I Final Report I

Strengthening the Institutional
Framework for Inspection and

Maintenance (I&M) Programme
for In-Use Vehicles

Prepared for
Shakti Foundation

SHAKTI

SUSTAINABLE ENERGY
FOUNDATION

| fev

The Energy and Resources Institute

...towards global
sustainable development



For more information

Jai Kishan Malik
TERI

Tel. 2468 2100 or 2468 2111
Darbati Seth Block

E-mail jai kishanmalik@teri.res.in
IHC Complex, Lodhi Road Fax 2468 2144 or 2468 2145
New Delhi — 110 003 Web www.teriin.org
India India +91 * Delhi (0)11



Project Team

Principal Investigator: Mr. Jai Kishan Malik, TERI
Co-Principal Investigator: Mr. Sumit Sharma, TERI

Advisor: Mr. S Sundar, Distinguished Fellow, TERI

Team Members

Dr. Arindam Datta, Fellow, TERI

Mr. R. Suresh, Fellow, TERI

Ms. C. Sitalakshmi, Research Associate, TERI

Ms. Amber Luong, Okapi Research & Advisory

Mr. Ayushman Banerjee, Okapi Research & Advisory

Ms. Valsa Charles, Secretary



Acknowledgement

We thank Shakti Sustainable Energy Foundation for providing financial support for this
work. We also thank all the reviewers, and partners especially, The International Council on
Clean Transportation (US), and Okapi for their contributions in the project We thank
independent consultants, especially Mr B. Bhanot for his contributions in the project.

Disclaimer: The views expressed in this document do not necessarily reflect those of Shakti
Sustainable Energy Foundation. The Foundation does not guarantee the accuracy of any
data included in this publication and does not accept responsibility for the consequences of
its use.



Executive summary

Air pollution is emerging as an important concern in India. Levels of pollutants, such as
particulate matter (PM) are above the prescribed national standards in about 80% of Indian
cities (CPCB 2014). Other than PM, gaseous pollutants, such as NOx and SO, are found to be
high at specific locations. Transport sector is one of the important contributors to pollution
in cities. Sharma et al. (2013) showed that in a city, such as Bengaluru, the sector accounts for
almost 50% of PM2s concentrations. In studies carried out in the USA, Bishop et al. (1997)
and Calvert et al. (1993) have reported that about 10% of the poorly maintained vehicles are
responsible for 50% of the air pollution from the vehicular sector. TTI/DU(2013) in a study
carried out in Texas, USA, found that 6.8% of in-use heavy duty diesel vehicles tested were
responsible for 19.8% of total NOx emissions. Central Pollution Control Board (CPCB 2010)
attributed about 60% of vehicular air pollution in India to vehicles that are older than 10
years, though this sub-set is lesser than 30% of the total vehicular fleet. Government of India
has recently announced BS-VI norms for control of emissions from new vehicles from 2020.
However, in absence of an effective Inspection and Maintenance (I1&M) System, the on-road

reduction in emissions cannot be ensured.

Evidently, there is an urgent need to address the issue of I1&M of in-use vehicular fleet. This
study discusses the policies and norms regarding the criteria pollutants emitted by vehicles
at different stages of life of a vehicle—type approval and conformity of production at the
manufacturing stage; in-use vehicle compliance and 1&M at service stage; and briefly about
end of life of vehicle. With the introduction of better quality fuel and stringent emission
norms India has progressed in developing norms and standards for the type approval stage,
however, the policies for the in-service and end of life of the vehicle still need to be

strengthened.

India has pollution under control programme for in-use vehicles at the moment. The PUC
programme has institutional and technological gaps. The technology to measure emissions
from the tail pipe of the vehicles has not been upgraded substantially since its introduction.
The current technology measures carbon monoxide (CO)and hydrocarbons (HC) in non-
diesel vehicles and smoke opacity in diesel vehicles. The technology is not appropriate for
correctly measuring emissions of pollutants from new vehicles, which emit much finer
particulate matter. Meanwhile, new measurement techniques and technologies, such as On-
Board Diagnostic (OBD) system, have been developed and deployed in other countries for
1&M. Applicability of such technologies in India is discussed in this study.

The PUC programme in India also has gaps in implementation. The operation of PUC
centres is viewed as just another business venture. The centres for PUC testing are run by
private operators in inadequate capacities in wayside garages and petrol pumps all over the



city. The PUC operators are paid directly by the vehicle owners for testing. This leads to a
conflict of interest, and PUC operators may manipulate testing results to pass the vehicles.

In this study, in-use vehicle management system was studied, and Bengaluru and Mysore
were chosen as case studies for assessment of PUC programme in India. PUC operators
were interviewed in the two cities. The operators were asked about the operation and
maintenance costs of running the centres. It seemed that, just like any other business, PUC
centres have to compete with each other to get more customers. This often leads to a conflict

of interest.

The vehicle owners in Bengaluru and Mysore were interviewed to understand their
perception of the PUC system in India. The main objective of this survey was to gauge the
reasons why the vehicle owners lack trust in the PUC system in India; to understand how
the PUC system could be improved to encourage more people to get their vehicles routinely
tested; and to understand the maintenance habits that is followed by different types of
vehicle owners in the two cities. In all, 3000 interviews were conducted. After analysis of the
survey results, it was found that the enforcement, that is, penalization for non-compliance,
was inadequate. The vehicle owners take service and maintenance of their vehicles casually

and prefer local mechanics over authorized service centres.

The city of Bengaluru and Mysore maintain an online database of all the PUC tests
conducted for different types of vehicles all over the city. The database is maintained by
AVL technologies Pvt Ltd, Haryana. The database for the cities of Bengaluru and Mysore
was collected and analysed for the purpose of this study. The objective of the analysis was to
understand the pollution emission pattern displayed by the vehicle fleet in both cities. PUC
database should be analysed to identify gross polluting vehicles, and then policymakers can
take necessary actions to reduce emissions from these vehicles. Only 20% and 15% of the
total on-road vehicles got their vehicles tested for PUC in Bengaluru and Mysore,
respectively. On further analysis, it was seen that non-diesel vehicles had a higher failure
rate in the PUC tests as compared diesel vehicles. Inappropriate testing techniques and easy
to meet PUC standards could be the reasons why high polluting diesel vehicles pass the
PUC tests. Amongst non-diesel vehicles, LPG-three wheelers were found to have the highest
failure rates. The catalytic convertors in three-wheelers wear out much before these vehicles
retire. Moreover, spurious LPG kits are installed in three wheelers by wayside mechanics.

As a result, these vehicles run without emission control and fail the PUC tests.

Based on assessment of the current I&M regime in India, a set of recommendations have

been made to strengthen the system in India.

OBD system could be a game changer for PUC testing in India. Currently, the PUC
operators are required to check for the malfunctioning indicator lamp before proceeding
with tail pipe emission tests in BS IV vehicles equipped with OBD. However, there are some



pre-requisites before vehicles can be tested solely on the basis of OBD. The methodology to
read fault codes from OBD has to be standardised in order to pass or fail vehicles. It is
important to invest in anti-tampering technologies that can ensure the authenticity of OBD
data. India should learn from the initiatives taken by South Korea where anti-tampering
measures have been ensured to make the data obtained from OBDs more robust and
reliable. The operators should also be trained to effectively use the OBD data scanners for
PUC testing purpose. It is recommended that over the next 20 years, the Indian PUC system
should have three kinds of testing centres. First, the existing PUC centres operating in India
are needed to be strengthened in terms of technology of testing. Given the large number of
vehicles without OBD in the current fleet, the potential of strengthening existing PUC
centres with technologies, such as LLSP (to measure PM with higher accuracy) and NDUV
(to measure NOx) should be explored. This also requires proper standardization of
technology and development of corresponding standards for the tests carried out on these
technologies. These centres should be gradually phased out as new vehicles get covered
with OBD technology. The second type of testing centres that needs to be gradually
expanded in cities will be for analysing OBD datasets from the vehicles. The new vehicles
that are fitted with OBD should be tested and certified in these centres. The vehicles failing
the OBD tests for more than two times should be sent to the third type of centres (accredited
inspection and certification (I&C) centres) for rigorous loaded mode testing. Presently, there
are ten of these I&C centres that have been established (or in the process of being
established) all over India in Nasik, Rohtak, Burari, Bengaluru, Hyderabad, Chnidwara,
Railmagra, Jhuljhuli. The I&C centre in Nasik has been operational since 2015. These centres
are also designed for fitness certification of commercial vehicles. Fitness testing includes
testing for brakes, headlights, wipers along with PUC testing. These centres are a step
forward in reducing manual manipulation of the testing results due to conflict of interest.
The centre at Nasik has four lanes and can test about 175-200 vehicles in one day. To cater to
a population of 10.4 million commercial vehicles, about 175 centres will be required in India
assuming 200 vehicles are tested on a daily basis in a centre. Thus, the number of such
testing centres has to be increased substantially, if all the commercial vehicles in the country

are to be tested in these 1&C centres.

This study recommends conducting annual testing of vehicles across India rather than
quarterly or biannual PUC checks. The PUC standards recommended for 1&M should also
be tightened. It should be mandatory for all vehicles to carry a visible 1&M sticker at all
times, with validity period clearly mentioned on them to make it easier for traffic cops to
spot defaulting vehicles. States should introduce routine checking of catalytic convertors
and overall durability of vehicles to offer technologically sound, comprehensive assessment
of fitness of a vehicle. The PUC certification needs to be linked and made mandatory for

insurance of the vehicles.



There should be a close co-ordination between police and transport authorities to ensure
that a valid PUC certificate is checked wherever papers of the vehicle are demanded. The
number of checks done by the police and the RTOs should be reported periodically to the

transport commissioner.
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1. Introduction

India has seen a tremendous growth in the number of vehicles. Almost 100 million new
vehicles have been added to the vehicle fleet in India in the last six years (SIAM 2016).
Transport sector is one of the important causes of air pollution in urban areas. The role of
transport sector in the PMzsconcentrations in cities such as Bengaluru, Delhi, Pune, and
Kanpur has been 45%, 20%, 30%, and 25%, respectively (Central Pollution Control Board
[CPCB], 2010).In past, the government has taken several initiatives, such as the introduction
of Bharat Stage norms, to reduce the emission of pollutants from new vehicles. In this series,
BS-IV norms were introduced in 13 major cities of India in 2010. The norms were then
gradually implemented in other cities; it is expected that by 2017 all the vehicles in India will
be manufactured according to BS-IV norms and India will move to BS-VI norms all across
the country by 2020 (ICCT 2016a). These steps taken are however incomplete because even
though cleaner vehicles are being introduced into the vehicle fleet, the older polluting
vehicles are still plying on the road. In studies carried out in the USA, Bishop et al. (1997)
and Calvert et al. (1993) have reported that about 10% of the poorly maintained vehicles are
responsible for 50% of the air pollution from the vehicular sector. Study has reported that in
Texas, USA 6.8% of the in-use heavy duty diesel vehicles were responsible for 19.8% of total
NOx emission from the in-use heavy duty diesel vehicles (TTI/DU 2013).

In general, the life of a vehicle can be broken down between its manufacturing, in-use or on-
road, and end of life phases (Lakshmi et al. 2014; Bansal & Lloyd 2013). With regard to

emission control regulations:

¢ The manufacturing phase consists of
o Prototypes being tested against the norms prescribed for emissions of criteria
pollutants and granted a Type Approval Certification
o A subsequent Conformity of Production (COP) certification mechanism
ensuring production processes are in line and continue to stay in line with
Type Approval Certification (Lakshmi et al., 2014; Bansal & Lloyd, 2013).
¢ Coming off the assembly line and proceeding to in-use
o Currently, there is no effective mechanism in India to ensure that vehicles
comply with their original mass emission standards (Type Approval norms)
during the useful life. The absence of a mechanism that ensures that in-use
vehicles comply with TA norms (subject to deterioration factors) could lead to
a situation where the introduction of better technology will not lead to
expected results in emissions.
¢ Inspection and Maintenance Programmes (I&M) are designed to check for and
verify fitness (or roadworthiness) of in-use private and commercial vehicles at
defined periods (Walsh, 2005).
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o These are typically run by state, local government, or private agencies and
tests include whether vehicles are compliant with emissions norms
specifically set for in-use vehicles.

o In general, a strong 1&M programme can reduce up to 40% of vehicular
pollution by effectively harnessing an integrated information management
system and state of the art testing equipment to target the highest polluting
vehicles that in turn can be retrofitted, repaired, or removed from roads via
clear and accountable coordinating mechanisms (CPCB, 2010; Walsh, 2005).

o This approach has a more immediate impact on emissions reduction relative
to complementary policies and programmes, such as improvements in fuel
quality (Lakshmi et al., 2014; CPCB, 2010).

e For vehicles approaching end of life, that have undergone in-use vehicle tests and
failed prescribed limits,

o Options can range from retrofitting key components of a vehicle to repairing
damaged parts over specified periods of time (ICCT 2013).

o For those vehicles that are grossly polluting, typically of older stock,
incentives can be provided to discard them for recycling and scrappage
purposes (A.T. Kearney & Confederation of Indian Industry 2013).

o Discounts for purchasing new vehicles or tax incentives to scrap old vehicles
are typical examples facilitating the end of a vehicle’s life (A.T. Kearney &
Confederation of Indian Industry 2013; Arora 2016).

