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Executive summary

Deterioratng roadside air quality and rising public concerns over the
health impacts of air polluton have prompted the HKSAR Government
to undertake a series of measures for combatng vehicular emissions.
Three programmes costng a total of HK$11.5 billion have been launched
this year to pay for replacing catalytc converters and sensors on
liquefed petroleum gas (LPG) taxis and minibuses, enforcing a rigorous
emission inspecton regime for petrol and LPG vehicles in operaton, and
replacing all pre-Euro IV diesel commercial vehicles, which account for
two-thirds of the feet, with low-emitng ones in the coming few years.

As a result of these programmes, the entre vehicle feet is expected to
become much cleaner in a few years, since almost all diesel vehicles will
meet Euro IV or more stringent emission standards by 2020 (except for
franchise buses, which are subject to diferent retrement requirements).
Also, petrol and LPG vehicles will be more diligently maintained and
stayed clean, thanks to the stricter emission monitoring and inspecton
programme. There is, however, an important missing piece — an efectve
emission inspecton programme for on-road diesel vehicles.

The existng annual and roadside emission tests for diesel vehicles only
monitor smoke emissions. They were developed for mechanical diesel
vehicles and are not efectve in measuring emissions from advanced
diesel vehicles as emissions from these vehicles, which consist of fne
partculate (PM,s), and nitrogen oxides (NOy), are predominately
invisible and smoke emission level is very low. Also, the free acceleraton
smoke (FAS) test used for inspectng most of the diesel vehicles does not
measure NO,, which is an important diesel pollutant and a precursor

of ozone and PM, 5. FAS test is not only open to fraud and allows
vehicles passing the test with temporary fxes, its test cycle also cannot
simulate on-road driving conditons. The existng tests for diesel vehicles,
therefore, are not able to force repair of gross emiters among advanced
diesel vehicles. As the share of advanced diesel vehicles will steadily
increase in the coming few years, there is an urgent need to develop a
new set of diesel emission tests that will identfy on-road diesel vehicles
with excess emissions.

Advanced diesel vehicles are characterised by their much lower level
of emissions, and the use of advanced emission control devices for the
best emission control performance. The malfuncton of any advanced
emission control devices, whether it is a sensor, a catalyst, a valve, or

a fuel injector, can cause high emissions. For vehicles equipped with
selectve catalytc reducton (SCR) devices for NO, control, emission
control performance would be seriously compromised if the drivers do
not regularly replenish urea, which is a reductant used for cleaning up
NO, emissions. An efectve test for advanced diesel vehicles, therefore,
must be performed under load in order to monitor NOy emissions,
conducted using more sensitve analysers in order to track fne PM and



NO, emissions, and must include roadside screening to ofer year-round
surveillance. The later will induce drivers to diligently refll urea, deter
tampering of emissions control equipment and promote more diligent
repairs.

A number of advanced emission methods have been piloted in the
United States (US) and Canada for inspectng and identfying advanced
diesel vehicles with excessive emissions. Three of these methods,

which appear to be promising optons for use in the inspecton and
maintenance (I/M) programme in Hong Kong, are introduced in this
report: remote sensing devices (RSD), on-road heavy-duty measurement
System (OHMS), and simplifed chassis dynamometer test.

These methods are all conducted under load and performed using
advanced emission analysers, hence they are able to evaluate NO,,
PM, s, and other pollutants of concern. The tests with OHMS or RSD
can be applied to roadside screening, and therefore can be used to
deter tampering with emission control devices, and encourage tmely
reflling of urea. The chassis dynamometer test and the test with OHMS
can be considered for use at scheduled periodic tests. With respect to
adoptng these tests in Hong Kong, RSD appears to be best suited for
roadside monitoring. While the simplifed chassis dynamometer test
appears to be a more accurate test for use in the I/M settng as it is
conducted in a more controlled setng, the costs for having all diesel
vehicles undergoing this test periodically may be prohibitvely high.
The OHMS, which has only recently been piloted in the US and Canada,
could be a promising alternatve. However, validaton of the OHMS
results against fndings from other proven methods, like the portable
emissions measurement system (PEMS) or chassis dynamometer test,
are needed to demonstrate accuracy and repeatability of the OHMS.
Also, reconfguraton of the set-up to beter suit Hong Kong's feet is a
necessary step for adaptng these tests.

It should be noted that these methods are stll evolving, and Hong Kong
can take advantage of the newly developed technologies. For instance,
new emission analysers have been developed that may considerably
improve sensitvity of RSD. One example is a laser-based remote sensing
equipment called emissions detecton and reportng (EDAR), which may
allow for remote sensing measurement in mult-lane locatons. More
tests will be needed to demonstrate its benefts over other widely used
measurement devices.

By adoptng a combinaton of these three methods, the HKSAR
Government can signifcantly improve the efectveness of annual
emission tests for diesel vehicles, and ensure that polluton control
equipment of diesel vehicles will operate properly year-round through
undertaking roadside screening.



To implement a more rigorous inspecton programme in Hong Kong,

a greater number of well-trained vehicle mechanics will be required

to carry out proper repairs. The emission control system that is now
commonly used in new diesel vehicles is complex, and will demand

a suFcient pool of capable mechanics for diagnosing and repairing
emission-related faults. The share of advanced diesel vehicles in the
feet will contnue to increase, since only Euro V and newer diesel
vehicles can be registered in Hong Kong. The HKSAR Government
should therefore make sure that the training programmes designed

for mechanics will be more focused on the diagnosis and repair of
advanced emission control systems, and that these courses are ofered
at a reasonable cost. Establishing a mandatory certfcaton scheme for
mechanics is highly recommended as a way to ensure the capability

of the newly certfed mechanics, and to guarantee the quality of
contnuous training for all mechanics. The HKSAR Government may also
consider following the European Union (EU) and the US regulatons by
requiring vehicle manufacturers to give the repair industry free access
to repair-related informaton and tools. This move will ensure that
adequate tools and equipment become available and are used properly
by mechanics during repairs of advanced vehicles. On-board diagnostc
(OBD) system, which is installed in Euro IV or newer heavy-duty diesel
vehicles, has proven to be an efectve diagnostc tool for repairing light
duty vehicles. Even though Hong Kong imports vehicles from countries
that are using diferent OBD systems, the HKSAR Government should
consider beter leveraging this tool for vehicle diagnosis in the future, as
the share of OBD-equipped diesel trucks contnue to rise. In the longer
term, the HKSAR Government could consider using OBD as an emission
inspecton tool.

Going forward, the HKSAR Government should tghten the emission
standards for heavy-duty diesel vehicles to be on par with Euro VI and
the US 2010 standards. These two standards have brought forth the
best commercially available emission control technologies to the EU
and the US markets. Also, these standards require polluton control
equipment to last longer than those on Euro V vehicles, which in turn
may lessen the repair burden on vehicle operators and drivers. With
generous government subsidy on ofer in Hong Kong, money should be
used to replace old pollutng diesel commercial vehicles with the lowest
emission vehicles that are currently available, so as to get the greatest
emission reducton and public health benefts.
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The government has In "#$%&™!()"*$&"+,)"-,"."l,". , the Government commited to
launched a much strict substantally improve air quality and set the goal of meetng Hong
emission monitoringand  Kong’s new Air Quality Objectves by 2020. A targeted efort aimed
Jve% Y}V % CE} P (atimproving roadside air quality, in partcular on cleaning up in-
for petrol and LPG use vehicles, was launched to reduce public health risks from air
vehicles and subsidised polluton.?

EoC E YE u vs_}(.
old diesel commerecial Two important and far-reaching initatves have been rolled out by the

vehicles Environmental Protecton Department (EPD) since the announcement
of the clean air plan. The frst is a government-funded programme
for replacing catalytc converters and sensors on liquefed petroleum
gas (LPG) taxis and light buses, coupled with the implementaton
of a much strict emission monitoring and inspecton programme
for LPG and petrol vehicles on the road. The second initatve is
subsidising the retrement of pre-Euro IV diesel commercial vehicles
(including goods vehicles, non-franchised buses, and light buses), and
mandatng these vehicles that registered on or afer 1 February 2014
to retre afer 15 years of service.?

These two initatves are expected to substantally reduce vehicle
polluton as they target the three vehicle categories that account for
the largest share of road vehicle polluton, namely diesel commercial
vehicles, LPG taxis and light buses. Based on 2011 data, the diesel
feet (goods vehicles, franchised and non-franchised buses, but not
diesel light buses)? only accounted for 20 per cent of the city’s vehicle
populaton and 37 per cent of total mileage, but it was responsible for
91 per cent of partculate mater (PM1g) and 70 per cent of oxides of
nitrogen (NOy, a precursor of ozone and secondary fne partculate)
from the road sector. LPG taxis were the third largest source of
vehicular NOy emissions in 2011, afer goods vehicles and franchised
buses.*

LPG vehicles were However, past experience shows that vehicular emission control
considered a cleaner is far from straightorward. For example, LPG vehicles (including

05 GEv YA &} ] -etawisand light buses), which were considered a clean alternatve to
vehicles, but they diesel vehicles when introduced in Hong Kong in 2000, became gross
became a major source emiters mainly because many of them had malfunctoning emission
}( % }oopuY}v p  $dondrol bystems® and the emission inspecton regime for LPG then
of proper maintenance vehicles was unable to identfy a vehicle with high emissions in order

v v]v+ YA to enforce tmely replacements or repairs.®

uleel}v Jve% Ylv

regime to force repair The experience with LPG vehicles highlights why an efectve vehicle

inspecton programme is vital for making sure emissions from vehicles
on the road are kept low. No mater how clean a new vehicle is when
it leaves the showroom, without proper maintenance to keep its
emission control system in efectve conditon, emissions will worsen
as vehicle components age and deteriorate. An efectve emission



10

inspecton programme is therefore needed for coercing vehicle
owners into diligently maintaining their vehicles.

Vv Ju% E}A ]V e % Thénastly improved emission monitoring and inspecton programme

programme for diesel
vehicles is urgently
needed

Latest overseas emission

for LPG and petrol vehicles, that came into efect on 1 September

2014, is designed precisely to address this problem, but it only applies

to LPG and petrol vehicles. Our last report "0%1(%2",+"34%"-,"."

<}VP /ve% Y}v v D ]Jvdvv WE}PE uy (}E Kv
released in August 2013, highlighted that emission inspecton for

diesel commercial vehicles, which checks only for smoke instead

of NOy, is inadequate for identfying advanced diesel vehicles with

excessively high NOy or PM emissions. An improved inspecton

programme for diesel commercial vehicles, that is as vigorous as the

programme for LPG and petrol vehicles, is urgently needed.

With all the above in mind, the purpose of this report is to review the

Jve% Y1}v % (E} P Hatgstoverseas development of emission inspecton programmes for

will be reviewed in this
report to determine
applicability to Hong
Kong

commercial diesel vehicles, with the goal of informing the design of
an enhanced programme for Hong Kong. The review provided in this
report specifcally focuses on tests that suit Euro IV or more advanced
vehicles for two reasons: frst, as a result of the early retrement
incentve scheme for pre-Euro 1V diesel commercial vehicles and

the mandatory 15-year limit on vehicle service life promulgated

on 1 February 2014, all diesel commercial vehicles in operaton

by 2020 will be Euro IV-compliant or newer vehicles. An emission
monitoring and inspecton programme would deliver the biggest
long-term benefts if it could identfy problems with the emission
control systems of these advanced vehicles in need of repair; second,
between now and 2020, the polluton contributon of pre-Euro IV
vehicles will diminish as the populaton of these vehicles dwindles
away due to atriton and/or early retrement incentves. Essentally,
the early retrement incentve programme quickens the process

of eliminatng old, pollutng vehicles, whether or not they are well
maintained.

