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	Title
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	Date
Version number
	06/11/2016
1.1

	Sector, sub-sector
	Transport, inter-urban

	Country, region
	Bangladesh, entire country

	Responsible entity 
	Bangladesh Railway

	NAMA formulating entity
	Grütter Consulting, jgruetter@gmail.com

	Time frame
	2018-2030

	Objective
	Reduce significantly inter-urban transport GHG and criteria pollutant emissions in Bangladesh

	Transformational change
	Revert the trend of a declining mode share of rail in passenger and freight transport

	Main components
	Investment in expanding and upgrading rail services

	Estimated cumulative GHG reduction 2018-2030
	3.03 MtCO2e avoided WTW including Black Carbon

	Sustainable Development Impact 2018-2030
	235 avoided fatalities from transportation
735 million litres of diesel saved
850 tons PM and 19,500 tons NOx avoided
511 MUSD saved in social and environmental costs

	Finance
	Investment requirement of 30 billion USD of which 13.6 billion USD in the period 2015-2030[footnoteRef:1] [1:  16.4 billion USD period 2010 to 2015] 




The NAMA Rail Bangladesh was developed by Grütter Consulting under contract from ADB. The Nordic Development Fund (NDF) is the financier of this assignment.
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Abbreviations

AC	Air Conditioning
ADB	Asian Development Bank
BAU	Business as Usual
BC	Black Carbon
BR	Bangladesh Railway
BRT	Bus Rapid Transit
BRTA	Bangladesh Road Transport Authority
BUR	Biennial Update Reports
CDM	Clean Development Mechanism
CNG	Compressed Natural Gas
DOE	Designated Operational Entity
EF	Emission Factor
GCF	Green Climate Fund
GDP	Gross Domestic Product
GHG	Greenhouse Gases
GWP	Global Warming Potential
HDV	Heavy Duty Vehicle
IEA	International Energy Agency
INDC	Intended Nationally Determined Contribution
IPCC	Intergovernmental Panel on Climate Change
MOEF	Ministry of Environment and Forests
MRTS	Mass Rapid Transit System
MRV	Monitoring, Reporting, Verification
NAMA	Nationally Appropriate Mitigation Actions
NCV	Net Calorific Value
NDF	Nordic Development Fund
NPV	Net Present Value
OM	Operating Margin
PCU	Passenger Car Unit
PM	Particle Matter
pkm	passenger-kilometre
PT	Public Transport
QA	Quality Assurance
SCC	Social Cost of Carbon
SD	Sustainable Development
TA	Technical Assistance
tkm	Ton-kilometre
TTW	Tank-to-Wheel
UNFCCC	United Nations Framework Convention for Climate Change
WTT	Well to Tank
WTW	Well-to-Wheel
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Summary

1. GHG emissions of Bangladesh in 2011 of the power, industrial and transport sector were 64 MtCO2e and are expected to increase under Business as Usual (BAU) by 2030 to 234 MtCO2e representing 69% of total estimated emissions of 339 MtCO2e. Transport emissions are projected to increase from 5.5 MtCO2 in the year 2005 to 11 MtCO2e in 2014 to 37 MtCO2e in 2030.
2. Bangladesh’s Intended Nationally Determined Contribution of 2015 has as unconditional contribution a reduction of GHG emissions compared to BAU by 2030 of 5% in the power, transport and industry sectors. Within the INDC modal shift from road to rail is an important mitigation strategy. The National Sustainable Development Strategy of 2013 includes improvement of railway linkages as transport strategy with a potential to mitigate GHG emissions. The Perspective Plan of Bangladesh 2010-2021 of 2012 includes expansion and improvement of the railway system to increase the market share of freight and passenger transport of rail. The Railway Master Plan focuses its attention on the main corridors to regain lost market share and improve its competitive position versus road. The national climate change policies, development strategies and the relevant transport strategies all point to the importance of developing further rail transport. 
3. Bangladesh Railway has as of 2016 a network of 2,880 km of routes. Road has become the dominant mode of transport with nearly 90% of passenger transport in the year 2006 with rail only accounting for 4% whilst 1976 the rail share was still 30%. In the freight sector a similar trend can be observed with 80% of tkm being transported by road and 4% by rail. Also here 1976 the rail share was much higher with 28%.
4. The overall objective of the NAMA is to increase the role of railway in the transport sector of Bangladesh. This shall be realized through expansion of railway infrastructure and increased railway efficiency. The focus is on inter-city passengers and long-haul freight along specific corridors as these are the areas where rail is considered to have a potential competitive advantage.
5. The NAMA transformational change is towards reverting the trend for decreasing rail importance in long-haul passenger and freight transport in Bangladesh thereby fostering a low-carbon transport solution.
6. The scope for the NAMA is interurban passenger and freight transport within Bangladesh. Greenhouse gases included are CO2 and Black Carbon (BC). A separation is made in direct emissions arising from fossil fuel combustion and indirect emissions from upstream fuel fossil fuel extraction, refinery and transport both of which are calculated.
7. The major cause of the GHG impact of the rail investment programme is towards mode-shift from high emitting transport means towards low emitting transport means. The mitigation impact is a resultant of differential GHG emission factors per pkm and tkm of rail versus road transport as can be seen from the following graph.

Figure 1: Emission Factor per pkm and per tkm Road versus Rail, Bangladesh 2015 (gCO2, TTW)


8. The GHG mitigation impact increases over time due to gradual implementation of the different actions planned. GHG reductions of around 3 million tCO2e can be achieved cumulative over the time period of 2017-2030 or around 450,000 tCO2e per annum as of 2030. As the railway investments have a life-span of minimum 30 years the total impact over the technical life-span is estimated at 14 million tCO2e avoided. 25% of the emission reductions are due to freight and 75% due to passenger movement. As of 2030 transport emissions could be reduced by around 1% relative to the INDC projected baseline.
9. The major indirect GHG emission source apart from upstream fuel emissions for the baseline represent the road vehicle manufacturing emissions. These represent 80% of total indirect baseline emissions. Total indirect baseline emissions for the year 2030 represent 2.5% of total baseline GHG emissions Well-to-Wheel incl. Black Carbon i.e. are not significant. The major indirect emission source apart from upstream fuel emissions for the NAMA scenario represent the rail construction emissions with 80% of total indirect emissions. Total indirect NAMA emissions for the year 2030 represent less than 8% of total NAMA GHG emissions Well-to-Wheel incl. Black Carbon. The net additional indirect GHG emissions are for the year 2030 4,000 tCO2 which represent less than 1% of projected emission reductions for the same year. This is marginal and therefore the indirect emissions are not further included with exception of the Well-to-Tank fossil fuel emissions.
10. The following table shows the projected cumulative Sustainable Development impact for the NAMA for 2017-2030 using constant fuel prices and damage costs.
Table 1: Projected Cumulative Sustainable Development Impact Period 2017-2030 (USD of 2015)
	Parameter
	Impact 

	Diesel fuel savings
	753 million litres

	Reduction of traffic accident fatalities
	235 persons

	PM reduction 
	848 tons

	NOx reduction
	19,527 tons

	Monetary value of fuel savings
	361 million USD of 2015

	Monetary value of reduced accidents
	98 million USD of 2015

	Monetary value of reduced air pollution
	51 million USD of 2015

	Monetary value total
	511 million USD of 2015


The cumulative SD impact in monetary terms is around 0.5 billion USD. In annual terms in 2030 the impact is 75 million USD savings. The NAMA has thus a significant impact on the well-being and the sustainable development of Bangladesh.
11. In terms of finance the rail Master Plan on which the activities and the NAMA is structured consists of 235 projects costing USD 30 billion in the period 2010 to 2030. Phase I until 2015 thereby had an investment volume of 16.41 billion USD. The NAMA has as major financial benefits the net income from its services in the passenger and the freight sector. In economic terms the Sustainable Development savings from air pollution, fuel savings and reduced accidents account for a benefit of around 3 billion USD over the investment life-span of 40 years i.e. this covers around 10% of the investment costs.  The investment cost per ton CO2 abated including economic benefits is around 1,660 USD/tCO2e. This is not the CO2 abatement cost as the rail project has income and benefits apart from GHG reductions. Finance for the NAMA could be structured basically through the Green Climate Fund with a blending of national and international resources and of credit and grant facility.
12. Within the national system for GHG inventory of Bangladesh MOEF is the focal point for reporting GHG emissions. The monitoring system for the NAMA primarily tracks GHG emissions and the sustainable development impact of inter-urban rail transport next to NAMA implementation information. Data can serve for Biennial Update Reports (BURs) as explanatory source of information concerning mitigation achievements.


1. [bookmark: _Toc466207333]
Background

GHG emissions of Bangladesh in 2011 of the power, industrial and transport sector were 64 MtCO2e and are expected to increase under Business as Usual (BAU) by 2030 to 234 MtCO2e representing 69% of total estimated emissions of 339 MtCO2e. 
The 2nd National Communication reported total transport emissions for the year 2005 of 5.5 MtCO2[footnoteRef:2]. For 2014 transport emissions are estimated at around 11 MtCO2e based on a top-down calculation using fuel consumption data. Disaggregated fuel consumption data of Bangladesh shows for 2014-15 a gasoline consumption of 508 Mt and a diesel fuel consumption of 3,864 Mt[footnoteRef:3]. 100% of gasoline fuel consumption is attributed towards the transport sector as is done also in the 2nd National Communication. In diesel however the transportation sector only consumes around 54% of total diesel as is shown in the figure below, therefore resulting in 2,087 Mt of diesel used for transportation.  [2:  MOEF, 2012]  [3:  BPC data] 

Figure 2: Diesel Usage by Sector Bangladesh (2013-2014)

Source: Bangladesh Petroleum Corporation; see http://www.bpc.gov.bd/contactus.php?id=30

Additionally, the transportation sector consumed 2013 around 43,000 TJ of CNG[footnoteRef:4]. Based on the NCV and EFCO2 of fuels as published by IPCC total transportation emissions for 2014 result in around 10.6 MtCO2. The INDC forecasts transport emissions under BAU for 2030 of 37 MtCO2e which however appear to be rather on the high end[footnoteRef:5]. [4:  IEA, 2013]  [5:  The INDC assumes for 2013 17 MtCO2e of transport emissions which are significantly higher than the fuel consumption value reported for the same year (MOEF, 2015).] 


Figure 3: GHG Emission Trend Transport Sector Bangladesh

Source: 2005 MOEF (2012), 2014: calculation by Grütter Consulting; 2030 MOEF (2015)
 
Road has become the dominant mode of transport with nearly 90% of passenger transport (in terms of pkm) in the year 2006 with rail only accounting for 4% and inland waterways for 8%. 1976 the rail share was still 30% and the inland waterway share 16%. In the freight sector a similar trend can be observed with 80% of tkm being transported by road, 16% by inland waterway and 4% by rail. Also here 1976 the rail share was much higher with 28% and the inland waterway share was 37%[footnoteRef:6]. [6:  Ministry of Communications cited in GED, 2010, Table 2.8] 

Figure 4: Trends Mode Share Rail Freight and Passenger Transport (pkm and tkm)

Source: Ministry of Communications cited in GED, 2010, Table 2.8
 
The number of registered vehicles in Bangladesh was as of 02/2016 2.5 million units of which 1.4 million motorcycles (57% of all vehicles), 290,000 private passenger cars, 230,000 auto rickshaws, 150,000 buses (of which 87,000 microbuses, 27,000 minibuses and 37,000 large units), 119,000 trucks[footnoteRef:7], and 45,000 taxis. Vehicle registration categories also include Jeeps and pick-ups as separate categories (totalling some 122,000 units) which are eventually also private cars[footnoteRef:8]. Total vehicle numbers have increased by factor 2.5 in the last 5 years with a large increase of motorcycles and a tripling of private passenger cars. Around 40% of vehicles are registered in Dhaka. [7:  includes the category tankers]  [8:  http://www.brta.gov.bd/images/files/statistics/statistics-bangladesh-feb-16.pdf] 

2. [bookmark: _Toc466207334]Country Ownership

Bangladesh’s Intended Nationally Determined Contribution of 2015[footnoteRef:9] has as unconditional contribution a reduction of GHG emissions compared to BAU by 2030 of 5% in the power, transport and industry sectors. Within the INDC following conditional mitigation options for transport are addressed: [9:  MOEF, 2015] 

· Modal shift from road to rail and in general to public transport (PT) in urban passenger transport with the goal of a rail mode share in urban passenger traffic of 20% by 2030;
· Improved traffic management resulting in less congestion with an expected improvement by 2030 of 15% more efficient vehicle operations. This shall be achieved inter alia through the construction of expressways and investment in PT;
The 7th 5-year plan 2016-2020 of 2015[footnoteRef:10] includes as main relevant goals related to GHG mitigation in transportation to address urban congestion with Mass Rapid Transit Systems (MRTS) and to foster rail and inland waterway shipping. [10:  GED, 2015] 

The National Sustainable Development Strategy of 2013[footnoteRef:11] includes as transport strategies with a potential to mitigate GHG emissions: [11:  MOEF, 2013] 

· Improve railway linkages and expand rail capacity.
· For Dhaka and subsequently Chittagong give priority to pedestrians and develop a MRTS based on Bus Rapid Transit (BRT) and rail-based mass transportation as well as increase the bus size on trunk routes.
The 2nd National Communication of 2012 identifies following potential mitigation measures in the transportation sector[footnoteRef:12]: [12:  MOEF, 2012] 

· Urban transport planning and traffic management to decrease congestion;
· Urban MRTS;
· Vehicle maintenance and Eco Drive;
· Expansion and modernization of railways and a mode shift from road to rail and from road to waterways.