Other considerations influencing variability in standards and exemptions at each phase
includes the type and age of a vehicle. In principle, some semblance of harmonization in
standards between manufacturing and on-road phases is desirable to achieve optimal
abatement outcomes (ICCT 2013).In cases where vehicle manufacturers or owners are not
able to present certification because they have not gone for testing, punitive measures can
include fining drivers, withdrawing registrations, and recalling vehicles en masse to name a
few (ICCT 2013; CPCB 2006).

It had been pointed out in the previous studies by TERI (Lakshmi et al. 2014) that the control
of emissions from in-service vehicles is seriously lacking in India. While India has made
some progress in improving the type approval standards and process and to an extent the
COP testing of the vehicles, the in-use compliance needs to be further strengthened. At
present, India only has a programme for I1&M process of the vehicles, also known as PUC
(pollution under control testing) in India. This study discusses in detail the current status
and limitation of type approval testing, conformity of production, and the I&M System in
India. Finally, the study aims to provide key suggestions for improvement of in-use vehicle

emission management system in India.
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2. Objective of the study

This study aims to detail out process mapping of the existing institutional arrangements for
in-use vehicle testing (PUC) as well as those involved in the life cycle of vehicle ownership
more generally. For the purpose of designing an appropriate institutional framework,

following activities were decided to be undertaken:

e To review different in-use vehicle emission testing methodologies and overall

management structure —Indian scenarios and international best practices;

e To draw conclusions from a primary survey conducted in two Indian cities in order
to gauge people’s awareness, perception, and opinion about in-use vehicle emission

management in India;

e To understand the pollution emission pattern displayed by the vehicle fleet in

Bengaluru and Mysore by analysing the PUC dataset generated in the year 2015-16.
e To prepare a position paper presenting the key recommendations and action points

for the Government for revising and strengthening the institutional framework in

place for in-use vehicle emissions management in India.

The proposed recommendations were discussed in a series of two workshops in Delhi

and Bangalore, and the received comments have been incorporated in this report.
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3. Current Institutional and Technological Framework in
India

This section presents a review of institutional arrangements, technological procedures, and
processes to set up emissions standards and testing procedures for different stages of life of
a vehicle in India. The section presents deeper investigation of the granularities of the PUC

programme.

It is also important to note that standard setting, testing, and on-road inspections are part of
a broader portfolio of laws, regulations, programmes, and policies implemented by all levels
of government and private actors for abatement purposes. In particular, the requirements to
improve fuel quality and engine-related technologies are deeply interlinked with standard
setting and testing (MoPNG 2015; National Transport Development Policy Committee 2014;
ICCT 2013; Bansal & Lloyd 2013; CPCB 2010).

Interdependence has institutional implications presenting possible risks of policy overlap or
conflict depending on the logistical, spatial, and temporal parameters of intended goals. In
general, these interrelationships and dynamics present challenges to developing a robust
framework that enables seamless navigation across multiple decision making and

enforcement channels.

31 Type Approval and Conformity of Production (Union
Government)

3.1.1 Setting emissions standards for new vehicles

Mass emissions and in-use emissions norms were first prescribed in 1990 as an amendment
under Section 25 of the Environmental Protection Act (EPA), 1986. The EPA effectively
afforded powers once limited to state-level governments (first articulated in the Air Act of
1981") to eventually include the Central Government in the process of setting standards that
would limit the rate at which various pollutants are emitted from industrial and vehicular
sources (CPCB 2010).

The Motor Vehicle Act passed in 1988 and the CMVR, 1989, gave the Ministry of Road
Transport and Highways (MoRTH) the authority to set and enforce standards related to

vehicular emissions.

In general, MoRTH functions as a nodal agency to address an amalgam of transportation
related matters (MoRTH 2014). It retains authority over a considerable range of issues

pertaining to motor vehicle manufacturing and use in India. This includes policies ranging

!'The Air (Prevention and Control of Pollution) Act, 1981 gave powers to State Pollution Control Boards to set
standards in consultation with the Central Pollution Control Board (CPCB)
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from safety to emissions regulation. In particular, jurisdiction is afforded to MoRTH to set
mass emissions standards for vehicles preparing to be in-use along with prescription of
testing procedures and equipment requirements necessary to check for and enforce
compliance (ICCT 2013).

MoRTH houses two committees with involvement of multiple stakeholder that function as
coordinating mechanisms between various ministries to deliberate over, develop, and
decide key policies and technical revisions pertaining to vehicular emissions reduction.? The
Standing Committee on Implementation of Emissions Legislation (SCOE) is tasked with
defining and recommending mass emission standards for Type Approval and COP
certification, setting test procedures and a strategy to implement the norms, and other
related matters, for which it operates in advisory capacity.

The recommendations are subsequently reviewed by the Central Motor Vehicle Rule—
Technical Standing Committee (CMVR-TSC), a body that is responsible for a broader set of
technical inputs including safety, design, and maintenance related matters and
harmonization with international standards. The MoRTH ultimately reviews and adopts or
rejects the recommendations made. There is no evidence indicating that emissions standards

are reviewed against a set time-period and criteria (ICCT 2013).

The SCOE is chaired by the Joint Secretary of MoRTH and is composed of officials from
MOoEFCC, Ministry of Heavy Industries and Public Enterprises (MoHIPE), Ministry of
Petroleum and Natural Gas (MoPNG), representatives of the auto industry -the Society of
Indian Automobile Manufacturers (SIAM) along with expert agencies involved with testing,
such as the Automotive Research Association of India (ARAI) and the International Centre
for Automotive Technology (ICAT).

The CMVR-TSC reports to MoRTH and has representatives of the Ministry of Heavy
Industry and Public Enterprises (MoHI&PE), Bureau of Indian Standards (BIS), officials
from Transport Departments in State Governments, Testing Agencies, such as Automotive
Research of India (ARAI), Vehicle Research Development & Establishment (VRDE), Central
Institute of Road Transport, SIAM, Automotive Component Manufacturers Association
(ACMA), and the Tractor Manufacturers Association (TMA) (ICCT 2013).

The participation of the above-mentioned stakeholders in the CMVR-TSC suggests that
setting mass emissions standards is influenced by industry specific and economic
development-related goals in particular. It is notable that no environment-related ministry is
represented in the CMVR-TSC.

2 Stakeholder committees function as a coordinating mechanism to overcome institutional fragmentation and is
characteristic of decision making bodies at all levels of government across India.
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Other than the initiatives from the government, the judiciary has also intervened in the
matters related to reduction in vehicular emissions. These interventions are derived from
recommendations of additional set of committees and can include requests to submit
reports, targeted mandates in select jurisdictions to make specific amendments, or sweeping
policy changes (ICCT 2013; CPCB 2006).

For example, the Apex Court ordered lead-free petrol to be made available in four cities
while mandating the installation of catalytic convertors into vehicles from 1995. The former
decision did not take into account the risk of cross-border leakages while the latter presented
coordination problems, for example, in the malfunctioning of rapidly introduced catalytic
convertors given that less toxic fuels—a necessity for such convertors to function
effectively —were not available in the country(ICCT 2013; CPCB 2006).

Notwithstanding such institutional hurdles, the stringency of emission standards has
increased, however, at irregular intervals. Interventions in fits and starts have ultimately
resulted in mandating mass emissions testing, requiring more vehicular pollutants be
checked, and introduction of new vehicles to be installed with pollution-reducing
technologies, such as catalytic convertors in 1995 and OBD Systems in 2013.With the recent
introduction of “Bharat Stage VI” limits, the country has effectively tightened emission
control norms (The Hindu 2016; MoPNG 2015; Expert Committee 2014; CPCB 2010).

Emissions standards, until recently were segregated such that stricter norms were
implemented in high population metros while smaller citiescould not adopt the stricter
norms due to non-availability of cleaner fuel (ICCT 2013; CPCB 2006). This decision led to
highly polluting trucks from smaller cities entering into the main metropolis areas, such as
the Delhi region (ICCT 2013; CPCB 2006; Roychowdhury 2015).

In India, these norms are recommended by committees set up at irregular intervals, with
long gaps between the introduction of one set up of norms and the next set of more stringent
norms. For example, the Mashelkar committee (in 2002) set a recommendation for a period
till 2010 and suggested that another committee should be formed in 2007 for

recommendations beyond 2010. However, the next committee was formed only in 2014.

3.1.2 Testing

MoRTH is largely responsible for formulating the guidelines for testing procedures of
vehicles during the Type Approval and COP stage in consultation with the SCOE and
CMVR-TCS (MoRTH, 2005).The general design of these mechanisms are considered to be
reasonably effective given that incentives are appropriately structured for manufacturers to
assume the costs and consistently submit prototypes for testing and certification (Lakshmi et
al. 2014; ICCT 2013).
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One drawback of the current system is that the COP inspections occur over a predictable
time frame, as opposed to random checks, potentially giving manufacturers some time to
superficially cover up any defaults that remain unresolved. In cases where COP tests do not
match-up with Type Approval certification requirements, it appears that MoRTH submits
requests to SCOE on a case-by-case basis to make appropriate recommendations for
remedies (Lakshmi et al. 2014; ICCT 2013).

If 32 specimen of a particular model of a manufacturer fail, a recall procedure can be
initiated although this has never happened. There appears to be no alternative in place that
systematically breaks down what components of Type of Approval may not align with COP
testing, and what actions are available and appropriate to remedy each type of mismatch
(Lakshmi et al. 2014; ICCT 2013). The manufacturer also has the option to switch testing
facilities, if it is not satisfied with the testing services offered, although a rigorous
documentation procedure is to be followed to make the requested change. Limited

alternatives for testing are available.

That is, there are approximately five testing facilities within which Type Approval and COP
checks are conducted with two more slated to be completed by 2017 (ET Auto Bureau 2015;
ICCT 2013). The centres are notable for being equipped with testing technologies capable of
accurately checking newer emissions standards, the limits of which will likely continue to be
tightened over the foreseeable future. Important centres involved in activities such as
refining testing methodologies include the International Centre for Automotive Technology
(ICAT) in Manesar and the Automotive Research Association of India (ARAI) in Pune. These
facilities were and continue to be set up under the central government’s National
Automotive Testing and R&D Infrastructure Project (NATRiP) and are under the
jurisdiction of MoHIPE (ICCT 2013).

The facilities are designed to offer a diverse set of services beyond testing, a lot of which is
focused on research and development activities with the key goal of strengthening the
global competitiveness of the automotive sector in India. As such, various stakeholders,
including international equipment manufacturers, state level governments, various
ministries from the Union government, auto representatives, among others, have are
contributing both financial and non-financial support. However, such projects have seen
overruns in time and cost in past, mainly due to non-availability of land for establishing

these facilities.

3.1.3 Gaps: In-Use Vehicle Programmes and Recalls

The absence of IUVP may lead to a situation where vehicles continue to emit pollutants
beyond prescribed limits even as Type Approval and COP measures continue to be
strengthened to match international standards. That is, no effective programmes, let alone a

mandate, where manufacturers check whether vehicles are functioning according to
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prescribed deterioration rates that allow for emission limits to incrementally increase over

various stages of a vehicle’s lifecycle (ICCT 2013).

One of the ways in which the likelihood of introducing an IUVP can be increased is through
formalizing procedures to recalling vehicles after they have left the assembly line and are on
the road (Lakshmi et al., 2014). The risk of recalls incentivizes manufacturers to make
investments in IUVPs given the costs of compliance would be less than those incurred from
recalls. While the Motor Vehicles Act gives MoRTH the power to initiate recalls, the

decision-making apparatus has not yet allowed for formalizing any procedures.

3.2 In use vehicles — I&M

I&M of vehicles in use are largely under the jurisdiction of states in India, and consist of
Pollution Under Control Checks and Fitness Tests. The main Union government legislation
governing these programmes is the Motor Vehicles Act, 1988 (CPCB 2010).

3.2.1 Pollution Under Control Norms

The centre has powers to set PUC norms—distinct from mass emission standards—and key
testing procedures and requirements as well (CPCB 2010). The states also have the flexibility
to strengthen such norms and testing procedures while having complete jurisdiction over
compliance and enforcement with respect to the functioning of PUC operators and
certification of vehicle owners (CSE 2004). Although states have the authority to make PUC
standards more stringent but no state has ever done it. It should be noted that tightening of

norms in one state could lead to moving of commerce in the neighbouring states.

All the vehicles have to undergo the pollution under control (PUC) test; however, only
commercial vehicles have to go through a fitness test on a regular basis in addition. Fitness
test is needed to be undertaken by the commercial vehicles on yearly basis, starting from the
second year of purchase. Besides testing the emissions, the objective of fitness test is also to

ensure if the vehicle is safe to be driven on Indian roads.

The kind of tests that a vehicle will be subjected to for PUC depends upon the type of fuel
used by the vehicle (or type of engine). As shown in Figure 1, the vehicles using gasoline,
CNG, and LPG (spark engine) are tested for CO and HC emissions. Moreover, these vehicles
are also subjected to a lambda test; which is the air-to-fuel ratio in the tail pipe. The smoke
emitted from diesel vehicles (compression engine) is subjected to a smoke opacity test.