This report also looks into other policy measures that support beter
vehicle maintenance. In the next fve years, over 80,000 diesel goods
vehicles will be retred and replaced with new ones using advanced
emission control systems. The availability of well-trained service
technicians and the freedom of access to vehicle service data are
critcal in enhancing the standard of vehicle maintenance.



) LEE vS [vek Y}Iv v

maintenance programme for diesel
commercial vehicles in Hong Kong

Diesel commercial
vehicles contribute the
largest share of PM1g and
NOx from vehicles

2.1 Diesel commercial vehicles in Hong Kong

The category of diesel commercial vehicles (DCVs) 7 includes diesel
goods vehicles, franchised and non-franchised buses, and diesel
light buses. As shown in Figure 1, goods vehicles contribute the
largest share of PM1g and NOyx from vehicles, while buses have

a disproportonally high share of NOyx and PM emissions. This is
especially true for franchised buses, which represent only 1 per cent
of the feet but contribute one-ffh of NOy and 6 per cent of PM1g
emissions. Among diferent types of goods vehicles, vehicles in the
heaviest vehicle category (those with gross vehicle weight ratngs
over 15 tonnes) produce the largest amount of PM1g and NOy
emissions (see Figure 1) both in absolute amount (total from this
category) or relatve quantty (emissions per vehicle). This suggests
that heavy goods vehicles and franchised buses should be the focus
of the in-use diesel vehicle emissions control programme.

11
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Advanced emission
control systems are
adopted when Euro IV

2.2 Tightening vehicle emission standards and new
emission control pathways
Since 1995, Hong Kong has incrementally tghtened emission

standards for new diesel commercial vehicles. Currently, new diesel
commercial vehicles sold in Hong Kong include Euro V vehicles as

] » o AZ] o « .Ewellasieavy-duty diesel vehicles that meet the United States (US)

into use

2010 and Japan’s Post-New Long-term Standards. Diesel vehicles sold
in Hong Kong predominantly comply with Euro V and the Japanese
standards,’ but the split of vehicles meetng European Union (EU)
versus Japanese standards is not available.'® Figure 2 shows the

trend of tghtening the NOy and PM standards for diesel commercial
vehicles (with weight > 3.5 tons) in the EU, the US and Japan,** and
the implementaton tmeline of various standards in Hong Kong in the
past two decades.

The Euro IV standard implemented in Hong Kong since 2006 requires
an 80 per cent reducton in PM, and 30 per cent reducton in NOy,
HC and CO emissions from the Euro Il standard. For meetng the
signifcantly stricter standard, in-cylinder emission control alone
(such as fuel injecton with high pressure and metering control, fuel
injecton retardaton, fuel nozzle redesign) was not sufcient. Euro
IV and cleaner vehicles require the use of both engine improvement
and advanced emission control systems. As shown in Figure 3,

the point labelled “startng point” represents the PM and NOy
emissions coming out from a HDV engine (engine-out emissions)
afer the engine design is optmised. This point falls outside the
Euro IV emission limits of 3.5g NOx/kWh and 0.02g PM/kWh, hence
additonal emission control technologies have to be used to bring
emissions down to the Euro IV limits.*?

13
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Euro IV and newer diesel ~ Two main technology control pathways have emerged for meetng
vehicles will increasingly ~ Euro IV and V standards:

& oC }v L ESE Su vSs ) o
devices for controlling e SCR pathway: engine-based PM control (fuel injecton pressure,

exhaust emissions tming and metering combined with turbochgrging), _and
afertreatment devices for NOy control — typically using a selectve
catalytc reducton (SCR) devise

e EGR + PM aftertreatment pathway: NOy control through exhaust
gas recirculaton (EGR), and PM control by an afertreatment
device — typically using a diesel oxidaton catalyst (DOC) or a
partal fow flter (PFF).

The Euro VI standard, the most stringent standard currently enforced
in Europe, requires the use of SCR and EGR together with a diesel
partculate flter (DPF) to meet the strictest emission limits on NOy
and PM. These new engine developments highlight that Euro IV and
newer vehicles will increasingly rely on afertreatment emission
controls.

15
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maintenance programme
The complex advanced emission control systems on Euro IV and newer

diesel vehicles pose a number of challenges to vehicle maintenance and
emission inspecton.

IXiXT >]uls Yive }( 8E ]YIv 0 ules]lv & & (

The current emission tests for diesel commercial vehicles are fast
A]eYVvP wu]ee]}v acceleratonsmoke test and lug-down smoke test. Both tests were
Jve%o Y}v % E}P @Enitally adopted based on the premise that excessive visible smoke is

for diesel vehicles that a sign of poor combuston resultng from malfuncton, maladjustment
only measures smoke is or misfueling. These are typically causes of excessive emissions from

not applicable to Euro mechanically controlled engines (Euro Il or older vehicles plus some Euro
IV and newer vehiclesas |l models). However, vehicles with electronic controlled engines and
they emit very low levels ~ fuel systems (Euro IV or newer vehicles) usually release very low levels
of smoke of smoke which are below the detecton limit of opacity meters used in

these tests.'®> Numerous research have also shown that visible smoke
has poor correlaton with PM emissions from diesel vehicles. Traditonal
emission tests for diesel vehicles only monitor visible smoke, and
therefore are not suitable for Euro IV and newer vehicles.

iXiX7T Zo]lv }vAZ]lo }% E §}E* 3} E .00

While there are two technology pathways for meetng Euro IV and V
standards, SCR is the technology of choice for most heavy-duty diesel

WE}% E (pv Y }vvehicles(HDVs). By using SCR, engines can be tuned to run at higher

technology depends on NOy emissions levels and lower PM (and hence low fuel consumpton
periodic replenishment which is an appealing point for vehicle buyers), with excess NOy being
of urea by vehicle cleaned up by using the SCR device. SCR is also used on all Euro VI
operators compliant heavy-duty diesel engine models introduced in the market

to date. However, the proper functoning of the SCR device requires

the vehicle operators to diligently replenish the vehicle’s supply of urea
(commercially called Adblue in Europe or Diesel Exhaust Fluid, or DEF, in
the US), which is a reductant that converts NOy to nitrogen and water
with the use of a catalyst. Since engines are tuned to have high NOx
emissions (typically several tmes the amount of NOy emissions from
Euro Ill-compliant engines),* if vehicle operators do not refll the urea
supply in a tmely manner, or refll with low quality urea, the NOy control
performance of Euro IV, V and more advanced vehicles will be seriously
compromised. All Euro IV and newer vehicles are required to have an on-
board “failsafe” device which includes a driver warning system to notfy
drivers in case of insu¥cient urea volume, quality and dosing, as well as
a vehicle performance degradaton system that compels drivers to refll
or fx malfunctoned urea systems by limitng performance of the vehicle
to an unacceptable level. However, news reports in Mainland China
showed there are companies ofering courses for mechanics on how to
disable the SCR failsafe systems.'” Year-round surveillance, as opposed
to annual tests, would therefore be needed to deter SCR tampering and
induce operators to diligently refll urea.

1
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emission control system

Emission performance of Euro IV and newer diesel vehicles depends

on the precise control and correct functoning of the emission control
system (including the engine and fuel system, the turbocharge system
and catalysts in the afertreatment devices, as well as a set of sensors

Failure of any one or that monitors operaton of these emission control components).
more of the emission Failure of any one or more of these components could result in higher
control components emissions. Ideally, performance of these components needs to be
could lead to high monitored not only during the annual inspecton but contnuously, so
emissions it could deter tampering, as well as promote proper maintenance and

tmely replacement of faulty components.

Both the SCR and DPF afertreatment devices require high exhaust
temperatures to maintain a good emission control performance,
so emission control of vehicles equipped with SCR or DPF could be
weakened in urban trafc.®

TXd >]Ju]s \"(}V- }( $Z /E]-\"(vP ujee]}
diesel commercial vehicles

Emissions from diesel commercial vehicles are inspected using the
free acceleraton smoke (FAS) test and the lug-down smoke test. Box 1
summarises how these two tests are used in Hong Kong. More details
of the existng diesel commercial vehicle emission control programme
dZ HEE v3 ]ve%ean¥gfoundinourearlierreport, Z A] A }( $Z ,}vP <}VvP /v
programme mainly relies v D]Jvsvyv WE}I}IPE uu (}JEKVrE} s Z] o X
v (E o & Y}v .
smoke (FAS) test TIXoXi &E o0 E Y}v su}l § 8

During the FAS test, a vehicle is held statonary with the brake on, and

the throtle pedal is pressed quickly to its full throtle positon, while

the engine is accelerated to its maximum governed engine speed with

the transmission in neutral. The amount of smoke emited is measured
FAS test measures smoke  USiNg an opacity meter to determine if the smoke emissions exceed the
emission of vehicle when  standard.”

it is not under load ) ) _ ) )
While this test is quick, cheap and easy to conduct, it has a number of

key limitatons rendering it as an inefectve method to identfy highly

pollutng diesel vehicles.
FAS test is quick, cheap Limitations related to the test procedure:
and easy to conduct, but
it has poor repeatability,
and it is prone to fraud.
It does not measure NOy
and does not represent
the real-world driving

}v ]Y}ve

{ Poor repeatability and open to fraud: smoke readings from the FAS
test can be afected by many factors, including the rate at which
the accelerator pedal is pressed, the extent to which the pedal
is pressed, vehicle preconditoning and the engine temperature.
Furthermore, diluton of the exhaust stream can result in lower
smoke readings. Therefore, vehicles with excessive smoke could stll
pass the FAS test if the exhaust is incidentally or intentonally diluted

or the engine is accelerated gently;*
17



FAS test equipment also
cannot reliably measure
smoke and PM emissions
from advanced diesel
vehicles

18

{ Inability to force permanent repairs: The FAS test only checks
smoke level, but not engine power. It is well known that
temporary repairs, such as adjustng the fuel injecton pump to
reduce fuel delivery or resetng the engine’s speed governor to a
lower resoluton, can reduce smoke and ensure that vehicles with
excessive smoke can pass the FAS test. Since these fxes lower
engine power, they are reversed once the vehicles passed the FAS
test. Therefore, FAS test is inefectve in forcing permanent repairs
that reduce smoke emissions from in-use diesel commercial
vehicles;*

{ d+8 C o0 V}3 E %E » vVYVP E orAJ&o EJA]\
FAS test is conducted under one speed and without any load on
the engine, but real-world vehicles almost always operate under
load and at varying speeds. Tests have shown poor correlaton
between the PM reading from the FAS test and real-world
emissions; and

{ No measurement of NOy: NOy is a major pollutant from diesel
vehicles. Its concentraton has been rising in the past fve to six
years,* and it has signifcant environmental and health impacts
because it is a precursor of ozone polluton and forms secondary
PM2> 5 polluton. Implementng the FAS test alone, therefore,
would leave NOy emissions from diesel vehicles unchecked.

