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1. PROJECT STRATEGY- DESCRIPTION 

1.1. PROJECT RATIONALE
The transportation sector accounts for a significant proportion of greenhouse gas (GHG) emissions in India and its contribution is likely to grow in the coming years. The Tata Energy Research Institute (TERI) estimates that the transportation sector in India accounted for 16.3% of the total Carbon Dioxide (CO2) emissions from combustion of fossil fuels in 1994-95 [
]. A study by the National Physical Laboratory (NPL) estimates the total CO2 emission from motor vehicles in India in 1994-95 to be 69.8 million tons and predicts a rapid increase at 9.1% per year [
].  Two and three wheelers constitute 74% of the population of road transport vehicles. As an example, about two-thirds of the motor vehicles in Delhi are 2- and 3-wheelers, whose population has nearly doubled from 1.9 million in 1991to 3.6 million today – a growth rate of 7% per annum. 

Vehicular pollution is considered to be a major source of air pollution in Delhi.  As per Central Pollution Control Board (CPCB), the vehicular pollution load in Delhi increased by nearly 50% in 1995-96 from 1990-91. The large population of 2- and 3-wheelers, particularly in the large cities, contributes significantly to urban air pollution.  Electric vehicles, with zero tail-pipe emissions, have a great potential for ameliorating this. 

Jian Xie et al [
] have estimated the contribution of different types of vehicles in Delhi to various urban air pollutants. The relative contributions of 2- and 3-wheelers are shown in Table 1
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Table 1– Vehicular emissions in Delhi, 1996, (x1000 tons)

	
	PM10
	HC
	CO
	NOx
	CO2
	CH4
	N2O

	Light duty gasoline
	1.7
	10.1
	64
	12.8
	2,008
	0.27
	1.15

	Taxi
	0.1
	2.8
	13
	1.2
	134
	0.02
	0.08

	Diesel bus
	3.8
	3.9
	23.9
	15
	1,899
	0.09
	0.05

	Diesel truck
	9.7
	10.2
	61.6
	38.6
	4,901
	0.24
	0.12

	3-wheeler
	1.7
	25.8
	41.3
	0.3
	391
	0.51
	0.01

	2-wheeler
	4.6
	47.2
	75.7
	0.9
	617
	1.37
	0.02


It is seen that 2- and 3-wheelers together account for 42% of CO, 73% of HC from vehicular sources in Delhi. The situation will be similar in other major cities.

Several steps have been taken by the Central and State Governments to control vehicular emissions. These include the enforcement of progressively stringent emission standards and the promotion of various types of alternative fuels. The current exhaust emission standards for 2- and 3-wheelers are among the tightest in the world, and this has helped to arrest the worsening of urban air pollution over the years. The introduction of CNG operated 3-wheelers in the city of Delhi also has had a salutary impact on the air pollution levels in the city. 

Notwithstanding these measures, with continued increase in vehicle population, the local pollution loads are likely to register net increases in the coming years. Since none of these measures have been specifically directed towards reduction of GHG emissions, these are likely to increase at a faster rate. The NPL study observes that the increase in CO2 emissions of 2-wheelers between 1990 and 1994 has been over 9.25% [2].

The pressing need in India, quite obviously, is to combat urban air pollution. Fortunately, many of the abatement measures would also prove to be effective GHG emission reduction strategies. Among the measures recommended to achieve the dual purpose of reducing local and global pollution, such as modal shifts to more efficient and less polluting forms of public transport, promotion of non-motorized transport etc., the introduction of battery powered 2- and 3-wheelers appears to have a great potential in the near and the long terms.

1.2. CURRENT SITUATION

Whilst both 2 and 3 wheelers are the targets for implementation of strategies to reduce urban air pollution, the focus of this project is on 3 wheelers.  This is primarily for the following reasons – 

a) 3 wheelers are commercial vehicles with reasonably heavy and predictable usage pattern 

b) 3 wheelers have been the target of regulatory intervention in many cities in India due to their “polluting” nature.

c) They are primary wage earners for tens of thousands of owners/ drivers of the poorer segments of society.

d) It is relatively easy to calculate and judge Return on Investment on vehicles with this new technology. 

In addition, the technology employed in electric 3 wheelers is scalable and can be applied to 2 wheelers with relative ease and minimal additional investment.

Viable technologies are available to replace India’s two-stroke engine vehicles with zero-emission alternatives. Thus, the potential for reducing emissions is tremendous given the domestic market for these vehicles of about five million per year and growing.  Given the private sector studies regarding the potential market and economies of scale, zero-emission vehicles can become a commercial reality and a partial answer to reducing India’s urban air pollution. 

In order for electric 3-wheeler vehicles to become commercially viable in India, they must meet the following two criteria, 

a) achieve or exceed all performance attributes of comparable ICE powered vehicles, and 

b) be cost competitive.  

The United States Agency for International Development (USAID), working with Bajaj Auto Limited (BAL), India’s premier 2- and 3-wheeler manufacturer, and New Generation Motors Corporation (NGM), an innovative U.S. technology firm, initiated the India Zero Emission Transportation Program (IZET) in 1999 to help accelerate the commercialisation of electric vehicle technology.  IZET, is a collaboration between motivated private firms possessing the technological, financial, and commercial resources to take electric vehicle technology from the laboratory, through demonstration, to full commercialisation. The approach in this proposal enables the private sector to develop pragmatic solutions beyond the limited goal of the IZET programme.. 

WELCOMGROUP’s Mughal Sheraton in Agra and BAL in Pune have deployed the 3-wheelers.  Prior to this actual testing phase, IZET conducted a thorough assessment of consumers’ driving habits and expectations to prioritise the attributes of the vehicles. Each component of the electric vehicle has been designed to meet Indian driving conditions and match the demands of the Indian consumer.  For example, a highly efficient drive system allows the designers to use a less costly battery.  Significant resources have also been allocated to integrate the electric drive system so that operating characteristics of the electric vehicles will remain as close as possible to the conventional versions of the 3-wheeler.  Through the investments made thus far, the technical challenges have been overcome, and the vehicles have been demonstrated to be viable, with a high probability of acceptance by the Indian consumer.  A detailed description, of the program technical goals and the technology, is presented in [
] and [
] (see also summaries in (Appendix B1 & B2 resp.).

The remaining challenge to full commercialisation is the achievement of economical costs of these new technology vehicles.  The cost of the vehicle in limited quantities of 20, as produced under the IZET program, is of the order of USD 25,000.  Through a detailed cost and market analysis performed by BAL (Fig, 1)it was determined that a sustained sale of the electric 3-wheelers is likely to be achieved if the on-road selling price does not exceed Rs. 150,000 (USD 3,333), inclusive of a battery pack.  With an estimated vehicle cost of Rs. 184,300 (USD 4,096), in quantities fewer than 2,000 per year, the incremental cost would be USD 763 per vehicle, which needs to be absorbed by the parties.  BAL further estimates that this incremental cost difference could be overcome at production levels of 12,000 per year or higher.
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Fig, 1 – Costs - Electric 3-wheeler 

BAL is currently planning the deployment of 1,200 vehicles in Delhi and other major cities to test consumer acceptability and to validate the manufacturing and marketing infrastructure being put in place for the electric drive system and vehicle.  

1.3. PROJECT GOALS

The project aims to reduce GHG emissions in the transport sector by deploying alternative low GHG emitting technologies and improve quality of life of Urban Population. This would be achieved by increased utilisation of electric 3-Wheeler vehicles to replace fossil fuel powered vehicles in major cities of India.

1.3.a. Potential Local Benefits of commercialising Electric Vehicles

i)
Saving in pollution related Health Costs by introduction of electric three-wheelers

Conventional internal combustion engine vehicles, powering today’s 3- wheelers emit pollutants, such as, Carbon Monoxide (CO), Hydrocarbons (HC), Oxides of Nitrogen (NOx) and Particulate Matter (PM). thus contributing to their high ambient concentrations in urban areas.  For instance, the levels of Suspended Particulate Matter concentration in Delhi far exceed the standard set by WHO and India’s Central Pollution Control Board (CPCB).  Introduction of electric 3-wheelers will practically eliminate the emission of local air pollutants

When exposed to them in significant concentrations, these pollutants are known to cause severe damage to the health of the people, by way of premature mortality and morbidity, and thus threaten economic growth.  The urban poor are particularly vulnerable as many of them live close to the roads where these vehicles operate in large numbers. [
].  Each year, air pollution accounts for tens of thousands of premature deaths and billions of dollars in medical costs and lost productivity.  In Delhi, for instance, it has been reported that about 5 million people suffer from respiratory disorders of varying intensities. Using a set of dose-response functions reviewed and presented by Ostro, Brandon and Hommann [
] found that severe health problems could be avoided in Delhi if the city’s annual average pollutant levels were reduced to the WHO standards. They estimated that the economic benefits associated with avoiding these health problems could range from a low estimate of USD 100 million to a high estimate of US USD 400 million, equivalent to 1.7% to 7% of the city’s gross product. 

A detailed estimation of the economic benefits arising out of savings in health costs due to the elimination of local pollutant emissions from electric 3-wheelersis difficult, and beyond the scope of this project. However, an approximate estimate of the same can be made to indicate the order of magnitude of the potential benefits over the expected 10-year life cycle of the 3 wheeler (Appendix A1). 

For this estimation, the emission factors of 2-stroke engine three-wheelers, given in a recent publication of the CPCB [
], have been used. Two scenarios have been considered:

SCENARIO 1 – All the electric 3-wheelers introduced in the market replace old – pre-1996 – vehicles. This scenario is derived from the recent successful replacement of auto-rickshaws in Delhi by those running on CNG through a Supreme Court directive to the Delhi Government and similar policies being actively considered by other state governments. 

SCENARIO 2 – The electric 3-wheelers are deployed as new introductions in place of an equal number of internal combustion engine (ICE) vehicles manufactured to meet the emission standards applicable at the time of their introduction. 

· Health impact of 1,200 vehicles partially financed by GEF: 
As calculated in Appendix A1, pollutants reduced per vehicle over its lifetime of 10 years, for the two scenarios, would be 9.5tons and 2.75tons, and the deployment of 1,200 electric 3-wheelers would result in a total saving of health cost of USD 10 million and USD 3million, respectively.

· Health impact of sustainable deployment beyond GEF project: 
Assuming a ten-year ramp up reaching production levels of 50,000 per year by 2013, the number of electric 3-wheelers on the road could reach 218,200 units by 2013. 

Table 2 summarizes the total health cost reductions based on this sustained volume.  The actual benefits will depend upon the policies adopted by the state and central government authorities

Table 2– Saving in Health Costs through sustained sale of Electric 3 wheelers
	
	10 years
(upto 2013)

	Number of vehicles deployed
	218,200 Nos

	Saving in Health Cost (Scenario 1)
	USD 650,000,000

	Saving in Health Cost (Scenario 2)
	USD 104,000,000


ii)
Saving in noise related Health Costs by introduction of electric three-wheelers

Additional health and social benefits are likely to accrue out of the reduction of noise pollution by virtue of the fact that electric vehicles are almost whisper quiet whilst 2-stroke engines are known to be very noisy.  Actual studies conducted on operating electric 3 wheeler and ICE units show a potential noise reduction of 12dB to 15dB.  This could lead to physiological and psychological benefits to both the riders and occupants of the vehicles as well as to those who reside in close vicinity to congested and busy thoroughfares.

No specific study or potential benefit from reduced fatigue and hospital visits could be calculated for this submission due to lack of proper analytic tools.

iii)
Creation of additional jobs by introduction of electric 3-wheelers
It has been estimated that every conventional 3 wheeler generates revenue to support an equivalent of 2 families – one being that of the owner/ driver and the other that of the maintenance personnel.  Electric 3 wheelers maintenance would require more sophisticated education and training.  Specifically, maintenance of advanced electrical and electronic subsystems, and, large scale battery charging and maintenance would open fresh avenues for the educated, unemployed youth in India.

1.3.b. Potential Global Benefits 

Though the introduction of battery operated 3-wheelers would practically eliminate the local pollution, however, since these vehicles use electricity generated largely from coal based power plants, their impact on GHG emissions needs to be evaluated. 

While there are several studies and models that assess the impact of various transport options on a “well-to-wheel” basis, there are very few that specifically deal with the replacement of small vehicles like 2- and 3-wheelers by battery operated ones. One of the most significant studies on this aspect is that published by the PEW Centre on Global Climate Change [
].  Using the Delucchi “Lifecycle Energy Use and Emissions Model” (LEM), the study predicted that there would be a significant reduction in the CO2 emission factors for electric 2 –wheelers compared to their gasoline counterparts, both 2- and 4-stroke.

However, neither the Delucchi model, nor any similar study for 3 wheelers is available in the public domain.  Since the above study showed a possibility of reducing CO2 emissions by replacing ICE vehicles by electric ones, an attempt was made to estimate this by using the GREET 1.6 [
] and the World Bank Environmental Manual models [
].  The estimates were also made for 2 wheelers as a corollary.

i)
Estimating GHG reductions using the GREET 1.6 model

Some of the basic input assumptions used in the PEW study to reflect the Indian situations, particularly with respect to the CO2 emissions from electricity generation and transmission, were validated with respect to the default assumptions in the GREET 1.6 model.  The PEW study assumes the average electricity generating mix in India to be 70% coal, 15% hydroelectric, 10% natural gas and 5% others (mostly petroleum and bio-mass). It also factors in the lower efficiency of Indian coal based thermal power plants (29% instead of 32% in the USA), and the lower Transmission & Distribution efficiency (86% instead of 92% in the USA) 

The GREET 1.6 model was run with these inputs to estimate the CO2 emissions of electric 3-wheelers and the results are as in Table 3:
Table 3–CO2 emissions from 3-wheelers – GREET 1.6 model, and DeLucchi assumptions
	Vehicle type
	CO2 emissions, g/vehicle-km

	Gasoline 3-wheeler 
	118

	Battery operated 3-wheeler
	90


The net reduction in CO2 emissions is 28 g/vehicle-km.  Using the annual average distance travelled by 3-wheelers to be 42,000km, [3], the reduction in CO2 emissions achievable would be 1.2 tons per year per vehicle. or 12 tons of CO2 equivalent over the 10-year life cycle. 

ii)
Estimating the GHG reductions using the World Bank EM model

In another study  (see Appendix A2 for details) using the World Bank’s Environmental Manual (EM), the estimated CO2 savings in Delhi obtained by replacing the 3-wheelers with electric vehicles are as in Table 4. 

Table 4– Estimates of CO2 from 3-wheelers – WB model and country specific data
	Vehicle type
	CO2 emissions, g/vehicle-km

	Gasoline 3-wheeler 
	115

	Battery operated 3-wheeler
	74


In this estimate the reduction in CO2 equivalent GHG emissions is 1.7 tons per year per vehicle (compared to 1.2 from the GREET 1.6 model).  

