies like Pressurized-Fluidized-Bed Combustion
(PFBC), Near-Zero Emission Technology (NZET) for vast coal reserves in south
of Pakistan and their inclusion in future pulverized coal Integrated Gasification
Combined Cycle (IGCC) systems;

. Ensure that new coal-fired power stations perform at high-efficiency level and are
designed in such a way that they can be easily retro-fitted for Carbon dioxide
Capture and Storage (CCS);

. Install plants to generate power from municipal waste;

Consider introducing carbon tax on the use of GHG intensive energy generation

from fossil fuels;

Promote and provide incentives for activities required for shift in energy-mix and
fuel-switching program to low-carbon fossil fuels, and develop indigenous
technology for CO, Capture and Storage (CCS); Waste Heat Recovery,
Cogeneration; Coal Bed Methane Capture; and Combined Cycle Power

Generation;

. Give preference to import of natural gas, Liguefied Natural Gas (LNG) and
Liquefied Petroleum Gas (LPG) over import of oil and coal except for meeting
specific fuel requirements e.g. liquid fuel for transportation, coking coal for steel

industry etc.
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6.7 Energy & Transport Sector

Energy Efficiency and Energy Conservation to ensure ample energy supply to
achieve the economic development goal, energy efficiency improvement, energy
conservation and demand reduction provides excellent and cost effective ways to
reduce carbon emissions and achieve the climate change mitigation goals. The
Government of Pakistan shall, therefore take on the following policy measures:

Policy Measures

a. Strive to conserve energy and improve energy efficiency in all energy using
devices and processes;

b. Examine the gradual introduction of #AGreen
economy, including energy, water, waste/sewage etc. to achieve carbon emission
reductions objective;

c. Enact and enforce energy conservation legislation and audit standards;

d. Ensure quality management of energy production and supply, including reduction
in transmission and distribution losses;

e. Improve energy efficiency in building by standardizing building and construction
codes and legislating/creating incentives for retrofitting, maximum use of natural
light, better insulation and use of energy efficient lights, boilers, appliances and
ground water pumping units;

f. Promote and gradually make it mandatory to specify the energy efficiency/ fuel
consumption rates of energy using equipment and devices of common use.

Transport sector has shown the highest emission growth rate of all sectors and
accounts for about quarter of carbon dioxide emissions in Pakistan. Thus managing
emissions in transport sector is crucial for tackling climate change. What makes the
task of reducing emissions in transport too difficult is to tackle the fact that the scope
for technical improvement is limited, at least, in the short run and that transport
volumes are closely linked to economic growth. Similarly, the emissions from
aviation sector are also a matter of concern. In fact emissions of aircraft which are
injected directly into upper atmosphere are much more harmful than similar
emissions at surface because of their longer residence time in upper troposphere.
However, despite difficulties, some policy instruments are available to reduce
emissions in road and air transport, therefore, the Government of Pakistan shall take
the following policy measures:



Road Transport

a. Sensitize public to the importance of proper vehicle maintenance for fuel
efficiency enhancement and reduction of emissions;

Ensure the provision of efficient public transport (Busses) system in the country;
Set up and strictly enforce vehicle emission standards;

Examine and implement actions required for the use of bio-fuel for local transport;
Plan and develop mass transit system in metropolitan cities;

Promote the scope of CDM projects in the transport sector;

@ =0 a0 o

Support private transport by providing incentives for environmental friendly

transport services, e.g. electric/ hybrid vehicle for urban use;

h. Promote the development and adoption of environmental-friendly transportation
technologies and efficient management technique;

i. Promote use of CNG in transportation sector

j. Secure financing for technology innovations for urban planning and the
transportation sector, specifically to address the mitigation issues;

k. Development of new pipelines for efficient transportation of oil in the country;

I. Develop and promote in-land waterways transportation.

Aviation
a. Encourage airlines to give due consideration to the fuel efficient new technology
aircrafts causing minimum carbon emissions, while planning new fleet;
b. Support International Civil Aviation Organizationds (
emission reduction through improved air traffic management, which include
improved weather services and free flight air routes instead of defined routes that
hold the potential for reduced flight time and thus fuel consumption;

c. Participate actively i n | CAOOGs activities
strategies and policies of ICAO may not hurt the economic interests of developing
countriesd aviation industry.

Railway

a. Ensure the provision of efficient railway system in the country;
b. Upgrade and expand the railway network in the country as the advantages of
railway over road travel in terms of carbon emissions are well recognized.



7.0 Low Carbon Actions
7.1 Development of Low Carbon scenarios

Al t hough a relatively | ow gl obal greenhous
carbon footprint is expected to grow exponentially with increasing economic
development and rapid population expansion. Appropriate low-carbon interventions

taken now can help to ensure that Pakistan remains a low emitter as the country

develops, without hampering its growth potential.

.....

Here is an urgent need to improve the evidence base surrounding greenhouse gas
emissions and mitigation options in Pakistan. In common with other developing
countries, Pakistan is on a journey to assess and select options that could be taken
up to lower greenhouse gas emissions across sectors of its economy. This process,
which includes quantifying reductions and investment needs and assessing options
against national development criteria, is the building block for a low-carbon
development strategy. Implementation may be partly realized through international
support. CDKN support for Pakistan has helped to establish the priority sectors
where emissions can be reduced (energy, including transport, represents
approximately 50% of national emissions and agriculture a further 40%); to identify
priority actions for climate compatible development; and to determine generic and
specific opportunities in key technologies, such as renewable energy, and key areas,
such as small and medium-sized enterprises (SMES).