For vehicles with SCR devices, this limitaton of the FAS test is
partcularly problematc because a vehicle equipped with a SCR
system is tuned to operate with high engine-out NOy. If the SCR is
defectve, or not operatng due to a lack of urea or other defects
of the SCR system, FAS test would be unable to identfy the
problems.

Limitations related to the test instrument:

Traditonal opacity meters are being used in the FAS test and the lug-
down smoke test in Hong Kong. By using green light (with wavelength
at ~550nm) or deep red light (wavelength at ~680nm)?®, these
traditonal opacity meters are suitable for measuring smoke levels of
mechanically controlled vehicles (Euro Il or older), but they cannot
reliably measure smoke levels of advanced diesel vehicles for the
following reasons:

{ /veu8 ] v3 E - Asthérénviddion standard ratchets down to
Euro IV and stricter standards, the smoke levels of the advanced
diesel engines are close to the detecton limits of traditonal
smoke meters, rendering smoke meters unsuitable devices for
measuring smoke levels of Euro IV and newer diesel vehicles;*

{ /ve ve]YA]SC 3} eu o0 oA%sgeRoftenamf diesalengine
partculates have diameters below 200nm, yet traditonal opacity
meters use visible light (with wave length of ~ 550nm) or deep red
light (wavelength of ~680nm) which have much poorer sensitvity
to smaller partculates and would underestmate small partcles as
a result;*” and
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light that is typically used in opacity meters, and that could
afect the efectveness of conventonal smoke meters. Oxidaton
catalysts in modern diesel engines could increase the share of
NO, in the total NOy, so the interference efect on opacity meter
readings will be higher for Euro IV and more advanced vehicles.?

2.2.4 Lug-down smoke test

Lug-down smoke The lug-down smoke test is performed with the test vehicle placed on
test measures smoke a dynamometer in order to simulate a loaded conditon similar to a
emissions of vehicles at vehicle ascending a slope. The tester depresses the accelerator pedal
high engine speed untl it reaches the maximum fuel delivery positon, and holds it untl

the engine reaches maximum speed and the smoke level is measured.
The dynamometer load is then gradually increased to slow down the
engine speed to reach 90 per cent and 80 per cent of the maximum
engine speed, at which two more smoke readings are measured. A
vehicle would fail the test if any one of the three smoke readings
exceeds the regulatory smoke limits (see Box 1). Maximum engine
power is checked during the test,* and if the maximum engine power
is found to be lower than 50 per cent of the designed maximum
engine power specifed by the vehicle manufacturer — an indicaton
that the engine power has been adjusted to pass the test — the test is
also considered failed.

Y ¢} ]§ © & u}v]CGontpared to the FAS test, the lug-down test beter represents real-

emissions in real-world world conditons as the test vehicle is loaded. By following a series of
}v ]Y}lveX dZ § «é&orpputer-guided steps, the lug-down test typically produces more
also fully automated consistent results.* The requirement of checking maximum engine
which is less prone to power could also deter engine tampering, even though 50 per cent
fraud of the manufacturer’s maximum power is considered grossly too

low.3! As a result, lug-down test could more likely force permanent
repairs on smoky vehicles by addressing the test-procedure-related
limitatons of FAS test discussed above.*

While it is an improvement over the FAS test, the lug-down smoke

test in Hong Kong has a number of limitatons:
Nevertheless, lug-

down smoke test does e The lug-down test in Hong Kong uses traditonal opacity meters,
not measure NOy, and so the same limitatons related to opacity meters mentoned
precision of the test is above also apply to lug-down smoke test: insufcient resoluton,
ojuls C §Z SE ]ndensitvity to small partculates, and cross sensitvity with NO,.
opacity meters. The More sensitve smoke measurement devices, therefore, should
test may be too harsh be adopted to improve the efectveness of the lug-down test for
for older/high-mileage testng vehicles with advanced emissions controls;

vehicles

e The lug-down test in Hong Kong does not check NOy emissions;
and

e The lug-down test, by emphasising maximum power, may cause
physical damage to the drivetrain, partcularly on older/high-
mileage vehicles.®
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All diesel commercial vehicles are currently required to undergo emission testng during
the annual roadworthiness inspecton for licence renewal. The annual roadworthiness
test is managed by the Transport Department (TD). The Environmental Protecton
Department (EPD) proposes the type of emission tests performed as part of the
roadworthiness tests, and recommends the pass or fail criteria. Of all the diesel
commercial vehicles presented for annual roadworthiness testng, 90 per cent of the
vehicles undergo a free acceleraton smoke test, and 10 per cent are selected to undergo
a lug-down dynamometer test.

In parallel with the annual emission test, EPD operates a smoky vehicle control
programme, under which volunteer spoters are trained to identfy smoky in-use vehicles.
Owners of vehicles reported by spoters as suspected smoky vehicles are requested to
bring their vehicles to one of the designated vehicle testng centres for a lug-down test.
EPD also works with the Police Department to regularly set up roadside smoky vehicle
inspecton statons. A diesel vehicle pulled over by the police is required to undergo a

FAS test at the spot. If the vehicle is determined to be non-compliant, the vehicle owner
would be fned HK$1,000 and the vehicle is required to be repaired and retested at one of
the designated vehicle test centres using a lug-down test within 12 days.3*

IXn < C ©EC&] us = }( v vZ v
for diesel commercial vehicles in Hong Kong

"JA v §Z o]u]s Y }Wdightofthe limitatons of the existng emission inspecton tests

of the FAS test and the
lug-down test, new I/M

needed for diesel emissions from advanced diesel commercial vehicles are critcally
vehicles important for ensuring the vehicle feet is properly maintained and

The new I/M programme

complies with the emission standards.

should include roadside discussed earlier, an enhanced emissions control programme for

for diesel commercial vehicles and the fact that diesel vehicles are a
major source of PM and NOy polluton in Hong Kong, new emission
% E}PE uu « E ingpgctonangdaaintenance programmes that can identfy excessive

1D %

Considering the characteristcs of Euro IV and more advanced vehicles

screenings and annual diesel commercial vehicles should possess the following atributes:

Jve% Y}veX dZ ulee]}v

tests must test the { /vopu &} ] <« & v]vP v vvp o uJec]}ve Jv
vehicles loaded to avoid Roadside screening is needed to ensure that emissions control

fraud and achieve high systems are working properly on a daily basis, instead of only

accuracy at a reasonable
cost

20

Euro IV, and roadside screening could efectvely deter vehicle

during inspecton. This is partcularly important as SCR becomes
a commonly adopted technology on diesel vehicles startng from

operators from reflling with poor quality urea or not replenishing
the urea. However, roadside screening alone is unlikely to replace



mandatory annual inspectons because there are constraints on
where roadside screening can be set up (more discussions on
this point in Secton 3.2.3), and increased coverage would mean
more sets of equipment being introduced in parallel, and hence
an increase in costs. Besides, drivers may change routes afer
they know the locatons of the roadside screening tests. Roadside
screening therefore is unlikely to inspect all diesel commercial
vehicles in operaton, so annual inspecton is stll needed;

Vehicles must be loaded when being tested: Testng a vehicle
under load is the only way to check NOy emissions. It also
measures PM emissions under conditons that beter mimic real-
world conditon;

Not prone to fraud: A test that is susceptble to cheatng is
inefectual in gettng real emissions reductons, and will also
erode public support of the overall emission control programme.
Unfortunately, unscrupulous individuals seem to have found
ways to cheat on all scheduled tests. In some cases, bribing

the inspector would cost less than repairing the vehicle. A
well-organised test should therefore be centralised and fully
automated to make it difcult for anyone to alter the test
results;* and

Tests should be able to achieve good accuracy at a reasonable
cost: When a commercial vehicle is taken out of service, the
vehicle operator and owner sufer a loss of income as the period
of repair prolongs. As shown in Figures 1 and 2, large cargo trucks
are the biggest polluton sources among all diesel commercial
vehicles. Drivers of these trucks that mainly provide long-haul
freight transport are partcularly sensitve to downtme. Time
needed to undergo annual inspecton tests or roadside screening
should be taken into account while achieving sufcient accuracy.

21
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for diesel commercial vehicles

3.1 Advanced emission tests being developed or
tested in major automobile centres

FAS test is commonly Since measuring smoke opacity during free acceleraton or idle
used around the world is easy, less tme consuming, and does not require highly skilled
(JE & «YvP ] e o inspectors, many countries adopt it for monitoring in-use diesel
vehicles even though vehicle emissions.*® While the limitatons of smoke tests have been
1§+ o]u]d Yive & Widelydpcumented,’” more efectve inspecton methods for in-use
known vehicles have not yet been adopted in major automobile markets,

like the US, the EU and Japan. The US, which has the world’s

most comprehensive regulatory and enforcement programmes

for certfcaton of new vehicle models, believes that imposing
increasingly stricter new vehicle standards (including longer durability
and in-use emission testng requirements) is more cost-efectve

for controlling real-world vehicle emissions than upgrading the
inspecton programme of vehicles in operaton. This partly explains
why more atenton has been given to improving new vehicle
certfcaton programmes in these major automobile markets.

Even so, many tests and methods have been developed to measure
emissions from HDVs in real world conditons. Some of the tests
were developed for establishing emission factors of various types of
the measuring of vehicles, in order to make emissions inventories. These tests include
emissions from HDVs in the plume chasing approach® and exhaust sampling using a mobile
E o AYEo }v ] yl§1lq,_3.9 Qther tests were developed for_re_gulatory enforcement, in
few of these test were which most notably, the portable emission measurement system

A 0}% % ]. &PgI&S)(t?%t_that was developed for demonstratng compliance
with the in-use testng requirement of the US and the EU standards
(see Box 2).“ However, a number of tests have been developed
specifcally for identfying grossly emitng vehicles, including remote
sensing, On-road Heavy-duty Measurement System (OHMS) test, and
simplifed chassis dynamometer test.*

New tests and
approaches have been
developed to improve

the I/M purpose

The review below focuses mainly on remote sensing, OHMS test and
simplifed chassis dynamometer test. Remote sensing and OHMS test
can measure emissions for a large sample of vehicles in a short period
of tme, so it is well suited for roadside screening of HDVs. Besides,
these tests, which are all conducted with the vehicles under load, can
address the limitatons of the FAS test, which are the unloaded test
conditon, absence of NOx measurements, and smoke measurement
being a poor surrogate of PM detecton. This secton provides a short
descripton of these tests, and discusses how they may be applied in
Hong Kong.

These tests include
remote sensing, OHMS

S ¢S Vv eJu%eo].
chassis dynamometer
test
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Box 2: Portable Emissions Measurement Systems (PEMS)

The PEMS test was developed for demonstratng compliance with the in-use emission
testng standards (called Not-to-Exceed standard, or NTE). The in-use emission testng
standards was introduced by the US Environmental Protecton Agency (EPA) as part of the
new engine certfcaton requirements in a 1998 Consent Decree with heavy-duty engine
manufacturers.*? As part of the US new engine/vehicle certfcaton requirements, the
NTE standard was introduced to ensure emissions from HDVs are controlled over the full
range of speed and load combinaton commonly experienced in use. The PEMS test was
developed for enforcing this standard as it measures vehicle emissions while the vehicles
operate on the road. Beginning with Euro VI, the EU also requires all new heavy-duty
diesel engines to be certfed to comply with a similar in-use emission testng requirement,
which is called the in-use conformity testng requirement.*?

