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DISCLAIMER

Although reasonable care has been taken to ensure that the information sourced is relevant and correct, Ernst
& Young Pvt. Ltd in particular, makes no representation or warranty, express or implied, as to the accuracy,
timeliness or completeness of any such information.

Our responsibility in performing this study is solely to the management of Dedicated Freight Corridor
Corporation of India Ltd (DFCCIL), and in accordance with the terms of reference agreed with DFCCIL. We do
not therefore accept or assume any responsibility for any other purpose or to any other person or organization.

We made specific efforts to quantify GHG emissions only based on our information from discussions and data
and information made available to us by DFCCIL and discussions with other railway experts. However, the
outcome of the exercise may not be considered exhaustive and representing all possibilities, in view of
uncertainties in the processes of implementation of the future Dedicated Freight Corridor, though we have
taken reasonable care to cover different scenarios in the Report.

This Report is meant for internal use by the management of DFCCIL, and should not be used for any other
purpose.
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1. Highlights of the key study outcomes

The huge industrial growth rate of India has increased the demand of freight transportation in the
country. It will be difficult for Indian Railways alone to cater to the projected freight transportation
demand of India for the next 25-30 years even if it pursues ambitious capacity growth plan. Also
global endeavor for a low carbon economic growth is emphasizing on low carbon infrastructure and
energy efficient transport system. In view of these facts, Indian Railways has conceptualized the
Eastern and Western Dedicated Freight Corridors (DFC) between the Indian metro cities. The
implementation of the DFC is expected to generate two major impacts on the freight movement:
shift of freight from road to the low carbon intensive mode rail transport and inherent improvement
in energy efficiency of freight rail through adoption of improved technologies. The key purpose
behind initiating this study was:

To establish, through an objective and independent analysis, that DFC is a more climate-friendly
way of freight transportation since it reduces GHG emissions w.r.t freight transportation by
existing rail and road system

To develop a long-term low carbon road-map which will enable DFC to adopt more energy
efficient and carbon-friendly technologies, processes and practices

The study, for the sake of analysis, considers two reference scenarios viz the ‘No-DFC scenario’ and
the 'DFC scenario’ to analyze and compare the 30 year projection of GHG emissions between them.
The 'DFC scenario’ refers to the scenario where Dedicated Freight Corridor is implemented in the
Eastern and Western Region of India. Eastern Corridor stretches between Dankuni and Sirhind (1799
km) whereas the Western Corridor stretches between Dadri and Jasai (1483 km). ‘No-DFC scenario’
represents the scenario where in absence of DFC implementation the freight would have been
carried by the Indian Railway and road.

1. Cumulative GHG emissions for 30 years (in million ton CO,) for each of the corridors under the
DFC and No-DFC scenarios is presented in the table below :

Eastern Corridor Western Corridor
Freight to be transported under DFC scenario 1975 3241
GHG emissions under No-DF C scenario 114 465
GHG emissions under DFC scenario 48 77
GAP of corridor wise GHG emissions between No-DFC scenario 67 388
and the DFC scenario

2. Coal and iron & steel are the two major commodities carried by the Eastern DFC which account
for almost 65% of total freight GHG emissions in the corridor. Container and RO-RO are the two
major commodities carried by the Western DFC, accounting for about 85% of total freight GHG
emissions of this Corridor.

3. The study establishes that the transportation infrastructure under the ‘No-DFC scenario’ is
inadequate to cater to the freight volume and category mix proposed to be carried by the DFC
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route. Besides, being less carbon intensive, this is another driver for the implementation of the
DFC.

4. GHG emissions solely contributed by the construction of the new route of DFC are about 0.64
million ton CO,. This is a one-time emission and represents about 2.5% of the total GHG
emissions.

5. DFC intends to follow a low carbon path adopting various technological options which can help
DFC to operate in a more energy efficient fashion and at the same time explore options to offset
its own GHG emissions by investing in low carbon assets such as solar power, wind power and
afforestation. Some of the interventions which could reduce GHG emissions are communication
based train control (CBTC), driver advice system, regenerative braking, aerodynamic profiling in
rolling stock and on-board lubrication system. DFC project team is working closely with various
experts and technology suppliers to assess feasibility of implementing these ideas for low carbon
growth which would further decrease the carbon intensity of DFC's operation resulting in GHG
emission of about 6.8 million ton CO; in the Eastern Corridor and 10.9 million ton CO; in the
Western Corridor over a period of 30 years.

6. Some of the GHG abatement levers which also have potential to earn carbon revenue through
Clean Development Mechanism (CDM) include Regenerative Braking, Adoption of green building
features, CBTC, solar power generation etc.

10
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2. Executive Summary

The economic growth of India has put a huge pressure on the rail freight transportation network,
one of the most affordable modes of transport in the country. It will be difficult for Indian Railways,
even under the ambitious growth plan, to achieve the required freight transportation capacity. On
the other hand, global endeavor for a low carbon economy has put thrust on low carbon
infrastructure and public transport systems like energy efficient railways to strategize their
operations in the future years. Considering the huge freight traffic movement between the metros,
Indian Railways is mulling to introduce Eastern and Western Dedicated Freight Corridors (DFC). The
Special Purpose Vehicle named Dedicated Freight Corridor Corporation of India Limited (DFCCIL) is
entrusted with the responsibility of implementation of the DFC. The implementation of the DFC is
expected to generate two major impacts on the freight movement: shift of freight from road to the
low carbon intensive mode rail transport and inherent improvement in energy efficiency of rail
transport.

The scope of this study primarily consists of two key elements:

Forecasting of the greenhouse gas (GHG) emission trend under the DFC scenario and the No-
DFC scenario over a period of 30 years. The trend analysis has been performed in five year
bands, with the reference year of each band coinciding with the terminal year of successive
five year plans of the Government of India.

Identification of possible interventions or levers of GHG abatement (over and above the
measures proposed for the DFC) and their techno-economic assessment to suggest a low
carbon path for DFC's operation.

Some key terminologies:
DFC scenario: Implementation and operation of dedicated freight railway and associated
infrastructure in Eastern and Western India called the Eastern DFC and Western DFC respectively
and catering to a total freight volume of 5216 billion tonne-km. While the Eastern DFC will mainly
cater to coal, iron & steel and empties, the Western DFC will cater to container, fertilizer and POL.
GHG emissions under DFC scenario will include CO, emissions due to:

Electricity consumption in locomotives during freight movement through DFC with axle load

25T.

Fossil fuel and electricity usage in support infrastructure of DFC!.

No-DFC scenario?: In this scenario, there will be no investment in creating dedicated rail freight
transportation network like DFC. Instead freight will continue to be carried by freight trains
operated by the Indian Railways and road based transport (i.e. commodity carriage and heavy duty
trucks). This is also the most plausible alternative mode of transport in absence of DFC and is
termed as No-DFC scenario. GHG emissions under No-DFC scenario will constitute of CO, emissions
from:

L IL&FS Final Traffic Report-“Project Development Consultancy for Preparation of Business Plan for DFC",
August 2009

2This is the Baseline which is the scenario that reasonably represents the anthropogenic emissions by sources
of GHG that would occur in the absence of the proposed DFC. Here Baseline to the DFC is the most plausible
mode of transport catering to similar quantity of freight volume on the same route as that of DFC.

11
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Diesel and electricity consumptions in locomotives during freight movement through rail
with axle load 22.9 T, catering to equivalent quantity of freight.
Diesel and electricity consumptions in locomotives during unplanned halting® of freight
trains due to congestion on rail routes.
Diesel consumption in heavy duty trucks during freight movement through road where modal
shift happens from rail to road due to inadequate freight carrying capacity of the railway
Fossil fuel and electricity usage in the support infrastructure?.
Base Year: 2016-17 is the Base Year for estimation of GHG inventory. This is also the expected
year of the start of DFC's operations.
Base Case: This is the reference case taken for the GHG emission calculations. All scenarios such as
high growth and low growth scenarios have computed with variations in the base case parameters.
Forecasting period: GHG forecasting and scenario modeling has been performed for 30 year period
(i.e. 2016-17 to 2041-42)°. The initial year of each period is also termed as reference year.
Annual emissions: GHG emissions are estimated for each reference year of a 5 year period. The
emissions are expected to remain constant in each year of the 5 year period. ‘Annual GHG
emissions’ under any reference year denotes the annual emission for each year of that 5 year band.

Approach and methodology

The GHG emission estimation followed by development of monitoring and reporting framework has
been performed following internationally accepted guidelines such as GHG Accounting Protocol of
World Business Council of Sustainable Development/World Resources Institute and ISO 14064. The
boundary for the study has been selected in accordance with the ‘Control Approach’' as per the
guidelines of the GHG Accounting Protocol.

For the purpose of GHG emissions forecasting and scenario modeling all the freight projections have
been taken from the IL&FS Report (which did the freight projection along Eastern and Western
Corridor based on GDP, capacity expansion plans, industrial growth etc). The saturation capacity of
each rail section (commodity wise) is estimated based on the year of attaining the saturation
capacity provided by the JICA report. Based on the freight projections and saturation capacity/year,
the shift to road is estimated for the No-DFC scenario.

For details on the methodology adopted for the study please refer to the Annexure 2.

Key Outcomes of the Study:
In 2016-17, GHG emissions under ‘No-DFC scenario’ would have been 8.7 million ton CO:
while those in case of DFC would be 2.59 million ton COs.
According to the projection, in 2041-42, GHG emissions under ‘No-DFC scenario’ would
have been 33.2 million ton CO;, while those in case of DFC scenario would be 5.97 million
ton COs.

3 The DFC track would be dedicated only for freight train movements and hence no unplanned halt due to
passenger trains.

4 No-DFC scenario support infrastructure primarily includes rail stations, workshops, wagon sheds, signaling
system, staff quarters, administrative buildings, etc with facilities and features presently found in Indian
Railways.

5 This actually means 2016-17 to 2045-47. Here each 5 year period is denoted by its initial year or reference
year for that 5 year period. Annual emissions have been estimated for each reference year. The annual
emissions are expected to remain constant for each year in that 5 year period.

12
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The GAP of GHG emission between No-DFC scenario and DFC scenario increases from 6.11
million ton CO; in 2016-17 to 27.23 million ton CO, in 2041-42 i.e. almost by 4.5 times.
Cumulative GHG emissions over the 30 year period in the No-DFC scenario would have been
582 million ton CO; while in the DFC scenario it would be 124.5 million ton CO,. This
demonstrates that in absence of DFC implementation approximately 4.5 times more GHG
would be emitted in 30 year period for freight transportation in the Eastern and Western
Corridor.
In both No-DFC scenario and DFC scenario, the Eastern Corridor produces less GHG
emissions than the Western since the latter caters to a higher volume of freight.
In the Eastern DFC, coal transportation is the highest contributor of GHG emissions followed
by transportation of iron & steel. However in the Western DFC, transportation of container
and RO-RO are the major contributors of GHG emissions.

Exhibit Al: Trend of projected annual GHG emissions due to freight transportation by DFC (in
million ton CO,)
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Exhibit A2: Trend of projected annual GHG emissions due to freight transportation in absence of

DFC: Corridor-wise (in million ton CO>)
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Exhibit A3: Rail-road share of total annual projected GHG emissions due to freight transportation

in absence of DFC (in million ton CO.)
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Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor

From the above Exhibit it is evident that under ‘No-DFC scenario’ GHG emissions from rail becomes
almost constant from 2026-27 onwards as the saturation sets in the railway sections and as a
consequence, more and more freight shifts to road. This leads to increased GHG emissions from
road based freight transport since road transport is more GHG-intensive than rail transport (CO;
emission factor of heavy duty vehicles is greater than emission factor of rail).

14
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On a cumulative basis (over 30 years), in the Eastern Corridor, the No-DFC scenario produces 2.5
times more GHG emissions than the DFC scenario while for the Western Corridor, the No-DFC
scenario produces 6 times more GHG emissions than the DFC scenario.

Exhibit A4: Cumulative GHG emissions over 30 years (2016-17 to 2041-42): No-DFC scenario vs.
DF C scenario (in million ton COy)

Eastern Corridor Western Corridor

~2.5x
47.5 77
No-DFC scenario DFC scenario No-DFC scenario DFC scenario

Note: Cumulative denotes that the emissions are not on an annual basis (for each reference year) but a
summation of emissions of all 30 years i.e. the summation of emissions for all 6 reference years multiplied by 5.

GDP figures, freight volume and GHG emissions due to freight transportation in the DFC scenario as
well as the No-DFC scenario increases almost linearly over the 30 year period. The growth of GHG
emissions in the No-DFC scenario show a steeper slope in the second half of the 30 year period due
to:

-almost all rail sections in both corridors get saturated and modal shift from rail to road takes place.
Road being a more carbon intensive way of freight transport as compared to the railway system,
GHG emissions increase due to road based transport.