The Perspective Plan of Bangladesh 2010-2021 of 2012[footnoteRef:13] includes following strategies: [13:  GED, 2012] 

· Expand and improve the railway system with the goal of increasing the market share of freight and passenger transport of rail;
· Establish a modern MRTS in Dhaka and increase the number of modern high-capacity buses.
Bangladesh’s Climate Change Strategy and Action Plan of 2009[footnoteRef:14] identifies as mitigation area in the transportation sector following actions: [14:  MOEF, 2009] 

· Promotion of low cost PT;
· Improved energy efficiency of vehicles;
· Substitution of fossil fuels with biofuels.
The National Integrated Multimodal Transport Policy of 2013[footnoteRef:15] has recognized the need for shifting investment from the road network towards the rail sector and includes following main elements relevant for low-carbon transport: [15:  Ministry of Communication, 2013] 

· Improved integration of transport modes;
· Establishment of a MRTS in Dhaka including smart ticketing, integration of different PT services and improved accessibility;
· Improved land-use planning and traffic management including parking policies and regulatory measures (e.g. charging levy);
· Increased investment in railway and inland waterways.
The Railway Master Plan[footnoteRef:16] focuses its attention on the main corridors where 90% of traffic takes place. In these corridors and especially in certain freight commodities Bangladesh Railways (BR) wants to regain lost market share and improve its competitive position versus road. 235 projects costing 30 billion USD to be implemented during the period 2010 to 2030 have been included in the Rail Master Plan. The long-term Master Plan focuses on the infrastructure requirement and is expected to guide the overall development of BR in the foreseeable future.  [16:  http://railway.portal.gov.bd/site/page/8e5a704d-72e2-4d69-b443-21988229cbbc/Railway-Master-Plan] 

The national climate change policies, development strategies and the relevant transport strategies all point to the importance of developing further rail transport. This is thereafter structured within the railway master plan which lays out the required infrastructure needs to implement the policies and strategies. Therefore, the rail NAMA is well embedded within the national policies and strategies and commensurate with the national development goals.
3. [bookmark: _Toc466207335]
Snapshot of the Rail Sector in Bangladesh

BR has as of 2016 a network of 2,880 km of routes consisting of three different gauges of which 2,656 km are under operations[footnoteRef:17]. 8% of the route has double track or partial double track. Since 1970 the total route length has only varied marginally[footnoteRef:18]. The following figures show development of passenger and freight traffic since the 70ties. [17:  See BR Master Plan, chapter 2]  [18:  1970 it was 2,858km] 

Figure 5: Freight and Passenger Movement BR

Source: BR, various Yearbooks

The freight movement has remained constant since the mid seventies at around 700 million tkm per annum transporting 2.5 to 3.5 million tons of goods over a lead distance of 250 km. Passenger movement has increased in the last decade reaching 8 billion pkm with around 65 million passengers and a lead distance of 130 km. Compared to the seventies the passenger number has dropped but the lead distance has more than doubled thus resulting in increased pkm. In the same period however the population of Bangladesh increased by the factor 2.5 from around 65 million inhabitants in 1970 to nearly 170 million in 2015[footnoteRef:19] whilst GDP at constant prices increased by factor 6 in the same period[footnoteRef:20]. [19:  BR Master Plan Table 5-1]  [20:  http://www.kushnirs.org/macroeconomics_/en/bangladesh__gdp.html#main] 

BR manages around 300 diesel locomotives, 1,500 passenger carriages and nearly 10,000 freight wagons. Wagons carry a maximum load of 40 tons. The average freight train speed is 23 km/h. The average speed of passenger trains is around 32km/h. Low punctuality is a matter of great concern for rail customers.
Rail share of freight transport has dropped significantly in the last few decades and now reaches only around 4% in terms of passenger and freight numbers compared to more than 80% of road transport[footnoteRef:21]. [21:  BR Master Plan, chapter 4; In terms of tkm a decrease from 30% to 7% over the last 30 years can be observed. A similar decreasing trend can be observed in pkm whereas of 1970 rail still had an estimated mode share of 30% which has however dropped to around 10% with road being the dominant mode of transit in freight as well as passenger movement (Ahmed, 2010, Table 3 based on Planning Commission)] 

4. [bookmark: _Toc466207336]Objectives, Targets and Actions of the NAMA

The overall objective of the NAMA is to increase the role of railway in the transport sector of Bangladesh. This shall be realized through expansion of railway infrastructure and increased railway efficiency. The focus is on inter-city passengers and long-haul freight along specific corridors as these are the areas where rail is considered to have a potential competitive advantage.
The strategic approach includes[footnoteRef:22]: [22:  BR Master Plan, chapter 7] 

· Focus on major corridors (existing and new proposed corridors[footnoteRef:23]); [23:  Corridors 1 to 9] 

· Focus on major commodities;
· Gauge rationalization focusing on Broad Gauge for the entire country;
· Unlocking of capacity constraints e.g. through double tracking;
· Construction of important new links;
· Re-commissioning of tracks;
· Priority on maintenance and rehabilitation of infrastructure;
· Maintenance and procurement of rolling stock;
The main infrastructure targets and actions are summarized in the following table.
Table 2: Infrastructure Targets and Actions Planned
	Corridor
	Actions

	Corridor 1: Dhaka-Chittagong
	209km of double tracking; construction of 3rd and 4th line from Dhaka to Tongi and potentially line extension of 102km to Cox’s Bazar.

	Corridor 2: Chilahati-Ishurdi-Khulna-Mongla
	Rehabilitation and modernisation of 52km section of the corridor and extension to Mongla Port.

	Corridor 3: Dhaka-Bangabandhu Bridge-Darsana/Benapole
	Line rehabilitation and a partial construction of double line.

	Corridor 4: Dhaka- Bangabandhu Bridge-Rajshahi-Ronapur and -Ishurdi-Parbatipur-Chilahati/Birol
	Rehabilitation and replacement of major infrastructure along the line and partial double line.

	Corridor 5: Dhaka-Sylhet/Shahbazpur
	Re-commissioning of part of the line; gauge conversion; infrastructure rehabilitation

	Corridor 6: Dhaka-Bangabandhu Bridge-Sirajganj/Rojpur-Bogra-Lalmonirhat-Burimari
	66km of new rail line and rehabilitation and modernisation of other sections

	Corridor 7: Dhaka-Mawa-Jajira-Bhanga-Jessore-Khulna-Mongla / Jessore-Benapole / Bhanga-Barisal / Bhanga-Kashiani-Gopalgonj-Tungipara
	New corridors with new lines. The new lines would reduce also the railway distances. It is expected that the new lines attract 1.11 million additional passengers.

	Corridor 8: Dhaka-Mymensingh-Jamalpur-Tarakandi-Bangabandhu Bridge / Dhaka-Bhairab Bazar-Mymensingh 
	Rehabilitation of tracks and double line.

	Corridor 9: Dhaka-Paturia-Douladia-Moukuri-Bara Durgapur- Pabna-Ishurdi
	New construction 


Source: BR Master Plan, chapter 8
The following figure shows the planned network.

Figure 6: BR Projected Network by 2030
[image: ]
Source: BR Master Plan, Chapter 9

The Rail Master Plan projects an elasticity of passenger growth relative to GDP growth of 1.09 until 2020 and 1.0 thereafter. For freight a differentiation of growth rates based on commodities is made with some increasing in importance and others declining. Considering the most important commodities an elasticity of freight growth relative to GDP growth of 1.3 until 2020 and of 1.0 after 2030 is assumed. The GDP annual growth rate assumed for the period is 5.5%[footnoteRef:24].  [24:  BR Master Plan, chapter 5] 

The rail expansion with additional lines, double tracking, rehabilitation and increased capacity utilization requires also significant investments in rolling stock as well as improved capacity utilization of existing rolling stock with improved maintenance. Cumulative until 2030 it is projected that around 300 additional locomotives, 2,000 additional passenger coaches and around 1,000 freight and flat wagons need to be procured. 
The total investment required for the period 2010 to 2030 is around 30 billion USD.
BR is also taking steps to reduce emission of the railway system itself including:
· Replacement of old locomotives with new units with lower fuel consumption and GHG emissions;
· Usage of low sulfur diesel fuel. Whilst low-sulfur diesel will not have a direct GHG impact it does have an indirect impact as it allows for the usage of more efficient engines and reduces maintenance requirements. High sulfur diesel result in high maintenance efforts and if latter are not realized the fuel consumption and GHG emissions tend to increase.
· Improved locomotive maintenance facilities which again result in increased maintenance quality and thereby improved fuel efficiency of locos.

5. [bookmark: _Toc466207337]
Transformational Change

The NAMA transformational change is towards reverting the trend for decreasing rail importance in long-haul passenger and freight transport in Bangladesh thereby fostering a low-carbon transport solution. The structural change can best be seen in the two graphs showing passenger and freight transport in the historic perspective and under BAU and with NAMA actions.
Figure 7: Passenger Transport Rail BAU and with NAMA Bangladesh (pkm)

Source: Grütter Consulting

Compared to the baseline rail could more than double its activity level and thereby stop the declining mode share trend.

Figure 8: Freight Transport Rail BAU and with NAMA Bangladesh (tkm)

Source: Grütter Consulting

Also in freight a fundamental shift can be observed. In the last 4 decades, freight rail transport has been constant or declining resulting in a massive decrease of mode share. With the NAMA the rail sector shall grow significantly thus reverting the historic trend of decreasing mode share in freight transport. The intervention has therefore a large scaling-up potential.
6. [bookmark: _Toc466207338]
GHG Mitigation Impact
6.1. [bookmark: _Toc466207339]Scope

The scope for this NAMA is interurban passenger and freight transport within Bangladesh (see following figure).
Figure 9: NAMA Scope
[image: ]
Source: Grütter Consulting

The time period calculated is until 2030 with expected impacts starting 2017 i.e. the baseline and the mitigation scenario is realized for the period 2017 to 2030.
6.2. [bookmark: _Toc466207340]Boundaries and Gases Included

The NAMA and GHG boundary is Bangladesh. The activities are all over the country and therefore transport trips are all over Bangladesh.
GHG gases included are:
· Emission sources included are CO2. For inter-urban transport gaseous fuels are in general not used. Therefore, CH4 and N2O emissions are not accounted for as these represent in liquid fuels a marginal fraction. This approach is commensurate with registered CDM transport methodologies e.g. ACM0016.
· Black carbon (BC) and its impact on global warming based on a GWP100. A scientific assessment of BC emissions and impacts found that BC is second to CO2 in terms of its climate forcing. BC is on average 2,700 times more effective on a mass-equivalent basis than CO2 in causing climate impacts within 20 years, and 900 times more effective within 100 years. It increases global and regional temperatures when emitted into the atmosphere, where individual particles directly absorb energy from the sun and radiate it back as heat. BC also reduces the strong cooling effect of large, highly reflective surfaces such as glaciers and Arctic ice[footnoteRef:25]. BC is part of the particle matter (PM2.5) emissions originating from diesel engines.  [25:  see Bond, 2013 or World Bank, 2014] 


Emission sources included are differentiated based on (see also for an initial discussion chapter 6.3.):
· Direct Emissions resulting from the combustion of fossil fuels (TTW i.e. Tank-to-Wheel).
· Indirect Emissions include upstream emissions for fossil fuel extraction, refinery and transport i.e. a well-to-wheel (WTW) approach. WTT upstream emissions of liquid fuels are a significant part of emissions. Other indirect emission sources for construction of rail tracks / roads, production of rail carriages / vehicles and congestion changes on roads are discussed under chapter 6.7. However, their magnitude is not considered relevant and therefore their impact is not included in the further calculations. BR only uses fossil fuels and no electricity for traction. In the case of future usage of electricity for traction the electricity based upstream emissions for production and transmission of electricity would be included as indirect emission source based on the actual operating emissions of the grid and the countries transmission and distribution losses.

6.3. [bookmark: _Toc466207341]Cause-Impact Relationship

In terms of GHG mitigation the major impact of the rail investment programme is towards mode-shift from high emitting transport means towards low emitting transport means. Whilst new and more efficient locomotives might also reduce GHG emissions this is not taken into account as at the same time other measures such as increased comfort through AC carriages, increased speed and reduced passenger occupation rates to improve transport convenience might result in higher emissions per pkm and per tkm.
The causality chain shows the direct and indirect impacts expected to be caused by the actions of the NAMA. Based on the likelihood and expected magnitude of the impact the necessity of monitoring and further exploring impacts is determined. 
Table 3: Causality Chain of Increased Rail Transport
	Effects
	Magnitude of emission impact[footnoteRef:26] [26:  See for quantitative estimations chapters 6.6. and 6.7.] 

