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Execulive Summary 

E.1 Background 

The Greenhouse Gas Pollution Prevention Project - Climate Change Supplement (GEP-CCS) 
was initiated in May 2000. Funded by USAID, the project is being implemented in India by the 
Louis Berger Group Inc. for USAIDhdia. The main purpose of the project is to provide 
technical assistance to build capacity and facilitate demonstration projects that result in reduced 
greenhouse gas (GHG). The project has six different components. The component addressed in 
this report is the development of a demonstration project for reduced local and GHG emissions 
from vehicles in a selected city. Other components of the GEP-CCS project focus on reduction of 
GHG emissions in industries, the utility sector and municipalities (methane emissions from 
municipal solid waste). 

This report is the third in a series of five reports on reduct~on of GHG emissions from the 
transport sector to be completed per the transportation component of GEP-CCS. 

Selection of Hy&rabad as Site for Demonstration Project 

The first report in the series entitled Selection of o City (May 2001) was prepared by a GEPCCS 
partner, the Society of Indian Automobile Manufacturers (SIAM). The purpose of the report was 
to Identify an optimal city with which GEP-CCS could collaborate for designing and obtaining 
finance to implement the demonstration project. Hyderabad was selected from a list of six 
potential candidate cities (Rangalore, Chennai, Hyderabad, Kolkata, Mumbai and Pune). Nine 
criteria were used and weighted to give importance to key factors. For example, the most 
Important criterion (weighted 5) was the ability and willingness of the local government to 
support such a demonstration project; the second ranked criteria (2 criteria weighted 3 each) were 
air quality and the availability of alternative fuels. Total scores were adjusted to enable reporting 
on a scale of 100. Hyderabad was ranked first, with almost 85 points. Mumbai was second, with 
almost 82 points. 

Vehicle Technology AssessnrenUEmissions Reduction Technologies 

The second report in the series entitled Report on Vehicle Emission Technology Assessment 
(VTA) was completed in June 2001'. The VTA provided a basis for evaluating vehicle 
technology, fuel and vehicle management options that could potentially be employed in the 
demonstration project. The report assessed the type of vehicles in Hyderabad (two & three- 
wheelers, cars, taxis, buses, etc.) and the emissions per kmlperson from each. Also, it assessed 
environmentally sound veh~cle technology options, emission levels resulting from using better 
technology and altemative fuel options (and the relative costs to users), and looked at vehicle 
management options that would reduce vehicle emissions. 

I~ ' The two reports: a) Seleclion ofn Cily, and b) Repon on Vehicle Emission Technology, are available from USAID on 

\ requcst. 
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E3 Tbu Report: Hyderabad Dcmonstrstion Project 

The Hydenbad demonstration project is designed to integrate vehicle t c c b l o g ~ s  and traffic 
management interventions in order to srvc as a model for reducing GHG cmisaom han 
vehicles and to promote new trampomtion interventions. The dnmnmotion projm will 
incorponle new applications of existing technologm and transportatton nnnapmcDt 
inlaventions that could be replicated across India. 

Om time, USAID suggested that the scope of the demonstration project assrpmcnt bc rcfmcd 
and limited. USAID re-iterated that the purpose of the TA was to identify a set of options. that is. 
traffic interventions and technology or vehicle management options. that arc or mwld bc 
available in the short-term, relatively lowxost and that could be managcd or irnpimnmted by 
local authonbes. % over-riding project design considerarions wvre rhe ab~liry ofthe project to 
implemented and replicafed. In order to meet these dual goals and to asslst project formuhhoh 
criteria w m  developed and applied to ensure that flu main factors wm cons:dercd in the f i ~ l  
project design (see Table E-1). 

Table E-I: Criteria Con~sidmd I. Project Design 

' ~ntcmnbom m ~ b  th hmrmom dcpcodcnt on sate or GOI p o h  a regulta) dec- 1 
a w h ~ f u c l p o k y c y o r ~ ~ c b K k ~ w a c m c m c h d c d n l b a c ~ m  

or .ss~ne Uut poky or regulatory dccluom would bc ippo\ed a d  
~tdamusln000mlthmcbe I-2veutlmcfram 

Criteria 
I 

I A k c y ~ o r f o r f a c t l ~ m ~ m g i ~ a w o r n ~ m r m c ~ ~  

' Ma~or capla!-mccmlvc rotmaboa( Iucb as nnn uanut syacnq luge 

Rclabvcly low uuhll q i h l  -- mframucm prOJCC'% e- ma* b 
COJO uc @ven lo- pnonty as t h y  uc not ernly qkabk - d u  10 slam- 

/ rrrarrrr and capacity C- 0fllDSt Indam mrnKlpallUQ 

I Whre possibk. uummuons utth maw ge~cnboo p o c d  m c  
1 pnonmcd as bcrng more likely to bc d k  and &mbk 

Comments and Implimtiou for Daig. 

lmpkmnation probabk 
withi0 onc-rue KIIS 

' GHGRhrtionpolratLluasmttbcpriorilyfihaTorxbcting 
GHG moo hu- as bell poll- , ~ c b e p m p r y d n v c n f a ~  - deckion d m .  However. ady tbu bw at kmt au 

k m n m a l  GHG emission rrdurtioo potential wac comidcd  

Dahr for aogibk. visibk changes in iml .Id GHG enmram rrdvEbm 
in the be- term 

1 F ' n o n t y m r r n w o m a r r r e t b o v a t & a h g b ~ o ~ f i m m x o r ~  1 F- potend I (prmcukrly mr of H M )  

/-mthtoul ~ ~ a u t b o n ~ a a e ~ m a c g l p p r m v c o ~ r m e n e o w m ~ t  / b a q m  and dcvclopmnt rcmfmedfrupponcd then current uampm a dcvcbpmnt obpn%rs 
nbnr 
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Executive Summary 

- Options to be Demonstrated 

Many different technologies and alternative fuel types were initially identified and considered. 
Implementation and replication potential was largely viewed as being achievable to the extent 
that local authorities have sole or primary discretionary authority to implement interventions 
(and/or in partnership with the private sector). It was decided to drop alternative fuels from 
further consideration as the policies and regulations affecting their availability and use lie at the 
central and state government levels rather than the local government level. This is also true for 
vehicle management options such as vehicle retirement or bans of certain types of vehicles. Also, 
a number of technologies such as fuel cells were dropped from further consideration on the 
grounds of cost, availability and suitability factors. 

As the lead agency in Hyderabad responsible for traffic management and planning, the 
Hyderabad Municipal Commission (MCH) partnered with LBG to design the demonstration 
project. Mindful of past and projected rapid increase in transport vehicle population numbers, the 
MCH seeks a series of traffic and transport interventions based on sound international practice. 
The MCH has been very proactive in facilitating transportation sector improvements in the clty 
and has worked closely with the LBG Team to design traffic and transport management 
interventions that are practical and implementable given local conditions. 

The demonstration project has, through a series of iterations, been refined to a series of-traffic 
management interventions and three readily available and relatively low-cost vehicle 
technologylmanagement interventions: 

Trafic Manapemenf Interventions 

The traffic management interventions are designed essentially to reduce traffic congestion and to 
improve traffic flow. The benefits to urban air quality are derived from the lower combustion of 
fuel pcr km travelled and the cleaner combustion of fuel. From the first effect, the total pollution 
load is reduced; from the second, the rypes of pollution are changed. The net effects are direct 
reductions in C02, CO, HC, PM and NOX emissions and indirect reductions of NOX pollution 
generated by the ultra-violet effect on unburned HC in the a"$osphere. 

Seven interventions are proposed for demonstration: 

Treabnent of road cross-sections - segregation of non-compatible vehicle streams to reduce 
vehicle conflicts; 

Roadway standardization to ensure consistency in lane number and width, . Improvements of intersections to improve flow and reduce turning movements; 

Improved p e d e s ~ a n  and driver control (separation of vehicle movements from wherable 
road users); 

Enhanced signing and information devices; 

Improved signalization synchronization to reduce traffic delays and idling at intersections; 
and 

Improved control of parking to reduce traffic flow conflicts. 
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Vehicle TechnoIow/Manapemenl 

Thrrr interventions arc pmpostd: 

I. Improved Emissions Checking Sydenrr offer significant reductions in duck 
emissions when a good emission check and maintenance system is enforced. Thts rlpe of 
innovation is very costcffective as the preliminary infrastmcm is already atailabk. Ten 
Pollution Under Conml (PUC) centres would be upgraded with new equipment such as &gas 
~ a l y m s  computerized and linked to a central database and fined with vldeo technology to test 
and keep back of vehicles examined (to help the local govanmmt to track polluting vehlcks). 
Preliminary estimates that such a system and maintenance e n f o r c m t  would reduce 
emissions by approximately 2,363 tons per year. 

2. Electric vehicles (EV) offa the benefit of zeru tail pipe emissions. 1 n popmed m 
demonsbate the charactaistics and bznefils of opxating electric 3-wheelers.' It a entnnud that 
a pctrol driven 3-wheeler operaling 80 kilometers per day, 365 days per week with an awngc of 
two p w e n g m  produces a p ~ m a t c l y  2,430 tons of C02 each year. An elecbic poracd 3- 
wheeler would produce zero tailpipe CO2 emissions over that same pcnod. A partncrshrp wtb 
several Indian automobile manufacchnm in collabwation with SlAM is bemg fx~l~tated to 
implement lhis intervention. 

3. Retrofit of  Ambassador a n  in the MCH fleet with new, lower emissiarpoduemg 
engines is seen as thc most costtffective invrVention given conaninls on govanmcnt 
constmints on purchasing new vehicles. Given thc Large n u m k  of Ambnssda can in use by 
local, state and national gonmment urm the replication potential of this iutavenbm should be 
considerable. A public-private partnaship between the MCH and M ladun auto nmnuhctma is 
being facilitated for this pllrpox. Remfit ofpetrol 100 petrol cars with BbuDt D stngc emissioas 
wmpliant engines would redwe CO emissions by 5.44 (ont p a  year and HC+Nox emissicms by 
3.43 tonslycar. Retrofit of 100 diesel cngim can would yield reductions of 6.0 mns per yar of 
CO and 2.3 tons per year of HC+NOx. Evaluations of- reductions have not yet been nude .s 
emissions n o m  for C@ have not been cstablishcd. 

U Nea Steps 

Following agreement on thc design of the demonstntion project, d i f f m t  samxs of potcohll 
fmancing of the demonstration will be approached and arscssed and a project stumml pcporad 
for financing (4' report in thc vehicle emissions series). 

A set of guidelines f a  integrating baffic m g e m m t  intaventions into I J ~  developmcat p*m 
will then prepared for wide distribution in India. The guidelines will be developad iu nnsulPtioD 
with various stakeholden and disseminated jointly with USAID. Thc guidelines (5. repat) 
would be designed to assist o h  Indian cities to adopt bmqomhon intmcntions to reduce 
urban air pollution and GHG emissions. 
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lnfroduction and Background for the Project 

CHAPTER 1: INTRODUCTION AND BACKGROUND FOR THE PROJECT 

The GreenhouseGas Pollution Prevention Project - Climate Change Supplement (GEP-CCS) 
was initiated in May 2000. The Louis Berger Group, Inc. under USAIDhdia is implementing 
GEP-CCS. The overarching goal of the project is to provide technical assistance to diverse 
Indian stakeholders to facilitate a shift to a less GHG emissions intensive development path. 
Three main thrusts of the project are: Information Dissemination and Outreach; Technical 
Assistance for Facilitating Model, Replicable GHG Mitigation Projects; and Institutional 
Capacity Building. One component of the project focuses on creating a demonstration project for 
reducing GHG emissions in the transport sector and on building capacity of urban local bodies to 
incorporate transport related GHG reduction measure into the development planning processes 
for their cities. 

1.1 The Transport Sector and Climate Change 

As noted previously, globally, the transpon sector is estimated to contribute approximately 25% 
of total GHG emissions, primarily in the form of CO,. Of greater significance is that worldwide, 
energy use is increasing faster in the transport sector than in any other sector and fastest of all in 
developing countries. From 1980 to 1997, transportation energy use and associated GHG 
emissions increased over 5% per year in Asia (excluding the former Soviet Union), compared to 
I% growth in GHGs from all sectors worldwide (Pew Center, 2001) 

Growth of GHG emissions from transport in India is considered to mirror the dramatic growth 
trend noted above. Support for this assumption is found in the recent and projected bends in 
vehicle ownership in major cities across India, where the populations of two-wheeler, three- 
wheeler, autos, transport trucks and buses have doubled, tripled, quadrupled or more over the past 
10-15 years. Projected future growth rates in vehicle populations are equally as dramatic. 
Vehicle population growth in the city of Hyderabad, the location selected for implementing the 
demonstration project, reflects this trend as will be discussed later. 

1.2 Transport Sector and Health 

The major pollutants emitted by motor vehicles include CO, NOx, SOX, HC, and suspended 
particulate matter (SPM). These pollutants have damaging effects on both human health and 
ecosystem integrity. The human health effects of air pollution vary in the degree of severity, 
covering a range of minor effects to serious illness, as well as premature death in certain cases. 
Most of the conventional air pollutants are believed to directly affect the respiratory and cardio- 
vascular systems. In particular high level of SO, and SPM are associated with increased 
mortality, morbidity & impaired pulmonary function, lead prevents hemoglobin synthesis in red 
blood cells in bone marrow and impairs lever and kidney function and causes neurological 
damage. 

More than 750,000 people annually in India are estimated to die premature deaths due to 
increasing air pollution as rcported by Center for Science and Environment. In the mid -1990s, 
health spending amounted to 6% of India's gross domestic product, one of the highest levels in 
developing nations. A postion of this spending can be attributed to health costs associated with 
air pollution derived from the transport sector. Table 1-1 below summarizes hazards related to 
motor vehicle emissions. 
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Table I-I: C c m d  Raltk ElTuls of Vebicnlar Emirrku 

i I Can M( tbc CdIo-~hr S F t a  Mhg d m - h l  h.r. 
CAR- synqtooa. pubcularly mguu, m y  a h  p u b c u l r l y  affect f-. s~ckk a l l  

MO~OUDE 1 uvmu anti roung ciuldrcn can a f w  tbc central mrvm syr- mpltnng 
phm EWTdrmb04 WHM ud JU- ER.hDg IYUIC. & bddlU 
xduclng produch~ty ud m u u s m g  M o r t  

I 
i NO, can .ITd tk rapmtwy swan NO ud NO2 k tbc) plar a put m 

~rmocur pbotochrmcal umg form- m y  c o o m i  tndurctl? to ~ncrrtvd 
Ncrphil l l ty  to mfcctlons, pulmlyry dlVIY. uiplumnf of lung hurtmn 
&eye mu & throat mfccnon 

F u r n u n  I Fu m t e  mter m y  * to i r  r q carry u (* - 
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RPhf 10) hsaw. nunng long-tam drsordm 

1 3  CEP-CCS ActivHia Transporl Sector 

Clearly, a window of opportunity exists to idmtify possible intauntions in the nmqat sccta 
for reducing local and GHG emissions (and the sociouxmmk iqmck lint arise fnnn dun). h 
is this opportunity that GEF'CCS, through its focus on clinntc change mitigabon de 
projects, can help Indian stakeholders to capture. 

The GEF'CCS urban bansporration component is composed of five main acbwtia. each of which 
builds upon the other: 

1. Reparation of a "City Sekction" Rcporc; 
2. Reparation of a vehicle technology ascsmmt (VTA) q o r t  f a  the ukcced city; 
3 Design of a demonstration pojcct for reducing GHG emissions from vchcla; 
4. Development of project documentatron for wcldng f i  to implement the dcmombabon 
projccr; 
5. Development of tmqomtion guidelines for use by nrmiciplitics in shaping tnnspaobon 

management sbatcgia for reducing emissions. 
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Introduction and Background for the Project 

The City Selection Report and the VTA have already been completed. This report describes the 
demonstration project design. The project documentation report will be the next activity initiated, 
followed by the transportation management guidelines. Each of these activities is described 
below: 

City Selecton Process 

As the GEPCCS transportation component focuses on GHG mitigation strategies in urban 
environments, a municipal body partner would be needed to collaborate on project design. Most 
importantly, to maximize the potential that the project, once designed, would be implemented, a 
city and local partner would need to be chosen carefully. 

LBG selected the Society of Indian Automobile Manufacturers (SIAM) as one of its team 
members for providing technical inputs in the demonstration design process. Under the guidance 
of LBG, SIAM designed and completed a "City Selecrion Report ': A series of criteria were used 
to evaluate six cities chosen by SIAM as potentially the most appropriate for the demonshation 
project Nine criteria were defined based on SIAM's assumption that these best represent the 
profile of a city in which the goals of the demonstration project could most successfully be 
achieved. In addition, each of the criteria was weighted based on its relative import for 
contributing to project success. Table 1.2 shows the criteria and their ranking: 

Note that the highest weight is give to the "local support" criteria. This reflects the crit~cal 
importance placed on maximizing the demonstration project's implementation potential - the 
support and proactive contribution of the local municipal partner to GEP-CCS would be critical lo 
achieve this outcome. 

SIAM then evaluated each city using a rank scoring system for each of the individual criteria. 
Table 1-3 below shows the final the composite score for each city. 
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I noodrnm and W f b r  rLc Ptow 

Hyderabad cmcrgtd as the prefemd city for panning on the demonsmtion project. U%lle 
Hyderabed was preferable for a number of rrasons, perhaps the ITKSI important was it's m b n g  
as the most proactive and likely cily to activtly nrppor( the demonstration project pacss and to 
lead project implemntation e R m .  The Rpwl is available from USAID upon request 

Dr. PX. Mohanty, Special Commissions at the Municipal Commission of Hydenbd (MCH). 
the lead agency for bmspo~I and urban development within the city. was thcn conmed Ow 
h e  h e g  two months, a working collaborative rclahonship with the MCH was dcvclopd and 
the basic scope of the project was d e l i i .  Information sharing began in arnesl in ddltion. 
through the MCH, the LBG team was introduced to and held discussions with otha Lry project 
stakeholders. 'Ihcx included the A.P. Rcgional TrPnspor( Office (RTO), A.P. Sate Pollmiom 
Control Board (APPCB) Hydmbad Poliee Commissioner's Office (PCO), the A.P. Ministry of 
E n v i r o ~ ~ ~ ~ t  and Forests (APMOEF), and the AS. State Rcgional Tnnrpat  Connniarw's 
office (APSRTC). The Principal Secretary of thc A.P. Municipal Adminisb.bon and Whm 
Development Minimy has also wholly supparred the GEPCCS/MCH p m n d u p .  