Besides being used for certfying compliance with the NTE and in-use conformity testng
requirements, the PEMS test has also been used in many regions (including Hong Kong)
for developing emission factors in order to establish more accurate emissions inventories
in real-world conditons.

However, preparing a vehicle for the PEMS test and removing the PEMS afer the test take
along tme (typically one to two days in total), hence the test is unsuitable for monitoring
emissions of a large vehicle sample.

~

/

3.2 Remote sensing test

Remote sensing devices Remote sensing devices (RSD) are an increasingly popular tool for
have been proved viable  monitoring on-road vehicle emissions because they do not disrupt

for checking emissions trafcs and can generate a large sample of emission readings under
of heavy-duty diesel real-world conditons. RSD has been used for years in the US, Hong
vehicles Kong, Mainland China, Taiwan, South Korea and other countries for

monitoring on-road vehicle emissions, but most of these programmes

target light-duty vehicles only.

As of today, remote sensing programmes have been mainly used for:**

e Identfying low-emission vehicles that can be excluded from periodic

emission inspectons (clean screening);

= Identfying high-emission vehicles, or gross emiters (dirty screening)

for follow-up actons;
e Developing an emission profle of a given vehicle feet; and
e Cross-checking on I/M performance.

Studies looking into using RSD for measuring emissions from HDVs

began in the mid-1990s.%> While the RSD technologies are stll emerging,

a few studies conducted in the past few years have shown that RSD
is viable for measuring HDV emissions.*® The latest commercial RSD

devices are capable of measuring a wide range of pollutants, such as

carbon monoxide (CO), HC, NO, NOy, carbon dioxide (CO,, as a proxy for

fuel use), and opacity (as a proxy for PM).#
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RSD checks pollutants
in the exhaust plume
of passing vehicles

by measuring the

The RSD unit directs beams of infrared (IR) and ultraviolet (UV)
light across the road, where a receiver measures the absorpton
of IR and UV by the plume of passing vehicles. The absorpton
rate is positvely correlated to the concentraton of a specifc

*}YE % Y}v }( ]v(@@bs@rbent (pollutant). The diference in concentraton relatve to the

and ultraviolet light
directed across the road

background determines the pollutants emited from the vehicles that
pass through the test site. An automatc licence plate recogniton
system can be set up to capture the vehicle licence number for
obtaining more vehicle details if desired. Measurement of speed and
acceleraton is obtained upstream of the emissions measurement to
estmate the engine load leading to the emissions.*® Figure 4 shows

a schematc of the dual RSD system set up designed by the EPD for
measuring petrol and LPG light-duty vehicles in Hong Kong.
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Location of vehicle exhaust pipe outlets:

]+ & v§ }E] vS Yile RSD testng for light-duty vehicles has been researched
%}e]1Y}Iv }( Z ACregénSvely in Hong Kong since the early 1990s,% it has not been

vehicle exhaust pipes
may pose challenges
to RSD tests, but this
problem has been
resolved in Hong Kong

applied to heavy-duty vehicles (HDVs)®! partly due to the varying
locaton of vehicle exhaust pipe outlets.

To address concerns about the diferent orientatons of exhaust
pipes and the diferent sizes of HDVs, one of the remote sensing
equipment providers, ESP, has prepared a detailed guidance
document ofering suggestons for RSD deployment confguratons
to suit diferent vehicle sizes and various exhaust pipe orientatons
and confguratons.® Communicatons with the EPD suggested that



its research on RSD has already successfully resolved problems
with measuring emissions from HDVs with diferent exhaust pipe
positons.>
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Z™~ u e*u@E < E Y }Another factor that could make it difcult to use RSD for screening

of pollutants to CO,
emissions, which cannot
be precisely correlated
to the vehicle design
emission standards, so

high-emission HDVs is the unstandardised defniton of trucks as
gross polluters. One way to defne a dirty truck is to relate the on-
road emissions measured by RSD with the respectve new vehicle
certfcaton standards. As an example, the RSD programme just
launched by the EPD for petrol and LPG vehicles defnes a grossly

57 HSr% }]vse §zpdlutngyehicle as vehicles with emissions exceeding two tmes its

a vehicle passes or fails
cannot be set based

on the design emission
standards

The cut-points, however,
can be chosen by
A oy YVP §Z

design emission standard when the given vehicle was certfed.>

The cut-points set for enforcement are more easily defensible, as
they are directly related to the new vehicle standards and appear

to be less arbitrary. However, it is difcult to defne cut-points from
RSD readings of diesel vehicles. An RSD device measures ratos of
pollutants to CO, emissions (i.e. PM/CO,, NO/CO,, etc.) of the dilute
exhaust plume or ratos of pollutants to fuel use, and conversion from
grams of pollutant per gram of CO, to grams of pollutant per unit of
horsepower (the metric of HDV design emission standards) requires
the knowledge of the brake specifc fuel consumpton (litre of fuel/
kWh) of each of the vehicles being inspected. Unlike petrol or LPG
vehicles which typically run at a stoichiometric burn rato and have a
constant brake specifc fuel consumpton, the air fuel rato of diesel
engines and their brake specifc fuel consumpton vary depending

on the load and engine eFciency.> As a result, it is nearly impossible
to precisely defne cut-points for diferent vintages of vehicles

that correlate closely with their respectve vehicle design emission
standards.*

There is another way to set the cut-points that the Government could
consider. The cut-points could be set by evaluatng the emission

u ] prdfiie of the feet and targetng the dirtest fracton of the feet.

% E}.0 }( SZ G Accovding to the plume chasing testng of 242 vehicles conducted

failing only the worst
polluters

by the City University of Hong Kong, nearly half of the on-road NOx
and black carbon (a subset of PM) emissions are believed to come
from 5 per cent of the highest emittng vehicles.* Since RSD can
measure emissions from a large number of vehicles in a short tme,
the RSD readings could be used to establish an on-road emissions
distributon of most of the diesel vehicles, based on which the cut-
points are set at a level that ensures the highest emittng vehicles are
forced to repair, while most of the vehicles would not fail. Advanced
diesel vehicles with broken afertreatment devices or with tampered
devices typically have emissions several tmes higher than emissions
from correctly functoning diesel vehicles, so the cut-points should be
able to catch those vehicles with faulty or tampered emission control
systems.5®
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RSD is subject to
viu @E }( +]YvP driving, the following road and weather conditons are preferred:
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measurements are O -
§Y u ] vs individual vehicles;
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RSD is not designed to
measure emissions from
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PM measurement using RSD:

To measure partculates, conventonal RSD for heavy-duty vehicles
uses an ultraviolet beam to check opacity. While it is not a direct
measurement of partculates, an ultraviolet beam with a shorter
wavelength (230nm) has been shown to provide a higher sensitvity
to small partcles emited from modern diesel engines, compared to
the visible light (with wavelength of 550 — 680nm) used in traditonal
opacity meters. A study conducted in Japan has shown reasonably
good correlaton (R square equals 0.68) between PM measurement
from a PEMS test and RSD opacity readings using 230nm ultraviolet
light.>® Therefore, RSD smoke readings should be a good proxy for PM
measurements.

iIXTXT Z} v A 8Z & }v ]Y}ve

To obtain RSD measurements that represent real-world conditons for
Single lane trafc, so that emissions can be easily atributed to

e Alocaton with a small incline to ensure that the engine is under
load,

e Free fowing trafc with constant acceleraton would be the best.
For instance, a site where vehicles accelerate from a stop sign or
tra®c light is not desirable;

= RSD should not be placed where vehicles are likely operatng at
cold-start conditons (e.g. right afer long idling) to exclude falsely
high emiters;

e Adry, non-dusty road is preferred since road dust reduces the
signal’s hit rate, hence afects accuracy; and

e Good, dry weather enables the test to obtain high validity results.
While inclement weather conditons, like rain or fog, do not afect
the accuracy of the test, they lower the number of valid results
being captured.

The above conditons for obtaining the best RSD results could
constrain the locatons at which RSD testng could be deployed. This,
in turn, would make it more costly to deploy su®cient RSD units to
cover all diesel commercial vehicles.

Other than locaton constraints, RSD is not designed to provide a
complete picture of emissions from the vehicle feet. For instance,
RBD typically excludes emissions during idling or under deceleraton
as they are too low to measure. Cold start emissions are also
intentonally excluded to avoid false reportng of gross emiters, even
though emissions during cold start for modern vehicles could be a
signifcant share of the vehicle’s total emissions.®
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RSD should not replace
periodic emission tests
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Advanced emission
measurement devices
have been developed to
overcome some of the
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EDAR uses laser-based
technology to measure
pollutants from above
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considered a coarse reading of the emission level of an individual
vehicle, and RSD-based testng should not replace periodic emission

v Ye§Fs that cover the entre vehicle feet.

3.2.4 Remote sensing using advanced emission measurement
devices

New measurement devices have been developed for remote sensing
applicatons to improve the accuracy of the tests by addressing the
limitatons of traditonal RSD tests discussed above. For instance, the
Hong Kong EPD is exploring the applicaton of ultra-sensitve infrared
camera during remote sensing to quantfy exhaust emissions from
diesel vehicles.®

Another example of advanced measurement devices is the Emissions
Detecton And Reportng (EDAR) system, which is a laser-based
technology that remotely measures infrared absorpton of gaseous
pollutants coming out of a moving vehicle, including petrol and diesel
vehicles in their normal operatng environment. This technology uses
a laser to scan the entre exhaust plume and simultaneously measure
the absolute amount and relatve concentraton of CO,, CO, NO,

NOy, HC, as well as opacity (as a proxy for PM).®2 The EDAR device
scans the trafc from above, allowing the unit to take measurements
on multlane roadways (see Figure 5). This approach seems to get
around many of the sitng problems typically associated with RSD (for
example, having to limit sitng to single lane roads to avoid mixing
plumes), and potentally the exhaust pipe locaton issue discussed
above.