15
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Exhibit A5: Variation of GHG emissions with GDP and freight volume
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All the important figures have been tabulated for the DFC and No-DFC scenarios in the
tables.
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Table Al: Important figures at a glance

Parameters No-DFC scenario | DFC scenario

2016-17 | 2021-22 | 2026-27 | 2031-32 | 2036-27 | 2041-42 | 2016-17 | 2021-22 | 2026-27 | 2031-32 | 2036-27 | 2041-42
Annual GDP (trillion 58 83 116 161 221 235 58 83 116 161 221 235
INR)
Total annual freight 563 718 852 975 1113 1391 474 628 769 913 1065 1367
transport (billion ton-
km)
% of freight by road 25.2 35.7 42.5 47.4 52.0 58.8 N.A. N.A. N.A. N.A. N.A. N.A.
% of freight by rail 74.8 64.3 57.5 52.6 48.0 41.2 100 100 100 100 100 100
% of electric locos 44 47 49 45 60 66 100 100 100 100 100 100
% of diesel locos 56 53 51 55 40 34 N.A. N.A. N.A. N.A. N.A. N.A.
Grid emission factor 0.683 0.653 0.624 0.597 0.571 0.546 0.683 0.653 0.624 0.597 0.571 0.546
(tCO2/MWh)
Annual GHG emissions (in million ton CO2)
CO2 emissions from 0.10 0.09 0.08 0.07 0.06 0.05 N.A. N.A. N.A. N.A. N.A. N.A.
congestion
CO2 emissions from 8.54 12.78 16.70 20.32 24.50 33.10 2.59 3.27 3.85 4.36 4.86 5.97
freight transport
CO2 emissions due to 0.015 0.015 0.015 0.015 0.016 0.015 0.026 0.026 0.025 0.025 0.024 0.024
energy consumed in
support infrastructure
CO2 emissions due to N.A. N.A. N.A. N.A. N.A. N.A. 0.642 N.A. N.A. N.A. N.A. N.A.
energy consumed in
construction for DFC®
Total COz emissions 8.655 12.885 | 16.795 | 20.405 | 24.576 | 33.165 3.258 3.296 3.875 4.385 4.884 5.994

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor

6 This is a one-time emission and has been accounted for in the first year of DFC operation for sake of simplicity.
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Table A2: Important figures at a glance-Eastern Corridor

Parameters No-DFC scenario DFC scenario

2016-17 | 2021-22 | 2026-27 | 2031-32 | 2036-27 | 2041-42 | 2016-17 | 2021-22 | 2026-27 | 2031-32 | 2036-27 | 2041-42
Total annual freight 213 252 276 311 350 408 206 250 293 341 395 490
Transport (billion ton-
km)
% of freight by road 94 90 88 84 79 73 N.A. N.A. N.A. N.A. N.A. N.A.
% of freight by rail 6 10 12 16 21 27 100 100 100 100 100 100
Annual GHG emissions (in million ton CO2)
CO2z emissions from 0.05 0.04 0.04 0.03 0.03 0.02 N.A. N.A. N.A. N.A. N.A. N.A.
congestion
CO2z emissions from 2.12 2.73 3.17 3.91 4.80 6.24 1.13 1.30 1.47 1.63 1.80 2.14
freight transport
Total COz emissions 2.17 2.77 3.21 3.94 4.83 6.26 1.13 1.30 1.47 1.63 1.80 2.14
Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor

Table A3: Important figures at a glance-Western Corridor

Parameters No-DFC scenario DFC scenario

2016-17 | 2021-22 | 2026-27 | 2031-32 | 2036-27 | 2041-42 | 2016-17 | 2021-22 | 2026-27 | 2031-32 | 2036-27 | 2041-42
Total annual freight 350 466 576 664 764 983 268 378 476 572 670 877
Transport (billion ton-
km)
% of freight by road 63 50 43 38 34 28 N.A. N.A. N.A. N.A. N.A. N.A.
% of freight by rail 37 50 57 62 66 72 100 100 100 100 100 100
Annual GHG emissions (in million ton CO2)
CO2z emissions from 0.05 0.05 0.04 0.03 0.03 0.02 N.A. N.A. N.A. N.A. N.A. N.A.
congestion
CO2z emissions from 6.42 10.05 13.53 16.41 19.70 26.85 1.46 1.97 2.38 2.73 3.06 3.83
freight transport
Total COz emissions 5.47 10.10 13.57 16.44 19.73 26.87 1.46 1.97 2.38 2.73 3.06 3.83

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor
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Note: The No-DFC scenario considers freight transportation by existing Indian Railways structure
(considering growth rate of IR based on historic trends). However due to saturation of certain
sections of IR, commodities are required to be transported by road. In case of powerhouse coal,
road transportation is not economically feasible. Therefore, for the purpose of this study it is
assumed that no coal is transported by road. Other roadable commodities like salt and food grains
are transported by road. There is a surplus capacity created due to the shift of these roadable
commodities from rail to toad which is used to transport more coal. However even this rail capacity
is not sufficient to carry the entire volume of coal to be transported to meet the projected demand
of coal. Hence, quite logically some of the powerhouses slip to the next 5 year plan.

Interventions for GHG abatement
The above analysis establishes that DFC scenario is expected to be less GHG emitting than the No-
DFC scenario. However there are specific technological interventions possible which if implemented
could reduce GHG intensity of the designed system of DFC even further. DFC intends to follow a low
carbon path adopting various technological options which can help DFC to operate in a more energy
efficient fashion and at the same time explore options to offset its own GHG emissions by investing
in low carbon assets such as solar power, wind power and afforestation. Some of the interventions
which could reduce GHG emissions are communication based train control (CBTC), driver advice
system, regenerative braking, aerodynamic profiling in rolling stock and on-board lubrication
system. DFC project team is working closely with various experts and technology suppliers to assess
feasibility of implementing these ideas for low carbon growth.
The following CDM interventions would be most attractive in terms of CDM revenue.
Communication based train control (CBTC): Falls in the category of energy efficiency.
Applicable CDM methodology could be AMS II.D
Regenerative braking: Falls in the category of low GHG emitting vehicles. Applicable CDM
methodology could be AMS III.C
Adaptation of green building features: Falls in the category of energy efficiency. Applicable
CDM methodology could be AMS II.E
Utilization of Solar power (PV) or wind power as a power source for DFC support
infrastructure (demand side): Falls in the category of renewable energy sources. Applicable
CDM methodology could be AMS I.A or AMS I.D
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Exhibit A6: Evaluation of CDM potential of GHG abatement levers

Parameters description Methiodolic?gy Em|$$|.on Additionlity | Monitoring Overall Comment
applicability | Reduction
Weightage 20% 30% 45% 5% F('z‘:‘i SO?;;‘* 100%
GHG abatement levers
Utilization of steel in super structure 1 3 1 1 1.6 Low
Utilization of aluminum in super structure 1 3 1 1 1.6 Low
Double stack container (5 car articulated unit) 1 3 1 1 1.6 Low
Demand Side Double stac'k container (flat 'car'5 car unit) 1 1 1 1 1 Low
energy On board ra'll and v'vheel lubrication 3 2 2 1 2.15 Moderate
e Aerodynamic profiling 3 2 2 1 2.15 Moderate
! Regenerative braking 3 3 3 3 3 High
— Bathtub moncoque design 1 3 1 2 1.65 Low
Use of centre sill design 1 1 1 2 1.05 Low
Communication based train control(
+Electrinically controlled pneumatic brakes) ! 2 3 ! 22 Moderate
Adoptation of green building features 3 1 3 3 2.4 High
References

The study broadly follows the following documents:

WBCSD/WRI” Green House Gas Protocol Corporate Accounting and Reporting Standard for
the approach/methodology of carbon accounting.

Infrastructure Leasing & Financial Services Ltd (IL&FS)- Final Traffic Report-“Project
Development Consultancy for Preparation of Business Plan for DFC" - August 2009- data
and information used for the analysis and for 30 years projection, parameters pertaining to
features of the rolling stock and conversion multiplication factor from 22.9T to 25T axle load
have been accumulated from here

Japan International Cooperation Agency (JICA) Final Report “The Feasibility Study on the
Development of Dedicated Freight Corridor for Delhi-Mumbai and Ludhiana-Sonnagar in
India"- October 2007, Rites Feasibility Study Report - January 2006- data and information
used for estimating the modal shift from rail to road, the year of attaining capacity
saturation for each rail section in No-DFC scenario has been sourced from this report.

Rites Feasibility Study Report -parameters related to support infrastructure for DFC and
standards of construction has been taken.

Inputs from DFCCIL (tenders floated, business plan etc), railway domain experts, technical
consultants and other information from publicly available sources have been used as
required.

7 World Business Council for Sustainable Development/World Resources Institute
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3. Key terminologies

DFC scenario: DFC scenario’ refers to the scenario where Dedicated Freight Corridor is
implemented in the Eastern and Western Region of India. Eastern Corridor stretches between
Dankuni and Sirhind (1799 km) whereas the Western Corridor stretches between Dadri and
Jasai (1483 km).

No-DFC scenario: ‘No-DFC scenario’ represents the scenario where in absence of DFC
implementation the freight would have been carried by the Indian Railway and road.

Base case: This is the reference case taken for the GHG emission calculations. All scenarios
such as high growth and low growth scenarios have computed with variations in the base case
parameter values.

Baseline: Refers to the No-DFC scenario

High growth scenario: A scenario has been conceived when annual GDP will be 2% higher w.r.t.
annual Base Case GDP , increase in share of electric locomotives will be 5% compared to the
Base Case and No-DFC scenario rail freight capacity will witness 5% increase w.r.t. Base Case.
Low growth scenario: This scenario conceives a lower economic growth where the annual GDP
will be 2% lower w.r.t. annual Base Case GDP, increase in share of electric locomotives will be
2% compared to the Base Case and No-DFC scenario rail freight capacity will witness 2%
increase w.r.t. Base Case.

Low carbon scenario over base case: This scenario is conceptualized considering potential clean
technologies and practices (in both energy demand side and supply side), that could be adopted
by DFC in its proposed configuration in order to achieve a growth path with minimum GHG
emissions. In this scenario we have also forecasted India's grid emission factor (tCOz / MWh)
considering 10% increase in capacity share of renewable/ non-conventional energy to the grid,
over and above the planned renewable/ non-conventional capacity addition.

Support infrastructure: It includes all energy consumption sources required for the smooth
working of the Indian railways or DFC except the operation of the trains. This includes DG sets,
lights/fans/ACs at staff quarters and stations/wagon sheds, emergency lighting, signals etc.
Construction activities: Activities related to construction of the DFC which includes earthwork,
slope leveling, blanketing, ballasting, track laying, welding of rails, packing of tracks, piling,
OHE and signaling works erection, construction of bridges and transportation of required
materials.

Carbon intensity: Ratio of GHG emissions and the freight quantity transported.

Annual emissions: GHG emissions are estimated for each reference year of a 5 year period. The
emissions are expected to remain constant in each year of the 5 year period. ‘Annual GHG
emissions’ under any reference year denotes the annual emission for each year of that 5 year
band.

Total GHG emissions indicates that the emission figures are a summation of Eastern Corridor
and Western Corridor

Cumulative denotes that the emissions are not on an annual basis (for each reference year) but
a summation of emissions of all 30 years i.e. the summation of emissions for all 6 reference
years multiplied by 5.
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4. Project background

The Indian Railways consumes about 1.1% of the total energy consumption in the country® and its
contribution to the GDP is 1.2%°. In 2007-08, 40% freight was transported by Indian railways and the
rest 60% by road. However rail emissions accounted for only 4% of the total GHG emissions due to
freight transportation while road emissions accounted for the rest 96%. The economic growth of
India would contribute to the rapid increase in demand for freight transport. The key player in the
freight transport sector of India, Indian Railways, would not be able to achieve the required freight
transportation capacity, even with all its ambitious growth plans. This is expected to drive the
demand for higher GHG emitting road based transportation further. Besides being less carbon
intensive, the railway is a more economic mode of freight transportation. Also, the global endeavor
for a low carbon economy has put thrust on low carbon infrastructure and public transport systems
like energy efficient railways to strategize their operations in the future years.

Indian Railways is proposing to develop Dedicated Freight Corridors (DFC), connecting four metros
of Delhi, Mumbai, Kolkata and Chennai. Development of the DFCs is expected to cater to the growing
freight demand and promote modal shifts of freight from road transport to the rail network. In
addition to the efficiency improvement and other operational benefits, this shift is expected to offer
a significant reduction of GHG emissions. Certain GHG abatement levers if implemented could also
provide carbon revenues through Clean Development Mechanism (CDM) under the Kyoto Protocol.

This study proposes to estimate and forecast the GHG emissions under the DFC scenario and the
No-DFC scenario (i.e. in absence of the DFC) for a period of 30 years. The study would focus on the
Eastern DFC and the Western DFC. The Eastern DFC extends from Dankuni to Dhandhari Kalan for a
distance of 1799 km and would transport 1975 billion ton-km of freight over the 30 year period.
Major commodities on this corridor would include coal, iron and steel and empties. The Western DFC
extends between JN Port to Dadri for a distance of 1483 km and would transport 3241 billion ton-
km of freight over the 30 year period. Major commodities on this corridor would include container
and RO-RO.