Vehicle Tcchmhgv Assessment R c p ~  

A wide m g e  of vehicle technology, dtcmrtive fuel and vehicle m g c m a ~ t  options u~st for 
reducing l a a l  and GHG emissions frm the transport sector. The pohtiol applicabon of a r b  
technologis and strategies for selecting among Lhnn is largely contingent m m y  mi 
the least of which are the pollution and pollutant kua being addrssed. ccommiq IcfMogy 
availability, fuel availability and socioeconomics. To c ~ l r c  that the LBG tam and its I d  and 
state slakeholders had sufficient infonnation on these two key i w a ,  LBG initiated a "F'ehidc 
Technology Asressmenl Repon " (VTA). The VTA m a i n s  a Gde rmge of aioierl infornubon 
that was to be used for making informed decisions on intevcntions for tbe pmpascd 
demonstration project 

Backpound data on the Hydaabad vehicle popllatim and its crmssiom 
characteristics; 
Emissions factors for vehicls and fuels; 
Cwent emissions estimates for Hyderabad; 
Effects of altcmate fuels on emissions reductions; 
Effmt of fwl quality, vehicle technology and relocation of vthicks on emisions 
reductions; 
Effect of inspection and maintenance on emisstons reductions 
Background information on nilemate fuels and cax d i e s  in lk use of llraolu 
fuels 
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Demonstra/ion Prqect Design Process 

Thc dcmonstration project design process began in April 2001. By April 2002, the process was 
complete. This short review of milestones in the design process is intended to illustrate the basic 
steps that need to be followed to replicate the process in other contexts. 

2.1 Assembling a Project Design Team 

LBG assembled a core team to generate and provide technical assistance to the MCH. As the two 
maln components of the project werc likely to be related to vehicle technology and traffic 
management, two experts in these fields were recruited. Mr. David Jarrett, a Senior Transport 
Specialist from LBG was brought in to provide assistance on traff~c management planning. Mr. 
Will Kirksey from the International Institute for Energy Conservation (UEC) joined the team to 
provide inputs on vehicle technology options. As noted previously, LBG also teamed with 
SIAM. SIAM brought a wealth of capability and information on India specific transport and 
emissions issues as well as access to its member auto manufacturers and other key Indian 
transport stakeholders. Several early scoping meetings werc held by the team to define 
preliminary project parameters and goals. 

2.2 Preliminary Fieldwork 

Subsequent to completion of the VTA, in May 2001, the LBG team conducted two weeks of field 
evaluations in Hyderabad and held a series of meetings with the MCH and key local and state 
stakeholders. The work was conducted to assess existing traffic and transportation conditions in 
Hyderabad, evaluate the range of technical and other supporting data available !?om the MCH 
and other stakeholders pertaining to traffic management, meet with a variety of Indian auto 
manufacturers to assess the state of vehicle technologies they are developing and discuss 
alternative fuel issues, and in general, to build additional collaboration among key local and state 
stakeholders. As an oulcome of the visit, a basic action plan for moving the demonstration 
project forward was developed. 

23 A Menu of Intervention Options and the First Demonstration Project Workshop 

Between May and August, the LBG team put forward a "menu" of traffic management, vehicle 
technology, alternate fuel and vehicle management interventions options for preliminary 
consideration. The purpose was to identify a range of interventions that could be considered 
with local stakeholders for inclusion in the demonstration project design. The proposed traffic 
management options were based on prior field observations and consideration of the MCH's 
interests and traffic management improvement plans. Technology and fuel options evolved from 
the VTA but were filtered based on conversations with Indian and international auto 
manufacturers and alternative fuel experts. The comprehensive list of intervention ideas were 
first vetted with the MCH and deliberated. 

On August 23, 2001, the MCH and LBG team conducted a public workshop entitled, 
"Demonstration Project for Reducing Emissions from Vehicles in Hyderabad". The event was 
designed to engage a variety of stakeholders on the preliminary menu of interventions options and 
to elicit feedback on the demonstration design concepts. Approximately 45 people attended. Mr. 
A. K. Goyal gave the welcome addrcss. Dr. P. K. Mohanty, Municipal Commissioner; Tishya 
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Chancrjee, W r y  of the A. P. Pollution Control Board; Mr. C.L.N. Candhi, A.P. R o d  
- Transport Authority; Mr. Rao. Hydenbed Police Dcparrmmt, and membas of thc LBG tan 

including Ron Sisseq Will Kirkwy, David J m n ,  and Mr. N.V. lycr who rcprrocnted SlADl 
also made presentations. The agenda for thc wo&shop is included in this doc-: as Annu 
2A-1. A summary of thc typs of int-tioa options mud by the LEG t a m  is r m r n g  
point for discussions is included in Table 2-1. All of lhe pamctpanls supporrcd lhe dcmombac~on 
concept and provided valuable feedback on issues that wanant cons~dmtion a h  sckct~ng 
interventions. 
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Demonslralion Projecl Design Process 

2.4 Selection of a Demo Project Site 

During the workshop and in discussions with the MCH prior to it, recommendations were made 
that the interventions be focused in a specific, bounded area of the city. The primary rationale 
being that the interventions should be tangible and enable citizens and stakeholders to clearly 
recognize that tangible improvements for emissions reductions were taking place. During 
workshop discussions on this issue, the design team pointed out that the demonstration area 
should exhibit one or more of the following: 1) a demonstrable level of traffic congestion to 
which traffic management interventions could be applied to show measurable improvement; 2) a 
reasonably high level of public transport usage; and 3) a recognized high level of air pollution. 

Selecting the Site 

Workshop participants recommended four possible sites. These included the Charminar, Abids, 
Tank Bund and Panjagutta corridor areas. Each of these areas was discussed and a cursory 
evaluation made. Panjagutta appeared to be the most feasible. Subsequent field observations 
made by the design team corroborated that this conidor, which centers on National Highway 9 
(NH 9), would be good candidate. Not only did the corridor meet the above-noted criteria, but 
the MCH had already been considering a range of possible roadway and circulation 
improvements in this area. With technical assistance from the LBG team, the improvements 
could be tailored to achieve improved local and GHG emissions reductions goals without 
additional budgetary expenditures. The team also observed that the corridor could be linked 
with a loop through the Greenlands area as an opportunity to explore progressive roadway 
reconfiguration ideas. 

The demonstlation project site is illustrated in Figure 2-1. The selected area includes the main 
traflic corridor between Khairatabad junction and ESI Hospital via Panjagutta and Ameerpet. It 
also includes the loop connecting Ameerpet to Panjagutta via Greenlands and Rajiv Statue 
Junctions. Several months later, it was decided to include Raj Bhavan Road, which links Rajiv 
Statue Junction with Khairathabad, to the demo area. The main purpose for the addition was to 
create a potential connection to the new Necklace Road mass rail transit (MRT) now being 
developed by the city. 

The demonstration area hosts a large number of administrative, corporate and commercial 
complexes as well as densely populated residential areas. The main transport feature is the major 
arterial, NH 9, which connects Mumbai to the north and Vijayawada in the southeast. The length 
of NH 9 within the demonstration area is approximately 4.5 km. The NH 9 corridor between 
Khairatahad and ESI Hospital has seven major junctions including: VV Statue Junction, KCP 
Junction, Srinagar Colony, Panjagutta, Ameerpet, Sarathi Studio and SR Nagar. The Greenlands 
loop includes the Greenlands and Rajiv Gandhi Statue junctions. 

Details about traffic and circulation conditions within the demonstration area are provided in 
Chapter 4 - Traffic and Transport Management Interventions. 
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F i r e  2.1 - Dwonrtntion Project Site 

khiaions .Lads in the Dunorrtrodbn Projeci Corridor 

Comprehensive data on pollution loads in the dmmmbation faridor of NH 9 and m other amas 
of the city is being generated over time by the APPCB. Tbc APPCB has s* up a - of 
ambient air quality monitoring stations in the city and has recently moplucd a sndy of 
respiratory drug off-fake as a for understand& the relative he& -CIS of sducuLr 
emissions in target amas of the city. Table 2-2 on the followng page depicts shows (bc ground 
level eonmhations of various pollutants at five monitoring stations. As an be sen,  lods al 
Panjagurn monitoring station .rc quite high. especially particulate levels (pombly owmg to a 
high volume of buxs and relatively, of-fl vehicles). The 'Phi" figwes rcflea the mlauvc 
size of patticulate rnaner mcasumd in microns. 

While somwhat diffiult to correlate the numbcr of pabma reporting to hospitals nar tbc 
monitoring stations with vehicular emissions causcs, data generstcd by the APPCB indicates &at 
the number of patients reporting to hospitals in the Panjagutta arca is at l a s t  hro times p t c r  
than any otha area in which monitoring is taking place. In combination w i l  pdd~bonal data 
king generared by the APPCB. there is growing evidence that veh#ukr emissions can be 
conelared with rising incidences of health problems. Om may also vsume that tk health cons 

CUN 7: Rcduccd h t c  of GroMh of GHG Ermrs~om from \'ctucln I5 
Subrusk 7.B: Hvdnabrrd Demoncrranon Projecr 



Demonstrarion Project Design Process 

associated with those problems is rising as well, though no data is available to verify this 
assumption. 

2.5 Subsequent Key Activities 

From August 2001 to February 2002, the LBG team and the MCH continued to collaborate to 
evolve the demonstration project design. The LBG conducted a number of activities for this 
purpose: 

Discussions and exchange of information on traffic management intervention design ideas 
and parameters with the MCH; . Conducted a policy exchange to the U.S. to enable key MCH and state stakeholders to study 
integrated models of transportation plaming and design that could be applied in Hyderabad 
over the short or longer term; 
Completed a detailed traffic survey in the demonstration project area to generate specific data 
on traffic volumes, turning movements, delays and average speeds; 
Held discussions and meetings with: 

o Indian and international auto manufacturers and technology providers to develop 
partnership ideas for electric vehicle (EV) interventions, assess hybrid vehicle 
potential, and discuss vehicle retrofit concepts; 

o Oil companies and research organizations; 
o GO1 interests including the Petroleum Conservation Research Association, Ministry 

of NonConventional Energy Sources, Ministry of Environment and Forests, Central 
Pollution Control Board, etc.; 

o Bi-IateraVmulti-lateral and domestic funding agencies including the World Bank, 
Asian Development Bank and Global Environment Facility, Clean Cities program of 
the USEPA, Export Import Bank, ICICI and IDFC to investigate project finance 
opportunities; 

o State and local stakeholders to keep them updated on progress; 
Consulted with U.S. based experts and institutions including Ford Motor Company, the US 
EPA, IIEC, and others; 
Made presentations on the demonstration project at multiple workshops and conferences to 
facilitate outreach and interest. 

February Meetings with the MCH and Local Stakeholders 

In early February, LBG and USAID held meetings with the MCH and select local stakeholders to 
consolidate efforts on the demonstration project. A number of key decisions were made: 

CLlN 7: Reduced Rate of Growth of GHG Emissions from Vehicles 16 
Subtask 7.B: Hyderabod Dernonrrrotion Project 



The nnge of traffic management tntcrvmtions was largely fixed. 
The LBG proposal to pro\?& a concephul design for mpxtmmng thc cfliumt I& of 
existtn/ppropd MRT stahons wth the extstlng road network m the danawntnn area =-as 
discussed and validated. 
MCH noted the11 wnhnucd tnlercsl tn rebofimng a nMlber of vehrks  m thc Mllrucrpll 
Corporation fleet, 
MCH -ned interest tn prowding nonkmonclary tncenttves to facilitate tnclusm of EVs 
m the project, but is not tntcrcsted in owntng or operating altcmahve vehicles. 
Comrmrment was grvcn to hmd 50% of a "next gemntron" bus m p u o m h t p  ullh APSRTC 

Follomng up on earlter discusstons. LBG factl~tated another meettng between ihe .4PSRTC and 
Ashok Leyland, its bus fleet vehtclc provider and wmctng agent The purpose uas to tnvcsnptc 
specific rebofit/improwd fleet maintenance options for reduced cmtssions Both parltes a& 
to move forward to inveshgatc and report on tntewcntton options 

&tween February and April, the MCH b e p  lo put more detail to dx blffi rrruugcmcn( 
interventions. Its ideas wcrc based in part on principles and advice povided by LBG and 
certainly on its knowledge of existing conditions. In addition, LBG provided spccifu tnpm on 
parking management policy and MRT station design for improved nxas and mode shift 
potential. Once the MCH wmpleted its draR mffic management intervenlron plan. LBG 
reviewed and provided commnts on it. On the velucle (cchnologylrmnnganmt sde. LBG 
continued to hold meetings wich and discuss finance and implementation issues aith sbkchoklu 
partners for the interventions that esscntially had already been selecud. 

2.6 Second Workshop om the Demomtiom Projecl 

On April 17, LBG and the MCH col lah t iv t ly  conducted thc srond vatshop on thc 
dcmmsbation project The ptlrposc of tbe workshop was to p m t  thc foul draft n of 
interventions for the demonstration project and to elicit imput fkm key dc&Max 
Approximately 65 participants ancndcd. The agenda is included in this q m t i  is A u c x  U-2. 
LBG and SIAhll also ananged m exhibition of EVs and a demonmation of m inpod Pdlubon 
Under Control vehicle emissions checking system during the wcwkkp. Four EV nnnuhcturas 
exhibited their products, including Mahindra & Mahindn. Ren. Scoocus India Lmtcd. and 
BHEL. 

The new Mayor of Hyderabad, Mr. T. Krishna Reddy and thc new Municipal Comrurzimr of 
Hydcrabad Mrs. Ramachandran, anended thc opcning session and providing words of hanks and 
s u m  The Mayor also had a c k c  to drive REVA's ekchic car. Ron Sissaq Mr. C W  
Gandhi, It. Commissioner from the APRTA; and Dr. Ramani from thc APPCB also mrdc 
presentations during the introductory m i o n  to set lhe context for the worksbop. 

In the laner two sessions, danwshahon destgn pamas made psca t lhons  on d~~ 
mtcrvcnhons b t  the owxall d a g n  team had selected MI Ranadhu Reddy, A d b u d  
C o m s s i o n a  from the MCH and lus consullant, Mr Ragahva Chan pronded a hrll pvscntlhm 
on the prop& traffic management mtervenbons. Atanu Ganguli from SlAM prrscnted the EV 
wqmcnt s ,  Mr. Murlihshanu, of SVCM presented on the PUC componcnl. and Mr. Rao of 
H~ndustm Motors presented the p~lirmnary rope of the Ambassada rebofit mlmmtion 
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The outcome of the workshop was as anticipated. Participants had a number of questions about 
individual components of the design and about its cost and implementation schedule. As 
importantly, the participants were well informed about the project and will be able to brief others 
in their organizations about it. Members of the press also attended. While no significant changes 
in the project design are required as a result of participant input, some of the comments will 
necessitate that the design team consider specific details of particular interventions. 
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As has been noted prrviwly, a plethora of traffic and tmnqmrt management and n h k  
technology and management interventions are availabk for duc ing  local and GHG a n i s k s  
from the transporl sector. These vary from relal~vely low capitalJlnmxt~on cost to hrghly 
capital mtensivclhigh bawaction cost ideas. This chapter surro~nrcs how the project t a m  
evaluated and fnally selected the specific interventions that are included in the final design. 

3.1 Evolution and Finahation of Criteria 

Dunng preparation of the VTA and dunng the m ~ t ~ a l  evolulron of thc prqcct concepts, many of 
the potenhal mtmenhons rammed "on the table" as possrble camponmts for h pco!cct Tlus is 
reflected m the fact hat  VTA and the thenput from the LBG team consullants mitrall) ums~dcrrd a 
full range of poss~ble ~nlervent~ons in d~scuss~ons wth key local and N l e  stakeholders dunng 
and after the August 2001 workshop, a more refined wt of lnlcrvmbon selccl~on cntcna began to 
emerge based on the tam's damon, wth d ~ m t  Input from USAID, that the o m d m g  plonbes 
for fomulahng the dcmonmhon polect deslgn were its L p l u m t d o n  url rrplirrd.r 
potrntial. 

Implementation implies a high likelihood that i n t m t i o n s  will barwne reality on the gnnmd. 
Replication potential implies h a t  o h  municipalities may recognize and act on heir potcnorl to 
implement similar interventions. Both of these factors arc critical to nnximinng ihc potmorl 
benefits of this demonstration project On this premix. the project crib illustrated in Tabk 
>I  on the following page werc developed and used to guide intervention selection. 

3.2 Design Criteria and tbe Resulting Scope of the D c m o ~ t i o m  Roj& 

As would be expected, application of the design criteria nrbscmtidly m w x  thc soope of 
potential intmrntions with local and GHG emissions reduction benefit aM&d f a  inclusion 
m the project S o m  examples arc noted in the "comments" wlunm of Table 3-1. S c w d  
interventions that are typically considered in comprchcnsive approaches to emissions rrducboos 
as noted previously in Chapter 2 hat arc not part of the demonstration projccl arc as folioas: 

Use of alternative fuels such as CNG, LPG. ethanol a other biofucis m garnl ly  oo( 
conridered. Policy daisions to pmnit thir un may not yet be fornnllad. thc fuels may oat 
available in Hyderabad within the specified project implemcnntion hmcthm. udor dmr 
development may not be mature enough to ensure k l  aPnilabili!yhabil~ry within the 
implementation tim frame. In ibe eau of LPG, a pnvatc company bas tan p l m g  8 project 
to co-cialize LPG as a lmqmtation fuel in Hyderabad. This fact, m combmation ailh (bc 

fact that long-tmn sustainable supplies of LPG arc not catam m ~ s s  l w 4  kd to the ommon 
of LPG as an altanate fuel. However, for informational purpmcs, Amrx 3A-l mum a bncf 
summary of the relative emissions characteristics of CNG, LPG and cdranol as compuad to 
conventional fuels. 
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Demonstration Projen Design Criteria 

. . . . . . 
lateral donors, were given lower priorlty as they are less likely to be 
revl~cable across India due to short-term resource and ca~acitv constrain& 

agent(s) defned and willing has or is likely to be defined. GEP-CCS's scope precludes it from acting 
to take implementation as an implementing agent. 
responsibility 
Interventions can be The desire to create tangible, visible changes for local and GHG emissions 
implemented within one-two reduction in the short-term drove the inclusion of this high priority 
years / criterion. 