	Comment

	Direct effects
	Additional rail passenger and freight movement resulting in increased rail fuel consumption and GHG emissions
	Large
	Major impact, is quantified

	
	Mode shift road to rail freight and passenger reducing road based fuel consumption and GHG emissions 
	Large (avoided)
	

	Indirect effects
	Rail track construction[footnoteRef:27] [27:  Includes tracks, overhead lines, stations, bridges, tunnels ] 

	Moderate
	See section 6.7

	
	Rail locomotive, wagon and carriage production
	Small
	

	
	Upstream well-to-tank (WTT) fuel emissions due to increased rail activity
	Large
	Is quantified and included in calculations

	
	Upstream well-to-tank (WTT) diesel and gasoline emissions of fuel without mode shift
	Large (avoided)
	

	
	Road construction without mode shift to accommodate for additional trucks and buses[footnoteRef:28] [28:  Includes construction, maintenance and operation ] 

	Small (avoided)
	See section 6.7

	
	Vehicle production emissions without mode shift[footnoteRef:29] [29:  Buses and trucks ] 

	Small (avoided)
	

	
	Congestion impact and induced traffic
	Small
	


Source: Grütter Consulting
6.4. [bookmark: _Toc466207342]
Methodological Approach

The GHG mitigation impact is the difference between a baseline scenario (Business as Usual) and a situation with NAMA options. To determine the baseline scenario two major parameters need to be defined:
· Activity level: which is the rail activity level in absence of NAMA actions i.e. how many pkm and tkm would rail have transported under BAU;
· Modes of transport used in absence of rail i.e. what mode would passengers have chosen and what mode of transport would be used by freight in absence of rail for the additional pkm and tkm and the corresponding emission factor per mode.
Figure 10: Elements of the Baseline
Baseline Emissions

· Rail Activity Level
Emission Factor

· 



The calculation procedure applied does not determine the entire inter-urban transport emissions. The baseline only reflects the emissions which would have been caused by the freight and passenger movement realized with the NAMA. They therefore only reflect the GHG emissions of the amount of freight and passengers transported by rail. Total transport related inter-urban emissions are significantly higher as the majority of transport is realized by road transport. 
A differentiation between freight and passenger transport is made due to usage of different modes with different emission factors. However, calculation steps (see following figure) and formulas used are identical.
Figure 11: Steps to Determine Baseline Emissions


                                       (1)
Where:
BEy	Baseline emissions of passenger and freight rail transport in the year y (tCO2e)
ALNAMA,y	Rail activity level with the planned actions in the year y (million pkm/tkm)
ALBAU,y	Rail BAU activity level in the year y (million pkm/tkm)
MSi,y	Distance weighted mode share of mode i in absence of rail in the year y (%) 
EFi,y	Emission factor of mode i in the year y (gCO2e/pkm/tkm)

                                                                                                                                  (2)
Where:
EFi,y	Emission factor of mode i in the year y (gCO2 per pkm or per tkm)
SFCi,y	Specific fuel consumption of mode i in the year y (g/km)
NCV	Net Calorific Value of fuel x (MJ/g)
EFCO2	CO2 Emission factor of fuel x (gCO2/MJ)
OCi,y	Occupation rate / Load factor of mode i (passengers or net tons)

Rail Activity Level
The BAU rail activity level is based on the level of passenger and freight movement as registered by BR since 2010. Freight movement has been more or less constant in the last 4 decades whilst passenger activity has shown ups and downs with a significant increase between 2000 and 2010 and a stabilization thereafter. It is clear from historic data that under BAU rail activity is not correlated to GDP growth which in the same observation period increased by the factor 6.
The rail activity level with NAMA activities is based on projections of the BR Master Plan which projects freight and passenger movement based on elasticities related to GDP growth (see chapter 4). 
Chapter 5 shows the difference of freight and passenger rail movement under BAU and with planned activities. 
Baseline Mode Share
The approach used to determine the baseline mode share differentiates freight and passenger movement. For freight this is straightforward and can be based on historical or observed mode shares in absence of rail. In the case of Bangladesh for freight transport the baseline mode in absence of rail is road with a mode share of more than 80%[footnoteRef:30]. For passenger movement a survey of rail users was conducted early 2016 by Grütter Consulting, in which passengers were asked what mode they would have used in absence of rail. This approach is also taken by the approved CDM methodologies for mode shift in transport being AM0031, ACM0016 and AM0101[footnoteRef:31]. It allows the user of rail to identify potential alternative transport modes under a hypothetic scenario i.e. a survey of rail users is conducted which asks passengers what mode of transport (if any) they would have used to perform this trip in absence of rail. 100% of rail users in Bangladesh thereby responded with the mode bus. This is therefore taken as the baseline mode of transport. However, the survey must be repeated in regular intervals as results might change over time with increased income levels and access to private vehicles. Also depending on distances, speed and comfort levels of trains, passenger might also use in the future planes in absence of rail. A similar survey realized among India Railway users showed e.g. that 9% of train passengers would have used a private car and 3% planes in absence of rail[footnoteRef:32].   [30:  Jahan based on World Bank]  [31:  http://cdm.unfccc.int/methodologies/PAmethodologies/approved]  [32:  Survey realized by Grütter Consulting in India, 2013 for rail NAMA: see Grütter Consulting, 2014] 

Emission Factor 
The emission factor per mode (i.e. emissions per pkm or tkm of buses, trucks, rail) is calculated based on the approach used in approved CDM transport methodologies such as ACM0016 and by IPCC using the fuel consumption, the NCV, the CO2-EF of fuels and the average load factor[footnoteRef:33]. For BC the emissions are determined per kilometre using PM2.5 emission levels per vehicle category in accordance with the emission standards of Bangladesh, the BC fraction of PM2.5 and the Global Warming Potential (GWP) of BC.  [33:  For rail based on registered pkm and tkm and the total fuel consumed] 

6.5. [bookmark: _Toc466207343]Parameters and Values Used

The following table summarises all parameters used for calculations.
Table 4: Parameters
	Parameter
	Description
	Value
	Data Source
	Plausibility

	SFCB
	Specific fuel consumption buses
	43 l/100km
	Grütter Consulting, 2016a based on a survey of inter-urban buses, Bangladesh; all diesel
	Median driving speed 33km/h[footnoteRef:34]. Using COPERT for coach <18t, 0% gradient, 100% load factor, 33 km/h speed, conventional technology the resultant SFC is 41 l/100km[footnoteRef:35] [34:  Grütter Consulting, 2016a]  [35:  For Euro I the value would be 37 l/100km; EMEP/EEA, 2014] 


	NCVD
	Net Calorific Value of diesel
	43.0 MJ/kg
	IPCC, 2006, Table 1.2
	Official publication

	EFCO2,D
	CO2 Emission Factor of diesel
	74.1 gCO2/MJ
	IPCC, 2006, Table 1.4
	Official publication

	
	Density of diesel
	0.84 kg/l
	IEA, 2005, table A.3.8
	Official publication

	OCB
	Occupation rate buses
	32 passengers
	Grütter Consulting, 2016a based on a survey of inter-urban buses, Bangladesh
	Average occupation rate of 80% with 40 passenger average capacity

	SFCT
	Specific fuel consumption trucks
	37 l/100km
	Grütter Consulting, 2016b based on survey of long-haul trucks, Bangladesh
	Median speed of 31 km/h[footnoteRef:36]. COPERT rigid trucks 14-18t conventional, 0% gradient, 100% load, speed 31km/h has a SFC of 37 l/100km[footnoteRef:37] [36:  Grütter Consulting, 2016b]  [37:  For Euro I the value would be 31 l/100km; EMEP/EEA, 2014] 


	LFT
	Load factor trucks
	8.3t
	Grütter Consulting, 2016b based on survey of long-haul trucks, Bangladesh
	Average capacity utilization of 82% and average maximum payload capacity of 10 tons. The large majority of trucks are 2-axle.

	WWTD
	Well-to-tank mark-up factor diesel
	25%
	JRC (2011) 22%, CEC (2007) 23%, US DOE GREET (2012) 25%, NRC GHGenius (2013) 29%
	Average value of different sources

	EFPM,B
	PM 2.5 emission factor diesel coach Euro I
	0.362 g/km
	COPERT, table 3-23, Tier 2 appoach[footnoteRef:38] [38:  EMEP/EEA, 2014] 

	Based on average Euro I model

	EFPM,T
	PM 2.5 emission diesel HDV 7.5-16t Euro I
	0.201 g/km
	COPERT, table 3-21, Tier 2 appoach[footnoteRef:39] [39:  EMEP/EEA, 2014] 

	Based on average Euro I model

	BCF
	BC fraction of PM 2.5 Euro I HDVs
	65%
	COPERT; table A.4.0.2 Tier 3[footnoteRef:40] [40:  EMEP/EEA, 2014] 

	

	GWPBC
	GWP100 of BC
	900
	World Bank, 2014
	total effect including direct and Cryosphere effect

	FCR
	Diesel fuel consumption rail
	34,916 t
	BR, 2015 for period 2013-14
	

	
	Engine-km passengers
	12.334 Mkm
	BR, 2015 for period 2013-14
	Required for assigning diesel fuel consumption to passenger movement

	
	Engine-km freight
	1.177 Mkm
	BR, 2015 for period 2013-14
	Required for assigning diesel fuel consumption to freight movement

	ALP
	Passenger movement rail
	8,135 Mpkm
	BR, 2015 for period 2013-14
	Used for calculating EFPKM rail

	ACF
	Freight movement rail
	677 Mtkm
	BR, 2015 for period 2013-14
	Used for calculating EFTKM rail

	
	GDP growth
	5.5%
	BR, Master Plan
	Trading economics based on ARIMA model has a growth rate of 6.3% until 2020[footnoteRef:41]; IFs forecasts an average annual growth rate of 6.9% to 2030[footnoteRef:42] [41:  http://www.tradingeconomics.com/bangladesh/gdp-growth/forecast]  [42:  http://www.ifs.du.edu/ifs/frm_CountryProfile.aspx?Country=BD] 


	ƐP
	pkm elasticity
	1.09 until 2020
1.0 2021-2030
	BR, Master Plan
	India has a similar elasticity of 1.0[footnoteRef:43] [43:  Grütter Consulting, 2014; calculation for period 2000 to 2011] 


	ƐF
	tkm elasticity
	1.3 until 2020
1.0 2021-2030
	BR, Master Plan
	India has a similar elasticity of 1.0[footnoteRef:44] [44:  Grütter Consulting, 2014; calculation for period 2000 to 2011] 


	MSF,T
	Mode share truck for freight in absence of rail
	100%
	Assumption
	Road has > 80% of freight transport[footnoteRef:45] [45:  BR Master Plan, chapter 4] 


	MSP,B
	Mode share bus for passengers in absence of rail
	100%
	Grütter Consulting, 2016c
	This value might change over time due to increased income levels and access to private vehicles



A constant efficiency per tkm and pkm is assumed for all modes of transport. For the NAMA it is proposed to monitor core parameters required for the EF per pkm and tkm every 5 years. A constant level is assumed due to following factors which offset each other:
· Over time passengers will demand higher passenger comfort buses including AC and eventually more space. These two factors will increase specific fuel consumption of buses.
· Higher average driving speed and technology renewal will lead to a decreas of SFC of buses and trucks.
· Truck average size might increase resulting in higher amounts of commodities to be transported thus reducing SFC per tkm. On the other hand, the current average load factor is very high and will tend to drop with higher wages and more requirements on quick delivery thus increasing emission per tkm.
· Rail efficiency in terms of fuel consumption per engine-km could improve due to new technologies and improved maintenance. On the other hand, increased comfort levels for passengers including AC and more space as well as increased average speed could offset again these efficiency gains. 
6.6. [bookmark: _Toc466207344]GHG Mitigation Impact

The mitigation impact is a resultant of differential GHG emission factors per pkm and tkm of rail versus road transport as can be seen from the following graph.
Figure 12: Emission Factor per pkm and per tkm Road versus Rail, Bangladesh 2015 (gCO2, TTW)

Source: Grütter Consulting (see Table above for data sources)

For passenger transport rail is 3x more efficient in terms of GHG emissions and for freight transport factor 8 more efficient. Using a WTW approach and including Black Carbon road based passenger transport has 52 gCO2e/pkm versus 16 gCO2e/pkm for rail and road based freight transport results in 152 gCO2e/tkm versus 18 gCO2e/tkm when using rail.
The following figure shows forecasted baseline and NAMA GHG emissions TTW and WTW including BC.

Figure 13: GHG Emissions Baseline and NAMA, Inter-Urban Rail Transport Bangladesh (tCO2e)

Source: Grütter Consulting

The GHG mitigation impact increases over time due to gradual implementation of the different actions planned. The following table summarizes the GHG impacts. For details see Annex 1.
Table 5: GHG Impacts
	Parameter
	Average annual
	Year 2030
	Cumulative 2017-2030

	GHG Reduction TTW in tCO2
	145,000
	299,000
	2,020,000

	GHG reduction WTW in tCO2e
	181,000
	373,000
	2,530,000

	GHG reduction WTW incl. BC in tCO2e
	216,000
	447,000
	3,030,000



GHG reductions of 2 to 3 million tCO2e can be achieved cumulative over the time period of 2017-2030[footnoteRef:46] or around 300-450,000 tCO2e per annum as of 2030. As the railway investments have a life-span of minimum 30 years the total impact over the technical life-span is estimated at 9.5 to 14 million tCO2e avoided[footnoteRef:47]. 25% of the emission reductions are due to freight and 75% due to passenger movement. As of 2030 transport emissions could be reduced by around 1% relative to the INDC projected baseline.  [46:  Range always from TTW to WTW incl. BC]  [47:  Based on constant GHG reductions from 2030 onwards for 25 additional years on average (actions are implemented gradually 2017 to 2030)] 

6.7. [bookmark: _Toc466207345]Indirect Effects
6.7.1. [bookmark: _Toc466207346]Sources

Indirect emission sources are fossil fuel Well-to-Tank (WTT) emissions, road construction emissions, vehicle manufacturing emissions, and congestion change emissions. WTT emissions have already been included in above calculations and are therefore not further discussed.
It is important to take into account that indirect emissions occur under the BAU or the baseline scenario as well as under the NAMA scenario. With the baseline additional road space is required as more buses and trucks drive on roads whilst under the NAMA scenario additional rail tracks are built. The same is true for vehicle construction where additional bus and truck manufacturing have to be compared with additional locomotive and carriage manufacturing. The total impact is the differential between baseline and NAMA indirect emissions. 
6.7.2. [bookmark: _Toc466207347]Road/Rail Construction Related Emissions

This refers to additional road construction which would have been required to facilitate the movement of the baseline vehicles in the BAU scenario and to additional rail tracks under the NAMA scenario. In absence of the additional mode-switch related to the NAMA more conventional vehicles would operate which require space to move. The main component is thereby additional road lane construction. The following table shows core parameters required for an assessment of the magnitude and the direction of the impact.
Table 6: Parameters to Determine GHG Impact of Road/Rail Construction 
	Parameter
	Value
	Source, Comment