For the purpose of computing long-term abatement costs in the following sections, the average value of 1.45 tons per year per vehicle (the average of 1.2t and 1.7t as above) is used for the reduction in CO2 equivalent GHG emissions 

For a population of 1200nos. of 3-wheelers as envisaged in this project, this would lead to a CO2 reduction of approximately 1,740 tons per annum, which would be 28% of the total CO2 emission of an equivalent quantity contributed by conventional 3 wheelers 

iii)
Estimation of Unit Abatement Cost

· Impact of 1,200 vehicles 

Based on the 1.45 tons of CO2 per year per vehicle reduction described in the previous section, the deployment of 1,200 electric 3-wheelers would result in a total reduction of 17,400 tons of CO2 within the 10 year life cycle of the vehicle.  With the requested GEF financing of USD998,000 this would result in a Unit Abatement Cost of USD 57 per ton of CO2.  This represents the worst case scenario in which no further electric vehicle sales result as a follow on to this GEF project. 

· Impact of sustainable deployment beyond GEF project

The number of 3-wheeler vehicles in India has grown exponentially over the past three decades, reaching approximately 4million, in 1997 [
].  Assuming a ten-year ramp up, reaching production levels of 15,000 per year, by 2008, and 50,000 per year by 2013, the number of electric 3-wheelers on the road could reach 218,200 units. Table 5 summarizes the total CO2 emission reductions based on this sustained volume.

The Unit Abatement Cost calculated on a reduction of 1.1 Megaton and GEF financing of USD 998,000 is USD 0.90 per ton of CO2.  This does not take into account the emission reductions past the first 10 years, or the sale of vehicles in other countries.

Table 5 — Total CO2 emission reductions by 2013
	
	10 years
(upto 2013)

	CO2 reduction/vehicle/year (tons)
	1.45

	Number of vehicles sold
	218,200

	Number of vehicle-years
	761,000

	Total CO2 Reduction (tons)
	1,103,450


1.4. PROJECT OBJECTIVES

The primary objective of the proposed GEF financial support is to assist in creating and opening a market for 3-wheeled electric vehicles, emitting zero local and lower global (GHG) pollutants.  This objective is sought to be achieved by reducing the financial risk of introducing this new transportation technology in the Indian market and leveraging the investments made to date. The project will contribute towards long-term cost reduction of low emission 3-wheelers, and eventually 2-wheelers, enhancement of India’s technological competitiveness, and job creation.  

Contributing to the long-term cost reduction will enable the technology to reach commercially viable levels in a much shorter time, thereby ensuring that electric 3-wheeler vehicles play a major role in the mass transportation of Delhi and other cities in India, and other “megacities” around the globe.

1.5. PROJECT OUTPUTS

1.5.a. Enhanced Industrial Capacity for commercial introduction of Electric 3-Wheelers

A key component of this project is the technology transfer that enables the successful launch and sustainable deployment of electric 3-wheelers in the Indian market.  Sustained deployment would need that the on-road price of the vehicle be within an affordable limit. Thus manufacturing costs need to be controlled from the very inception of commercial deployment (Fig, 1).  

To this end, BAL and its drive system technology partner, NGM, is expending significant effort to reduce the production costs through major re-engineering, as well as in tooling and production systems, for manufacture of the complete vehicle in India, with minimal imports.  It is estimated that by end 2003, an investment of over USD 1,800,000 will need to be made to achieve this aim alone.  This will put in place significant capacity within BAL to sustain a volume of up to 12,000 vehicles per annum.

BAL, its associates and supply chain will continue to engineer cost out of the electric drive system components, add tooling and production capacity as required, while maintaining or improving reliability, performance, and delivery, so as to meet expected market demand beyond the initial 12,000 vehicles per annum.  

1.5.b. Successful sale, operation and support of 1200 electric 3-wheelers 

The most visible output of this project will be the manufacture and sale of 1200 electric 3-wheelers in Delhi and other cities in India, to prospective customers who would have normally be constrained to purchase IC engine vehicles for their livelihood.  The expected visibility of these vehicles on the roads of these cities will help raise public awareness of the benefits and viability of electric 3-wheeler vehicles, and, jump start commercial introduction of electric 3- wheelers in large volumes.

1.5.c. Enhanced capacity for operation and maintenance of EVs

As seen in Fig, 1, the ownership cost of electric 3-wheelers is significantly higher than the existing IC engine models for small production volumes (USD 2,100 for EVs vs. 1,340 for ICE).  At a volume of 1200 vehicles, as envisaged in this project, this can be reduced to a value (USD 1,450) close to that of the competing ICE vehicles.  The difference is expected to be bridged by the GEF grant.

Further ramp-up of production to quantities beyond 12,000 nos. per annum will bring the ownership cost marginally below that of ICE vehicles, thus helping to make the sale of vehicles self sustaining. In addition, the earnings of the driver would be enhanced. it is envisaged that the lack of fatigue caused by noise and vibration of IC engine vehicles will allow the vehicle to be plied for a longer period of time, thus providing an opportunity to enhance the driver’s earnings
1.5.d. Increased public awareness of benefits and viability of electric 3 -wheeler vehicles

The commercial introduction of electric 3- wheelers in large volumes vehicles will help raise public awareness, particularly its benefits on improving air quality and associated improved health impacts.  This would further lead to both the anticipated short-term benefits and long term benefits including the feasibility and consumer acceptance of electric vehicles in the Indian market and raising awareness of environmentally benign urban transport options. Long-term benefits also include developing public private partnerships for addressing GHG emissions in the transport sector

1.6. PROPOSED ACTIVITIES 

1.6.a. Activity 1: Identifying customer base and specific operational areas in Delhi and other major cities based on preferred dealer participation for maintenance support
The electric 3-wheeler was designed to replicate the performance of the ICE vehicle in terms of rated payload, acceleration, top speed, and gradeability.  The range for a single battery charge of about 90km was based on the average single-shift driving profile in a city.  With the built-in quick-exchange battery pack, this can be extended to 180km/day or more.  

It is envisaged that the 1200 nos. of vehicles would be deployed in 5~10 cities with substantial existing 3 wheeler population, and which have been identified as cities with high ambient air pollution levels.  Such cities could be Delhi, Kolkata, Mumbai, Hyderabad, Bangalore, Pune, Ahmedabad etc.  It is planned to engage various stakeholders like the government, transport, citizen groups and enforcement agencies at the local and State level to designate pollution sensitive areas (e.g. heritage, congested, hospital or similar) and operational routes in these cities so as to ensure maximum impact on local pollution and maximum visibility.  Initial talks on this are already in progress with authorities in such cities as Delhi and Hyderabad.

It is planned to have the first ownerships in a city to be that of specified BAL dealers, so that operational issues can be optimised, thus enabling future sales to the general public.

This task aims to identify the customer base that fits this profile, as well as the existing BAL dealers that have the capability and capacity to provide the necessary sales and service support.

1.6.b. Activity 2:  Training of customers, drivers, and maintenance support personnel 

BAL, with support from its component suppliers, will develop the necessary training documentation and procedures.  This will include owner, service, and parts replacement manuals.  BAL will also provide on-site training for its dealer network participating in the study.

1.6.c. Activity 3:  Analysis of battery charging needs and infrastructure 

This activity is aimed primarily at ensuring that the customer base participating in this study has access to adequate charging sources.  

The 3-wheeler is fitted with a removable battery pack that allows for a quick replacement of a depleted unit with a fully charged unit in a matter of minutes.  This can be done at strategically located sites in a city, probably at designated petrol stations and participating BAL/ battery dealers as determined in Activity 1.  For the deployment of these 1200 EVs, this activity will use existing land and buildings available with these service providers, and no new acquisition is expected.  

The batteries could be “leased” units, wherein the ownership would lie with the service providers and these would be “leased” to the vehicle owner at a predetermined price commensurate with their use.  

One aspect of this activity will be to incorporate methods to determine battery use, and another would be to determine the requirement of infrastructure for battery charging at these service points including land, building, battery charger, power and battery service equipment.

For customers not preferring to exchange batteries, an on-board charger will be provided to plug into any standard 220V, 50 Hz wall outlet.

As part of this activity, BAL will analyse the charging infrastructure needs based on full deployment.

1.6.d. Activity 4:  Sale of 1,200 vehicles in Delhi and other cities
BAL will produce 1,200 electric 3-wheelers based on the prototypes developed under the IZET project but with provision for quick battery replacement as mentioned in Activity 3.  The vehicle, including the drive system, components will be manufactured at various facilities with emphasis on indigenous manufacturing.  BAL will be the nodal agency to manufacture, outsource, and integrate the entire system so as to control quality and keep costs to a minimum.

The projected on-road price of the electric 3-wheeler for a volume of 1200nos. has been determined as Rs. 184,300 (USD 4,096).  The annual ownership cost of this vehicle is, then, estimated to be Rs. 65,250 (USD 1450).  However, the annual ownership cost of IC engine vehicles is Rs. 60,330 (USD 1,341) based on the current on-road selling price of Rs. 82,600 (USD 1,836) at commercial production levels of approximately 200,000 per year.  

To enable BAL to provide a uniform financial platform to its customers, it will be necessary to bridge this annual incremental ownership cost of Rs 4,920 (USD 109) for the 1200 electric 3-wheelers, for the period of the expected 10 year operational life for these vehicles.  This component would amount to USD 1.31million and would be shared by the GEF and private sector/ financing companies, consistent with commercial lending norms of finance companies like IREDA/ Bajaj Auto Finance/ ICICI etc.

The 1,200 vehicles will be sold through its participating dealer network to a number of selected customers based on the outcome of Activity 1.  

1.6.e. Activity 5:  Data collection and survey of operation
BAL will expand on the data collection activities developed under the IZET program to track the performance of the vehicles in the field and survey their operation.  This is accomplished by providing the participating dealers with log sheets that are documented on a daily basis, and compiled by BAL monthly into a single database.  Various groups within BAL including manufacturing, engineering, marketing, and sales, as well as the component suppliers will evaluate the information gathered. 

1.6.f. Activity 6:  Market analysis
The market analysis is one of the key aspects of this product evaluation phase.  

BAL has already obtained basic market feedback using the prototypes developed under the IZET program.  The objective here is to expand this market analysis through the dealer network and gain from the experience of the 1,200 vehicle owners in the field to effect future product specifications, pricing, and reliability.  Of great importance will be the feedback on operating and life-cycle costs, and efficacy of financing mechanisms so as to validate the expected selling price of Rs. 150,000 (USD 3,333) for sustained sales.

1.6.g. Activity 7:  Tooling, component cost reduction, and technical support
A key component of this project is the technology transfer that enables the successful launch and sustainable deployment of electric 3-wheelers in the Indian market.  Sustained deployment would need costs to be within an affordable value from the very beginning.  To this end, BAL and its drive system technology partner is expending significant effort to reduce the production costs through major re-engineering as well as tooling for manufacture of the complete vehicle system in India.  It is estimated that by end 2003, an investment of over USD 1,800,000 will need to be made towards this activity.  

As a part of this Activity, BAL, its associates and supply chain will continue to engineer cost out of the electric drive system components, while maintaining or improving reliability, performance, and delivery.  
1.6.h. Activity 8:  Development of detailed plan for electric 3-Wheeler Sustained Deployment
The outcome of activities 1 to 7 above will provide the basis for defining a sustained deployment plan.  In this task the detailed activities and outputs will be conceptualised and designed in order to achieve the overall objectives of ensuring a growing market for electric 3-wheeler vehicles in major cities in India and abroad, and, to contributing to the long term local commercialisation and reduction of cost of the technology.  

The task will design, among others, activities addressing marketing strategies e.g. advertisements, demonstrations in various cities, instituting attractive financing schemes, institutional sales etc., to achieve a successful launch of the 3-wheelers, policy interventions, infrastructure requirements, as well as national capacity building needs.  

1.7. SUSTAINABILITY AND RISK ASSESSMENT

The sustainability factors including financial sustainability for the project are analysed for pre-implementation, during implementation and post implementation phases of the proposed project. 

1.7.a. Pre-Implementation factors: 

The proposal has been conceived as part of the Government’s priorities to promote sustainable transport options. The Government of India is pursuing policies to promote EVs in the country, which is evident in its acceptance of the recommendations of the Expert Committee, headed by Dr. Mashelkar, Director General, CSIR, on “Auto Fuel Policy”. 

There are fiscal and financial incentives available through Government’s R & D programmes for enabling industry to explore alternative clean technologies for transportation.  The urgency of the efforts in this direction has led to a series of stringent directives and regulations.  This has, to a limited extent, transformed markets for adopting alternate technologies in a few cities.  Of particular significance are the introduction CNG to replace diesel in Delhi through Supreme Court Orders, the directive issued by the Government of Delhi that prohibited the new registration of three wheeled auto-rickshaws, etc. and similar efforts that are in progress in many other cities such as Mumbai, Kolkata, Chennai, Hyderabad, and Bangalore. 

The studies undertaken by the Society of Indian Automobile Manufacturers (SIAM), with financial support from USAID/India also confirms the need for controlling vehicular emissions through industry –wide action for investing in alternative technologies.

Thus project capitalises on this enabling environment for introducing the EV technology on a sustained basis. 

1.7.b. Implementation phase:  

The project aims to achieve a breakthrough in the costs by allowing market penetration on a desired scale and at an affordable price (Fig, 1). The initial barriers identified as high initial costs, limited range, availability of power and a support infrastructure would be addressed through effectively linking to other programmes such as the IZET programme as mentioned earlier. This project would further the steps towards commercializing the EV vehicles by facilitating use of off-the-shelf commercial components that would yield optimal cost and performance. Stakeholders’ involvement, capacity building and awareness creation are other elements of the project that would sustain EV promotion during project implementation.  This is in line with the GEF mandate to help foster low-GHG emitting technologies, and their applications, especially those that are close to commercial viability.  Further, it has kept in view the need to reduce GHG emissions “by increasing the market share of low-GHG emitting technologies that have not yet become wide spread least cost alternatives” as stated in the GEF Operational Program 7. 

1.7.c. Post implementation phases: 

This project has applications in all major congested cities that utilise 3-wheelers as a major mode of personal transportation.  BAL has taken steps to set up series manufacturing facility within the country to commercialise these vehicles at competitive prices with attendant benefits of lower ownership costs.  Once a critical mass of production is achieved, these vehicles will become affordable in all developing countries.  Being amongst the largest suppliers of these vehicles in the world, with well-developed markets in India, South Asia, Middle East, Africa, and South America, BAL aims to leverage its vast marketing and dealership network to promote the vehicles as well as provide quality service.