/ and operations andlor ' 
mamtenance costs 

Interventions are largely 
within the direct control of , local implementing 

. , / oimost Indian municipalities. 

Interventions dependent on state or GO1 policy or regulatory decisions 
such as fuel policy or vehicle management (retirement), were generally not 

concrete outcomes are demonstrated. 

I Where possible, interventions with revenue generation potential were / selected, as they are more likely to be sustainable and replicable. 

i lnterventions that require appr&a1s or policy actions whose approval was 
deemed uncertain durina the ~roiect design or im~lementation timeframe 

' 

I 
I authorities or private sector 
agents 

included in the project. There is no assurance that policy or regulatory 
decisions would be approved within the lirneframe needed to ensure 

A key factor for facilitating realistic replication potential in other 
municipalities across India. Major "one-off', capital-intensive 
interventions such as mass transit systems, large transportation 
infrastructure ~roiects, etc.. even if supwried by third w bilmulti- 

- . .  
-1 

- 

- spcc~ficdvolume of local or CiHCi cnuss!ons reduct~on was sought 
Intcncntlons \nth a heher deeree of finance or fundme notenhal were 

Technologvlfuel availabilih, -. 

GHG emissions reduction 
potential 

-~ ~ ~ - -  r ~ ~ 

~~~ 

Finance potential I ~rioritized. This was es~eciallv true for interventions to be inmlemented ! 

The lrnplementation timeframe of one-hvo years dictated that 
technolonies. fuels availabilitv. and other ~otential interventions be mature . . 
enough for practical application within th$ period. I 

GHG mitigation potential of interventions was not the priority filter for 
selecting interventions, as local pollutant reductions are the primary dnver ' 

for local decision makers. However, only inferventions that have at least i 
an incremental GHG emission reduction potential were considered. No 1 

1 by the MCH. I 
Consistency with local ~ 
transport and development I (implementation potential enhanced) that reinforce/support their current 1 
plans i transport or development objectives if such are defmed. I 

Advanced Technologies 

Due to technology availability limitations andlor cost, advanced technologies such as fuel cell 
powered vehicles were not considered. 

Mass Transit Systems 

While mass transit systems such as high capacity bus systems or rail transit have been 
demonstrated to be very effective interventions for emissions reductions, the scope of the 

CLIN 7: Reduced Rate of Growth of GHG Emissions from Veh~cles 20 
Subtask 7.B: Hyderabad Demonstration Project 



demonstration project did not permit their considmhon. In addluon, it is hlghly unl~kely t h t  
such systems would m t t  several of the design cntcria, ~nclud~ng l m p ~ m b t i o n  nmng m l a  
~plicability or local decision-malang control. 

Policy and regulatory interventions such as vehicle retirement, conshaink on vchlck ounaship. 
road use pricing, etc. arc largely outside the discretiormy authority of local bodies. mtlng largely 
with slate or GO1 bodies. Furthennore, such lntmcnhons would not be consigcnt with the 
intention to include tangible, visible actions that can be included in a defined project 
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Trafic and Transport Management Interventions 

CHAFTER 4: TRAFFIC AND TRANSPORT MANAGEMENT INTERVENTIONS 

4.1 Introduction 

Traffic and transport management can play a significant role in reducing local and GHG 
emissions. In congested and inefficient traffic conditions, the average speed of all vehicles in the 
traffic mix declines. As speeds decrease, the efficiency with which hydrocarbon-based fuels are 
burned generally decreases. Less efficient combustion results in increases in vehicular emissions. 

For most types of vehicles and fuels, fuel efficiency is maximized at an optimal speed. In 
congested, urban traffic conditions in most Indian cities, including Hyderabad on NH 9, average 
speeds during peak travel hours typically range from 10 kph to 15 kph, well below the range of 
40 kph to 50 kph or higher where many Indian vehicles attain more optimum fuel burning 
efficiency. Interventions that improve traffic flow and average speeds up to the point where 
optimal fuel efficiency is reached will generally result in reduced local pollutant and GHG 
emissions. 

The primary purpose of rhe trafjic management interventions is to improveflow conditions in 
order to facilitate improved fuel efjiciency and lower emissions. LBG and the MCH have worked 
collaboratively to identify a range of potential interventions that are appropriate for this purpose 
given the range of opportunities and constraints for making improvements within the 
demonstration project area. 

4.2 Existing Conditions in the Demonstration Project Area - Causes of 
Poor Vehicle Flow 

Amongst many others, the following are the major causes of congestion in the demonstration 
area: 

Lack of lane discipline; 
Lack of parking control; 
Poor pedestrian facility provision and conirol; and 
Lack of channelized intersections; 
Excessive delays at intersections. 

In addition to the above, the right-of-way (ROW) for the main roads varies. For example, the 
ROW on NH 9 varies from 14 meters to 24 meters. This irregularity invites unorganized lane 
changes and poor lane discipline, especially considering that the full ROW in many locations is 
not fully paved. Bus stops are also not placed in optimal locations (i.e. where road width is 
narrower) causing buses to stop in through lanes of traffic and causing backups. A number of 
"pinch points" on the roadways also exist where narrow bridges or where buildings of important 
cultural value encroach onto the standard ROW. These types of problems are particularly acute 
on NH 9 and in the Greenlands area. Conditions on Raj Bhavan Road are generally better with 
less traffic volume and roadway demand. 

Also typical for most major urban areas in India, parking management is poor or non-existent. 
Vehicles of all types, including non-motorized carts and vendor stands, park in random locations 
at road margins, often blocking through traffic or infringing on pedestrian flows. The result is 
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Tm& ond Trampon Manogmmr l n i m ~ ~ m s  

substantla1 "slde hc t~on"  encountered by through mffic, whtch auws slomng ud s i o p p . ~  
- cspxlally for vehlcles traveling In the left lanes of fcur-IUK mads. This problem also ulm at 

bus stops where parabanslt vehlcles (usually 3-wheelm) park mthln the bus stop zone. farcmg 
buses to stop for paamgm m t h ~ n  the left lane of a madsay 

Traffu Vdnma and Congation 

The demonstration area certainly meets the cntma for hanng a dcmonstraccd level of congesboa 
and hlgh traflic volume Table 4-1 shows momlng peak hour trafic flows on the mam scgmcnlz 
of NH 9 Based on $amlard road performance standards. the volumcs shoan would w m t  a& 
lanes to dellvcr "C level of serv~ce (on a scale of A to F, w~th  A being frcc-flow d ~ t ~ o n s  ud 
F being gndlock cond~t~ons) 

Table 4-1: Existing hioroinp: Peak Homr Volumes Khairatabad lo ESI 

Currently, the wdth of NH 9 vanes fmm five lanes to ctght I m .  However, chert are scvarl 
bottlenecks of two to three lams ~n width that also fac~lttatc congested flow condlnons. 

. . . 
I ~ d r d ' k e p e n t  . . .  

. ~ 

I 
Khalrtrbad - KCP 
KCP - Paojaguna 
Panjaguna - Snnagu Colony 
Snnagn Colony - Amcclpct 

? 

The typcs of vehicles moving through the conidor dmhg the morning peak hour are gacaalIy .s 
shown in percentage terms and in absolute numbers in Table 4-2. 

. ,. :~ . . 
~ .~.. 

L '?-%'e~ida .... Per Hour (Mo- Peak) 
, . 

9800 
7000 
7800 
78.W 

The above information was gemnted t h g h  a dctoikd baffic m y  conducted by LBG and 
MCH. Delay evaluations, link counts and interstction nrming counts were made as r basis f a  
generating inputs for design altcrnativcs. Details of these counts are rncluded in Amcx 4A-1. 

Amcrpa - Su;rthy Sndm 7300 1 
Sarathv S& - SR Naau 9300 
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- 4 3  Traffic and Transport Management Intervention Options for Improved Vehicle 
Speeds 

LBG and the MCH conducted a visual reconnaissance of the demonstration project area in 
August of 2001 and evaluated existing traffic data for the area. The problems noted above were 
verified and a general survey of traffic conditions was conducted. To initiate the traffic 
management intervention process, LBG's transport management expert initially proposed three 
main principles as a starting point for LBG and MCH collaboration which were felt to be 
appropriate for the demonstration project area. 

Reduction of Conflicts by the Creation of One-Way Roads 

The creation of one-way roads can achieve considerable increases in traffic efficiency. On links, 
it is found that a pair of roads previously operating as hvo 4-lane roads in two directions, which 
are changed to operate as a pair of 4-lane one-way roads will experience an increase in 
efficrencyl. At intersections, the creation of a one-way road will reduce the number of turns 
dramatically. Thus if a standard 4 way intersection has one of its roads changed to a one-way 
operation the movements reduce from 12 to 7 (a dramatic reduction of more than 40% in 
conflicting movements). The new one-way roads may then be reorganized so that the road space 
will be operated at maximum efficiency. Table 4-3 shows the how capacities of one-way versus 
two-street systems differ. 

2-Way12 Lanes 
2 x 1,100=2,200 ., 
t 2 x  1,100=2,200 

Total = 4,400 

Segregation of Non-Compatible Vehicle Streams 

I Way14 Lanes 

The typical urban traffic stream shows a mixture o f  vehicles of different types. Large, heavy 
goods vehicles mix with small light cars and auto rickshaws. The vehcles operate at varying 
speeds and for different purposes. Some are making short distance hips; others long distance. 
All of these differences create a situation in which there is conflict of movement in the traffic 

1 This is shown by a simple capacity assessment. A two-way 4-lane road has a capacity of 2 x 
1,100 pcuh in each direction = 2,200 p c u h  in each direction. So two 2-lane roads have a 
combined capacity of 4,400 p c h  in each direction. A 4-lane, one-way road has a capacity of 4 
x 1,300 p c u h  or a total capacity of 5,200 p c u h  in each direction. 

4 x 1,300 = 5,200 + 
t 4 x 1,300 = 5,200 

Total = 5,280 
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stream. The segregation of vehicles by type or purpose can lead to p t  eWimwies in i)r 
overall operations. 

Separation of VchicuIar Mosrmrnfs fror VulrmbL Road Users 

The baffic operations in an h area haw to be sympathel~c to both moto r id  usas d non- 
motorized. Primarily Lhc latter includes pcdestnan and cycl~sts, both of whom .rc c h f d  as 
vulnerable road usm (VRUs). If the provisions for t k  users are not pro~idcd for W y .  
there will be delays caused lo ballic due to random crossings of the highway and d m p  to 
VRUs. This should be resolved by the creation of a policy followed by properly designed and 
priori t id crossings. 

Thcse concepts. along with parking conbol$ atation of "clean vehicle" wnes. bus pnonty lanes, 
standardization of roadways to internationrlllndian standards, and lntrructlon i m p r o \ - m u  to 
irnprovc efficiency were the basic components of the init~al deslgn concept f r a m w d  ctvt 
directed the subsequent intervention selection process. 

Over time. MCH, with LBG input, evolved a basic set of grneral intervention ldcls llrgcly k c d  
on the initial principles proposed. These arc as follows: 

Segregation of non-compatible vehicle streams; 
Synchronization of traffic signals to reduce intersection delays; 
Junction improvements to reduce turning conflicts; . Reductions of side frict~on through: 

o Rovisim of parahansit parking 
o Rationalization of bus stops with bus bays 
o Provision and enforcement of 2-wh~cla and 3-rheeler parking 
o Encouragement of off-street parhng 

Standardization of the road ROW, especially on NH 9 to create a unifam canup%)-  
wherwcr possible; 
Separation of vukmblc road usm @edestrians) by suitable p d d r i a n  crosmgs; 
Signage and signal timing facilities to direct traffic flow and fuel efficiency 

nKse design i n t m t i o n s  have been incorporated into an NH 9 ccmidor baffic mnagmmr 
improvement plan by the MCH. For presmtation purposes, the he 9 9 has hu broken 
up into eight segtmnts that are illustnted in a set of eight 'shocrs". For illustntivr pwpoxs 
F e e r e  4-1 shows one of these sqmmls. A number of the "typical" typa of m f f ~  -gamut 
impov-ts proposed for the NH 9 comdor in g c n ~ r ~ l  are shown in the figure. nnny of u k h  
are noted as "proposed-. Design improvements for each of the mnaining scgmmk of thc 
highway are illustrated on their respective segment sheets in Annex 4A-2. 
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The following text summarim each of the typcs of interventions pmposcd m the NH 9 corridor. 
It is anticipated that many, if not all of these intewcntlons. would be rcpl~aled nlthm the 
Greenlands loop in a subsequent phase of the projecL 

Rmdway Circulation Cha~)ga/VchidC Segregation 

Tnfiic sgmgation has been pmposcd to improve haffic flow. Scgrrgation entails grouping 
vehicles of similar use and behavior and putcmg them into scpantc m c m  to reduce anfllcts 
between them Lachng adquate segregation, eaflic ofall types wea\,a across the avrllablc road 
space, looking for the path of least resistance. In lndlan conditions. vehicles arc gcnmlly 
grouped into (hm W s :  non-motorized vehicles (i.c. cycle rickshaws and b~cycla). private and 
commercial vehicles (can, transpori vehicles and often 2-whcclen). and publlc bans~t and 
paratransit vehicles such as busts and 3 - w k l m ) .  

Initial LBG Circulation Reconlipuration Pm~osal 

As noted previously, LBG initially proposed a fairly progressive circulation concept f a  the 
dmxxlseation project a m .  The propowd design sought to effectively ineruse roadway crpaciry 
and reduce turning conflicts at intmections. It also included a priaity bus *ncs clement. 
Sevrnl benefns. including promoting a potential mode shift to buses (with the motivation bc~ng 
more npid bansport times) and pwnoting a shifl to "clean" vehicles (whtch would have bem 
allowed to utilize the dedicated lanes) were intended to result hom the ~org.nuatia~ plan. 
Figure 4-2 illustrates the circulation compMlcnts that were propod. 

This system imlponted with-flow and conea-flow bus lancs on NH 9 (ad mcaponled a 
physical division allowing boording and alighting provisions). This approach gaw arbstlllt~al 
benefits in terms of timesavings and mhmd the conflicts at intusecticxls by som 40% to 5O5S. 
However. it also q u i d  adjustments to some road infrasbucture (such as drainage and l~ghune) 
and while the MCH was intrigued with the principles. aRcr some study, uhinutcly it felt U n t  
such a substantial change nas too pmgmsive to ensure its ~mplemcotation. Fmhamore. the 
plan would h v e  required irnprovcments in storm dninage and lighting and median mod~limuarr 
whobc cost would have been difficult for the MCH to absorb. 

MCH Seereparion Promal 

Using somc of the above noted design principles; the MCH opted f a  a mrh ks poscnne 
approach to segregation focused on MI 9. This scheme is shorn Figure 4 3  m the fdlonmg 
page. The MCH retains the existing hvo-way system and the intcrocaims rs they mnd at 
prcscnt. The main changes have been to the way m which the mad cross sections are ma&. 
The current behatiour of the traffic in the demonsbation area manifests ilstll in virtually total 
lack of lane disciplm. Traffic of all typcs weaves across the available mad spre dong the 
minimum resistance path. This c a m  danger. reduces road capacity ad mates unstabk flow 
conditions. Paratrans~t vehicles, mostly 3-\Kheelm and buses utilize the lefi lam while c a n  and 
2-Wheelen, would utilize the right lane as they arc less likely to make frrqucnt curbslde stops. 
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Tr@c and T m m p i M a n ~ t  Intewentions 

5.Rajiv Statue 

t Future Flow Changes 

1 Contra Flow Public 
Transport Lane 

New Traffic Turning r, 
Existing FIOW 

F i  4 2  - Initial LBG Circulation Concept 
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Trafir and Transport Management lnterventionr 

trafficbus passenger conflicts that occur when passengers de-board within the roadway. Please 
refer to Annex 4A-2 for locations of existing and proposed bus stops. 

Figure 4-4 - Typical Bus Stop 

B U S  B A Y  

Parking management interventions are of two major types. In general, several locations within 
underutilized margins of NH 9 ROW lying outside the designated four lanes of traffic will be 
dedicated to regulated 2-wheeler and 3-wheeler and auto parking. Further, on street parking 
outside of these locations will be restricted to encourage off-street parking. About 13 new 
parking bays will be located in the NH 9 corridor within the demonstration project area where 
only two exist today. This approach will further serve to reduce side friction by removing 
vehicles that currently park within the existing road ROW and whose movements into and out of 
the traffic flow often cause conflicts. The proposed new parking areas are illustrated on the 
various NH 9 segments illustrated in Annex 4A-2. 

Corn~rehensive Parkina Manapement Policy 

Parking management in the demonstration area, throughout Hyderabad, and in Indian urban areas 
is such a critical issue that LBG has proposed a model, comprehensive parking management 
policy to the MCH for consideration as a broader intervention. The full text of the model policy 
is included as  Annex 4A-3. Generally, the policy identifies objectives, responsibilities of local 
authorities and strategies for effective parking management including: parking supply and 
demand, types of parking, short-term versus long-term parking, other forms of space provision, 
parking prohibition, signs and marking, enforcement and penalties, and tariff settmg. 

Standardizing the NH 9 Right+ Way 

Currently, pavement widths, ROW width, width of travel lanes, etc., within the demonstration 
area, especially in the NH 9 comdor, are not consistent. These inconsistencies in travel 
conditions result in traffic delays as drivers slow to avoid unpaved areas or merge between lanes 
to respond to side friction and other obstacles. In addition, without standardized travel lanes, it 
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becomes difficult to clearly define travel ways to which regulatory maarrcs f a  vchicks. +ng 
- arcas and behavior. etc. can be applied. 