	Emission Factor for road construction
	20 tCO2/km per lane per annum
	550 tCO2 per lane for a 4-lane road GEF[footnoteRef:48]; 809 tCO2 per lane (expressways) World Bank[footnoteRef:49]; 628-721[footnoteRef:50] tCO2 per lane motorway EU Pave; EU average 500-800t per lane including construction, maintenance and operation; calculation based on 40 years of life-span[footnoteRef:51] [48:  Includes only construction and not road maintenance]  [49:  Construction only; based on Changer model of the International Road Federation IRF]  [50:  Asphalt roads at the lower end and concrete roads at the higher end for construction and the reverse for maintenance; the total of both is very similar for asphalt or concrete roads; includes construction and maintenance]  [51:  Hill, 2012; EUPave, 2011; GEF, 2015; World Bank, 2011] 


	Emission Factor for rail construction
	40 tCO2/km of track per annum
	Based on EU including stations, rail track, and bridges[footnoteRef:52]; based on different material life-time; annualized emissions. Does not include overhead electrification or tunnels.  [52:  Hill, N. et al, 2012, table 3.8] 

GEF[footnoteRef:53] has 875 tCO2/track i.e. around 30 tCO2/annum per km of track based only on steel and concrete for tracks. This does not include bridge and station components. [53:  GEF, 2015] 


	Road capacity per hour
	700 PCU/h
	For calculation purposes 18h are assumed. Trucks and buses are counted as 2 PCUs (Passenger Car Units). Number based on single carriageway with 2 lanes with mixed traffic, pedestrian crossings and average speeds below 50km/h, width 10-12m with 20-25% of traffic being buses and trucks[footnoteRef:54] [54:  Highways Agency, 1999] 


	New rail tracks
	390
	Based on map in BR, Rail Master Plan, p.122 new lines only



Calculations are performed based on additional pkm and tkm of rail. Using the load factor of trucks/buses the additional baseline distance driven by buses and trucks can be calculated which then results in additional road space required to accommodate these vehicles. The avoided indirect emissions from road construction are for the year 2030 3,000 tCO2 whilst the additional indirect GHG emissions due to rail track construction are 18,000 tCO2 i.e. around 15,000 tCO2 additional indirect emissions are caused by the NAMA due to construction activities.  
6.7.3. [bookmark: _Toc466207348]Vehicle Manufacturing Emissions 

This leakage refers to the construction and de-construction of vehicles in the manufacturing process i.e. upstream and downstream emission sources. In the baseline case more buses and trucks are required compared to the NAMA scenario whilst in latter more locomotives and carriages are demanded. The following table shows core parameters required for an assessment of the magnitude and the direction of the impact.
Table 7: Parameters to Determine GHG Impact of Vehicle Manufacturing
	Parameter
	Value
	Source, Comment

	Emission Factor for manufacturing of vehicle category i
	40 gCO2/km per annum bus / truck

	All data based on production based emissions for the average lifetime distance driven of the vehicle assumed in 1 million km; database ecoinvent [footnoteRef:55] [55:  ecoinvent Transport Services data version 2.0, 2007] 


	Emission Factor for manufacturing of rail vehicles
	1.3 tCO2 /carriage per annum and 2.6 tCO2 / loco per annum
	Based on EU figures[footnoteRef:56] with a life-span of 40 years for units. [56:  Hill, 2012; 104 tCO2 emissions per electric rail vehicle including end of life disposal/recycling; idem assumed for diesel locos. 50% of value assumed for carriages. ] 


	Additional rail carriages and locos 
	300 locos and 3,000 carriages
	BR Master Plan, chapter 9



Calculations are performed based on additional pkm and tkm of rail. The avoided indirect emissions from road vehicle manufacturing are for the year 2030 16,000 tCO2 whilst the additional indirect GHG emissions due to rail vehicle construction are 5,000 tCO2 i.e. around 11,000 tCO2 indirect emissions are avoided by the NAMA in the area of vehicle manufacturing emissions.  
[bookmark: _Toc466207349]6.7.4. Congestion Change Impact

This includes a speed effect (changing GHG emissions due to change of vehicle moving speed provoked through less congestion) and a possible rebound effect (additional trips due to reduced congestion). The sum of both effects can be of positive or negative nature due to the fact that GHG tailpipe emissions decrease up to a certain speed range and thereafter increase again. In the baseline more vehicles would circulate. This can result in two possible outcomes:
· Additional road-space is built i.e. additional lanes to keep the congestion at a constant level (i.e. in the baseline case more road space is built than in the project case).
· The congestion increases (i.e. is higher in the baseline case than in the project case). This would result in a speed effect (positive or negative depending on the speed with and without project) and a potential negative rebound effect[footnoteRef:57]. The incidence of rebound on inter-urban trips is however considered as marginal as the trip purpose itself is exogenously given i.e. not influenced by the road congestion conditions. This is different in city settings where rebound effects can have a major magnitude due to changing trip routes, changing trip times or making additional or longer trips (e.g. choosing a different shopping centre or visiting a friend). [57:  Negative effect means that less traffic would occur i.e. less induced traffic] 

To avoid double–counting of leakage with additional road construction and due to data difficulties in determining actual speed and congestion levels over an entire network of roads this potential leakage source is not addressed but considered within additional road construction i.e. leakage is determined assuming that the congestion level remains constant and therefore additional vehicles require additional road construction without assuming speed or rebound effects. 
[bookmark: _Toc466207350]
6.7.5. Summary Indirect Emissions

The major indirect emission source apart from upstream fuel emissions for the baseline represent the road vehicle manufacturing emissions. These represent 80% of total indirect baseline emissions. Total indirect baseline emissions for the year 2030 represent 2.5% of total baseline GHG emissions WTW incl. BC i.e. are not significant. 
The major indirect emission source apart from upstream fuel emissions for the NAMA scenario represent the rail construction emissions with 80% of total indirect emissions. Total indirect NAMA emissions for the year 2030 represent less than 8% of total NAMA GHG emissions WTW incl. BC.
The net additional indirect GHG emissions are for the year 2030 4,000 tCO2 which represent less than 1% of projected emission reductions for the same year. This is marginal and therefore the indirect emissions are not further included with exception of the WTT emissions which represent around 25% of TTW emissions. 
[bookmark: _Toc466207351]
7. Sustainable Development Impact
[bookmark: _Toc466207352]7.1. Overview

Sustainable development (SD) benefits are separated in the areas of economic, environmental and social benefits. Rail transport is associated with a wide range of externalities (positive and negative) arising out of the railways reach out to the community. The positive ones are in the form of greater industrialization, trade and commercialization activities, higher social mobility, property price appreciation, greater potential for tourism, etc. The negative ones are the environmental degradation resulting from railway operations (air, water and noise effects), accident related damage, barrier effect (communities severed by rail), etc. A large part of the positive or negative externalities are however the same or in the same magnitude for road based transit e.g. greater industrialization or trade and commerce activities. Therefore, the following section will focus on SD impacts which are differential between the road based BAU option and the NAMA scenario. 
The following SD benefits are looked at in detail:
· Economic: Energy security incl. conservation of energy sources and reduced dependency on imports; Reduced accident costs; reduced air pollution costs. The impact on the job market is not considered to be significant as on the one hand additional jobs are created within the rail sector whilst less jobs are required for road transport.
· Social: Improvement of quality of life including health improvements and enhancement of safety standards. The NAMA has no incidence i.e. the situation in the baseline and with a NAMA tend to be the same in terms of gender equality or on income and wealth distribution and therefore these aspects are not further discussed.
· Environment: air quality changes in terms of NOx and PM are included; The NAMA has no incidence i.e. the situation in the baseline case and with a NAMA tends to be the same concerning water, soil, waste and other pollutants. Rail transport will use reduced space compared to road transport. However, the impact is of minor nature in inter-urban transport.
The following graph relates the core SD impacts of the NAMA.
Figure 14: Sustainable Development Impact of Rail NAMA

Major Outcome
SD Impacts

 [image: C:\Users\jurg grutter\Pictures\Pictures office\Rail Bangladesh\IMG_7268.JPG]reduced fossil fuel consumption and reduced GHG emissions
environment: better air quality 
social: improved health and less accidents
economic: lower fuel imports & dependency


The following table shows the indicators for measuring the SD impact.
Table 8: SD Indicators
	Impact
	Indicator
	Comment

	Economic impact: fuel savings
	- Tons of fossil fuel saved
- Monetary value of fuel savings 
	Monetary value based on Bangladesh diesel market price[footnoteRef:58] [58:  0.87 USD/l as of end of February 2016; http://www.globalpetrolprices.com/Bangladesh/diesel_prices/] 


	Environmental impact: air quality
	- Reduced particle matter emissions
- Reduced NOx emissions
	Based on Tier 1 method and fuel savings

	Social impact: 
- Savings based on NOx and PM reductions
- Reduced accidents
	- Monetary value of NOx damages
- Monetary value of PM damages
- Avoided fatalities due to accidents
- Monetary value of avoided accidents
	Damage from vehicle and other ground-level sources is extrapolated from a city-level database on pollution intake rates. This results in costs for damage of local air pollution for Bangladesh[footnoteRef:59].  [59:  USD of 2015; IMF, 2014 (USD 2015 using http://stats.areppim.com/calc/calc_usdlrxdeflator.php)] 




[bookmark: _Toc466207353]7.2. Economic Impacts

Potential economic impacts of the NAMA include:
· Job creation impact;
· Improved energy security and reduced dependency on imports;
· Reduced congestion costs;
· Reduced health costs due to reduced air pollution (this is looked at under 7.4.);
· Reduced cost of loss of productivity due to accidents (this is looked at under 7.3.).
The impact on the job market is not considered to be significant ass on the one hand additional jobs are created within the rail sector whilst less jobs are required for road transport.
In urban transport projects savings due to reduced congestion tend to be the major economic impact. However, in inter-urban freight and passenger transport this is not expected to be a major impact not least due also to the projected baseline which relies on additional road construction.
Bangladesh needs to import diesel fuel causing a considerable strain on foreign exchange resources. The transportation sector accounts for 50% of the diesel usage in the country[footnoteRef:60]. Over the time period 2017-2030 Bangladesh can save over 750 million litres of diesel worth 360 million USD at 2015 USD prices by implementing the NAMA[footnoteRef:61]. [60:  Bangladesh Petroleum Corporation; see http://www.bpc.gov.bd/contactus.php?id=30]  [61:  Reference price diesel based on New York Harbor Ultra-Low Sulfur No 2 Diesel Spot Price, US$ per gallon; price as of 29.2.2016 1.07 USD/gallon (source: indexmundi) plus 0.1 USD/l for distribution and 0.1 USD/l for international Transportation based on IMF, 2013] 

[bookmark: _Toc466207354]7.3. Social Impacts

The social benefits of a shift from road to rail are basically less accidents and an improved air quality resulting in a positive health impact. Latter impact is quantified in the next section. Bangladesh had 2008 nearly 3,000 fatalities due to road accidents of which more than 80% occurred outside the major cities. More than 50% of involved vehicles were buses or trucks. The following table shows the parameters used to determine the impact on fatal traffic accidents.
Table 9: Parameters for Determination of Fatal Accident Rates
	Parameter
	Value
	Source

	Registered trucks 2008
	64,944
	BRTA, 2008, table 4-2

	Registered buses 2008
	35,987
	

	Share of truck involvement in fatal accident 2008
	24%
	BRTA, 2008, table 4-2 incl. single and multiple vehicle involvement

	Share of bus involvement in fatal accident 2008
	
	

	Fatalities non-urban traffic accidents 2008
	2,210
	BRTA, 2008

	Annual distance driven truck/bus
	80,000km
	Grütter Consulting

	Total fatalities BR 2009/10 to 2013/14
	148
	BR annual yearbooks

	Total pkm + tkm 2009/10 to 2013/
	43,720 Mtkm/pkm
	

	Accident cost
	0.13 USD/l diesel
	IMF, 2013 for Bangladesh USD of 2015

	Fatalities per million bus km
	0.20
	Calculation

	Fatalities per million truck km
	0.10
	Calculation

	Fatalities per million pkm and tkm rail
	0.0034
	Calculation



The NAMA can reduce 235 fatal accidents over the period 2017-2030 (by 2030 35 persons) and reduce accident costs by a cumulative 98 MUSD or on average 7 MUSD per annum. This includes total accident cost and not only fatalities. For more details, see Annex 1.
[bookmark: _Toc466207355]7.4. Environmental Impacts

The environmental impact avoided is basically in terms of reduced particle matter and NOx emissions due to minor usage of trucks and buses. The physical and the monetary impact is calculated. The following table shows the parameters used to determine the impact on air pollution.
Table 10: Parameters for Determination of Fatal Accident Rates
	Parameter
	Value
	Source

	PM2.5 emissions diesel coach Euro I
	0.362 g/km
	COPERT, table 3-23, Tier 2 approach

	NOx emissions diesel coach Euro I
	8.1 g/km
	COPERT, table 3-22, Tier 2 approach

	NOx emissions diesel HDV Euro I
	5.31 g/km
	COPERT, table 3-20, Tier 2 approach

	PM2.5 emissions diesel HDV 7.5-16t Euro I
	0.201 g/km
	COPERT, table 3-21, Tier 2 approach

	Pollution cost NOx
	370 USD/t
	IMF, 2013 for Bangladesh USD of 2015[footnoteRef:62] [62:  Damage from vehicle and other ground-level sources is extrapolated from a city-level database on pollution intake rates. This results in costs for damage of local air pollution for Bangladesh] 


	Pollution cost PM
	51,900 USD/t
	



The NAMA can reduce 20,000 tons of NOx and 850 tons of PM2.5 over the period 2017-2030 (for 2030 2,900 tons of NOx and 130 tons of PM2.5 are avoided) and reduce air pollution costs by a cumulative 51 MUSD or on average 4 MUSD per annum. For more details, see Annex 1.
[bookmark: _Toc466207356]7.5. Summary SD Impacts