Along with the need for new vehicles, there is an underlying demand by many of the major cities for environmental reform.  This is placing a great demand for cleaner vehicles, ones that are based on new technologies.  Markets are now emerging everywhere in cities such as Beijing, Shanghai, Bangkok, Mexico City, New York, Los Angeles, Cairo, and others worldwide.  It is believed that if India invested today in introducing this technology in its own operational strategy, and made a significant effort in attracting international companies to establish joint ventures to manufacture these products domestically, there would be a strong likelihood that a significant export industry of vehicles and components can be created in the next decade.  The technology transfer plan to be executed over the next few years requires the initial seed funding support requested in this proposal.  There is every indication that there is a revolutionary change occurring in the automotive industry today.  There is no doubt that India can, and will, play a major role in this growing market if it seizes the opportunity today. 

In summary, therefore, this technology has the prospect of becoming a least cost option. More important, however, is the fact that it will bring about significant reduction in the health damage costs due to local pollutant emissions, particularly in respect of the economically weaker sections of the society living close to high traffic areas.  It will also lead to generation of employment thus contributing towards alleviation of poverty. As shown in the previous sections, it has a great potential to substantially reduce carbon dioxide emissions per unit of vehicle service provided compared to petroleum internal combustion engines.

GEF support at this point in the manufacturing cycle will ensure that electric vehicle technology can be sustained in the market place. With the participation of Bajaj Auto Ltd, one of India’s largest manufacturers of 2- and 3- wheel vehicles, with over 1 million and 220,000 units resp. sold annually, and with a large and well-developed network of dealers nationwide the likelihood of success of this GEF program is further enhanced.  BAL has viewed Electric Vehicles as a potential new technology of great commercial and social value.  It has maintained an active interest in them for over 10 years and has invested heavily into this technology.  

The financial sustainability would be further ensured by use of existing financial mechanisms for sale of similar vehicles after successful demonstration of lower life cycle costs of EVs through the proposed GEF initiative and sustained production.

1.7.d. Replicability of the Project

Due to sustained efforts of the Government to promote clean alternative fuels for transportation, and the effort of BAL to continually reduce ownership costs of the Electric 3 wheeler, it is expected that after the initial introduction of these EVs in a few cities during the project phase, further markets would emerge in the other major polluted cities in India and its neighbouring countries.  

Steps taken by BAL to set up series manufacturing facility within the country will allow it to continually ramp up production so as to allow it to deploy these vehicles, through its vast network of dealerships, to other cities in the country and neighbouring countries (Table 6).  It is also expected that after a successful demonstration during the GEF initiative, other vehicle manufacturers in India would be enthused to take up EV manufacture on their own.

Table 6 ​ Planned Deployment of Electric 3 wheelers
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2,004 2,005 2,006 2,007 2,008 2,009

Est. Production

1,200 5,000 10,000 12,000 15,000 20,000

City

Delhi 250 750 1,500 1,800 2,250 2,500

Mumbai 250 1,250 1,500 1,800 2,250 2,500

Pune 200 1,000 1,000 1,200 1,500 1,500

Bangalore 150 750 1,500 1,800 2,250 2,500

Hyderabad 150 500 1,000 1,200 1,500 2,000

Ahmedabad 200 200 1,000 1,200 1,500 2,500

Kolkata 200 500 600 750 1,250

Chennai 150 1,000 1,200 1,500 2,500

Other ciites 500 1,000 1,250 2,500

Kathmandu 200 500 200 250 250


1.7.e. Risk Assessment

Whilst there is an excellent chance for success in the deployment of ever increasing numbers of the electric 3-wheelers in the coming years, there are some uncertainties that need to be addressed.

i)
The premise that electric vehicles are desirable in urban areas is based on a real need to address problems of local pollution.  Whilst this is an issue that the Government must tackle for the larger benefit of the populace, there is a risk that political and social considerations may cause it to pause in aggressively implementing legislations to replace polluting vehicles with alternative, clean technologies.  It can, however, be safely predicted that this is likely be a temporary setback and will gain momentum when immediate issues are successfully addressed.

ii)
The market acceptability of electric 3-wheelers is based on the assumption that if their performance, reliability and economic benefits are demonstratable, there will be a strong desire amongst prospective customers to buy these vehicles.  However, there is a chance that there will be a reluctance amongst these customers to switch to a new technology, less mature than that of IC engines.  Thus effecting sales of even 1200 vehicles may require more than the anticipated effort, time and financial incentives.

iii)
Continued production of electric 3-wheelers in commercial quantities is based, other than their continued marketability, also on the cost reductions anticipated for these volumes, leading to profitable business for BAL.  Whilst BAL has considerable experience in productionalising vehicles based on IC engine technology, and can extrapolate these for electric 3-wheeler technology, some of the projections may not fructify and, though unlikely, BAL may find it non-remunerative to continue production at some point in the future.

1.7.f. Stakeholder Participation 

The project would be implemented in conjunction with major ongoing initiatives of the Govt. of India, the Governments of Delhi, and, other State and local Governments of the cities in which the vehicle is proposed to be introduced.  

Another stakeholder is BAL, a member of industry associations such as CII and SIAM, who would also act as the interface between the various partners. 

Other stakeholders would be, NGM, BAL dealers, local utilities, battery and component manufacturers, and. autorickshaw owners and drivers who would participate in the capacity building activities of the project

The participation of NGOs would be sought as part of awareness generation component of the project. 

1.8.  “SYSTEM-BOUNDARY” ISSUES

To address the “system-boundary” issues, a comparison must be made in emission and fuel consumption of gasoline versus electric powered 3-wheeler vehicles.  The GHG emissions reduction analysis presented in Section 1.4.b took into account the source emissions resulting from the electricity generation.  It should be pointed out that the analysis assumes 86 percent efficiency of electricity transmission and distribution (compared with about 92 percent in the U.S.) in 1995, increasing 0.1 percent (in relative terms) per year.  The analysis also assumes that in 1995 the Indian coal-fired plants were 29 percent efficient (compared with about 32 percent in the U.S.), and that the efficiency increases 0.4 percent (in relative terms).  

Furthermore, the model characterizes emissions from greenhouse gases and criteria pollutants from several sources: fuel combustion, evaporation and leakage of liquid fuels, venting or flaring of gas mixtures, chemical transformations, and changes in the carbon content of solid or biomass.  It estimates emissions of CO2, CH4, N2O, CO, NOX, NMOC, SO2, particulate matter, CFC-12, and HFC-134a.  The model estimates emissions of each pollutant individually, and also converts the GHG emissions into CO2 equivalent GHG emissions.  To calculate total CO2-equivalent emissions, the model by Delucchi uses CO2-equivalency factors (CEFs) that convert mass emissions of all non-CO2 gases into an equivalent mass amount of CO2.

The emissions and fuel usage resulting from gasoline-powered vehicles is a function of several factors:

1. The drive cycle – city driving with stop and go versus highway driving

2. Age of vehicles

3. Emissions control such as catalytic converters and efficient fuel injection (although not currently being deployed in India for 3- wheelers)

4. Frequency of preventive maintenance (changing of spark plugs, etc.)

In developing countries, traffic congestion causes significant stop and go driving, the vehicles are generally old, no advanced emissions controls exist, and preventive maintenance is not as frequent as needed.  Therefore, vehicles in developing countries are significantly more polluting than comparable vehicles in developed countries.  In the case of electric 3-wheelers, this difference goes away since the emissions are eliminated at the vehicle level.

The impact on emissions and fuel consumption in generating electricity at the power plant level needs to be evaluated.  First and most important, due to significant inefficiencies of internal combustion engines, electric vehicles require in general about one third of the energy per mile of a conventional vehicle.  This translates to half the fuel even if the electricity came from fossil-fuelled power plants.  Furthermore, electric vehicles permit regenerative braking, therefore recovering kinetic energy by recharging the battery during deceleration rather than wasting the energy in heating of the brakes.  In the urban driving cycle, almost half of the mechanical energy for propelling a vehicle is otherwise squandered in this kinetic energy loss.

As developing countries are becoming more dependent on electronic machinery and equipment (an “electric economy”), the quality of the electric power needs to be improved.  To avoid burnouts and maintain the quality of the electricity supply, power plants now keep vast surpluses of generator power on hand to meet peak demands.  Excess capacity comes with a cost.  The focus is on reducing surplus capacity by levelling the demand for electricity during the day.  Electric vehicles will most likely be charged at night when vast surpluses of electric generating capacity are idle and unproductive.  The charging requirements for electric 3-wheelers and other modes of transportation would utilize this capacity and thereby increase installed capacity usage and render the electric system more efficient.  Furthermore, this would reduce the overall cost of electricity because the overhead would be spread over a larger production of energy.

Finally, it is anticipated that the quality of electricity generation in India will continue to improve, with better efficiency and lower emissions.  The Energy Information Administration (EIA India, 1999) reports that the government of India is trying to reduce incentives for relatively old, inefficient, and polluting coal-fired plants to generate electricity [
].  This is ultimately creating a much cleaner power generation infrastructure that in the total system, in conjunction with zero emission 3-wheeler vehicles, will lead to lower CO2 and hydrocarbon emissions.

2. Incremental Cost Analysis
The market transformation of 3-wheeler vehicles in India, from conventional to electric, is associated with high upfront cost, and which acts as a major barrier.  Consequently this restricts the demand for these electric vehicles, making it unviable to produce and sell these commercially.  This project aims to address these barriers to the launch of electric 3-wheelers in the market, so as to facilitate this desired market transformation.  

The “business-as-usual” scenario promotes ICE vehicles.  Some cities have imposed mandatory regulation for 4 stroke engines, and as a result the relative emissions are expected to be lower. However, a majority of cities still continue to use 2 stroke engines.  This project assumes the better baseline of 4 stroke ICE vehicles replaced through efficient EVs.  The project would, specifically through a public private sector partnership, create the enabling environment for a reduction in the long term costs of the environmentally benign electric 3-wheelers.  The other components of the projects involve training and operation for sustainable introduction of the proposed EV three wheelers.  Thus it would demonstrate the global benefit of significant reductions in GHG emissions, as well as national benefits of decreased fuel consumption and dependency.

As shown in the Incremental Cost Matrix (Table 7), a substantive baseline and cost sharing is provided, which serves to keep with the GEF principles of Incremental Cost.  The following is a summary of the associated costs for this proposed GEF Medium Size project and the method by which they are derived.

The annual ownership cost of IC engine vehicles is estimated at Rs. 60,330 (USD 1,341).  This is based on the current on-road selling price, inclusive of all applicable taxes and duties, of a 4-stroke ICE autorickshaw which today at commercial production levels of approximately 200,000 per year, is Rs. 82,600 (USD 1,836)  .  

The annual ownership cost of proposed electric 3-wheeler vehicle is estimated at Rs. 65,250 (USD 1450).  This is based on the estimated on-road selling price, inclusive of all applicable taxes and duties, of Rs. 184,300 (USD 4,096) at near commercial production levels of approximately 1200 per year. This takes into consideration uniform gross earnings by the autorickshaw owner, and forgoing of profits by the manufacturer for gaining market entry.  

This represents an annual incremental ownership cost per electric 3-wheeler of Rs. 4,920 (USD 109) or USD 1.308,000 for 1200 vehicles over a 10-year period, which is the life of the 3-wheeler. This would be shared by the GEF (USD 850,000) and private sector/ financing companies (USD 310,000), consistent with commercial lending norms of IREDA/ Bajaj Auto Finance/ ICICI etc.

The second component of the project deals with the identification of buyers of the 1,200 electric vehicles, comprising of a mix of individual autorickshaw owners, fleet operators, commercial establishments (such as hotels), and government.  The baseline costs of equivalent ICE vehicles would be mobilised through established financing mechanisms.  The incremental costs associated would be the additional performance guarantee, training and operation and maintenance of the alternative technology 

In addition to the launch of the 1,200 vehicles, this project will include a number of activities as described in Section 1.6.  These are at an added cost of USD 1,948,000.  The private sector is expending USD 1,800,000 primarily for cost reduction engineering, tooling, and technical support, and the amount requested from GEF is the balance of USD 148,000.  It should be noted that as part of the USD 1,800,000 financed by the private sector, the amount of USD 700,000 is a loan provided by ICICI Bank of India directly to NGM Corporation, the technology provider.  The remaining balance is a direct investment made by BAL and NGM.

The total sum thus requested from GEF is USD 998,000
In summary:

Total cost of all activities
USD 19,348,000

Baseline cost of 1,200 ICE vehicles
USD 16,092,000

Total incremental cost of project
USD  3,256,000

Amount financed by private sector
USD  2,258,000

Amount financed by GEF
USD    998,000
Table 7 – Incremental Cost Matrix
	
	Baseline
	Alternative
	Increment
(Alternative-Baseline)

	Global environmental impact
	Unjustified high level of CO2 emissions
	Use of clean technology of electric 3- wheelers
	Decrease in CO2 emissions due to switch of technology (estimated at 12 tons of CO2 per vehicle over 10 years)

	Domestic impact
	· Government imposing strict environmental laws that are difficult to meet

· Technology available is not cost effective

· - Growth of tourism in India at historic sites has a negative environmental component
	· Supply of and demand for zero emission 3-wheelers provides solution to new regulations

· Availability of technical know-how for supply, operation, and maintenance of zero emissions 3-wheelers
	· Decrease in level of growth of fuel consumption

· Increase in production and export of new technology

· Improvement of quality of life and creation of new jobs

· Environmental protection of historic sites

	Costs (USD)
	Baseline Costs
	Alternative Costs
	Incremental Costs

	Identifying customer base and specific operational areas in Delhi and other major cities based on preferred dealer participation for maintenance support
	0
	20,000
	20,000

	Training of customers, drivers, and maintenance support personnel
	0
	35,000
	35,000

	Analysis of charging source needs and infrastructure
	0
	30,000
	30,000

	Total cost of ownership of 1200 vehicles for 10 years
	16,092,000*
	17,400,000**
	1,308,000

	Data collection and survey of operation 
	0
	18,000
	18,000

	Market analysis
	0
	20,000
	20,000

	Tooling, component cost reduction, technical support
	0
	1,800,000
	1,800,000

	Development of detailed plan for electric 3-Wheeler Sustained Deployment
	0
	25,000
	25,000

	Total
	16,092,000
	19,348,000
	3,256,000


*
Current annual ownership cost of a 4-stroke ICE 3-wheeled vehicle is USD 1,341

**
Estimated annual ownership cost of a electric 3-wheeled vehicle is USD 1,450

3. Budget and Funding Sources 

Table 8 – Project Budget

	Component
	GEF
	Other Sources*
	Project Total

	PDF:
	0
	0
	0

	Personnel (tech. support, cost engineering, etc):
	58,000
	835,000
	893,000

	Training:
	35,000
	35,000
	70,000

	Equipment (incremental cost of vehicles):
	850,000
	458,000
	1,308,000

	Travel:
	45,000
	45,000
	90,000

	Project support:
	10,000
	10,000
	20,000

	Other costs (tooling, licensing, prototypes, etc.):
	0
	875,000
	875,000

	Project total (PDF + Project costs)
	998,000
	2,258,000
	3,256,000


*

Personnel costs covered by private sector (BAL/NGM)


Equipment costs covered by higher selling price of electric 3-wheeler  
4. Project Implementation Arrangements 

The project would be executed by the MoEF, which would take overall responsibility for the execution of the project in accordance with UNDP/NEX guidelines.  The project would involve active participation of a number of organizations (BAL, NGM, USAID, ICICI), relevant Ministries such as Transport, Non Conventional energy Sources, and State level agencies and local governments R&D institutions, financial institutions and banks and UNDP. 

