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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 demonshation 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 demonshation 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 fourth report covers the sub-task CLIN 7C deliverable "Demo Project Documentation 
Submitted for Financing" under the reduction of GHG emissions from the transport sector to be 
completed per the transportation component of GEP-CCS. 

a. Selection of Hyderabad as Site for Dernonsh.ation Project 

The first report in the series entitled Selection of a City (May 2001) was prepared by a GEP-CCS 
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 (Bangalore, 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 demonsbation 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. 

b. Vehicle Technolog). Assessmenc/EmiFsions 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 kndperson from each. Also, it assessed 
environmentally sound vehicle technology options, emission levels resulting from using better 
technology and alternative fuel options (and the relative costs to users), and looked at vehicle 
management options that would reduce vehicle emissions. 

' The hvo reports: a) Selection ofo City, and b) Repon on Vehicle Emirrion Technolop, are available from USAlD on 
request. 
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11. Tbe Tbird Report: Eydcrabrd Demomstmtiom Project 

The Hyderabad demomtmtion project is designed to integac vehicle t cchmbgs  and ha& 
management interventions in order to snvc as a model for reducing GHG cmimons fmn 
vehicles and to promote new wnsportation intmmtions. The demomuation projcd afll 
incorporate new applications of existing technolopes and tmqorbtian managrmcnt 
interventions that could be replicated across India. 

Over hme, USAID suggested that thc scope of thc dcmonstrohm prqm a s ~ g n m n t  be rcfiad 
and llrnlted USAID re-~tcrated that thc purpose of the TA was to ldennfy a set o fophom lhat IS. 

traffic lntervenhons and t e c h l o g y  or vehicle management ophons. that are a would be 
available m the short-tcnq rclahvely low-cost and that could be managed a ~npkmcnled b) 
local authonnes The over-ndmgpqect desrgn consrderahons urn the obrlrr) of thepmjm to 
rmplemenied and rephurted In order to meet these dual goals and to wla proled formlabon. 
cn tma were developed and applied to ensure that thc maln factors wmc conndcred m thc f i ~ l  
project dmgn (see Table E-I) 

lnplerrmtlnon probable 
u~thu, OW-w .,ran m tbe sbon-term e 

~ntcwenttom aitbm tbe 
dlrcct control of local 
urplcmntlng autbonry or 
pntate sector agents 

1 pnonmed as bemg m Wely tote  d k  .nd rcpbabk 
I : 
I Tcchmloev andmd.or 6 x 1  /Tkooc-tavwturrfnmcdico~dthuts~bmloerrhrkand~ I 

~ntmentlom depc~dcm on star or MI p o h  a mgutamy i 
aubashKIpol~yorvduckremarraSrrrrmcrochdcdn~sm 
rrsur;lnce t h l  pol~cy or regulatory dcclsnms mndd bc appovtd lad 
p c w t  denmnsbaooo a i h  b e  1-2 tru mnfnm 

1 Relatively low initid -itaJ l casts 
1 

A key factor for facilinhq rrplication in & mmiqdh .  

Major capihl-mtcnsivc in~mtco* such as nnss blmn s y a m a .  bgc ; 
-tion infnsuucm projects. etc., cvcn ahen arpponrd - 
u c g i ~ n ~ a n p r i o r i r y s s ~ h y m ~ t t r l f y ~ - ~ r o m m ~ r m  1 
mourcc .od capxity conslnintf of mai ~odpn nmmqnhrn. i 

Comistcocy mth lapl Local amhexities were dremcd m m r  of iamraioms tbu 
lnnqwxt d dcvelopomt ~ o r ~ ~ ~ a r p p m t e d  lki c v m U  auapat or dodqmnt objmi\rr. 

armlabhr) 

GHGermss- redm 
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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 discretiona~y authority to implement interventions 
(andlor in partnership with the private sector). It was decided to drop alternative fuels from 
furfher 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 technolog~es 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 
Hydelabad 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 city 
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: 

a T r a m  Management 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 per lon travelled and the cleaner combustion of fuel. From the first effect, the total pollution 
load is reduced; from the second, the types 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 atmosphere. 

Seven interventions are proposed for demonstration: 

Treatment of road cross-sections - segregation of nonsompatible 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 pedestrian and driver control (separation of vehicle movements from vulnerable 
road users); 

Enhanced signing and information devices; 

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

Improved control of parldng to reduce traffic flow conflicts. 
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The following three interventions were propascd: 

i) Improved Em&dn.s 0eckimi.g Systems Offa significant rrducbons in d u c k  
emissions when a goal emission check and maintenance system is enforced. Tlus bpe of 
inno~ation is cost-effective as the preliminary vlframucture is already avatlabk. Sckcvd 
Pollution Under Conbvl (PUC) centers in and in the immediately vicinity of the pilot conidor 
would be upgraded with new quipment .such as 4-gas analy~crs complmucd and linked to a 
central database and fined with %idea technology to test and keep track of ducks uamincd (to 
he$ the local go~mmcnt  to track polluting vehicles). R t l iminq  estirmtcs that such a s)m 

and maintenance enforcement would reduce C02 emissions by approximately 2,363 tons per 

)-. 

ii) Electric v e k k  0 offer thc benefit of zrro tail pipe emissions. SL9M and s c t d  
Indian automobile manufacturers am collabonting on developing and mabbraming EVs. ailh 
parl~cular emphasis on three-wheelers, however lhis invention was not implemennbk in the shm 
term and it was decided not to include this as part of the pilot demo. 

iii) Rhof i t  of Ambassador ruz in the MCH fleet with new, lower e r n i s k m p n k m g  
engines. While this intervention seemed to oner a cost-effectiw solution to aging fkca gibm the 
conmaints on governmrnt purchases of new %vlucles. the rctro-fits prc shll c d y  per 
vehicle and retro-fits are not as effective on all models at rcducing emissions. The H ) h b a d  
municipality opted not to purme this intm.enhon. 

The maln body of h s  report, (4. report m the vehtcle msstons ma) thus. ts conpnscd of the 
poject document prcpaed for the fmancmg for the rrpea of the demo ptlot ahch pmnotcr 
tmproved checkmg of vehtcular enusstons In November. thc Hydcrabad Trsnspon Dcpamncnt 
declared that the PUC c e n m  an11 be computmzcd The timdtng for the PUC conparnt of the 
ptlot therefore, focuses on the operahonal aspccu of the tntervenbon Erublmg lnpovcd tcshng 
of vehtcular mss~ons, establtshmg standardtzcd opmbonal and testmg wftaarc 
design and nemahng the q p m e n t ,  upgradmg to four-gas analyzers, and uammg the cenm 
operators, are all key to h e  effechvo~ss of thc PUC colllpuunzanon. In &nm thc popoocd 
mtenentton mcludes the all-mporiant data gathmng aspect that wll be m b a l  m uackmg the 
results of the intavrnhons, cstabltdung a real-hmc database on mussloas hwn muse \rtuckr 
and m atdmg poltcy and plurmng d~scusnms ICM IO urtran health md bmspot~ 

The Municipality has already almost cornpktbd the pbyslal intcrvcntimr f a  tbe pilot amida 
accordmg to the demo project design in pxqmmtion for a f d  k h  of tbe emidor  m 2003. 
Under the GEPCCS urban uanspat initiatives, a s* of guidelines f a  mugnrmg rni5c 
management intmrotions into urban development plans has been prrpacd Designed to .nLt 
otha M a n  cities to adopt wrrsporution intmrntions to r u b e  urtran air pollution and GHG 
emissions, these Guidelines for hiastn PI- am now rady to disseminate m combrruhm 
aith various ouhrach activities. 
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C. Improved P01lut1'on Under Control Systems 

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 
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 
and policy will must exist to enact stringent enforcement actions to support the effectiveness of 
any PUC system. With an improved emissions checkmg system, a greater number of vehicles 
will be maintained to reduce emissions and improve fuel efficiency. 