The following table shows the projected cumulative SD impact for the NAMA for 2017-2030 using constant fuel prices and damage costs.
Table 11: Projected Cumulative Sustainable Development Impact Period 2017-2030 (USD of 2015)
	Parameter
	Impact 

	Diesel fuel savings
	753 million litres

	Reduction of traffic accident fatalities
	235 persons

	PM reduction 
	848 tons

	NOx reduction
	19,527 tons

	Monetary value of fuel savings
	361 million USD of 2015

	Monetary value of reduced accidents
	98 million USD of 2015

	Monetary value of reduced air pollution
	51 million USD of 2015

	Monetary value total
	511 million USD of 2015


Source: Grütter Consulting
The cumulative SD impact in monetary terms is around 0.5 billion USD. In annual terms in 2030 the impact is 75 million USD savings. The NAMA has thus a significant impact on the well-being and the sustainable development of Bangladesh.
[bookmark: _Toc466207357]
8. Finance

The rail Master Plan on which the activities and the NAMA is structured consists of 235 projects costing USD 30 billion in the period 2010 to 2030. Phase I until 2015 thereby had an investment volume of 16.41 billion USD. The following table lists projected investment costs and the potential funding source for Phases II to IV from 2015/16 to 2030.
Table 12: Projected Investments (billion USD)[footnoteRef:63] [63:  Exchange rate of 78 BDT to USD] 

	Phase
	Finance GOB
	External Finance
	Total Cost

	2015-2020
	1.16
	2.45
	3.61

	2020-2025
	
	5.64

	2025-2030
	
	4.34

	Total 2015-2030
	
	13.59


Source: BR, Master Plan, chapter 9 

The NAMA has as major financial benefits the net income from its services in the passenger and the freight sector. In economic terms the SD savings (air pollution, fuel savings and accident) account for a benefit of around 3 billion USD over the investment life-span of 40 years i.e. this covers around 10% of the investment costs[footnoteRef:64].  [64:  Excludes benefits of GHG reduction; calculation based on constant benefits from 2030 onwards for 30 years and total benefits period 2015 to 2030 (gradual implementation of investments) ] 


The investment cost per ton CO2 abated is calculated based on a 40-year period with constant GHG reductions from 2030 onwards and total investments. This amounts to an investment cost of around 1,830 USD per tCO2e avoided. Including economic benefits, the net investment cost is reduced to around 1,660 USD/tCO2e. This is not the CO2 abatement cost as the rail project obviously has income and benefits apart from GHG reductions. The main reason for investing in rail is to transport more freight and passengers. The investment thus has monetary returns without being fully profitable. To determine the profitability, operational revenues and costs to determine the annualized loss or profit of the investment need to be included, resulting thereafter in positive or negative GHG abatement costs. The marginal abatement cost is very much dependent on price regulations within the railway sector, especially for passenger transport, where fare prices are based on considerations including accessibility and social pricing.

Support for early NAMA implementation is likely to come from bilateral funding sources and multilateral development banks. The Green Climate Fund (GCF) has become operational and has decided upon first credits and grants in 2015. Nevertheless, there is no mechanism through which NAMAs can almost automatically receive international grants or other funding as it is expected by many actors. In fact, it is highly unlikely that NAMAs will be financed only through grants and/or public funds. Hence, NAMA financing mechanisms need to be established to leverage and mobilise private investments. The major part of necessary climate investments will not come from the international realm but from domestic sources like taxes, levies, public budgets, etc. The GCF can however be critical in providing complementary resources to those of existing financial actors. 
Germany and the United Kingdom have launched on December 6, 2012, in Doha the NAMA Facility to support and mobilize the financing of NAMA implementation as the first financing facility specifically aimed at NAMAs; mitigation actions are only starting to be financed as NAMAs. This facility, has as of May 2016 supported 14 projects with a maximum of 20 million Euro per NAMA i.e. the facility is not geared towards large infrastructure programs but towards capacity building, smaller projects and towards creating the conditions to access major finance. Therefore, it is not surprising that no rail project has entered the NAMA facility Fund[footnoteRef:65]. [65:  See for more information http://www.nama-facility.org/projects/portfolio.html] 

For sources of carbon finance see e.g. http://www.climatefundsupdate.org 
[bookmark: _Toc466207358]
9. MRV
[bookmark: _Toc466207359]9.1. National Context

Within the national system for GHG inventory of Bangladesh MOEF is the focal point for reporting GHG emissions. In the transport sector only a top-down approach has been followed to the moment without further disaggregation except in the 2nd National Communication for vehicle categories.
The monitoring system for the NAMA primarily tracks GHG emissions and the sustainable development impact of inter-urban rail transport. For the national GHG monitoring system it can provide tracking of the impact of NAMA implementation and certain parameters can serve as input factor for a bottom-up estimation of GHG transport emissions. Bottom-up data again can serve for Biennial Update Reports (BURs) as explanatory source of information concerning mitigation achievements. 
[bookmark: _Toc466207360]9.2. Monitoring

The following figure shows the steps required in monitoring to determine the NAMA impact.
Figure 15: NAMA Monitoring Steps


Step 1 Implementation status: The physical implementation of the NAMA is monitored and compared to projections. Core parameters include distance of new tracks built, distance of new double tracking rails and number of additional coaches, carriages and locos. This data is not required for emission reduction calculations but shows the progress of the NAMA and can be used for plausibility of the monitored activity levels and emission reductions.
Step 2 Activity level: The activity level in terms of pkm (only inter-urban transport i.e. if in the future an urban passenger rail system e.g. metro, is established these numbers are not included) and tkm is monitored together with the passenger numbers and freight tonnage and the average lead passenger and freight transport. This data is already collected and reported annually by BR. 
Step 3 Energy consumption rail: The diesel fuel (and eventually in the future electricity consumption) of rail is monitored. The assignment to freight and to passenger transport can be based on the engine-km for freight and for passenger movement. In case of establishment of an urban rail system in the future (metro or LRT) the energy consumption of the urban system needs to be excluded. This data is already collected and reported annually by BR. Together with the tkm and pkm of rail and the emission factor of diesel this allows to calculate the specific emission factor per tkm and per pkm of rail.  
Step 4 Baseline emission factors: Factors which are revised in regular intervals include the specific fuel consumption of different vehicles (basically inter-urban trucks and buses) and the load factor of these vehicle categories. Eventually also a passenger mode split survey of rail passengers is made again in the future. The periodic update of the baseline parameters allows for an adjustment of baseline emissions and improves the precision level of emission reduction calculations.
Step 5 Emission Reductions: Based on the values for the monitored parameters and the calculus method the emission reductions are determined. 
Step 6 Sustainable development parameters: The impact on sustainable development indicators is calculated. Monitored parameters include the fatality rate of rail accidents, the diesel fuel price and in a periodic manner an update of the baseline accident rate of road transport. 
The following table summarizes the different result indicators and parameters monitored for the NAMA. Annex 2 contains for each parameter details concerning measurement procedures, best practice and quality assurance (QA).
Table 13: Result Indicators 
	ID
	Indicator
	Description

	1
	tCO2 reduced
	GHG impact or outcome indicator 
Calculated as TTW and as WTW including BC (Black Carbon)

	2
	gCO2/pkm & gCO2/tkm
	Core performance indicator for rail GHG effectiveness; comparison with road performance indicator

	3
	pkm and tkm
	Core performance indicator for absolute targets in transporting passengers and freights (absolute as well as growth rate)

	4
	tNOx  and tPM reduced
	SD impact or outcome indicator for air pollution

	5
	Fatalities reduced
	SD impact or outcome indicator for accident rate

	6
	MUSD cost savings due to SD impacts
	SD impact or outcome indicator expressed as sum of saved costs due to reduced fuel usage, air pollution and transportation fatalities

	7
	# of implementation actions
	Output indicator; Includes km of new built tracks, km new built double or multiple tracks, number of new locos, carriages, wagons 

	8
	USD invested in actions
	Output indicator includes new investment in rail infrastructure



Table 14: Annually Monitored Parameters 
	ID
	Parameter
	Description

	1
	FC
	Fuel consumption rail

	2
	pkm / tkm
	Passenger numbers and freight tons as well as average lead

	3
	RFP
	Reference fuel price; required for determination of the monetized SD impact. 

	4
	Fatalities 
	Rail fatalities required for determination of the SD impact



All annually required parameters are already monitored and reported by BR i.e. no additional effort is required for this part. 

Table 15: Parameters Monitored every 5 Years[footnoteRef:66]  [66:  The interval of 5 years is thereby based upon slow and only minor annual changes of the parameters thus not making it relevant to measure them annually.] 

	ID
	Parameter
	Description

	1
	SFCB/T
	Specific fuel consumption of inter-urban buses and trucks

	2
	OCB/T
	Occupation rates of inter-urban buses and load factors of inter-urban trucks

	3
	MS
	Mode share of rail passenger users concerning transport mean they would have used in absence of rail (distance weighted)



The mode share survey not necessarily needs to be realized. The initial survey resulted in 100% of additional rail users taking the bus. Using the same value in the future is conservative as it can be assumed that with increased income private cars will be more common. If this potential additional emission reduction shall be quantified in the future a passenger survey would need to be realized which can however be combined with a regular BR passenger survey to monitor quality of services and customer satisfaction (in India the survey has been combined with a regular passenger survey). 

Table 16: Default and Literature Based Parameters 
	ID
	Parameter
	Description

	1
	NCV
	Net calorific value of diesel (source: IPCC)

	2
	EFCO2
	CO2 emission factor of diesel (source: IPCC)

	3
	BC
	Black carbon emission factor for buses and trucks (source: Copert)

	4
	PM/NOx
	Particle and NOx emissions for buses and trucks (source: Copert) 

	5
	GWPBC
	Global Warming Potential of Black Carbon (international literature)

	6
	UEF
	Upstream mark-up factor WTT diesel (source: international literature) 

	7
	Fatalities
	Road fatalities related to buses and trucks (source: BRTA)

	8
	External costs
	External costs of air pollution (USD/t NOx and per tPM) and of accidents ((source: international literature)



[bookmark: _Toc466207361]9.3. Institutional set-Up

The monitoring reports are realized on an annual base by BR. Additional data collection is limited to every 5 years.  The report can be realized within the department which is in charge of realizing the BR annual report. The climate impact can thereby be integrated within this report as a short special section thus also making efforts public and having an annual report structure without additional publication efforts. The staff in charge will be trained by Grütter Consulting who will also realize the first monitoring report, and a monitoring spreadsheet which incorporates all calculation steps and formulas required.  
An external verification of the monitoring reports could be realized if required by potential financing parties. The verification could be realized for example by DOEs accredited for the CDM sectoral scope 7 (transport).
[bookmark: _Toc466207362]
10. NAMA Implementation Arrangements

The NAMA is managed and implemented by BR in coordination with MOEF. Due to the simple monitoring system no additional support beyond what is already planned within the ADB NAMA project is required.
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[bookmark: _Toc466207363]Annex 1: Calculations
[bookmark: _Toc466207364]A1.1: General Input Parameters
	Parameter
	Value
	Unit
	Source

	NCV of diesel
	43
	MJ/kg
	IPCC, 2006, table 1.2

	CO2 emission factor of diesel
	74.1
	gCO2/MJ
	IPCC, 2006, table 1.4

	Density of diesel
	0.844
	kg/l
	IEA, 2005

	NCV of gasoline
	44.3
	MJ/kg
	IPCC, 2006, table 1.2

	CO2 emission factor of gasoline
	69.3
	gCO2/MJ
	IPCC, 2006, table 1.4

	Density of gasoline
	0.741
	kg/l
	IEA, 2005

	Well-to-tank mark-up factor diesel
	25%
	
	JRC-Study study 22%, CEC 23%, US DOE GREET model 25%, NRC GHGenius  model 29%; average value taken

	Well-to-tank mark-up factor gasoline
	25%
	
	JRC-Study 19%, CEC 27%, LLC 28%; average value  taken 

	PM 2.5 emissions diesel coach Euro I
	0.362
	g/km
	COPERT, table 3-23, Tier 2 approach

	NOx emissions diesel coach Euro I
	8.1
	g/km
	COPERT, table 3-22, Tier 2 approach

	NOx emissions diesel HDV Euro I
	5.31
	g/km
	COPERT, table 3-20, Tier 2 approach

	PM 2.5 emissions diesel HDV 7.5-16t Euro I
	0.201
	g/km
	COPERT, table 3-21, Tier 2 approach

	BC fraction of PM 2.5 Euro I HDVs
	65%
	
	COPERT; table A.4.0.2 Tier 3

	GWP100 of BC (total effect incl. direct and Cryosphere effect)
	900
	
	World Bank, 2014

	CO2 factor of electricity
	0.649
	kgCO2/kWh
	Data for 2011 based on OM of 0.666, energy generation excl. hydro of 32.626 GWh and hydro of 0.872 GWh: IGES, 2015 for OM and generation (based on DOE) and IEA for hydro 2011



[bookmark: _Toc466207365]A1.2: Vehicle Parameters
	Parameter
	Value
	Unit
	Source

	Specific fuel consumption diesel coach (inter-urban bus)
	43
	l/100km
	Grütter Consulting, 2016a based on a survey of inter-urban buses, Bangladesh; all diesel

	Occupation rate coach
	80%
	
	Grütter Consulting, 2016a based on a survey of inter-urban buses, Bangladesh 

	Coach capacity total
	40
	passengers
	Grütter Consulting, 2016a based on a survey of inter-urban buses, Bangladesh 

	BC emissions coach
	0.235
	g/km
	calculation based on BC content and PM emissions coach Euro I

	SFC trucks diesel
	34
	l/100km
	all diesel; Grütter Consulting, 2016b based on survey of long-haul trucks, Bangladesh

	Average net load
	8.3
	tons
	Based on survey with tkm/km of records; Grütter Consulting, 2016b based on survey of long-haul trucks, Bangladesh