Thc poposed design of ihc NH 9 corridor calls for standardizing the wdth of tnvcl lams w tint 
four lanes (two in each dlrcction) of cons~slent width arc created. Scvml sections of the NH 9 
corridor have recently been widened. Hourver, some of (he widened uctlonr st111 mmin 
~mpaved. In some locations, new paving is required to ensurc two 3.5-meter uidc lanes m both 
directions. which is consistent with international standards. 

Signal synchronization is a mategy used to reduce delays at intavctions by llnklng signals so 
they are hmed to appear green as vehicles approach from the prcnous s~grul. Thc plrpm 1s to 
improve avcrage vehicle speeds by reducing ihc frequency and duration for whlch rthlclcs must 
stop at subsequent lraflic signals. There arc four main intersections in the demmstratnn, un of 
which one is a rwndabwt and three controlled by signals. LBG and the MCH haw c x c h n g f d  
infomation on potential synchronization schemes. The best possibilities for implemcntmg n g h  
schemes appear to be between intervctions in the NH 9 corridor and beween the Grccnluds and 
thc Amecrpct intmcctions. 

The MCH has conducted a study on impving synchrmization within the NU 9 conidor b*roa, 
thc Khairatabad intersection at the souchcm terminus and ESI at the northan tmnuup of ihc 
corridor. Table 44 shows two examples of how improved synchronization can redua bawl 
times within the corridor. As can be sen, bawl times are significantly reduced in both duccfiom 
(42% and 64%. respectively). Reduced bavel tima equate to i r r p r o d  sped and rcdwcd 
emissions. 

Kbainhbad to ESI 

I 

Thc MCH has noted that signals in the city arc set manually. An ekamaially conmlkd rod 
cabled system between lights does not exist. The timing of lights has rod a n  mntmuc to be 
iamperrd with by untrained cily c q l o y m .  F d m m a q  it is -fly oaxssry to change the 
timings lo respond lo changing baffic conditions (i.c. peak vasus ooopcpL condrtiom). ln thc 
f- case, traffic police ail1 need to be specially mined not to Rndomly WSCI s~grnlr at 
individual intersections. In the vcond casc, II may be nrrcsnry bain brmc polm to cbugc 
signal timings manually to optimize synchronlntion at diffacnt baffic flow mods. LEG did 
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Tro@ ond Transport Management interventions 

explore the MCH's desire to install a cable, computer controlled synchronization system in the 
- corridor. MCH expressed an interest in the future, but felt incremental efforts to improve the 

manual synchronization system would suffice over the short tern. 

I~#lersection Improvements 

The traffic movements at the intersections within the demonstration project area are a major cause 
of delay, danger and confusion. The original circulation concept of one-way streets and contra 

i flow lanes proposed by LBG provided a system of circulation that substantially reduced conflicts, 
dropping conflicting turns by some 45%. Without using a one-way street system the current 
proposed intersection configurations will not enable such a substantial drop in conflicting 
movements. It is essential w~th this retained system to provide very specific and guided turning 
paths. 

To facilitate improved intersection capacity and performance under the MCH proposed 
circulation system, LBG reviewed the intersection configurations of four of the intersections in 
the demonstration project area and made recommendations to the MCH. The recommendations 
focused on the following: 

a) All lanes should be of standard width (3.5 meters) according to international norms; 

b) There is full pedestrian separation with crossings protected with pedestrian refuges; 

c) Conflicting turns at the four way intersections arc regulated by signal phasing 
allowing pedestrian movements to take place in safety; 

d) All movements are guided completely to prevent illegal and dangerous turns; 

e) The wide-open spaces within the intersections are reduced so as to permit good 
directional guidance and to allow the incorporation of landscaped areas to 'soften' 
the urban spaces. Some intersections have features added to provide foci for traffic 
movements. 

The MCH had already begun a series of intersection design concepts for the intersections within 
the demonstration project area as well as in a number of other locations throughout the city. 
Using LBG recommendations and its own evaluations, intersections within the demonstration 
area have been reconfigured, with actual physical modifications to follow during the 
implementation stage of the project. Figure 4-5 illustrates "typical" intersection improvements 
that would take place. These generally include lane reconfigurations, turning lanes, ensuring 
medians and islands are properly placed or removed as necessary, etc. 

Signage 

If the segregation, parking, and other interventions noted above are to be effective, a 
comprehensive signage plan is required. The MCH has developed a comprehensive signing plan 
for the demonstration area. A number of the signage locations can be seen in Annex 4A-2. Large 
overhead signs would be placed at the entry points to the corridor to direct the segregated use of 
lanes. In addition, parking and a host of other signage would be included. 

The MCH has elicited bids from a variety of transportation hardware providers for signage 
improvements. LBG has also been in contact with 3M-Birla for this purpose. It is anticipated 
that per existing local regulations, a contractor may be retained to construct and install signs in 
exchange for advertising space within the corridor. 
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4.5 Emissions Rcdmctiom Potcnthl 

As was noted in the introduction to this chapter, the M c  managmmt inurvarths are 
designed to improve vehicular flow within the corridor and by so doing improve fuel effiiar)'. 
In addition, by impoving avmge speeds, thc amount of tim a vehicle opmtes lfrargh ihc 
earidor is reduced, adding to fuel savings and emissions reductions. 

Quantification of emissions raductions from baffic management mkrva~tims is a cumplex task 
The conceptual appmach is to calculate an emissions baseline by determirung the i8nage speeds . 
ofall vehicles on a given road segment under existing conditions and applying d ~ n s  fackm 
to each ope of vehcle bsvcling that scgmcnt (considering engine typc, of fuel being 
utiliud, etc.) at that average speed. After implementing ihc m l m n o n s .  the nmc p a s s  
wwld be followed but the average speed would have incruscd, -itating thc usr of om- 
emission factors for that @. Ihc difference in the baseline aniss~ons and the pmtprojcct 
emissions would show a Rduction m total mssions. 
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Tra@c and TrmLPporl Mmqpmmt Infnmttions 

B a s e d m i d a r i s s D s w a b a n m n k o f ~ ,  S I A M , a u t o m a ~ ~ d d b s r a ,  itwas 
detaDlineabytbep~tenntbrttodaymIodL,aai&tactorSof&etyps~hnvend 
h devsbpsd. lt is worth n a h g  that USAID is fimdiag a research project at the University of 
O h p ~ ~ w i l l b e a ~ o f ~ f i d o r s t b r t a n b e r p p t i s d f o r ~ p m p o s e s  
d. ~ ~ b e ~ l e m t b e ~ o f 2 0 0 2 s n d m a y b e u b e d ~ t o r a f U l e  
mlisims ertimatesmademthisproject. 

TaMe 4-5 showE the estirnatsd l a d  redudolls film ' A' "gibs tra5c 
mtheNH9canidur. S t o d i e s i n F - ~ t b t m m D g s d s d  

~ ~ ~ r p o o d r u . r i m i t r t o ~ i n ~ d u r ~ p e a k h o M . C O 1  
emkims fw can am appmim&ly 520.7 gmWkilom&r. h &a flow moditicaE at 
a p p ~ 3 5 L p 4 C O 1 ~ ~ t o 1 8 9 . 5 ~ .  A A i d a h m b p i s  
exptdcdm-. ~ m l i s s i ~ ~ a l 8 a l s o ~ m F i # I w 4 6 f p b c a l  
poXnt&s. Again, CQemissims would decline m prcrportim to d & i a m  in local cmisrkps. 



Tngp and Tmnspon M a m g a w ~  hue- 

Tbe MCH bas worked out initial cart estimam f a  materials and hardwm required to i-a 
the interventions within the NH 9 corridor. The overall estimated cost is k twum W.00.000 to 
Rs6.00.000 or approximately $100.000 to $120.000. Included in chis estimate m: 

Roadway widening Pavuocnt nnrl;ings 
Zebra crmsing delineatioos for pedestrians New bus bay coasbuctim 
Signboards Ovemcad directional s i m  

Of tbese, the overhead directional signage c o o s f i ~ e s  about 50608 of the t d  eslinntc 
Themfore, it will be imptant  to develop a public-private pamemhip to bring h i s  cost b n  
Additional caru, which have not yet been calculated. will be i n c d  f a  tnRc sigo+lizuioll 
synchronization improvements. 

Funds f a  these improvemnu would come from a cost-sharing pumcrship buwea thc MCH 
and the National Highways Department. The Departmeot is respoosibk f a  lad aba "in 
roadway" improvemots f a  national highways. Thc MCH Ins ltrrdy itlocated a capint 
improvemnu budget for various roadway and trampal impmvemnts within tk city, k l ~  
a number that had been contemplated within the demwmtion project area. Thacfarr. it will rn 
quire  funding above that already available to iolpl-t the interventioos and Rprtsol.dves of 
the MCH do not feel there will be a problem in accessing existing hmds far this pwposc. 

The MCH, in p a m e d i p  with the National Highways -I. will bc the kad 
agency. The MCH has the manpower and operational ability to i q k n x n t  tk in-. 

Initially, the MCH planned to make improvements in two phases. The fua phrn would bavc 
included the NH 9 corridor and the Gmnlands loop. A second phase would b v c  extrodcd to Raj 
Bhavan Road. However. over time. the phasing plan has changed. Phrw m is now thc Mi 9 
corridor. A phase two encompassing the Gmdands  loop is anticipated. Given thc much loaa 
haffic vdunres on Raj Bhavan Road. the MCH is not planning t o e d  the to this 
road at the present time. The MCH anticipates that phase ooc impovcmco(s CM bcgio *-&in 
three to six mooths. F'hase two improvements would likely be initiaud within six to nine mmbr. 
However, timing of the second phase may be contingent on the cornpktion of plnw me 
irnprovemots and on the relative results &ereof. Improvements would likely be mdc in thc 
following order: 

Paint markings for lane segregation and mbra cnasings 
Bus stop locations fixedlconsrmction and paving 
Roadway pavement widening 
Auto ricksbw parking 
Cuparlriog 
Pedestrian footpath ~reamurt 
Signboard erection 
Junction improvemots 
Signalization synchronization 
Ovehead signboard 
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Vehicle Technology and Management lnlewenlions 

CHAPTER 5: VEHICLE TECHNOLOGY AND MANAGEMENT INTERVENTIONS: IMPROVED 
POLLUTION UNDER CONTROL SYSTEMS 

f 5.1 Introduction 

The performance of any vehicle deteriorates gradually over time but regular inspection and 
maintenance can improve performance and keep emissions under control. 

India already operates an inspection and maintenance program called "Pollution under Control" 
(or PUC). The process involves vehicle emission testing and certification when standards are 
met. The process is a low investment and high return intervention. A number of authorities in 
Andhra Pradesh and Hyderabad, as well as GO1 officials have developed policy statements 
supporting the expanded use of the PUC system as a major tool for reducing vehicular emissions. 
As is well known, the existing PUC checking system has not, for the most part, operated 

i effectively or thoroughly. This proposed intervention calls for piloting upgraded PUC centers 
where critical shortcomings of the existing PUC system are overcome. However, the political 

I and policy will must exist to enact stringent enforcement actions to support the effectiveness of 
any PUC system. With an improved emissions checking system, a greater number of vehicles 

? will be maintained to reduce emissions and improve fuel efficiency. 

i SIAM has recently conducted inspection and maintenance camps in several Indian cities 
including Delhi, Mumbai, Bangalore and Hyderabad. Data collected during the camps showed 
that by improved maintenance, substantial reductions in CO, HC and CO2 emissions could be 

i achieved. For example, in Delhi, C02 would be reduced by a total of approximately 56,000 
tondyear. 

5.2 PUC Certification and Process 

Under the PUC certification program, vehicles are checked with the engine idling (for gasoline 
engines), and with the engine revving in neutral (for diesel engines). When emissions are within 
the prescribed limit, a PUC certificate is issued for the vehicle, otherwise it would go for repair in 
order to enable the vehicle to meet the stipulated emission level. 

The present process for the PUC check is as follows: 
The vehicle reports for PUC certification at an authorized emission test center; 
The engine is started1 warmed up (if not already so) and a test probe inserted in the tail pipe; 
When the engine is running smoothly, the results are observed on the analyzer; 
When results are not within the stipulated range, minor adjustments are made to the 
carburetor by the tester; if there are no major problems, the emission values are brought 
within acceptable limits; 
A PUC certificate and windscreen sticker are generated and handed to the owner. 

The PUC system is simple and effective but its potential is not realized because of: 
Malpractice due to human intervention; 
Inadequate procedures due to lack of proper training; 
No audit by independent authority; 
No tracking system or follow up of vehicles failing to meet norms. 
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53 Potentid Loal Air Q..lity Bemelit md Reduced CEC Emkderr 

With assistance born the Oak Ridge National Labontory of the USA, SLAM coodudcd m ldtM 
program in Novembakembm 1999 with participation by all 2-whaler mmuhctmm a h g  
with the Indian Oil Company. ATMA, PCXA and TERI in Delbi. The objective of the pmpmn 
was to form a publicprivate publenhtp. gcnenr test data and implement an 1&M pmpm 
Camps were held at I2 locations and 66.000 2-oltuelers checked. 

All the vehicles were M e d  for tail pipe emissions and some were .Is0 sub~ectcd ICI h r l  
efficiency. opacity and mass-emission tests MM vehicles werx 1 to 15 y~ old 
Approximately 7% of tested vehicles did not mrct the rrquisitc standrrds but did mcc them lfgr 
maintenance. Under idle, 18rM lowered HC emissions by some 40% and CO emissims by lbad 
3% and raised fuel efficiency by 10-2WA. On fuel savings alone, if such testing and main- 
were carried out on the entire Delhi fleet, M consumption would be reduced by 24 million litas 
per year and CO2 emissions would be reduced by 56,000 tonQrar. 

An analysis was also conducted by the Automotive Research Association of India on a rornl of 34 
vehicles including 2 - w k l e q  3 - w k l m  and psenger cars of e a r s  ages, siapk. 
inexpensive ma~tcnance such as cleaning. &in& and adjusting the &a md i g n i k  
systems achieved a Wh reduction in HC and CO emissions and a 20% inrprovcmart m fucl 
consumption. 

5.4 Proposed Demonstratiom Project 

It is pmposed to establish ten computerind PUC emission M ocatcrs widin and near tbc 
demonsbation area to overcome deficiencies of the present system and enable: 
Networking of the computerized system to enable uacking of vehicles and identify &f&ubs 
(presently only 3(P/. of vehicles undergo a periodic emission check); 

Facilitate regular communication with vehicle o m ;  
Facilitate compilation, sMtiog and retrieval of collected data for analysis and policy fomuLbon 

Improved emissions checking lhrough &g existing PUC centen is lowcon. anly 
impl-table and replicable, and would form part of an l&M program to ensure that tail-prpe 
emissions remain witbin the specified limits during vehicle operations Figure 5-1 on tbc 
following page shows the basic components of an upgraded PUC centm. 

5 5  0 p e n t i o m . l  Rcqlirememls of Upgraded Computerized Tar CemIen 

Eg.ipmp.1: 
a. Cu udymr:'  

- Upgrade existing equipment to convat h analog to digital sigd 
- Set up new four-gas analyzer for petrol bhhicles (with a lambda sensor to check new 

pzrangcr ars with closed loop 3-way catalysl) 
- Opacity meter with temp probe and RPM meter (for dl-1 vehicles) 

b. Computer with suitable sofhvare and primter 
c. C m m  (a digital web camera to photograph regisbation of the vduck) 
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Vehicle Technology and Management Interventions 

Computerized PUC Emissions Test 
Center Schematic 

View oiEmission Test Center in Delhi 
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A flow chart explaining the emission check pmccss for an up- PUC ccnm is girrn m 
Annex 5A-1. 

Inlrastnclmre: 
a. A cmbick of suitable sirc for plactng computer system and analyrn wth suflic~cnt space f a  

the opmtor, 
b. Enomgh space for maneuvmng the vehicle outside the cub~lc .  

c. A mounting for the web camera outside the cubicle - to photo vchlclc rcar rcgsmibm 
number plates. 

Pasonncl would be trained to opmte the computcriPd system, by the qulpmcnt manufacnuw. 
The equipment would be calibrated and maintained ngululy. 

A team of Transport Dqutmmt oficials should assess the m l t s  of the aud~t d marny 
steps should be taken to continuously improve the system in order to minimin nonconfomuty of 
cm&ion checking 

5.6 Emission Reduction Potential in Hyderabad 

Data from an extenslve study done by the SlAM on velucla m Hydcrabad and othu ctlla 
showed chat lhrough sunple I&M procedures. loul  pollutants and GHG musnonr couM be 
reduced by stgruficant amxmw There were approxlmatcly I 1 nullton vch~clcs rcgrstcrrd m 
Hyderabad m 2001. The c o ~ t h o n  of the vetuck f l a t  m 1999 (as per hftnsby of Rcad 
Tnnsport m Hydmbad for all except buvs and per the AP Tmnspwc DepYhncnt for buses) was 
757.676 2-wheelers. 43,945 3-wklers. 83,782 cars, 18,067 w ud 5.9% buws 

Table 5-1 below shows reductions in tons per day m l t i n g  horn an effective. city-mdc WC 
system where all vehicles in the city arc tested per exishng missions chcchng rrguhtions. The 
figures arc based on several assumptions: I) fuel efficiency improvcmmt by doing mim 
maintenance is about 20% a defined in the VTA, so COZ reduction is 2W; 2) w x m  
2CPh of all vehicles tested fail and require maintmancc; 3) Ibc emissions laad lac- f a  a c h  
category of vehicle as d e f d  in tonslday the W A  is d t i p l i a d  by 3 x .2 = .4 to m r t  at the 
emissions reductions shown. For example, the W A  ~otes the btal CO2 emissions rrductlcn for 
2-wheclm could be up to 39 tonslday (total emrssioas from 2-wkckrs = 969 tm 'day a 969 x 
.4 = 39) 

Table 51: Citywide PUC Emissiins Reduaion P o t a t W  L. Hyderabad (towday) 
I 2-Wheeler I 3-Whnkr I :Cu I Taxi 1 B.nr 1 

CO I .512 I .I09 I .46 .I28 I .W j 
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Vehicle Technology and Management Infewenlions 
,- 

Table 5-2 below illustrates the relative emissions reductions that could accrue to implementation 