A Project Steering Committee (PSC) will be set up under the chairmanship of a senior level official of the MoEF.  UNDP would be the member of this Committee.  The Committee will also provide the necessary guidance and oversight to the project implementation and will invite members and experts for specific meetings as needed.  The PSC will meet once at least every six months to review the progress of project, and the main functions will be:

a) Provide guidelines to implementing partner for policy decisions;

b) Review progress of the project activities;

c) Ensuring project goals and objectives are achieved in a defined time frame; and,

d) Co-ordination support for involving various Government Departments.

A Project Director (PD) will be appointed by the MoEF to provide overall coordination and supervision to the project. The PD would be the focal point for day-today activities and will be responsible for the coordination, monitoring and clearance of the detailed work plan. 

Under direct supervision of the PD and in close consultations with other collaborating partners including UNDP, BAL, the project proposer, would be the implementing agency for the project. They would carry out the activities described in the document.  In order to facilitate the implementation of these activities, a full time manager would be appointed by Bajaj who would liaise with the government and other partner agencies, identify customers, coordinate training programmes, organise meetings, etc and reports ion the progress periodically as determined by the PD. 

It is anticipated that this proposal will be approved by Q3, 2003, and major project activities will begin shortly thereafter.  The project duration will be 12 months (Table 9)

Table 9 – Project Implementation Plan
	Activities
	Project Months

	Completion of project activities
	1    2    3    4    5    6     7    8    9    10    11    12 

	Identifying customer base and specific operational areas in Delhi and other major cities based on preferred dealer participation for maintenance support
	[---------]

	Training of customers, drivers, and support personnel
	        [----------------------------]

	Analysis of charging source needs and infrastructure
	[----------------]

	Sale of 1,200 vehicles in Delhi and other major cities
	            [---------------------------------]

	Data collection and survey of operation 
	                     [---------------------------------]

	Market analysis
	                    [---------------------------------------]

	Tooling, component cost reduction, & tech. support
	       [------------------------------------------]

	Development of detailed plan for electric 3-Wheeler Sustained Deployment
	                                                      [--------------]


5. Project Monitoring Plan

The project would have a comprehensive monitoring and evaluation plan to document the benefits of the alternative technology.  The broad framework for monitoring the indicators is provided in Tabe-9 (LFA). The project would commission studies to measure key indicators. BAL will be responsible for developing analytical and sampling tools for monitoring progress of the project.  

Bajaj would develop a Monitoring Information System through their dealer networks for collecting data on the performance of the vehicles sold , its operating costs and feedback from the customers. These reports would be disseminated during broader consultations with other stakeholders including NGO partners. 

The extent of impact on the production of alternative technology would be closely monitored by commissioning field survey, studies and monitoring missions.  An annual participatory evaluation exercise will be undertaken with key stakeholders, local communities, financial institutions and partner organisation.  

A tentative schedule for submission of the progress reports is provided in Table 10  

Table 10- Tentative Schedule of Project Reviews, Reporting and External evaluation.
	Proposed project starting date
	April, 2004

	

Reporting Activity Description

	1. 
	Inception Report
	May 2004

	2. 
	1st Project Steering Committee (PSC) meeting
	May 2004

	3. 
	1st Progress Report /PIR
	July 2004

	4. 
	2nd Project Steering Committee (PSC) meeting
	Nov 2004

	5. 
	2nd Progress Report 
	Oct 2004

	6. 
	3rd Project Steering Committee (PSC) meeting
	May 2005

	7. 
	Terminal Report
	June 2005

	8. 
	Terminal Evaluation and Project Review
	June 2005


UNDP will report on project performance to the GEF at the annual Project Implementation Review (PIR).  The project will document the lessons learned and make it available to the stakeholders over the worldwide web.

Table 11 -Logical Framework Matrix 

	Strategy
	Indicators
	Means of Verification
	Risks and Assumptions

	I. Overall Project Goal (Impact)

	To reduce GHG emissions in the transport sector by deploying alternative low GHG emitting technologies and improve quality of life of Urban Population
	1) Increased utilisation of electric 3-Wheeler vehicles to replace fossil fuel powered vehicles in major cities of India and other parts of Asia such as Nepal, Bangladesh, Sri Lanka, and others. (5% of the new sales of IC vehicles replaced by EVs)

2) Decrease in transport related local pollution and CO2 emissions 

3) Decrease in morbidity and mortality related to air quality

4) d) Jobs created through domestic production of new technology and operational businesses
	· Increase in production of EV vehicles 

· Health Statistics 

· Socio-economic impact studies
	EV vehicles would result in lower emissions on the basis of energy efficiency gains over the lifecycle energy use as compared to the conventional vehicles.  

	II. Immediate Objectives (Outcome)

	To Launch a critical mass of electric 3-Wheelers in Delhi and other cities (like Pune, Bangalore, Hyderabad, Ahmedabad) to enable development of a sustainable infrastructure to support growing EV markets 
	1) Increased investment in, and demand for, electric 3-Wheeler vehicles

2) Creation of mass production component supply manufacturing base to feed existing 3-Wheeler EV industry
	· Sales Records

· Annual Reports of auto industry 
	· The Government provisions related to clean transportation options continue to be retained. 

· Adequate infrastructure (land, electricity and battery disposal arrangements) for charging stations would be developed. 

	III. Outputs / Components

	a) Enhanced industrial capacity 

	1) Develop detailed plan for sustained deployment of 3-wheelers in the market

(Inputs: USD 25,000)

2) Design, tooling, cost reduction, and technical support measures

(Inputs: USD 1,800,000)


	Successful reduction of cost of EV components at the end of the project
	· Sale figures of components

· Industry Reports

· Evaluation Reports
	The industry has the capacity to absorb proposed technological upgradation required for Evs.

	b)  Successful sale, operation, and support of 1,200 vehicles

	1) Identify customer base and specific operational areas in Delhi and other major cities based on preferred dealer participation for maintenance support

(Inputs:(USD 20,000)

2) Sale of 1,200 vehicles in Delhi and other major cities 

(Inputs:(USD 1,308,300)
	a) Positive feedback from drivers and customers of electric 3-wheelers 

b) Positive feedback from dealers and maintenance shops regarding experience with electric 3-wheelers support


	· Field Survey and Monitoring Reports
	· Identified customers would be willing to buy EVs

· Financial and institutional mechanisms would be strengthened to develop new markets.

	c) Enhanced Capacities for operation and maintenance of EVs 

	1) Conduct training of customers, drivers, and maintenance personnel

(Inputs: USD 35,000)

2) Assess charging source needs and infrastructure

(Inputs: USD 30,000)
	a) Report on selected potential operational areas and customer base  

b) Report on market size and needs


	· Field Survey and monitoring reports
	· Expertise is available for carrying out comprehensive capacity building efforts in these areas. 

	d)  Increased public awareness of benefits and viability of electric 3-wheeler vehicles

	1) Disseminate data collected and analyzed through survey of operation 


(Inputs: USD 18,000)
2) Conduct market analysis 
to inform the public at large on urban air pollution and attendant health effects

(Inputs: USD 20,000)
	In-country awareness of the environmental and economic benefits of switching to electric 3-wheeler vehicles increased 


	· Study Reports
	· Results would be disseminated widely to the public at large


INTRODUCTION OF ELECTRIC 3-WHEELERS- SAVING IN HEALTH COSTS

This annex describes the methodology used to make an approximate estimation of the potential economic benefits arising out of savings in health costs due to the elimination of local pollutant emissions from electric three-wheelers. The objective is to indicate the order of magnitude of the benefits as a more detailed analysis is difficult and beyond the scope of this project. 

For this estimation the following two scenarios have been considered:

SCENARIO 1 -– All the electric 3-wheelers introduced in the market go in as replacements of the old – pre-1996 – vehicles. This scenario is derived from the recent successful replacement of auto-rickshaws in Delhi by those running on CNG through a Supreme Court directive to the Delhi Government and similar policies being actively considered by other state governments.

SCENARIO 2 -–. The electric 3-wheelers come in as new introductions in place of an equal number of internal combustion engine vehicles meeting the emission standards applicable at the time of their introduction.

Table 1 gives the proposed production ramp up of electric three-wheelers.

Table 1 – Annual Production Volumes of Electric 3 wheelers
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Emission factors of petrol ICE 3-wheelers, in grams/kilometer (g/km), for various pollutants used in this study are given in Table 2. These have been derived from a recent publication of the Central Pollution Control Board[
].  Further, Estimations of pollutant loads in kg/vehicle/year that are avoided due to the introduction of electric 3-wheelers are summarized in Table 3. For this estimation, it is assumed that the average running of three-wheeled auto-rickshaws is 42,000km (3).

Table 2 – Emission Factors for ICE, 3 wheelers
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Table 3 – Pollutant Loads Avoided with 3 Wheeler EVs
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In its report on alternative fuels, Indian Institute of Petroleum has estimated that the ‘Pollution Damage Cost in Indian Conditions is Rs.43.40 (USD 0.90) per kg of pollutants [
].  Using this estimate, the savings in damage cost due to the avoidance of pollutant emissions from electric 3-wheelers have been estimated for a ten-year time frame for the two scenarios and are given in Table 4 and Table 5.

Table 4– Scenario 1 – Total Pollutant Avoided
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SCENARIO 1: If EVs replace only pre-1995 vehicles

Pollution damage cost in Indian conditions = $0.90/kg of pollutants


Table 5 – Scenario 2 – Total Pollutant Avoided
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It is seen that the saving in damage cost over a 10 year period is USD 650million.for the first scenario in which the old highly polluting vehicles are replaced. On the other hand, for the second scenario, when the electric 3-wheelers are introduced as substitutes for new relatively cleaner vehicles (since they would meet more stringent emission standards), the saving is USD 104million.  The actual benefits realized, however, will depend upon the policies adopted by the respective state and central government authorities.  

Estimation of Emissions (GHG) for Two and Three –Wheelers in Delhi Using the World Bank Environmental Model

Introduction

India has an opportunity to make a positive contribution to the country’s environment and, what might seem counterintuitive to some, climate change by replacing liquid fuelled rickshaws (three-wheelers) and scooters (two-wheelers) with electric ones.  The purpose of this brief is to report the results of modelling the life cycle of both alternatives.  Lifecycle emissions modelling consider the full chain of resource and energy use from when the energy resource is mined, transported, transformed and finally consumed.

The estimation of GHG emissions from two & 3-wheelersis based on an assumption that all two & three wheelers in Delhi are converted to electric powered vehicles. Lifecycle GHG emissions from all of the conventional vehicles including two and 3-wheelersand the resulting emissions from conversion of all conventional vehicles to electricity are calculated using the EM Model
. In Delhi alone, there are approximately 1.8 million scooters (mostly 2 stroke) and 80 thousand rickshaws.  Significant sources of GHG emissions, the conventional vehicles are also major contributors to deteriorating urban air and noise pollution in Delhi. To address these issues USAID has embarked on a technology transfer and commercialization project that will replace these vehicles with electric ones.  This program has the potential of reducing significant vehicular pollution in urban areas since electric vehicles have zero tailpipe emissions.  

The EM Model (EM)

This analysis uses the World Bank’s Environmental Manual (EM).  

“The 'Environmental Manual for Power Development' (EM in short) is a WINDOWS-based computerized tool for the inclusion of environmental and cost data into the decision-making process of Development Agencies regarding energy projects.

The software was developed by GTZ with scientific support from Oeko-Institut. It is part of a multilateral project on environmental management, coordinated by the World Bank with contribution from BMZ, BAWI, DGIS, GTZ, ODA, World Bank.

The EM software can analyse and compare airborne and greenhouse gas emissions, solid wastes, and land use, as well as internal and external costs associated with the investment and operation of all kinds of energy technologies, including their life cycles

The EM has a generic database for energy technologies in developing countries, and covers 

* all fossil-fuelled electricity generation and heating systems,

* co-generators,

* renewable energies (for electricity and/or heat),

* energy efficiency (demand-side management) technologies,

* and nuclear power systems, as well as

* data for 'upstream' activities like mining, fuel beneficiation, transport, and

* for emission control systems like flue-gas desulphurisation, ESP, SCR, etc.”[
]

At each possible step, the EM model has been altered to reflect actual Indian conditions. For example, the coal power plant has been given an efficiency of 27%, reflecting that of the Badarpur plant.
  Transmission & Distribution (T&D) loses have been set to 22.8 percent. Indian data came from two sources – the EM Indian database and our own research and data gathering.  All the assumptions including emission factors for conventional vehicles are provided in the Appendix .  Table 1 represents the primary basis for determining the emission results from each process.  

Table 1. Vehicle Operating Characteristics

	
	2-Wheeler
	3-Wheeler

	No. of vehicles in Delhi
	1,800,000
	80,000

	No. of days per year of driving
	330
	300

	Travel (km/day)
	25
	80

	Electricity consumption for an EV (KWh/km)
	0.026
	0.065

	Energy consumption for 2-Stroke vehicles (mj/km)
	0.906
	1.39

	Average annual distance travelled per vehicle (km)
	8,250
	42,000

	Total distance traveled for all vehicles per year (million km)
	14,850
	1,920

	Total Electricity required to operate all vehicles per year (‘000 MWh)
	386.1
	124.8

	Total petrol consumption for all vehicles (million litters)
	386.72
	76.8


Electric Powered Scooters and Rickshaws

There are various processes during the generation, transmission and distribution of electricity to power each electric vehicle. Each process has its own link of resource and energy use. Thus, CO2 equivalent emissions at the end of each process are calculated to obtain the aggregate emissions for electric vehicles. The process linking the mining of coal to supply of power to electric vehicles is partially illustrated in Figure 1. The following section provides specific information regarding Delhi’s electric power supply. 