	Capacity load trucks
	9.8
	tons
	Grütter Consulting, 2016b based on survey of long-haul trucks, Bangladesh

	Average load factor trucks
	82%
	
	Grütter Consulting, 2016b based on survey of long-haul trucks, Bangladesh

	BC emissions trucks
	0.131
	g/km
	calculation based on BC content and PM emissions HDV 7.5-16t, Euro I

	Diesel fuel consumption
	34,916
	tons
	BR, 2015; period 2013-14

	Engine-km passengers
	12,334,000
	km
	BR, 2015; period 2013-14

	Engine-km freight
	1,177,000
	km
	BR, 2015; period 2013-14

	Engine-km others
	1,489,000
	km
	BR, 2015; period 2013-14

	Passenger km (million)
	8,135
	pkm
	BR, 2015; period 2013-14

	Freight tkm (million)
	677
	tkm
	BR, 2015; period 2013-14

	Average passenger trip distance
	125
	km
	BR, 2015; period 2013-14

	Lead distance freight
	268
	km
	BR, 2015; period 2013-14



[bookmark: _Toc466207366]A1.3: Emission Factors Per Mode Passenger Transport
	Mode
	GHG TTW
	GHG WTW
	BC
	GHG WTW incl. BC

	Passenger cars
	105
	132
	0
	132

	Coach
	36
	45
	7
	52

	Train passenger
	12
	16
	0
	16



[bookmark: _Toc466207367]A1.4: Emission Factor per Mode Freight
	Mode
	GHG TTW
	GHG WTW
	BC
	GHG WTW incl. BC

	Truck
	110
	138
	14
	152

	Train freight
	14
	18
	0
	18



[bookmark: _Toc466207368]A1.5: Baseline
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[bookmark: _Toc466207369]A1.6: Mitigation Impact
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[bookmark: _Toc466207370]A1.7: Rail and Road Construction Parameters
	Parameter
	Value
	Unit
	Source

	Road capacity per hour
	700
	PCU/h
	Highways Agency, 1999;  2 lane 1 carriageway; 10-12m wide; speed ,50kmh; 20-25% HDVs

	hours per day for road
	18
	h
	 

	Nu. PCU truck and bus
	2
	 
	due to size

	EF road construction
	20
	tCO2/lane/a
	Hill, 2012; EUPave, 2011

	EF rail construction
	40
	tCO2/track/a
	Hill, 2012, table 3.8 excludes tunnel and electric

	Rail tracks BR 2013
	390
	km
	BR, Master Plan p. 122 with new lines Dhaka Jessore, Dhaka-Laksam, Corridor 6



[bookmark: _Toc466207371]A1.8: Indirect Emissions Rail and Road Construction 2030
	Parameter
	Value
	Unit

	Additional road required
	169
	km

	Additional road emissions 
	3,388
	tCO2e/a

	Additional rail tracks
	454
	km

	Additional rail emissions
	18,144
	tCO2e/a



[bookmark: _Toc466207372]A1.9: Vehicle Manufacturing Parameters
	Parameter
	Value
	Unit
	Source

	EF for manufacturing bus/truck
	40
	gCO2/km
	ecoinvent Transport Services data version 2.0, 2007

	EF for manufacturing loco
	2.6
	tCO2/a
	Hill, 2012

	EF for manufacturing carriage
	1.3
	tCO2/a
	Hill, 2012

	Additional locos 
	300
	locos
	BR, Master Plan, chapter 9

	Additional rail carriages
	3,000
	carriages
	BR, Master Plan, chapter 9



[bookmark: _Toc466207373]A1.10: Indirect Emissions Vehicle Manufacturing 2030
	Parameter
	Value
	Unit

	Additional GHG due to road vehicles
	15,580
	tCO2e/a

	Additional GHG due to rail vehicles
	4,680
	tCO2e/a



[bookmark: _Toc466207374]A1.11: SD Impact on Fuel Savings
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[bookmark: _Toc466207375]A1.12: SD Impact on Transportation Fatalities and Accidents
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[bookmark: _Toc466207376]A1.13: SD Impact on Air Pollution
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[bookmark: _Toc466207377]A1.14: Cumulative SD Impact
	Parameter
	Impact 
	Unit

	Diesel fuel savings
	753
	million litres

	Reduction of traffic accident fatalities
	55
	Persons

	PM reduction 
	848
	Tons

	NOx reduction
	19,527
	Tons

	Monetary value of fuel savings
	361
	MUSD

	Monetary value of reduced accidents
	98
	MUSD

	Monetary value of PM & NOx reductions
	51
	MUSD

	Monetary value total
	511
	MUSD




[bookmark: _Toc466207378]Annex 2: MRV Parameters
[bookmark: _Toc466207379]A2.1. Result Indicators

Result indicators are calculated and not measured. The following tables give the definitions and the calculation methods. The parameters used to calculate the indicators are detailed in A2.2. and A2.3.
	ID
	R1

	Indicator
	tCO2e

	Description
	GHG emissions in tCO2e

	Calculation method
	The indicator is calculated as Tank-to-Wheel (TTW) and as Well-to-Wheel (WTW).

GHG emissions are:


where:
FCi	Fuel consumption of fuel type i
NCVi	Net calorific value of fossil fuel type i
EFCO2,i	CO2 emission factor of fossil fuel type i 
EC	Electricity consumption for traction 
EFelec	Carbon emission factor of electricity production

WTW includes also the WTT emissions of fossil fuels as well as Black Carbon (BC) emissions:



where:
TTWi	TTW GHG emissions of fuel i
UEFi	Upstream emission factor of fuel type i
BCi	Black Carbon emissions (determined per vehicle technology and fuel type)


	Comment
	See default and monitored parameters for details



	ID
	R2

	Indicator
	gCO2e/pkm and gCO2e/tkm

	Description
	GHG emissions per passenger-kilometre and per ton-kilometre 

	Calculation method
	Idem to R1 GHG emissions are calculated TTW and WTW using the same formulae but dividing it with the pkm and the tkm. The indicator is calculated for rail, trucks and buses.

	Comment
	Core performance indicator for rail effectiveness



	ID
	R3

	Indicator
	Rail pkm and tkm

	Description
	Total passenger-kilometre and ton-kilometre per annum of rail

	Calculation method
	Based on passenger number and passenger lead and freight tons and freight lead as recorded by BR

	Comment
	Core performance indicator for achieving absolute service targets



	ID
	R4

	Indicator
	PM and NOx

	Description
	PM and NOx emissions reduced

	Measurement or calculation method
	This can be based on Tier 2/3 method (Copert) by multiplying distance driven with the PM and NOx emission factor for buses and trucks. This needs to be adjusted based on the average Euro standard of buses and trucks circulating in Bangladesh. Latter can be based on vehicle registration statistics or surveys. The reduced emissions are based on the difference between pkm and tkm monitored and baseline divided by the average load factor bus and truck. This results in the additional distance driven per annum of trucks and buses in absence of the rail NAMA.

	Comment
	Major SD indicator



	ID
	R5

	Indicator
	Fatalities

	Description
	Transportation fatalities reduced

	Measurement or calculation method
	The train fatalities are monitored. The road fatalities are calculated based on the default indicator of road fatalities per million bus-km and per million tkm.
The additional distance driven of buses and trucks is calculated idem to R4 based on the difference between pkm and tkm monitored and baseline divided by the average load factor bus and truck. 

	Comment
	Major SD indicator



	ID
	R6

	Indicator
	MUSD

	Description
	Cost savings due to SD impacts

	Measurement or calculation method
	Sum of cost savings of reduced diesel fuel consumption (saved diesel fuel multiplied by reference cost diesel), accident cost savings (default value per km and additional km driven of buses and trucks) and avoided air pollution (based on tons of PM and NOx avoided multiplied with default cost factor per ton of NOx and per ton of PM)
Diesel fuel savings are based on actual – baseline pkm divided by the bus occupation rate to determine the bus distance driven. This is then multiplied by the specific fuel consumption. The same is applied to trucks. The sum is the fuel saved.

	Comment
	Major SD indicator



	ID
	R7

	Indicator
	Implemented actions

	Description
	List of mitigation actions implemented

	Measurement or calculation method
	Includes km of new built tracks, km new built double or multiple tracks, number of new locos, carriages, wagons 

	Comment
	Major output indicator



	ID
	R8

	Indicator
	MUSD

	Description
	Millions of USD invested in mitigation actions

	Measurement or calculation method
	Includes investment in new built tracks, km new built double or multiple tracks, number of new locos, carriages, wagons 

	Comment
	Major output indicator


[bookmark: _Toc466207380]A2.2. Annually Monitored Parameters

	ID
	1

	Parameter:
	FC

	Unit:
	Tons or litres

	Description:
	Fuel consumption of diesel for traction inter-urban rail (per annum)

	Source of data:
	BR

	Monitoring method:
	BR records

	Measuring frequency:
	Continuous with annual report

	QA/QC procedures:
	Comparison over time per engine-km  

	Comment:
	For assignment to freight and to passenger transport the relation engine-km freight and engine-km passenger is taken. 

To convert diesel from litre to mass the density of diesel is 0.844 kg/l (IEA, 2005) 



	ID
	2

	Parameter:
	pkm and tkm

	Unit:
	pkm / tkm

	Description:
	Passenger-kilometre and ton-kilometre on inter-urban rail

	Source of data:
	BR

	Monitoring method:
	Based on total passenger number and passenger lead and total tons transported and average lead

	Measuring frequency:
	Continuous measurement and annual reporting

	QA/QC procedures:
	Comparison with value of previous years to identify possible data recording and transmission errors.

	Comment:
	



	ID
	3

	Parameter:
	RFP

	Unit:
	USD/l

	Description:
	Reference fuel price diesel

	Source of data:
	Reference price diesel based on New York Harbor Ultra-Low Sulfur No 2 Diesel Spot Price, as published by www.indexmundi.com plus 0.1 USD/l for distribution and 0.1 USD/l international transportation (IMF, 2013). 

	Monitoring method:
	This reflects the base price of diesel. This is not identical to the pump price for diesel which might be higher or lower than the reference price depending on tax levels or subsidies.

	Measuring frequency:
	Annual

	QA/QC procedures:
	

	Comment:
	Used to determine the SD financial impact



	ID
	4

	Parameter:
	Rail fatalities

	Unit:
	Passengers

	Description:
	Fatalities due to rail accidents

	Source of data:
	BR

	Monitoring method:
	BR records 

	Measuring frequency:
	Continuous measurement and annual reporting

	QA/QC procedures:
	

	Comment:
	Used to determine the SD impact on accidents



[bookmark: _Toc466207381]A2.3. Parameters Monitored Every 5 Years

	ID
	5

	Parameter:
	SFCB/T

	Unit:
	l/100km

	Description:
	Specific fuel consumption of inter-urban buses and trucks

	Source of data:
	Potential sources of information:
· Data from large inter-urban bus companies and logistics companies;
· Reported values of literature with a transparent procedure how data was collected;
· Sample measurements of trucks e.g. with installation of fuel-measurement equipment or with collection of fuel invoices and GPS route tracking

	Monitoring method:
	Reports, surveys or sample measurements

	Measuring frequency:
	Every 5 years (e.g. 2020, 2025, 2030)

	QA/QC procedures:
	Comparison with Copert value per vehicle category based on average load factor, speed, gradient and Euro standard

	Comment:
	



	ID
	6

	Parameter:
	OCB and LFT

	Unit:
	Passengers per bus and net tons per truck

	Description:
	Average occupation rates of buses and average load factors of trucks

	Source of data:
	Potential sources of information:
· Data from large inter-urban bus companies and logistics companies;
· Reported values of literature with a transparent procedure how data was collected;
· Surveys of trucks or commodity flow surveys;
· Visual occupation studies for bus or on-road surveys

	Monitoring method:
	Reports, surveys or sample measurements
For trucks the net load factor needs to be taken (total GVW minus tara weight of truck). This can be estimated based on percentage of load and applying this percentage to the load capacity of trucks.
For buses the average occupation rate of buses based on surveys needs to be multiplied with the maximum carrying capacity of the bus.
Measurements must be conducted outside urban areas. The sample must be randomized taking either all vehicles passing or every nth vehicle passing. Sampling must be done at least in 2 different geographical locations during minimum 2 days. The sample size must be sufficient for a 95% confidence level and a 5% maximum error bound of a point estimation using a simple random sample. 

	Measuring frequency:
	Every 5 years (e.g. 2020, 2025, 2030)

	QA/QC procedures:
	Comparison with former values

	Comment:
	



	ID
	7

	Parameter:
	MSi

	Unit:
	%

	Description:
	Distance weighted mode share of mode i passengers would have used in absence of rail (buses, cars, planes, induced traffic)

	Source of data:
	Specific survey realized of rail passengers; It is suggested to perform the survey together with other planned surveys of rail passengers e.g. concerning client satisfaction with services to reduce costs.

	Monitoring method:
	See below.

Distance weighting is done using the following steps:
1. Based on 90% confidence level it is assessed if monitored distances from the survey can be considered as different or not.
2. For distances which have no significant difference the average of the modes with non-significant differences is taken. 
The mode share is weighted by distance by multiplying average mode trip number share with average distance per mode divided by average trip distance over all modes

	Measuring frequency:
	Every 5 years (e.g. 2020, 2025, 2030)

	QA/QC procedures:
	Comparison with former values

	Comment:
	It is optional to realize or not the survey. If no survey is realized it is assumed that 100% of rail users would have used buses in absence of rail based on the initial survey realized 2016. If BR wants to capture additional emission reductions resultant from passengers using plane or passenger cars instead of rail the survey must be realized. However, this makes only sense if the rail is competitive against planes and passenger cars from a perspective of speed, convenience and comfort. Otherwise it is suggested to not incur in the cost and complexity of a survey and continue with the default value.