of the 10-station upgraded PUC system being proposed as part of the demonstration project. The 
assumptions are that 10% of the vehicles in Hyderabad are tested and 20% fail and require 
maintenance. Emission factors from the VTA were utilized for the reduction calculations. 

Sourcc: SIAM 

Com~uterization of Diesel Emission Checking System 

Following the development of the emission checking system for petrol engines, equipment 
t manufacturers are working with SIAM to design and implement computerized emissions 

checking for diesel vehicles. It has been suggested that the equipment manufacturers would 
! formulate the specifications and test procedure for computerized diesel emission checking and 

give their recommendation to test agencies and the government. The SIAM is presently 
conducting trials on the computerized Diesel emission checking system and with selected 

i equipment manufacturers. 

5.7 Preliminary Costs/Revenues and Financing 

< Costs and Revenues 

Preliminary costs for upgrading an existing PUC center system for gasoline vehicle, excluding 
networking and other ancillary costs are as follows (also see Annex 5A-2): 

Cost per System (Rs.) 

New system with 4-gas analyzer .................. 335,500 
New system with 2-gas analyzer .................. 210,500 
Emission test system computerization ........... 85,500 

To set up a total of 10 PUC centers in the demonstration area (5 new centers with 4-gas analyzers 
and 5 existing centers upgraded with computerized equipment) is estimated to cost approximately 
Rs. 2,105,000 (approximately US$45,000). 

1 
Assuming the investment carried out by the emission test center owner is through a bank loan, an 

! estimate done by SlAM shows that the owner of the center will be able to break even if the 
numbers of vehicles shown in Table 5-3 below are checked per day under each of the three PUC 

i upgrade options noted above: 

The above breakeven estimates have been calculated taking into consideration all the operating 
costs of PUC centers as detailed in Annex 5A-2. SIAM is currently conducting a more in depth 
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cost and revenue generation analysis. The figurcs noled and those in the rek\mt Annex could 
- change. 

1 3 Y u n  1 32 vchiclcd&y 1 24 vducW&y 1 1 6 ~ ~ l e r ' m y  1 

Table 5-3: Break Even Evaluation for PUC Up)?ndhg Options 

5 Y u n  / 24 vchclcdday / 19vchkW&y 1 
i 

Sowcc: SlAM 

LBG has been facilitating discussions on funding for this intcrvcntion. GEPCCS's GO1 puma. 
1C1C1, has expressed a concrete intern1 in financing the 10 ncwIupgndcd W C  centers. 
Commercial finance may be available to facilitate pnvae sector implementation and opcnopcnbon of 
a syslem or individual centers. Grant funds may be available to a n o n c o m u l  mhty for che 

Purpose. 

Break Even Period 

Several discussions have been held wlth IClCI and SJAM on a fuuncing frammmk lCICl is 
interested in identifymg a credit worihy, reputable implementing enbty. As S U M  is arh m 
organization and has taken a lead mle in developing a PUC strategy f a  Mia. S U M  may be h c  
logical partner and has mently cx@ intaest in playing the project pmnmta rok. SlAM is 
now communicating with ICICl on (he d l i t i a  of pulting togrthcr a farm1 pmpanl for che 
project. Should altrmativc parmers need to be i d e n t i f i  ICICI. LEG and SLAM will mllabmtc 
to identify such partners and smchm a finance and implementation package. 

: 
New system with 4 

gas analyzer 

>.:- 2::: 
:?% nHL 2 

,; gas analyzer 

SIAM has stated its willingness to pmvidc technical support for system impkmnhtwa and 
operation to whomsoever becomes the implementation entity. 

. . . 
~accrt  sj&m &b 

eompmtwbdm 

lrnplemtation of this intervention will require the participation of vvcnl k q  s&cbddm 
including the AP. Road Transporr Commissioner's ofice. SIAM, f i h l  inr(ihlbopr. o m e n  
of emission lest cmtm and q u i p m t  manufacnmrs to computain the existing sysums a oc( 
up new systems. SlAM bas agrccd to provide tccbnical wi- to supporl thc iqkmcaPbcn  

A meting among thex stakeholders has already taken place. It was agrccd that che RTC o m  
would play the key mle. that SlAM would likely manage fundmg or a gmnt tbu might be 
amilable to implement thc demonstration pmjcct and that thc o u n m  of emissions ten centus, 
represented by thc Emission Testm Association @TA) would be engaged as pobPbk partnus. 

Sevcnl general steps in the implementation pmces arc envisioned: 

Formation of Management Team (in p a s s ) ;  
Meeting with o m  of emission test centers, q u i p m t  manufacluus. and fmmcirl 
institutions (one mctmg to datc); 
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Identifying test centers for computerization and the set up of new centers (preliminary 
identification by the ETA completed); . Determine cost and financial implications of the whole exercise (prelim~naty estimates being 
formulated by SIAM); 

Secure financ~ng,or funding; . Set up centralized data ~on t ro l  computer systems; 

,<~  . Transport Department issues appropriate notification to reach an understanding with emission 
test center owners for computerization within a specified period; and 

Devise an audit system of emission test centers and audit by an independent agency reporting 
to the Transport Department. 

Implementation timing will be dependent on all of the above factors. However, preliminary 
estimates for beginning the upgrade process are from six to eight months. 
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- CHAPTER 6: VEHICLE TECHNOLOGY AND MANAGEMENT IKnRvE?WIOW: E L E C ~ C  
VEHICLES 

From start of the Roject, LBG has m i d c r c d  the dnnonmation of elecwic p o d  vehicles 
(EVs). Mer assessing a number of difTmt ophons, it is proposed to dcmonrtnu 3-whakr 
EVs in Hydcrabad. 

6.1 Statns amd Description of Electric Vcbick Tubnology 

'Ihc Gowmmcnt of India has shorn keen interest in promoting EL'S in the country. for cxurpk. 
see the report: "Aufo Fuel Policy" by the Expert Committee headed by i)r. Mashrlkar. hrector 
of Council of Scientific and Industrial Research. A key comment IS as follou~: 

"The Commiltet? recommends providing f i l  andfrtcal incentiva 
both to nwufichrrers and men, of El*, in order to make these 
Vehicler conpetirive. " 

As a new generation product, EVs need support in adcr to facilitate their doption and 
commrcial viability. Several state govanmcnts, including Andhra Ra&sh, have pro8idcd 
financial -fits in tams of exemptionsmduetion of duties and taxes for this p~pos. The EY 
manufacturers have sugpled incentive masurs such as subsidies to EV o m  (as the apital 
cost of an EV is higher than a conventional vehicle), reduction or elimination of sales and 
registration taxes, -tion of certain routes for or promoting rcgimrtion of EVs. and 
preferential tariff rates for electricity charging stations. Thsc measwcs would rrdua apitd 
casts andlor operating costs and improve the attractivemss of EV t a b l o g y  for pirate usas. 

Electric vehicles utilize energy in m g c  baaaies as the prime mom. .loag with an e k m k  
motor, controlla and reduction gear-box as naasuy. They are fined with an onhard charger 
or can be charged at a battery charging station. Charging rakes +om 8-12 boM When I U y  
charged, an N can tnvel about 80- I25 Ian. For recharging, banaics am c o r d  m an a d  
electric supply through a battay charger that converts AC to DC p o w .  Cbugmg can be 
mdahka at a charging station or via an inbuilt or separately omed baaay clurgu. To ruJucc 
vehicle down time, depleted batteries can alw be replaced by a stack of char@ brttaia. 
Battery leasing schemes are evolving based on this cmccpt. EVs in all 0 t h  rapccts ur similar 
to conventional vehicles in operation. 

Feahrm of EVs include the following: 

+ Range of approximately 80-125h per charge satisfies the 5 to 45km aruagc daily u a d  
distances of most Indians; 

+ Zero tail pipe emissions since not burning any type of fuel; 

+ Reduced noix (approximately 50% of conventional internal combustion engines); 
+ Very low maintenance cost (because there are far fewu moving ppru); 

+ Ease of opaaticm (no clutch or gear shift); 

+ FUII toque even at near zcro speed; 

+ Regenerative charging system prolongs the banay life, by hunesnng the cacrgy r e l e d  
during dccelcntioruk&ing 
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Electric Vehicles 

Improvements in battery life, power to weight ratio, reducing battery charging time, and range of 
operation would enhance the acceptability and use of EVs. Attractive product pricing; the 
availability of charging stations at convenient locations; training of dealers, maintenance and 
charging personnel; and offering superior senice and customer assistance are important for the 
same reason. 

LBG has held numerous discussions with Bajaj, Mahindra & Mahindra, TVS, Scooters India Ltd, 
BHEL and REVA, all manufacturers of EV products. All have expressed an interest in the 
demonstration project and the potential of partnering to utilize thetr vehicles in Hyderabad. 
Today M&M and Bajaj have partnerships with US Technology providers who have provided 
operational and control technologies. With indigenous R&D capacity, Indian manufacturers are 
in a position to commercialize the various EV models developed (e.g., 3-wheelers, cars and mini 
buses). EV products are being operated in Delhi, Lucknow, Mumbai, Bangalore and some other 
cities. 

It should be noted that the TVS company also has produced a prototype hybrid 3-wheeler. While 
the technology looks attractive, this technology was not included as an intervention because of 
remaining uncertainty about when it will mature to the point of having concrete demonstration 
potential on a significant level. Annex 3A-1 and 6A-3 contain background information about 
hybrids and about the TVS prototype, respectively. 

6.2 .The Electric Vehicle Component of the Demonstration Project 

The intervention is the introduction, with the assistance of the SIAM, of a number of electric 3- 
wheelers to Hyderabad. The purpose is to demonsbate their functionality, environment benefit, 
and compatibility with existing vehicles as a means to promote increased private ownership. 
Other EV products may be considered as part of the intervention in the near future. Key features 
of this intervention include the following: 

About 100-500 3-wheelers would be supplied by existing manufacturers (Bajaj, Mahindra & 
Mahindra and Scooters India Ltd at present) provided adequate financing arrangements can 
be developed; 

Private owners would purchase and operate the EVs on a commercial basis; 

MCH would make EV charging sites within and/or adjacent to the demonskation area 
available on a concession basis; 

One or more fixed routes will be identified to provide linkages between existing and 
proposed bus stops, institutions or commercial areas in or adjacent to the demonstration area, 
and one or more MRT stations in the project area; 

The EVs would be marketed by manufactures in combination with SIAM through a 
marketing program developed by the manufacturers; 
The manufacturers would provide local technical support to vehicle owners. 

'The purpose is to facilitate a modal shiR to the MRT by making access to it more efficient. In addition, positive 
incentives for public use of electric 3-wheelm will be built into the MRT station design by giving such vehicles 
priority access to p r i m  embarkation and disembarkation areas. 
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63  Preliminary CostzlRevenna and F u u d n g  

The potential rebnue for an operator of an EV 3-am&ler is cstirnated below, bvcd on capital, 
opcnting and maintenance costs. Capital costs of EVs arc atimated to vary beruccn 1.5 and 3 
times the cost of a comparable fossil fuel driven vehicle according to S1.W and mprts horn its 
members. Operating costs obtained from various EV manufacturers arc shown tn Tabk 6.1 
below. While data on revenue generalion potential is not wtdely avatlablc. Mahtndn & Mahmndn 
estimated that revenue 'om its 3-wheeler vehicle with a capacily of seven peopk uwld  be 
approximately Rs.7000/month when the owner is also the drim. Rs.4000;month when a dnw is 
hired. Annex 6A-1 contains detailed a detailed profit and loss account produced by Mlhtndn & 
Mahindra for its EV 3-wheeler product. Also included is a profit and loss account for the 
operation of a bancry charging station estlnrata. 

Table 6-1: Rdative Operating Costs of ElecMc VcLkkr Per S a t  (Rnpees) 

Arlimin y Finance Optioru 

Sevenl~ounrsoffiryaaucbciicxploral. F i a m m b a o f E V n n m b x m n h ~ d r i r o r n ~  
program. In collabmation with LBG, SIAM has been facilitating canvasotims with tbac 
manufacturers on possible finance packages. Second, diwusslons haw born held aitb taa 
domestic Indian tinancial institutions that have expressed an interest in looking at funna 
programs for an EV market. Third. LBG has discussed the EV demonmation with thc Wald  
Bank (WB). Asian Development Bank (ADB), and the Global Enviraurrnt Facility (Gm. 
While the poject does not look like a 'fit" for chc WB or ADB, LEG will be frcllnumg furthcr 
discussions with the GEF. GEF opcrats a sustainable tnwpon funding program chrl nrppau 
measures, including alternate technologies or fuels, where such intavcntiom can haw a 
significant lmpact on GHG emissions rcductiocls and wberc thc cmts of tcchnologia will drop 
significantly with economies of wale. 

As noted in the Introduction. h e  fourth of the five e l m &  of chc GEPCCS baqmat ion  
component is the development of finance docurnotarion for thc  tia an proja3. Hawe. 
LBG's next major thrust will be to team with the h n c e  stakeholders noted above, cpecully 
SlAM and relevant EV manufachum. to dewlop i n m t e d  fwnct options for h g i n g  EVs to 
Hydenbad. 
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6.4 Emissions Reduction Potential 

While it is recognized that EVs do result in air emissions, their potential for contributing to 
improved localambient air  quality within Hyderabad is substantial. Assessment of the emissions 
generated by an EV is complex and largely beyond the scope of this study. Nevertheless, a brief 
review of the issue is warranted. The volume of emissions generated to produce electrical energy 
for EVs is dependent on many variables. Of prime importance is the type of fuel used in a 
thermal power plant (i.e., coal, oil, natural gas, nuclear), as the fuel type is a major factor in the 
character and volume of emissions generated. The ratio of fossil fuel supplied electricity to 
renewable energy supply that is sent to the electricity grid (i.e. electricity from hydro plants) is 
also important. Issues of energy efficiency, transmiss~on and distribution losses, battery charging 
efficiency, etc., further complicate such an assessment. 

Two related studies give some insight into potential emissions reductions from EVs relative to 
conventional vehicles. According to the EPRl (Electronic Power Research Institute), electric cars 
are considered to be 97% cleaner than gasoline powered cars, even taking into account the 
emissions from the power plants that generate the electricity to recharge the batteries (as per a 
paper by M&M). Similarly the Bajaj Company has estimated a reduction of over 56% jn C02  
when a 2-stroke 2-wheeler is replaced by an electric 2-wheeler. Other estimates quoted by Bajaj 
have shown that if a 2-stroke petrol driven 3-wheeler is replaced by an EV 3-wheeler, a reduction 
of 23% in C02 emissions is possible. The difference in estimates between EPRl and Bajaj owe 
to the differing types of vehicles addressed and to what remains as an inexact methodology for 
estimating reductions. 

Table 6-2 indicates the relative local ambient air quality benefits that could accrue by replacing 
pee01 driven two-seat EV 3-wheelers with EV 3-wheelers. 

Table 6 2  Local Emissions Reduction Potential of 3-Wheeler EVs' 
- Emission Reduction Per Yea! through ~Glacemcnt of One Petrol 3-Wheeler 

Emissions Reduction per Year throulh Replacement of 500 Petrol 3-Wheelers 

Emissions factors in gramdperson/day are taken from the VTA and are based on 1999 data. Each 
vehicle is assumed to cany hvo passengers, consistent with existing )-wheeler occupancy rates in 
Hyderabad. All vehicles are assumed to travel 80 ladday, consistent with existing daily 
averages in Hyderabad and operate 365 days per year. Table 6-2 does not reflect emissions from 
electricity generation at its source, which is assumed to be outside the HyderabacVSecunderabad 
urban area. 

292.6 tons 
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Development of a detailed spccilic implcmntation plan will q u v c  inputs hrm and coordiinria, 
between the participating EV manufacturm. SIAM, the MCH. and other sllkcholders. A numba 
of basic i k s  thatmustbe addressed in an implmta t ion  program arc summarized below: 

1. Fonmtion of a l uk  force composed of SUM, EV manufactums and poccntial finawul 
institutions, as well as LBG to formuiatc precis f i i a l  needs aswssmcnt and a dcu~led 
project repwt bawd on tnfnsfructm, EV products to be incorporated Into the p j c c t .  
potential battery lcastng schemes and analysis of potenttal subsidles or concenms a\a~labk 
at the local. state or GO1 level; 

2. EV Marketing and % l a  Plan 

To be developed and implemented by the pPrticipting EV manufactlaen 

3. Establishment of battery charging facilities 

T ~ K  MCH has indicated that it will facilitate locating one or more battay chugmg sptioar in or 
adjacent to the demonstration project a r a .  Based on the total number of EVs to be inln8juad m 
Hyderabad and the ltkely areas in whch they would be operated onc or more a d d t h d  staftom 
may be necessary LBG IS cumntly in dtuunlons wth  MCH about posnble loatroos. but up11 
from the EV manufacnvm w~ll  be n d  m Uus rcgud Annex 6A-2 contuns a o~hcnnnc of a 
"typtcal" support smcturc for a battery c h a r m  stabon ns suppl~ed by M a .  

4. Development of product maintenance facilities and training of personnel 

Local support for the EV products would be provided by dealers assigned by the p m a h  EL' 
product manufachmr. In the case of M U ,  it is tentatively envisioned thst a standud local 
support facility would consist of a Supmisor / Owner. Testing Technician Electrician and 
Mechanic. 

Training of local suppon facility staff will be necessary. Annex 6A-2 also ampins a basic 
schematic of the basic components for a training p m p m  as envisioned by M U  for its pmduc~ 
sewice program. 

LBG will be working collabontircly with SlAM and otha poknld p3icip.tm.g W 
manufachnm over the next two months to k ~ l l o p  a cnnpchcnnve urplnncnt.hoo plan that 