The objective of the study essentially comprises of:

i) Estimation and forecasting of the Baseline (No-DFC scenario) GHG Emission trends of freight
transport operations on the planned DFC corridor. The same shall be projected for the 30 year
period.

ii) Assessment of the GHG Emission Trends from various components of DFC, and support
infrastructure such as train stations, wagon sheds, signal rooms, storage yards, other amenities /
infrastructure for the operation of the DFC.

iii) Assessment of the GHG Emission Potential during Construction of DFC due to use of various
construction equipments, movement of vehicles, setting up of sleeper yards, fabrication units,
quarries, staff quarters and various other construction activities.

8 http://www.uic.org/IMG/pdf/Powerpoint-bmlal-2.pdf
9

http://www.rb.indianrailways.gov.in/indianrailways/VISION%202020_Eng_SUBMITTED%20TO%20PARLIAMENT
.pdf
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iv) ldentification of specific GHG Emission Reduction Interventions in the design (through suitable
design modifications, change of technical specifications, etc.), construction (through suitable
construction practices, strategies, techniques, tools, etc.) and operation phase of the DFC.

Exhibit 1: Scheme of relevant processes for rail freight transportation

Cumulative energy demand for freight transportation (including infrastructure)

Construction
Energy and
distribution operation of
railway tracks

Energy consumption for
operation of trains and
infrastructure

Operation of

Energy production vehicles

Power generated at power
stations
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5. Approach and Methodology

The approach and methodology followed for this study has been illustrated as below.

Exhibit 2: High level overview of the study

©)

©) ©)

Identification of
GHG emission
sources for

-No DFC scenario
-DFC scenario
-DFC
Construction

Collection &

-From DFCC,IR,
sectoral experts &

sources.

Assimilation of Data

other public domain

Analysis of GHG emissions
in No DFC scenario & during
construction and operation
of DFC

-Calculation in accordance
with WBCSD/ISO Standards
-Projection of GHG
emissions for a 30 year

Outcomes
»Projection of No DFC

period. scenario emissions from

current transport

operations under base

case & scenario

P T Assessment analy'sis.'

Assessment of GHG Emission of GHG Identification »Projection of
No DFC Y emission of GHG emissions during the
scenario GHG potential Emission operation phases of

Emission
Trends

various
components of
DFC

Reduction
Measures

during
construction
of DFC

DFC under base case &
scenario analysis.
»Emissions during
Construction of DFC.
»|dentification of GHG
Abatement levers

©)

Identification of GHG
Abatement Levers

Key -Potential specific CO,
emission reduction
Input D opportunities
. -Energy efficiency
Main mode! [l improvement
Outcome [ opportunities.

The study period of 30 years has been split into six five year bands and annual GHG
emissions have been estimated for each such band. The trend analysis has been done in six
five year bands, with the reference year of each band coinciding with the terminal year of
successive five year plans of Government of India.

All the freight projections (no. of trips per day per section for each commodity) for the DFC
scenario (axle load 25 T) have been provided by IL&FS Report (based on GDP, capacity
expansion plans, industrial growth etc).

The no. of trips have been converted to No-DFC scenario (axle load 22.9 T) using
multiplication factors.

The saturation capacity and year of attaining saturation capacity by each rail section under
the No-DFC scenario has been provided by the JICA Report. All freight above saturation
capacity is assumed to be transported by road (except coal, since coal is a non-roadable
commodity).

The total train load (wagon + locomotive) is determined and multiplied with each sectional
distance commodity wise.

The summation of train loads
corresponding emission factors.

is multiplied with mix of diesel-electric trains and
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Exhibit 3: Snapshot of the approach used for the study

Base Case Emissions
and projection for 30 yrs

Electricity induced

emissions

Fossil fuel induced
emissions

>

Freight Movement
through electric
locomotives

— T Empties movement

Unplanned halting

Support
infrastructure

Freight Movement
through diesel
locomotives

Empties movement

Unplanned halting

Freight movement
through road

Support
infrastructure

Factors used for projection

® Regression analysis on GDP, agro GDP, gross
area under cultivation, population; for coal
freight projection done on the basis of actual
demand.

= Average of growth rates of commodities
(coal, fertilizer, food grains, iron & steel,
cement)

= Projection onthe basis of CAGR on average
train speed

= Considering standard values andnorms

= Regression analysis on GDP, agro GDP, gross
area under cultivation, population; for coal
freight projection done on the basis of actual
demand.

= Average of growth rates of commodities (coal,
fertilizer, food grains, iron & steel, cement)

= Projection on the basis of CAGR on average
train speed

= Modal shift considering saturation of rail
sections

= Considering standard values and norms

GHG emission sources for both the No-DFC and DFC scenarios have been identified and are
illustrated in the following exhibit.
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Exhibit 4: GHG Emission Sources for No-DFC & DFC scenarios

Emission

Sources

‘ No-DFC
scenario
sources

DFC scenario
sources

Construction
equipments

Construction

Vehicular
movement

Operation

Freight
Movement
through Rail

Congestion
(fuel
consumption
during idle
time)

Freight
Movement
through Road

No-DFC
support
Infrastructure

Support
Infrastructure
of DFC

Freight
Movement
through DFC

Electricity
consumption in
electric loco

Diesel Consumption in
diesel loco

Electricity
consumptionin
electric loco

Diesel consumptionin
diesel loco

Diesel consumption in
heavy duty trucks

Electricity
consumption (stations,
wagon sheds

Fossil fuel
consumption, in DG
sets in stations etc

Electricity
consumption in
electric loco

For setting the operational boundary for the GHG emission estimation study, guidelines of the GHG
Protocol (of WBCSD/WRI) has been followed.
The control approach has been followed while boundary setting.
The operational boundary for the Eastern Corridor includes Eastern Railways, East Central
Railways, Northern Railways, North Central Railways and National Highways.

The operational boundary for the Western Corridor includes Western Railways, Central
Railways, North Western Railways, North Central Railways and National Highways.

Both emission factor and calorific value for diesel have been taken from 2006 IPCC Guidelines for
National Greenhouse Gas Inventories. The grid emission factor has been projected based on data

from Central Electricity Authority and Planning Commission, Govt of India.

This GHG emission quantification,

monitoring and reporting has been performed following

internationally accepted guidelines such as the GHG Accounting Protocol'® and ISO 14064.

Please refer to Annexure-2 for further details.

10 of World Business Council of Sustainable Development (WBCSD) and World Resources Institute (WRI)
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6. Estimation and forecasting of major input parameters used for the analysis

a) Projection of India’s national grid emission factor

CO; emission factor of the national grid is an important factor to estimate GHG emissions from
railways drawing power from the electricity grid. Central Electricity Authority (CEA) of Govt. of India
publishes the emission factor (EF) of the national grid which is updated every year based on factors
such as installed thermal/nuclear/renewable capacity and units of power generated from different
sources. Since EF is dynamic it is forecasted for the coming 30 year period.

The projection of emission factor for national grid'! over and above the base-year'? has been done
based on projected thermal/renewable capacity additions?3.

Table 1: Emission factor of national grid (¢CO./ MWh)

—mmm

‘081‘068‘ ‘062‘ ‘057‘ ‘

b) Factors used for estimation of diesel emissions

To estimate GHG emissions due to freight transportation by road, emission factor of diesel and net
calorific value of diesel have been used. The same is tabulated as below.

Table 2: IPCC factors for diesel

Parameter Unit Value
Emission factor tCO./TJ 74.1
Net Calorific Value TJ/ton 0.043

¢) GDP figures considered for the study

The GDP figures used for the study (to calculate freight volume) are tabulated in the following table.
Scenario analysis (i.e. the high growth scenario and low growth scenario) has been conceptualized
by changing the GDP figures by +/-2% (this has been discussed in Chapter 8).

11 http://www.planningcommission.nic.in/aboutus/committee/wrkgrp11/wgll power.pdf

http://mnre.gov.in/pdf/11th-plan-proposal.pdf

12 As per Combined Margin Emission Factor of CEA database version 5.0 for 2007-08

3Considered from (a) Planning Commission Working Group for Power Sector report - February 2007, (b) grid-
interactive renewable energy capacity addition from MNRE XIt" Plan Proposal - December 2006, (c) Solar
power capacity addition forecasted by the National Solar Mission.
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Table 3: Projection of GDP figures for India

Year ‘ Annual GDP (INR trillion)
2016-17 58
2021-22 83
2026-27 116
2031-32 161
2036-37 221
2041-42 235

d) Other important factors determining the GHG emission trends

The mix of electric-diesel locomotives is an important parameter which determines the trend of GHG
emission values in the No-DFC scenario. The analysis shows that the share of electric locomotives
increases at a CAGR of 1.4% over the 30 year study period.

Exhibit 5: Mix of diesel-electric locomotives: No-DF C scenario (in %)

62.6 62.6 61.6 61.4 61.0

59.0 56.0 53.0 49.0 45.0 40.0 34.0

680
47 600
55.0

[ TR
\

2000-01 2001-02 2002-03 2003-04 2004-05:2011-12 2016-17 2021-22 2026-27 2031-32 2036-37 2041-42
Actual values 1 Projected values
Electricloco Diesel loco

The year of attaining saturation by the various rail sections is another important factor which has a
major impact on the GHG emissions under the No-DFC scenario. This factor determines the volume
of freight to be transported by road.
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Table 4: Expected year of reaching saturation capacity of rail sections in No-DFC scenario'*

Eastern DFC Western DFC

Expected year Expected year
Section of capacity of capacity
saturation saturation

1 Dankuni - Andal - Dankuni Dadri-Rewari - Dadri
Not expected Not expected in
2 Andal - Gomoh - Andal within a period | Delhi-Rewari - Delhi the 30 years
30 years period

3 Gomoh - Son Nagar - Gomoh Hisar - Rewari - Hisar
4 Son Nagar - Mughal Sarai - Son 2030 Rewar! - Phulera -

Nagar Rewari
5 Mughal Sarai - Allahabad - Phulera - Ajmer -

Mughal Sarai Phulera

2015

Ajmer - Marwar -

6 Allahabad - Kanpur - Allahabad "
Ajmer

2010
7 Kanpur - Tundla - Kanpur marwar - Palanpur -
arwar
8 | Tundla - Aligarh - Tundla Palanpur-Mahesana -
Palanpur
2020
. . . Mahesana-Sabarmati
9 Aligarh - Khurja - Aligarh - Mahesana
10 | Khurja - Dadri - Khurja Sabarmati-Vadodara -
Sabarmati
Vadodara -
11 | Khurja - Kalanaur - Khurja 2010 Gothangam - 2015
Vadodara
12 Kalanaur - Sirhind - Kalanaur Gothangam-Vasai Rd
- Gothangam
2015
13 S!rh!nd - Dhandhari Kalan - Jasa! - JN Port - 2025
Sirhind Jasai

14 JICA Final Report "“The Feasibility Study on the Development of Dedicated Freight Corridor for Delhi-Mumbai
and Ludhiana-Sonnagar in India”- Volume 3, Task 2, October 2007
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e) Freight volume transported by the No-DFC scenario

In the No-DFC scenario freight is transported by both rail and road (once railway sections get
saturated due to inadequate capacity of Indian Railways). The freight volume to be transported by
the No-DFC scenario is greater in case of the Western Corridor. This is on account of the facts that:
-Western Corridor has greater proximity to active ports
-Huge volume of container traffic which would be transported by the Western Corridor

Exhibit 6: Annual growth in freight volume to be transported by No-DFC scenario (mode wise) (in
billion tonne-km)

Eastern Corridor Western Corridor
CAGR
706 6%
504
CAGR 411
329
12 8%
74.5 232
51 1.34%
296
12 2222 2:21% 260 275 130
10,
201 - P 247 253 260 277 0.8%
2016-17 2021-22 2026-27 2031-32 2036-37 2041-42 2016-17 2021-22 2026-27 2031-32 2036-37 2041-42
Rail " Road Rail " Road
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f) Freight volume transported by the DFC scenario

The cumulative freight volume to be transported by the Eastern DFC is 1975 billion tonne-km while

the Western DFC would transport 3241 billion tonne-km of freight over the period of 30 years.

Exhibit 7: Annual growth in freight volume to be transported by DFC scenario (in billion tonne-km)

Freighttransported by Eastern DFC

CAGR 3.03%

490

395

341
293
250
206

2016-17 2021-22 2026-27 2031-32 2036-37 2041-42

Freighttransported by Western DFC

CAGR4.17%

877

670

572

476

378

268

2016-17 2021-22 2026-27 2031-32 2036-37 2041-42

Billion tonne-km for No-DFC case is greater than that in DFC case due to the different axle loads and
corresponding multiplication factor for conversion. DFC case axle load is 25T while No-DFC case

axle load is 22.9T
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7. Analysis outcomes
a) GHG Emissions under No-DFC scenario

The GHG emissions under No-DFC scenario can be attributed to three major activities:

i) GHG emissions under ‘No-DFC scenario’ for freight movement
ii) GHG emissions due to congestion along rail

iii) GHG emissions from support infrastructure

Each of the activities has been analyzed below.

i) GHG emissions under ‘No-DFC scenario’ for freight movement

The GHG emissions under the No-DFC scenario for rail transportation and road transportation have
been tabulated in the following tables.