21



PUC testing in India
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Figure 1 PUC system in India

CO and HC test: Ideally, after complete combustion, the exhaust of the vehicles must emit
only carbon dioxide (CO:z) and water vapour (H20). Presence of CO and HC in the exhaust
or the tail pipe emission is an indication of incomplete combustion and probably
malfunctioning of engine and pollution control devises. Vehicles in India are tested on idle
mode for I&M. Idle mode means that engine rate (in rpm) along with fuel control system —
clutch and accelerator —are at rest; and the transmission is in neutral. The permissible values
for CO and HC are defined according to the technology of the engine used in the vehicle.
The most stringent values are for vehicles complying with BS-IV norms with maximum
permissible limit for CO being 0.3% in the tail pipe emissions and corresponding value for
HC being 200 ppm (Table 1).

It has been observed that one of the common practices at the PUC testing stations had been
improper insertion of the probe in the tail pipe to record CO and HC lying with in the
permissible limits. This anomaly has been corrected by replacing the ‘2 gas analyser” with ‘4
gas analyser” for BS-IV vehicles. The latter records values for CO: and O: in addition to CO
and HC. If the probe is completely inserted inside the tail pipe of the vehicle, the O:
percentage should not be above 15%. This keeps a check on forced dilution and malpractices

at testing centres (Rogers 2002).

Another major problem associated measuring CO and HC at idle mode is that it can reduced
by tuning the engine for sake of passing the test. This is called the ‘late and lean” approach,
in which the air fuel mixture is leaned and the spark ignition is delayed. Increased emission
of NO is a problem usually associated with this approach; and oxides of nitrogen are a
challenge for clean air quality today. However, introduction of lambda test (discussed later),

to an extent, addresses this problem.
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Table 1 Current emission limits for PUC certification in India

Vehicle Type CO (%) *HC (ppm)
Two or three wheelers (2/4 stroke) 4.5 9000
(vehicles manufactured before 31/3/2000)

Two or three wheelers (2- stroke) 3.5 6000
(vehicles manufactured after 31/3/2000)

Two or three wheelers (4 stroke) 3.5 4500
(vehicles manufactured after 31/3/2000)

Bharat Stage -II compliant four wheelers 0.5 750

Four wheelers other than Bharat Stage -II compliant 3.0 1500
CNG/LPG/ Petroldriven four wheeler vehicles as per 0.3 200

BS IV norms

(CPCB 2010)

Smoke opacity test: Smoke opacity test is the only test for in-use diesel vehicles in India.
The main idea behind the test is to quantify the black emissions in the vehicle exhaust using

the optical properties of smoke absorption. Smoke opacity is used as a proxy to measure PM

emissions from diesel vehicles (DieselNet 2016).

Many studies have shown that smoke opacity test has loopholes and is not the ideal test for
testing the conditions of in-use vehicles. Smoke opacity tests are also associated with high
inaccuracy and lack of test to test repeatability. In a programme in Mexico, 2002, smoke
samples from Mercedes Benz L1217 were simultaneously tested on smoke opacity meters of

different make and operators. The results showed a variation of 30%-700%. Some of the

other issues related with the smoke opacity test are listed below:

e The resolution of conventional smoke opacity tests are quite low. In fact, the highest
resolution of some of the smoke opacity meters is almost the same as the emissions
from Euro IV diesel engines. This makes the test unreliable for vehicles with BS-IV

and higher emission standards in India.



e Nitrogen dioxide absorbs the green light in smoke opacity meters. This creates a
problem because engines fitted with catalytic convertors increase the percentage of
NO: in the total NOx emissions resulting in higher readings on the smoke opacity
meter.

e The opacity meter is sensitive to the size of the particles and may underestimate the

number of particles if they are below a certain size (DieselNet 2016).

In fact, studies (Rogers 2002) have also questioned the accuracy of smoke opacity test to

quantify PM emissions from the vehicle.

Correlation SAE J1667 Opacity vs CUEDC Particulates
(Filter Mass)
2500
E
3 2000
£ -
@ ‘e *
& 1500 - 2
2 . .
£ _ B o
g 10 M < . ¥ .
4 . ‘e - e ¢
. *
S Wty
.
© d+°8 & g" * ...o. .
0 , LA . .
0 20 40 60 80 100
SAE J1667 Max Opacity (%)

Figure 2 Correlation of smoke opacity meter test with actual filter mass test for particulate
filter

Source: Rogers 2002

Studies have found poor co-relation between smoke opacity readings and PM emissions
(Figure 2). Thus, as India progresses to tighter emission norms (BS-VI), smoke opacity test

will not be enough to test the compliance of in-use vehicles.

Lambda test: Lambda test is the measure of air-to-fuel ratio in the exhaust. If the ratio is 1, it
implies that the amount of air and fuel is optimum and the fuel is optimally burnt to CO.. A
value lesser than 1 means that the mixture is rich in fuel; that is, the quantity of air is less as
compared to fuel. Such exhaust usually contains high amounts of CO and HC. Similarly, a
lean mixture is one which has more air content as compared to fuel and the ratio is more
than 1. A ‘lean’ mixture means the vehicle is more fuel efficient; however, in excess of
oxygen the vehicle also emits oxides of nitrogen. Thus, EPCA (2006) recommended that
lambda reading should lie between 0.97 and 1.03. EPCA (2006) also conducted lambda test
on 10 767 petrol passenger vehicles in Delhi in 2006 and found out that 75% of the vehicles
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showed lambda test results in the range of 0.97-1.03. It was also observed that almost 88% of
the vehicles not lying in this limit were on the lean mode, that is, lambda test value was
more than 1.03. Manufacturers want their vehicles to have good fuel efficiency; this might be

the reason why most vehicles were running on lean mode.

Vehicles complying with lambda tests in the range 0.97-1.03 should ideally have lower
emissions of CO, HC, and NOx. Currently, the lambda test is conducted at high speed (2300—
2700 rpm) and the CO and HC emissions are tested on idle mode or low speed. The
technician conducting the PUC test can manipulate the readings by diluting the exhaust
emissions for CO and HC by removing the probe from the tail pipe and then reinserting it to
get lambda readings (in case the PUC centre still uses two-probe gas analyser).

Operation of PUC centres

PUC operators belong to the private sector that function as independent units sometimes in
a mobile capacity, through automotive garages, workshops and stations, and petrol pumps,
and more recently, as part of servicing packages provided by manufacturers, such as Toyota
and Maruti (ICCT 2013; Walsh 2005)°.Fundamentally, PUC Centres check for whether
vehicles are emitting a select number of pollutants at rates that meet or are below prescribed
PUC norms. Centres may offer services exclusively to diesel- or petrol-consuming vehicles

or a combination of both.

Owners are required to take their vehicles for testing one to four times a year depending on
the state. A PUC certificate is issued to those who pass the tests, after which a fee is paid to
the operator ranging from INR 50 to INR 150 depending on the state, vehicle, and fuel type.
For those who fail, either no certificate or a failed certificate is issued after which the vehicle
owner has a limited time period within which he or she is expected to take actions that can
range from expensive installations of new emissions control technologies in older vehicles to
minor repairs in various components of a newer vehicle likely covered within a warranty. In
rarer instances, owners avail of the option to discard their vehicle entirely (ICCT 2013;
Walsh 2005).

If drivers are caught without a PUC certificate, they are typically issued a challan although
in some states, depending on rates of non-compliance, stricter enforcement measures can
include withdrawal of registration. Local police and RTOs typically have jurisdiction over
enforcement activities (CPCB 2006).

Some audits and several news reports over the years have found widespread evidence of

malpractice arising from poorly trained staff, out-dated and uncalibrated testing devices,

3n field visits the study team found companies such as Maruti offering PUC testing as part of the overall servicing
requirements
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and fraud and bribery evidenced, for example, through operators issuing false passes to
drivers (Vasudeva 2015; CPCB 2013, 2011; Rogers 2002).

Specific measures to resolve these issues included instituting requirements that equipment
manufacturers enter into a contract (AMC) with the PUC operator in a way that requires
periodic calibration on the part of the equipment manufacturer. In addition, the onus was
placed on the manufacturer to train PUC operators with certification reviewed by local level
governments. A code of practice effectively institutionalized these requirements (MoRTH
2010; CSE 2004).

In addition, a code of practice for functioning of the PUC Centre itself was established to
resolve matters pertaining to malpractice and fraud. ARAI functions as the knowledge
source at the central government level with respect to the functionality and operating
procedures associated with PUCs in general (MoRTH 2010; CSE 2004).

Despite several initiatives of the government and involvement of various agencies, due to
limitations in testing procedures, standards and enforcement mechanisms, the present 1&M

system remains weak.

3.2.2 Technologies used for I/M programmes in other countries

This section briefs about the latest technologies deployed around the world for inspection of
vehicles plying on road. The improvements in the inspection programme can be sub-divided

based on the area of intervention. Thus, primarily there can be two types of interventions:

Improvements in the testing mode: The mode of testing is perhaps one of the most
important factors that define the accuracy and repeatability of the inspection tests
conducted. The tests can be primarily divided into loaded tests and unloaded tests. The
main difference between the two is the application of ‘load’, that is, the movement of wheels
is restricted in the loaded most test. For this reason the loaded tests are performed on a
chassis dynamometer, which makes it more expensive. Loaded mode testing can be further
subdivided into two categories—constant acceleration and transient acceleration. The
following is a brief description of some of the loaded mode tests used around the world for

inspection purposes.

e Acceleration Simulation Mode (ASM): In this type of testing mode, the vehicle is
tested on a constant speed and the acceleration on the dynamometer is simulated
using load. Used exclusively for gasoline vehicles, the tail pipe emissions tested on
this mode are tested for HC, CO, and NOx. Depending upon the used power of the
engine and the tested vehicle speed, there are three kinds of ASM tests —ASM 50/15,
ASM 25/25, and ASM 40/50 (ICCT 2015).
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e Transient IMxxx cycle: IM series cycle is an upgraded version of ASM. Here vehicles
are tested over various accelerations. The number following ‘IM’ represents the
number of seconds for which the cycle continues. For example IM240 is the first
240seconds of the Federal Test Procedure (FIP) cycle. The chassis dynamometer
used in IM is more complex than the one used in ASM; which makes I/M more
expensive. It has been observed that testing results from IM240 are about three times
more accurate than the idle testing (Faizetal 1996).

¢ Lug-down testing: Lug-down is a basic loaded testing for diesel vehicles. The vehicle
is tested at a constant speed and load is applied on the vehicles till the accelerator
reaches full throttle to maintain the constant speed. Alternatively, the engine starts
with maximum speed and load is applied till the vehicles speed to a certain
percentage of top speed (90%, 80%, 70%). Lug-down test has been proven more
effective in estimating the HC and NOx emissions. However, since the ultimate
measurement is for soot through smoke opacity, which in-turn is an inaccurate proxy
for PM, the results for PM emissions are inaccurate (ICCT 2015).

e DT80:DT80 is the testing procedure deployed in Australia for 1&M testing of diesel
vehicles. It is one of the most rigorous testing methods for estimating the tail pipe
emissions. The vehicle is run on the chassis dynamometer —accelerated to 80km/h at
maximum load of the vehicle, cruised at 80 km/h, de-accelerated to idle, repeated
three times. The results obtained from DT80 are shown to have higher co-relation
with on-road emissions (ICCT 2015).

Improvements in measurement techniques: The primary pollutants of concern from diesel
vehicles are NOx and PM. Testing the vehicles for PM for PUC purpose is not feasible due to
complications of testing process and cost associated with it. Thus, smoke opacity has been
used as a proxy method for estimation PM. In addition to the reasons mentioned in the
above sections, smoke opacity meter is losing its relevance because vehicle technology is
drastically changing and so are the types of emissions from the vehicles. The diesel engines
used in 1998 or before (without after treatment devices) emit smoke, which contains
particulate matter in the form of organic carbon (OC) or elemental carbon (EC) (also known
as soot). However, engines from 2010 (with after treatment devices) emit particulate matter
not only in the form of OC and EC, but majorly in the form of sulphates and nitrates (ICCT,
2015). The smoke opacity test is designed to estimate the amount of soot in the smoke
emitted. Thus, there is a need for an upgraded methodology to estimate PM emissions in
diesel vehicles. NOx is another major pollutant of concern from diesel. At present, there is no
means to estimate the NOx emissions during PUC testing.

Laser light scattering photometry (LLSP): Unlike smoke opacity, which measures
particulate matter through absorption of light, LLSP measures PM through scattering of

light, that is, deflection in the direction of propagation of light due to irregularities in the
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medium. Due this principle, LLSP can record finer particle as compared to opacimeter
(Norris, 2015), making it more suitable for BS-IV and beyond vehicles.

NOx emission measurement is crucial for inspection of in-service diesel vehicles. However,
traditionally it has been excluded from I&M programmes because unavailability of cost-
effective and less time-consuming measuring instruments. Nonetheless, some of the

techniques for NOx measurement have been briefed in the following section.

Non-dispersive ultraviolet absorption spectroscopy (NDUV): NDUYV relies on the principle
that NO absorbs certain wavelength in the UV light spectrum. The quantity of NOx is
estimated through the wavelength of the light that is not absorbed by the spectrum. The
major advantage of NDUYV is the higher accuracy over other testing techniques, such as non-
dispersive infra-red spectroscopy (NDIR) and Fourier-transform infrared spectroscopy
(FTIR). In infrared spectroscopy, water molecules absorb the same wavelength of light as
NOy, which makes the result inaccurate. NDUV is shown to have a good correlation with the
vehicles used for type approval purpose (Weiss et al. 2011).