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 C02 emissions could be 
achieved. For example, in Delhi, C02 would be reduced by a total of approximately 56,000 
tonslyear. 

i) PUC Cemijiftion and Process 

Under the PUC certification program, vehicles are checked with the engine idling (for gasoline 
engines), and with the engine rewing 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 mnning smoothly, the results are observed on the analyzer; 
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When results are mt wthin the stipllated rang, minor adjustments arc nrsde to the 
carburetor by the tester, if there are no nmjor p o b l e m  the emission d r r s  arc brwght 
uithin acceptable limits: 
A PLlC certificate and windxmn sticker arc genmted and handed to thc owom. 

The PUC system 1s simple and effcchve but its potenbal is not realized because of: 
Malprachce due to human intcrvcnhon; 
Inadequate prcceduzes due lo lack of proper training; 
No audit by independent authority: 
No tracking system or follow up of vehcles failing to meet norms. 

The inventions pmpobcd in he Section II document am designed to ddrtss thc abow 
recognized failings of he current PUC syjtem. 

ii) P&d.I Local Air Qm&v Ben& a d  Re&cd GHG E a i t d . u  

With assistance from the Oak Ridge Natiml Labontoly of the USA. SIAM condwd  an W 
program in NovembmKkember 1999 with phcipation by all 2-wheeler nnnufachnus along 
with the Indian Oil Company, ATMA, PCRA and TW in Delh. The objechvc of the program 
was to fmm a publicprivate pamenhip, generate tm data and implemmt an 1&M pogna 
Camps were held at 12 locations and 66,000 2-wheelm checked. 

All the vehcles were @led for tall p~pe msslons and some war also arbjecvd to h r l  
elliclency, opac~ty and mass-enusslon tests Most vehlclcs m I lo IS ycvs old 
Approx~mtely 7% of tested vehicles d ~ d  not meet the rcqu~s~te sundards but d ~ d  mm lhem after 
mmtenance. Under jdle. I&M lowered HC m s s ~ o n s  by some 40". and CO mssm b? abOUt 
3% and ralsed fuel efficiency by 10-2W/0 On fuel sabmgs a l m ,  lf such testmg and nmmtauurc 
were camed out on the enhre Delh fleet. fuel consumption would be &ed by 24 m l l m  llm 
per year and CO2 m s s ~ o n s  would be reduced by 56.000 tondycpr 

An anafys~s was also conducted by the Automohve Research Assocrnhon of M a  on a of 34 
vehcles urclud~ng 2-wheelem, 3-wheelen and passenger cam of ~ m o u s  ages. u h d y  w e .  
~nexpenstve lnalntenance such as cleanmg. nmlng. and adjuhng thc catnuem and lgnltan 
systems acheved a 60% reductlon m HC and CO msslons. and a 20% ~~~t m fuel 
Conswrphon 

It is pmpobcd to establish seven computeripd PUC emission tat ccnm within and n a r  cbc 
dcmonsbation area to o~crcomc deficiencies of the presa~t systnn and enable: 

Networking of thc wqula id  system to cnabk backing of vehicles and identify dehuhas 
(prcscnUy only 30% of vehicles undergo a pcriodic emission check); 
Facilitate regular commuoication with ~ehicle o a m ;  

Facilitate compilaticm, sorting and retrieval of collected data f a  analysis and pol-- 
formulation. 

Improved emissions checking b g h  upgnding exisling PUC c c n m  is b w c ~ a .  easily 
implemmtablc and replicable. and would form pan of an i&M progrdm to cnanr hat ail-p~pc 

CLIN 7: Rcducd Rate of Gmuzb of GHG brims fmm VchKkr 8 
Subrash '.C: Demonsmnon Pryerr Documenranon Submtnedfor Fmmamg 



emissions main within the specified limits during vehicle operations. Figure 5-1 oo the 
following page shows the basic components of an upgraded PUC center. 

iv) OpmrtionaIRequirements of Upgmded Computeriwd Test Centers 

Equipment: 
a Gas analyzer 

- Upgrade exl-g epulpment to convert 6om analog to d~g~tal slgnal 
- Set up new four-gas analyzer for phi vehrcles (wth a lambda sensor to check new 

passenger cars mth c l o d  Loop 3-way catalyst) 
- Opaaty mderwthtemp probe and RPMm '" ' ' . ' ' 

b Computtr wth slutable software and printer 
c Camera (a dlgtal web camera to photograph r 

Complaerhed PUC Embbu Tgt 
Cmter Schematie 

CompurcM Tat C 

VkwofEmbriw TgtCcntwm DdLi 

4 ~ h s ~ ~ m a y n a d ~ t a c n a b k c o m p ~ o f & e c h c r h o g v a o d t o ~  
~ r c s u l t s .  



v) PUC Emusion Rednrrion Potenhd in Hy&da& 

Data from an extensive study done by the SIAM on vetucles m Hydcrabad and other c ina  
showed that h g h  slmple 1&h4 pmmhes, local pollutants and GHG cmsslw could be 
reduced by sslgn~ficant amounts T k e  were ~ u r n a t e l y  1 I mlllon vehicles RglMCd m 
Hydcrabad in 2001 The CompoSlhOn of the vehnle fleet m 1999 (as per Mrnstry of Road 
Transpon in Hyderabad for all except buses and per the AP Transport Dcpvmrnt for buses) mas 
757.676 2-wheelers, 43,945 3-wheelers, 83.782 cars. 18.067 taxis and 5,996 buses 

Table 5-1 below shows reductions in tons per day ~su l t i ng  from m effective, city-wide PLC 
system where all vehicles in the city arc tested per existing emissicnu checking regulations Thc 
figures are based on several assumptions: I )  he1 cfficicncy vrprovcmcnt by doing mma 
maintenance is a b u t  20% as defined in the V T h  so C02 reduction 1s 20.k; 2) appxurpuly  
20% of all vehicles tested fail and q u i r e  maintenance; 3) the emisncnu lod factor f a  each 
category of vehicle as defined in tcmslday the VTA is multiplied by .2 x 2 = .J to arrirr at the 
emissions reductions shown. For example. the VTA notes the total C02 emissions M o n  for 
2-wheelen could be up to 39 tonsiday (total emissions horn 2 - w k l m  = 969 i d d a y  or %9 x 
.4 = 39) 

I .512 .I09 .46 I . I28 1 
.360 .074 ,007 ,024 ,007 

. .GQ7 -003 .006 1 ,011 1 -073 i 

I C02 3.87 ,091 .082 I 1.29 -9-0 'O 
scwcc SIAM 

Table 5-2 below ~ilustrates the rclahve m s n c n u  reducuw lhat could acfnr to rmplemcntaam 
of a 10-nahon uppded PUC system The ssarmptiw arc that 10% of the velucks m 
Hydcrabad arr tested and 2W? fail and require mamtmancc. Emission factors from the hcTA 
were utilized f a  thc reduction calculations. 
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vi) Computerization of Diesel Emission Checking System 

Following the development of the emission checking system for petrol engines, equipment 
manufachlrers 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. 
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d Emiuiou Lou3 ir the Demomdration Projed CorrUor 

Comprehensive data on polluhon loads m the demonsuahon c m d a  of NH 9 and m other areas 
of the ctty IS bemg generated over hme by the APPCB Thc APPCB has sel up a scncs of 
ambient a s  qualtty monttonng stahons rn the city and has m t l )  fompleIed a shrd?. of 
resprratory drug off-take as a proxy for lmdmtandmg the relab\= health ~mpacts of ~vhrmlar 
enusstons m target areas of the clty Table 2-2 on the follouing page deptcts show-s thc gmmd 
Iebel concentratrons of vanous pollutants at five monitoring stahons As can be ucn. I d  at ihc 
Panjagutta monttonng stabon arc qwtc hlgh. especrally pmculate levels (pombh. ouing to a 
htgh tolume of buses and relahtely, of transport vehclcs) Thc "PM" figwcs mflect the rrlarrtr 
stze of parmulate m n e r  measured in nucnms 

%le somewhat d~fficult to comlate the number of pabents reporhog 14 hmp~Pls near the 
monttonng stahons nlth %ehlcular enusslons causes, data generated by che APPCB h t e s  that 
the number of pahenls rcportlng to hospiIals tn the Paqagutta area is at 1- mu arms paler 
than any o k  area m which mon l tmg  is tahng place in combmanon wth dd~baul dam 
being g-led by the APF'CB, them 1s p w n g  endcnce that vducuhr erruam can be 
cornlaled wlh nsmg mcidences of health problems One may also assume that thc b d t h  roas 
assoctakd ~ 7 t h  those problerns is nstng as well, thovgh no data IS aballable to vcn@ thts 
assumphon. 