inclwles bmchrmrk dates. 
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Rerro/illing Arnbossadors wifh Cleaner Fuels Burning Engines 

CHAPTER 7: VEHICLE TECHNOLOGY AND MANAGEMENT 1NTERVENTlONS: 
RETROFIWING AMBASSADORS WITH CLEANER FUEL BURNING ENGINES 

As has been discussed earlier in this document, the terms of reference for the demonstration 
project reflected USAID'S interest in converting vehicle fleets to cleaner burning fuels as one of 
the possible interventions. As has also been noted, alternative fuels have not been considered as 
an intervention for a number of reasons. However, LBG has maintained the fleet conversion 
concept under conditions that meet the overall demonstration project criteria. 

7.1 lotervention Definition 

This intervention proposes the conversion of a portion of the fleet of vehicles owned and operated 
by the MCH to cleaner fuel burning engines. More precisely, a number of the MCH's fleet of 
Ambassador cars fitted with pre 2000 emission compliant engines would have their engines 
replaced (retrofitted) with cleaner fuel burning Euro I or better yet, Euro I1 compliant engines. 
An investigation would also be made into working with the state government on a retrofit 
program. Presently Euro I fuel is available in Hyderabad. Euro iI is likely to be available in 
early 2003. Emission reductions would accrue as the difference between the current baseline 
emissions generated by older, less efficient "dirtier" fuel burning engines and those generated by 
the newer, more efficient and cleaner fuel burning engines. 

This intervention is consistent with the fundamental project criteria. Most importantly, it is likely 
to be implementable by the MCH. Review and approval of the plan may be necessary from the 
Regional Transport Authority (RTA). Preliminary discussions with the RTA indicate that the 
intervention should be permissible as long as it meets criteria contained in the Vehicle Code. 
From an economic standpoint, the MCH is under direction not to purchase new vehicles for its 
fleet. As the fleet ages, it becomes more and more costly to maintain old vehicles. Retrofitting is 
an option for improving the functional and emission performance of vehicles that is viable at a 
cost substantially below that of the new vehicles. And given the very large number of 
Ambassadors in he MCH fleet and the fleets of municipal, state and Government of India 
agencies /ministries, the potential for larger scale replicability could be significant. 

The present plan of retrofit had the preliminary concurrence of the prior MCH Commissioner 

7.2 Operational Requirements and Process 

To implement this intervention, LBG is facilitating a public-private partnership behveen 
Hindustan Motors (HM) and the MCH. HM has initiated an Ambassador car retrofit program to 
service the needs of individuals and institutional owners of Ambassadors for which there is 
benefit in retrofitting with improved engines. LBG has held meetings with HM to identify retrofit 
options, costs and technical issues and has also vetted and had received a positive response from 
the MCH for looking at this option in more detail. 

The main steps in the retrofit process are as follows: o 

1. HM and MCH would collaboratively review MCH's existing Ambassador fleet. LBG has 
already forwarded a profile of the fleet to HM. The purpose is to identify candidate vehicles 
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- 2. For retmfitling, body condition and compliance with basic structural fimcu, requirements arc 
the primary criteria for selecting retmfit candidates; the model yeu of pmdwhm of ~rhrrk 
shall also need to be considered along with. HM would provide this savia hcr of charge. 

3 The MCH has maintenance facllrtres for its wsbng  fleet There 1s a poa~b l l~ ty  ttnt the fasl 
of retrofithng could be reduced if the MCH faclllttes and labor can be used for the a d  HM 
would work wth  the MCH to evaluate these f x ~ l ~ h e s  for adequacy and gaps m lcma of 
technology or human capaclty to wry out Lhe program HM would probide a s m c  team 
for its evaluabon and use lu own "dealer assessnenl" cntma as a bans for the e n l u a t ~ m  
Tramrng and qutpmcnt needs and well as capactly-bulldmg nerds would be ldcnhfd  Thc 
downslde of an MCH program l~es  In the fact that the Itabll~t) for h e  pcrfonmnm of 
retrofitted vehlcles would Ile wlth MCH - warrantm applled by re@stercd Hhl dealers 
would not be val~d 

4. HM and the MCH would identify a target number of vehicles and develop a soope of worfr 
and budget for the retmfit p r o p m  If MCH br not able to finance a dcmonstntion, LBG 
would work with the MCH and HM in the subsequent financing phase of the demxtmrticm 
project to identify finance opportunities and p a m .  

5. MCH would need to facilitate any required a p p r o ~ l s  fmm the Regioml Tnnspor( Authm@. 
As was noted, the RTA has acknowledged that a retrofit program can be lndarnLrn on a 
minimum ten-vehicle fleet prr existing Vehicle Code dandards. The technical cmfigurahon 
for the retmfining program has already been approved by Automotive Rcsearch Assncuhon 
of India (ARAI). 

6. If the MCH facilities and capability is sufficienl. HM would prod technical assistance to 
MCH mechanics and supervise the retrofit process to ensure it is technically sound. if not. 
HM would organize its local dealers to perform thc work. 

7 3  Emissions Reduction Potential 

The emission norm from year 1991 to Bharat Stage U (BS It) PetroVDicseld~& cars arc gi%m 
in Annex 7A-1. Using thew nonns, Table 7-1 below includes estimates of anision benefits by 
retmfithg 100 petml or diesel vehcles of 1996 vintage with BSU compliant engines. h 1s 
assumed that each vehicle covm 10,000 kilometas per year and emissions are at the mean \due 
of specification. 

Table 7-1: Emissiou &nelitr ia T o r J Y e u  u d  Percent Rcdmaiom bv RUrefati.E 
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Retrofilring Ambassadors with Cleaner Fuelz Burning Engines 

- The above figures are a good indicator of emission benefits. However, the actual benefits will 
depend on the types of engines that would be replaced with new Euro I or U engines. It should be 
noted that CO2 emissions norms have not been defined in India or in many other parts of the 
world. Extrapolation of C02 emissions reductions from other emission figures is a complex 
modeling task. LRG will be working to provide a broad estimate as the project moves forward. 

7.4 Costs and Finance 

The primary costs for this program are related to purchase of new engines and associated 
componentslparts. To retrofit with Euro 11 engines, the engine and parts costs come to 
approximately Rs. 77,000 per vehicle. For Euro I engines and associated parts, the cost is 
approximately Rs. 105,000 per vehicle. Ancillary parts and labor needs could raise either or both 
of these figures by approximately Rs. 3000 to Rs. 5000 on a vehicle-by-vehicle basis. A fee of 
approximately Rs. 10,000 per vehicle is normally assessed by dealers that would perform the 
retrofit if the MCH were not able to do so. HM has supplied a cost schedule for various retrofit 
options that can be used as the basis for evaluating finance needs and formulating a proposal for 
this intervention. 

Based on preliminary evaluation, HM believes that the retrofit of an Ambassador, using 
assumptions about types of engines and ancillary costs, will have a payback period of 
approximately 48 months. HM is currently working more on detail cost and payback projections, 
but these can only be fully refined once a survey of the Ambassador fleet is completed and a 
specific retrofit program is designed. 

While the MCH has expressed preliminary interest in financing a pilot retrofit program, funding 
is not certain. LBG will be working with HM and the MCH to identify finance needs once cost 
estimates are finalized. LBG would help facilitate preparation of financial documentation needed 
to approach appropriate financial institutions in order to fill gaps in finance needs. 

7.5 Implementation 

As explained above, HM and MCH would work together to implement the retrofit program as per 
following steps. 

Set up working group composed of HM, the MCH, and RTA 
Develop a Memorandum Of Understanding for the terms of cooperation 
Assess fleet conditions 
Assess conditions at MCH workshops and capabilities of MCH mechanics; and estimate 
inputs required for them to take up Retrofit job in terms of Training, Tooling & equipment 
needs. 
Decide retrofit options to be implemented. There are a variety of choices of engine types to 
be utilized. The determination of which is appropriate is contingent on a variety of factors 
including the vintage of vehicle to be retrofitted, fuel type used (Euro I or Il), and several 
other factors, including cost; 
Decide the extent of refurbishing/inclusion of ancillary items like seat belts or other 
components would be included; . Conduct detailed project cost estimates; 
Obtain project approvals; 
Obtain clearance by all regulatory agencies; 
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Facilitate financial closure; 
- . Set up prolcct implcmcnlation mvlew team; 

Hold a project kickoff function: 
Conduct the retrofit process; 
Have retrofitted vehicles cmificd and approved. 

FIW 7-1 below 1s a tentatwe lmplemntahon schedule for lhls 8ntcrvcnlton Thc schcduk is 
dependent on a number of factors lncludlng length o f  tzm requlrcd f a  approvals and to o h  
financial cl-. 

F i r e  7-1: Prcliminay Retrofit Impkmentrtiom Scbcdmk 

Weeks 4 8 12 16 18 24 36 48 

Planning 
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Agenda: First Project Workshop - Reducing re 

Air Emissions from Vehicles - 

th 
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Agenda: First Project Workshop - 
Reducing Air Emissions from Vehicles 

A DEMONSTRATION PROJECT BEING ~MPLEMEMED IN HYDERABAD BY THE GREW HOUSE 
GAS POLLUTION PREVENTION PROJE~(GEP-CCS) UNDER USAIDAF;DIA 1% 

COOPERATION WITH THE HYDERABAD MUNICIPAL CORPORATION 

KICK-OFF WORKSHOP PROGRAM 
August 13" 2001,9:45 am - Hotel Viceroy. Hydcrabad 

1010 - 1020 am: 

DEMONSTRAnCm PROJECT AND CURREW 
TRAN~~ORTATION/EMISSI(~~S ls~..~ IN HIDERABAD 

Registration 

Welcome Address 
Mr. A. K. Go@, Principal Secretary, A.P. Municipal 
Adminismtion and Development Dep~,  Hydaabad 

USAlD Initiatives in Hyderabad 
Mr. Sandeep Tandm and Mr. N. Bhartafhprjee, USAID 
Office o f  Environmeol Energy, and Entaprise 

Reducing Vehidc Emicsmns in Hydmbad - Limkages 
with the G m  House Car Pollution Prwnth Projcrt 
(CEP-CCS) 
Mr. Ron Sissan, Chicf-of-Party, GEP-CCS 

City of Eydmbad Inittativa in Trusporbbk. u d  
Urban Ptanning for Environmcncll and Emmomic 
Benefits 
Dr. P K Mohanty, Municipal Commissioner & Special 
Officer, Hyderabad 

1040 - I050 am: Briefing on the Current T r a N i  Situation in Hydmbad 
Mr. Dinakar Prasad, Dy. Commirrioncr of Police, Aydmbad 
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1050 - 1100 am: 

1100- 1115am: 

SESSION 11: 

1115- 1120am: 

1120 - 1140 am: 

1140 - 1200 pm: 

1200 - 1220 pm: 

Briefing on Transportation Management in Hyderabad 
Mr. C.L.N Gandhi, Jt. Transport Commissioner, AP 

 EMON ON STRATI ON PROJBCI' BACKGROUND AND 

CONCEPTIJAL DESIGN ELEMENTS - TIIE GEP-CCS 

Introduction to LBG Demo Project Design Team and 
Activities 

City Selection Process and Vehicle Technology 
Assessment 
Mr. N.V. Iyer, Executive Director, SLAM 

Demo Project Design: Vehicle Technology Interventions 
and Emissions Reductions 
Mr. William Kirksey, International Institute for Energy 
Conservation 

Demo Project Design: Trafflc Management 
Interventions and Emissions Reduction 
Mr. David Jmett, Senior Transportation Engineer, The 
Louis Berger Group, Inc. 

SESSION 111: PART~c~?ANT L)ISCIISSION / INPUTS TO THE 
DEMONSTRATION PROJECT DESIGN 

1220 - 1320 pm: Facilitator -- Mr. Ron Sissem 

1320 - 1330 prn: Next Steps in the Demo Design Process 

1330 - 1430 pm: LUNCH 

END 
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Agenda: Second Project Workshop - The 
MCIZV%EP-CCS Demonstration Project for 

Reducing Air Emissions from Vehicles 
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Agenda : Second Project Workshop - 
The Workshop on the MCHIGEP-CCS Demonstration Project 

for Reducing Air Emissions from Vehicles 

April 17'~2002,9:30 am - 1:30 pm - Kakaliya Hotel, Hyderabad 

SESSION 1: INTRODUCTION TO THE DEMONSTRATION PROJECT A N D  
CURRENT TRANSPORTATION/EM~SSIONS ISSUES IN 
HYDERABAD 

0930 - 1000 am: Registration 

1000 - 1005 am: Welcome Address 
Mr. A.K. Goyal, Principal Secretary, AP Municipal 
Administration and Development Department 

1010 - 1020 am: Workshop Goals and Overview of Project Design Purpose, 
Process, Partnerships and Outcomes 
Mr. Ron Sissem, Chief-of-Party, GEP-CCS 

1020 - 1030 am: City of Hyderabad Initiatives in Transportation and Urban 
Planning 
Mrs. Chitra.Ramchandran , Municipal Commissioner & Special 
Officer, Hyderabad/Mr. Ranadhir Reddy, Additional 
Commissioner 

1030 - 1040 am: USAID Initiatives in Hyderabad 
Mr. SandeepTandon , Project Management Speclalist, USAID 
Office of Environment, Energy, and Enterprise. 

1040 - 1050 am: Vehicle Emissions in Hyderabad and the Demonstration 
Project Area -Emission Levels and Health Impacts 
Mr. Tishya Chatte jee, Member Secretary, AP Pollution Control 
Board 

Regulatory and Management Interventions for 
Emissions Reduction - Regional Transport Authority Initiatives 
Mr. C.L.N Gandhi. Jt. Transport Commissioner, AP 

CLIN 7: Reduced Rate of G r o d  of GHG Emissions from Vehicles 56 
Subtask 7.B: Hyderabad Demomation Project 



SESSION 11: 
l130am- 1:30pm 

Comments on Enforcemcllt Ima 
Mr. Krishna Rao. H y h b a d  Police Comnussiona 

DEMONSTRATION PROJECT DESIGN COMFONCIYIS B m E n  
AND IMCLEMCMATION ACTIONS 

Definition of ihc Demo Project. mthodologymambncs. 
assumptions, and componcllls 
Mr. Ron Sim, Cbief-of-Party, GEP-CCS 

Traffic Manaeement 

Summary of T d c  MuagcmcmI Intervenliolr 
Proposed Ihe DMO Project 
Mr. Ranadhir Rcddy. Additioml Conmussioner, MCWDr. S. 
Raghava Chari -Traffic Consultan1 to MCH 

Vebick Mananwnt  and T e c h w k n  Intavcntiom 

Emicriou Cbeckhg System Intuvulion 
SIAM Rqmsmtatiw Mr. Murlihshnsn 

Overview of Electric Vehkks and SIAM E V  D c m e ~ ~ ~ 8 l i o n  
Intervention 
Mr. Alanu Ganguly, SlAM 

Vehicle RctroBt Intenentiou 
Mr. S h a h  Rao. Gcnmi Manager, Qualiry Asarrsre ud 
Product Service. Hindustan Motors Repcsentoti~ 

1330 - 1430 pm: 
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Other Near Term Potential Interventions 
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Other Near Term Potential Options 

As noted in Chppter 3, advanced technologies and alternate fuels hat dtd not m e t  the gcned 
intervention criteria were not included in (he demonsbation project dcsigr. H o w .  foc 
informational plrpmes, one technology and two alternatc fuels that are emerging and rmy be 
available to local decision maken as options for reducing vchtcular emistons arc wonh noting. 
Each is briefly desc r i i  below along wlth its rclahve em~ssions reduction po~mt~al .  

Hvbrid Vebicla 

Hybrid vehicle technology is emerging in India. Hybnd vehicles hive abudy bccll 
commcrcialind in several developed countries. A hytaid vehicle is driven by a coabimtia~ of 
an internal combustion engine and electricity ~%ored in batteries. This system an o m  the 
inherent limitation of a storage battery in t m  of limited operating range. At the 9mc rime, thr 
engim can operate at a more optimum level. thereby increasing fuel c f i c ~ n c y  .Ild lowering 
emissions. While emissions data on various Hybnd vehicles varies, emission Rdurrjoo in the 
range of 20-SO0/. is generally reported. The internal combunion e n g m  can be pomrrcd by m of 
several types of fuels, including conventionaVclean luels. 

Technology Ovrwiew 

Hybrid t e c h l o g y  enables either the banay or intansl combustion mg~ne  to take up tk drive 
load depending upon vehicle speed or load. Two general operating systems arc bring w l i e d  in 
India. as below: 

System 1: 
The b a n q  is used to start the engine, but at low speed a switch is made to the mtand 
combustion engine. Electric power assists when peak power is required. Tbt intan81 
combustion engine operates in an optimally clficient mode and is used to chprgc the bamriu 
also. At low speed (in city lrdfiic). a hybnd an o p n t e  on banay pomrr. At hi* spaad, f a  
cruising, thc internal combustion engine as constant spmd intem.1 w d u d o n  engines, yicldmg 
higher efficiency. 

SpIem 2: 
The intarrpl combustion engine operates at optimal, consrant speed and is used to drivc a 
gemrator, which powm a motor to pmpel the vehicle. Dcpendtng upon power regu~rcmcna 
powm is taken either from the engine or from the banairs. Baneries arc charged by the engine 
and can also be charged from mains during overnight parking. 

Hybnd electric vehicles have many bcncficial chuaeteristia: lower m n i a r s .  easy to dnvc as 
there is m, clutch or gear s h R  regenerative braking can be used to charge tancries, full corquc is 
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available even at zero speed and fuel efficiency is high as the engine operates at optimum level. 
In addition, hybrid electric vehicles exhibit lower noise and vtbration characteristics compared to 
traditional technology vehicles. 

Status in India 

! 
Hybrid vehicles have been under development in India only since the year 2000. However, 
competitively priced hybrid vehicles produced by Honda and Toyota have been introduced 
internationally. A hybrid bus made by the Transteq Company in the US is being commercialized 

i and is in use. As part of a visit of officials from the MCH and Andhra Pradesh State government 
to the US, LBG organized a visit to the Transteq Company. Discussions were held with the 
company officials to determine if the vehicle could be demonstrated in India. However, its high 
capital cost precluded such a demonstration. 

Ashok Leyland is conducting trials on a prototype hybrid electric bus using a diesel engtne. The 
vehicle is fitted with a downsized 50 KW dtesel engine (against 80 KW output Engtne for 
conventional Bus) and 60 storage batteries. To date, a series of tests have been completed, but 
many more are required. This product may not be commercially available for several more years. 

(.  Therefore, it was not considered for the demonshation project. 

T V S  is testing a prototype 3-wheeler hybrid with the assistance of two technology partners from 

I 
the US, including the Owens Coming and Solectria Corporation. TVS has noted that this product 
may be commercially available within the next one to two years. 

Emission Reduction Potential 
i 