Electrochemical cells

Electrochemical cells work on the principle that NO generates an electric current when
oxidized. The current generated in this way gives an indication towards the quantity of NO
present. This method is fairly accurate but certain cases of cross-sensitivity with CO have
been observed. In fact, NOx sensors were developed using Na* conductors and ZrO:-based
films. Some of these sensors are now deployed in OBD of Euro VI vehicles (ICCT 2015).

On-Board Diagnostics (OBD)

OBD is a system installed in vehicles that regularly monitors the functioning of the
components, which in-turn affects the emissions from the vehicles. The monitored
components usually include the engine, after treatment devices; OBDs installed in newer
vehicles also monitor the functioning of the electrical components. Since functioning of all
the important vehicle components is monitored by the OBD, it can be used for 1&M

purposes.

OBD was first deployed by General Motors in 1980s. However, OBD was not standardized
until 1996, after which the technology was enhanced considerably to be used for regulatory
purposes (ICCT 2016).

Due to its design and operation, OBD plays a crucial role in both 1&M of the vehicle. Upon
detecting malfunction in a certain area of the vehicle, the OBD stores it as a ‘pending code’
with detailed information about the area of malfunctioning. If in the monitoring following
the generation of ‘pending code’ another malfunction is detected in the same area, a
‘confirmation code’ is generated and malfunctioning indication light (MIL) in the
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dashboards starts glowing. MIL plays an important role in the maintenance of the vehicle as
it alerts the driver if the equipment is faulty and needs attention. The ‘pending codes” and
the “confirmed codes’ can be downloaded using the OBD scan tools. This downloaded data

serve the purpose of inspection of vehicles.

OBDs typically do not measure the level of pollutants in the emissions. Rather, the
performance of critical emission control systems is already calibrated in the lab, that is, the
performances of these systems and corresponding emissions are already co-related in the
laboratory. The OBD threshold limit (OTL) is said to be crossed when functioning of
emission-control devices correlates with the emission level (as determined in the laboratory)
above the permissible limit. At present, OBD is successfully implemented in EU, USA, and
South Korea.

Remote sensing

Remote sensing (RS) is the technique used for estimating the emissions from a vehicle by
measuring the attenuation of the light of a particular wavelength from the exhaust gas
plume. The measurement is taken on-road and the results are estimated within 0.5 seconds.
CO, NOy, COz, HC, opacity, and NHs can be measured using RS. One of the major
advantages of this technique is that it measures the emission of pollutants from the vehicle
in real-world driving conditions. Along with estimation of pollutant concentration in the
emission, the speed, acceleration, and photo of the number plate are also recorded. Thus,
through this technique, one can easily gather important parameters, such as operating

conditions, vehicle make, model, etc.

The vehicles that have horizontal tail pipe emissions are most suited for pollution estimation
through RS. In order to get accurate results from RS, the traffic should ideally be single lane
to avoid overlap of exhaust gases and free flowing. It is important that the vehicle is
positively accelerating while the exhaust is emitted for analysis. The RS equipment should

be regularly calibrated with exhaust gas plum of known concentration of pollutants.
The possible applications of RS are summarized in the following points:

e Actual fleet performance: RS can be used to gather data of on-road emissions of the
vehicle fleet. The data gathered over several years can give an indication of the
effectiveness of the emission control norms introduced over the period of time.
Recent revelations (Volkswagen scandal) have shown that vehicles with better
emission control devices are tuned to emit low emissions only in a particular test
cycle. Thus, RS can be used as tool for monitoring and evaluation of the emission
control technologies used in the vehicles.

e Cross checking with I&M programmes: RS can be complimented with I&M

programmes in a place. The effectiveness of a new 1&M programme can be evaluated
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by performing a series of RS programmes before and after the introduction of the
new programme.

o Identification of gross polluters: Gross polluters—the vehicles emitting the highest
amount of pollutants into the air can be identified using RS programmes. The gross
polluters can be according to vehicle category (HDV, LDV, 2W), type of fuel used,
vehicle age, etc. Identification of gross polluters can be the first step towards
introduction of an effective I&M programme in a particular area.

¢ Clean screening: Regular inspection of all of the vehicles in the fleet can be costly and
time consuming affair. Repeated use of RS in a particular area could be deployed in
order to identify vehicles that do not need regular monitoring.

Successful RS campaigns have been carried out in EU, China, USA, and Australia (Borken-
kleefeld, 2013).

On-road heavy duty vehicle emission monitoring system (OHMS)

The OHMS system is a monitoring system that can deployed for monitoring of emissions
from HDVs. In this system, the vehicle is accelerated (could be a defined test cycle) in a
partially enclosed structure. The structure is usually open from the sides and closed from the
top. The smoke emitted from the vehicle is sucked in by an exhaust installed at the top of the
structure. This smoke is the analysed for PM and NOx. The whole testing procedure does not

take more than 4-5 minutes. Thus, it can be used as a standalone testing system.

OHMS can detect fine PM in the vehicle exhaust; therefore, it is suitable for vehicles installed
with DPFs. However, certain studies have shown that OHMS overestimate NOx pollutants
(ICCT, 2016).

Table 2 summarizes the types of technologies in use or in development for inspection of
vehicles around the world.

Table 2 Technologies used for I&M around the world

Technology Type Expected improvement Deployment Comments
(compared to current in other
technology in India) regions/
countries/
cities
ASM Testing mode The vehicle is Beijing, ASM requires
(loaded) accelerated with load Ohio, British the vehicle to
applied on it (usually Columbia, be placed on a
tested on a Georgia chassis
dynamometer. dynamometer.
Application of
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IMxxx

Lug down test

DT80

LLSP

NDUV

Testing mode
(loaded)

Testing mode
(loaded)

Testing mode
(loaded)

Estimation of
PM particles in
exhaust from
diesel vehicles

Estimation of
NOx in exhaust
from diesel
vehicles

Higher accuracy than
“unloaded’ test in India.

Further = improvement
over ASM. Instead, of
just
vehicle follows a test
chassis

acceleration, the

cycle on
dynamometer.

A loaded mode test for
Diesel vehicles. Better
accuracy as compared to
free acceleration test
mode currently used in
India.

One of the most rigorous
loaded mode tests for
diesel vehicles. Results
show closer correlation
with on-road testing.

Higher accuracy as
compared to
opacimeters used in
India. Suitable for BS-IV
and beyond vehicles.

NO« is currently not
measured in  diesel
exhaust.

Wisconsin,
Vancouver
(Canada)

Singapore,
Hong Kong,
Colorado,
Beijing

Australia

ASM in the
current
(decentralized)
[&M system
would be
challenging.

Chassis
dynamometer
of IMxxx is
much
complicated
and expensive

than the one
used for ASM.

Requires a
chassis
dynamometer
for testing.

The vehicle is
tested on a pre-
defined test
cycleon a
chassis
dynamometer,
making it
expensive.

The cost of
equipment is
comparable
with
opacimeters.

Higher
accuracy in
NO«
measurement
as compared
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Electrochemical
cells

OBD

Remote sensing

OHMS

Estimation of
NOx in exhaust
from diesel
vehicles

Records data
and alerts
driver of the
malfunction of
emission control
devices

Estimation of
pollutants (HC,
CO, NOy,
opacity) while it
is running on-
road.

Estimation of
PM and NOxin
exhaust of
diesel vehicles.

NO« is currently not
measured in  diesel

exhaust.

Will play an important
role both from I&M
perspective. Less time
consuming and more
cost effective. Records
the performance of the
vehicles in  on-road

conditions.

Possibly best technology
available to evaluate the
on-road performance of
the vehicles. Could be
used along with
[&Msystem. Cannot be
used as a standalone
measure.

High accuracy.

Mandatory
use in
Europe,
USA, South
Korea

RS campaign
carried out
in China,
Hong Kong,
Taiwan, EU
and USA

with other
technologies,su
ch as NDIR
and FTIR.

Accurate
results but
different
principle of
operation from
NDUV. Used
as NOx sensors
in some OBDs.

BS-1V vehicles
in India are
installed with
OBD. More
improvements
in technology
are expected
with
introduction of
BS-VI vehicles.

Expensive
equipment.
Pre-requisites
such as single
flow traffic,
horizontal tail
pipe needed.

Can be
implemented
only if India
has centralized
inspection
centres.
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3.3 New developments in India

India has taken its first step towards changing the PUC testing system by inaugurating
India’s first 1&C centre in Nasik, Maharashtra, in June, 2015. The facility was setup to
computerize and reduce human interference in the inspection of in-use commercial vehicles.
The testing facility was setup by MoRTH; however, it is operated by Rosmerta Technology
Ltd.

As mentioned previously, the main shortcomings of the current inspection programmes in
India are lack of regular auditing of the inspection units, improper maintenance and lack of
calibration of the testing equipment, and manipulation in testing procedure and data by the
staff (Lakshmi et al., 2014). 1&C centres address most of these problems to an extent. The
centre in Nasik has four testing lanes two for heavy commercial vehicles and two for light
commercial vehicles including three-wheeler auto rickshaws. After a visual inspection, most
of the inspection process is mechanized. The vehicles are tested for PUC along with other

parameters such as brakes, head lights, speed limit (for school buses).

The vehicle owners have to leave the vehicle at the gates of the centre after which trained
staff carry out the inspection process. Even though traditional testing equipment is used for
PUC testing, the major advantage is that the inspection staff cannot access or see the
readings. A pass or fail certificate is issued after the inspection process is over. This makes it
difficult for the inspection staff to manipulate the readings and results. The automated
machines send out signals when calibration of the equipment is needed. Moreover, ARAI

has agreed to regularly audit the facility.

About 175-180 vehicles are inspected at the facility on daily basis, with each vehicle taking
about 11 to 15 minutes for inspection. Still the staff believes that one such facility is not
enough to cater to the commercial vehicles of the entire district. In addition, the local fleet
owners have also shown resistance to this testing system, because as compared to current
system, most commercial vehicles are failing the inspection test due to verylow scope for

manipulation.

With advent of such testing facilities, India can aim to move towards more sophisticated
testing procedures as compared to free acceleration smoke opacity tests,such as OHMS or

loaded test mode on chassis dynamometer.

In addition, about 10 such I&C centres are planned to be installed in Jhuljhuli, Rohtak,
Udaipur, Railmagra, Lucknow, Bengaluru, Hyderabad, Chhindwara, and Silchar. However,
the number of such centres has to be increased if the government intends to test all the

commercial vehicles at such centres.
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OBD in India

OBD 1 system was first introduced in India for trucks and cars of BS-III standard in 2010
(Transport Policy 2016). However, a more improved system called OBD II was introduced
for BS-IV vehicles. It is mandatory for all the diesel vehicles manufactured post April 2013 to
be installed with OBD, which indicates the malfunction light in case vehicle component
monitored by the OBD are not functioning adequately. The vehicles manufactured in future
will have higher dependence on electrical equipment making OBD all the more useful. A
more sophisticated version of OBD II is expected to be introduced in 2020 along with BS-VI
vehicles (ICCT 2016).

OBD in India till today is only used to alert drivers and technicians of the malfunctioning in
the emission control equipment in the vehicle. A circular released by MoRTH directs all the
PUC testing centres to check for malfunctioning indicator lamp (MIL), in all the vehicles
with OBD, before proceeding with the regular PUC testing. If the MIL is glowing, then the
vehicle owner should be advised to take the vehicle to a workshop for repair (MoRTH 2012).
The “pending’ and ‘confirmatory’ codes generated are still untapped. The technology will be
used adequately if it is integrated in the PUC system.

OBD is more cost effective and less time consuming as compared to tail pipe emission tests.
However, there are some pre-requisites before vehicles can be tested solely on the basis of
OBD. The methodology to read fault codes from OBD has to be standardised in order to
pass or fail vehicles. It is important to invest in anti-tampering technologies that can ensure
the authenticity of OBD data. India should learn from the initiatives taken by South Korea
where anti-tampering measures have been ensured to make the data obtained from OBDs
more robust and reliable. The operators should also be trained to effectively use the OBD
data scanners for PUC testing purpose. The cost of OBD data scanners starts from 20 USD;
however, durable scanning tools using sophisticated user interface software cost USD1500—-
2500 (ICCT 2016).

3.4 Scrappage

The end of life of a vehicle is given scant attention in the overall emissions reduction
framework. Given the highly decentralized apparatus of the PUC system and fragmentation
evidenced in the division of state-centre responsibilities of fitness testing and Type-
Approval/COP testing, respectively, numerous impediments remain to link scrappage or

retrofitting strategies with the overall life of a vehicle.

In particular, vehicle registration database is not updated and not linked with other key
components, such as emissions and other safety-related data of a vehicle (ICCT 2013). A

number of incentive schemes are currently being tested and implemented particularly at the
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national level through MoRTH, but the preliminary phases of these initiatives leave
outstanding gaps which are generally unaddressed (Arora 2016).

Any coordination efforts associated with recycling and scrappage will present similar
structural challenges, given highly decentralized, localized, and often informal
arrangements. These will likely present implementation-related challenges around emerging
guidelines and rules. Further research is required to more meaningfully integrate the end of
the life of vehicle in policies to reduce vehicular emissions (Confederation of Indian Industry
2013).