Delhi’s Power Supply for Electric Vehicles

Majority of Delhi’s power need comes from coal-fired power plants. While Delhi’s generation mix varies (Table 2), to be conservative it is assumed that all the power for electric driven vehicles are supplied from a marginal coal fired power plant. The assumption is based on conservative estimates since the majority of CO2 emissions is generated from coal fired power plants. The Badarpur plant in Delhi is used as a representative marginal for Delhi’s power supply for this study because of its sheer size and readily available data. The Badarpur plant has 720MW of generating capacity with an average thermal efficiency of 27%. Coal for the power plant is transported from Jharia Coal field in Jharkhand (formerly the state of Bihar), which lies 1200 km east of Delhi. The plant uses E and F type coal for its power supply. The characteristics of Jaharia coal are given in Table 3 below.  Based on information provided by Indian Railway, it is assumed coal is transported using diesel locomotives from the coalmine to the power plant. For this specific plant, the coal is washed before transport.[
] The emissions rates of diesel locomotives for transportation of coal are based on EM India data provided by TATA Energy Research Institute.

Table 2: Generation Mix for Delhi

	Power Source
	%
	Power Source
	%

	Coal
	71
	Hydro
	10

	Natural Gas
	15
	Nuclear
	4


Source: Delhi Vidyut Board, 2001

It is assumed that there is 22.8% loss of power during transmission and distribution (T&D) process from the power plant to a battery charging station.[
] Apart from T&D losses, EV industry assesses an additional 32-34% loss of power during charging and AC to DC conversion process, which is factored in this study.[
]  
Figure 1 - Process Chain - Supply Of Power To Electric Vehicles
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Table 3.  Chemical Composition of Jaharia Coal (%) 

	Coal Type (Grade)
	Carbon
	Hydrogen
	Sulfur
	Nitrogen
	Ash Content
	Moisture

	E
	37.9
	2.4
	0.53
	0.8
	41.7
	7.5

	F
	44.47
	3.37
	0.35
	0.99
	32.9
	8.4

	Average
	41.185
	2.885
	0.44
	0.895
	37.3
	7.95


Source: Ohio Supercomputing Center

Note: The numbers do not add up to 100% due to small presence of other chemicals/materials

The annual emissions of GHG that would result from converting all of Delhi’s 1.8 million two-wheelers and 80,000 three – wheelers are given in Table 4.

Table 4 Annual Emissions Resulting from the use of Electric Powered Vehicles

	
	CO2
Tons
	CH4
Tons
	N2O
Tons
	CO2 Equivalent
Tons (1)
	CO2 Equivalent
g/Km

	Electricity – Scooter
	
	
	
	
	

	Vehicles
	439,200
	26
	17
	444,900
	34

	Other Processes
	23,220
	2,101
	1
	67,555
	

	Total
	462,420
	2,127
	18
	512,455
	

	Electricity – Rickshaw
	
	
	
	
	

	Vehicles
	121,200
	11
	6.49
	123,400
	74

	Other Processes
	6,618
	578
	0.19
	18,817
	

	Total
	127,800
	589
	7
	142,217
	

	Total from Scooters and Rickshaws
	
	
	
	
	

	Vehicles
	560,400
	37
	23
	568,300
	

	Other Process
	29,838
	2,679
	1
	86,372
	

	Total 
	590,220
	2,716
	24
	654,672
	


Source: EM IZET Analysis

(1) Greenhouse gases are not all equal in terms of their radiative forcing and lifetime in the atmosphere, meaning that some gases are stronger than others.  “To calculate the sum of the effects to the global warming, one can define mass-based weighting factors which describe the equivalent amount of CO2 which has the same radiative forcing effect over the same time horizon[
].”  The 100 year CO2 equivalence factors for methane and N2O are 21 and 310 respectively. 

Liquid Fueled Scooters and Rickshaws

Emissions and environmental impacts of these vehicles are not limited to what escapes from the tailpipes of these vehicles.  Figure 2 graphically portrays the “energy chain” for liquid fuelled vehicles.  The most immediate link in the chain is the local service station.  Energy is consumed to run the pumps and light the station.  Petroleum leaks from underground storage tanks and evaporates during fuelling.  These sources plus on-board evaporation amount to losses of up to 5 percent[
].  Fuel is brought to stations on trucks from bulk storage.  Again, energy is used and pollution is emitted.  The bulk storage is served by pipeline from the refinery, which is itself, supplied crude oil by a pipeline. 
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Figure 2 – Energy Chain for Liquid Fuelled Vehicles

Delhi’s Fuel Supply for Conventional Vehicles

Various reports suggest that the majority of crude oil for petrol consumed in Delhi is supplied from Salaya Port (mother station) in western state of Gujarat.  The fuel is then transported via pipelines to refineries (Mathura and Panipat) that supply petrol to Delhi. Both refineries are located within 90 km of Delhi. Table 5 provides additional information on refineries and processed fuel. The distance between the mother station and the refineries are approximately 1,350 km. The processed fuel is transported to bulk terminals via tanker trucks and freight trains, which is then transported to Delhi’s 241 service stations via tanker trucks. 

Table 5 Characteristics of Refineries

	Operating Efficiency (%)
	95%

	Total Capacity (MMT)
	27

	Operating Time
	8000 hours/year

	Process Petrol Type
	Octane 87


Source: Reliance India, Indian Oil and EM Data for India

The Results:

The annual CO2 equivalent emissions from the liquid fuel processes of the conventional two and 3-wheelersare presented in Table 6. 

Table 6.  Annual Emissions Resulting from the use of Conventional Vehicles

	
	CO2

Tons
	CH4
Tons
	N2O

Tons
	CO2 Equivalents

Tons (2)
	CO2 Equivalent g/Km

	Liquid Fuels – Scooters

	Vehicles
	960,600
	11,178
	30
	1,205,000
	93

	Other process
	158,100
	1,361
	3
	187,600
	

	Total
	1,118,700
	12,539
	33
	1,392,600
	

	Liquid Fuels – Rickshaws

	Vehicles
	187,700
	1,426
	4
	218,800
	115

	Other process
	31,484
	271
	1
	3,736
	

	Total
	219,184
	1,697
	5
	222,136
	

	Total from Scooters and Rickshaws

	Vehicles
	1,148,300
	12604
	34
	1,423,800
	

	Other process
	189,584
	1632
	4
	191,336
	

	Total
	1,337,884
	14236
	38
	1,614,736
	


Source: EM IZET Analysis

(2) Greenhouse gases are not all equal in terms of their radiative forcing and lifetime in the atmosphere, meaning that some gases are stronger than others.  “To calculate the sum of the effects to the global warming, one can define mass-based weighting factors which describe the equivalent amount of CO2 which has the same radiative forcing effect over the same time horizon[
].”  The 100-year CO2 equivalence factors for methane and N2O are 21 and 310 respectively. 

Future Emissions Scenario

Table 7 provides the overall emissions avoided each year by replacing conventional two & three -wheelers with electric vehicles. The table also provides total CO2 equivalent emissions avoided for next 10 years from Delhi’s transport sector. However, the table does not assume growth in number of vehicles or technology/efficiency improvement over the years on either side of the fuel chain.

Table 7. CO2 Emissions Equivalent/Platform/Energy Source (Tons)  

	
	Emissions from Petrol
	Emissions from Coal
	Difference due to EVs

	
	2-W (a)
	3-W (b)
	2-W (c)
	3-W (d)
	2-W (a-c)
	3-W (b-d)

	From Vehicles
	1,205,000
	218,800
	444,900
	123,400
	760,100
	95,400

	Other Processes
	187,600
	3,736
	67,555
	18,817
	120,045
	(15,018)

	Total
	1,392,600
	222,536
	512,455
	142,200
	880,145
	80,336

	Total CO2 equivalent emissions avoided each year by converting all the conventional scooters and rickshaws to electric powered ones in Delhi
	960,481

	Total /CO2 emission avoided in next ten years (x10)

(The model does not assume growth in number of vehicles and technology improvement over the years on either side of the fuel chain)
	9,604,810


Validating IZET Results

Above results indicate that converting all of Delhi’s conventional two and three – wheelers will avoid approximately 1 million tons of CO2 equivalent GHG emissions each year. In order to validate the above findings, the results (g/km) have been compared with similar studies recently carried out by various entities. Table 8 compares the results of this effort with a study carried out by the PEW Centre
 and Bajaj Auto Limited for two & three wheelers respectively. 

Table 8 Emissions of CO2 Equivalent in g/km 

	
	Pew Center 1
	Bajaj1
	USAID/IZET

	Petrol Scooter 
	118
	N/A
	85

	Electric Scooter
	51
	N/A
	32

	Petrol Rickshaw
	N/A
	118
	101

	Electric Rickshaw
	N/A
	90
	65


1 Pew Centre assumes average driving distance of 9,438 km/vehicle for 1,568,000 2-wheelers in Delhi. Pew Centre results are based on the Lifecycle Environmental Model (LEM) developed by Dr. Mark Delluchi of University of California, Davis. Bajaj numbers are calculated using the GREET model developed by US DOE. Bajaj assumes an average driving distance of 42,000 km/year/vehicle for Delhi’s 80,000 3-wheelers.

Conclusions:

Considering the annual emissions of GHG avoided from converting Delhi’s two-stroke two & three – wheelers to electric powered vehicles, India will be taking a major step towards significant GHG emissions reduction. Similarly, the conversion of conventional vehicles to electric powered vehicles will also contribute towards the reduction of urban air pollution, which is costing India billion’s of U.S. dollars per year due to the deteriorating human health of its citizens from respiratory diseases.  In conclusion, the electric two & 3-wheelersin Delhi seem to be an environmentally win-win proposition for India. 

Appendix 

	Fuel and Refinery Data

	Gasoline demand for 2 & 3 Wheelers in Delhi (gallons)
	13,767,904.3

	Delhi's overall demand (gallons)
	121,750,000

	No of filling stations in Delhi (1997)
	241

	Average loss at filling stations (evaporation, fugitive emissions, loading, leakage, etc.) %
	5

	Average efficiency of Indian refineries 
	93

	No. of refineries serving Delhi
	2

	Mathura Refinery is located northeast of Delhi

	Panipat Refinery is located southwest of Delhi

	Distance to Mathura Refinery form Delhi (Km)
	90

	Distance to Panipat Refinery form Delhi (Km)
	60

	The crude oil is transported from Salaya station in Gujrat using pipelines

	Distance from Salaya to Mathura (Km)
	1,350

	Distance from Salaya to Panipat (Km)
	1,180

	Chemical Composition of Indian Gasoline (%)

	Carbon
	91

	Benzene
	0.9

	Sulfur
	1

	Hydrogen 
	3

	Lead
	0.001

	Phosphorus
	0.1

	Others
	

	Electricity Data

	Total Capacity of Delhi (MW)
	648

	Access to total installed capacity (MW)
	3,109

	(Delhi obtains 81% of its demand from outside source)
	

	Electricity source 71% Coal, 15% Gas, 10% Hydro, 4% Nuclear
	

	Electricity supply 400 KV lines (Km)
	72

	T&D Loss (technical only) 
	22.8%

	Average power plant efficiency (since 81% of Delhi's electricity demand is out sourced)
	30%

	Types of Power Plants in Delhi

	1 Gas Turbine (MW) 
	265

	2 Coal (MW) (IP Station and Rajghat Power Plants)
	382.5

	Coal per unit of electricity (Kg/Kwh) 
	0.77

	Badarpur Power Station (NTPC) - used as representative power plant for Delhi's coal based power source

	Capacity (MW)
	720

	Energy Source 100% Coal from Jharia Coal Field*

	Power Plant Efficiency (%)
	27

	Distance between Jharia Coal Field and the Badarpur plant (Km)
	1200

	Fuel consumption of diesel locomotive per ton of load (mj/tons-km)
	0.43

	Emission of diesel locomotive (g/km) based upon capacity for 100t of freight and lifetime of 15 years of driving distance of 200,000 km/year. Approximate weight of 3 tons of steel per tons of transport capacity. 

	CO
	15.00

	PM
	3.00

	CH4
	0.50

	NOx
	0.05

	NO2
	10.00

	VOC
	2.10

	Fuel Consumption of Diesel Trucks in (mj/km) - for transport of fuel
	2.10

	Emission of diesel trucks (g/km) 

	NOx
	3.00

	PM
	0.14

	CO
	1.00

	CH4
	0.00

	VOC
	0.60

	Chemical Composition of Average Indian Coal

	Ash (%) 
	47

	Carbon (%)
	37.69

	Hydrogen (%)
	2.66

	Nitrogen (%)
	1.07

	Oxygen (%)
	5.78

	Sulfur (%)
	0.8

	Emissions from Conventional Vehicles (two-stroke)
	         2-W
	          3-W

	PM g/Km
	0.5
	0.5

	CO g/km
	2
	4

	SO2 g/km
	0.0159
	0.0159

	NOx g/km
	0.02
	0.02


Source: WB URBAIR Project. 
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Introduction

India is coming to a point where its major cities are becoming virtually unliveable due to rapidly increasing environmental pollution.  There has been tremendous growth in the number of registered vehicles during the last ten years and the country is now at the crossroads for options to speedily reduce transport related emissions in the urban centres.  Public and regulatory pressures dictate the need for a market strategy to plan for alternative transportation technologies.

By far the most popular vehicles in the country are two and 3-wheelers(scooters and autorickshaws) with two-stroke engines.  Two key vehicle market characteristics in the country are a relatively benign urban driving profile and a price elastic market demand.  The Indian Zero Emission Transportation Project (IZET) is aimed at addressing these concerns, leading to accelerated commercialisation of electric vehicles.

Fortunately, the Asian region already has markedly downsized products in the form of motorcycles, scooters and 3 wheelers that seem to fit the concepts of efficient transportation and form a prime candidate for conversion to EVs.

The Electric Option for 2 and 3 wheelers.

Effect on Pollution

Electrical Vehicles have no tailpipe emission.  Hence there is no pollution in high-density human settlements.  However, the plants that produce electricity may vary from coal burning thermal power plants, which emit pollutants, to clean sources such as hydro and wind power stations.  There may, therefore, be an attendant increase in the emissions at the remotely located generating source.  But emissions from these few, stationary, generating stations can be controlled more efficiently, and are only 1/6 as costly to implement, when compared to those on millions of individual tailpipes.  

The effect of pollution abatement can be directly seen in the economic gains to society from better health and productivity.  This gain can form a major input in the decision making process of legislating conversion to EVs in a particular area.

Effect on Operating Economics

Two wheelers in the metropolises are largely limited to personal transportation.  Studying present market trends for conventional vehicles, it is predicted that, the owner is likely to take a long-term view of the overall economics of ownership and not be unduly perturbed by up-front costs. 

Three wheelers, however, are primarily "public" service vehicles.  Being revenue earners, they have to be economically viable to own and operate.  It is therefore necessary to be careful in ascertaining that a chosen conversion technology would meet all performance goals while being reliable, and keeps operating and maintenance costs to a minimum.  

Indian Zero Emission Transportation Project (IZET)

With the above background, Bajaj Auto Ltd, India, (BAL) the largest manufacturer of 2 and 3 wheeled transport in India, in its intention to look ahead into emerging technologies which are, both, efficient and cost effective, has joined forces with a technology firm from the U.S., New Generation Motors, Inc., VA, (NGM) to demonstrate the viability of environmentally responsible, and, commercially practical, two and three wheeled electric vehicles.  This is the IZET Project.  