Other advantages of EDAR over traditonal RSD equipment, as
suggested by the manufacturer, include a higher sensitvity to
changes in gaseous polluton concentraton within an exhaust plume,
a higher sampling rate, a minimised interference from adjacent
vehicle exhaust plumes, no interference from ambient temperature
fuctuatons, no calibraton (traditonal RSD equipment needs to be
regularly calibrated every few hours) and no onsite staf required.®

The device is now ofered as a commercial product, and is being

used in the States of Tennessee and Connectcut for monitoring
light-duty vehicle emissions.®* Eforts have been made to measure

the correlaton between test results using EDAR and PEMS. Recent
studies, which were shared with the authors and not yet published,
show the rato of emissions to CO, measured with EDAR matched well
with results from PEMS.%
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3.3 On-road heavy-duty measurement system test

The OHMS test was The On-road Heavy-duty Measurement System (OHMS)¢” test was
recently developed to invented by researchers at the University of Denver to provide a “less
provide a non-intrusive, intrusive and beter test” (than the FAS test) for measuring emissions
quick and loaded from heavy-duty vehicles.® The OHMS test was tested in two pilot
emission test for HDVs projects in North America — in the Dallas-Fort Worth area of Texas

and Vancouver in Britsh Columbia — to evaluate its applicability for
measuring in-use HDV emissions.® Another pilot project is currently
being undertaken in California, but the project’s fndings have not
been published. The OHMS test has the potental to measure a wide
range of pollutants, including partculate mass, partculate number,
black carbon, NOx (NO and NO,), HC and CO.
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Emissions are analysed Measurements of pollutants are made by acceleratng a diesel vehicle

while a vehicle drives from a stop through an exhaust-sampling tent. Exhaust accumulates

through a sampling shed  under the roof and is sucked into a set of longitudinally perforated
tubes that are connected to emission analysers. An inline fan draws
air mixed with vehicle exhaust to the end of the pipe, with an
integral exhaust sample of 6 to 8 seconds taken each tme a truck
passes through the tent. The samples are then measured by a set of
analysers for diferent concentratons of various pollutants. Figure
7 shows the set-up of an OHMS test sampling tent. Figure 7 is a

schematc diagram of the OHMS test and the emissions measurement

devices used in the pilot tests.
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The OHMS test can use
the same analysers in
chassis dynamometer

The dimensions of the sampling tents built for the Vancouver and
Texas pilots are 50 feet (L) x 12 feet (W) x 15 feet (H), and 50 feet (L)
x 15 feet (W) x 18 feet (H), respectvely. The vehicle driver stops at

§ e3¢ v %}3 vY dheQHMS test tent entrance and then drives through the tent in an

provide more reliable
results than RSD

acceleraton mode. The length of the tent allows exhaust from an
acceleratng vehicle to be collected through the perforated tubes on
one side or both sides of the tent. The analysers used are the same as
those typically used for light-duty vehicle transient tests like the IM240
test (as listed in Figure 7). Specifcally, partculate mass, partculate
number and black carbon were monitored by direct partcle mass
measurement and separate black carbon measurements, so the
measurements are more unequivocal than PM measurements
derived from optcal opacity in the RSD test. Besides, compared to
the instantaneous measurement for RSD, the measurement tme is
longer for the OHMS test as emissions are accumulated before being
analysed, so the OHMS test could potentally provide more reliable
results than RSD.™
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Measurement tme:15 seconds Horiba FCA 240; FID/Chemi — HC & NO

Drive mode: accelerate from a stop through the Horiba FCA 240; Chemi — Total NOx

License p|ate manua”y recorded Dekati Mass Monitor (DMM 230A) — PM mass &
Infrared exhaust pipe temperature sensor can be

YIvWw Emission analysers:

Horiba AIA 240; NDIR —CO2 & CO

Droplet Measurement Tech PAX — Black Carbon

number

devices used in the OHMS test”

\ Figure 7. Annotated photo of the OHMS test and the emission measurement J

Results from the two
previous pilot OHMS
tests are more promising

IXTXT s E]. Y}v }( K,DN § ¢«§ (E spuo0Se

In this newly developed emission test, the Vancouver and Texas pilot
studies examined how the OHMS test results matched with those
measured using conventonal methods, like the PEMS or RSD.

In the Vancouver pilot test, readings from the OHMS test were
compared with remote sensing results obtained from over 900
diesel vehicles (see Figure 8, results obtained from the OHMS test
and the RSD test are labelled as “Tunnel Diesel” and “RSD Diesel”
respectvely). The measurements were closely aligned in trends and
levels, except for the PM results from RSD indicatng a higher level of
PM emissions. The Vancouver study team suggested that the higher
PM readings from the RSD test were probably resulted from the
trucks operatng at a lower average power than that of the OHMS
test.”
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Figure 8. Heavy-duty vehicle NOx and PM emissions measured using the
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In the pilot test conducted in Texas, a sample of trucks underwent the
OHMS test and also had their emissions checked by the PEMS to verify
the accuracy of the OHMS test. The NOx measurements from the OHMS
tests were found correlatng fairly well with the PEMS NOy results, with
an R? value of 0.8 (see Figure 9).7
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Figure 9. Comparison of OHMS test results and PEMS results for NOy from the Texas OHMS
pilot test™

Note: Vertcal axis shows the fndings of the OHMS test.
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The two pilot OHMS tests conducted to date have shown that the

OHMS test could be a viable test for measuring emissions of on-

road diesel commercial vehicles. The OHMS test can be deployed

as a screening tool, or provided with sufcient verifcaton in an I/M
setng as a replacement for the loaded dynamometer test.

Using OHMS test for roadside screening:

YA v e+« }( K, DRegarding roadside screening, one of the advantages of the OHMS

may be undermined if
drivers choose to avoid
§Z § S 0} Y}v

test over RSD is that the OHMS test is less sensitve to weather
conditons, hence it can be performed during foggy or rainy days.
However, fnding a suitable site for setng up the OHMS test along
corridors with heavy-duty diesel commercial vehicle tra®c in Hong
Kong can be challenging. The tent structure can be easily seen from
afar, and hence drivers may be alerted and would inform their peers
to avoid passing through the testng locatons. In the Vancouver study,
a much lower traFc count than expected was observed at the OHMS
testng site, suggestng that drivers intentonally avoided passing the
testng site where the drivers might need to undergo the test. The
truck drivers in Hong Kong are likely to behave in the same way as
those in the Vancouver study. Therefore, adoptng the OHMS test as a



OHMS can also be
adopted for periodic

mandatory test at a centralised I/M locaton may be a more efectve
use of the OHMS applicaton in Hong Kong.

Using OHMS for periodic inspection:

As the OHMS test procedure is simple, it has been shown that
emissions can be monitored with a vehicle spacing as litle as 20

UJeel}v Jve% Y }vsetdnds.” It takes about 20 minutes for the lug-down test to be

replace the FAS and lug-
down tests

The drive mode should
be well-controlled to
minimise test variability,
improve consistency, and
§E Z YvP

completed. It means that the OHMS test can measure emissions

of a much larger number of vehicles in a day than another periodic
testng opton — the chassis dynamometer test (see discussion in the
next secton). Since the OHMS test essentally uses the ground as the
dynamometer, it can test vehicles of diferent weight, regardless of
the number of axles. Thus, ofering a more fexible (and cheaper) way
to simulate real-world driving than using a chassis dynamometer.

Compared to dynamometer tests, the OHMS test takes much less
tme to conduct as it does not require tying the vehicle up on the
chassis dynamometer. In terms of the test operator training, OHMS
test requires essentally the same training as a dynamometer test
because several monitoring instruments are identcal.

Improved control on test variability and repeatability:

One potental weakness of OHMS is that its test cycle is not
standardised as that used in a dynamometer test. Therefore, a
driver’s behaviour can have signifcant infuence on the test results. In
contrast, a dynamometer test with a predefned drive trace and a set
of test conditons, like vehicle load, allows for standardisaton of the
test procedure with repeatable results.

If the OHMS test is to be used in a permanent I/M settng, more
atenton should be paid to control the driving mode and the vehicle
load, in order to eliminate the possibility of cheatng and ensure
consistent testng results. This could be done by specifying the tme
it takes for the drivers to drive through the tent, and mandatng the
vehicle to be weighed before undergoing the test. If a truck takes
longer to reach the end of the tent, the driver can be instructed to go
around again. Another way to enhance the control of driving mode
would be to use a slightly longer runway afer the sampling tent, for
instance 100m with the driver instructed that s/he must arrive at the
end of the 100m pathway and stop afer a certain tme, for instance
less than 20 seconds. This forces the drivers to accelerate through the
sampling tent and checks if the drivers have exerted enough power
to pull the load of vehicles and applied enough brakes to stop. If the
drivers are too slow, they will be sent around again. As long as the
driving mode is well controlled, like the two test procedures stated
above, previous tests have shown highly consistent results for all
types of vehicles.
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An improved test

The OHMS sampling tents built for the pilot projects in Texas and

Jv.Pu@E Y}v AZ] ZXajeouver were only for demonstratons and were designed for

more applicable to Hong
Kong has been developed
and patented

the OHMS test results
cannot be directly
correlated to the design
standards

The capital cost of the
OHMS test is dominated
by the costs of

emission measurement
equipment, but the
amount of patent
payment is unknown

Chassis dynamometer
test can measure
emissions under
controlled and

diesel vehicles with vertcal exhaust pipes. If the OHMS test is used
in periodic emission tests in Hong Kong, where almost all trucks
have exhaust pipes close to the ground, a permanent shed should
be built, and reconfguraton of the tent and pipes are needed. The
University of Denver research team in fact has designed an improved
confguraton that enables monitoring of low and high exhaust (see
US patent 8429957).” In this design, an additonal set of perforated
tubes is positoned on or close to the roadway. Air fow calculatons
showed that it is easier to get an adequate sample for vehicles with
exhaust pipes close to the ground, than for vehicles with vertcal
tailpipes. It is because exhaust is confned under the body of the
vehicle. However, this improved confguraton has not been tested
in the US because almost all trucks in the US have vertcal exhaust
pipes.s

Defining cut-points:

As with the RSD, the OHMS test measures the ratos of pollutants to
CO, emissions. Therefore, the same challenge remains with setng
a set of reasonable and defensible cut-points for the OHMS reading.
It is because the OHMS readings cannot be directly correlated to the
vehicle design emission standards.

iXTXd }*3 }( }v p YVP §8Z K,D”™ § 3§

When estmatng the costs of the OHMS test, three elements need
to be considered: costs of building the sampling tent, measurement
equipment, and patent payment.

According to Professor Donald Stedman, one of the inventors of the
OHMS test, the constructon cost of the sampling tent, perforated
pipes and fans should not cost much. The measurement equipment
for CO,, CO, HC, NO, NO,, partculate mass and number of black
carbon cost about US$350,000 (or HK$2.7 million). There is an
additonal cost for the patent, but it is not known yet as the OHMS
test has not been sold commercially.

3.4 Chassis dynamometer test

A traditonal way to carry out a loaded emission test is to operate
a vehicle on a chassis dynamometer. A chassis dynamometer is a
treadmill-like device which simulates on-road driving conditons
for measuring exhaust emissions under controlled and repeatable

E % § o }v ]Ywireumstances. Therefore, dynamometers have been used for

certfying light-duty vehicles, i.e. demonstratng new vehicle models
meet the design emission standards, before they can be produced
and sold.®



... so it has been used for  For monitoring on-road vehicle emissions, light-duty vehicle
Jve% YVP Jvrue dyriamcmeter tests using a simplifed test cycle have been conducted

duty vehicles in the US in many states in the US (for vehicles without on-board diagnostcs,
for years, and has been or OBD) for some tme, and have been increasingly adopted in major
increasingly used in cites in Mainland China.s2 The recently adopted chassis dynamometer
ui}@E 1Y « ]Jv D ]testfor petrol and LPG vehicles in Hong Kong is an example of a

China chassis dynamometer test running on a short test cycle.