As noted previously, globally, the transport sector is estimted to contribute spproximteh. 25% 
of total GHG emissions, primarily in the form of CQ. Of grater significance is that upldaide. 
energy use is increasing faster in the t m q o r ~  sector than in any other sector and hacsr o f d l  m 
developing cormtria. Fmm 1980 to 1997. banspor(ation energy use and amud GHG 
emissions increased over 5% per year in Asia (excluding the f- SO* Union). COn/PFed 10 
1% growth in GHGs from all sectors worldwide (Pew Cco-. 2001) 

Growth of GHG emissions han tmqml  m Mia is considered to mina thc dnrmOc p w t h  
wend noted above. Support for this assumption is f d  m thc recrnl and projected U c d ~  in 
vehicle o d p  in major cities across Mia, where the populations of two--*heeler, lhre- 
wheeler, autos. tmqmt hucb and bum have doubled, tripled, quadrupled a mac o v a  thc past 
10-15 years. Rojectcd future growth rates m vehicle populationz xm equally is dmmabc. 
Vehick population p w t h  in the city of Hyderabad, che location selected for irnplcmcnting thc 
demonmation project, reflects this trrnd as will be discussed later. 
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m. 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 SOz and SPM are associated with increased 
mortality, morbidity & impaired pulmonary function, lead prevents haemoglobin 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 reported 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 portion 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. 

CARBON 
MONOXIDE 

(CO) 

SULPHUR 
OXIDES 

(SOX) 

Can affect the cardiovascular system exacerbating cardiovascular disease 
symptom, particularly angina, may also particularly affect fetuses, sickle cell 
anemia and young children. Can affect the central nervous system, impairing 
physical co-ordination, vision and judgment, creating nausea & headaches, 
reducing worker productivity and increasing discomfort. 

N m O G E N  
oxm~s 
( N h )  

PARTICULATE 
MATTER 
(SPM & 
RPM10) 

NOz can affect the respiratory system NO and NOz where they play a part in 
photochemical smog formation, may conhibute indirectly to increased 
susceptibility to infections, pulmonary disease, impairment of lung function 
&eye nose & throat infection. 

I 
Source. Houghron 6 

SO2 can affect lung function 

Fine particulate matter may be toxic or may cany toxic (including 
carcinogenic) hace substances, and can alter the inunune system. Fine 
particulates can penetrate deep into the respiratory system irritating lung 
tissue, causing long-term disorders. i 
Can cause brain damge, encephalopathy in children resulting in lower I.Q., 
death, hyperactivity & reduced ability to concentrate. 

I I 
Ifunar (1994) and n e  E c o ~ n r i c  Timer (1997) 
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SECTION 11. DEMONsraAllON PROJECT PROPOSAL FOR FLIYA..cI%G 

Estimates mdtcate that the growth of GHG enumons from lranpm m M a  rmrmn thc 
dramhc growth uend m msstons around the worid Suppon f a  ttus a 
found In the recent trends and fuhtre prqechons for vch~cle ownership in rmja cihes 
across Indra, where the populahons of hvo-whceler. three-wheeler, autos. nampm mrks 
and buses have doubled, tnpled, quadrupled or more over the past 15 y m  To slow thc 
growth rate of GHG musstons m w b  areas, it mll be necessary, thercforr. to explac 
and employ nnws lntervenhons for reduc~ng local GHG enusslons expected to anw 
from the U h c  increase m vehicle populahons and from the agtng of extshng \rluelcs 

One of the major obstacles in undcrslawlmg and moving towards resolving the probkm 
of high emissions of local pollutanb and GHGs is the lack of raw data. To date, that IS 

no study in India that meanors C G  emissions from in- \~hicles. This lack of &u 
results in the ana lps  of GHG emissions from vehicles being Mdueted pammmcally 
with -in broad level assumptions. 

As automotive technology progresses. new and irmovativc mcans am being &\rloprd IO 
rcduce harmful pollutants released from vehick emissions. GlobaIly. emisions mmls 
for in-use vehicles am an integnl pan of pollution conh-ol measums. As rra- 
technological conh-ols are adopted, it has become apparent that oldaness uchnologieally 
advanced andlor poorly maintained vehicles are a major source of cmisians. parmulady 
in developing countries. It is estimated that old vehicles constilute ovrr 60.; of the total 
on-road vehicle population. While older vehicles in poor mechanical emditim pose a 
particular concern for India. regular inspection and mamtenance O&f) can inpro\r 
performance levels and keep emissions under control. 

The GEPCCS project being implemented by the Global Enwmmnmt Team of The Louis 
Bcrger Group, Inc. for the USAIDhdia Mission provides technical rssistancc to di\rrsc 
Indian stakeholders to facilitate a shifi to a less GHG emission intensive kr lopmcnt  
path. One comp~lent of the GEPCCS project focuses on reducing thc rate of path of 
GHG emissions from \ ~ h c l e s .  As part of this eRort, GEPCCS, S M 1  and thc 
Municipality of Hydenbad. in partnmhip, have initiated a banqml v c t a  pilot that 
incorpotates a number of interventions designed to reduce thc rats of path of GHG 
emissions in both thc pilot corridor and the city. These interventions include. among 
o h m .  the: seg~~&on of mm-compatible vrhicle sbran~~; synchrunintim of m f i  
signals; pronsiun for par-transit parldog. t a tkd ipbon  of bus-sop; jmcbun 
improvement; streamlining of m m c  flows by improved sigmge; impro-t of ihc 
carriap way; and the pmvision of slip roads. In addition to thew tra& mgincmng and 
managcmeiit interventions; thc pilot includes a more efiicnt b u c k  mspectmn and 
maintenance system to be implemented h g h  the expansion, upgrade and buning of 
the vehicle inspection synem and PUC operators. 

The PUC system a expected to monttw musnon l ~ r l s  from muu \rhcles and n 
suppaled by pmvls~ons m the Cenbal Motor Vehicle Rules (CMVR). 1989. 
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The Society of Indian Automobile Manufacturers (SIAM), with assistance from 
LBGIGEP-CCS, proposes to undertake a research study in the city of Hyderabad, India 
for measurement of GHG emissions from in-use vehicles. As part of this study, the SIAM 
intends to introduce and improve the emissions checking system within a limited area 
(pilot project area) as a model, using the data gathered from the pilot to assess the impact 
of the pilot interventions on GHG emissions. As part of the research project, four gases, 
CO, C02, O2 and HC will be measured. Collection of this data will also aid in the creation 
of an emissions baseline for the transport sector in India. 

SIAM plays a very important role in India promoting sustainable development in the 
automotive industry by focusing on technology developments which address 
environmental and safety issues. SlAM also provides a channel of communication for the 
automotive industry to the Government and national and international organizations. 

This study will be implemented by utilizing the seven already existing Pollution Under 
Control (PUC) checking centers with the assistance of the Transport Department., a 
computer, a four gas analyzer, a web camera and an internet linkage at the seven centers 
to collect emission data of tested vehicles. Initially these seven, and progressively all of 
the remaining PUC checking centers in Hyderabad, would be networked to a centrally 
located computer under the control of Transport Department. The seven centers will be 
responsible for collecting the research data measurements for the above gases emitted 
from the tested vehicles. At the completion of each business day. the collected data would 
be uploaded and sent to the central computer. The central computer will be responsible 
for collecting data form the seven centers so tbat it can be processed/analyzed to generate 
local pollution estimates and link it to the GHG emissions from the transport sector by 
estimating the benefits in fuel consumption achieved by maintaining the vehicles 
reporting at the PUC Centers. 