Table 5: Annual GHG emissions under ‘No-DFC scenario’ from freight movement on rail (million
tonnes of COy)

Total
2016-17 2021-22 2026-27 2031-32 2036-37 | 2041-42 | cumulative
emissions

GHG emissions in
the Eastern
Corridor in

absence of DFC

GHG emissions in
the Western

Corridor in

absence of DFC

Note: GHG emissions under any reference year denotes the annual emission for each year of that 5 year band.
The cumulative emissions have been calculated by multiplying the annual emissions of each reference year by 5
and summation of all these emission values.
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Table 6: Annual GHG emissions under No-DF C scenario from freight movement on road (million
tonnes of COy)

Total
2016-17 2021-22 2026-27 2031-32 2036-37 | 2041-42 | cumulative
emissions

GHG emissions in

the Eastern
Corridor in

absence of DFC

GHG emissions in
the Western

Corridor in

absence of DFC

Note: GHG emissions under any reference year denotes the annual emission for each year of that 5 year band.
The cumulative emissions have been calculated by multiplying the annual emissions of each reference year by 5
and summation of all these emission values.

While the freight volume grows at a CAGR'®> of 8% and 1.3% for road and rail respectively,
the corresponding GHG emissions growth figures are 8% and 1.08% for the Eastern
Corridor.
For the Western Corridor, the freight volume grows at a CAGR of 6% and 0.8% for road
and rail respectively, the corresponding GHG emissions growth figures are 6% and 0.5%.
This means that the GHG emissions from rail transport grow at a lower rate compared to
growth of freight volume. This may be attributed to the following reasons:

-increasing share of electric locomotives

-decreasing grid emission factor

Below are the Exhibits depicting the share of annual GHG emissions due to rail freight movement
and road freight movement.

15 Compound Annual Growth Rate in a given period is the rate at which a variable quantity would have grown if
it grew at a steady rate during that period.
1

Ending value \n
CAGR = (+)" -
Begining value
Where ‘n’ is the number of years considered.
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Exhibit 8: Share of corridor-wise road vs. rail GHG emissions annually: No-DFC scenario (in
million ton COy)

Modal share of GHG emissions: Modal share of GHG emissions :
Eastern Corridor Western Corridor /77 CAGR
6%
24.68
CAGR
17.62
14.36
392 8% s 0.5%
8.1
4.56
] 22 2,32 1.08% | | e e
U O 2 o 8% | e 1.95 2.03 2.05 2.08 218
2016-17 2021-22 2026-27 2031-32 2036-37 2041-42 2016-17 2021-22 2026-27 2031-32 2036-37 2041-42
Rail " Road Rail " Road

Total annual GHG emissions under ‘No-DFC scenario’ from freight movement along rail and road over
the 30 year period have increased at a CAGR of 0.8% and 6% respectively. The total annual GHG
emissions (mode wise) over the 30 year period for the No-DFC scenario is illustrated below.

Exhibit 9: Total annual GHG emissions under ‘No-DFC scenario’ from rail freight and road freight
(in million ton COy)

CAGR
286 6.2%
2022
16.15
12.67
8.94
4.98
3.56 3.84 4.03 417 428 45 0.8%
2016-17 2021-22 2026-27 2031-32 2036-37 2041-42
Rail " Road

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor
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It is evident from the above diagram that over the period of 30 years the contribution from
road freight movement towards GHG emissions will be much higher than rail freight
movement. This may be attributed to the fact that:

-modal shift takes place once the rail routes achieve saturation

-road transportation results in more GHG emissions compared to rail transportation

The annual GHG emissions due to the Eastern Corridor and Western Corridor is as illustrated below.

Exhibit 10: Corridor wise annual GHG emissions due to freight transportation and congestion
under No-DFC scenario (in million ton CO;)

CAGR

26.86 51 %

19.7
16.41
13.53
10.05
S D D . e
.................................................................................................................... » e 3.8%
212 273 317 3.91 :
2016-17 2021-22 2026-27 2031-32 2036-37 2041-42

Eastern Corridor Western Corridor

As freight volume is projected to increase throughout the 30 years period, annual GHG
emissions from rail and road freight movement in the same period will show an upward trend
(but with a different rate).

The growth rate of GHG emissions due to rail transport under No-DFC scenario will slow
down because of:

-rail to road modal shift which will increase with time as more number of rail sections reach
saturation

-emission factor of the national grid comes down due to increasing addition of renewable
energy capacity to the grid

-an increase in the share of electric locomotives in the diesel-electric locomotive mix
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ii) GHG emissions due to congestion along rail corridors
The annual GHG emissions under No-DF C scenario due to congestion is tabulated below.

Table 7: Annual GHG emissions under ‘No-DFC Scenario’ due to congestion on rail (million tonnes
of CO2)

Total
2016-17 2021-22 2026-27 2031-32 2036-37 | 2041-42 | cumulative
emissions

GHG emissions in
the Eastern Corridor
under ‘No-DFC

scenario’

GHG emissions in
the Western
Corridor under ‘No-

DFC scenario’

Note: GHG emissions under any reference year denotes the annual emission for each year of that 5 year band.
The cumulative emissions have been calculated by multiplying the annual emissions of each reference year by 5
and summation of all these emission values.

GHG emissions due to congestion show a linear decreasing trend with a growth rate of -1%. This is
attributed to:
-an upward trend of average train speed (projected from historical Indian Railways data of
average freight train speed), which implies reduced GHG emissions from congestion
-decreasing trend of emission factor of the national grid (CAGR of -1.2%)
-increasing share of electric locomotives which means that the impact of decrease in grid
emission factor is even more profound on the congestion related GHG emissions value

The total annual GHG emission trend under No-DFC scenario due to congestion is as illustrated in
the following exhibit.
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Exhibit 11: Total annual GHG emission trend under ‘No-DFC scenario’ due to congestion

0.10 -
0.08 - <

0.06 - N
0.04 -

0.02 -

GHG emissions (million ton C02)

0-00 T T 1 1 1 1
2016-17  2021-22  2026-27 2031-32 2036-37 2041-42

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor

Commodity wise share of GHG emissions: In the Eastern corridor, coal transportation is the highest
contributor to GHG emissions followed by iron & steel transportation (together they account for
about 51% emissions). In the Western corridor, container transportation is the major contributor to
GHG emissions followed by transportation of empties (together they account for about 92%
emissions).

Exhibit 12: Commodity wise annual GHG emissions in Eastern Corridor under No-DFC scenario (in
million ton COy)

6.9

2016-17 2021-22 2026-27 2031-32 2036-37 2041-42

Bcontainer “coal foodgrains Mfertilizers cement Msalt iron & steel POL Mmiscellaneous Mempties
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Exhibit 13: Commodity wise annual GHG emissions in Western Corridor under No-DFC scenario (in
million ton COy)

65 .-

3.54

2016-17 2021-22 2026-27 2031-32 2036-37 2041-42

container “coal foodgrains Mfertilizers ©cement Hsalt Hiron& steel POL miscellaneous Eempties

iii) GHG emissions from support infrastructure
The annual GHG emissions from support infrastructure under the No-DFC scenario is tabulated
below.

Table 8: Annual GHG emissions from support infrastructure under No-DF C scenario

Total cumulative

2016-17 | 2021-22 2031-32 2036-37 2041-42 o
emissions

Annual energy consumption in support infrastructure under No-DFC scenario (in TJ)

Corresponding annual GHG emissions (million tonnes of CO2)

Note: GHG emissions/energy consumption figures under any reference year denotes the annual emission for
each year of that 5 year band. The cumulative emissions have been calculated by multiplying the annual
emissions of each reference year by 5 and summation of all these emission values.

The annual GHG emissions under No-DFC scenario from support infrastructure show very little
variation as the percentage increase in electricity consumption (every 10 vyears) is being
compensated by the corresponding decrease in projected emission factor of the national grid.
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b) GHG Emissions under DFC scenario
The GHG emissions under DFC scenario can be attributed to three major activities:

i) GHG emissions under ‘DFC scenario’ for freight movement
ii) GHG emissions from support infrastructure

iii) GHG emissions from construction activities

Each of the activities has been analyzed below.

i) GHG emissions from freight movement

Table 9: Annual GHG emissions from freight movement along DFC (million tonnes of CO>)

Total
2016-17 2021-22 2026-27 2031-32 2036-37 2041-42 cumulative
emissions
. 1.30 1.47 1.63 1.80 2.14

Eastern DFC

1.97 2.38 2.73 3.06 3.83

Western DFC

Note: GHG emissions under any reference year denotes the annual emission for each year of that 5 year band.
The cumulative emissions have been calculated by multiplying the annual emissions of each reference year by 5
and summation of all these emission values.

While the freight volume grows at a CAGR of 3.0% and 4.1% for the Eastern DFC and
Western DFC respectively, the corresponding GHG emissions growth figures are 2.2% and
3.3%.

This means that the GHG emissions from rail transport grow at a lower rate compared to
growth of freight volume. This may be attributed to the decreasing grid emission factor.

Exhibit 14: Annual GHG emissions from freight movement along Eastern and Western DFC (in
million ton COy)

CAGR

3.83 3.38%

3.06
2.73
2.38
1.97

1.46

2.14
1413 1.3 147 1.63 18 2.229%

2016-17 2021-22 2026-27 2031-32 2036-37 2041-42
Eastern DFC Western DFC

39



HHH”HHHH”IIIIIi’IERNST&YOUNG

Commodity wise share of GHG emissions: In the Eastern DFC, coal transportation is the highest
contributor to GHG emissions followed by empties, iron & steel transportation and RO-RO (together
they account for about 75% emissions). In the Western DFC, container transportation is the major
contributor to GHG emissions followed by transportation of RO-RO (together they account for about
87% emissions).

Exhibit 15: Commodity wise annual GHG emissions in DFC scenario for Eastern DFC (in million ton
C02)

0.81
0.77 0.79
0.65 0.72

S—— o : : [ | """"""""""" _

2016-17 2021-22 2026-27 2031-32 2036-37 2041-42
® Container (5.7%) Coal (1.1%) Foodgrains (0.7%) m Fertiliser (1.9%)
Cement (5.3%) Salt (0.4%) Iron & Steel (5.5%) POL (2.5%)
Miscellaneous (2.3%) B Empties (1.2%) B RO-RO (3.0%)

Note: CAGR of GHG emissions for transportation of each commodity over 30 year period in brackets
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Exhibit 16: Commodity wise annual GHG emissions in DFC scenario for Western DFC (in million
ton COy)

3.83

3 . 06 .,.4,.4....4....0.
—

A6 1.16 1.23 1o
0.74 :
2016-17 2021-22 2026-27 2031-32 2036-37 2041-42
Container (2.9%) Coal (3.8%) Foodgrains (3.1%)  MFertiliser (1.7%)
Cement (3.2%) B Salt (2.1%) Hlron & Steel (7.8%) POL (2.5%)
B Miscellaneous (1.6%) BEmpties (2.9%) HRO-RO (4.3%)

Note: CAGR of GHG emissions for transportation of each commodity over 30 year period in brackets

ii) GHG emissions from support infrastructure

The annual GHG emissions from support infrastructure under the No-DFC scenario is tabulated
below.

Table 10: Annual GHG emissions from DFC support infrastructure

Total
2021-22 2041-42 cumulative

values

Energy consumption in support infrastructure under DFC scenario (in TJ)

Corresponding annual GHG emissions (in million tonnes of CO2)

0.0262 ‘ 0.0264 ‘ 0.0253 ‘ 0.0254 0.0243 0.0244 0.76

Note: GHG emissions/energy consumption figures under any reference year denotes the annual emission for
each year of that 5 year band. The cumulative emissions have been calculated by multiplying the annual
emissions of each reference year by 5 and summation of all these emission values.
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This includes all energy consumption sources required for the smooth working of the Indian railways
or DFC except the operation of the trains. This includes DG sets, lights/fans/ACs at staff quarters
and stations/wagon sheds, emergency lighting, signals etc. Even though the energy consumption in
the support infrastructure shows an upward trend, the GHG emissions from support infrastructure
follows no particular trend. This is primarily because the increase in energy consumption is balanced
by the decreasing trend of emission factor of the national grid.

iii) GHG emissions from construction activities

These are one time emissions which may be attributed to activities such as:
Earthwork (vehicular movement)
slope leveling (roller movement)
blanketing (vehicular movement)
ballasting (vehicular movement, crushing operations)
track laying (vehicular movement)
welding of rails (welding operations)
packing of tracks (tamping machine operation)
piling (operation of piling equipments)
OHE and signaling works erection (vehicular movement)
construction of bridges (vehicular movement, machinery operations)
transportation of required materials (vehicular movement)

Table 11: GHG emissions from construction of DFC

GHG emission head Value (in million ton CO;)

Construction of tracks (ballasting, earthwork, slope leveling, 0.595
blanketing, piling, track laying)

Construction of bridge 0.00042
OHE erection 0.0001
Civil works and signaling installation 0.046
Testing of signal 0.000
GHG emissions from construction activities of DFC 0.642

Laying of tracks and OHE erection is the most GHG emission intensive activity. The same is
attributed to appreciable vehicular movement. Thus greater diesel consumption due to vehicular
movement leads to high GHG emissions from this activity. Under laying of tracks, ballasting is the
most GHG emission intensive activity.The same is attributed to appreciable vehicular movement for
transport of ballast up to the construction site from the ballast formation site,the latter being
located at remote locations from both the corridors. Moreover DFC requires 3000 m3/km of ballast.
Thus greater diesel consumption due to vehicular movement leads to high GHG emissions from
Ballasting operation.
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The major activities of the construction phase have been indicated in the next exhibit and breakup of
emissions due to sub-activities is illustrated in the following exhibits.