The MoRTH is exploring the possibilities of introducing a voluntary fleet modernization

scheme in India.
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4. Case Study: Bengaluru and Mysore

In order to understand the situation of I&M of in-use vehicles in India, case studies in two
Indian cities—Bengaluru and Mysore—was planned. Both cities are in the state of
Karnataka. While Bengaluru is the capital of the state with a vehicle population of 6 108 936
(Transport Department 2016), Mysore has a vehicle population of 650000 (Mysore City
Police 2016). The study consisted of three parts:

e Interviews conducted to get better understanding of structural and operational
contours of PUC centres;
e Analysis of the PUC testing collected in the year 2015-16;

e Perception survey of the vehicle owners.

The findings from the three studies are described in the following sections.

4.1 Interviews of PUC centres in Bengaluru and Mysore

An investigation into how PUC operators carry out their day-to-day operations and the
oversight related activities of a handful of RTOs in Mysore and Bengaluru offer important
insights into some of the structural and operational contours and dynamics influencing and
often hampering the overall effectiveness of the system. In total, eight PUC centres within
five RTO jurisdictions were covered in Bengaluru and Mysore. Brief non-structured

interviews were carried out with four RTO officials in the state.

4.1.1 Market incentives

Our findings broadly revealed that amongst owners and operators, PUCs are viewed as a
business venture. While every individual we interviewed was aware that emissions checks
were the central function, operations were run with the risks borne primarily by the
business owner. That is, the initial capital investments were to be initiated by the owner.
Costs primarily included testing equipment—the hardware provided by equipment
manufacturers —which the field study found to range from INR300 000 to INR600 000.

Rental costs of PUC centres that operate out of petrol pumps range from INR7000 to
INR10000 a month. Generally, operation (new printing papers and sticker) and labour costs
(one operator) account for an additional INR10 000 to INR15 000 on a monthly basis. An
estimated 20 to 30 vehicles come in for testing on a daily basis around the year, for each of
the centres we visited. Certificates range from INR50 to INR125 depending on the vehicle
type and fuel source (petrol/CNG or diesel).

A rough calculation that assumes the higher end of operating costs with one employee,
which was typically the case (at INR180 000 annually), and certificates at INR90 (Four
wheelers with petrol) at 20 vehicles per day generates annual revenues at approximately
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INR650 000. In effect, it takes approximately one year to recover capital costs, after which a
profit base can be sustained. This is the clearest incentive to open such a business.

None of our respondents directly shared their revenue data although they referred, typically
in an oblique way of the value of such ventures. That is, there was an expectation amongst
owners that the “investments would” yield returns over a “reasonable time-frame.”> One
respondent in Bengaluru explained that “other businesses” around his area started
emerging because of a growing population that was in need of the service. In other cases,
short-lived mandates by the government to require centres to be set up in all petrol stations
led to increases in PUC check centres (there is no temporal data available on this).

Except of one centre, the rest functioned as a supplementary source of income to additional
services that ranged from auto workshops to driving lessons. Our visit to the Maruti facility
also demonstrated a novel case where the manufacturer took the initiative to provide PUC
testing whenever an owner came in for general fitness testing. Specifically, if the technician
found that the owner did not have a certificate, he took the initiative to conduct the test

whereby any fees were part of the broader package of services offered by the company.

4.1.2 Licensing, software, and training

The PUC operation licensing approach by the Karnataka State Transportation Department
clearly indicates that market incentives are primary relied upon to set up PUC centres. It is
only after the approved testing equipment is purchased and a trained operator is hired, a
license is finally issued. The fairly cheap cost of licensing at a “few thousand” rupees and
limited logistical requirements, for example, in providing for sufficient parking space to
reduce the risk of traffic jams, functions to expedite setting up of the PUC centres over

raising public revenues.

The state also introduced an online system, run by Keonics (Government of Karnataka
Enterprise) that networked all the PUC operators to collate data for analysis and improve
transparency. The PUC operators are provided the software and brief training of how to use
the tool by the state (Transport Department 2016).

4.1.3 Implementation challenges

The conditions described above created a set of conflicting incentives and implementation
roadblocks that weakened a system that already utilizes technologies that do not capture

real-world emissions, which in turn are regulated, in any case, by lax norms.

#These calculations atre intended to give indicative values based on field interviews; however, they should not be
taken as a representative sample.

5> Conflicting reports have indicated that the certificate fees, even after hikes in Karnataka, do not allow for a
profitable enterprise given maintenance costs of equipment etc. can be steep (Vasudeva, 2015). This fact points to
gaps in representative analysis of cost and revenue break downs of PUC centres.
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The business-oriented dynamics of the PUC centres was demonstrated consistently in both
operator’'s and owners’ references and importance placed on building customer
relationships. That is, in a competitive market, these operators depended on repeat clients to
come in for testing services. Some of the PUC centres leveraged their stored data from past
tests to send text message reminders to drivers that their next check in was due. However,
there appeared to be no action, nor any clear incentive in place beyond this for centres to

initiate follow-ups in cases where vehicles failed a test.

PUC centres did not feel the need to recommend options to resolve the matter and
consistently stated that it was the threat of fines that would likely lead to customers
returning. It was not clear what the rate of return was. However, during specific

enforcement drives, business did go up for these operators.

A key roadblock lies in the way payments are made. It appears as though the vehicle owner
only makes the payment to the PUC operator only after he or she receives the certificate.® As
such, there is an incentive for a centre that may be financially constrained, to manipulate the

testing equipment or software equipment to pass the vehicle.

A variety of examples were demonstrated during field visits. It was observed how it was
possible to manually plug in specific data into the software that would effectively change
around the results to pass an individual. Operators also mentioned how ‘false passes’, in
some of their neighbouring PUC Centres —now shut down—involved taking pictures of the
number plate of a high polluting vehicle and rapidly inserting the gas analyser into a low

polluting vehicle parked right next to the one designated for testing.

While the majority took pains to highlight their commitment to compliance and that they
did not partake in the abovementioned transgressions, one operator actually demonstrated
to us, in real time, how the gas analyser could deftly be manoeuvred into tail-pipes in order
to yield positive readings. Through this particular case, it became evident that a captive
market of grossly polluting vehicles can emerge for the benefit of select PUC centres. A
disproportionate number of visibly polluting vehicles visited this centre during the one and
a half hours designated to monitoring this space. Indeed, only after a certificate was

produced did the operator receive payment.

One particular auto rickshaw failed three times before a pass certificate was issued. That is,
the failed counts were documented and uploaded onto the centralized system. The state
government, then, clearly has access to this information. However, we were unable to glean
to what extent and how regularly this information was reviewed at the state level. It is true
that the data, for the time being, is managed by Keonics (Government of Karnataka

Enterprise). Our research failed to retrieve information about the communications processes

¢ Based on field interviews; no publicly available procedural documents confirming whether this is prevalent across
the country were found.
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and data-sharing procedures in place between this third-party operator, the state, and the
RTO.

In general, the relationships of the RTOs with the PUCs were variable. Their responsibilities
are limited to conducting random inspections to ensure compliance and to renew licenses.
However, PUC centres in only two out of the five RTOs investigated appeared to be

operating as per code of conduct and regulations.

For example, one PUC centre was using testing equipment that was delisted by ARAI In
this same RTO jurisdiction, both PUC centres were being run by operators who were either
trained by their owners or from another operator running a nearby PUC centre. The
equipment manufacturers were not involved. Both presented the general license received to

operate the centres but did not show the manufacturer approved certificates.

To renew licenses every three years, a key requirement is for manufacturing equipment
being used to be approved by ARAL In the interim, RTOs are expected to conduct two to
four random inspections throughout the year to identify such red-flags. While the above-
mentioned cases suggest that audits were not being conducted or such transgression went

ignored.

The nature of the relationships between RTOs, the state, and existing equipment
manufacturers are unclear. Clarity is required in part because of variations in the frequency
with which equipment manufacturers came to inspect and calibrate machines. One
approved manufacturer consistently visited while another approved manufacturer appeared
to only in cases of equipment failure and malfunction. This finding warrants further

understanding into whether harmonization and redressal mechanisms exist to fill this gap.

In general, conversations with the RTO representatives reflected concerns over resource
limitations and the fact that management and oversight of PUCs was not a priority. In
addition, the efficacy of fitness testing was not viewed as a general concern. Furthermore,
there was an acknowledgment that data existed but little regard for how and whether it
should be monitored or leveraged for analysis. In Mysore, the state government located in
Bengaluru was referenced as a key source to seek out further information about important
decision-making matters. The RTOs in this smaller jurisdiction were interpreted to have

limited relevance and little input, over implementation details.

In terms of enforcement, both the RTOs and Police have the authority to fine noncompliant
vehicle owners although based on our interviews; these can range between INR100 to
INR1000. It appears to be the discretion of the officer issuing the fine. There is limited data
publicly available on the rate of non-compliance. However, it was clear from multiple
conversations that the RTOs and police do not communicate or share compliance-related
data.
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The extent of coordination tends to be limited to intensive enforcement drives carried out by
the police and other state-level authorities (CPCB 2006). They are typically publicized and
lead to a surge in testing and subsequent revenue boost for PUC centre owners. However, it
was unclear to what extent data are compiled from these efforts or lessons learned are
integrated into longer term strategic plans for improving on-road compliance. In general,
police are poorly equipped to carry out enforcement and oftentimes find difficulty
identifying noncompliant drivers given that there are no visible stickers on a vehicle
(ICAMP 2014).

4.1.4 Decentralization

In a city such as Bengaluru, a combination of enforcement drives, increase in frequency of
testing at specific points in time, coupled with stopgap measures such as mandating petrol
pumps to house a PUC centre (the mandate was later withdrawn), has progressively led to
haphazard spikes in demand for testing. With population growth and the associated

revenue potential of PUC centres, new centres have mushroomed over the past decade or so.

While specific data is unavailable, it is clear that general increase in the number of PUC
centres has rendered comprehensive monitoring of such a decentralized emissions control
apparatus ineffective. Marginal actions involving interventions to slightly increase fines or
introduce newer codes of practice reflect how problem-solving capacities are limited to
incentive re-structuring or policy re-design. However, the above-mentioned discussion has
shown that greater focus is needed to improve channels of communications and better
leverage technology to improve transparency and accountability, all of which should set the
foundation for systematic change.

4.2 Perception Survey

Due to ineffective implementation and infrastructural constraints, the current PUC system
fails to effectively control emissions from in-use vehicles. Despite a provision of heavy
penalties, merely 21% of total registered vehicles appear for PUC testing in Delhi (Lakshmi
et al. 2014). Similarly, situation in other Indian cities are also not very promising. Moreover,
the current system is not fool-proof and allows pass-through without proper testing in a
number of cases. Lack of well-trained and dedicated personnel at the PUC testing centres,
improper maintenance, and irregular/no calibration of equipment used for emission testing,
presence of only a modest threat of enforcement, etc. are some of the major drawbacks of the
existing PUC system across the country.

The vehicle owners in Bengaluru and Mysore were interviewed to understand their
perception of the PUC system in India. The main objective of this survey was to gauge the
reasons why the vehicle owners lack trust in the PUC system in India; to understand how

the PUC system could be improved to encourage more people to get their vehicles routinely
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tested; and to understand the maintenance habits that is followed by different types of

vehicle owners in the two cities. In all 3000 interviews were conducted.

The primary variation in the response of the vehicle owners could depend on four primary

reasomns:

e Vehicle type, that is, the category of the vehicle, two wheelers, three wheelers, trucks,
buses, passenger cars, etc.

e Fuel used in the vehicle: diesel or gasoline.

e Age of the vehicle

e (City: Bengaluru or Mysore

The data collected is used to understand the perspective of the vehicle owners regarding

three important aspects:

e Compliance with PUC: This section details out the number of people who get their
vehicles regularly tested; the frequency at which the vehicles are tested; the reasons
why the vehicle owners restrain from PUC testing; and the perception of the vehicle
owners regarding the appropriateness of the current PUC system.

¢ Enforcement of PUC: This section discusses the degree of enforcement experienced
by the vehicle owners to get their vehicles routinely tested.

e Service of the vehicles: The trend followed in maintenance of the vehicles—
frequency of service, preferred service station (authorized, wayside), and the
perceived benefits the vehicles owners seek to reap from regular service of the

vehicle.

4.2.1 Description of data

The following factors were believed to govern the responses to the main questions asked

about PUC testing, perception, and vehicle service preference:

Ownership of the vehicle: If the respondent was also the owner of the vehicle. For the
purpose of analysis, it was assumed that the person responding to the questions was also
responsible for the maintenance of the vehicle. Figure 3 shows the percentage distribution of
the respondents in the two cities. As it can be seen, almost 75% of the respondents in both
the cities owned the vehicle they were driving.

Age of the vehicle: The age of the vehicle was divided into four categories—less than 3
years old, 4 to 6 years old, 7 to 10 years old, and more than 10 years old vehicle (Figure 4). It
should be noted that age is also an important indicator of vehicle technology. For example,

BS-IV norms were introduced in Bengaluru 6 years ago.
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Figure 3 Distribution of respondents in the perception survey according to the ownership of
the vehicle
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Figure 4 Vehicle registration age wise distributions of respondents in the perception survey

Fuel used by the vehicle: Of all the respondents the fuel used in the vehicles was one of
CNG, LPG, gasoline, and diesel. However, the number of respondents with CNG and LPG
vehicles was too insignificant to be included in the analysis.