This document was prepared to enable a funding institution to consider grant assistance 
for the proposed research study, which will collect critical emissions data and examine 
the correlation between emissions and effect of maintenance for reducing emissions in the 
transport sector. The document tbat follows provides a detailed explanation of the intent, 
methodology, expected results, capital and operating costs, proposed financing pattern 
necessary to conduct this research project. 
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One of the major hurdles in udmtanding the impact of h~nrporc rtivitics is thc kt of 
data on grrrnhouse gas (GHG) emissions from vehicles. The emission mevurcmrnt from 
vehicles is usually carried w t  from the pcrqxetive of the emissions of am potluancs. 
especially carbon monoxide (CO). While k s c  meawmmnts may cwren~ly suflicc f a  
local g o ~ r m m n t  authorities in controlling the local air quality, the impaa of use a 
increased transpat activities on GHG emissions is rarely ever known. A sndy b t  is abk 
to take ahantage of the PUC system to generaw aehial data from whicla of diffarnt 
types and vintages on Indian roads wll be exbcmely useful. A shdy &at is able to mke 
advantage of the PUC system to generate achml data on GHG emissions @runant?. CQ) 
'om vehicles of different rypcs and vintages on Indian roads will be e x m l y  useful In 
verifymg earlier assumphons. This sIudy will fill the cntical gap by collcctvlg the ma. 
data necessary to provide both a b c n c M  on cwrent emissions and mformatmn on IIK 
emcacy of c a m  mrmentions for improving the tmqorlation emissions pobkna m 
India. 

Data obtained from the study conducted by SIAM m vehicles in Hydcnbad can llso be 
utilized to demonstrate the effcctivcms of proecdurcs hat  can be inplcmcntcd by a 
systmtic. computerized municipaLhational incpcction and nnintanmt (I&hi) pogun 
to reduce emissions. In the p r o p d  computerized PUC certification pgrun (Annex A), 
vehicles will be checked with the engine idling (for gasoline engines). For vchicla that 
mcet the inscribed emissions requirements. a PUC cenifmte WII be i d .  

Noncompliant vehicles would be advised on the acrions needed m order to mm thc 
stipulated emissions levels. These tests will also be utilized to monitor tailpipe emisswxrs 
and high fuel consumption. 

ImprovemcnIs in the emission checking h g h  the mtroduction of a complterimi 
PUC checking system and the utilization of more sophisticated qlupncnt (i.e. the 
changeover from 2-gas to 4-gas analpx) mill  enable the PUC centas to conply aith 
existing as well as hIure vehicle emission noma and rcgulatirioos sn forth by the concancd 
regulatoty authority. Additionally IIUS project wl1 improve the envhnnbmtll mtcgnty. 
credibility and acceptance of the certification v e s s  and k b y  cnablrsh IIK d ~ ~ ~ r p l r n t  
needed for periodic maintenance and certification of in-use vehicles. 

primary O ~ J ~ C ~ W  of thls -h p J S t  IS to COucft ~ o m p r c h c n a ~  CllUSlOllS d.p 

rnfarnahon on GHG am pollutants hwn vehicla and to gcnaate r LtrbPs on cooodkd 
mspechon, systemam and regular mtmanct and monrtmng of out of mrrplunce 
vctucles Tlus  data wwld be anal* and used as tools f a  mkmg rwnsslry p o k y  
decinons 

Creation of a credible data bank f a  the emission pcrfommce of in-use *hicks. 
Suppor~ for policies hat promote sustainable urban arnrpaotion and effectr\r 
intenrntions 
SOPS for PUC m t m  
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IV. Implementing Organization 

Society ofIndian Automobile Manuficturers (SUM) 

The Society of Indian Automobile Manufacturers (SIAM), a registered society under the 
Indian Societies Act, was established in 1960 and currently represents 34 leading vehicle 
and vehicular engine manufachrrers. SIAM will be the implementing body for this 
research project. SIAM's principal focus is on technology development with an emphasis 
on addressing environmental and safety aspects of its member's products. SIAM plays a 
proactive role in all issues that promote the sustainable development of the automotive 
industry. SIAM has an important policy mandate, providing a channel of communication 
for the automobile industry to the Government, national and international organizations. 
The dissemination of information, therefore, is an integral part of SIAM's activities. 
SIAM employs publications, reports, seminars and conferences to deliver information and 
support its outreach initiatives. Biennially, SIAM organizes the Auto Expo series of Trade 
Fairs in cooperation with the Confederation of Indian Industry (CII) and Automotive 
Component Manufacturers Association of India (ACMA). Other initiatives include those 
focusing on technical, social, economic, and international events related to the automotive 
~ndustry. 

SIAM works proactively and in association with various international bodies and 
organizations on issues regarding technological improvements of the Indian automobile 
industry. More specifically, SIAM continuously interacts with various key Indian 
stakeholders on framing rules and regulations related to the automobile industry. SIAM's 
major technical focus includes: 

Supporting the development of new technologies in automobile industry. 
Aligning Indian standards with internationally accepted standards, with 
respect to emission and safety requirements. 
Promoting the use of alternative fuel vehicles. 
Conducting dialogue with the GO1 and implementing agencies on plans for 
introducing advanced technologies. 
Promoting research and development in the Indian automotive industry. 
Managing the emission of in-use vehicles. 

SIAM also plays a major role assisting GO1 ministries in formulating economic policies 
related to the automobile sector. In the past, SIAM has worked with the Ministries of 
Heavy Industries and Public Enterprises, Finance, Commerce and Industry, Environment 
and Forest, Road Transport and Highways. SlAM has played an important role in 
providing technical assistance on issues related to direct and indirect tax policy and 
procedures, trade (EXIM) policy, WTO matters and issues related to auto policy such as 
vehicle registration and other commercial issues. 

As part of SIAM's continuous efforts towards reducing vehicular pollution and 
improvement of the environment, they have organized a series of free inspection and 
maintenance camps for two, three and four wheelers in Bangalore, Chennai, Hyderabad, 
Kolkata, Mumbai and New Delhi in association with the Transport Departments of the 
respective states. SIAM has also been working with these six state governments to 
improve the existing emissions testing systems, and has introduced the concept of 
computerized emission test centers to address some of the deficiencies in the existing 
manual system. 
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V. Project Implememtatbm 

It is estimated that in H y h b a d  than 80% of orword vehicks ~ I C  in use and mm 
than mb of these vehcles are old and inefficient. Regular inspcetion and ~U~IMMCC of 
these vehicles is instmmmtal in improving their fuel efficiency, resulting in more 
efficient k t  consumplion, less pollution and the reduction of GHG emiaim from the 
tail pipe. Although intcrnatiaully, this is a generally ecccpccd prmrsc. there IS no lodir 
specific scientific data to knonmate the effezhvcness of these in ra~nhons  in Mia. 
With this pmpowd research pilot project at seven PUC centem in H y h W  crcdibk 
data can be generated on vehicular emissions. This information can then be used 
demonstrate how GHG emissions fium vhiclcs can be reduced through q u l a r  
inspection and maintenance as well as through technological unpo~rments in \rhule 
energy efficiency. 

This proposed study would q u i r e  ml~ol led  -h conditions and SOPS to be adopfcd 
by the management of the PUC c m t m  which are located m the tmqorl pilot candor. 
Accordingly, it is envisaged that the seven nmcol PUC cenlm aould bc u p g d d  to 
adhem to project sIan&rds. Under the technical assistance of SlAM PUC centers a d  
be trained. measurements would be conducted. and the collected data would be sent to the 
networked computer at the RTA where the data would be stored and analyzed. 