Figure 16: Main Features of Passenger Survey
	Feature
	Details

	Survey objective
	Determine the baseline mode passengers of inter-urban rail would have used and determine the trip length. Latter is used to weight the mode used 

	Parameter
	Main parameter: Mode used in absence of rail
Secondary parameter: Distance travelled per mode

	Target population
	Passengers over 12 years of age using BR for inter-urban trips. Smaller children are excluded due to problems in answering the questions.

	Sample frame
	Based on average passengers transported per day on inter-urban rail trips entire India.  

	Relative error level (CV)
	A global desired level of precision (CV) of 10% for the parameters of interest with a precision level of 90/10 is required. 

	Coverage
	Bangladesh: national trips of IR all over Bangladesh

	Size of Universe
	Generally, in one day, BR mobilizes around 180,000 passengers per day

	Sample size
	Estimated at 3,000 completed surveys

	Sample frequency
	Every 5 years. No seasonality is expected[footnoteRef:67]. [67:  Exception holiday season] 


	Method of information collection
	Basically two options exist:
1. Face-to-face surveys conducted e.g. a railway stations surveying passengers. Railway stations as well as passengers questioned need to be randomized. The random distribution allows that the sample mirrors the total population in any other non-observed variables such as age, gender, religion, personal preferences etc. 
2. Phone based interviews nationwide asking persons which have recently used railways for inter-urban trips.  This approach also allows for randomization and has potentially lower costs due to the large number of railway stations entailing high travel and collection costs of face-to-face surveys.

	Trip distance calculation
	Based on entry-exit station of the passenger. For road modes based on road maps and for plane based on ICAO distance calculator.


Source: Grütter Consulting

[bookmark: _Toc466207382]A2.4. Default and Literature Based Parameters

	ID
	8

	Parameter:
	NCV

	Unit:
	MJ/kg

	Description:
	Net Calorific Value of diesel 

	Source of data:
	IPCC Guidelines for National GHG Inventories, 2006, table 1.2

	Value(s) applied:
	43.0

	Comment:
	Average value taken as reported by IPCC



	ID
	9

	Parameter:
	EFCO2

	Unit:
	gCO2/MJ

	Description:
	CO2 emission factor of diesel

	Source of data:
	IPCC Guidelines for National GHG Inventories, 2006, table 1.4

	Value(s) applied:
	74.1

	Comment:
	Average value taken as reported by IPCC



	ID
	10

	Parameter:
	BC

	Unit:
	g/km

	Description:
	Black Carbon emissions diesel bus and truck 

	Source of data:
	Corinair Emission Inventory Guidebook/EMEP/EEA, Emission Inventory Guidebook 2013 updated 09/2014, various tables 

	Value(s) applied:
	0.0235 g/km for coaches
0.131 g/km for trucks

	Comment:
	Calculation based on PM emissions and the BC fraction within PM for Euro I vehicles (Tier 2/3 approach) 
BC fraction of PM2.5: 65% for Euro I HDVs (COPERT; table A.4.0.2 Tier 3); PM 2.5 emissions see below
Value needs to be updated with vehicles being upgraded to Euro II, III and further standards. Also values need to be updated if truck size changes.



	ID
	11

	Parameter:
	EFPM/NOx

	Unit:
	g/km 

	Description:
	Particle Matter and NOx emission factor diesel coach and HDV

	Source of data:
	Corinair Emission Inventory Guidebook/EMEP/EEA, Emission Inventory Guidebook 2013 updated 09/2014, various tables

	Value(s) applied:
	Coach bus: 0.362 for PM2.5 and 9.2 for NOx
Truck: 0.201 for PM2.5 and 5.31 for NOx

	Comment:
	Tier 2 approach based on Euro I vehicle; trucks based on 7.5-16t 
Value needs to be updated with vehicles being upgraded to Euro II, III and further standards. Also values need to be updated if truck size changes.



	ID
	12

	Parameter:
	GWP BC

	Unit:
	no unit

	Description:
	Global Warming Potential of Black Carbon (total effect incl. direct and Cryosphere effect)

	Source of data:
	World Bank, Reducing Black Carbon Emissions from Diesel Vehicles: Impacts, Control Strategies, and Cost-Benefit Analysis, 2014

	Value(s) applied:
	GWP100: 900
GWP20: 2,700

	Comment:
	Values published range for GWP100 from 450 to 1,110 and for GWP20 from 1,580 to 3,870; average value is used



	ID
	13

	Parameter:
	UEF

	Unit:
	%

	Description:
	Upstream mark-up factor of diesel (Well-to-Tank)

	Source of data:
	JRC - Joint Research Centre-EUCAR-CONCAWE collaboration, Well-to-Wheels Analysis of Future Automotive Fuels and Powertrains in the European Context Version 3c, 2011; California Energy Commission, Full Fuel Cycle Assessment Well to Tank Energy Inputs, Emissions, and Water Impacts, 2007; LLC, Assessment of Direct and Indirect GHG Emissions Associated with Petroleum Fuels, 2009; Nylund et.al, Fuel and Technology Alternatives for Buses, VTT Technology 46, 2012; Natural Resources Canada: NRC, GHGenius model version 4.02, 2013; US DOE, GREET The Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation Model Version GREET1 2012 rev2

	Value(s) applied:
	25%

	Comment:
	Average value of cited studies was taken



	ID
	14

	Parameter:
	Road Fatalities perk bus-km and per truck-km

	Unit:
	Persons

	Description:
	Road Fatalities perk bus-km and per truck-km

	Source of data:
	BRTA

	Value(s) applied:
	Bus: 0.20 fatalities per million km
Truck: 0.10 fatalities per million km

	Comment:
	BRTA reports number of fatalities. The share of buses and trucks in accidents (involving single and multiple vehicles) is used to determine the participation of trucks and buses in fatal accidents (2008 this was 26% of buses and 24% of trucks). The number of fatalities are assigned to buses and trucks based on this share. The number of registered vehicles with an annual average distance driven of 80,000km is taken to determine the road vehicle accident rate per km for buses and for trucks.



	ID
	15

	Parameter:
	External costs

	Unit:
	USD

	Description:
	External costs of air pollution and traffic accidents

	Source of data:
	International literature; base case IM, Getting Prices Right, 2013

	Value(s) applied:
	PM: 51,900 USD/t of 2015 USD
NOx: 370 USD/t of 2015 USD
Accident: 0.13 USD/liter diesel USD 2015

	Comment:
	Values are specific for Bangladesh but in the calculation process often defaults were applied.
The diesel savings calculated based on pkm buses and tkm trucks is applied.
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Annex 3: Stakeholder Assessment

The workshop took place as part of the ADB TA Project “TA-8731 (BAN): South Asia Subregional Economic Cooperation Railway Connectivity: Akhaura-Laksam Double Track Project – Intl Firm – NAMA Component for Accessing Climate Mitigation Funds”.
The TA project aims at developing a NAMA on inter-urban rail in Bangladesh. The workshop had the following targets:
1. Discuss and get feedback on the Rail NAMA, Bangladesh.
2. Discuss role and climate change mitigation potential of the transport sector in Dhaka and in Bangladesh, with a special reference to the Bangladeshi INDC and the role of potential climate finance opportunities to provide additional finance to this NAMA.
The workshop was organized by Grütter Consulting and BR as part of the TA Project mentioned above.

NAMA Stakeholder Consultation Workshop 
Workshop Agenda

Workshop date: 2016 October 4th ,  at 9.30 am
Workshop venue: Le Meridien Hotel

	Duration
	Activity
	Responsible

	9.00 – 9.30 
	Arrival and Registration
	Grutter Consulting

	9.30-9.45
	Welcome Address
	General Manager /Project Director, BR

	9.45-10.00
	Welcome Address
	Markus Roesner ,ADB

	10.00 -10.15 
	Inaugural Speech by Chief Guest
	Director General, BR

	10.15 – 10.30
	ADB’s role in Transport and Climate Finance
	N. Soetantri, ADB

	10.30 – 11.00
	Keynote Address: Bangladesh INDC, the Role of NAMAs and the Transport Sector
	Mr. Ziaul Haque, MOEF

	Tea to be served during the above address

	11.00 – 11.30
	Keynote Address: Railway Master Plan 2010-2030: Status and Prospects
	Md. Saidur Rahman, Additional Chief Engineer, Bangladesh Railway.

	11.30 – 12.15
	NAMA Rail Bangladesh
	J. Grutter, Grutter Consulting

	12.15 – 13.00
	Discussion of Rail NAMA
	K. Yangzom, ADB

	13.00 – 14.00 
	Lunch



The morning session was opened by a welcome address from Md. Mozammel Hoque, General Manager of Bangladesh Railways (BR) and from Mr. Markus Roesner, Transport Specialist from the Asian Development Bank (ADB).
The first introductory presentation was from Nana Soetantry (ADB) and versed on the role of ADB in climate-related financing for sustainable transport programs. Following, keynote addresses from the Ministry of Environment and Forest (MOEF) and from the Bangladesh Railways were useful to set the stage of the discussion.

After that, Mr. Jurg Grutter from the Consultant team followed with a detailed presentation of the NAMA Rail Bangladesh, including the potential climate finance investment that could be requested under a NAMA framework. This session was followed by a long Q&A session from the floor to finish the morning session.

QUESTIONS & ANSWERS / COMMENTS
Keynote Address on Bangladesh INDC and role of NAMAs (Md. Ziaul Haque, MOEF)
1. Do you have a transport emission standard in Bangladesh? (Joint TG/Mechanical from BR)
A: currently there is no emission standard from MOEF. However, there are considering introducing national standards similar to EURO standards on fuels, but not on emissions but on fuel quality.

Keynote Address on Bangladesh Railway (Md. Saidur Rahman, BR)
1. Do you have a plan to improve intermodal connectivity (bus-railway)?
A: currently it is envisaged but there is no formal plan
2. Do you have a plan to improve interaction with MRT and electric traction into BR?
A: they are good suggestions and they will be introduced in the future but currently there is still no formal plan and the capital investment is too high to tackle electrification of the railways.

Presentation on NAMA Rail Bangladesh (Mr. Jurg Grutter, Grutter Consulting)
1. Q: how much available NAMA finance there is for transport and how much the sector contributes to national NDC?
A (MOEF): the NAMA designs really can estimate their contribution to the transport target from the NDC. However, the transport contribution to the national NDC was done on a top-down fashion and therefore is a very crude/raw estimation of how much it will contribute to the global NDC target.
2. Does the NAMA Rail calculations take into account maintenance and additional costs and emissions along the whole lifespan of the railroad?
A (Grutter): yes for tracks or roads, the lifespan is always including maintenance and CO2/GHG calculations keep track of that.
3. Comment on quality and fuel used for rail, as well as the need to use sustainable rail but also road.
A (Mr. Grutter): The use of diesel PPMs in relation to sulphur is an air quality problem but not a GHG emission problem. However, lower quality diesel will have higher maintenance requirements, and therefore will impact in the long term and indirect in terms of higher maintenance (which if they are not met, will conduct to lower efficiency of engines and higher GHG emissions), as well as they hinder the introduction of more modern engines/technologies.
A (Md. Haque, MOEF): Added that the impact on health benefits/reduced air pollution can also be used as levers to attract climate and sustainable development finance.
A (Ms. Yangzom, ADB): rails and road are both important for development
4. Q: how we have calculated the SD benefits and how black carbon and GHG emission have been calculated?
A (Grutter): The SD was broken down on NOX and PM emissions on truck and buses and compared to diesel use of rail through the use of COPERT model. The black carbon and GHG emissions also used COPERT and results were not modelled after SNC but actually SNC is considered not very solid as it was done top-down (mostly Tier 2).
5. Q: road vs. rail users: have they been compared and taken into account?
A (Grutter):No, they haven’t been consider however in economic and financial IRR and our financial calculations we incorporate the “costs” including total economic value costs so we in some way take into account the opportunity costs of investing on roads vs. rail. However is a good point and should be taken into a closer look in future steps.
6. Q: climate finance will be very important and some estimates talk about 2 billion USD/year for Bangladesh. However, the estimation of the NAMA rail CF needs is only up to 350-450 mUSD. On the other side, the requirements for a NAMA in terms of MRV capabilities etc. we have to be aware that Bangladesh has really limited capacity, so this will have to be taken into account.
A (Ms. Yangzom, ADB): capacity building on MRV GHG and SD is very important. As Nana’s presentation showed, ADB is also a knowledge bank and the Railway TA has a capacity building component which can also contribute.
A (MOEF): currently MOEF is trying to getting GCF accreditation and for that will need to develop capacities on MRV. National agencies need to also be involved and training opportunities will be on the table for national agencies through enhanced GCF and UNFCCC support.
7. Q: Road shipping has an “economic speed” that optimizes costs and emissions. Is this something that exists for rail?
A (BR): Maximum speed is depending on the network however the best speed is not usually related to GHG emissions.
A (Grutter): GHG cannot override economic conditions, so the important thing is that you demonstrate that at the best economic speed.
8. Q: Are there adaptation measures in the railway sector?
A (Grutter): NAMA focus is on mitigation, adaptation measures are definitely important but they are not the focus of NAMAs. NAPAs (National Adaptation Plan of Actions) are the vehicle for climate proofing. 
A (Ms. Yangzom, ADB): ADB is also financing adaptation and in Bangladesh indeed adaptation 
9. Q: Engines need to be upgraded from Tier 0 to Tier 2 or Tier 3 engines. This is not reflected in the NAMA design. Also, the higher sulphur and PM is not taken into account in relation to mid-term impact on GHG emission increase. 
A (MOEF): Tier 0 is the current baseline and BAU is Tier 1, however upgrade to Tier 2 and 3 is not currently envisaged under BAU.
A (Ms. Yangzom, ADB): ADB is also financing adaptation in transport (i.e. climate-proofing transport infrastructure) and in Bangladesh indeed adaptation has to be one of the great priorities.
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Step 1


Activity Level


 BAU pkm and tkm rail is determined


Step 2


Mode Share Baseline


 The mode share of the baseline is equivalent to the mode rail passengers / freight would have used in absence of rail. The mode shift is only applied to the additional rail activity level (NAMA minus BAU pkm and tkm).