Exhibit 17: GHG emissions due to various major activities during construction (in ‘000 ton CO,)

4458 642.26
o 042
596.82

Laying of tracks Construction of Electricalworks Civilworks Total

and OHE erection bridges (including signaling) (construction of

station buildings,

approaches and

staff quarters etc)

Each of the above GHG emission heads have been further subdivided into activties and GHG
emissions due to these sub-activties have been illustrated in the following exhibits.

Exhibit 18: GHG emissions due to laying of tracks and OHE erection (in ‘000 ton CO;)

6.69 0.10 595.82
6.69
100.36 1.52
405.45
6.75
68.24

I Earthwork & I Blanketing I Ballasting IQuarry/Crusherl Track Laying IWeIdingofRailslPackingofTrackl OHE erection I Total
Slope Levelling (Ballast

Formation)
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Exhibit 19: GHG emissions due to construction of bridges (in ton CO,)

° 64.70 42011

10.35

Packing of Track Concrete transit mixture Piling Equipment for big Total
bridge

Exhibit 20: GHG emissions due to electrical works (in ‘000 ton CO>)

° 1.06 0.00 143

0.34 0.03

Transportation of Transportation of Transportation of Testing of Signal Total
Cables Signalling Posts  Signalling Gears
Not to scale
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Exhibit 21: GHG emissions due to civil works (in ‘000 ton CO;)

4401 44.58

0.01 0.32 0.24
Construction of Earthwork Construction of  lllumination at Total
Station Building Staff Quarters Site
Not to scale
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¢) Comparison between GHG emissions under the No-DFC and DFC scenarios

The comparison has been done for GHG emission under No-DFC scenario and DFC scenario for the
following activities:

i) Freight transportation
ii) Support infrastructure
Both the comparisons have been elaborated as below.

i) Comparison of GHG emissions for freight transportation

The comparison between GHG emissions for freight transportation from No-DFC scenario and DFC
scenario is illustrated in the following exhibit.

Exhibit 22: Total annual GAP in GHG emissions between No-DFC and DFC scenario (in million ton

CO2)
33.2 /
24.6
20.4 27.2
168 'i 197
= | |
12.7 | i 1 16.0
: 1129 :
8.6 A 1 9.6 ! '
® 60 ! E Vi
Vi \ V 6.0
2.6 3.3 3.8 4.4 4.9
2016-17 2021-22 2026-27 2031-32 2036-37 2041-42
No DFC scenario DFCscenario

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor

Total annual GHG emissions from freight movement in No-DFC scenario and in DFC scenario will
increase at a CAGR of 4.59% and 2.82% respectively.

The GAP between GHG emissions under No-DFC and DFC scenarios for each corridor have been
illustrated below.
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Exhibit 23: Annual GAP in GHG emissions between No-DFC and DFC scenario-Eastern corridor (in

million ton CO.)

2016-17

2021-22

2026-27

2031-32

2036-37

2041-42

No-DFC scenario

22
2.8
CAGR:
3.2
3.9

4.8

6.9

4.02%

DFC scenario
113
13
CAGR:
147
163

1.8

214

2.22%

GAP

1.07

1.5

1.73

227

CAGR:

4.76

5.28%

Exhibit 24: Annual GAP in GHG emissions between No-DFC and DFC scenario-Western corridor (in

million ton CO.)

2016-17

2021-22

2026-27

2031-32

2036-37

2041-42

No-DFC scenario

6.5

10.1

CAGR:

13.6

16.5

19.7

26.9

5.02%

DFC scenario

1.46

1.97

CAGR: 3.38%

2.38

2.73

3.06

3.83

5.04

GAP

8.13

11.22

13.77

16.64

CAGR:

23.07

5.38%

The previous exhibits indicate that from 2016-17 onwards, the GAP of GHG emissions is increasing,
following are the reasons contributing to this increasing GHG emission GAP:
Electric locomotives to be in operation in DFC are expected to be more energy efficient (in
terms of specific electricity consumption) w.r.t. that of No-DFC scenario electric
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locomotives!é, The decreasing grid emission factor ensures that the mix of electric-diesel
locomotives becomes a predominant factor in reducing GHG emissions.

Rail sections in No-DFC scenario are expected to reach saturation leading to rail to road
modal shift for freight movement. As heavy duty vehicles (like trucks) are more GHG
emission intensive than railway (transported freight volume remaining constant), with
increase in road share in freight movement, annual GHG emissions under No-DFC scenario
will shoot up. This is evident from the carbon intensity of road transport which stands at 35
gm CO2/ tonne-km while the carbon intensity of rail transport under No-DFC scenario is 9 gm
CO/tonne-km. The DFC is the most energy efficient mode as its carbon intensity stands at 5
gm COz/tonne-km.

Energy consumption during unplanned halting due to rail congestion will also have its share
in the total annual GHG emission under No-DFC scenario. The basic proposition of DFC will be
congestion free rail movement through the freight corridors. Congestion-free train
movement in DFC scenario will reduce energy consumption.

Since the payload in case of DFC is higher (25 T) w.r.t. No-DFC scenario (22.9 T), the number
of trains required to carry equal load will be less in the former. Thus, energy consumed to
transport an equal amount of freight is less in case of the DFC scenario as compared to the
No-DFC scenario.

Exhibit 25: Cumulative GHG emissions over 30 years (2016-17 to 2041-42): No-DFC scenario vs.
DFC scenario (in million ton CO)

Eastern Corridor Western Corridor

~6 X

~2.5 x
47.5 77
No-DFC scenario DFC scenario No-DFC scenario DFC scenario

Note: The cumulative emissions have been calculated by multiplying the annual emissions of each reference
year by 5 and summation of all these emission values.

16 As per railway experts the DFCC has also indicated an energy efficiency improvement in loco in DFC as
stated in the Request for Proposal (RFP No.: HQ/EL/PPF/1).
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ii) Comparison of GHG emissions from support infrastructure

The comparison between annual GHG emissions from support infrastructure under the No-DFC
scenario and DFC scenario is illustrated below.

Exhibit 26: Total annual GHG emissions from No-DFC and DFC support infrastructure (in ‘000 ton

co2)
26.3 26.4
253 25.4 24.3 24.4
15.4 15.2 15.7 15.5 16 15.8
2016-17  2021-22  2026-27  2031-32  2036-37  2041-42

|:| No-DFC scenario
|:| DFC scenario

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor

The analysis reveals that throughout the forecasting period of 30 years, GHG emissions from the
support infrastructure to be implemented under the DFC-scenario are greater than that of the No-
DFC scenario. This is because of the presence of less dedicated support infrastructure in No-DFC
scenario vs. greater freight handling facilities, viz., logistics parks in the DFC scenario.
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8. Scenario analysis

To make the study more robust, two scenarios have been analyzed to arrive at a holistic picture of
GHG emissions due to freight transport operations in case of DFC and No-DFC scenarios. The critical
parameters considered for the same has been identified on the basis of its impact on GHG emissions
and level of uncertainty. From the assessment of GHG emissions over a period of 30 years, it has
been observed that the fundamental variables affecting GHG emissions from freight movement
along rail and road include:

Exhibit 27: Uncertainty vs. Impact Matrix

»Specific Energy Consumption » Rail Freight Capacity » GDP (Container traffic, Cement,
»Grid Emission Factor » Electric— diesel loco share | Iron & Steel, POL, Automobiles)
< | ®Mileage of Trucks in freighttransport » Agro GDP (Food grains,
% »Capacity of heavy truck Fertilizer)
»Payload of each wagon
")
f=
o
8 |5
- E
: E
o
§ »No. of Wagons »Population (Salt)
E >Tare weightof each wagon
z | ®Weightof Locomotive
S | »Booked/Max speed of locomotive
»Average speed of locomotive
Low Medium High
Level of Uncertainty

Among all the parameters identified above, scenario analysis has been done based on variations in
only those parameters which lie in the high-high/high-medium/medium-high quadrants. The
parameters considered to arrive at the scenario have been justified below.

GDP (Commodity Freight Volume) - The freight traffic is largely forecasted on the basis of
future demand-supply scenario and more basic parameters in the economic context like
GDP. GDP is one of the basic economic variables considered for the future freight volume
projections'’. Thus in lieu of the same, the GHG emissions from transport operations in case
of DFC and No-DFC scenario has been studied with reasonable variation in GDP.

Share of electric-diesel locomotives in freight transport - In Base Case the No-DFC
scenario rail freight is transported by diesel locomotives as well as electric locomotives. The
Indian Railways has some ambitious plans for electrification of rail routes, thus share of
electric locomotives in transporting No-DFC scenario freight is expected to increase over the
period of 30 years which will impact the No-DFC scenario GHG emission volume. Hence,
share of electric locomotives in No-DFC scenario freight transport will be a critical variable
parameter in analyzing No-DFC scenario GHG emissions.

17 |IL&FS Final Traffic Report-“Project Development Consultancy for Preparation of Business Plan for DFC",
August 2009
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Rail Freight Capacity - An incremental rail freight capacity would have a major impact on
No-DFC scenario GHG emissions. This has also accounted for any future capacity expansion
plan of Indian Railways for the present infrastructure. However, the increase in rail freight
capacity has not been considered in case of DFC, as traffic growth along both the corridors
has been forecasted for the 30 year period, based on which DFC is being implemented. Thus
capacity of DFC is subject to negligible variation and hence increase in freight carrying
capacity has not been considered for Project.
The following two scenarios with variations of the above parameters have been analyzed:
Scenario 1-High Growth Scenario: Here a scenario has been constructed when annual
GDP will be 2% higher w.r.t. annual Base Case GDP, share of electric locomotives in No-
DFC scenario freight transport will increase by 5% compared to Base Case and No-DFC
scenario rail freight capacity will witness 5% increase w.r.t. Base Case. The 2% higher
GDP has been considered from GDP growth rate projection of Reserve Bank of India
(RBI) and also IL&FS - Final Traffic Report which predicted GDP to vary within a range of
3% for a 30 year period. The 5% increase in share of electric locomotives over and above
the Base Case is adopted considering the ambitious plans of Indian Railways for
electrification of railway routes in the near future. The 5% increase in No-DFC scenario
rail freight capacity has been adopted from the growth in rail freight traffic over the
period 1950 - 2000 as reported in “Vision 2020, Transport” Report of the Planning
Commission, Government of India.
Scenario 2-Low Growth Scenario: This scenario conceives a lower economic growth
where the annual GDP will be 2% lower w.r.t. annual Base Case GDP, share of electric
locomotives in No-DFC scenario freight transport will increase by 2% compared to the
Base Case and No-DFC scenario rail freight capacity will witness 2% increase w.r.t. Base
Case. The consideration of 2% lower GDP can be justified as stated for Scenario 1. 2%
increase in share of electric locomotives for No-DFC scenario freight transport over and
above the Base Case has been considered based on moderate increase in electrification
of existing rail routes. 2% increase in freight movement on rail has been adopted from
the growth in rail freight traffic over the period 1990-2000 as reported in “Vision 2020,
Transport” Report of the Planning Commission, Government of India.

Increase in freight carrying capacity of railways for No-DFC scenario has been considered in the
following way: 2% increase in freight train movement w.r.t. Base Case has been done considering an
increase in number of trips per day for a No-DFC scenario section. 5% increase in freight train
movement w.r.t. Base Case has been undertaken in the similar way.

It is worthwhile to mention that RO-RO traffic is hardly found in Indian Railway before
implementation of DFC!®, However the same has been considered for accounting GHG emissions
from freight movement through road.

Change in GDP has been taken into account in the following way: IL&FS - Final Traffic Report
demonstrates the relation between GDP and commodity traffic volume which includes container,
cement, iron and steel and POL. On that basis relations between change in GDP and change in
growth rate of a particular commodity freight volume have been derived. For other types of

18 |L&FS Final Traffic Report-“Project Development Consultancy for Preparation of Business Plan for DFC",
August 2009
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commodities average of the change in growth rates of the above mentioned commodities have been
considered.

Increase in share of electric locomotives for No-DFC scenario freight transport has been considered
in analyzing GHG emissions from freight movement as well as during congestion.

Table 12: Annual GHG emissions - Scenario 1 (million tonnes of CO.)