A. The Emission D.r. CoUcnion Phcas 

The proposed research project would generate data on v~hcular musstons at the wen 
PUC centm m the project area of H y h b a d  The centcrs would mcanm the m s n o n s  
of four gases CO. HC. Carbon thox~de (a) and Oxygen (01) from rhe exham of 
beh~cles bemg tested. The seven PUC centers parrtctpt~ng m the pmposed pm~ect mould 
conduct the measurements wing the @s analyzers and record the data m thew rcspsh\r 
computm Throughout the day, the PUC centers would collect the data and send it 
through the establ~shed network to a mam sen- at the complehon of each dr) The dah 
protocol at the networked computer at RTA ail1 decode the data and change $1 to a 
common database f m f  so as to store. rcmeve, a n a l p  and pnnt the mfomnon from 
different makes of gas analyzers 
In order to save cost of creatlng a new Internet Protocol address and dab space and otbcr 
related expenses, the wrver is proposed to be co-located wth the hvma Senwe 
Pronder (ISP) Thus, the system mll be capable of rccordtng muss~ons data from 
dtfferent types of veh~cles (two, h x  and foln wheelers, oucl.sibuus *r ) kvlng 
dtfferent years of manufachm The database softararc would then be capabk of plonmg 
the m s s ~ o n s  data of C@ and 4 agamst CO and HC CIIIISSIW Th~s  pm~ecl LS rnmmned 
to be conducted for at least s u  months to a ycn. thacofler SlAM and the Trmspat 
Department wll  conlmuc mth the eXpaunenD for longer durabons as Rqurrrd to assla 
researchers m gcneratmg vanous types of data. Tlus data wll be wed to plomng the COZ 
values agaurst the exlstmg local polluwts and the nomogmphs would be wed Io cshmr~ 
C@ fium other PUC Centers, wh~ch do nol have a 4Girs a n a m  

The ofthe popoxd plbl -h PIOJCCI aS f01loWS: 
Em&siom kt. - Collected for CO, HC, O2 & C Q  at each of the PUC c c n k  
Cu Aulnm u d  Com~mtrn witb R a l i d t c  SoRw8re - W l k d  m each of 
the seven PUC centm. 
A Ccm tnb Loatd Networked Collwter - Equtpped aith nnxss~ry 

database software to enable pceszmg of ermsstons data would be establlshcd at 
the transport Depamnent office 
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Vehicle Information - Logged information, such as make, year of manufacture, 
cubic capacity and type of engine as mandated by the State Government. 
The Central Cornouter Svstem - 'lransport Department would gather all data 
collected form the seven PllCs where 11 would be decoded based on the make of 
the gas analyzer and the information would be stored accordingly. 
Periodic Rewrts  - RTA would generate reports that would include periodic 
reports on vehicular emissions and normative charts that would enable other PUC 
centers or the RTA to gage the emissions of C02 from the readings of HC and 
co. 
Overation of the Stody - SLAM would work in conjunction with the Transport 
Department to develop the project. 

B. Research Project Pilot Area Selection 

A series of criteria were used to evaluate six cities chosen by SlAM as potentially the 
most appropriate for the demonstration 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 
research project could most successfully be achieved. Important key factors included the 
ability and willingness of the local government to support such a demonstration project; 
air quality and the availability of alternative fuels. During the selection process, it was 
discovered that the vehicle population growth statistics for the city of Hyderabad, were 
exceedingly concerning. Furthermore, upon discussions with the Municipal Corporation it 
appeared that Hyderabad was the most proactive and likely to actively support the 
demonstration project process. Hyderahad emerged as the preferred city for partnering on 
the demonstration project which would effectively demonstrate the identified 
interventions. This area covers the following sections of Hyderabad: 

Main traffic corridor between Khairatabad junction and ESI Hospital via 
Panjagutta and Ameerpet. 
The loop connecting Ameerpet to Panjagutta via Greenlands and Rajiv Statue 
Junctions. 
Raj Bhavan Road, which links Rajiv Statue Junction with Khairathabad, to the 
demo area. 

The above mentioned pilot project area includes residential, commercial, industrial 
neighborhoods. 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 
demonstntion area is approximately 4.5 km. The Greenlands loop includes the 
Greenlands and Rajiv Gandhi Statue junctions. 
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C. A Systematic Measuring Tool: Data Cotlection System 

The research data collected under this research program will be compiled from seven 
PUC centers located in the demonstration pilot conidor in Hyderabad. The centers will be 
linked to a central server located at the Internet Service Provider. Other PUC centers of 
the city would be brought into the networking system gradually. The data received from 
the individual PUC center each day would then be stored in the network server. This data 
would be accessed by a central control station computer located at the Transport 
Department office where it would be processed and analyzed periodically. 

The computerized networkmg system would be comprised of the following: 

Data Recordioe System - All parameters and video images of the vehicle 
captured will be stored as record in database in respective computer. This stored 
data will provide the basis for various reports. This subsystem would also be 
located at the seven PUC centers. 

Centralized Database - The data collected from different PUC centers would be 
uploaded into the MASTER DATABASE. The proposed Network procedure 
shall transmit the data from the individual PUC centers to the MASTER 
DATABASE on a daily basis through Internet connection. This would be located 
at the hired server space at ISP. 

Connectivitv to the Centralized Database - The Control stations at the 
Transport Deparbnent would also have access to the centralized database 
through secure Internet Protocol in order to download, process, generate reports 
and review the performance of the system periodically. This will help the 
authorities in preparing suitable policies in future. 

L 1 
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Schemat~c d~agram of ihc vanous blocks for the poposcd C a n p u t e n d  I'ktuahng 
System is shoan m Flgurc 2 

n o  tneaa a u a n e n ~  C. 

Figure 2: Schematic Diagram of the Various Blocks for Compltmzed W o r h n g  
System 

The computerind system at PUC centers would be located at thc existing emission test 
centers authorized by the State Govt. Thc c o m p u t d  emission check m t r r  would 
have enough space for maneuvering and parhng the whicla rrpomng for enussion 
checks. 

A cubicle of suitable sip is q u i d  for thc compltcr h d w n r  inchdmg a printa a d  
the gas anatyzcr. Thac also shall be sufficient  spa^^ for a trained upemtor to move tnadc 
die cabin. The cabin would be appropriately daigoad to protat thc system from hat 
dusl and water. II will also have thc n e w s q  power supply required for operating tht gas 
a n a l p x  and die cornpurer system. Outside the cabin a arb camma would be molmvd to 
cap- information such as h e  mgiSrdtion plate. 
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VI. GHG Emission Reduction Aspects 

Transportation is by far the most visible urban activity that leads to emission ofboth local 
air pollutants and greenhouse gases (GHG). P. R. shuWa7 et al identified the 
transportation sector as one of the seven priority areas for India with 60 Tglyr C 0 2  
emissions. It is estimated that the Indian transport sector contributes about 16% of the 
total GHG emissions. Another concern is that India has the highest vehicle growth rate of 
15% as compared to developed countries (0.4% - 4%). GHG emissions from 
transpmtation sector are mainly from vehicle tail pipes and mostly comprise carbon 
dioxide and nitrous oxide. Peculiarly, higher values of C02 may in fact indicate complete 
combustion in the vehicle engine, and it would therefore be more desirable to improve 
GHG emissions per kilometer. Lesser efficient vehicles indicate lower emissions of C02 
but higher values of other air pollutants such as carbon monoxide (CO) and un-burnt 
hydrocarbons (UHC). Worldwide the vehicular pollution control regulations stipulate 
measurement of these pollutants and the suspended particulate matter (SPM). 

The aim of Inspection and Maintenance (I&M) programs is to measure performance of 
on-road vehicles at regular intervals and suggest maintenance for vehicles failing the 
tests. Such programs have been introduced in many countries. In the U. S. the 
Environment Protection Agency (EPA) approves and keeps track of the state I&M 
programs. The proposed research study is based on expanding the scope of the standard 
I&M programs at the pilot corridor PUC centers to include the emissions of GHGs. 
Because it is not currently mandatory to measure emissions of GHGs from exhaust of 
vehicles, this study proposes to generate valuable data that can inform the policy and 
planning process to enable cleaner transport in Indian cities. 

As discussed earlier, the maintenance of vehicles will help in improving the combustion 
efficiency thereby giving higher mileage per liter of the fuel. This in turn will reduce the 
emission of CO and UHC and optimize emission of C02. Thus, the conditions inside the 
engrne of the vehicles would decide the emissions of pollutants. It has been observed that 
the norms for emissions of GHGs are not available in order to judge the performance of 
vehicles. The proposed study would help in collecting valuable data on these factors to 
establish a benchmark by which to measure improvement, and as the study continues, and 
data on the efficacy of the I & M interventions in the pilot corridor. This data will also 
assist in preparing charts of GHG emissions from different varieties and vintage vehicles. 