To further develop a low-carbon outlook for Pakistan, a good understanding of the
current situation in Pakistan and how this could be expected to change under
business-as usual growth is needed. This requires an updated reliable greenhouse
gas emissions inventory, the last complete emissions inventory for Pakistan was in
2008, reliable projections of emissions for each sector without intervention; a so-
called reference case. This reference case is the starting point for options analysis;
assessing different technologies/ options and their contribution to both mitigating
climate change and achieving Pakistanbo

7.2  Future Energy Requirement for LC Scenario

Low-Carbon Development Growth Pattern of Cities and Towns these objectives will

be achieve by introducing innovations in urban planning to mitigate and adapt to the

adverse impact of climate change by the following actions:

Estimate the fuel and energy needs of the expanding cities

1 Design transport corridors for fast and efficient urban transportation

1 Amend building laws to ensure that all new building are constructed using

1 Architectural designs appropriate to local climate Promote lifestyle, adaptation,
and choices, through civil society organization that

1 Requires less energy Advance low-carbon pilots in provinces and cities

1 Explore diversified patterns of low-carbon growth

7.3 Low-carbon Scenario Assessment

The low-carbon scenario assessment includes a bottom-up analysis of mitigation
opportunities and a top-down economy-wide economic, energy and emissions
model. The analysis will demonstrate how mitigation actions can contribute to low-
carbon pathways in the six sectors set out in the United Nations Framework
Convention on Climate Change (UNFCCC), energy, transport,
industry, agriculture, forestry and waste. The first step in the assessment is the
development of sectoral greenhouse gas emissions baselines from 2008. Emissions
are then projected out to 2025 to create the reference case, against which
abatement potential is estimated for the six mitigation sectors. Potential mitigation
actions are reviewed to identity those that offer greatest opportunity for encouraging
emissions reductions, align with Government of Pakistan priorities, and result

in sustainable development benefits.”
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7.4  Methodology for Low Carbon Scenario

In conjunction with Pakistani partners, the Centre for Climate Research and
Development at COMSATS, the International Institute for Sustainable Development,

and the Energy Research Centre of the Netherlands (ECN) are establishing sector

baselines and low-carbon scenarios for Pakistan, for each of the six sectors under

United Nation Framework Convention on Climate Change (UNFCCC) inventories,

i . e. energy, transport, industry, agricultu
2025 policy outlines the low-carbon development journey.

Sectoral Baselines Low-Carbon Options

Review government planning

: : Establish most viable low-carbon
documents and literature on Pakistan

development options fo Pakistan and
their current status

Determine historical GHG emissions

Investigate the options:
from 1990 to 2010

- Emissions reduction potential
- Abatement costs

Forecast emissions to 2030 (at five-
year intervals)

Assess sustainable development and
climate resilience benefits

Local review and validation e . .
Validate assumptions and analysis

with Pakistan experts

Priority Low-carbon Options

Figure 1: Methodology for Low Carbon Scenario

Sectoral Emissions Baseline /
Reterence case

The low-carbon scenario analysis represents an essential building block for
Pakistands | NDC, and provides a way for infoc
debate on the low carbon future. But the INDCs are just a first step; in common with

countries around the world, Pakistan will be broadening and implementing its low-

carbon development strategy and implementing options to 2025 and beyond.

Separate assistance to Pakistan by a these organizations has outlined a roadmap for

the development of Pakistan 6s | NDC f or consideration by
Climate Change, and will support the development of an INDC for the energy sector

and at least one other sector, likely to be mitigation from agriculture. That said,

Pakistan is not a large emitter, and its vulnerability to floods and disasters mean a

large part of its INDC will focus on adaptation.



8.0 MEASUREMENT AND ASSESSMENT

8.1 The Measurement Procedure
The Carbon Trust UK has recommended a five step procedure for the measurement
and reporting of carbon emissions from businesses. In this section we will discuss

each of these steps as they relate to chemical transport operations

It is important for a company or industry to establish at the outset why they are
measuring carbon emissions because the answer to this question largely determines
the required degrees of coverage, accuracy and disaggregation. There are several
possible reasons, some external to the business and others yielding internal
benefits.

8.2  Measuring Approach

There are two general approached to measure the CO, emission from freight
transport as these were developed to estimate the carbon foot print for the
companies and their suppliers, based on which the organization set the targets to
reduce the carbon emissions from direct and indirect sources, these approached are
define here in brief'°:

Input-Based Approach

This is top-down measurement in which the estimation is derived from the
fuel/energy purchase by the supplier for the specific operation of a particular sector
and this makes it difficult to obtain disaggregated CO; for logistic services.

Output-Based Approach

This bottom-up approach in which the estimates is based on the actual amount of
work done and energy consumed during that work per unit of the output, which is
generally measured by tone-kms and energy consumption. This bottom-up approach
usually provides accurate estimates of the CO, emissions.

There are various factors affecting emissions and commonly taken into account
using the following parameters.



External factors

7.
8.
9.

. Setting objectives for carbon measurement

Legal obligation

In sectors covered by the European Emissions Trading Scheme (ETS) or national
carbon taxation / levy schemes, carbon measurement is compulsory. While the
production activities of chemical companies are currently covered by these
schemes, transport andlogistics operations are still excluded.

Customerrequest: industrial customers can ask for estimates of the amount of
car bon ¢ e mbiretlledpeoduéts they buy. This is beginning to happen in
the retail grocery sector, though is still uncommon in the chemical industry.
Corporatesocial responsibility: Carbon auditing and reporting  is becoming a
key aspect of CSR.

Participation in industry-wide surveys and benchmarking exercises: Industry
sectors are keen to demonstrate and i mprove
Internal motives

Identifying opportunities for  cutting carbon and improving efficiency
Assessing the carbon impact of logistics decisions and investments.

10.Measuring changes in carbon emissions through time.

Carbon Measurement Process
(Source: Carbon Trust UK, 2007)