But it has not been For HDVs, a number of places, such as Hong Kong, Singapore, Beijing
commonly used for and South Korea, have implemented lug-down smoke tests which

Jve% YVP ]Jvrue Usggarage grade (lower cost) dynamometers to measure smoke
opacity. Australia is probably the only country that has introduced
a dynamometer test for measuring on-road HDV NOy and PM
emissions, but the test is implemented only on a voluntary basis.=
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An emission test During a chassis dynamometer test, a vehicle is mounted on a
conducted on a chassis dynamometer and connected to emission measurement devices.
dynamometer can exert  1he Vehicle is driven by a precise “route” (test cycle) designed to
load on the test vehicle simulate real-world driving conditons. As the test is conducted in a
to mimic real-world standardised and controlled manner, following a pre-defned drive
E]A]vP }v ]VY}v.traceand underagivenloading conditon, the measurements should
be more stable and repeatable.

A simpler and relatvely less costly dynamometer can mimic

driving at constant load (a steady state test) while more expensive
dynamometers can simulate acceleraton, deceleraton and idling (a
transient cycle). A lug-down test can be considered a steady state test
at three loading conditons: 100 per cent, 90 per cent and 80 per cent
maximum engine power.

Figure 10 shows a heavy-duty tractor secured on a Hong Kong
government owned inspecton grade HDV chassis dynamometer, with
wheels placed on rollers, ready to undergo a transient emission test.
The dynamometer is procured by the EPD for carrying out transient
cycle testng versus steady state testng.
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up chassis dynamometer
test could be fairly high
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emission tests

Costs:

Very fe® places have opted for heavy-duty vehicle chassis
dynamometer tests as a periodic emission test partly because the test
equipment is expensive. For instance, one inspecton grade steady-
state HDV dynamometer which can simulate driving at constant

load costs at least HK$600,000, excluding the cost of emission
measurement devices.® In Hong Kong, there are more than 125,000
diesel commercial vehicles and buses. If each vehicle needs to
undergo a dynamometer test once a year, at least 12 dynamometer
testng units would be required, providing that the test centres are



open for 10 hours every day and each test takes 20 minutes. It is
suggested that purchasing chassis dynamometers cost HK$7.2 million.
If a longer test cycle is used, more dynamometers will be needed.

In additon, each dynamometer needs to be connected to a set of
emission measurement devices. Assuming that the same estmates
provided by Professor Donald Stedman could also be applied to the
dynamometer test, 12 sets of measurement devices will cost an
additonal HK$33 million to the total capital cost.

Test cycle:

A simple test cycle has If a government decides to adopt a dynamometer test, one opton is

to be developed, or the to modify the lug-down test to include NOy and PM measurements.

government can look into  One advantage of the lug-down test is that the test procedure is

1% YVP /E]eYvP rel@t@ysimple, and many stakeholders (vehicle owners, mechanics

test cycles developed and emission test inspectors) are familiar with the procedure.

abroad Besides, the HKSAR Government can utlise the dynamometers
already installed at the designated test centres. However, more
dynamometers will need to be installed if the lug-down test becomes
mandatory for all diesel vehicles.

O-cials in Mainland China are in the process of updatng the annual
emission test for HDVs, and considering upgrading the lug-down
smoke test by including a NOy emission measurement.s

For Hong Kong, the Government can develop a short test cycle that
refects Hong Kong’s specifc driving conditons. The EPD of Hong
Kong has just procured an inspecton grade transient dynamometer
(as shown in Figure 10), together with PEMS testng equipment at the
Jockey Club Heavy Vehicle Emissions Testng and Research Centre. It
can be used to identfy a short test cycle for Hong Kong, or evaluate

if short test cycles developed in other countries, such as the power-
curve test cycle developed in California, are suitable for use in Hong
Kong.¥
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emissions tests

The three tests can be Table 1 presents the key characteristcs of the three in-use emission
conducted under load, tests discussed above. All three tests can measure NOy and PM
achieve reasonable emissions under load, and analyse exhaust emissions using advanced
accuracy for measuring emission analysers. These tests should be efectve for identfying
PM and NOx, and high emission HDVs with advanced emissions control. Remote sensing
deployed for roadside and the OHMS test can both be used for roadside screening, and the
screening or scheduled OHMS and chassis dynamometer tests can be considered for use
periodic tests at periodic inspecton. Also, if these tests are designed well and are
automated to a maximum extent, the likelihood of cheatng can be
minimised.
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Loaded Measure PM Periodic test Prone to Accuracy / repeatability | Sensitve to Testng capacity
test? and NOx? VS. roadside fraud? weather? (no. of HDVs

screening tested per day)+
Remote Yes Yes, indirect Roadside No Coarse reading for Yes for ~200
sensing test measurement spotng high emiters traditonal
of PM & NOx in ) ultra violet
exhaust plume Best if deployed under and infrared
certain road and system
Measure opacity weather conditons
as proxy of PM
OHMS test Yes Yes, indirect Both roadside | No, if Pilot tests showed good | No ~150
measurement and periodic driving agreement with remote
of PM & NOy in mode can sensing and PEMS
exhaust plume be well results
controlled .
Driving mode needs to
be well controlled
Confguraton to be
optmised to suit Hong
Kong conditons
Chassis dyna- Yes Yes, direct Periodic No, if test Repeatable and No ~30
mometer test measurement is fully accurate results
automated
Notes

* Testng capacity of remote sensing depends on trafc volume, assume a valid reading is taken every 2.5 minutes; assume each dynamometer test
takes 20 minutes, and each OHMS test takes 4 minutes.



m Which tests are suitable for
Hong Kong?

The RSD and OHMS tests
can be used for roadside
screening, and the chassis
dynamometer test and
OHMS test can be used
(}JE vvpug 0 Jve%o

d o TX W}ee] 0

An efectve emission inspecton programme for diesel commercial
vehicles should include annual inspecton and roadside screening,
as noted in Secton 2. Based on the three tests discussed in the last
secton, there are at least three possible combinatons of tests, as
shown in Table 2, that will upgrade Hong Kong’s emission inspecton
prégramme for diesel commercial vehicles:

Ju Jv YIv }( 8 8 }% Y}ve v ,}JVvP <}VvP

K %o Y}V VVH 0 Jve% Y}v Roadside screening
Primary screening Verifcaton
1 Dynamometer test Remote sensing test Dynamometer test
2 Dynamometer test OHMS test Dynamometer test
3 OHMS test Remote sensing test OHMS test

The RSD test is best
suited for roadside
screening in Hong Kong

Option 1: Remote sensing test is deployed to screen gross emiters,
followed by a dynamometer test to verify compliance, similar to what
has been launched for petrol and LPG light-duty vehicles. In parallel,

a dynamometer test is introduced to replace the FAS test and the lug-
down test as part of the annual roadworthiness inspecton at centralised
facilites.

K %o Y } \DHWM$ test is used to screen out high emiters, followed by
a dynamometer test to verify compliance, while using a dynamometer
test for annual inspecton at centralised facilites.

K %o Y } Reindte sensing test is used to screen out high emiters,
followed by an OHMS test to verify compliance, while using an OHMS
test for annual inspecton at centralised facilites.

Roadside screening:

Both the RSD test and OHMS tests are designed for roadside screening
and are able to measure emissions of a large number of vehicles in a
short tme period. Since these two tests obtain indirect measurement of
the exhaust plum, as opposed to directly measure exhaust emissions at
the tailpipe, it is desirable to retest vehicles which are identfed as gross
emiters during roadside screening in a more controlled environment. As
shown in the last column of Table 2, the verifcaton test is suggested to
be the same as the test adopted for annual inspecton for simplicity of
the programme.
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As noted above, the efectveness of the OHMS test may be afected
by the fact that the sampling tent is easy to be seen from afar, and
drivers may change their route to avoid screening. Finding a number
of suitable sites for settng up the OHMS test may also be more
challenging than for RSD test since the sampling tent takes larger
space than the the RSD equipment. Furthermore, concerns have been
raised that the OHMS test may cause too much disrupton to the
normal operatons of cargo trucks, as vehicles need to be diverted to
undergo the test. RSD, therefore, appears to be a beter choice for
roadside screening in Hong Kong. However, the queston discussed
in Secton 3.2.2 regarding the settng of cut-points for enforcement
remains an issue to be resolved.

VVH 0 JVe% Y}IVvWwW

The chassis In terms of accuracy and test repeatability, the chassis dynamometer
dynamometer test test is preferred to the OHMS test. It is because it allows direct

is highly accurate emissions measurement and standardisaton of test procedures.

and consistent if a However, the costs of requiring all vehicles to take a dynamometer

E % E « v3 YA § testcould be prohibitvely expensive.

cycle is used. However, . _ .
the capital costs is To provide an idea of the relatve costs for adoptng the chassis

% E}Z] YA U v dynamometer test and the OHMS test, Table 3 below compares
the costs and the testng capacity of the chassis dynamometer test

OHMS test appears -~ .

g} ye&r + YA and the OHMS test, based on some preliminary data on equipment
08 Ev YA (1 E \;;gslgs. } should be noted that these costs are indicatve only and

Jve% V}v more research should be conducted to determine the actual costs of

adoptng these tests in Hong Kong.
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(No. of tests conducted in a

One-tme capital cost and Costs of emissions Operatng cost
10-hour day) patent payment measurement devices™
Chassis ~30 HK$0.6 million” HK$ 2.7 million No. of inspectors and
dynamometer test costs for maintaining

and operatng the test

OHMS test ~150 Costs for constructng ggusli?nrﬂg?t assumed to

the shed (should be
less than the cost of a
dynamometer)

Patent payment (unknown)

Notes:

+ Assume each dynamometer test takes 20 minutes, and each OHMS test takes 4 minutes.

* Based on informaton provided by Prof. Ge Yunshan of the Beijing Insttute of Technology.

** Based on cost data provided by Prof. Donald Stedman of the University of Denver; assume the same emissions measurement devices are used
for both tests.
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the feasibility and
applicability of the OHMS
test in Hong Kong, a full
trial is recommended

Since the OHMS test is designed to use similar emission measurement
devices as those used in the dynamometer test, the capital cost,
maintenance and repair cost for the emission measurement devices
should be comparable for both tests. It is also assumed that the
training cost of the test operators for both tests is similar, as the
emission measurement devices are the same even though the test
procedures are diferent. The number of inspectors responsible for
conductng the test is believed to be similar assuming that the vehicle
owners will be operatng their own vehicles during both tests.

Because of the lower throughput of the dynamometer test, one set of
OHMS test equipment can at least inspect fve tmes as many vehicles
as the dynamometer test per day. So a fair cost comparison would

be to multply the costs of the dynamometer test by fve. The OHMS
test appears to be a cheaper test opton. However, it should be noted
that the patent payment cost is unknown, which may turn out to be a
large commitment. Due to the limited scope of this study, a detailed
cost analysis of the two test optons is not conducted. However, it

is recommended that the EPD should investgate with cauton these
cost items while deciding which test to be used.