The following table summarizes emission reduction potential provided in related literahrre for 
various types of hybrid vehtcle technologies and companies 

I Ashok Leyland HEV Prototype Bus I Proiected at 20-30% overall I 

Hino Motors (Japan) HEV 3 10 HP 55 Seater 

Nissan HEV 

HEV Transit Bus Tested in New York 

NOx - 34%, CO - 10 to 15%, Smoke Density - 
50%' 

Overall emissions reduction of 30%' 

Overall emissions reduction of 30-35%~ 

Future Scenario 

TVS 3-Wheeler Prototype 

C While hybrid vehicles look promising, their future in India will depend upon how the products 
develop and perform, their price, Government policies and infrashuchrre availability. While 
discussions with TVS have already been held on the potential to link this technology with the 

i demonstration project, as of today, some uncertainty remains over the timefiame in which the 
technology is likely to be demonstrable in a tangible way. 

HC+NOx - 82%, CO - 42%, C02 - 28% 
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CNGILPG As Alterutivr Fmds 

CNG is available in che Krishna Godavan bann of Andhn Pndesh. Thc Gas Authority of bdu 
Ltd. (GAIL), along with HPCL and the A.P. Government, is setting up a joint ventam conprny 
for distribution of natunl gas (for use in residential, wmmrcial and m autotnotlvc simaCNG). 
autoLPG and piped gas in Hydenbad and othcr cities in Andlua Pradesh. To dau. CNG i s  na 
available in Hyderabad. In the Spnng of 2001. thc A.P. State Government had annomd b t  
CNG would be available in Hydcrabad by thc end of 2001. Howeber. as of Spnng 2002. the 
requisite inhasmcture to bring CNG to Hyderabad had not been constructed .As of today. it is 
uncertain w h  CNG may be available. The cxpcriermc in Delhi with conversaon to CNG has 
been cause for hesitation by other municipalities to initiate slmalar programs. 

LPG is also being pursued by the central government for use in automobiles and the 011 
companies have already started xning up LPG dispensing unlu in ind~\.ldual locatnns 
throughout India. GAIL is setting up a 600 bn LPG pipeline from V~sakhDpamun to Hydcnbd  
Recently, a private sector company has also revealed plans to put up two LPG d~spauing sations 
in Hyderabad. LPG looks to be a more concrete alternate fuel pmsibilary in the shat-tum 
Howeva, swr uncerrainty remains over its availability in sufficient volume to suppat i h  
widespread use in che transport sector. 

While thae are several plans in place for establishing infnshucture for dispensing of CNGiLPG 
the achlal availability of t h e  fuels will be depmdent on a number of as of yet lmcatlin fuel 
policy, economic and technical issues. 

To proti& some undmtanding of the relative emissions reduction polcnbal of CNG and LPG. 
emissions for various vehicles is ammarid m the following toble: 
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Summary of Traffic Surveys for the Demonstration Project 

The surveys for delays to vehicles were carried out at 5 ~ntersections and a total of 16 approaches. 

f The vehicle fleet was divided into 7 categories and almost 10,000 observations were recorded at 
the 16 approaches. The data was summanzed and a further analysis was undertaken by the 
project team. The data will be used in three ways namely: 

a) Intersection Approach Delavs. The data is grouped by individual intersections and 
approaches. Some intersections (notably Somajiguda) have very little delays 
(between 5 and 13 seconds); others (notably Panjagutta) have significant delays 
(mostly in excess of 80 seconds). The largest delay experienced by traffic in the area 
occurs at the northbound approach to Panjagutta intersection where the average delay 
is 85 seconds. 

b) Throueh Routing Delavs. In this assessment, the analyst can identify the cumulative 
delays which vehicles occur as they pass through the group of intersections forming 
the demonstration study area. As examples of this, two routes have been selected as 
follows. A vehicle traveling from Khairatabad to High School intersection on the 
national highway would experience delays at the approaches to the intersections at 
KCP (36), Panjagutta (85") and Ameerpet (45") amounting to 2% minutes in total. 
The second example takes a vehicle traveling behveen the Airport and High School 
Intersection and would experience an intersection approach delay of over 1% 
minutes. 

c) Vehicle T w e  Delavs. Average delays by vehicle type indicate that HGVs stand out 
as being considerably more subject to delay than other vehicles. On average, HGVs 
wait for 70 seconds at each of the approaches compared with say, 43 seconds for a 
car. The overall average delay to all vehicles at all approaches is about 52 seconds. 

LINK COUNT SURVEYS 

1. The objectives of the link counts were to establish the details of the mix of traffic in the are 
according to each of the links in the selected network. There were counts taken at six locations 

( and the direction of travel at each was counted separately 

It is interesting to note that in almost all cases, the flows in the morning peak period are not as 
large as those in the off peak penod. The exception is the road behveen Ameerpet and 
Greenlands. Aside from this link, it is not unusual to find the off peak flows between 50% and 
100% higher than the 'peak' period. 

Typical 12 hour flows on the national highway are 74,900 vehicles per day (vpd) south of 
Panjagutta, rising to 86,415 vpd between Panjagutta and Ameerpet and dropping back again to 
73,500 nonh of Ameerpet. On the national highway there is a predominance of southbound 
traffic being about 55% of the total traffic in the corridor. 

i. 
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On the loop roads, traflic is similar and slightly higher than on thc nariaul highway. BeMcn 
Ameerpet and Greenlands, flows arc relatively low wiih 34,000 vpd. South of GRcnlmds 
intersection however, the flows a m n t  to 93,700 vpd o m  12 h. On the h e h  kg ofthe 
loop between Somajiguda and Panjagutta flows are masurcd at 61,500 Typical M y  
volumcs on these five main links are shorn in Table I below. 

KcgP 

P-A 

J S-P 1 3.000 I 
4 1 4,800 

1 0.63 

A 4  

G-S 

Thc values for V/C ntio appear to show that there arc no major diff~ulbcs m h s  ncrrat 
However, the main challenge in any urban area is to resolve congestion c a d  by mtaecmms. 
Link volumes seldom cause the congestion and this is indeed the uu in thrs area. 

a 

INTERSECTION TURNMG COLrNT SURVEYS 

4,800 

These surveys concentrate upon obtaining data periaining to how velucks mow rhrargh thc fiu 
main intersections in the Demonstration Project area. Tht information au collected for the same 
seven vehicle typcs as for the link counts and for two 2-hour pcriods (07.00 to 09.00 and 10.00 to 
12.00). The sweys contractor summarid the data for each time pcriod and llso probidrd 
values for hons in pcus/hr. 

1.3W 1 2 2,000 0 65 , 

Thc data will be d to provide concepts for miS+d intmccbon design both for the uisting 
conditions and for future conditions afler the new mffic circulation systems have been put m 
place. In the example provided the analyst may see the main flows moving h g h  the Amapct 
intersection during the 2 h o w  period between 07.00 and 09.00. Some intacntng points lo m e  
are: 

4 

5.300 

. The ~h volumes from the west arc numaically vay d l  but rmlrc quite 8 

lvgc difference to the effrcicncy of thc intaoection. h m y  be best to eliminate lhcsc 
movcmnts or at least remove the h u g b  d right hrms from this appoach . By far the most prominent movements arc the through movements from north to 
south (1.400 pcus/hr) and vice msa (1200 pc&). k sig~fi- of ttur is h t  
with a 2% minute cycle time (=24 gncn phases) cherr is a need to get almost 60 
vehicles h g h  the junction in both dhxtiom on che green time amilabk. . k s e c o n d m 0 ~ l i ~ t m o v m r n t i s t h e h r m b c p r ; e c n t h e n o n h a n d i h c a n  
(High School to Gmmlaods). In the morning this amnmts to 500 pcurhr and risa to 
MW) pcwlu in the off peak time. Tht rebrrst him (a nght turn) fmm Greatlands to 
High School is also significant and of similar volwne. . Other movements are relatively minor and could be a c c ~ t e d  with rcviscd 
layouls. 

4.800 1 100 1 
I 

I 
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Traffic Management Improvements for the NH 9 Corridor 
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Traffic Management Improvements 
for the NH 9 Corridor 

The e~ght figures on the following pages each rcprrsolt a segment of the NH 9 c r m h  horn 
Khalnthabad to ESI Each illustrates the types of impro\ernents that arc planned u~thln the 
respect~vc road vgment 

Red marlong on the edge of a comdor lndrcates that road w~dcnlng 1s needed Dark mi cross 
hatched arcas at h c  edge of thc mdway rndlcata that pavement 1s rrqulrcd Other 
Improvemenu am noted as upropnscd" Some of the fine dctarl 1s lost ~n thcsc graplucs The 
MCH can be consulted for further details 
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Model Policy for Control and 
Administration of Parking 
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Model Policy for Control and 
Administration of Parking 

This ronsuhtivc document is pduccd by the Mylicip.lily of the Cicy of H p b . W  in 
order lo begin thepmrcss ofproviding oparhing'conhdB~ow. 11 vill k f k  srLjMef m 
consullation process in which public opinion will k cumcud u d  the pol* rcfLvl .I 
mul l  of m C o n s ~ R .  

Whereas, mobility is a pr-requisite of dcvelopmcnt and in urban amas this mobiliry o h  
means travel by car or taxi (or rickshaw in the case of Hydmbad) with ensuing magcaiar 
It is too easy to say "ban the whckshaw" in ordu to resolve the congabion r s s r .  But this 
pdubition will also conmain development if thac is no aitcmative provided. 

Whereas, tbe unmnh.olled use of vehicles in cities is a major cause of congestion ad chogcr. 
The problem also extends to stationary vehicles, which may also contribute to cnngeshon 
coupled with a large use of anilablc space especially in the urban centres. Jtus use of- 
for parhng is not only inefficient i t  is also poor economics in terms of land rmnagammL 
The n o m l  mamm of regulating and conboiling the use of such land and actiriba is via a 
parhng policy. These policies are common pactiv in most urban ucu. Cmvmwnrlfy. tbe 
following are the main pnposcs for a c t i n g  such politics: 

a) The Reduction of Cooption. PnrLing of vehicles on main roods will rahpe he 
road width available f a  moving b~hicles rrsulting in lass of cspocity ad delays. 
This is an economic disbenefit due to t i m  loses, wear and tcu m brhicks aod 
a d d i h l  fiscl burning1. 

b) The Improvement of Safety. Badly parked vehicles are a major cause of dmgaous 
m v m  h m  vehicles and injuries to M a n s  result due to the intanphon of 
lhcir sight lines. 

C) The hpmvcmcnt of Access for Emergency Vehicks. Om of thc hma of aay 
municipality is to provide for emergency vehicle services (Fire, Police, AmbuLoDcr 
for example). If chcsc vehicles are not able to perform chcir duties becurse 1&ir 
aeccsm am OM by badly @ed vehicles, dcsbuctioo of pmpmy a he 
escalation of thc severity of accidents due to delayed m d r d  help could be the result. 

I n  his  doamem. the nwd 'Parking' is used to mean the o n  of 1- o d e l e  wnaadad e i h a  ol- 
sfreef or off-sueu N makes a dininnion brwn 'parking' ond 'wui-' in whuh loaa cnu. the dnm 
r-inr by his whirle ready U, mow B i f n d  arise. ' I k e  u nlro a dirtircbon d c  d 'londua ad 
~nland in~ '  in which deli& nhiclrs &y br pmincd to roll &&tpnjbming dr badmg &nd 

For rhu reason as d l .  it is o / i n t m  fa this G H G p j d  sinre more &iolt vchirlr a m -  dl 
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d) The Improvement of Public Transport Operat~ons. It is clear that public transport 
will be affected along with other road users if vehicles are not properly parked. In 
fact, due to their lesser ability to manoeuvre, public transport vehicles are usually 
affected for more than cars. 

e) The Reduction of Expenditure on Footpath Repair. The parking of vehicles on 
footpaths causes damage to these surfaces since they are constructed primarily for 
light weights. The heavy loads from cars and especially from hucks will cause large 
amounts of damage necessitating large capital outlays to maintain. 

f )  The Production of a Cleaner Environment. Smoother traffic flows reduce fuel 
consumption and hence GHG emissions. In addition, there is an adverse visual 
impact of haphazard parking. 

In consideration of these factors and in the interests of all members of thepublic, therefore the 
Municipality of the City of Hyderabad has enacted this policy to control tlre use andparking of 
motor vehicIes within the cily limits. 

I .  The responsibility for canying out the policy and its management will be.divided 
between the Local Authority and the Police. The general public will also be required 
to adopt its own responsibilities in ensuring that the rules laid down in the policy are 
obeyed. The primary division of responsibilities between the Local Authority and the 
Police are laid down &low in clauses 2 and 3. 

RESPONSIBILITIES OF THE LOCAL AUTHORITY 

2. In this context the Local Authority is the Municipality of the City of Hyderabad (now 
referred to as "The City'). The City as a representative of the people is empowered 
to enact such rules and regulations as it see fit to protect the safety and the quality of 
life of its residents. As a result therefore the city will undertake the responsibility in 
this connection for the following aspects: 

2.1 Establishment of Standards. The City has provided standards to govern the size 
of parking bays for cars, auto-rickshaws and Heavy Goods Vehicles (HGV) both 
on-street and off-street. All areas designated for such parking use will be laid out 
In accordance w ~ t h  these standards unless special circumstances prevail. The 
standards are also written to conh.01 the provision of private parking within the 
curtilage of new and old buildings and developments. 

2.2 Placement of Parking Spaces. The City will designate areas on and off the street. 
These areas w ~ l l  designate where the parking of vehicles is permitted and where 
parking is prohibited. Spaces and prohibitions will be clearly and visibly marked 
in a consistent manner. The markings will be a combination of on-lane painted 
information, kerbside pain markings and pole-mounted signs. 

2.3 Bus Stop Locations. The City will identify (with due consultation) the correct 
location for bus stops and will so designate the space accordingly. The parking 
ofvehicles in these spaces will be prohibited. 
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2.4 Pedestrian Crossings. The City will identify the locations for pdmria 
crossings and will designate areas adjacent to these crossings where pulung is 
pmhibited at all times. 

2.5 Off-Slrect Car Pads. The City will control off-street parking md ail1 cmct a 
coordinated pricing policy for the proper control of Lhcv spwa. Spaces mll be 
designated for overnight HGV parking which will be 111 a d  ~ p a r i s e d  if 
nccssary. 

2.6 Specifically Designated Bays. The City w11 designate a xncs  of perking hys, 
which will be identified for specific ux. These specific uses include: Khmbkd 
Persons, Doctors. Diplomats. Residents and their uses and replattons uill be 
described further in clauses IS to 18 below. 

2.7 Taxi and Auto Rickshaw Ranks. The City will identify the most appropate 
locations for waiting arcas for Taxis. Ricksha-us and Aulo R~ckshaws. Thev 
will be placed in locations convenient to major uses such as Hosp~tals, Itall and 
Bus Stations. Government Buildings and Sports Facilttia. The Ctty m y  hm, 
time to time designate such areas to be designated for preferred \-hicks such as 
those which have converted to operate with clean k l s .  

3. In this context the Police auIhority is the Municipal Police Dqmmmt  of thc City of 
H y h M .  The Police arc charged ailh maintaining public order and as such the 
enforcement of laws and regulations pertaining to traffic is within their dornain. As a 
result, the Police will be responsible for enforcing the regulations anocmd wlh 
pahng in the city. T k  followng more specific tasks will be within the domau, of 
the Police. 

3.1 Patrolling Parking Arcas. Thcrt must be a noticabk prrrcoce oo the slmu of 
thosc msponsiilc for law enforcarwnt In fact (see c l a w  X below) nnny ofthe 
duties can be delegated to trained personnel (e.g. T n f i c  Wardens) acting on 
behalf of the Police without the need to uoc trained Police Offrcas. 

3.2 Eiuuring that Parhng Spaces arc correctly used. In the vl~tial dngcs of thc ocu 
parking control rheme. them will need to be a period of education and thc Police 
will take a kading role in this activity. At first the Police will adop a mk of 
assistance and will inrtnrt people wbae m park m d  whae not to park Owe tbc 
scheme is well established their role will be one of regulation md more dims 
action to h d c  m g f u l  parhng. 

3.3 Removal of Ohsbuctions. Where there is ~ n s ~ f c p ( l b k  prbg the PdKt .ail1 
be responsible for removal of whicles obsbucting the highway or the footpath 

3.4 Issuing and Collecting Summonses. 'Ihc Police arc he only aulhaity 
cmpawcd to issue sunmmns for transgressing the rrgultions. Whcrr pulnng 
privileges arc exceeded. the Police will issue a summom in accordance a?& the 
City By-laax and will enforce the procedures to collcc~ the appropriate fines (scc 
also c l a w  23 below). 
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PARKINGSUPPLY AND DEMAND 

4. The control of parking is a powerful tool for managing the demand for travel. This is 
especially important in the City central area and regional commercial centers such as 
PanjaguttaJAmeerpet. The parking activity is the destination end of a trip and control 
of this may be in two main ways. If either or both of these aspects are changed so 
will the numbers of trips into the denser commercial centers. 

4.1 Price. The City will establish the fees to be paid for parking. These charges will 
vary according to location, time of stay and time of day. The charges will be 
adjusted to deter parking at certain times such as peak periods making the prices 
'preventative' except for essential journeys. 

4.2 Space Numbers. The actual numbers of spaces will clearly control the number of 
vehicles that may physically park in an area. As the supply is altered so will the 
number of vehicles able to access to the area under parking policy control. 

5. The City will establish a series of 'Controlled Parking Zones' in the various 
commercial centres in the City. Within these centres, the City will provide a specific 
set of regulations within its overall policy for parking provision and regulation. The 