Present plans call for a high-visibility demonstration program to create public awareness, by putting on the road a fleet of 5 Autorickshaws near the Taj Mahal in Agra and 5 Scooters for fast-food delivery in Delhi.  A series of sustained urban tests are being designed in actual service conditions providing a thorough assessment of the technology, which should ultimately lead to the best possible performance for the intended markets.  

A partner in this venture is the United States Agency for International Development (USAID).  USAID’s Mission in India and the Global Environmental Centre in Washington, D.C. initiated the program and its intention is to stimulate the creation of an electric vehicle market through collaborative partnerships with the private sector.  The infrastructure to host and run these vehicles is being provided by local arms of the Sheraton Group of Hotels, and Tricon Restaurants International (through its Pizza Hut chain), respectively.  The yearlong program also aims to assess related issues of Environment, Policy and Regulatory mechanisms, Industry and Infrastructure, Performance and Safety and Economics and Finance.

Performance Goals for IZET Vehicles

As noted earlier, given its known lack of range, EVs must excel in all other parameters.  Also, any practical vehicle must require a minimal of training in its operation and must be close enough in its performance to make the transition to EVs as seamless as possible.

Electric 2 Wheelers

Two wheelers are essentially “personal” vehicles with a stress on convenience and maintainability.  They are generally limited to short journeys with long halts, which lend themselves to opportunity charging.  Choice of lightweight high efficiency motors, controllers with complex algorithms and high-energy batteries are necessary to achieve requisite performance levels.  

Electric 3 Wheelers

In India, a 3-Wheeler (Autorickshaws) is primarily used as a Taxi for passenger transportation.  Since these are “wage earners” for the driver, they must retain this potential, and also have life-cycle costs comparable to the present ICEVs (Table 1).

Half of the vehicle population has a range requirement of only 80 km in a 10-hour operational day.  With plenty of time available for charging batteries from a residential wall-socket, there is no need for a separate battery-exchange infrastructure to be put in place first.  This is an operating profile, which can be a convenient target for EV conversion.

Drivesystem Requirements Development

A successful demonstration of the 3 and 2-wheeler vehicles necessitates a system level design approach for each vehicle subsystem in order to carefully perform the correct tradeoffs for a well-balanced final product.  NGM’s Axial Flux, Permanent Magnet, Brushless DC motor and controller technologies were the drivesystem components requiring careful sizing and design to meet the above objectives 

Torque and Power Requirements

Based on the target performance specifications given, analyses were performed to determine the torque, power, and energy consumption requirements of the vehicle..  The torque and power requirements come from analyses of the standalone gradeability and acceleration specifications of the vehicle along with the Indian Driving Cycle requirements.  The energy consumption requirements are derived from the range specification of the vehicle.

Gradeability Performance Requirements.  The torque and power requirements of the vehicle to meet steady state conditions were determined with a classic steady-state vehicle performance model using the drag parameters provided.  

Acceleration Performance Requirements.  To determine the required torque and power loads of the drive system to achieve the acceleration requirements the simple approach was taken to calculate the torque needed to achieve the desired average acceleration rate and overcome the drag forces on the vehicle.  This approach to achieving the acceleration requirements is not necessarily the final solution.  If minimizing the required output power is important, a linearly decreasing torque profile as the speed increases is desirable. 

Drive Cycle Torque & Power Requirements.  For the purposes of IZET, the Indian Driving Cycle (IDC) was the primary vehicle use pattern utilized in developing the drivetrain requirement, To calculate the wheel torque requirements of the vehicle operating on the IDC, a transient model of the vehicle was utilized.  The peak torque requirement was determined to be around 125 Nm and the top wheel speed reached on the IDC was around 525 RPM.  These torque and power requirements are continuous requirements.

The results are summarized in Figures 1& 2.

Figure 1 - 3W Summary Torque Requirements 

Figure 2 - 3W Summary Power Requirements
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Energy Consumption Requirements

The primary specification that dictates the energy consumption and thus, the drivesystem efficiency of the vehicle is the range requirement of 80km.  The vehicle battery pack configurations were selected on the basis of several criteria, including energy density, reliability, and packaging.  To obtain an estimate for the average power consumed by the auxiliary components, a detailed breakdown was performed of the individual auxiliary component loads and their duration of use over the IDC.  

Range and Energy Consumption Specification.  To determine the minimum average drivesystem efficiency required for the vehicle to achieve the range requirement when driving the IDC, the total energy required was subtracted from the total energy available from the energy storage system over 122 cycles of the IDC.  Given an average drivetrain efficiency of 91%, the motor/controller system must operate with an average efficiency of 91.9%.  In order to achieve this,, a more detailed analysis of the energy consumption was performed.

Proposed Drivesystem

(Figures 3 & 4) below show the continuous drivesystem capabilities with respect to all of the torque-speed requirements and a gear selection to provide a range compatible with the drivesystem capabilities and vehicle requirements.

Figure 3 - Vehicle Torque and Power

Figure 4 - Actual Acceleration Performance
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Regarding the system’s performance compared to the basic torque-speed requirements, the drivesystem proposed can meet the objectives.  The vehicle’s expected drivesystem performance operating on the IDC is given below.  A majority of the IDC operation occurs where the motor/controller is about 90% efficient (Figure 5). Given the expected performance of the vehicle’s drivesystem, the range of the vehicle operating on the IDC should be approximately 78km

Figure 5 - Motor/Controller Performance on IDC
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Vehicle Integration and Demonstration

Given the final system layout, several vehicles of each platform will be integrated as demonstration vehicles.  They will be operated over a period consistent with the IZET program schedule to provide data concerning the day-to-day operational characteristics and requirements of the vehicles. 

Table 1 - Economics of Electric 3- Wheeler Operation - Sample Calculation

	ITEM
	I.C.ENGINE
	NO GOVERNMENT INCENTIVES
	WITH GOVERNMENT INCENTIVES
	COMMENTS

	
	
	ELECTRIC
(CASE 1)
	Assump’s
	ELECTRIC
(CASE 2)
	Assump’s
	

	1 
	Net Manufacturing Cost
	38,000 
	84,375 
	
	69,863 
	Concession/ Waived Customs, Excise and Sales duties
	USD 750 for Motor, Controller. etc.

	2 
	Government Levies 
	9,950 
	21,259
	
	3,493
	
	

	3 
	Other Costs
	4,932 
	5,860 
	
	5,346 
	Concession Road Tax
	

	4 
	On Road Price
	52,882 
	111,494 
	
	78,702 
	
	(1)+(2)+(3)

	5 
	Less Govt. Cash Subsidy 
	
	
	
	(-)15,740
	@20% 
	

	6 
	Net Cost to customer
	52,882 
	111,494 
	
	62,962 
	
	(4)-(5)

	7 
	Loan 
	47,594 
	100,344 
	
	56,666 
	
	Margin=10%;
Term=5yrs.

	8 
	Interest on Loan
	21%
	21%
	21%
	12%
	Soft loan for EVs
	

	9 
	Net fixed cost 
	60,177 
	126,874 
	
	53,413 
	
	Cost of capital, resale value etc

	10 
	Fixed cost / Year
	8,597 
	12,687 
	
	5,341 
	
	Assumed life (yrs.) - Petrol=7 // EV=10 

	11 
	Distance travelled/yr. (Kms.)
	24,000 
	24,000 
	
	24,000 
	
	300 days usage/ yr.

	12 
	Running cost 
(Rs/ Km)
	1.20
	0.64
	
	0.48
	
	-Petrol = Rs.30/l
-Electricity= Rs3/kWh
- Battery change every 21/2 yrs. 

	13 
	Running cost / year 
	28,880 
	15,303 
	
	11,489 
	
	(10)*(11)

	14 
	Maintenance cost / year 
	5,500 
	2,750 
	
	2,750 
	
	 Assumed 

	15 
	Operating cost / year
	34,300 
	18,053 
	
	14,239 
	
	(13)+(14)

	16 
	Cost / year (Total)
	42,897 
	30,740 
	
	19,580 
	
	(15)+(10)

	17 
	Cost / Km (Total)
	1.79
	1.24
	
	0.82
	
	

	18 
	Saving – Rs./ Km 
	
	0.51 
	
	0.97 
	
	

	19
	Saving – Rs. per year
	–
	12,157 
	
	23,386 
	
	Earnings (ICEV) = Rs.66,300 pa
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1. Introduction
A public-private partnership involving the United States Agency for International Development (USAID), Bajaj Auto Ltd. (BAL), and New Generation Motors (NGM) of the USA, the Indian Zero Emission Transportation (IZET) Program, has taken a large step towards providing advanced alternative transportation technology specifically designed to meet the Indian marketplace. Electric-driven autorickshaws are plying the roads of Agra and Pune. Soon, electric-driven scooters and the next iteration of electric-driven autorickshaws will be seen on the streets of Delhi. 

The private partnership, led by Bajaj Auto Ltd. (BAL) and New Generation Motors (NGM), has merged complimentary strengths providing a vehicle design that meets a large segment of the Indian driving profile while offering the convenience of an efficient on-board charger.

2. Indian Transport Sector Overview 

Air pollution is a serious issue for people living in urban areas of India. Deteriorating urban air quality is having a growing negative impact on human health and welfare. The transport sector is the primary contributor of urban air pollution, which is exacerbated by population growth, increasing number of vehicles, and the existing state of infrastructure. 

Urbanization. The booming economy, easier access to education, better jobs, and health care in urban areas have contributed to the migration from the rural areas to the cities where the majority of the population in India now live and, this trend is expected to continue. 

Economic Growth and Vehicle Population. The Indian economy/GDP has been growing and the economic boom has dramatically increased the number of middle-class families in urban areas owning vehicles.  Affordably priced two and 3-wheelerscaptured the majority of market share.  With a few roadways, coupled with an increasing number of vehicles have led to severe traffic congestion in major urban centres. 

Increasing Vehicular/Urban Pollution. People in the urban areas of India are becoming increasingly vulnerable to air pollution since emissions from vehicles tend to stay at the ground level.  Vehicles fitted with two-stroke engines are the major sources of vehicular emissions. In Delhi alone 60-70% of the urban air pollution is attributed to the transportation sector and two & three -wheelers account for 70 percent of total vehicle population. Also, other factors such as the illegal practice of fuel adulteration, the use of unregulated mixing of lubricant oil, lack of vehicle maintenance coupled with a large number of older vehicles have exacerbated vehicular emissions.

Technological Options. Today, technologies are emerging and are available to curb vehicular emissions and recently, alternative fuels vehicles including EV, CNG and LPG emitting no or less emissions have begun to be introduced.  Electric vehicles have the potential to eliminate vehicular emissions at the source point but it also faces some challenges - availability of power and a support infrastructure.

3. Environmental Impact of Vehicles upon Ambient Urban Air Quality 

Morbidity and Mortality - Urban air pollution and its adverse effect on human health is one of the most serious environmental concerns facing India. According to a report published by the World Bank, nearly all vehicular emissions are extremely damaging to public health. Concentration of suspended particulate matter in particular have been linked to respiratory symptoms, exasperation of asthma, changes in lung function leading to more than four million hospital admissions.  Also, 7,000 premature deaths occurred in Delhi alone due to air pollution.

Economic.  In Delhi alone, the annual cost of air pollution impact on human health amounts to about US USD 100-400 million per year.
 

Movement Towards Controlling Emissions.  There is an urgency to control the growing vehicular emissions - serious enough to warrant the government to consider phasing out two strokes two & three –wheelers and/or introduce alternative fuel vehicles.   Also the Indian judiciary, in particular, has been vocal in their effort to curb growing vehicular emissions in urban areas e .g. prohibition of registration of any new conventional three-wheel vehicles in New Delhi that failed to meet EURO II emission norm and mandating the replacement of all pre-1990 autos and taxis with new vehicles using clean fuels, conversion of all diesel powered public transportation to CNG after April 1, 2001 etc.

Private Sector Initiatives. Parallel to government-imposed legislation, the private sector is also taking initiatives to reduce vehicular emissions through development of small four-stroke engines introduction of CNG vehicles and catalytic converters.

4. USAID’s Involvement

The USAID’s Mission in India and Global Environmental Centre in Washington, D.C. have initiated the Indian Zero Emission Transportation (IZET) Program intended to stimulate the creation of an alternative vehicle market through partnerships with the private sector.  The program was developed to:

· Increase public awareness for electric vehicle technology;

· Cost-share resources;

· Provide technical assistance;

· Initiate development of a market-driven technology for electric two- and three-wheeled vehicles;

· Provide commercially attractive technology options for reducing ambient urban air emissions

· Demonstrate the technology.

The goal of IZET is to accelerate the commercialisation path for electric two- and three-wheelers.. Discussions took place between USAID and prospective partners for about one year. The program partners ultimately became Bajaj Auto Limited (BAL), New Generation Motors (NGM), the Archaeological Survey of India (ASI), WELCOMGROUP, and TRICON Restaurants International. During this time a collaborative program was developed. 

BAL, with a large network of dealerships and committed to providing substantial resources including design, testing, certification, operation, maintenance, oversight of data acquisition, and product evaluation, was actively involved in screening electric drive systems best suited for the Indian marketplace.  NGM, a U.S. firm, is a highly innovative electric drive system manufacturer and integrator. and holds patents on a highly efficient DC, brushless motor is the technology provider selected by BAL, and NGM is committed to cost-share their design and production activities with USAID.

5. Basis of Design

In South Asia, two- and 3-wheelershave traditionally been aimed at the economically weaker strata of society. They have therefore necessarily been low cost products - a two-wheeler sells typically for USUSD1000 while a three-wheeler for USUSD 1300 ~ 2000. 

Three wheelers are primarily "public" service vehicles – being used mostly as taxis or “goods carriers”. Being revenue earners, they have to be economically viable to own and operate. For a market to be generated for these electric three-wheelers, they have to have favourable operating and ownership costs. 

The target performance requirements of the electric 3-wheeler are listed below. A successful demonstration of the electric vehicles necessitates thoroughly designed, exceptionally performing vehicles. The collaborative development effort included a system level design approach for each vehicle subsystem in order to carefully perform the correct tradeoffs for a well-balanced final product. NGM’s Axial Flux, Permanent Magnet, Brushless DC motor and controller technologies were the drivesystem components requiring careful sizing and design to meet the above objectives. 