[z [ zweres T aveear [ 203z ] aosesT | iz

No-DFC 8.80 13.13 17.07 20.75 24.99 33.79

DFC 2.64 3.33 3.91 4.44 4.95 6.09

Table 13: Annual GHG emissions - Scenario 2 (million tonnes of CO>)

- 2016-17 2021-22 2026-27 2031-32 2036-37 2041-42

No-DFC 8.43 12.59 16.38 19.93 24.00 32.45

DFC 2.53 3.20 3.75 4.26 4.76 5.85

The scenario analysis for No-DFC scenario and DFC scenario is illustrated by the following exhibits.

Exhibit 28: Scenario analysis for total annual GHG emissions under No-DFC scenario (in million
ton COy)

35 1

N N w
@ ~ A

-
[¢)]

Emissions (million tCO2)
©

11

2016-17 2021-22 2026-27 2031-32 2036-37 2041-42

——&—Base-Case High growth scenario —&—Low growth scenario

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor
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Exhibit 29: Scenario analysis for total annual GHG emissions under DFC scenario (in million ton
C02)

5.5 1

o
o
.

4.76

A
)

>
o

Emissions (million tCO2)
w w
o [¢)]

N
)

N
o
s

1.68 #1.65
1_5 T T T T T

2011-12 2016-17 2021-22 2026-27 2031-32 2036-37

——&—Base Case High growth scenario —&— Low growth scenario

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor

One of the major findings of this study is: freight transport through DFC is expected to be much less
GHG emission intensive as compared to the No-DFC scenario throughout the assessment period of
30 years in all the three cases - Base Case, High growth scenario and Low growth scenario.

Other scenarios that have been conceptualized and analyzed are described below.

Scenario 3- Low Carbon Scenario over base case: This scenario is conceptualized considering
potential clean technologies and practices (in both energy demand side and supply side), that could
be adopted by DFC in its proposed configuration in order to achieve a growth path with minimum
GHG emissions. In this scenario we have also forecasted India’'s grid emission factor (tCO2 / MWh)
considering 10% increase in capacity share of renewable/ non-conventional energy to the grid, over
and above the planned renewable/ non-conventional capacity addition.

The comparison between DFC scenario and low carbon scenario has been illustrated for each
corridor by the following exhibits.
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Exhibit 30: Annual GHG emission gap between DFC scenario and low carbon scenario-Eastern
corridor (in million ton CO>)

21

1.8
1.6

15 1.4

13

11

1 1.2 1.2
1.0 '
0.9
0.7
0.6
0.4 0.5
0.2 0.3

2016-17 2021-22  2026-27 2031-32 2036-37 2041-42

M Low carbon scenario Eastern DFC Gap

Exhibit 31: Annual GHG emission gap between DFC scenario and low carbon scenario-Western
corridor (in million ton CO>)

3.8

3.1

2.7

2.4 25

2.0 1.9 21

1.8
1.5 1.5
1.3
1.2
1.0
0.8
0.6
0.5
0.3
T T T

2016-17 2021-22  2026-27 2031-32 2036-37 2041-42

M Low carbon scenario Western DFC Gap

The comparison of cumulative GHG emissions under No-DFC scenario, DFC scenario and low carbon
scenario have been compared in the following exhibit.
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Exhibit 32: Comparison of cumulative total GHG emissions in the low carbon, DFC and No-DFC
scenarios over 30 year study period (in million ton CO.)

581

125
89

No DFC scenario DFCscenario Low carbon scenario

Note: ‘Total’ indicates that the emission figures are a summation of Eastern Corridor and Western Corridor. The
cumulative emissions have been calculated by multiplying the annual emissions of each reference year by 5 and
summation of all these emission values.

The DFC scenario results in almost 78% reduction in GHG emissions over the No-DFC scenario.
The low carbon scenario would further decarbonize the DFC scenario by 28% reduction in GHG
emissions.

55



H‘H”HHM”IIIIIEIIERNST&YOUNG

9. Analysis of the proposed GHG Abatement Levers

The history of railway technology can be traced back to the 19t century when the steam engines
were invented. Later on in the 20" century, with the commercialization of the diesel and electric
locomotives, railway underwent a major shift in technology. This was visible in improved fuel
efficiency and locomotive power rating. The journey of the railway technology since the beginning of
the 20" century and its future direction has been illustrated in the following exhibit.

Exhibit 33: Chronology of development of rail technology

Technological
innovation

Drivers

Challenges

1900-1950 1950-2000 2000-2050
Use of diesel and electric locos IGBT technology
. . on a large scale after World War Il ) L
Commercial operation of steam Diesel  electric  or  diesel Magnetic levitation
engines . . Hybrid loco
hydraulic traction .
) Fuel cell electric loco
Gas electric loco
Haul train on tracks Climate change regulations
Ease and flexibility: Easy to More fuel efficient (penalties and incentives )
replace one loco with another. In Less maintenance and lower Increased fuel efficiency and

case of failure. Large locomotives
can be substituted for small
locomotives where grades are
steeper/ more power is needed.

O&M costs
Higher speed

productivity

More sophisticated (like no
overhead wires) and faster mode
of transport

Energy intensive

Very pollutive

Running of trains sometimes
broke cast iron plates

Intensive maintenance

Depleting fossil fuel reserves
and increasing fuel prices put high
pressure on railways

Climate regulations required
even cleaner modes of transport

Most of the technologies are
very expensive and yet to be
demonstrated on a commercial
scale

Globally both diesel and electric locomotives are used for freight transportation. Dedicated freight
corridors are present in many countries in Europe and elsewhere which lead to less congestion and
hence contribute to energy efficient freight transportation.
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Exhibit 34: Technology overview of railways globally

»Diesel loco
accounts for 15-
20% freight for
Europe

»Diesel electric loco J

»Mix of diesel /electric locos
»Proposed DFC to use only
electric loco

»Electric
locomotives

»Between 1990 and 2008, ton-
miles/ gallon of fuel consumed
rose from 332 to 457.

»This was due to use of
innovative equipment (e.qg.,
aluminum freight cars and
double-stack cars), and
reduced locomotive idling time
»Diesel caters to 90% freight

»Mix of electric

and diesel
locomotives

»Diesel electric /Electric
locomotive

Source: 1) Union of international railway - UIC, 2) EY internal research, 3) External railway experts

For the railway sector, a long term technology trajectory suggests that the locomotive engines
would be moving towards low carbon intensive fuels like gas and hybrid locos. However fuel cell
technology might be the ultimate answer to the problem of carbon emissions.

Exhibit 35: Technology trajectory suggests hybrid locomotive will be the future in 2030-40

Low-mass (tare) freightwagon Hybrid locomotives

Regenerative braking Homogenous Charge
Compression Ignition

Low-drag engine replacing diesel
freight train [

(aerodynamic)

T

Gas engine based Fuel cell
locomotives locomotives

«Ultralow NO x and PM
*Provides dilute, premixed charge

*Focus on energy recovery, after
treatment, system re-design

*Niche application in railroad
prime movers since 1950s

«A majortechnological discontinuity
that can replace electric, diesel-electric

*Mostof these represent operational thatreacts and combusts *Federal Railroad Administration loco
efficiency levers —costreduction, simultaneously funded the application for4000 *Potential for high efficiency and low
energy optimization *Nearly diesel like efficiency HP gas turbine loco in Amtrek emissions

AcelalLocomotives
*LowerNO x emission butlower
efficiency than diesel engine
*However, efficiency/ NO x ratio
is significantly betterthan the
currentdiesel technology

*Gas availability and storage are
keyissues

*Notvery high capexinvolvement *Supports multi-mode and multi-
fuelinjection strategy
*HCCleliminates various
efficiency-reducing processes
thereby gaining netefficiency
*However, challengesto
commercialization — control of
ignition timing over broad
operating conditions, cold start,
extending the operating range to
high load

«Challenge is to scale up from smaller
to high powerlocomotive propulsion
system applications

*Technologies under discussion
PEMFC, SOFC, MCFC, AFC
*Forlocomotives some unique R&D to
be focused on physical size, vibration &
shock, operationaltemprange, voltage
magnitude, electrical currentoutput
capability, safe fuel storage
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In this section we have drawn a Macro level implementation roadmap for DFC aiming at
decarbonizing it from GHG emission perspective. This road-map has been developed in view of the
short/medium/long term strategies and the best railway practices across the world and their
suitability in Indian context (i.e. proposed DFC configuration).

Exhibit 36: Roadmap for implementation of GHG abatement opportunities

Demand
Side

Short term: 2016-17

Medium term: 2031-32

Long term: 2046-47

» Improvement in carrying
capacity of freight cars through

-Utilization of stainless steel or
Aluminum in super structure
-Double stack container: 5 car
articulated unit or Flat car 5 car
unit

» Other small scale energy
efficiency measures

-On board rail and wheel
lubrication

-Aerodynamic designing
-Regenerative braking

- Implementation of stub centre sill
design

» Gradual increase in Axle Load
from 25 to 30T to 32.5T

» Increasing automation in train
control through

-Introduction of communication
based train control (CBTC), Moving
Block system (level 2)

» Heading toward higher speed
train operation through

-Improvementin power rating of
locomotives

-Ensuring compatibility of way side
infrastructure like bridges, track
foundation

» Explore options for
fuel cell locomotives -
strategic partnership
with technology
developer like GE

-Adaptation of high tech
aerodynamic features

» GHG emission offsetting - investment in clean energy -
Wind power, Solar Power, Hydro power

» Catering the electricity demand
of support infrastructure through
solar power generating facility

Further to the above we have conducted a micro level assessment study for some of the GHG
abatement levers which are extremely relevant for the DFC and could be implemented readily
owning to their techno-commercial attractiveness. These GHG abatement levers have been
identified under the following two categories:

1. Demand side GHG abatement levers which typically include energy efficiency improvement
through retrofit, replacement or modification - please refer to Annexure 3 for details on
each of the demand side levers

2. Supply side GHG abatement levers which may include energy efficiency improvement
measure or fuel switch which predominantly involve changing energy mix - Please refer to
Appendix 5 for details on the each of the supply side levers

While doing the micro-level assessment technological, economic and environmental potential of
each of the levers has been assessed by means of a customized evaluation tool. In addition to the
above key direct and indirect benefits along with impeding factors for dissemination has also been
analyzed. The findings of this assessment study are intended to facilitate DFC in adapting effective
and cognizant implementation schedule.
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Exhibit 37: Synopsis of the GHG abatement levers
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g | S S A A S o] |
R 1 I | | 1.Require axle load i |
£ | . . o I . .
(7] : ' ' \ 1 upto 35.7t. ' '
g | 5car articulated I Y Y ‘ || 2 Needs larger I Y *
g Dovele | U | | | e | e s
No signifi .
< StaCk. I ‘~13mi|lion E Nosignificant E ~INR E speed dueto higher | 1000 E E
O container incremental i tCO,/!
T I ‘ ! investmentwithi 3.95 | centreof_gravny ‘l z/annum | |
o | | | respecttothe | million ; 3. Cashinflow I | ;
| BAUdesign | | -Saving  due fto | |
I H . | . | 1 reduction in electricity ‘l | |
. L | | i | |
| Flatcar 5 car unit | ‘ o ! * ; f;;:;rgpt-ogue ol ‘ ' ‘ i
y i i o i i
I 1 Nosignificant ! reduction in no of ' '
: | ~44milion | incremental | ~|NR13.32: tnps(duetohreducnon }: 5000 : :
i h illi | intare weight I I
s ' | papomonthan millon , CO /annum | |
A |
Nil Low ' ' Medium * High
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| [ Financial Impact  -----momimemimes 2 Technical impact - - >
I Specific | R ‘l
8 . Incremental , Revenue , | ,
Caltt_eg_oryof I Actionable H NPV ! Capital ' generation | Comments ‘l . ! '
Initiatives | Initiatives I ! ! ! |  Emission ! Technology
. \ ! Investment ! ! \ Reduction | penetration
T T T
I I E E E 1. Significantonlyin u E E
! ! 1 case of high speed ! !
| | ' i | trains I ' !
@ I ) I - I: . I: i 2. While computing | ' i . i
Aerodynam Incorporating few i ' 1 the NPV following ; :
icdesignin | d . | ! ! ! has been considered ‘| ! !
cdesig 9 aerodynamic - | | 1 ascash inflow ~8000t002/ ! !
| features | ~1milion i ~INR100 | ~|NR24 ! -Saving due ol annum ! !
| | IRR12% 1 million i million 1 reduction in electricity | i i
O oo \T _____________ e L consumption ______ o L D !
2 i i h i ]
2 Electric stock may i i i 1.Heavy weightof the i i
3 I recuperate energy H ' ' ' fleetlimits_ ‘l ' '
= ring brakin in : : 1 fegenerafion : :
5 . I ?U t.g bral t g by using H . I I 1 2. While computing ‘l I I
g Regenerati | tractionmotors as | i i ! the NPV following | | y |
% ve Braking | generators. 50 Hz, 25 I ! : 1 has been considered | ! ) !
o kV supply systems offer ! ' ~INR119 ' ascashinflow ' '
g | medium conditions for | ~ 1939 _INR1000 | milion | -Saving due o] ~40000tCO, ! :
’ | 1 | | |
I | feeding back recovered | million ! million ! ! Liiiz‘:z:t:gnelecmmy | fannum ! !
o ]--energy ... I — B L b R L OSULDRECTTEEEE a
1 1 i 1.Applicable to 32t to i i
e [ I i | | 37taxleload | N | |
| Bath tuband H | . ; | 2. While computing | \ ; ;
. | | | . | |
Wagon | Monocoque design H ' ' ' ;he bNPV foll_céwmg | Y, ! y !
designin i ! No significant ! 1 has been considere ' y '
gning | in Gondola cars | ~323 E incremental E ~INR 97 E as cash inflow | E E
. + million 1 investmentwith 1 mjllion/ | -Saving due to ~ 30000 tCO, ! !
respectto the annum reduction in electricity Jannum !
BAUdesign onsumption
Nil ‘ Low i Medium J High
| [CGIEIEIERA T ER Financial Impact - - === ---mod >4 Technicalimpact -~~~ >
Category of | ipeICIficbI | Incremental Revenue : | . .
o ? y | ctionable | NPV Capital generation/ Comments |  Emission .‘I Technology
nitiatives ! Initiatives . Investment . cost saving , Reduction ! penetration
T T i T T T i ]
I I E i i‘I Applicationis onl u ! !
| | ' ‘ rostc s | = =
! ! 'restricted to tank cars I 1
) I ! 12. While computing 1 1
Wagon I Implementation of I A A A ithe NPV following \| A ‘
designing | stub centre sill | ; =, inas been considered | : oo
} ! 'as cash inflow I I
| design I i L IR -Saving due to ‘l ~120tCO, | i
I n i No significant i ireductlon in electricity \| annum ! |
4 | | ~ 1 million incremental 0.348 iconsumption | | |
3 1 investmentwith 1 million ! | i
° | I 1 respectto the ! ! | H H
; ! ! i i
FI— — I [BAUdesion | A Lo S |
£ I H | H 1 1.Involves high ‘l ! !
o 0 | | | investment,long ! !
B | ‘ ! | | implementation ‘l ! !
i i |
g Signaling | Implementationof | ! 'I . : Zg;f:)u'e(a'mw | \ : . :
L i
T | Communication | | | | 2. While computin& y i i
. i i ;
° | basedtrain control | i i ;he bNF’V foll_féwmg
i i | has been considere ! !
i i i A
I H I ! 1 ascash inflow ‘l - | |
[ HVery low/ | Very high, E _ | i -Saving  due 16354 E E
unattractive | Pleasereferto | ~VENYIOW i oqcion inelectriaty  tCO2/annum !
[ I | Annex5of i I consumption | i i
i+ report ' I ! !
| I ' i i I ' '
. - T T 1
i
Nil Low ‘ Medium * High