Type of the vehicle: The vehicles were divided into six categories —four-wheeler cars, four-
wheeler SUV, three wheelers, two wheelers, trucks, and buses. Figure 5 shows distribution
of respondents according to the type of vehicle.
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Figure 5 Distribution of respondents in the perception survey according to the type of vehicle

4.2.2 Compliance with PUC

The vehicle owners were asked questions to understand the level to which they feel
responsible for getting their vehicles routinely tested and maintained. The first question they

were asked was whether they had a PUC certificate, and if not, what the reasons for not
getting their vehicle were tested on time.
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Figure 6 Non-availability of valid PUC certificates among different types of vehicles in the
survey

4W: four-wheeler; 2W: two-wheeler; 3W: three-wheeler
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As seen in Figure 6, about 30% of the vehicle owners did not have a valid PUC certificate in
Mysore as compared to the vehicle owners in Bengaluru with the corresponding figure of
20%. The main cases of non-compliance were observed in two-wheelers and three-wheelers
in Bengaluru. Rest, almost all of the categories of vehicle owners interviewed in Bengaluru
had a valid PUC certificate. Also, more diesel vehicle owners have PUC certificate because
diesel vehicles are only tested using opacimeters, which have a very low resolution, and

thus, even polluting vehicles can easily pass the test.

All most all people driving trucks and buses had a PUC certificate in Bengaluru but not in
Mysore. A possible reason for this could be that trucks and buses experience higher
vigilance from traffic policemen as compared vehicles belonging to any other category. The
owners of vehicles were further asked about the reason for non-compliance with PUC
certificate, as shown in Figure 7.The responses were divided into four major categories—
PUC testing process is too burdensome; the vehicle owners forget about the PUC
certification; there is almost little or no legal enforcement experienced by vehicle owners to
regularly get their vehicle certified; and they are not aware of PUC certification. Almost half
of the respondents said that the procedure of PUC testing was too burdensome. A possible
reason why vehicle owners feel PUC testing is burdensome is that they do not completely
understand the greater environmental benefits associated with a regular maintenance of the
vehicles. This implies that policy makers should seriously consider in investing in spreading
awareness regarding the subject. PUC testing through OBD could be one of the ways in
which PUC testing can be, perhaps, further simplified.
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Figure 7 Non-availability of valid PUC certificates among different types of vehicles in the
survey
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4.2.3 Enforcement

In India, vehicles are randomly stopped on the road and are asked to produce PUC
certificate. A fine has to be paid by the driver if he/she is unable to furnish a valid PUC
certificate. Thus, the vehicle owners were also asked about their experience with the
enforcement agencies (traffic police), which randomly stop vehicles on road and fine the
vehicle owners who do not have a valid PUC certificate. Figure 8shows the response

according to the category of the vehicle.
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Figure 8Percentage of different types of surveyed vehicles penalized during last year for non-
compliance with PUC
2W: two-wheeler; 3W: three-wheeler; 4W: four-wheeler

As shown, in most cases only less than 10% of the respondents had a history of being
penalized for an invalid or no PUC certificate. Out of all the categories, owners of three
wheelers were penalized the most for invalid PUC certificate. Our PUC data analysis also

showed that three wheelers had the highest failure rate among all categories of vehicles.

4.2.4 Maintenance of vehicles

Almost 99% of the vehicles owners interviewed responded that they regularly get their
vehicles serviced. Figure 9 shows the percentages of vehicle owners who prefer local
wayside mechanics for getting their vehicles serviced. Almost 65% of the respondents in
Bengaluru and 82% of the respondents in Mysore preferred local shops for service of their
vehicles. Two- and three-wheeler vehicles in both the cities have a higher preference for
local service stations as compared to other categories of vehicles. An interesting observation
has been illustrated in Figure 10, as the age of the vehicles increases, the number of vehicle
owners opting for local workshops increases. As the engine and vehicle technologies
progresses over the years due to initiatives, such as introduction of emission norms etc., it

becomes difficult for untrained servicemen at local workshops to service such vehicles.
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Figure 9 Percentage of different types of surveyed vehicles prefers different types of workshops for
maintenance
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Figure 10 Percentage of total respondents in both cities of different vehicle registration age
group prefers to use local workshops for vehicular maintenance

4.2.5 Salient findings of the perception survey

Bengaluru, in general, is more compliant to the PUC norms and good practices when it
comes to maintenance of the vehicles—higher percentage of respondents in Bengaluru had a
valid PUC certificate, more number of people opted for authorized workshop over local
workshops for maintenance of the vehicles. Whereas, comparatively more numbers of
respondents from Mysore were penalized in the past for not having a valid PUC certificate.
Both the cities had ambivalent feelings towards the adequacy of the PUC system. However,
PUC certification being more burdensome was cited as the most common reason for non-
compliance in Bengaluru, whereas in Mysore it was found that a small percentage of

respondents were not even aware of the need of PUC certification.
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Two- and three-wheelers vehicles are a cause of concern among all the vehicle categories as
it was found the highest cases of non-compliance with valid PUC certification in these two
categories. Additionally, these categories also preferred local workshops the most as

compared to all the other categories.

More diesel vehicles were found with a valid PUC certificate as compared to gasoline
vehicles. However, as mentioned above, inappropriate technology to measure pollutants
released from diesel vehicles could be a reason of higher compliance. It was also observed
that less than 3 year old vehicles did not have a valid PUC. BS-IV vehicles (introduced in
2010) have much more stringent PUC standards than pre-BS-IV vehicles. This could be the
reason behind high failure rate or non-compliance of vehicles less than 3 years old.

When compared with the percentage of respondents found without a valid PUC, the
percentage of respondents being penalized is too low. This indicates that PUC enforcement
in the two cities is less than adequate. From the analysis of the surveyed dataset, it can be
concluded that the awareness of people need to be enhanced for the requirement of PUC

certification system and penalties related to non-compliance to PUC system.

4.3 Analysis of PUC database

The city of Bengaluru and Mysore maintain an online database of all the PUC tests
conducted for all of types of vehicle all over the city. The database is maintained by AVL
Technologies. Pvt Ltd, Haryana. TERI collected this dataset for all the vehicles tested for
PUC in both cities during the year 2015-16. The dataset include information on following

parameters of vehicles:

. Type of vehicle: Two-wheeler, four-wheeler, etc.
. Manufacturer: Maruti, Honda, etc.
. Year of manufacturing

. Type of fuel used: Petrol, CNG, LPG, and Diesel.

. Emission norms: Pre-BS-1V, BS IV

. Engine type: 2 stroke, 4 stroke, and DIS-4S.

. Tail pipe emissions: CO, HC, NOx, CO, HSU etc.

. Lambda value

. Engine rate (rpm)

The objective of the analysis was to understand the pollution emission pattern displayed by

the vehicle fleet in both cities. After identifying the gross polluting vehicles from this study,

one can contemplate on more appropriate [&M programme for the gross polluting vehicles.
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4.3.1 Methodology followed during the analysis

The PUC database of both cities was split separately into two broad categories: (a) non-
diesel vehicle and (b) diesel vehicle, to infer a better conclusion from the database. These
were further divided based on the type of the vehicle, engine type, emission norm

compliance, vehicle registration age, etc., as mentioned in the Table 3.

Three wheelers (diesel) and other categories of diesel vehicles were not considered in the
present analysis as their individual percentage in the PUC database was very low (less than
1%). However, all categories of the non-diesel vehicles were considered in the present

analysis.

Table 3 Categorization of the PUC dataset of Bengaluru and Mysore

PUC Vehicletype Engine type Fuel type Emission Registration
data norm age (Year)
Three Wheeler Diesel
Four Wheeler Diesel Pre-BS-IV 0-3
= SUV BS-IV 4-6
k3 MMV 7-10
R Bus Diesel >10
Truck Diesel
Others Diesel
Two Wheeler  2-stroke Petrol Pre-BS-IV 0-3
DIS-4S Petrol 4-6
4-stroke Petrol 7-10
>10
Three Wheeler 2-stroke Petrol Pre-BS-IV 0-3
DIS-45 Petrol 4-6
< 4-stroke Petrol 7-10
& CNG >10
£ LPG
z Petrol+CNG
Petrol+LPG
Four Wheeler Petrol Pre-BS-1V 0-3
CNG BS-IV 4-6
LPG 7-10
Petrol+CNG >10
Petrol+LPG

The PUC database of Bengaluru and Mysore was analysed using the SPSS-23 package. All
outliers were removed from the database before analysing it, which were less than 0.5%. The
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database was first analysed to identify the failure rate of broad categories of vehicles (diesel
and non-diesel). Then the analysis was further narrowed to identify the gross polluting
vehicles based on the fuel type, emission norm, and registration age of the vehicles. Linear
regression analysis was used to estimate the increasing rate of the tail pipe concentration of
HSU with the increase of the vehicle registration age. The difference of mean was calculated
employing the ANOVA and Tukey’s HSD test. All results were tested at a significant level of
5% (p< 0.05).

4.3.2 Vehicular profile in the PUC database

Study indicates that the percentage of on-road vehicles undergo PUC test in Bengaluru
(20.2%) is comparatively higher than that in Mysore (15.3%) (Figure 11).The figures were
arrived at by considering the total number of vehicles in the present analysis in the PUC
dataset of Bengaluru was 1 588 688 and that of Mysore was 125 770 (Table 4). As mentioned
above, the total registered number of vehicles in Bengaluru were 6108 936 (Transport
Department, 2016) and the registered number in Mysore was 650 000 (Mysore City Police
2016). It was assumed that number of on-road vehicles is about 67% of the total registered
vehicles (TERI 2014).
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Figure 11 Percentage of total on-road vehicles undergoes PUC test according to the PUC
database of Bengaluru and Mysore

The major vehicular type under the diesel vehicle category in both cities was the four-
Wheeler SUV (60.0% in Bengaluru and 53.9% in Mysore); whereas two wheelers comprise
the highest population of vehicles among the non-diesel vehicles (68.8% in Bengaluru and
49.7% in Mysore) (Table 4).
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Table 4 Total number of vehicles (N) under different categories in the PUC database of

Bengaluru and Mysore

Vehicle category Bengaluru (N=1 588 688) Mysore (N=125 770)
Diesel Non-Diesel Diesel Non-Diesel
(18.5%) (81.5%) (33.5%) (66.5%)
Two wheeler 890 41
W) 910(68.8%) 552(49.7%)
Three wheeler 12
69 657(5.4%)
(BW) 851(15.4%)
Four wheeler (Pre-BS-
V) 140 328 17 28
765(47.9%)  462(25.4%)  239(40.9%)  345(33.9%)
(4W-P)
Four wheeler-MMV-
23 274(7.9%) 3680(8.7%)
(Pre-BS-1V) (MV-P)
Bus (Pre-BS-1V)
20 665(7.0%) 2517(6.0%)
(Bu-P)
Truck (Pre-BS-1V) 50
8525(20.2%)
(Tr-P) 534(17.2%)
Four wheeler (BS-1V) 38
5943(0.5%)  5489(13.0%) 908(1.1%)

(4W-B)

Four wheeler-MMV-(BS-

V)

(MV-B)

Bus (BS-1V)
(Bu-B)

Truck (BS-IV)
(Tr-B)

357(13.1%)

6138(2.1%)

3451(1.2%)

10 532(3.6%)

1271(3.0%)

492(1.2%)

2901(6.9%)

Values in the parenthesis indicates percentage of each category of vehicle under different fuel type

50



The registration age of most of the vehicles in both PUC database were 0-6 years (Figure 12).
However, more than 50% of the non-diesel three wheeler and pre-BS-IVfour wheelers in the
PUC database of Mysore was more than 6 years old (Figure 12).

In the PUC database of two cities, all two wheelers and almost all non-diesel four wheelers
were petrol fuelled (Figure 12). Only a few of the pre-BS-IV non-diesel four wheelers (less
than 1%) were used fuels other than petrol (Figure 14).Nearly 60% (exactly 57.2%) of total
non-diesel three wheelers of Bengaluru and 68.5% of non-diesel three wheelers in Mysore
were LPG fuelled (Figure 13).

Diesel vehicle Non-diesel vehicle
Bengaluru
100% 100% 5
80 80%
60 60% o
40 40% o
2 20%
® 0% 4
4WP MVP BuP TP 4W-B  MV-B  BuwB  TrB W W WP 4W-B
Mysore
100% 100%
80 80%
60 60%
40 40%
2 20%
0 0%
4W-P MV-P Bu-P Tr-P 4W-B MV-B BuB Tr-B W 3w AW-P 4W-B

W0-3year M4byears M7-10years M>10years

Figure 12 Registration age-wise distribution of different types of vehicles in the PUC
database of Bengaluru and Mysore

2W: two-wheeler; 3W: three-wheeler; 4W-P: four-wheeler (Pre-BS-1V); 4W-B: four-wheeler (BS-1V); MV-P:
4AW-MMYV (Pre-BS-1V); MV-B: 4W-MMYV (BS-1V); Bu-P: Bus (Pre-BS-1V); Bu-B: Bus (BS-1V); Tr-P: Truck
(Pre-BS-1V); Tr-B: Truck (BS-1V).
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Figure 13 Fuel type-wise distributions of different categories of non-diesel vehicles in the

PUC dataset of Bengaluru and Mysore
2W: two-wheeler; 3W: three-wheeler; 4W-P: four-wheeler (Pre-BS-1V); 4W-B: four-wheeler (BS-1V).