The OHMS test appears to be a promising test opton. It could be

a cost-efectve means to test a large number of HDVs in an I/M
setng. If the patent payment is not prohibitvely expensive, it is
recommended that the government should launch a full trial to
examine the feasibility and applicability of OHMS test to the Hong
Kong vehicular feet. During the trial, fndings from the OHMS test
should be compared with other proven methods, such as PEMS or
dynamometer test. In additon, the drive mode and confguraton of
the OHMS test should be examined and optmised to minimise test
variatons.
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As the share of advanced
vehicles increases, there
is an urgent need to
improve the capability of
the mechanics

dZ s} Ylv o
Training Council (VTC)
training sessions are
not mandatory nor
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Upgraded emission tests can identfy vehicles with excessive
emissions during annual inspectons. It is also important to capture
in-use vehicles with malfunctoning components between two annual
emission tests through roadside screening. Even with an efectve
annual inspecton test and roadside screening, vehicle operators
should closely monitor the proper functoning of emission-related
components of their vehicles and fx any problem swifly, in order

to keep the emissions at a low level. In light of this, the following
sectons briefy discuss other supportng policies that will help
promote tmely and proper vehicle maintenance.

5.1 Strengthening mechanics training and
Uuv YVP §8Z & P]*SE Ylv « Z u

5.1.1 Importance of competent vehicle repair mechanics

Retring old vehicles will deliver substantal immediate emission
reductons. However, to maintain the emission control performance
of the replacement vehicles over their useful life, proper maintenance
and repairs are required. This is partcularly true in Hong Kong, as
two-thirds of the diesel commercial feets in Hong Kong will be retred
by 2020 and a large share of them will be replaced with vehicles using
advanced, electronically controlled emission control systems. There

is an urgent need to enhance the capability of the repair industry, so
that the mechanics can properly repair the advanced vehicles.

5.1.2 Strengthening the current training programmes for
mechanics

In Hong Kong, in collaboraton with the Vocatonal Training Council
(VTC) and the Hong Kong Productvity Council (HKPC), the EPD has
been ofering training sessions and seminars on vehicle maintenance

to reduce smoke emission from diesel vehicles since 1999.: The

*% 1.  VIWPZ (}Tpraiet Centre of the VTC provides practcal training courses to the

mechanics

automobile industry, such as LPG vehicle servicing, automobile testng
and measuring equipment, vehicle electrical systems, diesel engine
repair and maintenance,® as well as courses on OBD.* Among the 19
courses ofered, only two are about diesel vehicles, and the courses
appear to only cover the basics of electronically controlled systems
and common rail fuel injecton systems, as well as the repairing of
these systems.>* Apparently, there is a need for more in-depth training
specifcally in diagnosing and repairing defects of these technologies,

L



in response to the increasing number of vehicles equipped with
advanced emission control technologies, like SCR, EGR, and DOC.

In additon, mechanics need to pay for the courses from their own
pockets and atend the courses during their spare tme. Right now,
there is no mandatory certfcaton scheme for mechanics, and the
voluntary certfcaton scheme has no requirements on training (more
discussion in the next secton), which explain why the mechanics do
not have any motvaton to atend the training courses.*

dZ W }+ E- (E Besides the VTC courses, the EPD ofered a series of free seminars

and training workshops for mechanics and the public in mid-2014,

introducing the new remote sensing and chassis dynamometer test

to repair petrol and LPG programmes for I__PG and petrol ve_hicle_s. _EPD also commissioned the

vehicles that fail the V_TC to qfer free m-d_e_pth mechanic training qukshops_ for proper

c§E] & E Jve%h VY ?l@grg)_su*g and repairing of LPG and petrpl vehicles vv_hl_ch fail the
more rigorous emission tests. These seminars and training workshops
are designed to enhance the capability of mechanics in repairing
emission control systems when the stricter standards for LPG and
petrol vehicles are imposed.*

seminars and courses
for preparing mechanics

> EP P & P -« }+ Same large garages (usually afFliated to authorised dealers)

in-house training to also provide internal training to prepare mechanics for the new
mechanics to introduce vehicle models. This kind of training introduces advanced emission
new technologies technologies used in new LDV and HDV models together with the

maintenance procedures, and is typically ofered about six months
before the launching of new models in Hong Kong.

The HKSAR Government 1o improve the situaton, there is a need to upgrade the existng

should ensure training mechanic training to ensure that all mechanics, whether they are

for diagnosing and working for small- or large-scale garages, are well-trained and
repairing advanced equipped with the right tools for diagnosis and repair of today’s and
emissions control are future vehicles with advanced emission control devices. To achieve
made available for all this, the HKSAR Government should ensure that training will focus on
mechanics diagnosing and repairing faulty advanced emission control systems

and be ofered at reasonable costs to all mechanics.

AXiXDO v YVP §Z € P]*3E Y}veZu (JE A Z]
mechanics

slouvs EC E P]-d\ththe gim of enhancing the standard of the local vehicle
scheme does not assure maintenance trade, the HKSAR Government launched a voluntary
the repair capability registraton scheme for vehicle repair mechanics in 2007.* Repair
of mechanics since the mechanics are qualifed by the scheme as registered mechanics
criteria for obtaining and  Provided that they have enough experience, atended a certain
E v AJvP E P]- & aunibeyof bours of related courses or passed certain tests. The
broad registraton needs to be renewed every three years, with the
requirement that they have been employed as mechanics for 1.5
years inside the three years prior to taking the test, and have taken
20 hours of contnuous professional training. According to discussions
with mechanics, employers usually encourage mechanics to become
registered, even though mechanics do not typically get subsidies
or tme of for atending contnuous training.* In some large-scale
garages, most of the mechanics are registered.
43



44

The defniton of contnuous training for the mechanics is very
broad, which includes training courses ofered by the Pro-Act Center
to enhance language and customer service skills.*s Apparently, the
existng registraton renewal requirements are difcult to impose a
minimum quality assurance on the contnuous professional training
received by the mechanics.

D Z v] & P]-3&E TeHlKSAR Government should consider making the registraton

scheme should be made
mandatory to ensure
that the capability of
mechanics reaches a
given standard

Repair garages need
to pay high costs to
access repair-related
JV(}EuU Y}v v

Z *SE] Y}vr(E
to repair-related
Jv(}Eu Y}iv v
should be provided to
the repair industry

scheme mandatory, and require the training that are recognized for
obtaining and renewing the mechanic registraton to be provided
by certfed schools or training insttutes. As an example, the Bureau
of Automotve Repair (BAR) of the State of California administers a
repair technician licensing scheme which lays out clear requirements,
including passing an examinaton on vehicle repair and diagnosis,
for a mechanic to obtain a repair technician licence.” Renewal of
the licence requires completng a certain level of training in a BAR-
certfed school.> California’s repair technician licensing scheme
therefore can ensure all certfed mechanics achieve a given level of
performance standards.

AXT WEIu}YVP (E e 3} A Z] o
Jv(}EuU Y}v

Distributors (or dealers) of vehicles and associated large-scale garages
have to pay the overseas manufacturers for repair manual of diferent
vehicle models sold in Hong Kong, both old and new ones. In order to
§ } 1sgstain their business by retaining the advantage in repai_r (_:apability
over smaller garages, these large-scale garages are not willing to
share their assets with their compettors. Manufacturers may charge
small scale garages a high price for repair informaton since they are
not either dealerships or business partners. If small garages cannot
aford such costs, they can only repair vehicles relying on their
experience and skills, leading to higher chance of inefectve repairs.*

Thegefore, the government should consider requiring manufacturers
to share repair-related informaton among the repair industry. In

5} }Eémope, beginning with Euro V standards for light-duty vehicles and
Euro VI for HDVs, manufacturers are required to make available
easy, restricton-free and standardised access to vehicle repair and
maintenance informaton.'® Similar provisions can be found in the
US regulatons. The provision of such informaton would signifcantly
lower the cost that small-scale garages need to bear for improving
their capability to repair new vehicle models, and as a result create
a more compettve and fair market. The AE DataBase Centre of VTC,
which was set-up in around 2001 to provide repairers (members) with
vehicle data and related training and support, is a platorm for sharing
the latest vehicle repair and maintenance informaton made available
by manufacturers under the Euro VI requirement.

(



OBD is a useful tool
to assist mechanics in

AXT WEI}IYVP §8Z pe }( }vr } E

AXTXWE]V ]%0 Vv % %o0] Y}ive }( K

An OBD system monitors engine and afertreatment systems
(including emission-related components) of a vehicle through the

] vY(C]vP ( YAUse of on-board computers and sensors. It is capable of detectng

components in advanced
vehicles

Latest HDV models that
meet the EU and the
US standards are now
equipped with OBD
systems

malfunctons of the monitored emission systems, lightng up a
malfuncton indicator light (MIL) to alert the vehicle operator about
potental malfunctons that may afect emission control performance,
and storing fault codes which identfy the detected faults.
Mechanics and enforcement o¥cials can access fault codes stored

in the OBD system using an OBD scanner. With this informaton,
mechanics should be able to quickly identfy malfunctons and repair
the vehicle more efectvely.

The OBD system also serves as a cross-checking tool for regulators
and emission inspectors to determine whether a vehicle is properly
repaired and maintained.*2 Therefore, the vehicle’s OBD system
has two roles, both as a diagnostc tool to facilitate maintenance
and repair, and as an inspecton tool to check if emission-related
components are operatng properly.

Given the robust nature of today’s emission control components,

an individual component can become defectve without causing an
immediate increase in tailpipe emissions. In such circumstances,
other components, such as the catalyst and reagents, can temporarily
compensate for the defectve part. However those other components
can become defectve eventually if the malfunctoning part(s) is/are
not fxed in a tmely manner.2® An OBD system is designed to enable
the mechanics to identfy the defectve components of these modern
vehicles more precisely, sometmes even before the malfunctoning
components causing an increase in emissions.

OBD systems were introduced into LDVs in the US in the early 1990s
and in Europe about 10 years later. Beginning with the Euro IV
standard, HDVs are required to be equipped with OBDs. The frst OBD
system was very basic. Additonal requirements were introduced
subsequently with Euro V. Euro VI regulatons introduced a number of
additonal “performance monitoring” requirements that are gradually
phasing in from 2013 to 2017.2 By 2017, all new HDVs sold in Europe
are subject to the most rigorous OBD requirements.*>s More details
about the OBD requirements can be found in the appendix.

5.3.2 OBD monitoring on emission control devices

Figure 11 below summarises the major emission control devices
and components monitored by an OBD system. An OBD performs a
self-diagnostc functon through the use of sensors (such as pressure
sensor, oxygen sensor and temperature sensor) connected to the
emission control system, and directly monitors the functonality

of important emission control components. For some of the key
emission control components, faults are detected by checking if
predetermined emission thresholds are exceeded.

] F
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OBD test has been widely
used for light-duty
vehicle I/M test in the
US. It has not been used
for HDV I/M test because

5.3.3 OBD test used for I/M

As discussed in Secton 5.3.1, malfunctoning of the emission control
components of an OBD-equipped vehicle will be recorded and stored
as fault codes. During an emission inspecton, an inspector can plug in
an analyser designed for the OBD system (the OBD scanner) and read
the stored informaton regarding the malfunctoned emission-related
components.

An OBD test provides more accurate informaton that leads to
efectve repairs. The inspecton tme is short and can be conducted
at an afordable cost to the vehicle owner. OBD also enables

early detecton of potental emission exceedance and tmely
maintenance.'’ It is with these benefts that the US Clean Air Act

}( 8Z 0}A % v §@eduires 3llmandatory I/M programmes to include OBD checks for

ODB-equipped HDVs

all 2006 or newer LDV models. Europe has also included an emission-
related OBD test as one of the requirements of vehicle inspecton. For
example, in the Netherlands, an annual emission measurement with
OBD scanning tools is required since April 2012 for vehicles built in
and afer 2006 as part of the periodic technical inspecton.