The exact proportion of vehicles that might fail the tests is not known due to the lack of 
data. SIAM has conducted few vehicle checking camps in select Indian cities including 
Hyderabad. Based on these studies it is observed that - 20% of the vehicles may fail the 
tests (i.e. not meet the CO and UHC limits.) According to Hanington and McConnell 
who studied the Arizona enhanced I&M database, the probability of failure of a vehicle 
depends on the age and is found to grow from 1.0% for new vehicles to 6.8% for a five- 
year-old vehicle and 19.8% for a 10-year-old vehicle. (Refer Figure 3). 

It is further assumed that the originally failing vehicles will meet the limits after they 
undergo suggested maintenance. This has been substantiated in the Arizona study, where 
the probability of a failed vehicle never passing was studied and found to be low. Thus, of 
the originally tested vehicles, the probability of vehicles that will never pass the test was 

7 Climate Change and India, Issues, Concerns and Opportunities, Ed. P. R. Shukla, Subodh S h a m ,  P 
Venkata Ramana, Tata McGraw Hill, October 2002 
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1 6% (0 01% for new to 5 5% for a ten year old vehclc) Thus, it can be nasaubh. 
concluded that the mlhally fa~lmg vehlcles ~ l l l  meet the m r g m s  post mpmtmmx. 

Figwe 3: Probabibly of Fdmre of VeUeks 

RcE Harriogtoa W; McComrll V. D, Cost md Car Rcpir: Wbo ShaJd be R q m s i b k  fa 
. . 

Ermsrnom of Vch~les in Use? From E&M F a m e  by K. lolm Holmcs md R I. Cimmc July 
2002 

With the maintenance of the vehicles, the emission d u c h o n  achtevcd by the \rhick is 
the real benefit accluing from the I&M program As discuncd earlier. the amomban 
of pollutants like CO and UHC are pmponional to the refipmcal of CO: conanmtkns. 
Dunng the earlier phase of the baqml GHG emission project under GEPCCS, S L a I  
conducted a vehicle technology assessment. In this phase. SL\M conduced a lttennm 
survey and identified a correlation between concentrations of CO and a. Thc S L W  
study is based on CQ emissions from new vehicles and assumes that the rclationslup 
between specific fuel consumption O(Mnitre) and C Q  emissions ( ~ e h c l e  KM) a 
linear. 

Few studies have been conducted to estimate GHG emissions from e~nrpac vcur m 
India. One of thcsc studies was conducted by PEW Center for the city of New Lklhi. Thc 
estimates of GHG emissions from various categories of vrhicles for the lrpr 2000 is as 
indicated in Table I below. Under the above assumptions rrgarding the poportM of 
vehicles failing in the inspection and the composition of vehicles of different vintage md 
type/make, the likely GHG emission reductions aith effective implementation of the PUC 
system in the Hyderabad city was estimated. 

24 
CL15 7: Rcjuscd Ratc of Gmu* of GHG Ermss~om horn Vcluck 
Subtask -C: Lkmonsnanon Pro/ecr Lbcmenronon Suhmmned/or F ~ ~ n c m g  



Table I :  CHC Emissions for Vehicles and Fuels in Delhi 
CO2-equivnlent  g r a m s / v e h i c l e - ~ l o m e t e r 8  

I I I I 

Though it is not possible to quantify exactly the extent of GHG emission reductions that 
an effective PUC system intervention may achieve, SlAM conducted a paramebic 
estimation based on the design specifications given by the manufacturers. It may be noted 
that the emissions of the C 0 2  from the exhaust are measured only once, during the road 
certification by the manufacturer. Based on these figures available from its constituents 
and the deterioration factor in terms of reducing specific mileage per unit volume of fuel 
consumption and several assumptions, SIAM calculated the emission reduction possible 
from the intervention. These are discussed in more detail in the report on the demo project 
design and reproduced below. 

Gasoline Car 
Diesel Car 
CNG Car 
Electric Car* 
Diesel Bus 
CNG Bus - 

Table 2: Citywide PUC Emissions Reduction Potential in Hyderabad (tonslday) 

Table 3: Emission Reduction Potential from 10-Station PUC System (tonslyear) 

13.6 
20 

NIA 
N/A 
3.27 
NIA 

' Source Transponorion in h e l o p i n g  Countries: Greenhoure Gar Scenorios/or Delhi, Ind;a Preparedfor rhe Pew 
Cenrer on Global Clirnore Chonee; Ranian Base. K S  Nesarnani. Tam Enerw Reseorch Insfirure. Geeram Tiwon. ." 
lndron l ~ r 8 r u u  o/ Terhnolorn-Delh,, Danrci .Sperldng. Mark Delurehr l ~ r , c n  Xedmond lnsrrrure o/ Tronsponotton 
Stud,,,, 1 lnzwrs,ry OjCol!font,o L)o\,u. Lee Srhtppcr hrcmorronol E n e r g  l y e  ng, MA, 2001 
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293 
172 
234 
182 
963 

1050 

0.000293 
0.000172 
0.000234 
0.000182 
0.000963 
0.001050 



It can be seen from the above table, the expected GHG emirsion rrhnmn from 
employing a computerized. systematic ILM pogram w d d  be around 2362 tons each 
year. 

The project comprises two main components, one at the PUC test centers and oclrr 
during the networking of the centers. As disfussed earlier. under this research p m j a  
data will be collected from the measurement of GHG emissions from the tnnspon scclor. 
This would require additional equipment at the PUC Checkmg nations for appmpnncr 
monitoring and ealuation. The networkmg srjtcm would also sum the data cennally and 
make rt avatlable for analyltcal ptrrposes Thc level of confidence of the Nsslons data 
uould be credible if the colleccron ts camed out for longer p o d s  Aa-admgl). 11 IS 

belteved that to reach appropriate level of data collectton. the rcscarch study should be 
conducted for at least a one year penod It IS expected that once the SOP% data collanon 
and the management system are de\elopcd and perform. addihonal PUC centem will be 
up& and networked mto the cenbal - 
Accordingly. there are two major cost components f a  the pja (i) at the x%a, W C  
t a t  centers and (ii) in the Networking and Data collection/analysis. A few facts arc 
noteworthy. 

The Government of Andhra Radesh has decided to make it mandatory f a  the 
PUC centm m Hydembad to install compltm to record the meosurcmnts and 
issue certificates by November 30, 2002. Presently all the PUC Centers in 
Hyderabad are computerized and no manual certificates ax allowed. 

Thc RTA has in principle decided to install a networking q31em to collect dam 
from all over the city that could later be employed to issue notices to the lrhick 
owners failing to get their vehicle tested. 

The ptlot d-hon project area, which was ~denbfied under prr,m GEP- 
CCS aCti\ihCs. has been the bas~s for xlectmg the PUC Centm The mjm* of 
these are localed at gas fillmg stattons owncd by ihe 011 companta (IOC, BPCL 
or HPCL) Ma d~xussions wth  some Centers and Tnnspm Depamncnt tn 
Hyderabad, tt was deaded to mclude seven of these centers m the propod pdot 
project The shortl~sted PUC Centers, b a d  on the lmdmtandmg of the o \ d l  
project concept, need etc . are gvcn m the prcnous secbon 

A. PUC Ccnrm Eq+menf Cesh 

The araiitics un& like proposed -h sta& would q r i r r  
the /dowing faditits a# each of like smn PUC ctntmr 

OwnedJrented space at the PUC ccnccr 
Data acquisition system comprising a Four& Adyzm with rwcrssrr). 

baniwam and s o h %  for recording and preliminary pmcasiog of lhc data 
.4 data recording system eornprising of a desktop canplta with desired 
contiguration along with necessary penphnals vir pnnta. web canma L F S .  
Modem and telephone line and essential s o h  
Cost of operating the measllrolrnt system for a ~ s e u ~ h  paiod ofom year 



SIAM has been operating local pollution control camps in many cities. Through these it 
has access to several vendors who supply all these equipment. The estimated cost of the 
PUC is as follows: 

Thus, the total estimated cost of the PUC component is Rs. 34.14 lacs. The details of the 
estimates are provided bellow: 

Total 
area of 
the 

Cubicle would be 30 m2 (25 mZ open and 5 m2 cubicle). 
The computer would be at least Pentium Ill processor with 328 MB RAM, 20 GB 
HDD, 52X CD ROM Drive, modem for enabling transfer of information through 
internet to the network computer and a 500 VA Uninterrupted Power Supply 
system. 
The printer would be an inkjet color printer. 
The web camera would enable inserting the picture of each of the vehicles on the 
certificate as well as the records of the networking system. 
The gas analyzer would have capability to measure four gases from the vehicle 
exhaust and record the information in the local computer to enable analysis. 