Step 3


EF per Mode


For each baseline mode the EF per pkm and tkm is determined.


 The total baseline emissions are determined based on the rail activity level with the NAMA. Calculations require the BAU and the NAMA rail activity levels with the difference representing the mode shift. 



Step 1


Step 3


Monitor rail energy consumption


Step 4


Monitor baseline emission factors


Step 5


Step 6


Monitor and calculate the activity level in tkm and pkm


Step 2


Monitor implementation status


Calculate emission reductions


Monitor and calculate sustainable development impact


Coach	
GHG TTW	36.136624874999995	Train passenger	
GHG TTW	12.484928435489795	Truck	
GHG TTW	110.16152385542168	Train freight	
GHG TTW	14.308053997610108	Passenger cars	
GHG TTW	105.31771249999998	BC train not registered	
GHG TTW	
GHG TTW	Freight transport in gCO2e/tkm	
GHG TTW	Mode	
GHG TTW	0	gCO2/pkm and gCO2/tkm



agriculture	industry	power	transport	domestic and other	990105	86229	367132	1766260	32828	2005	2014	2030	5.5	10.6	37	
MtCO2e



pkm rail	1976	2006	0.3	0.04	pkm road	1976	2006	0.54	0.9	tkm rail	1976	2006	0.28000000000000003	0.04	tkm road	1976	2006	0.35	0.8	
Mode Share




Million pkm	1969-70	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	3317	4061.7	4461.8	4633.8	5005.8	4833.3999999999996	5118.8999999999996	5197.5	5365.6	6427.1	6283.5	6031.4	6005.3	6027.2	5052.2	4338.3	5069.6000000000004	4586.8999999999996	5347.8	5111.8999999999996	4570.1000000000004	4037.2	3333.2	3753.6	3855.5	3678.3	3940.7	4209.2	3971.8	4024.2	4341.5	4164.1000000000004	4387.3999999999996	4586	5609.2	6800.7	7304.9	8051.9	8787.2000000000007	8253.4	8134.7	Million tkm	1969-70	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	1265.0999999999999	623.20000000000005	717	712.4	786.1	838.5	854.7	786.6	844.5	814.5	778.6	812.9	612.20000000000005	502.59	678.27	665.94	643.48	650.99	718.39	641.44000000000005	640.80999999999995	759.78	689.02	782.43	803.85	896.4	777.16	907.88	951.82	951.99	895.5	816.82	820.49	775.58	869.59	800.16	710.06	692.64	582.11	525.37	677.36	Million passengers	1969-70	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	72.89	82.63	93.82	94.45	96.21	89.76	88.55	89.3	90.35	105.64	98.87	90.32	82	72.319999999999993	53	50.8	55.38	48.39	52.3	50.28	44.52	39.65	32.71	37.49	38.299999999999997	36.24	38.630000000000003	41.21	38.72	39.159999999999997	43.44	42.25	44.52	45.76	53.82	65.03	65.63	63.54	66.14	62.6	64.959999999999994	Average distance in km	1969-70	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	45.5	49.2	47.6	49.1	52	53.9	57.8	58.3	59.4	60.8	63.6	66.8	73.2	83.3	95.3	85.4	91.5	94.8	102.3	101.7	102.7	101.8	101.9	100.1	100.7	101.5	102	102.1	102.6	102.8	100	98.6	98.6	100.2	104.2	104.6	111.3	126.7	132.9	131.80000000000001	125.2	Million tons	1969-70	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	4.88	2.94	3.39	3.16	3.57	3.24	3.18	2.98	3.23	3	2.94	3.01	2.34	1.98	2.52	2.4900000000000002	2.41	2.52	2.5099999999999998	2.4	2.4700000000000002	2.73	2.5499999999999998	2.94	3.04	3.42	2.89	3.47	3.67	3.67	3.47	3.21	3.06	2.97	3.28	3.01	2.71	2.5499999999999998	2.19	2.0099999999999998	2.52	
Mpkm/Mtkm




BAU	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	8051.9	8787.2000000000007	8253.4	8134.7	8134.7	8110	8110	8110	8110	8110	8110	8110	8110	8110	8110	8110	8110	8110	8110	8110	8110	with NAMA	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	8051.9	8787.2000000000007	8253.4	8134.7	8134.7	8110	8110	8596.1944999999996	9111.5363602749985	9657.7729650734836	10236.756454329639	10799.778059317769	11393.765852580245	12020.422974472158	12681.546238068126	13379.031281161871	14114.878001625773	14891.19629171519	15710.212087759524	16574.273752586298	17485.858808978544	
million pkm




with NAMA	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	623.20000000000005	717	712.4	786.1	838.5	854.7	786.6	844.5	814.5	778.6	812.9	612.20000000000005	502.59	678.27	665.94	643.48	650.99	718.39	641.44000000000005	640.80999999999995	759.78	689.02	782.43	803.85	896.4	777.16	907.88	951.82	951.99	895.5	816.82	820.49	775.58	869.59	800.16	710.06	692.64	582.11	525.37	677.36	640	640	640	685.76	734.79183999999987	787.32945655999981	843.62351270403974	890.02280590276189	938.9740602274137	990.61763353992137	1045.101603384617	1102.5821915707709	1163.2242121071631	1227.201543773057	1294.697628680575	1365.9059982580065	1441.0308281621967	BAU	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	623.20000000000005	717	712.4	786.1	838.5	854.7	786.6	844.5	814.5	778.6	812.9	612.20000000000005	502.59	678.27	665.94	643.48	650.99	718.39	641.44000000000005	640.80999999999995	759.78	689.02	782.43	803.85	896.4	777.16	907.88	951.82	951.99	895.5	816.82	820.49	775.58	869.59	800.16	710.06	692.64	582.11	525.37	677.36	640	640	640	640	640	640	640	640	640	640	640	640	640	640	640	640	640	
million tkm




Coach	
GHG TTW	36.136624874999995	Train passenger	
GHG TTW	12.484928435489795	Truck	
GHG TTW	110.16152385542168	Train freight	
GHG TTW	14.308053997610108	Passenger cars	
GHG TTW	105.31771249999998	BC train not registered	
GHG TTW	
GHG TTW	Freight transport in gCO2e/tkm	
GHG TTW	Mode	
GHG TTW	0	gCO2/pkm and gCO2/tkm



Baseline emissions TTW	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	133020.34376470497	157044.48146368246	182571.25264426038	209695.20081315879	235152.31819372097	262009.5770302141	290343.98510271433	320236.78561920207	351773.6901640966	385045.12445896037	420146.48764004163	457178.4257960823	496247.12055070529	537464.59351683257	Baseline emissions WTW incl. BC	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	170141.24960083413	204276.4851083415	240544.13396624572	279078.18378259632	315282.88456100191	353478.84388221987	393775.58096610475	436288.63858960336	481139.91438239429	528458.01034378877	578378.60158305999	631044.82534049114	686607.69140458095	745226.51510219579	Rail GHG emissions TTW	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	117134.76425945209	124270.3207191198	131841.75669352003	139875.78251726672	147568.95055571638	155685.24283628078	164247.93119227621	173281.56740785137	182812.05361528319	192866.71656412375	203474.38597515057	214665.47720378381	226472.07844999191	238928.04276474149	Rail GHG emissions WTW incl. BC	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	146418.45532431509	155337.90089889977	164802.19586690003	174844.72814658339	184461.18819464545	194606.55354535097	205309.91399034526	216601.95925981423	228515.06701910397	241083.39570515469	254342.98246893819	268331.84650472977	283090.09806248988	298660.05345592683	Rail passenger-km	Mpkm	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	8596.1944999999996	9111.5363602749985	9657.7729650734836	10236.756454329639	10799.778059317769	11393.765852580245	12020.422974472158	12681.546238068126	13379.031281161871	14114.878001625773	14891.19629171519	15710.212087759524	16574.273752586298	17485.858808978544	Rail ton-km	Mtkm	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	685.76	734.79183999999987	787.32945655999981	843.62351270403974	890.02280590276189	938.9740602274137	990.61763353992137	1045.101603384617	1102.5821915707709	1163.2242121071631	1227.201543773057	1294.697628680575	1365.9059982580065	1441.0308281621967	Baseline emissions WTW	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	166275.42970588122	196305.60182960311	228214.06580532549	262119.00101644846	293940.39774215122	327511.97128776764	362929.9813783929	400295.98202400253	439717.11270512076	481306.40557370044	525183.10955005197	571473.03224510304	620308.90068838163	671830.74189604074	Rail GHG emissions WTW	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	146418.45532431509	155337.90089889977	164802.19586690003	174844.72814658339	184461.18819464545	194606.55354535097	205309.91399034526	216601.95925981423	228515.06701910397	241083.39570515469	254342.98246893819	268331.84650472977	283090.09806248988	298660.05345592683	
tCO2e
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Parameter

Unit 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 cumulative

Rail passenger-km BAU Mpkm 8,110 8,110 8,110 8,110 8,110 8,110 8,110 8,110 8,110 8,110 8,110 8,110 8,110 8,110 113,540

Rail ton-km BAU Mtkm 640 640 640 640 640 640 640 640 640 640 640 640 640 640 8,960

Rail pkm with NAMA Mpkm 8,596 9,112 9,658 10,237 10,800 11,394 12,020 12,682 13,379 14,115 14,891 15,710 16,574 17,486 176,653

Rail tkm with NAMA Mtkm 686 735 787 844 890 939 991 1,045 1,103 1,163 1,227 1,295 1,366 1,441 14,511

Baseline emissions with NAMA TTW tCO

2e

133,020 157,044 182,571 209,695 235,152 262,010 290,344 320,237 351,774 385,045 420,146 457,178 496,247 537,465 4,437,929

Baseline emissions with NAMA WTW tCO

2e

166,275 196,306 228,214 262,119 293,940 327,512 362,930 400,296 439,717 481,306 525,183 571,473 620,309 671,831 5,547,412

Baseline emissions with NAMA WTW incl. BC tCO

2e

170,141 204,276 240,544 279,078 315,283 353,479 393,776 436,289 481,140 528,458 578,379 631,045 686,608 745,227 6,043,722
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Parameter

Unit 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 cumulative

Rail passenger-km Mpkm 8,596 9,112 9,658 10,237 10,800 11,394 12,020 12,682 13,379 14,115 14,891 15,710 16,574 17,486 176,653

Rail ton-km Mtkm 686 735 787 844 890 939 991 1,045 1,103 1,163 1,227 1,295 1,366 1,441 14,511

Baseline emissions TTW tCO

2e

133,020 157,044 182,571 209,695 235,152 262,010 290,344 320,237 351,774 385,045 420,146 457,178 496,247 537,465 4,437,929

Baseline emissions WTW tCO

2e

166,275 196,306 228,214 262,119 293,940 327,512 362,930 400,296 439,717 481,306 525,183 571,473 620,309 671,831 5,547,412

Baseline emissions WTW incl. BC tCO

2e

170,141 204,276 240,544 279,078 315,283 353,479 393,776 436,289 481,140 528,458 578,379 631,045 686,608 745,227 6,043,722

Rail GHG emissions TTW tCO

2e

117,135 124,270 131,842 139,876 147,569 155,685 164,248 173,282 182,812 192,867 203,474 214,665 226,472 238,928 2,413,125

Rail GHG emissions WTW tCO

2e

146,418 155,338 164,802 174,845 184,461 194,607 205,310 216,602 228,515 241,083 254,343 268,332 283,090 298,660 3,016,406

Rail GHG emissions WTW incl. BC tCO

2e

146,418 155,338 164,802 174,845 184,461 194,607 205,310 216,602 228,515 241,083 254,343 268,332 283,090 298,660 3,016,406

Emission mitigation TTW tCO

2e

15,886 32,774 50,729 69,819 87,583 106,324 126,096 146,955 168,962 192,178 216,672 242,513 269,775 298,537 2,024,804

Emission mitigation WTW tCO

2e

19,857 40,968 63,412 87,274 109,479 132,905 157,620 183,694 211,202 240,223 270,840 303,141 337,219 373,171 2,531,005

Emission mitigation WTW incl. BC tCO

2e

23,723 48,939 75,742 104,233 130,822 158,872 188,466 219,687 252,625 287,375 324,036 362,713 403,518 446,566 3,027,315
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Parameter

Unit 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 cumulative

Diesel savings million Liter 5.9 12.2 18.9 26.0 32.6 39.5 46.9 54.6 62.8 71.5 80.6 90.2 100.3 111.0 753

Financial savings MUSD 2.8 5.8 9.1 12.5 15.6 19.0 22.5 26.2 30.2 34.3 38.7 43.3 48.2 53.3 361
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Parameter

Unit 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 cumulative

Avoided road fatalities with NAMA persons 4 8 12 16 20 24 29 34 39 44 50 56 62 69 468

Additional rail fatalities with NAMA persons 2 4 6 8 10 12 14 17 19 22 25 28 31 34 232

Net avoided fatalities persons 2 4 6 8 10 12 15 17 20 22 25 28 31 35 235

Avoided accident cost MUSD 0.8 1.6 2.5 3.4 4.2 5.1 6.1 7.1 8.2 9.3 10.5 11.7 13.0 14.4 98
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Parameter

Unit 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 cumulative

Avoided NOx tons 152 314 486 669 841 1,022 1,214 1,416 1,630 1,855 2,092 2,343 2,607 2,886 19,527

Avoided PM tons 7 14 21 29 36 44 53 62 71 81 91 102 113 125 848

Avoided air pollution cost MUSD 0.4 0.8 1.3 1.8 2.2 2.7 3.2 3.7 4.3 4.9 5.5 6.2 6.8 7.6 51
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