Target Electric Three-Wheeler Performance Specifications

	ITEM
	Test Conditions
	ICEV (Existing)
	EV (Expected)

	1
	Shell Weight (kg)
	
	276
	530

	2
	Payload (kg)
	
	334
	334

	3
	Top Speed (kph)
	Max GVW
	55
	55

	4
	Gradeability(%) @       10 kph

20 kph

30 kph

40 kph

50 kph
	Payload= 334kg
	16

–

–

–

–
	19

10

5

3

1–

	5
	Acceleration (sec) 0 to 20 kph

                              0 to 30 kph

                              0 to 40 kph

                               0 to 50 kph
	Payload = 334kg
	6

11

16

21
	3

7

15

30

	6
	Range (km)
	Payload = 150kg
	
	( 80  @80% DOD

	7
	Power Consumption
	Payload = 150kg
	
	<0.06 kWh/Km

	8
	Battery Voltage
	60 V Max

	9
	General Features
	· Throttle input for load sensing

· Electric reverse (3 Wheeler) & Battery SOC monitor

· Programmable acceleration for “Economy” and “Normal” modes

· Limp home capability beyond 80% DOD

· Full regenerative braking & Compression brake feeling

· On board charger for opportunity charging in 6~8 hours from 80% DOD

· DC/DC converter for vehicle Auxiliaries 


Drive system requirements. Based on the target performance specifications, analyses were performed to determine the torque, power, and energy consumption requirements of the vehicle. This is subsequently used in the design and selection of the vehicle subsystems. The torque and power requirements come from analyses of the gradeability and acceleration specifications of the vehicle along with the Indian Driving Cycle requirements. The energy consumption requirements are derived from the range specification of the vehicle.  
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The primary specification that dictates the energy consumption and thus, the drivesystem efficiency of the vehicle is the range requirement of 80km. The system approach for understanding the energy use characteristics of the autorickshaw begins by noting the fixed vehicle characteristics. The drag parameters and drivetrain efficiency (transmission and final drive) are given as part of the baseline IC vehicle characteristics. The vehicle battery pack configurations were selected on the basis of several criteria, including energy density, reliability, and packaging. For the 3W, it consists of eight (8) Trojan T-105 6V modules. 

Energy Consumption Contour Map

To obtain an estimate for the average power consumed by the auxiliary components, a detailed breakdown was performed of the individual auxiliary component loads and their duration of use over the IDC. 

In order for the vehicle to meet the range, the drivesystem was required to operate, on average, at 83.6% efficiency or above.  Given an average drivetrain efficiency of 91%, the motor/controller must operate with an average efficiency of 91.9%. This was done by “binning” the percentage of total energy consumed on a given IDC into torque-speed envelopes.  This data was used to produce preliminary motor and controller designs that would meet the gradeability and acceleration requirements and have very high efficiency characteristics when performing on the IDC.

6. The Prototype Components and Vehicles – 

The NGM MSF240140 - Axial Flux Motor. - The motor designed by NGM specifically for this application is the MSF240140 Axial Flux motor. 
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Motor Specifications
	Detailed Design Specifications MDF-240/140
	
	

	Number of stators
	
	1

	Phase Design 
	
	Interleaved, 3 Phase

	Configuration
	
	1-Y

	Number of poles
	
	8

	Peak Power @RPM
	kW
	11.1@ 1900

	Continuous Power @V.nom @RPM
	kW
	7.5@2300

	DC bus Voltage Nominal (V_nom)
	V
	48

	Phase Current Max (I_max)
	A_rms
	249

	Phase Current Continuous (I_c) 
	A_rms
	148

	Peak Torque @ I_max (Tp)
	Nm
	58.8


The NGM EVC400-043 Controller. The controller design specifically for this application is the EVC400-043 model. The system characteristics are shown below, Sine-wave control

· Serial Interface for configuration and data acquisition

· CAN Bus interface for maximum flexibility and reduced wiring complexity.

· State-of-Charge (SOC) tracking with programmable battery profile

· Internal 150W, 12.0-14.4V power supply available for vehicle auxiliary loads 

· Motor Current Limiting (MCL) logic provides a speed governor, limp-home mode. 

Controller specifications


	Peak RMS Phase Current (Amps)
	265

	Nominal Bus Voltage (Volts)
	48

	Min./Max. Operating Voltage (Volts)
	36/60

	Maximum Withstand Voltage (Volts)
	75

	Input Capacitance (uF)
	15,120

	Peak Efficiency %
	99

	Height (in.)
	3.12

	Width (in.)
	5.95

	Length (in.)
	8.88

	Weight (lbs.)
	6


Component Test Data and Final Integrated System. The developed motor and controller system were built and tested at NGM to insure that the component level requirements were met.  The system met all the design requirements in terms of torque, speed, and efficiency.

Results of drive system tests
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The final integrated motor, controller, and rear axle assembly takes advantage of the transmission/differential/suspension components already in production by BAL.  The final prototype vehicle and the integrated drive assembly and batteries are shown below



Integrated Drive



Final prototype vehicle
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7. Certification Tests

In October 2000 the first electric three-wheeler prototype was tested at the facilities of the Automotive Research Association of India (ARAI) and obtained certification for compliance to the Central Motor Vehicles Rules.  Tables below show the results of the testing as compared to the design requirements.  In addition, the range on the IDC was nearly 80 km.  Later testing conducted in normal city driving revealed a range of 110-115 km on a single battery charge.

Average Acceleration Time 

Gradeability Test results
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8. Commercialisation Phase

In order for electric 3-wheeler vehicles to become commercially viable in India, they must meet or exceed all performance targets of comparable gasoline/diesel powered vehicles, and be cost competitive. The first criterion has been met through the efforts of the IZET project. The commercialisation of low cost, sophisticated traction motors and controllers is a challenge. A detailed life cycle cost analysis determined that commercial viability requires the cost of the motor, controller, charger, and other electric drive ancillary parts should result in a final vehicle selling price that is no more than 25% higher than the conventional autorickshaw.

BAL and NGM outlined three phases to pursue the commercialisation of these vehicles, with the first phase involving the deployment of 200 vehicles, to test consumer acceptability. Following the successful deployment and testing of these vehicles, the second and third phases would be initiated consecutively with the full mass production of the electric autorickshaws. NGM has initiated the next stage to re-engineer the drive system for large volume production,. The first phase vehicles are expected to be deployed in 2002.

Production of electric autorickshaw motors at NGM
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9. Conclusion

The anticipated short-term benefits of IZET include determining the feasibility and consumer acceptance of electric vehicles in the Indian market and raising awareness of environmentally benign urban transport options. Long-term benefits include developing commercial relationships among private sector firms, establishing EV technology as a reality in the Indian marketplace, and improving urban air quality and reducing attendant costs.
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diesel motor auxiliary:  On-site diesel power generators (used in extraction)


coal-ST-big base: coal-derived electric power plants 


Xtra-onshore crude- oil: Extraction of onshore crude oil


Xtra_Mat\water:  Materials and water used during Extraction of oil


train-diesel motor: train transport powered by diesel motor 


mix-aux-on-extraction: Auxiliary power used during extraction process


Xtra-offshore crude- oil: Extraction of offshore crude oil


T&D India: Electricity Transmission and Distribution process
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		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)																43.4

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in a year from 1200 3W  Rs								49,653,072		$1,026,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in a year from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $		vehicle-years

		2004		1,200		953		1,144,080		49,653,072		248,265,360		5,100,000		6,000

		2005		5,000		953		4,767,000		206,887,800		827,551,200		17,100,000		20,000

		2006		10,000		953		9,534,000		413,775,600		1,241,326,800		25,600,000		30,000

		2007		12,000		953		11,440,800		496,530,720		993,061,440		20,500,000		24,000

		2008		15,000		953		14,301,000		620,663,400		620,663,400		12,800,000		15,000

												3,930,868,200		81,200,000		95,000

										Or		$81,216,285

		SCENARIO 2

		If new EVs are added instead of new ICE vehicles complying with

		applicable emission standards (2000 standards up to 2005 & 2005

		standards thereafter

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $

		2004		1,200		275		329,616		14,305,334		71,526,672		1,500,000

		2005		5,000		275		1,373,400		59,605,560		238,422,240		4,900,000

		2006		10,000		143		1,428,000		61,975,200		185,925,600		3,800,000

		2007		12,000		143		1,713,600		74,370,240		148,740,480		3,100,000

		2008		15,000		143		2,142,000		92,962,800		92,962,800		1,900,000

												737,577,792		15,200,000

										Or		$15,239,211

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000





Sheet1 (2)

		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)										43.4		$0.90

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in 5 years from 1200 3W  Rs								248,265,360		$5,129,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in 5 years from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000

		SCENARIO 1: If EVs replace only pre-1995 vehicles

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)				vehicle-years

		2004		1,200		953		1,144,080		5,129,450		10,258,899				6,000

		2005		5,000		953		4,767,000		17,098,165		38,470,872				20,000

		2006		10,000		953		9,534,000		25,647,248		68,392,661				30,000

		2007		12,000		953		11,440,800		20,517,798		71,812,294				24,000

		2008		15,000		953		14,301,000		12,823,624		76,941,744				15,000

		2009		20,000		953		19,068,000				85,490,826				95,000

		2010		27,500		953		26,218,500				94,039,909

		2011		35,000		953		33,369,000				89,765,368

		2012		42,500		953		40,519,500				72,667,202

		2013		50,000		953		47,670,000				42,745,413

								Total		81,216,285		650,585,189

		SCENARIO 2: If EVs substitute new ICE vehicles with appropriate 
emission standards (2000 stds. up to 2005 & 2005 stds. thereafter)
Pollution Damage Cost in Indian Conditions = $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2013 ($)

		2004		1,200		275		329,616		2,955,648

		2005		5,000		275		1,373,400		11,083,679

		2006		10,000		143		1,428,000		10,243,835

		2007		12,000		143		1,713,600		10,756,026

		2008		15,000		143		2,142,000		11,524,314

		2009		20,000		143		2,856,000		12,804,793

		2010		27,500		143		3,927,000		14,085,273

		2011		35,000		143		4,998,000		13,445,033

		2012		42,500		143		6,069,000		10,884,074

		2013		50,000		143		7,140,000		6,402,397

								Total		104,185,072

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000
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		Calcutta		3,022,786

		Chennai		461,966

		Delhi		3,990,012
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		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: 40,000 km/year

				CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

				CO		HC		NOx		PM		Total

		1986-1990		560		332		2		14		908

		1991-1995		560		332		2		14		908

		1996-2000		344		280		3.6		6		633.6

		2001-2005		172		82		4.4		3.2		261.6

		2006-2010		98		30		4.8		3.2		136

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants												llutants, (Ref IIP)

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year (908x43.40) Rs 39,407.20

		Savings in Pollution Reduction in a year from 1200 3W (1200x39,407020): Rs 47,288,640

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year (261.6x43.40) Rs 11,353.44

		Savings in Pollution Reduction in a year from 1200 3W (1200x11,353.44): Rs13,624,128

		FUTURE PROJECTIONS

		Year		Numbers		Cumul.nos

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		10,000		26,200

		2008		10,000		36,200

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs

		2004		1,200		908		1,089,600		47,288,640		236,443,200

		2005		5,000		908		4,540,000		197,036,000		788,144,000

		2006		10,000		908		9,080,000		394,072,000		1,182,216,000

		2007		10,000		908		9,080,000		394,072,000		788,144,000

		2008		10,000		908		9,080,000		394,072,000		394,072,000

												3,389,019,200

		SCENARIO 2

		If new EVs are added instead of new ICE vehicles complying with

		applicable emission standards (2000 standards up to 2005 & 2005

		standards thereafter

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs

		2004		1,200		261.6		313,920		13,624,128		68,120,640

		2005		5,000		261.6		1,308,000		56,767,200		227,068,800

		2006		10,000		136		1,360,000		59,024,000		177,072,000

		2007		10,000		136		1,360,000		59,024,000		118,048,000

		2008		10,000		136		1,360,000		59,024,000		59,024,000

												649,333,440
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Sheet1

		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)																43.4

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in a year from 1200 3W  Rs								49,653,072		$1,026,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in a year from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $		vehicle-years

		2004		1,200		953		1,144,080		49,653,072		248,265,360		5,100,000		6,000

		2005		5,000		953		4,767,000		206,887,800		827,551,200		17,100,000		20,000

		2006		10,000		953		9,534,000		413,775,600		1,241,326,800		25,600,000		30,000

		2007		12,000		953		11,440,800		496,530,720		993,061,440		20,500,000		24,000

		2008		15,000		953		14,301,000		620,663,400		620,663,400		12,800,000		15,000

												3,930,868,200		81,200,000		95,000

										Or		$81,216,285

		SCENARIO 2

		If new EVs are added instead of new ICE vehicles complying with

		applicable emission standards (2000 standards up to 2005 & 2005

		standards thereafter

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $

		2004		1,200		275		329,616		14,305,334		71,526,672		1,500,000

		2005		5,000		275		1,373,400		59,605,560		238,422,240		4,900,000

		2006		10,000		143		1,428,000		61,975,200		185,925,600		3,800,000

		2007		12,000		143		1,713,600		74,370,240		148,740,480		3,100,000

		2008		15,000		143		2,142,000		92,962,800		92,962,800		1,900,000

												737,577,792		15,200,000

										Or		$15,239,211

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000





Sheet1 (2)

		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)										43.4		$0.90

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in 5 years from 1200 3W  Rs								248,265,360		$5,129,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in 5 years from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Fiscal Year		Estimated Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		2009		20,000		63,200

		2010		27,500		90,700

		2011		35,000		125,700

		2012		42,500		168,200

		2013		50,000		218,200

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000

		SCENARIO 1: If EVs replace only pre-1995 vehicles

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)				vehicle-years

		2004		1,200		953		1,144,080		5,129,450		10,258,899				6,000

		2005		5,000		953		4,767,000		17,098,165		38,470,872				20,000

		2006		10,000		953		9,534,000		25,647,248		68,392,661				30,000

		2007		12,000		953		11,440,800		20,517,798		71,812,294				24,000

		2008		15,000		953		14,301,000		12,823,624		76,941,744				15,000

		2009		20,000		953		19,068,000				85,490,826				95,000

		2010		27,500		953		26,218,500				94,039,909

		2011		35,000		953		33,369,000				89,765,368

		2012		42,500		953		40,519,500				72,667,202

		2013		50,000		953		47,670,000				42,745,413

								Total		81,216,285		650,585,189

		SCENARIO 2: If EVs substitute new ICE vehicles with appropriate

		emission standards (2000 stds. up to 2005 & 2005 stds. thereafter)

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)

		2004		1,200		275		329,616		1,477,824		2,955,648

		2005		5,000		275		1,373,400		4,926,079		11,083,679

		2006		10,000		143		1,428,000		3,841,438		10,243,835

		2007		12,000		143		1,713,600		3,073,150		10,756,026

		2008		15,000		143		2,142,000		1,920,719		11,524,314

		2009		20,000		143		2,856,000				12,804,793

		2010		27,500		143		3,927,000				14,085,273

		2011		35,000		143		4,998,000				13,445,033

		2012		42,500		143		6,069,000				10,884,074

		2013		50,000		143		7,140,000				6,402,397

								Total		15,239,211		104,185,072

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000
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				Hospital Admissions