4.3.3 Results of the analysis of the PUC database

Study indicates that the PUC failure rate of non-diesel vehicles were significantly higher
than that of the diesel vehicles in both cities (Figure 14). The failure rate of diesel vehicles in
all types of vehicles were less than 1% in the PUC database of both cities. Diesel vehicles
mainly emit fine particulates. However, as discussed above, the opacimeter testing is not
suitable for modern vehicles, which emit much finer particulate matter. Thus, possibly,
many high fine particulate emitting diesel vehicles go undetected in the present PUC test,

resulting in lower failure rates of diesel vehicles in general.
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Figure 14 Failure rate of different types of diesel and non-diesel vehicles in the PUC dataset of
Bengaluru and Mysore

2W: two-wheeler; 3W: three-wheeler; 4W-P: four-wheeler (Pre-BS-1V); 4W-B: four-wheeler (BS-1V); MV-P:
4AW-MMYV (Pre-BS-1V); MV-B: 4W-MMV (BS-1V); Bu-P: Bus (Pre-BS-1V); Bu-B: Bus (BS-1V); Tr-P: Truck
(Pre-BS-1V); Tr-B: Truck (BS-1V).

The failure rate of non-diesel vehicles in both cities followed the order: three-wheeler >BS-IV

four-wheeler > Pre-BS-IV four-wheeler >two-wheeler (Figure 14). Among the non-diesel
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vehicles, the PUC failure rate was higher in the vehicles of Mysore, whereas, the PUC failure
rate of most of the type of the diesel vehicles were higher in Bengaluru. Among all types of
diesel vehicles, the failure rate of BS-IV-Bus was higher in both Bengaluru (1.2%) and
Mysore (0.7%) (Figure 14).

Diesel vehicles

Among all diesel vehicles in the PUC dataset of Bengaluru and Mysore, the HSU value in
the tailpipe emission increases with the increase in the registration age of the vehicles.
However, the increasing rate was significantly higher (p<0.05) in both pre-BS-IV and BS-IV
emission norm compliance vehicles of Mysore compared to that in Bengaluru (Figure 15).

Bengalnra Muysore

50 - y=10x+128 501 y=27x+18.2

40 + y=L6x+111 49 | y=3.6x+158
= 30 s 30 o
¥ ] _ -
: - M

20 + - 20 4

0 L] - L] L 0 - J =

D3 406 Tto 10 =10 O3 406 Tio10 =10
Registration age of vehicle A Pre-BS-1V o BS-IV

Figure 15 HSU concentration in the tailpipe emission of pre-BS-1V and BS-1V diesel vehicles
in the PUC dataset of Bengaluru and Mysore

The failure rate of BS-IV bus was significantly higher (Bengaluru: 1.2%; Mysore: 0.7%) than
that of the pre-BS-IV buses in both Bengaluru and Mysore (Figure 16). The HSU value in the
tailpipe emission of the failed buses in both cities was significantly increased with the

increase in the registration age of the vehicles (Figure 16).
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Figure 16 HSU concentrations in the tailpipe emission of the PUC failed buses in the PUC
database of Bengaluru and Mysore
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The increasing rate of HSU value in the tail pipe emission with the increase of vehicle
registration age was significantly higher in the BS-IV buses compared to that of the pre-BS-
IV buses in both cities (Figure 16). Again, as of all diesel vehicles (Figure 16), the increasing
rate of the HSU value in the tailpipe emission of BS-IV buses was significantly higher in

Mysore compared to that in Bengaluru.
Non-diesel vehicles

Non-diesel three wheelers belong to five different fuel classes (Figure 12) in both cities. The
non-diesel three-wheeler dataset was further investigated to identify the failure rate of
different fuel vehicles. Study indicates that the PUC failure rate of LPG fuelled three
wheelers were significantly higher in both cities (Figure 17). Among the PUC failed three
wheelers in Bengaluru and Mysore nearly 70% and more than 85% belong to the LPG
fuelled vehicles respectively (Figure 17). LPG kits in three wheelers are mostly retrofitted
from unlicensed vendors. Installation of inadequate kits into three wheelers could be an

explanation behind the high failure rate of LPG fuelled three wheelers.

The failure rate of the LPG fuelled three-wheelers was further investigated to identify the
registration age-wise failure rate of the vehicle. Study suggests that the failure rate of LPG

fuelled three wheeler increases with the vehicle age (Figure 18). Again, the failure rate was
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Figure 17 Distribution of failed three-wheelers according to type of fuel use in the PUC
database of Bengaluru and Mysore

significantly higher in 0-6 year registration age of the vehicles in Bengaluru compared to that
of Mysore (Figure 18).The life of catalytic convertors installed in three-wheeler vehicles are
barely 30 000 km. In Bengaluru, the vehicle kilometre travel (VKT) of three wheelers were
comparatively higher than that in Mysore, this might have attributed to higher failure rate of
0-6-year-old vehicles in the former. These vehicles run without any emission control after
the life of catalytic convertors is exhausted. This could possibly explain the higher failure
rate of 7-10 years of registration age of three wheelers in the PUC tests.
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Figure 18 Vehicle registration year-wise distribution of PUC failed LPG fuelled three
wheelers in the PUC database of Bengaluru and Mysore

Most of the LPG three wheelers in both cities failed in the PUC test for higher tail pipe
emissions of HC and CO than the prescribed limit as mentioned in Table 1 (Figure 19). All
failed three wheelers in Mysore under the registration age group of 0-3 years failed owing to
higher tailpipe emission of CO (Figure 19). However, with age the failure rate due to higher
emission of HC increases in both cities. This might have attributed to out-of-life catalytic

converters fitted in the vehicle.
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Figure 19 Registration year-wise distribution of LPG fuelled three-wheelers with higher
tailpipe concentration of CO and HC than the standards

Among the non-diesel vehicles, the PUC failure rate of four wheelers (including both pre-
BS-IV and BS-1V) was higher in the city of Mysore (6.3%) compared to other two categories
(two-wheelers and three-wheelers) (Figure 14). Among the two cities the failure rate of four
wheelers under both Pre-BS-IV and BS-IV emission norm was higher in Mysore (Figure 14).

The perception survey among the vehicle owner also indicated that the PUC non-

55



compliance rate of non-diesel four wheelers were higher in Mysore compared to Bengaluru
(Figure 6). Analysis of the dataset of failed four-wheeler vehicles infers that the failure rate
of BS-IV emission norm compliance non-diesel four-wheeler vehicles was higher in both
cities than that of the pre-BS-IV four-wheelers (Figure 14).The tail pipe emission standard for
PUC testing of BS-IV vehicles is much more stringent than that of the pre-BS-IV vehicle
(Table 1); this might have attributed to higher failure rate of the BS-IV emission norm
compliance four-wheeler vehicles compared to that of the pre-BS-IV vehicles. Further, non-
availability of BS-IV compliance fuel (petrol) in the Mysore city or regions around might also
have added to the higher failure rate of the BS-IV vehicles.

More than 99% of the non-diesel four-wheelers in both cities were petrol fuelled (Figure 13).
Hence, the failure rate of non-diesel four wheelers based on the fuel type was not analysed.
The failure rate of the non-diesel four-wheelers under both emission norm categories

increases with the increase in registration age of the vehicle (Figure 20).
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Figure 20 Vehicle registration year-wise distribution of PUC failed non-diesel four wheelers
in the PUC database of Bengaluru and Mysore

Study indicates that the tail pipe emission of both CO and HC were increased significantly
with the increase of the registration age of the non-diesel four wheelers in both cities (Figure
22). Average CO concentration in the tail pipe emission from failed non-diesel four-wheeler
vehicles of all registration age group was higher than the prescribed standard as mentioned
in Table 1.

Among the failed pre-BS-IV non-diesel four wheelers, the tail pipe concentration of CO was
higher in Bengaluru compared to that of Mysore under the vehicle age group of 0-6 years.
However, it reversed as the registration age of the vehicle increases (Figure 21). Significantly
higher tail pipe concentration of CO was recorded in the >10 years old vehicles among all

non-diesel four-wheeler vehicles in both cities (Bengaluru: 5.5%; Mysore: 7.1%). Tail pipe
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concentration of CO in BS-IV emission norm compliance PUC failed non-diesel four
wheelers were significantly higher in the registration age group of 0-3 in the PUC database
of Mysore compared to their counterpart in Bengaluru (Figure 21). This might be attributed
to the non-availability of BS-IV compliance fuel in Mysore or regions around, as mentioned
above. However, the average CO concentration in the BS-IV emission norm compliant non-
diesel four-wheeler vehicle under the registration age group of 4-6 years was significantly
higher than their counterpart under the pre-BS-IV vehicles in both Bengaluru and Mysore.
The rate of increase of CO concentration in the tail pipe emission of non-diesel four wheelers
from 0-3 years to 4-6 years registration age group of vehicles was higher in the BS-IV
vehicles compared to that in the pre-BS-IV vehicles.
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Figure 21 Vehicle registration age wise differences in the tail pipe emission of CO and HC
from the failed non-diesel four-wheelers in the PUC database of Bengaluru and Mysore

Mean of all failed non-diesel 4 wheelers under each registration age group of vehicle.

Error bar indicates standard deviation of mean.

Mean of one city followed by a common lower case alphabet (Bengaluru) and upper case
alphabet(Mysore) are not significantly different by Tueky’sHSD test at p < 0.05.

The HC concentration in the tail pipe emission of all failed non-diesel four-wheeler vehicles
in the PUC database of Bengaluru was below the prescribed standard as mentioned in Table
1. This indicates that the non-diesel four-wheeler vehicles in the PUC database of Bengaluru

failed in the PUC test due to higher concentration of CO in the tail pipe emission.
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4.4 Salient findings of the study in Bengaluru and Mysore

The interviews conducted at PUC centres, analysis of the data collected during PUC testing,
and perception survey of vehicle owners in the cities revealed interesting findings about the

I&M System in Bengaluru and Mysore.

It is concluded that the PUC system in India is based on market incentives. The PUC
operators are directly paid by the vehicle owners. Thus, to maintain good customer
relationship, the operators have a direct incentive of manipulating the data and passing
faulty vehicles in PUC tests. The interviews also revealed that PUC centres use equipment
delisted by ARAI and periodicity of calibration and auditing of vehicles is irregular. It was
seen that most operators were trained by the owners of the PUC centre or operators of other
PUC centres.

The perception survey pointed out that three-wheeler vehicles are penalized the most for
non-compliance with PUC test requirements. It was also seen from the PUC data analysis
that three-wheeler LPG vehicles had the highest failure rate amongst all categories of
vehicles. A possible reason could be installation of inadequate LPG kits into vehicles from
local vendors. The failure rate of three-wheeler vehicles increased with increase in the age of
vehicle. Three-wheelers are installed with 3-way catalytic convertors for emission control.
However, the useful life of such convertors is barely 30 000 km. It was also seen that vehicle
owners prefer way-side mechanics over auto-manufactures for maintenance of cars as the
vehicle age. Thus, it is unlikely that cat-convertors are replaced in three wheelers after 30 000

km. This might be the reason for higher failure rate of three wheelers.

The PUC data analysis suggests that less than 1% diesel vehicles were found to fail in the
two cities. The survey revealed that more diesel vehicle owners had a valid PUC test
certificate as compared to non-diesel vehicles. The opacimeter is unsuitable to measure
emission of finer particulate matter from modern diesel vehicles. This could be the reason

behind lower failure rate and higher compliance of diesel vehicles with PUC tests.
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5. Recommendations

Based on the findings from the analysis, new developments in technologies around the
world and the changing scenario of the in-use vehicle management in India, following
changes are recommended for the 1&M in India. The recommendations are framed under
four broad categories: improvement in the testing technology, changes in the institutional

framework, improvements in implementations, and introduction of in-use IVCP.
5.1 Improvement in Testing Technology

It is suggested that cities in India should have three kinds of testing centres:(1) existing PUC
testing centres for vehicles without OBD, (2) OBD testing centres for vehicles equipped with
OBD, and (3) accredited testing centres (based on loaded tests) for vehicles failing the OBD
tests. At present, petrol passenger cars and diesel vehicles manufactured post April 2013
have OBDs installed. By 2020, there would be some representation of vehicles with OBD in
the total vehicular fleet. This number would then be expected to rise, assuming that all
vehicles manufactured after 2020 will have OBDs installed. By 2035, almost all the vehicles
without OBDs in the Indian vehicular fleet would be retiring and the need for OBD and
accredited centres would gradually rise and the number of existing traditional PUC testing
centres will be limited. Figure 22 represents how the numbers of traditional, OBD, and
accredited testing centres are expected to change if the suggested recommendations are

implemented.

(1) PUC centres with advancement in technology: The vehicles that do not have OBDs
installed should be tested at the existing PUC facilities. However, the current HSU-based
testing of diesel vehicles is based on the principle of absorption of light, which is not
adequate to measure finer PM particles as present in the exhausts of new vehicles. This can
be improved with LLSP (Laser-Light Scattering Photometry) systems, which measure PM
through scattering of light. With a motive to measure NOx from the tail pipe emissions of the
diesel vehicles, the possibility of incorporating NDUV absorption spectroscopy in the PUC
testing system should be explored. NDUV works on the principle that NOx absorbs certain
wavelength in the ultraviolet spectrum and transmits the rest. The vehicles failing the test at
this centre should be given a chance to get serviced and get retested. If the vehicle even fails
the second time, then it should be sent to accredited centre (as discussed below) for further

testing.