rules for each individual centre will employ the basic approach established by this 
By-law. 

TYPES OF PARKING 

6. The parking provision will vary according to the needs of the residents and the 
commercial operations. The provision will be divided according to the rules 
established by the City and will include provision for the types of parking described 
below in Clauses 7 to 14. 

SHORT TERM v LONG TERM PARKING 

7. A major differentiation within the parking policy is made to distinguish between the 
length of time of parking and its associated location. The City has adopted a policy 
of specifying Short Term Parking as being up to 2 hours in duration, with Long Tern 
Parking being any duration in excess of this time. 

8. The Clty has further decided that short-term parking shall take place on the street and 
long term parking shall take place off the street. 

On-street, short-term spaces will be designated in accordance with the standard dimensions of 
parking bays and will be located at the kerbside so as to be convenient to shopping 
and other major traffic attractors. Use of the spaces will be controlled by means of 
payment systems which themselves will be used to control the time of parhng. The 
City has considered the use of a number of different systems for this pricing control 
and will identify and install the most appropriate for each separate circumstance. The 
methods so far considered have included the following techniques9 and, in the present 
experimental project has adopted a permit system pending further use. 

The options for such control sysrems will be specifled lo comply with fhe most efficient for each sef of 
circumstances I n  the analysis of which is the best sysfem, the Cify has tden  into account, the cost of 
provision of equipment (e.g. Parking Mefers, Pay & Display Machines or Permits). I t  is also to be noted 
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a) Parking Metres - these are available from many anmwdd sarces 
using a simple clockwork and microchip mechanism. They re- 
regular maintenance and the cash needs to be cdleded on a ddly 
basis. They can be environmentalty obtrusive and are not cheap Lo 

, obtain and install. They are also more d i i i l t  to adjust in space tenns if 
the locations change since each meter is specific to a singie space. 

b) Pay and Display Machines - like metres. these machines are aMibMe 
from many commercial sources using a microchip mechanism. They 
use little electricity and can be supplied by mains elecbxity or by soh 
panels. They require less maintenance than metres and the cash needs 
to be collected regularly but not on a daily basis There is a need for 
fewer machines since one t i i e t  dispenser can control many spaces As 
a result. if spaces are altered there is no need to re-organise the Wtet 
d i i n s e r  itself. 

9. Areas for off-street, long-term parking will be identified md designaded by the City. 
nKsc areas will include at-grade pvhng lots and multi-storey car pulr mucbncs 
Payment control at these spaces will be by automatic or semi-automatic - with 
the fas graduated on a sliding scale according to the tim spa11 in the space. 

OTHER FORMS OF SPACE PROVISION 

c) Area-wide Permits - these systems do not require any metres m the 
street w kerbside. The basis of this system is that idiuiduds w i l  
purchase a permit to park in a specific area (e.g. Pmuttd-) I 

10. In addition to designation of spaces for short tam ursp at the kerbside. the C~ty =ill 
identify and allocate a number of spaces for other pwpmcs. 

and will them be permitted to park in the desig~ted spaces for up Lo the 
allded time. llie advantage of this method is its low msl (no actual 
roadside machines are required) and its high degree d RenbJity. At a 

I I. Spaces will be allocated at the .ppopriatc locations for the use by Diflonutic ars 
bePringanappmsdCDstidra. 

i 

12. Resident Permits will be allmted to those pasons wbo apply to tbe City o f l ks  rad 
who arc able to substantiate that they arc a mident of the area fa ahkh they am 
applying for a permit. Although all bona fide midents rmy obtain a pamil, thc City 
docs not mcsSanly guarantoc that a space will be provided for every pamit id. 

time of experimentation and d e w m e n t  of an idea, this system wil be 
used initially and may be repbced as time passes. 

13. Disabkd Spms will be allocated at certain convenient loutiom. T I  spra wit1 
be propcrfy designated and will have lane markings and pole mounted signs. 'Their 
use will be restricted to p e ~ n s  who have been allouted a parmt md wbo d1spl.y a 
'disabled sticker' on their vehicle's w+mkccn .  
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PROHIBITION OF PARKING 

14. The City will, from time to time, designate some areas where parking is prohibited. 
These prohibitions may be permanent or they may be on a time specific basis (e.g. 
during the business day). Typical zones where parking will be prohibited are listed 
below: 

a) Bus Only Lanes - properly destgnated lanes for public transport vehicles will be 
provided by the City on some main arteries. These lanes will be clearly marked 
as such and parking will be prohibited either totally or for specific hours of the 
day. 

b) School Enhance Zones - the entrances and exits from schools will be marked at 
the kerbside and parking will be prohibited durlng school hours. 

c) Pedestrian Crossing Zones - either side of pedestrian crossings areas will be 
designated wherc parking will be prohibited at all times. 

d) Suspended Bays -from time to time, the City will have the need to suspend a 
parking bay and will post a note to this effect. The reasons for this suspension 
could be for example, for unusual loading say for a furniture monng or for 
conshction. Persons wishing to have a bay suspended will be required lo apply 
to the City for such suspensions and may be required to pay a fee. 

SIGNS AND MARKINGS 

15. The City will be responsible for providing clear signing to identify the type of 
parking control. Thc designations will be by a combination of on-lane markings and 
pole mounted signs. A convention has been established by the City and comprises 
the following types of markings. 

a) On-lane markings to designate times of parking. These will be by 
the use  of yellow lines painted in or near the gutter. Single yellow 
lines designate stretches of road where parking is prohibited during 
the business day (for example 07 00 to 79.00) afler which parking is 
permitted. Double yellow lines designate a reas  where parking will 
be prohibited for 24 hours. 

b) On-kerb markings to designate loading and unloading times. These 
are typically by lines drawn on the top of the kerb and will designate 
during which hours it is possible to undertake deliveries or 
r.oller.tions 

I 
--  - -  - - 

C )  Post-mounted signs to designate the regulations applying to vanous 
reslrlct~ons Tnese slgns will speclfy tlmes when parklng IS permitted I 
or prohibited, days when restrictions apply and  the users who are 
legitimately permitted to use  the bays. 

ENFORCEMENT AND PENALTIES 

16. The Parking Policy has been enacted by the Counc~l of the City and has come into 
law according to By-law This By-law empowers the Police to enforce the 
regulations contalncd within the clauses and the Police will exercise their powers to 
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enforce lhcs rules. F'rimuily, this enforcement is a twofold poaa. F i d y  the 
Police will ensure that the parking spaces arc sued cometly by monitoring (see 
clause 21 below) thc use of the spaces throughout thc day. Saondly. the P o l k  will 
issue summonses to pcnons who violate thc regulations and who wII be ams~dacd 
to be illegally puked. 

17 The Police and the City will h i n  md employ persons as Parking Wordens who wll 
monitor thc space usage on behalf of the Police They wll be insmmnd to i a u  

parkmg nolation notrces and to record the ruson for the vlolatron and chc hmc and 
locat~on These vlolatton notices wll lhen be acted upon by thc P o l ~ e  who m y  
issue a sunrmons to the owner of thc tchiclc rncumng ihc wolatton 

I8 When a nolatton is recorded, and if thc vehicle e puked such that a snow w & ~  
occun the P h g  Wardm mil consult the Poltcc who may ihcn dcctde to 
immobilize the vehicle. thcreby forctng the dnm to incw a more scbrre penalp or 
the Police m y  authonse thc vehicle to be towed away 

19. The costs of penalties will be wt such that early paymalt will Incur kss of a fine than 
if a payment were to be delayed. 

20. The setting of tariffs for parkmg has baa, cakuhted in ada to w r u  he com of 
. . 

adrmrustntion and operation of the system. The ccars paid by mo~orists for puhng 
are determined from atimata of hnnovcr and usage md will be adjdluaad at thc ad 
of each year according to revenue mcivcd .nd expenditures i n c d .  It is not 
policy of thc City administration to penaliw m o t o r i ~  to the point where thc price for 
parhng exceeds the costs of thc conuol 

PUBLICITY AND FURTHER CONSULTATION 

21. The City has pmduced a numbcr of leaflets dcscriiing the policy and its dchilc. 
These arc availabk for blic use and can be obtained at chc o R i  of tbr City 
Administration at The gnmal public arc -@YI to 
consult these leaflets and to rcqmnd with thcir views. 

22. With this Parhng Policy, the City is embalring on a new stn~cgy to p v i &  ravicc 
and orgmbtion to he popk of Hydcnbd Ihe City m v i h  all readaPs md 
visitors to cnpss any complaints abwt this policy and its o p t i o n  to thc address 
provided below. 

Signed lhis day 
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Flow Chart for New Computerized Emission 
Test Center 
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Annex 5A-1 

Flow Chart for New Computerized Emission Test Center 

Entcr the Vchnck h a  lAnrmurc I I 

I I \~m"z&q 1 

I DISPLAY "l'mbc has 

i not b a n  m e d  
poprly- 
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Annex 6A-1 

Electric Vehicle Costs and RevenueslProfit and Loss 

Eeonomies of the Mahindra & Mahindra 3-Wheeler (7 Seats) 

Owner's economics : earnings Rs.4,000 (on 2 shiftsll45 kms. Basls) per month 
Owner driven : earnings Rs.7,000 per month 
Dealer's economics : IRR 35 to 45% 

Charging economics 

- without batteries leasing : IRR 30% 
- with batteries leasing IRR 50 to 55% 

Owner Economics 

o Cost of vehicle (with 2 sets of battery): 
o Warehouse net dealer price 2,46,144 
o On road price 3,57,M)O 
o (inclusive of all taxes, duties, octroi) 
0 On road vehicle price with charger 3,81,000 

Monthly revenue (on 10 vehicles): 2,60.000 
@ Rs.1.000 per day per vehicle 

Montblv expenses: (In Rs.) 

a. Electricity charges 
(15 units x 2 x 10 x Rs.7.2 x 26 days) 56,000 

b. Drivers wages (Rs.3,000 x 10): 30,000 
c. Maintenance (Rs.500 x 10): 5,000 
d. Rent : 10,000 
e. Manpower: 7,000 
f. Emi for 4 years scheme (Rs.l1000x10): 1.10.000 
Total monthly expenses: Its. 2,18,000 

Monthly net ineome: Rs. 42,000 

Compared to the cost of gasoline, charging the Bijlee is very reasonable. When recharging an 
electric vehicle overnight, as most EV users do, it costs about = Rs.1501- a charge that will run 
80-90 l a .  or 50 ps. per person, per idlometer. 
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Profit and Loss Account for a M&M Battcrv Cbarrime Facilitv Ilr h 1  

Y n r a l  V a r 0 2  Y a r U  V a r U  Year= 
charging 1- 17.55 1755 17.55 17.55 1755 

B.nq mml i m  

7 d  17.55 17 5 5  17.55 1755 175s 

E x p u s  
Renfrk 1 SO I .so 1.50 I 5 0  150 
Wria 1 20 1 2 0  1.20 1.20 I - 2  
Admnnsmrton Cost 0.30 0 30 0.30 0 )0 0 3 0  
Power Cost I 0  53 10 53 10.53 10 51 10.53 
Main lmna Coa 0 U 0.23 0.23 0 13 023 

Cmrurmbkr rot charging 0.47 0 4 7  0 4 7  0 4 7  047 

1-1 14.23 14.2 I 4  U 1423 11 23 

MI BCfm Deducting I- T u a  3 32 3.32 3 3 2  3 32 - 11: - 
Dcpcciaion on b l c r y  ud chuger 0 59 0.59 0 59 0 5 9  0 59 
R o l l  Bdat Inca Tax 2.73 2.73 273 2 73 273 
h f a  BCfm T u  2.73 273 2.73 273 173 

T u  0.73 0 87 0.97 IM 1-10 

3% 
Ron1 AAcr T u  2 00 1.86 1.76 1 68 16)  

Tax Wuk@ 

T u  Blnlr 5.69 
Opnhg E l a h ~ c  5.69 426  3.20 2 JO 1 110 
Tax dcpecidon I .42 1.07 0.80 0 6 0  0 45 
Closing b a l m  426  3.20 240 I .80 I 35 

(k*m 

CqiPl Lpcndltm 

-sy- 

Ekcvk Insallaim rosr & othcr rial & 0.38 

BnrrnT 0 3  
T m l w  fw loding 1 vnlolding O M  

Chygas corc - inilial 25 durgcn 5 0 0  

WCC m t a l  deposit 3.00 - 
T d  8.69 

L.1*rr 
OpWing osh flows 259 245 U S  1 2 7  121  

salvage V d w  3.w 
T d  259  245 235  227 511 

Namhflow (6 10) 2 45 U S  1 2 7  511 

IRR 30% 

-a mbyrd 8 69 
R m n  r C s p i ~ I  Eapklcd 31% 
Source: Malulundn & Malundn 
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Electric Vehicle Implementation and 
Information 
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Annex 6A-2 

Electric Vehicle Implementation Information 

Mabindm & Mahimdn Prowred Trumbe S o ~ w r l  tor D a l d  Drive- Ormcrs & 
Mecbaaisms 

A comprehensive mining p o g n m  1s rquired to be implemented among IIK uwrs md szn1.x 
providers so as to nm the system effectively. 

(A) Tnlnrog to ihc C0"pmy's 
people. (Training to he miners.) 

Ekc Engg. 
M@& E n g ~  
Baltay Mamgamt 
Dnvc Tnmmg 

(El) Training for he Dukr 
(I) Ekc. Tnining for Dala m.0 3 Lby WS. 
(2) M a h  Training for Dakr H.0 Sd. 5 Day WS. 
(3) Butery Mamgamrd Trniniag H.O.S6 Pbase- ll A 

for Dukr 
(4) Driver Training for Dealcr H.O. StT. 5 h y  WS. 

(C)  Tninian for Ihc Field P a s w  
~ S l d  Levcl 'mirung for M a w  
Fvld Level T n h q  f a  EEkc~ciam 

/ 
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Support  Structure for Battery Chareine Stations I EV 

PDI-Internal 

urers I - EV Manufact 

N charging, :qwns : E V # I  ... : :g$$ N:;:... 
Station 111 Sutim#N ... ~' 

::.:;~,,:%?.':.... .-.:.~.,, ..... . ,  . 

Bay Supemisor I 
Testing Person (full time) 1 
Electrician (free-lance) 1 
Mechanic (free-lance) 1 

(10) (1 O).. . . . ..... .... (10) (1) (1) 
Urgent 
field support.) 

-C 4 7  

Total  CST Personuel 4 

? 

Charging Bay Structure Nos. 

Supervisor I Owner 
Testing Person 
Electrician 
Mechanic 

Dealer Structure 

Total  personnel expect 4 

I 
Nus 

The above will be minimum "statutory" requirement per dealer. 
As more vehicles enter the market, the dealer would have to expand the structure 
Above is suitable up to 100 vehicles 

T 
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TVS Hybrid Electric Three-Wheeler 
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Annex 6A-3 

The TVS Hybrid Electric Three-Wheeler 

BACKGROUND 
The Indian Automotive Industry has been seeking answers to meet the impending stringent 
Government regulations on emission and develop new innovations to lead the way in establishing 
future standards in environment friendliness. The TVS Hybrid Electric Three-Wheeler meets 
Bharat I1 emission norms while combining the best benefits of fuel efficient IC engines as well as 
the latest electric powertrain technologies. 

The TVS Hybrid Electric Three-Wheeler is an environment friendly, fuel-efficient alternative to 
the current auto rickshaws for Indian cities. Once commercialized, it will serve as an ideal city 
commuter capable of carrying three to four passengers with flexible luggage room. 

Salient Features 
AfTordability - the hybrid electric three-wheeler vehicle has been developed witha target of low 
initial investment as well as low running costs. 

Initial price target of about Rs. 1,00,000/-. 
The fuel economy target is greater than 35 kmpl under Indian drive cycle. 
The vehicle will be a charge sustaining parallel hybrid propulsion system ensuring no 
additional battery recharging costs. 

Seating Capacity: This vehicle will be able to seat three 1 four passengers including driver with 
flexible luggage room. 

Light weight: The total payload weight will not exceed 300 Kg. The unladen weight of the 
vehicle excluding traction batteries will be about 310 Kg. 

Ergonomics: The vehicle has a steering wheel in place of a handle bar used in current 
autorickshaws. The problem of driver fatigue is eliminated to a very large extent with a steering 
wheel. 

Aesthetics: The production vehicle will have good fit and finish as well as an areodynamic 
styling. 

NVH: The vehicle has lower Noise, Vibration, and Harshness compared to the present day auto 
rickshaws ensuring that not only emission norms but also future noise regulations are met. 

Fuel tank: capacity of 7 likes, ensures longer time between refuelling. 

Drive System: To ensure that the propulsion system is charge sustaining, the following features 
are incorporated: 

Electric start and very low speed switchover to IC engine. 
Electric power-assist when vehicle demands peak power. 
Under normal operation, IC engine operates in a near-optimal mode to drive the 
vehicle and charge the batteries. 

, 
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hlax~mum speed the vehicle can attain on level ground at full load 1s 65 M while the nomd 
operating speed in the city w~l l  be between 5 and 45 la-&.. 

Technology: TVS has brought together and integrated suitable technologies, bofh local and 
international, to ensure a stale+f-the-art manufacttning platform. 

Body Panels: Thc vehicle will be manufactured uslng affordable, ltght weight V l e  
materials to control costs and weight, ensuring optimum fuel efficiency is .chmnl 
without compromise to passenger safely. W S  have collaborated wllh Owens Caning. a 
US multinational. to design and develop a composite body that ts 35% lighter than u1l 
conventional materials. Thc vehtcle is designed to have contemponry styling and a 
streamlined body with supcnor impact and collision strength, dent 8: comaton 
resistance. 

Sorpcrrion. A good suspenston that IS effcct~vc under poor quality lndlan d u n  roads, 
better than the suspenston In the exlstlng auto-mhhaws 1s deslgnd for l l s  veluck In 
addttlon, the vehtcle has adequate road cleuamc to handle potholes 

Engine: The engtnc has been developed in-house using c m t  technology wtb lo- 
exhaust ermss~ons and w ~ l l  be compliant w th  Bhant 11 em~sslon norms 

Baneria: Thm matntenancc fm Lead a c ~ d  hneries  manurrcturtd by an Indun 
supplier are used as the energy storage system due to econom~c reason.. 

A concept prototype of the hybnd thm-wheeler was sbowcavd at the 6. Auto Expo at Nrr 
Delhl m January 2002 and drew \cry large crowds The unique comblnatlon of cnnronmcnt 
hcndllness, e r g m m c s ,  advanced technolo@es and compehtlve pnce, pos~t~ons  the h > h d  
electnc three wheeler as ~ p c n o r  altematl\r to any other offmng m lu catcga) 
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Emissions Norms for PetrolIDiesel Vehicles 
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