		Ahmadabad		1,183,033

		Banglore		135,887

		Calcutta		3,022,786

		Chennai		461,966

		Delhi		3,990,012

		Hydrabad		420,958

		Mumbai		2,579,210

		Patna		319,242
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		Replication

		Fiscal Year		2,004		2,005		2,006		2,007		2,008		2,009		2,010		2011		2012		2013

		Est. Production		1,200		5,000		10,000		12,000		15,000		20,000		27,500		35,000		42,500		50,000

		City

		Delhi		250		750		1,500		1,800		2,250		2,500

		Mumbai		250		1,250		1,500		1,800		2,250		2,500

		Pune		200		1,000		1,000		1,200		1,500		1,500

		Bangalore		150		750		1,500		1,800		2,250		2,500

		Hyderabad		150		500		1,000		1,200		1,500		2,000

		Ahmedabad		200		200		1,000		1,200		1,500		2,500

		Kolkata				200		500		600		750		1,250

		Chennai				150		1,000		1,200		1,500		2,500

		Other ciites						500		1,000		1,250		2,500

		Kathmandu				200		500		200		250		250

		Total		1,200		5,000		10,000		12,000		15,000		20,000		0		0		0		0

		SCENARIO 1: If EVs replace only pre-1995 vehicles

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)				vehicle-years

		2004		0		0		0		0		0				0

		2005		0		0		0		0		0				0

		2006		0		0		0		0		0				0

		2007		0		0		0		0		0				0

		2008		0		0		0		0		0				0

		2009		20,000		0		0				0				0

		2010		27,500		0		0				0

		2011		35,000		0		0				0

		2012		42,500		0		0				0

		2013		50,000		0		0				0

								Total		0		0

		SCENARIO 2: If EVs substitute new ICE vehicles with appropriate

		emission standards (2000 stds. up to 2005 & 2005 stds. thereafter)

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)

		2004		0		0		0		0		0

		2005		0		0		0		0		0

		2006		0		0		0		0		0

		2007		0		0		0		0		0

		2008		0		0		0		0		0

		2009		20,000		0		0				0

		2010		27,500		0		0				0

		2011		35,000		0		0				0

		2012		42,500		0		0				0

		2013		50,000		0		0				0

								Total		0		0

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12,000		5		6,000

		2005		5,000		6,200		9		57,000		4		26,000

		2006		10,000		16,200		8		137,000		3		56,000

		2007		12,000		28,200		7		221,000		2		80,000

		2008		15,000		43,200		6		311,000		1		95,000

		2009		20,000		63,200		5		411,000

		2010		27,500		90,700		4		521,000

		2011		35,000		125,700		3		626,000

		2012		42,500		168,200		2		711,000

		2013		50,000		218,200		1		761,000
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		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)																43.4

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in a year from 1200 3W  Rs								49,653,072		$1,026,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in a year from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $		vehicle-years

		2004		1,200		953		1,144,080		49,653,072		248,265,360		5,100,000		6,000

		2005		5,000		953		4,767,000		206,887,800		827,551,200		17,100,000		20,000

		2006		10,000		953		9,534,000		413,775,600		1,241,326,800		25,600,000		30,000

		2007		12,000		953		11,440,800		496,530,720		993,061,440		20,500,000		24,000

		2008		15,000		953		14,301,000		620,663,400		620,663,400		12,800,000		15,000

												3,930,868,200		81,200,000		95,000

										Or		$81,216,285

		SCENARIO 2

		If new EVs are added instead of new ICE vehicles complying with

		applicable emission standards (2000 standards up to 2005 & 2005

		standards thereafter

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $

		2004		1,200		275		329,616		14,305,334		71,526,672		1,500,000

		2005		5,000		275		1,373,400		59,605,560		238,422,240		4,900,000

		2006		10,000		143		1,428,000		61,975,200		185,925,600		3,800,000

		2007		12,000		143		1,713,600		74,370,240		148,740,480		3,100,000

		2008		15,000		143		2,142,000		92,962,800		92,962,800		1,900,000

												737,577,792		15,200,000

										Or		$15,239,211

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000
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		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006 -		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)										43.4		$0.90

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in 5 years from 1200 3W  Rs								248,265,360		$5,129,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in 5 years from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000

		SCENARIO 1: If EVs replace only pre-1995 vehicles

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)				vehicle-years

		2004		1,200		953		1,144,080		5,129,450		10,258,899				6,000

		2005		5,000		953		4,767,000		17,098,165		38,470,872				20,000

		2006		10,000		953		9,534,000		25,647,248		68,392,661				30,000

		2007		12,000		953		11,440,800		20,517,798		71,812,294				24,000

		2008		15,000		953		14,301,000		12,823,624		76,941,744				15,000

		2009		20,000		953		19,068,000				85,490,826				95,000

		2010		27,500		953		26,218,500				94,039,909

		2011		35,000		953		33,369,000				89,765,368

		2012		42,500		953		40,519,500				72,667,202

		2013		50,000		953		47,670,000				42,745,413

								Total		81,216,285		650,585,189

		SCENARIO 2: If EVs substitute new ICE vehicles with appropriate

		emission standards (2000 stds. up to 2005 & 2005 stds. thereafter)

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)

		2004		1,200		275		329,616		1,477,824		2,955,648

		2005		5,000		275		1,373,400		4,926,079		11,083,679

		2006		10,000		143		1,428,000		3,841,438		10,243,835

		2007		12,000		143		1,713,600		3,073,150		10,756,026

		2008		15,000		143		2,142,000		1,920,719		11,524,314

		2009		20,000		143		2,856,000				12,804,793

		2010		27,500		143		3,927,000				14,085,273

		2011		35,000		143		4,998,000				13,445,033

		2012		42,500		143		6,069,000				10,884,074

		2013		50,000		143		7,140,000				6,402,397

								Total		15,239,211		104,185,072

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000
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		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)																43.4

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in a year from 1200 3W  Rs								49,653,072		$1,026,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in a year from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $		vehicle-years

		2004		1,200		953		1,144,080		49,653,072		248,265,360		5,100,000		6,000

		2005		5,000		953		4,767,000		206,887,800		827,551,200		17,100,000		20,000

		2006		10,000		953		9,534,000		413,775,600		1,241,326,800		25,600,000		30,000

		2007		12,000		953		11,440,800		496,530,720		993,061,440		20,500,000		24,000

		2008		15,000		953		14,301,000		620,663,400		620,663,400		12,800,000		15,000

												3,930,868,200		81,200,000		95,000

										Or		$81,216,285

		SCENARIO 2

		If new EVs are added instead of new ICE vehicles complying with

		applicable emission standards (2000 standards up to 2005 & 2005

		standards thereafter

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $

		2004		1,200		275		329,616		14,305,334		71,526,672		1,500,000

		2005		5,000		275		1,373,400		59,605,560		238,422,240		4,900,000

		2006		10,000		143		1,428,000		61,975,200		185,925,600		3,800,000

		2007		12,000		143		1,713,600		74,370,240		148,740,480		3,100,000

		2008		15,000		143		2,142,000		92,962,800		92,962,800		1,900,000

												737,577,792		15,200,000

										Or		$15,239,211

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000





Sheet1 (2)

		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)										43.4		$0.90

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in 5 years from 1200 3W  Rs								248,265,360		$5,129,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in 5 years from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		2009		20,000		63,200

		2010		27,500		90,700

		2011		35,000		125,700

		2012		42,500		168,200

		2013		50,000		218,200

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000

		SCENARIO 1: If EVs replace only pre-1995 vehicles

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)				vehicle-years

		2004		1,200		953		1,144,080		5,129,450		10,258,899				6,000

		2005		5,000		953		4,767,000		17,098,165		38,470,872				20,000

		2006		10,000		953		9,534,000		25,647,248		68,392,661				30,000

		2007		12,000		953		11,440,800		20,517,798		71,812,294				24,000

		2008		15,000		953		14,301,000		12,823,624		76,941,744				15,000

		2009		20,000		953		19,068,000				85,490,826				95,000

		2010		27,500		953		26,218,500				94,039,909

		2011		35,000		953		33,369,000				89,765,368

		2012		42,500		953		40,519,500				72,667,202

		2013		50,000		953		47,670,000				42,745,413

								Total		81,216,285		650,585,189

		SCENARIO 2: If EVs substitute new ICE vehicles with appropriate

		emission standards (2000 stds. up to 2005 & 2005 stds. thereafter)

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2008 ($)		Cum saving upto 2013 ($)

		2004		1,200		275		329,616		1,477,824		2,955,648

		2005		5,000		275		1,373,400		4,926,079		11,083,679

		2006		10,000		143		1,428,000		3,841,438		10,243,835

		2007		12,000		143		1,713,600		3,073,150		10,756,026

		2008		15,000		143		2,142,000		1,920,719		11,524,314

		2009		20,000		143		2,856,000				12,804,793

		2010		27,500		143		3,927,000				14,085,273

		2011		35,000		143		4,998,000				13,445,033

		2012		42,500		143		6,069,000				10,884,074

		2013		50,000		143		7,140,000				6,402,397

								Total		15,239,211		104,185,072

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000
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		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)																43.4

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in a year from 1200 3W  Rs								49,653,072		$1,026,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in a year from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $		vehicle-years

		2004		1,200		953		1,144,080		49,653,072		248,265,360		5,100,000		6,000

		2005		5,000		953		4,767,000		206,887,800		827,551,200		17,100,000		20,000

		2006		10,000		953		9,534,000		413,775,600		1,241,326,800		25,600,000		30,000

		2007		12,000		953		11,440,800		496,530,720		993,061,440		20,500,000		24,000

		2008		15,000		953		14,301,000		620,663,400		620,663,400		12,800,000		15,000

												3,930,868,200		81,200,000		95,000

										Or		$81,216,285

		SCENARIO 2

		If new EVs are added instead of new ICE vehicles complying with

		applicable emission standards (2000 standards up to 2005 & 2005

		standards thereafter

		Pollution Damage Cost in Indian Conditions Rs. 43.40 per kg of pollutants

		Year		No of veh		kg/veh/yr		kg/year		Saving, Rs		Cum saving Rs		Cum saving $

		2004		1,200		275		329,616		14,305,334		71,526,672		1,500,000

		2005		5,000		275		1,373,400		59,605,560		238,422,240		4,900,000

		2006		10,000		143		1,428,000		61,975,200		185,925,600		3,800,000

		2007		12,000		143		1,713,600		74,370,240		148,740,480		3,100,000

		2008		15,000		143		2,142,000		92,962,800		92,962,800		1,900,000

												737,577,792		15,200,000

										Or		$15,239,211

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000





Sheet1 (2)

		GEF pollution_health costs						150403

		EMISSION FACTORS (CPCB - Mukhopadhyay)

		3W, g/km

		Average usage: km/year						42,000

		Year		CO		HC		NOx		PM

		1986-1990		14		8.3		0.05		0.35

		1991-1995		14		8.3		0.05		0.35

		1996-2000		8.6		7		0.09		0.15

		2001-2005		4.3		2.05		0.11		0.08

		2006-2010		2.45		0.75		0.12		0.08

		Annual Emission, kg/year

		Year		CO		HC		NOx		PM		Total

		1986-1990		588		348.6		2.1		14.70		953

		1991-1995		588		348.6		2.1		14.70		953

		1996-2000		361.2		294		3.78		6.30		665

		2001-2005		180.6		86.1		4.62		3.36		275

		2006-2010		102.9		31.5		5.04		3.36		143

		Pollution Damage Cost in Indian Conditions Rs.  per kg of pollutants (Ref IIP)										43.4		$0.90

		SCENARIO 1: If all pre-1995 vehicles are replaced by EVs

		Savings in Pollution Reduction per 3W in a year Rs								41,378		$900

		Savings in Pollution Reduction in 5 years from 1200 3W  Rs								248,265,360		$5,129,000

		SCENARIO 2: New EVs added instead of new ICE vehicles complying with Indian 2000 Emission Standards

		Savings in Pollution Reduction per 3W in a year Rs								11,921		$200

		Savings in Pollution Reduction in 5 years from 1200# 3W Rs								14,305,334		$296,000

		FUTURE PROJECTIONS

		Year		Annual Production		Cumulative Production

		2004		1,200		1,200

		2005		5,000		6,200

		2006		10,000		16,200

		2007		12,000		28,200

		2008		15,000		43,200

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000

		SCENARIO 1: If EVs replace only pre-1995 vehicles
Pollution damage cost in Indian conditions = $0.90/kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2013 ($)				vehicle-years

		2004		1,200		953		1,144,080		10,258,899				6,000

		2005		5,000		953		4,767,000		38,470,872				20,000

		2006		10,000		953		9,534,000		68,392,661				30,000

		2007		12,000		953		11,440,800		71,812,294				24,000

		2008		15,000		953		14,301,000		76,941,744				15,000

		2009		20,000		953		19,068,000		85,490,826				95,000

		2010		27,500		953		26,218,500		94,039,909

		2011		35,000		953		33,369,000		89,765,368

		2012		42,500		953		40,519,500		72,667,202

		2013		50,000		953		47,670,000		42,745,413

								Total		650,585,189

		SCENARIO 2: If EVs substitute new ICE vehicles with appropriate

		emission standards (2000 stds. up to 2005 & 2005 stds. thereafter)

		Pollution Damage Cost in Indian Conditions $0.90/ kg of pollutants

		Year Introduced		No of veh. Introduced		Emission (kg/veh/yr)		Emission (kg/year)		Cum saving upto 2013 ($)

		2004		1,200		275		329,616		2,955,648

		2005		5,000		275		1,373,400		11,083,679

		2006		10,000		143		1,428,000		10,243,835

		2007		12,000		143		1,713,600		10,756,026

		2008		15,000		143		2,142,000		11,524,314

		2009		20,000		143		2,856,000		12,804,793

		2010		27,500		143		3,927,000		14,085,273

		2011		35,000		143		4,998,000		13,445,033

		2012		42,500		143		6,069,000		10,884,074

		2013		50,000		143		7,140,000		6,402,397

								Total		0		104,185,072

		FUTURE PROJECTIONS

		Year of Introduction		Annual Production		Cumulative Production		Years in operation		Cumulative Vehicle - years		Years in operation		Cumulative Vehicle - years

		2004		1,200		1,200		10		12000		5		6000

		2005		5,000		6,200		9		57000		4		26000

		2006		10,000		16,200		8		137000		3		56000

		2007		12,000		28,200		7		221000		2		80000

		2008		15,000		43,200		6		311000		1		95000

		2009		20,000		63,200		5		411000

		2010		27,500		90,700		4		521000

		2011		35,000		125,700		3		626000

		2012		42,500		168,200		2		711000

		2013		50,000		218,200		1		761000
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