B. Networking System Costs 

The data on GHG emissions and other vehicle emissions from the PUC centers would be 
transmitted via Internet to the networked computer centrally located at the premises of the 
Regional Transport Authority (RTA). The use of space at an Internet Service Provider at 
the RTA office requires the necessary equipment: 

Space to house the servers and control stations 
Two servers (one stand by). 
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Test equipment and maintenance tools. 
Standard and customized software for data collection and pnwxning for 
database. 
Omce equipment, communication set up and furniture and fihmr 
Provision for deposit for hiring wner space and Firewall at the ISP. 
Cost of rnanaginptoperating the mcanmmnt system for a research p o d  of one 
year. 

SIAM has estimated the cost of the poposcd ~ta'orking system by invimg budgcpl). 
quotes 'om few consultants who have carried out similar work. Accordingly the ooa of 
tjlis component is as given below. 

The total cost of the W o r k i n g  conponcnt is estimated at Rs. 9.75 lacs. The dcta~lr of 
the cshmates are pPvided as follows: 

. The space requirement at the facility of RTA is estimated at ammd 20 m2. 
The two PCs with Pentium IV 1.9 GHz. 256 MB RAM, 40 GB HDD. would xi 
as servers for this pilot project As the pmject grows for cataing to the en- clty 
of Hyderabd, a sepmce high capacity server w d d  have to be ponmd. . The software would be customized SO- that would enable thc 
type of gas analyzer used by individual PUC Centers, data switchmg and 
arranging in the right places. database managemmt and retrie\al etc. This r d  
be specifically denloped for the -h shdy pmjm and iu  subscqucnl 
opention. 
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C. SIAM Management Cost 

As discussed earlier, the research project would be operated by SIAM with the overall 
guidance of the Task Force for a period of one year. SIAM would facilitate the operation 
during this period by offering the technical assistance to the RTA staff as well as support 
to the PUC operators on an as-needed basis. SlAM shall depute its experts for intervals 
during the first year. The cost to be incurred by SIAM is estimated as follows: 

Lodging Boarding 1 90,OOq 

The total cost of project management by SIAM is Rs. 5.35 lacs. Thus, the total cost of the 
proposed research for a period of one year is estimated at Rs. 49.24 lacs. 

W. Financial Sustainability 

The Proposed Research Study would establish a system for the measurement of local 
pollutants and would be used for estimating the reduction of C 0 2  emissions, from 
vehicular transport by proper emission checking process. Such dependable and authentic 
data does not exist today in India. In view of the nature of the study, SIAM requests a 
grant to assist in the support of the study. The participants in the project would also 
contribute to the project both in cash and in-kind. This would be a model project with an 
immense potential of being replicated by all State Governments. The individual 
contributions of the stakeholders are as follows and elaborated on below. 

125,0001 2.5% 
Total Promoters' contribution 2,154,000/ 43.7% 
Grant requested ICICVLISAID 2,770,0001 56.30/ 
Total Funds 4,924,0001 IOO.Oo/ 

PUC Center Operators 

The PUC center operators would essentially bring in contributions to bear on the cost of 
the cubicle and computer hardware and will also bear the cost of one-year operation. 
Thus, out of a total cost of Rs. 34.14 lacs for the PUC component, the operators would 
bring in Rs. 18.69 lacs (55 %). The contribution of the PUC operators as a percentage of 
total project cost would be 38 %. It is envisaged that the PUC center operators shall retum 
the existing 2-gas analyzer and set off Rs. 20,000 against the 4-gas analyzer. This is 
expected to bring in additional inflow of Rs. 1.40 lacs. 
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B. RTA 

As RTA is a Govcmmcnt dcpbnent, its conmbutlon shdl be limitcd 10 bcanng he 
operating cast, which would essentially cover providing space, bean'ng manpurr ma 
earmarked by the dcprtmmt for Uus activity and ocher operating ams. Out of the total 
cost of the Networkmg component of Rs. 9.75 lacs. RTA's cunbibubon would be Rs. 
1.60 lacs (16%). However, as a proportion of the total project co% RTA's cunbibuticm 
would be about 3.2%. 

SIAM is committed to piloting cleaner automobile technologies and uodd a l l m v  
e ~ ~ e n g i n e e r s  to Hyderabad f a  the project. 'lhc SIAM mmagammt coa fa he 
project is indicated. One of the PUC Cenm shorc- ltned for networking has dmady been 
using a s e ~  of quipmcnt financed by SIAM. It is envisaged hat SIAM wll bcu mi of 
the manpowcr cost and communicatiorrs cost. Out of total expenses of Rs. 5.35 lax, 
SIAM ail1 bring in Rs. 1.25 lacs (23 %), which works out 2.5 % of the ovuall research 
project cost. 

11 may be noted chat the proposed project is a research project to m t e  data on grrcnharv gas 
emissions born vehicular eansport. As such its profitability need not be cahated. In 0 t h  
words, the measurement of GHG emissions horn the vehicle tail pipe would not m t e  m a p  
additional revenue. While baditionally, such research studies am not expected to bc -self- 
sustaining" in the long term, an attempt has been made to examine whcthcr a not p h g  thrs 
critical data could be self-sustaining on a voluntary basis. While he PUC open- u-odd 
generate cash h r n  certification of vehicles and would also support he ddiuooal cost of 
networking as part of the normal PUC center activities; these am not hmmmtal bmcfits 
comparable to thc additional rneasurrment'srudy of GHG emissions. I1 is h r d  that the PC€ 
operators generate earnings born year one and the cash flow fmn  heir opaohom u-ould be 
suficient to support the GHG measurcmnt in ensuing yean if that uas m m  m dorng so. 
Similarly. it is observed that the networking opntion stPra earning From year hvo mu&. Thts 
would help the RTA in justifymg the continuahon of GHG mcssurrmcnt 
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D EQWMENT REQUIREMENTS M)R PUC C E ~ R  



Research Study on GHG Emissions from In-Use Vehicles in Hyderabad 

ANNEX A: 
PUC CERTIFICATION PROCESS 



R d  Study oo GHG E m i u i a s  ban in-Urt Vehicks in Hydenbd 

ANNEX A: 
PUC CERTIFICATION PROCESS 

Under the PUC certification program, vehicles would be examined with the en* idliq (for 
gasoline engines), and with the engine rewing in neutral (for diesel engines). If the e m i s s w  
data is within the prescribed limits (CO 3% v/v for fwr w k e k d  petrol \chicles and J.5% f a  tun 
wheelers), a PUC certificate is issued. For noncmpl~ant rehicles. proper impm\nncnts wruid 
be required prior to receiving a PUC certificate. 

The computerized PUC system will have the following fesnoe~: 
Recording of vehicle information 
Emissions checking of the vehicle 
Issuance of PUC certificate 

Recording of vehicle inforsohion: The PUC center will be equipped wim a arb u m c n  a 
computer along with a printer and a four-gas a d y z r .  All equipncot will be intcrcmmaed to 
facilitate on-line recording of data gathered fmm the vehick emission test checking This 
equipment will be housed in a suitable cabin (cubicle) ex* the web umera aXuh will be 
located outside the cabin and mounted so that it can Eaphlrr the phofograph of tbe rcpimuion 
number plate. l l ~  basic information of the vehick such as vehicle ow-ncr's name and ddPen. 
model, make and year of manufacfure of the vehicle etc. will be recorded in the computer before 
undergoing for the emission checking. 