*Source: 1) Union of international railway - UIC, 2) Infrastructure Leasing & Financial Services Ltd (IL&FS)-
Final Traffic Report-“Project Development Consultancy for Preparation of Business Plan for DFC" - August
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2009, 3) Inputs from DFCCIL (tenders floated, business plan etc), railway domain experts, technical
consultants.

**For detail please refer to Annexure 3.

In addition to the techno-commercial assessment, as part of scope a CDM potential assessment
matrix (evaluation parameters for the matrix are mentioned below) has also been presented here.
Based on the outcome of our CDM potentiality assessment study we would like to focus further on
the following GHG abatement lever considering their high CDM potentiality.

Table 14: Top GHG abatement opportunities
Regenerative braking

Adaptation of green building features

Utilization of Solar power (PV) as a power source for DFC support infrastructure
Utilization of wind power as a power source for DFC support infrastructure
Communication based train control (CBTC)

Exhibit 38: Carbon abatement potential of the GHG abatement levers

Hig

Regenerative
braking

Bathtub and
Monocoque design

Utilization of stainless
steel and alyminum in

Medium
(20,000)

On board rail and
‘ wheel lubrication

Communication
based train control +
Electronically

Carbon abatement potential

controlled
pneumatic braking
Low Aerodynamic
(10,000) profiling
Adoption of green
building features
Double stack container -
Articulated 5 car units
@ stub centressill design N
. ofs . High™
Deliverability -°v Medium

Note: Size of the bubble indicates CAPEX for the project. Deliverability is assessed based on parameters such as
financial returns, technology penetration, emission reduction potential, operating expenditure etc.
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Table 15: CDM potential assessment Matrix

Emission

ion C i Il CDM
SINo  GHG abatement lever  ReductionCin ) thodology2® Additionality Monitoring AL LS

ton of potential?*

COz/annum)*®

1 Wagon designing

-Low: Difficult to

Utilization of stainless .
monitor energy

I _ . . .
| stee a.s s.uper structure - 25000% Not available Weak (financially attraptlve, savings that may be | Low

material instead of black and no such technological X X

: attributed to either
steel barrier)
of these measures
-Low: Difficult to
Utilization of aluminum as monitor energy

- Weak (financially attractive,

1 super structure material - 62000% Not available . savings that may be | Low
. and no such technological . .
instead of black steel barrier) attributed to either
of these measures
Productivity improvement - Weak (financially attractive, | - oW Difficult to

1 . . - 1,358 . . monitor energy
in double stack container 45767 Not available zgtrjrineor)such technological savings that may be | - Low

attributed to this

19 This is an indicative emission reduction rate - an incremental benefit over and above the proposed DFC configuration. Please refer to excel sheet for
details.

20 For large scale methodologies refer to the following link - http://cdm.unfccc.int/methodologies/PAmethodologies/approved.html, For small scale
methodologies refer to the following link - http://cdm.unfccc.int/methodologies/SSCmethodologies/approved.html

21 Qverall potentiality has been determined considering 35% weightage on emission reduction, 45% weightage on additionality and 20% weightage on
monitoring

22 This is the energy saving rate due to utilizing of stainless steel as super structure instead of black steel (a prevalent practice)

23 This is the energy saving rate due to utilizing of aluminum as super structure instead of black steel (a prevalent practice)

24in case of Double stack 5 car articulated unit

25in case of Double stack on flat cars (5 car units))
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Emission
R i i I CDM
SINo  GHG abatement lever eduction (in — thodology2° Additionality Monitoring Overail COM
ton of potential
COz/annum)®®
measure
v Others
Bath tub and Low: Some Low
ath tub an . . . arameters
. Weak (financially attractive, parar
A Monocoque design for | _ 33,3452 - Not available and no such technological required to
Gondola cars barri compute the energy
arrier) .
savings may be
difficult to monitor
Low: Some
B Use of stub centre sill f:(;af:‘:set:)s Low
. ) 57 ) . ui
design 120 Not available Weak compute the energy
savings may be
difficult to monitor
2 Aerodynamic and friction
Moderate: Some
. . parameters
. - Moderate (Financially .
: Aerodynamic profiling | g\ 25 - AMSIID unattractive - like low benefit req”'retd E:r)] Moderate
due to low fleet speed) compute the energy
savings may be
difficult to monitor
Low: Difficult to
I On board rail and Modetrate (tMlodeLate fit monitor energy
wheel lubrication - 16,354 - AMSIID investment, low benetit savings that may be Moderat
expectation due to straight attributed to this oderate
track)
measure
3 Signaling

26 in case of coal transported by wagon having monocogue design
27 In case of POL transportation through tank wagons
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Emission

= o
SINo  GHG abatement lever S Methodology2° Additionality Monitoring Overall CDM

ton of
COz/annum)®®

potential®*

| Communication based
train control (CBTC)

- High (financially unattractive, | - High: Easy to - Moderate
1l Electronically - 16,354 - AMSIID high technological barrier, not monitor energy
controlled pneumatic a common practice ) savings

brakes

- High (high initial investment,

. . Low financial benefit due to - High: Easy to
i Regenerative Braking - 40,886 - AMSIIIC less number of braking monitor energy - High
activity, financially savings
unattractive)
4 Energy efficiency in support infrastructure
Adopting green
| building features in - AMSIIE/ - High: Easy to
DFCCIL owned - 8,448%8 AMO0060/ - High (Financially unattractive) monitor energy )
buildings AMS IIIAE savings - High

28 For 0.425 million sq.ft commercial building-operating time 24 x 7 hours
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To monitor the improvement in carbon performance of the DFC with respect to the No-DFC scenario,
the following monitoring framework could be followed. Since the DFC and No-DFC scenario would be
carrying different amount of freight over different distances, hence an exact and absolute GHG
emission reduction computation may not be possible. However the Key Performance Indicator
identified here would give an indication of the possible reduction in GHG emission.

S.

No.

Parameters to be
monitored for DFC
scenario

Electricity
consumption (Ep)

Table 16: Monitoring framework

Parameters to be
monitored for No-DFC
scenario

a) Diesel consumption
(Dnp)

b) Electricity
consumption (Enp)

Remarks

This parameter has to be monitored to
arrive at the specific energy
consumption.

Electricity from
renewable sources
(Ep,r)

Electricity from
renewable sources
(Enp,R)

Percentage of renewable energy in:
i) DFC case = 22£ x 100
Ep
END,R

—880 - — x 100

EnD
DNDXNCV+ 360

ii) noDFC case =

iii) The above two case results are
compared and a higher figure for
DFC scenario would indicate
improvement in environmental
performance as a result of
implementation of DFC.

No.

Freight transported
from origin to
destination (tonne-km)

DFC scenario

Freight transported from
origin to destination
(tonne-km)

This parameter has to be monitored to
arrive at the specific energy
consumption.

Key Performance Indicators

No-DFC scenario

Environmental

performance
improvement computation steps

Specific energy
consumption (ratio of
total energy consumed
and tonne-km
traversed) (SECp)

Specific energy
consumption (ratio of
total energy consumed
in terms of diesel and
electricity and tonne-km
traversed) (SECnp)

Ep
tonne—km in DFC case

D SEC, =

Enp+DNpXNCV X860
tonne—km in no DFC case

ii) SECND =

iii) Percentage improvement =

SECnyp—SEC,
2ZZNDTR7ED w100
SECnD

iv) The above figure would be a key
performance indicator to show
how much more less carbon
intensive the DFC is as compared
to the No-DFC scenario.
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10. Conclusion

The DFC is a welcome initiative by the Indian Railways, Govt of India. From a GHG inventory point of
view, the DFC contributes to huge GHG emission reduction volumes. Annual GHG emission GAP
between the No-DFC scenario and DFC scenario is 13.7 million ton CO, and 77.8 million ton CO; in
the Eastern and Western Corridors respectively. On an average, the No-DFC scenario is about 4
times more carbon intensive®® as compared to the DFC scenario.
In fact as per projections, the existing Indian Railways infrastructure would not be adequate to cater
to the huge demand of non-roadable commodities like coal. Saturation of rail sections shifts the
roadable commodities to carbon intensive modes of transport like diesel trucks or heavy duty
vehicles which increases the GHG intensity of the No-DFC scenario. This is evident from the carbon
intensity of road transport which stands at 35 gm CO./ tonne-km while the carbon intensity of rail
transport under No-DFC scenario is 9 gm CO,/tonne-km. The DFC is the most energy efficient mode
as its carbon intensity stands at 5 gm CO,/tonne-km.
Besides being less carbon intensive, the DFC would also supply coal to powerhouses, ensuring that
they come up in the planned period. The DFC would provide a congestion free and more energy
efficient mode of freight transport for the Indian economy.
The GHG performance of the DFC can be further improved under the low carbon scenario. Identified
GHG abatement levers, which are high on deliverability*® and have a high CDM potential can be
implemented. Some of these levers include:

Communication based train control (CBTC)

Regenerative braking

Adaptation of green building features

Utilization of Solar power (PV) and wind power as power source for DFC support

infrastructure

The CDM revenue earned from these GHG abatement levers would further improve their financial
attractiveness. Focus should be put on them to take them through the UNFCCC route for CDM
registration.

29 Carbon intensity means the ratio of GHG emissions and the freight carried.
30 Deliverability has been assessed w.r.t financial attractiveness, energy savings potential, degree of
technology penetration/global practice etc and implementation barriers
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Annexure-1: Approach of the study and selection of Base Year
a) Approach

The analysis of GHG emission trends for No-DFC as well as DFC scenarios have been done in
accordance with the guidance of the international standards for accounting and reporting of GHG
emissions. Broadly, the principles of accounting, collection of data, calculation and reporting have
been incorporated from the GHG Protocol Corporate Accounting and Reporting Standard,
(henceforth this Protocol has been referred to as WBCSD Protocol) developed by World Business
Council for Sustainable Development (WBCSD)3! and World Resources Institute (WRI), which is also
in line with the guidance provided in the ISO 14064, developed by International Standards
Organization (ISO).

However, there have been a few deviations from the international standards, due to unavailability of
appropriate and authentic information. As explained below, this is mainly in case of delineation of
the operational boundary while allocating GHG emissions from construction activities and support
infrastructure.