(2) OBD based testing centres: We recommend that OBD systems should be made
mandatory for all vehicles by 2020. The standards to assess the OBD datasets for desired
performance of the vehicles need to be developed. Some of the existing PUC centres should
be equipped with the capacity to collect and analyse OBD datasets. All the vehicles
equipped with OBD should be tested at these centres. The vehicles failing the test at this
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centre should be given a chance to get serviced and get retested. If the vehicle fails even the
second time, then it should be sent to accredited 1&C centre (as discussed below) for further
testing based on loaded mode tests. A pilot of OBD-based 1&M programme should be
implemented in Delhi. This pilot programme can test the vehicles that already have OBD

system installed in them.

(3) Accredited 1&C centres: The present initiatives taken by the government, that is,
introduction of I&C centres, such as in Nasik, serve the purpose of testing the vehicles for
road worthiness (PUC + testing for road safety). If such centres are to be deployed for a city
like Delhi, with almost 8 million vehicles, then almost 125 centres would be needed to test all
these vehicles on an annual basis. It would be a challenge for the state governments to allot
land for so many centres. Therefore, it needs to be considered whether fewer centres can be
set up only to test vehicles (only for emissions), which have failed OBD tests. Hence, lesser
number of centres and corresponding amount of land would be required in each city. These
centres would be equipped with facilities to test the vehicles on the rigorous loaded mode
tests. Moreover, being few in number, these centres can be properly maintained and audited
regularly. It could also be considered whether these facilities could be established and
managed by automobile manufacturers who could take responsibility of the integrity of
these tests. Possibility of introducing a policy where the government offers testing franchises
on a minimum subsidy bidding basis can also be explored. These facilities should be
regularly monitored by the respective state pollution control boards (SPCBs). Vehicles found
with deranged parameters in OBD systems will be asked to carry out further loaded mode
testing using advanced technologies like OHMS (On-road Heavy Duty Vehicle Emission
Monitoring Systems) or Lug down testing for diesel vehicles. Gasoline vehicles if found to
be deranged as per the OBD standards, will need to go for advanced loaded mode testing,
based on advanced testing procedure, such as ASM. Selecting a specific and suitable loaded

mode test for vehicles requires further investigation.

(4) Use of RS: In addition to in-use vehicle testing proposed in previous steps, RS techniques
need to be employed as a check which models of vehicles emit more pollutants as compared
to others. These tests can be carried out on selected roads where a significant number of
vehicles are passed and their emission signals are detected remotely by the monitoring

device.

(5) Catalytic convertors: It was seen from the analysis that failure rate of vehicles increases
with age. A possible reason could be that vehicles might have exhausted the useful of life of
the catalytic convertors installed. Thus, a regulation should be passed that requiring fitness
testing to include catalytic convertors and overall durability of a vehicle.
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Figure 22 Diagrammatic representation of proposed changes in the PUC centres in a city.

5.2 Changes in the Institutional Framework

As such, MoRTH should make recommendations to Cabinet to legislate a new technical
board consisting of environmental and transportation experts who are empowered to set
and review testing standards for Type-Approvals and COP within a clear and predictable
time frame. States should also be represented with an advisory capacity in the scientific
board recommending CMVR committee.

MoRTH should direct approved testing agencies, such as ICAT and ARAI, to conduct

surprise COP tests of the vehicles manufactured.

While technology should be used to the extent possible to review PUC data and check its
veracity, the RTOs/audit agencies should be required to conduct surprise audits of PUC
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centres on regular basis; a target for the number of surprise audits should be prescribed to
each RTO for this purpose.

States should also carry out independent checks of manufacturing equipment and provide
data to ARAI about the proportion of operators using approved technology. This should
help with research about feasibility of technological uptake. States can also provide
harmonized training manuals developed in collaboration with the equipment manufacturers

so that practices do not vary from one equipment manufacturer to another.

Both state and union government can build on developing incentives targeted at grossly
polluting, older vehicles to scrap their vehicles. Policies also need to formalize scrap yards
and recycling facilities through community mobilization efforts and titling initiatives. In this
regard, the MoRTH is already planning a voluntary fleet modernisation programme for old

vehicles.

5.3 Suggested Improvements in Implementation

Testing frequency: It is recommended to conduct annual testing of vehicles across India
rather than quarterly or biannual PUC checks. Annual checks rather than quarterly or
biennial checks can ensure that higher percentage of the vehicular fleet actually appear for

inspections.

Tightening of standards: The PUC standards recommended for 1&M should also be
tightened. There is a need to improve capacity of existing PUC centres over time to become a
part of an enhanced overall I&M system; centres that do not meet more stringent
requirements over time may be phased out, ultimately resulting in fewer PUC centres that

will be easier to audit and verify.

Visible stickers: It should be mandatory for all vehicles to carry a visible I1&M sticker at all
times, with validity period clearly mentioned on them to make it easier for the traffic police
officers to spot defaulting vehicles. As a suggestion, the sticker should have the number of
the month and the last two digits of the year in which the PUC certificate will expire. For
example, a vehicle with a valid PUC certificate till 31st January 2017 should carry have a
sticker saying 1/17.

States should introduce routine checking of catalytic convertors and overall durability of
vehicles to offer technologically sound, comprehensive assessment of fitness of a vehicle.

There should be a close co-ordination between police and transport authorities to ensure
that a valid PUC certificate is checked wherever papers of the vehicle are demanded. The
number of checks done by the police and the RTOs should be reported periodically to the

Transport Commissioner.
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It is suggested that all cities in India move to computerized testing centres. The test data
collected in each of these centres is submitted on a real-time basis to a centralized location
managed by the state transport department. This data is the key to understanding the
vehicular fleet in each city; and hence, the results from analysis of this data can provide
insights that can be used to frame city-specific policies for better I&M of vehicles. This will
result in introducing cost-effective and city-specific measures to identify high emitters. This

can also act as input information for selecting models to be tested under the IVCP.

This data should be published routinely and biannual announcements should be made
about progress made with respect to compliance levels and emissions reduced by the state
government. Public awareness is imperative; therefore the announcement should be
implemented strategically, with a campaign, in partnership with the media to highlight the

importance of the efforts.

In addition, vehicle owners can be encouraged to leverage existing innovations, such as
through text notifications, to exercise vigilance over the quality of PUC services offered.
Broadly, it is worth considering investments in awareness campaigns to engage the public in

notifying authorities of grossly polluting vehicles.

It is clear from the perception survey that majority of the vehicle owners prefer way-side
mechanics for service of their vehicles. Thus, programmes can be launched by the Union
Government under to National Skill Development Scheme to build the capacity and certify

the way-side mechanics.

PUC integration with insurance: In many countries, integrating both vehicle insurance and
vehicle inspection has worked effectively in curbing emissions from in-use vehicles, such as

in Costa Rica, the EU, and many states of US.

5.4 Introduction of IVCP

The goal of this programme would be to ensure that vehicles actually comply with their
original emission standards (Type Approval standards) throughout their useful life.
Presently, there are no tests or screening done in India to check whether the vehicles are
actually meeting their Type Approval standards throughout their useful life, provided the
vehicle is maintained optimally. This can be initiated by the SCOE, which could initially
target one vehicle model from all different automobile manufacturing companies operating
in India. Two vehicles representing each model at two stages of their life-cycles (one new
vehicle and one old vehicle) can be recruited for in-use compliance testing. Suitable vehicles
would need to be recruited directly from consumers and the Regional Transport Office
(RTO) database can play an important role for screening the on-road vehicles and pick out
possible candidates. Vehicles found to be emitting greater than their stipulated norms as per

the Type Approval standards, would go in for more comprehensive testing at the expense of
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the manufacturer. For the comprehensive tests, a new set of samples could be recruited from
the in-use fleet, which should be tested after adequate maintenance and servicing.
Manufacturers usually claim that vehicles perform inadequately in the real world due to
poor maintenance. Thus, for the purpose of IVCP, it is important that adequately maintained
vehicles are selected for testing purposes. If those vehicles are also found to be failing the
norms, the manufacturer should be given time to look into the possible cause and submit a
detailed report to SCOE. SCOE will look into the matter and decide on further actions
deemed necessary, which may ultimately lead to recall. For testing of vehicles under the
IVCP, it is suggested that the R&D centres, which have come up under the National
Automotive Testing and R&D Infrastructure Project (NATRIP), could be roped in. A pilot
programme for PEMS (portable emission measurement system) based in-use testing on a
few high volume vehicles should be taken up. Even if testing agencies such as ICAT/ARAI
test 8-10 cars and 8-10 trucks/buses each year in lab and on-road, it will reveal a lot in terms

of the state of compliance with the standards.

Durability (deterioration) factors presently prescribed in TA norms are also questionable
and need to be developed for local conditions in India, based on scientific assessments. Mass
emission testing has to be carried out when the durability mileage claimed by the
manufacturer is exhausted. Necessary correction in the durability factor should be made

based on the evaluation carried out.
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Annexure: 1 - Workshop in Delhi

Title of the workshop:Improving Inspection and Maintenance System in India
Date:October 25, 2016

Venue: Marigold Hall, India Habitat Center, New Delhi

The objective of the workshop was to initiate a discussion on the current I&M system for in-
use vehicles in India and its limitations; and to contemplate on the possible solutions to
improve I&M system in India. The workshop had a representation from the government,

industry, research institutes and regulatory authorities.

Dr Ajay Mathur, Director General, TERI, highlighted the importance of regular 1&M in
India. He released the position paper prepared from the results of the study. It was made
clear that improvements in both technology and implementation were necessary for a robust
[&M System in India. Mr S Sundar, Distinguished Fellow, TERI, pointed out the vehicles are
increasing at an exponential rate in India and steps are needed to be taken to limit the
negative externalities — air pollution, associated with vehicular emissions. While India is
progressing towards stricter emission standards, it also important to strengthen 1&M of the
vehicles plying on the roads. On-board diagnostic systems on vehicles and an IVCP is the
way ahead to improve I/M system in India. The Joint Secretary of Ministry of Road and
Transport, Mr Abhay Damle, talked about the position paper released by TERIL The 1&M
System in India is slowly developing, he said. India is a unique country so it requires new
and innovative solutions to deal with complex problems. He stressed on simple solutions
which are easy to implement and would have higher returns. The suggestion of visible
stickers in cars for easy identification of PUC compliant vehicles is one such solution. Mr I.
V. Rao from Maruti briefed about the readiness of the manufacturing industry to solutions
mentioned in the position paper. He informed the audience that OBD was introduced in
India in 2006 and since then India has made a lot of progress. The OBDs are now installed in
all BS-IV passenger cars and all diesel vehicles manufactured post April 2013. He was also of
the opinion that OBD technology requires a lot of research and development in India before
it can be used for PUC testing purpose.

In the next technical session, Mr Bhanot, former ARAI Director, made a presentation about
the development made in India in the field of I&M of vehicles. He said that I/M system has a
more broader objective of inspecting vehicles for roadworthiness which includes testing for
wipers, brakes and so on to ensure road safety. He also briefed the audience about the new
I&M centres in Nasik, Rohtak, Jhuljhuli, Bengaluru, Lucknow, Railmagra, Chhindwara,
Hyderabad and Silchar. Mr Jai Kishan Malik, from TERI, summarized the policy
technological recommendations as made in the policy brief. He explained the three types of
PUC testing centres — traditional testing centres, OBD testing centres and accredited testing

centres. Dr Arindam Datta presented the findings from PUC data analysis of Bengaluru and
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Mysore. It was seen that three-wheeler LPG vehicles had the highest failure rate amongst all
vehicles. Ms Amber Luong, from OKAPI, talked about the institutional bottlenecks in the
I/M system. She suggested that a proper co-ordination between the central government,
state government, regional transport authorities and police departments is the key to an

effective I/M system.

In the end, Mr Sundar concluded the workshop by stating that there is also an urgent need
to initiate awareness campaigns as vehicle owners are undeniably one of the major

stakeholders in the performance of vehicles on-road.

Photo. The workshop organized in Delhi
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Annexure: 2 - Workshop in Bengaluru

Title of the workshop:Improving Inspection and Maintenance System in India
Date:November 18, 2016

Venue: Iris Hotel, Brigade Road, Bengaluru

The objective of the workshop was to initiate a discussion on the current I&M system for in-
use vehicles in India and its limitations; and to contemplate on the possible solutions to
improve I&M system in India. The workshop had a representation from the government,

industry, research institutes and regulatory authorities.

The speakers of the inaugural session were—Mr P Dasgupta, Director, TERI-SRC; Mr
Naveen Soni, Vice President, Toyota Kirloskar Motor; DrRehmanHafeez, Director, TERI-EU;
MrBalrajBhanot, former director, ARAI, Pune; Technical Officer, CPCB. Additionally,
DrArindamDatta, TERIL, Jai Kishan Malik, TERI, Ms Amber Luong, OKAPI, Dr T V
Ramchandran, Professor,IISC and Mr V Ravichandra, Feedback Consultation were a part of

the technical discussion.

The workshop started with discussion of air quality problem in Bengaluru and the role of
transport sector. The steps taken by the government to understand the problem like the
source apportionment study conducted in Bengaluru were also discussed. It was pointed
out that the implementation of 1&M policies was a challenge in Bengaluru. TERI and OKAPI
presented their study on the I&M system in India. In technical session it was discussed that
Bengaluru has urbanized dramatically in the last two decades with minimal planning. This
seems to be a root cause behind the problems of congestion and air pollution.

Photo. The workshop in Bengaluru
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