Emission checking of like vehirlc Once tbe recording of vehick information is crmpkre. the 
measuring port of the gas analyzer will be fined to the u i l  pipe of fhc vehick to manm the 
emission from the vehicle. SLAM would bain the PUC op-aors on a sllodud opauing 
procedure for enabling correct measurements. Emission will be checked witb the engine idling 
(for gasoline engines), and with the engine revving in neutral (for diesel engines). Thc _gas 
analyer and the computer monitor will display the values of the polluwts i.e. CO. HC. C02 a d  
0 2  of a 4-gas analyzer. Once the CO reading is stable the information will be s a d  in a 
document along with the registration number plate recorded by the camm 

ISSYMCC of P W  ~ ~ r d j r i e :  If the vehicle is compliant, a blank PepMccd format of tbe 
certificate will be printed generating all the relevant &fails and will be i d  to the ouner If the 
vehicle is noncomplian(. a "rejection slip" will be printed and issued without the phmpph. Thc 
rejection slip will have the -1s of the vehicle along with the time aod due  of t-. Tbc \==hick 
failing the emission test will be required to makc mt aectsar). improvcmen1~ before m c k k q  
for emission. Though the computer printer will print tbe value ofthe kgiikcd polluunt (CO m 
this case). all fhe Mhcr data would be nod in the hard disc of the compna. 

The eight PUC centm would be uploaded with measmmmt details of vehicles t e d  durirtg the 
day and sent to the network server at the close of business every da) mime it would be s t a d  and 
analyzed. SIAM would develop thc necessary Internet potocol and the neosswy cuaomimd 
software. 
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Impkmenlimg Agemcy: SIAM would impl-1 the dab generation study with the PUC center 
o w m  and the Transport lhprbmml for the computerized wtworkiig s)stcm rrspaivr)). 
SLAM nould bring the perspective of the vehicle manufachums to IBM earn and tlso will a 
as a link for outreach initiatives to disseminate the findings of the sndy nalion wi&. 

Impkmenl8tion Phn:  SIAM will c o d i M t c  the project with the PUC centerr ICICI and thc 
RTA. It will also act as a W t e e  and conhpl the utilization of the grant hrnd for do-eloping the 
research study with the PUC centen and the neworking compwent. SlAM mill  d i n a t e  m* 
Transpon Department and Software companies to overxc the project impkmentation. SLAM nil1 
act as a secretariat for the computerircd networking %*em. 

It is proposed that RTA would deploy its p c ~ a n c l  for operating the new- s)-. SLAM 
wil l  hire a private agency, which would supply. instaIl and mainbin the sohare for thc en& 
mtworking system. SlAM and the private agency would also provide tnining to thc RTA sum 
and the PUC operators for operating the s)%em and analyzing daUlinfwmuion generated chnr 
h m .  
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ANNEX C: 
TASK PROFILE 

The Task to be convened by each of the following .gencies 

Formulate necessary regulations for implementation of the PUC Pilot prognm 
(mandating, d i n g  changes in Fee Structure, authorizing new W C  Centers if 
q u i d ,  etc.) 
Shall allocate manpower to handle the data and prepare repw w q -  month. The 
officials should be adequately trained to interpret the data a d  provide policy 
directions. 

PUC Center nwnen 

Set up the gas analyzers, computers and upload data on a regular ki 
Test vehicles as per the nandards laid down by the G o v ~  and p i d c  
feedback from its operation 
Store the data as per the desired format of the Transpon Dqmlnxnt 
Agree to run the project for a period as decided 

Society of India Amtomobile Mannfachren (SUM) 

Managewnt of the project - mainly coordination q i z i n g  outrcrh events 
etc. over-viewing Trial runs 
Manage the grant funding to implement the research study in c o l x d i  uith 
ICICl Bank 
Oversee procurement of additiml hathare wherever r equ id  
Suggest development of appropriate software for opemtion, data formats required 
for the new system and provide it to the PUC center owners and 
Technical support for the project 
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ANNEX D: 
EQUIPMENT REQ~IREMENTS FOR PUC CENTERS 

Gm A-r: - for Petrol Vehicles. A four gas uu)gaer presently being used awld be 
utilired by the project The demo project would csxotialty record four-gases v u  CO. HC. 
CO2 a 02. 
Compmer: The computer should have a printer to print emission t a t  cenifKllcs and r 
LrPS to avoid loss of data. The computer and server wmld have the follouing minimum 
hardware and sofmare: 

Computer: 

PIocessor htel Cckron700 MHz/Pcntium 111 
CPU/Periphaals 128MBRAM,20GBHDD, 1.44MBFDD 

52x CD ROM, 14" wlor monitor. Web Camera 
Color Inkjet Printer 
9 pin or equivakot urnpar for interfxing u-irb Gas aaalyu 

Equipment at the Networking Facility: 

IBM Xeon based server 
2.4 GHZ 
512 KB Cache 
512GBRAM 
2 nos ethemet ( 10; 10011 000) 
2 nos Power supplies 
RAID I on board 
2 nos 36.4 GB HHDD 
15" Color Monitor 
20140 GB DAT Drive 
Oracle 9i Database 

Software Requirements: 

The S o h  for the PUC centers will have the following fcanrrcs: 

Whenever a new record is sckclcd f a  k t i o g  r vcbik. the s c a d  ollmba 
would bc serfgnermed. 

The h t m d  screen of the sohare s M l  have fields to key in the 
necessary data as required by IIK State COW. 

The front-end screen shall have ncccswry drop down m u  lins apim the nuke 
and model of the vehicks. 

.4Aer entering the required data the user would be abk to s r m  ihe t a t  
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As soon as the user saves the data, the photograph would be saved 
simultaneously. 

The certificate would appear on the screen and aprint option would be available 
for printing the same. 

The saved data would be available along with the photograph for quick viewing 
for at least 7 months. The data saved is tamperproof 

The user would be able to retrieve the data as and when required for submission 
to the Transport Department. The format of the data to be submitted to be 
finalized by the State Government. 

v The software has a "Report Generator" facility, which will be able to generate 
reports on daily, monthly, and yearly basis. 

A summary - builder would be integrated in the software which will give a report 
on number of vehicles checked, passed and failed for a given period. 

The Gas Analyzer and the Computer monitor will display the value of all the 
pollutants i.e. CO, HC, C 0 2  and O2 if it is a CGas Analyzer and CO and HC if it 
is a 2-Gas Analyzer. Once the CO reading is stable, the operator has to click the 
save button with the camera focused properly on the registration number plate. If 
the vehicle passes the test, a blank pre-printed format of the certificate has to be 
placed in the printer and the certificate should be printed with all the relevant 
details. If the vehicle fails a "rejecrion slip" will be printed without the 
photograph. 

The rejection slip will have the details of the vehicle along with the time and date 
of test. 

The data would be stored in the computer and options to print the required fields 
as per the requirement of the operator would be provided. Though the computer 
printer will print the value of the legislated pollutant (CO in this case), all the 
other data would be stored in the hard disc of the computer. 

The software details and format will be finalized as per the recommendations 
from State Transport Department. 

Software required for the PUC interconnect system sball consist of the following three tier 
architecture: 

At the top tier there will be a web browser as the user interface. The primary purpose 
of the browser is data presentation and data entry. The information collected on the 
basis of emission tests carried out on vehicles will be available at the Personal 
Computer (PC) at the respective PUC centers. After necessary validation this 
information will be sent to the central database. 

The second tier will have the web server and the business logic. The web server will 
handle the requests of the browser and deliver the same over the network. Necessary 
security will be incorporated to authenticate and authorize the services to the users. 
The middle tier will authenticate and establish the session between the browser and 
the web server. The information inputs from the browser are not committed to the 
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database 'rectly but are validated for cwsinency and integrity pior to comminmg 
to the database. 

The bottom tier is the database tier that stores the infarmaion wril &IC q-em 
requires i t  Proper design of the database ail1 handk different quests  for data and 
reports. 