Since DFC would be sharing certain support infrastructure of Indian Railways, GHG emissions
due to those infrastructures cannot be allocated under separate heads.

It is not clear which of the construction activities would be outsourced to contractors/sub-
contractors that are not directly under the control of DFCCIL. Hence the same could not be
allocated under separate heads.

The WBCSD Protocol specifies two approaches to GHG accounting namely the equity share approach
and control approach. Under the equity share approach, a company accounts for GHG emissions
from operations according to its share of equity in the operation. Under the control approach, a
company accounts for100 percent of the GHG emissions from operations over which it has control.
It does not account for GHG emissions from operations in which it owns an interest but has no
control. The control approach is followed for this exercise. The deviation from the WBCSD Protocol
is due to the lack of information regarding the extent of control of DFCCIL on the support
infrastructure and construction activities.

31 Source:- http://www.ghgprotocol.org/files/ghg-protocol-revised.pdf
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Exhibit 39: Approach used for the study

3%, 2%,1% increase in
freight capacity in 10,
No-DFC 20, 30 years
> Base case respectively

Projected GDP — RBI
DFC estimate
*5% increase in freight
carrying capacity

No-DFC *5% increase in
. . lectric loco share

Scenario 1 - high e
growth scenar?o *2% increase in GDP

DFC 2% increase in GDP

*2% increase in freight
carrying capacity
*2% increase in
No-DFC electric loco share
Scenario 2 - low *2% decrease in GDP
growth scenario

DFC 2% decrease in GDP

Exhibit 40: List of Guidelines and Tools used for the study3?

» World Business Council for Sustainable Development (WBCSD)

Determination of No-DF C scenario GHG Protocol Corporate Accounting & Reporting Standard
inventory + ISO 14064

» IPCC 2006 guidelines

Projection of No-DF C scenario
inventory overnext30 years

» Statistical tools like linear regression, efc.

» WBCSD GHG Protocol Corporate Accounting & Reporting Standard
+ ISO 14064
» IPCC 2006 guidelines

Determination of GHG inventory
due to construction of DFC

Determination of GHG emissions » WBCSD GHG Protocol Corporate Accounting & Reporting Standard
due to operation of DFC and Clboiien _
projection of the same « Statistical tools like linear regression, efc.
* EY Analysis
Identification and analysis of GHG + Insights from railway experts
abatementlevers » Information available from public domain

* Guidelines from United Nations Framework Convention on Climate
Developmentof CDM methodology JERSELle
» Other CDM tools, methodologies and guidance as necessary

32 Sources:-WBCSD GHG Protocol -http://www.ghgprotocol.org/files/ghg-protocol-revised.pdf
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Selection of Base Year

DFCCIL may need to track GHG emissions over time as a requirement of a variety of business goals,
such as public reporting, establishing GHG targets, managing risks and opportunities and addressing
the needs of investors3® and other stakeholders. The preliminary use of the GHG inventory is
towards arriving at futuristic abatement, mitigation and management strategies. A meaningful and
consistent comparison of GHG emissions over time requires setting up a performance datum with
which to compare current GHG emissions. This datum is the Base Year. The choice of Base Year and
its validity is demonstrated as follows:

Data Availability-The selection of an appropriate Base Year is attributed to the availability
of verifiable GHG emissions data for that year. The Base Year may either be a single year
data or a multi-year average or rolling average data.

GHG Target -The GHG inventory Base Year can also be used as a basis for setting and
tracking progress towards a GHG target in which case it is referred to as a target Base Year.

In accordance with the justification cited above, 2007-08 has been selected as the Base Year for
estimation of GHG inventory for No-DFC scenario. GHG inventorization for DFC has been done
starting from 2016-17 which is the expected year of commissioning of DFC.

b) Identification and inclusion of GHG Emission sources within the operational
boundary

Greenhouse Gas (GHG) - Six anthropogenic greenhouse gases are identified as carbon
dioxide (CO,), methane (CH,), nitrous oxide (N>O), Hydro fluorocarbons (HFCs), Per
fluorocarbons (PFCs) and Sulphur hexafluoride (SF¢). Among these, CO, emissions have
been accounted for in this assessment since CO, emissions from energy consumption in
the different operations considered in the study constitute the bulk of the probable
GHGs.

GHG sources- Physical unit or process which releases a GHG into the atmosphere. Major
GHG sources include freight train movement (where electricity and diesel consumption
take place), heavy duty vehicles (diesel consumption) and support infrastructure (both
electricity and fossil fuel consumption).

¢) Emissions factors

Emission factor for computation of GHG emissions from electricity consumption - The
emission factor for electricity as mentioned in the emission factor calculation tool of WBCSD3** is
generic and may not apply to India's electricity supply - consumption scenario. So India specific
data (primarily Central Electricity Authority database/ version 05) has been considered in the
GHG emission computation. In order to calculate the GHG emissions corresponding to electricity

33 Indian Railways is also contemplating to go for public-private partnership.
34 World Business Council for Sustainable Development
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consumption in electric locomotives during freight movement and in support infrastructure, the
emission factor of grid has been considered. The value of emission factor of Indian grid for the
Base Year, i.e., 2007-08 has been sourced from the Central Electricity Authority (CEA)
database, Version 05%. Values of the same for the next seven five-year periods starting from
2011-12 have been estimated/ projected every five years in the following way.
Combined Margin Emission Factor has been calculated as weighted average of Build
Margin (BM) and Operating Margin (OM) emissions factors as per “Tool to Calculate the
Emission Factor for an Electricity System” (UNFCCC guidelines3¢).
OM refers to the group of existing power plants whose current electricity generation
would be affected by grid-connected future power generation projects. For the purpose of
the study, the same has been determined using Simple OM method where the simple OM
emission factor is calculated as the generation-weighted average CO, emissions per unit
net electricity generation (tCO>/MWh) of all generating power plants serving the system,
not including low-cost/must-run power plants/units3’. The same is calculated based on
the net electricity generation of each power unit and a CO, emission factor of each power

unit.

ZmEGmy-EFELmy
EF . . === 2SR ..eqn. (1)
grid,0Msimple,y YmEGm,y

where,

EF grig, omsimple,y = Simple operating margin CO; emission factor in year y (tCO>/MWh)

EGn.y = Net quantity of electricity generated and delivered to the grid by power unit m in
year y (MWh)

EFeLm,y = CO2 emission factor of power unit m in year y (tCO>/MWh)

m = All power units serving the grid in year y except low-cost / must-run power units

y = relevant year as per the data vintage

BM refers to group of prospective power plants3® whose construction and future
operation would be affected by any other grid-connected future power generation
projects. The sample of power plant units considered for calculation of BM consists of the
set of power capacity additions in the electricity system that comprise 20% of the system
generation (in MWh) and that have been built most recently. The BM emissions factor is
the generation-weighted average emission factor (tCO>/MWh) of all power units m during
the most recent year y for which power generation data is available.

EF i0pmy = 2—"‘5;:;::?"‘” ....... eqn. ()

where,

EFgria,sm,y = Build margin CO; emission factor in year y (tCO>/MWh)

EGn.y = Net quantity of electricity generated and delivered to the grid by power unit m in
year y (MWh)

EFeLm,y = CO2 emission factor of power unit m in year y (tCO>/MWh)

35 http://www.cea.nic.in/planning/c%20and%20e/government%200f%20india%20website.htm

36 http://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v2.pdf

37 They typically include hydro, geothermal, wind, low-cost biomass, nuclear and solar generation.

38 Prospective power capacity addition in the Indian scenario has been considered as per Planning Commission
Working Group Report for the power sector. Any other grid-connected future power generation projects denote
power generation projects not envisaged under the Planning Commission Report for Power Sector.
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m = Power units included in the build margin
y = year on which power capacity addition is taking place and for which power generation
data is available
Future projection values of power generation capacity and capacity addition in India
have been considered from Planning Commission Working Group Report for the Power
Sector.
Share of supercritical coal based power capacity addition and corresponding efficiency3®
improvement in power generation has also been considered from 2011-12 onwards. The
capacity addition share has been taken as per Planning Commission Working Group
Report for the Power Sector.
Future power capacity addition values for grid-interactive renewable resource have
been considered from MNRE XI" Plan Report.
Computation of Emission Factor (EF) for 2011-12 and 2016-17 is based on future power
capacity addition projection.
For the period between 2016-17 and 2041-42, previous EF values have been discounted
with Compound Annual Growth Rate (CAGR) for renewable energy capacity addition
during the same period. This is primarily due to the fact that with addition of more and
more grid-connected renewable power capacity, the GHG emission intensity of the grid is
would come down.

Emission factors for computation of GHG emissions from use of fossil fuel - GHG emissions
due to fossil fuel consumption have been estimated using emission factors from IPCC 2006
guidelines®.

39

Source:- UMPP Risk Analysis Report, Aprii 2007 which can be accessed at

http://cdm.unfccc.int/UserManagement/FileStorage/53ZOWQYPA81NEC6XJOGSKHDT429UFV

40 http://www.ipcc-ngqgip.iges.or.jp/public/2006gl/index.html
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Annexure 2.1: Assessment of the GHG emission trends under No-DFC
scenario

a) Operational Boundary

The GHG emission estimation has been done considering the freight movement (which is
expected in Eastern and Western DFC) through:
Indian Railways

National Highways, in case the freight volume cannot be adequately catered to by
Indian Railways.

The Operational boundary has been described below:
Exhibit 41: No-DFC scenario operational boundary

Eastern Railway

East Central
Railway

Baseline for :
Northern Railwa
Eastern —> /

DFC

North Central

Railway

I

'I

National

Operational Highways

Boundary

Central Railway

Western Railway

Baseline for
Western DFC

North Western
— Railway

North Central
—

Railway

.

Northern Railway
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b) Major GHG emission sources

Exhibit 42: No-DFC scenario GHG emission sources

Electricity
consumptionin
electric locomotives

Freight

Movement

through Rail Diesel consumption
in diesel locomotives

Freight Diesel consumption
Movement in heavy duty
through Road vehicles
GHG
Emission Support
Sources Infrastructure Electricity & fossil

dedicated to fuel consumption
freight handling

Electricity
consumptionin
electric locomotives
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¢) Calculation Methodology and Approach

The methodology and approach as illustrated in the Inception Report have been broadly followed
in the calculation.

Exhibit 43: Approach used for assessment of No-DFC scenario GHG emission trends

» Estimation of electricity and diesel consumptionin
electric and diesel locomotives respectively during
freight and empties movement.

» Analysis of electricity and diesel consumptionin
electric and diesel locomotives respectively during
unplanned halting of freight trains due to congestion.

» Calculation of diesel consumptionin heavy duty
vehicles (high load carrying trucks)in case the freight
is transported by road.

» Estimation of annual GHG inventory as summation of
emissions due to diesel (fossil fuel) and electricity use
in baseline operations for the base year.

» Projection of base year emissions over a period of 38
years on the basis of regression analysis and other
statistical methods.

» Period of analysis has been spit into seven five year
periods starting from 2007-08 as the base-year.

»Estimation of electricity and fossil fuel consumption in
baseline support infrastructure.

d) Calculation Overview-

i Rail - road share of freight

The No-DFC scenario study deals with the freight movement along the present routes of Indian
Railways in absence of the Eastern and Western DFC.
A key consideration for this estimation was to assess whether the present route of Indian
Railways could have borne the freight volume which the DFCs are expected to carry in the
30 years' period and then calculate the number of trips of freight train per day per section of
the route.
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The tentative threshold year for each section when its rail freight carrying capacity reaches
the saturation point is considered* and the corresponding number of trips per day per
section which is the maximum possible for the section is estimated.
If 'y" is the threshold year for section ‘n’, then the freight volume it can bear in year 'y’
will be equal to that of DFC of that section.
For the following years, the number of trips per day for that section has been projected
considering the expected freight carrying capacity of that section (3% rail freight
capacity increase in the first ten years period w.r.t. Base Year freight capacity, 2%
increase in the next ten years period and 1% increase in the last ten years period).
In case the total No-DFC scenario freight volume is greater than the freight volume
carried by No-DFC scenario rail the future years shall see a modal shift of freight from
rail to road once any specific rail section reaches saturation.
The amount of freight transported by road will be equal to the difference in total freight
volume to be transported (as per freight demand projections) i.e. total No-DFC scenario
freight volume at a particular year and the maximum freight carrying capacity of that
rail section during the same time period.
It is worthwhile to mention that RO-RO“? traffic is hardly found in Indian Railway before
implementation of DFC*. However the same has been considered for accounting GHG
emissions from freight movement through road.

ii. GHG emissions due to freight movement through rail

Algorithm:
Total freight and empties movement over the 30 years of assessment period (2016-17 to

2041-42) along the No-DFC scenario equivalent of a dedicated corridor in UP direction =
(22 (Ley + W) X 1) X By (L) X B g b} + (nx B (W) X By (e X )]

t = number of trips of a particular commodity (or container) in a day within a section (derived
by multiplying the number of trips forecasted in DFC with the conversion multiplication
factor#4)s

e = number of trips of empties in a day within a section

| = track length of the section (km)