However, it is not yet the right moment to introduce the OBD test as
part of the annual inspecton for HDVs in Hong Kong. It is because the
share of OBD-equipped HDVs is stll low, and the comprehensive OBD
requirements will only be fully phased in in the EU by 2017.1°
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Actve/instructve reagent and its injecton

system should be monitored for the
performance of the emission control device.

SCR catalyst conversion eFciency should also
be monitored for the catalyst’s NOx reducton
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Monitor the electrical elements of

the exhaust gas sensor on engine
for proper operaton.
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Boost pressure and charge
air-cooling process should be
monitored.
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Fuel system pressure and
injecton tming should be
monitored.
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Monitor the presence of the DPF
substrate, any clogging of the DPF,
fltering as well as regeneraton process.
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The fow rate and cooling

performance should be monitored to

ensure the adequate performance.
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qure 11: Typical emission control components monitored by a heavy-duty OBD systemly

Large garages are
already using OBD

as a diagnosing tool
(JE § YvP
defects. Small-scale
garages may lack the
resources to purchase
and update the repair-
& o S
and tools sold by the
manufacturers
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While it remains at least a few years before OBD can be considered
for annual inspecton, OBD has already been used by mechanics

for repairing vehicles at large-scale repair garages in Hong Kong.
According to the discussion with the industry, mechanics from large
garages (which are usually aFliated to vehicle dealers) have begun
using proprietary diagnostc scanners to check and repair Euro 1V and
Euro V (and some Euro Ill) HDVs. However, the diagnostc scanners
which the mechanics are using are manufacturer- and even model-

JV(}Eu Y }specife.

All the elements for the OBD check-up package, including the
scanner, computer sofware, and repair manuals of individual
models, have to be purchased from the manufacturers at a high cost
(tens of thousands of Hong Kong dollars per package, plus service
charges). That cost could be prohibitvely expensive for small-

scale repair garages, and some of these small-scale garages may
choose to use universal scanners that may not be as accurate and
up-to-date as scanners provided by the manufacturers. To create a
more compettve and fair market, and to ensure that the vehicle

S
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operators have access to good and reasonably priced repair service,
the government may consider ofering training to all mechanics
and requiring manufacturers to ofer free access to repair-related
informaton, as suggested in Secton 5.2.

AXTIXM}]vSe 8} Jve] & (JE }%YVP K
annual tests

A series of issues need Even though it will be at least several years before OBD becomes
to be considered before the standard for HDVs, given the benefts of using OBD tests in an
}% YVP K & oY vigMprogramme, the government should be encouraged to keep this
I/M and annual test opton open. Based on the US experiences with the OBD tests for
LDVs, the following factors on when and how to implement an OBD-
based I/M programme should be considered:

X Are there enough OBD-equipped vehicles in the feet aged
enough to support a testng network that is sized so that the
test providers / operators can make a healthy proft while
customers are subjected to reasonable waitng tme, travel
distances, and test fees?

X What is the degree of standardisaton within the OBD-
equipped porton of the feet? OBD is stll an evolving
technology. Diferent designs or versions of OBD are spread
across diferent age groups of vehicles, and the basic ones
introduced with Euro IV vehicles, for instance, tend to be more
proprietary as there is no requirement yet for standardisaton.
As a result, it may not be practcal to atempt to design an
OBD-based I/M programme around these older, non-standard
OBD systems. Rather, it would be more cost-efectve to
require using OBD tests for monitoring emissions of vehicles
with more standardised OBD systems;

X Another important factor to consider when implementng an
I/M programme, which is not unique to OBD, is the provision
of sufcient programme oversight to deter testng fraud,
repair fraud, and various forms of programme avoidance, such
as registraton fraud, if the programme is enforced through
registraton revocaton or denial; and

X Are both the testng community and vehicle repair community
adequately trained so that the tests are performed correctly,
and repair technicians are capable of diagnosing and repairing
failed vehicles?

The fact that vehicles The US experiences have shown that OBD tests are fast, efectve and
sold in Hong Kong are cheap to operate. However, since regulatons on OBD systems are

EY. 3§} ]+ & vdiferentforvarious vehicle markets, the design of OBD systems such
OBD systems may as computer programmes, plugs and sockets, amongst manufacturers
make it cumbersome are also diferent.x

to implement an OBD- hicl fairly wid fi |
based I/M programme In Hong Kong, vehicles meetng a fairly wide range of internatona

for HDVs certfcaton standards are in use in the local vehicle feet, including

§ eYVF



vehicles with either no OBD system or OBD systems certfed to
diferent OBD standards (from the US, the EU or even Japan). This
diversity of OBD systems could make implementng an OBD-based
I/M programme cumbersome, depending on whether all the OBD
systems in Hong Kong have enforcement system ready (such as in
the US) and possibility to direct vehicles compliants with a specifc
OBD standard to designated testng locatons specifcally equipped
for testng those vehicles. This would require substantial integrations
of different OBD systems in a test centre and a worldwide vehicle
registraton database to identfy which OBD standard for a given
vehicle meets and determine whether there are su¥cient numbers of
each type of certfcaton to justfy dedicated statons.:
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The current emission

Conclusion

It is encouraging to see the Government’s eforts in the past two years
in targettng various local polluton sources. The success in rolling out
two major initatves to enforce stricter in-use emission requirements
for petrol and LPG vehicles and to encourage early retrement of diesel
commercial vehicles shows the government’s commitment to reducing
vehicular polluton.

As a result of the early retrement subsidy programme for diesel

Jve%o Y1}v % G} P ccopmercial vehicles, we are expectng advanced emission control

for diesel vehicles is
outdated and needs

to be upgraded. The
new test regime should
include both roadside
screening and periodic
Jve% Y}v

Remote sensing test, the
OHMS test and chassis
dynamometer test are

technology to become the norm rather than the excepton. Operaton
of these advanced vehicles is controlled electronically, exhaust
emissions are very low, and such emissions are predominantly invisible
(fne PM and NOy). The existng I/M programme for diesel commercial
vehicles, which only monitors visual smoke, will no longer efectvely
identfy advanced vehicles with malfunctoning emission control
systems.

It is therefore critcally important for the government to upgrade the
existng I/M programme for diesel commercial vehicles by introducing
roadside screening and adoptng an efectve emission test for PM and
NOy, as part of the vehicle annual roadworthiness inspecton.

Remote sensing test, the OHMS test and chassis dynamometer test are
viable test optons for an enhanced emission inspecton programme
for diesel commercial vehicles. This paper discusses how these tests

§ZE A] o }% Y have been used in other countries and issues to consider when the
(JE Jve% YvP A festsq@readopted in Hong Kong. Using dynamometer tests for periodic
Alsz A v %o } 0 dNgPEGEEN combined with remote sensing for roadside screening

control equipment

A full trial is
recommended for
checking the validity and
feasibility of the OHMS
test

appears to be the best means for identfying diesel commercial vehicles
with excessive emissions. However, the capital costs for mandatng
dynamometer tests be undertaken by all diesel vehicles may be too
high.

The OHMS test is possibly a lower cost, simpler, and more accurate
opton for periodic emissions tests. However, since the OHMS is only
recently developed, the feasibility and validity of adoptng the OHMS
test as the periodic emission test should be carefully evaluated. It
includes checking the cost of patent and launching a trial in Hong

Kong to validate this approach against other well-established methods
like PEMS and dynamometer tests. The trial could also look into ways
for optmising the shed confguraton to best suit the vehicle feet in
Hong Kong. The newly established inspecton grade heavy-duty vehicle
transient dynamometer of the EPD greatly enhances the agency’s
capability in evaluatng and validatng each of these testng optons and
developing details of the test programme, such as the test cycle and
in-use emission limits (the cut-points).



Training on diagnosing
and repairing advanced
emission control
components should be
made available to all
mechanics, and mechanic

Vehicle maintenance is critcally important, but ofen an overlooked
element of a vehicle emission control programme. As the share of HDVs
with advanced engines and polluton control equipment increases,
mechanics need to be beter trained so that they can properly diagnose
and repair failed emission control components on these advanced
vehicles. Assuming a more efectve emission test captures greater

E P]*SE Y}v «Z}pummbers of pollutng vehicles, more well-trained mechanics will be

made mandatory

Repair-related
JV(}EuU Y}v v
including OBD scanners,
should be made available
to the repair industry

Tightening the design
emission standard for
HDVs to a similar level

as Euro VI and the US
2010 standards would
ensure all new vehicles
sold are equipped with
the best available control
technologies

likely needed to carry out the related repairs. One improvement that
should be considered is to make sure that mechanics training focuses

on diagnosis and repair of advanced emission control systems are made
available at reasonable cost to all vehicle mechanics. Establishing a
mandatory mechanic certfcaton scheme is also recommended to make
sure that all mechanics will reach a certain level of capability.

OBD ofers an important tool for diagnosing and identfying defectve

§ } Jpgktgrelated to emission control on advanced diesel vehicles. However,

the complexity of the system presents challenges for the vehicle

repair industry to make good use of this tool. Nevertheless, from
conversatons with mechanics, it seems that large garages are already
using proprietary diagnostc systems to repair Euro IV and newer
vehicles. The biggest obstacle for spreading the use of this tool appears
to be the high cost of the diagnostc scanner and repair informaton,
especially for small garages. Since the EU and the US governments have
imposed requirements on manufacturers to provide the repair industry
with restricton-free access to repair and maintenance informaton

and tools, the HKSAR Government should explore ways to set similar
requirements. In the future, as OBD systems become more standardised
on diesel commercial vehicles, the government could explore the
adopton of the OBD test in the I/M programme.

Going forward:

The Euro VI standard that are fully implemented in the EU countries in
2014 have seen substantal improvements in the test cycle, tghtened
emission standards and extended durability requirements to ensure
that vehicles are built with more robust and durable emission control
systems.1s The Euro VI and the US 2010 standards are similar in
stringency and compliance requirements, and both will bring forth
similar set of best available control technologies. The long durability
requirements in the Euro VI and the US 2010 standards, in partcular,
may also lessen the repair burden on vehicle owners as the emission
control components are made to last longer. Currently, Hong Kong stll
allows sales of vehicles meetng Euro V and the Japan’s Post New Long
Term standards, which lack of rigorous testng requirements to ensure
emissions are well controlled over the full range of driving conditons
commonly experienced in-use.*s As two-thirds of Hong Kong’s diesel
commercial feet is going to be replaced in the next fve years, the
government should, as early as possible, tghten the emission standards
to a level similar to that of Euro VI and US 2010 standards. This would
ensure new vehicles sold in Hong Kong will all be equipped with the
latest and most efectve emission control technologies.
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The US OBD Requirement:

In 2009, the US EPA published regulatons*’ requiring OBD systems in 2010 and later heavy-duty
engines to be used in vehicles weighing over 14,000 Ibs as well as revisions to OBD requirements
for diesel highway HDVs under 14,000 Ibs. The requirements contain three main categories:
threshold monitoring, non-threshold monitoring and OBD testng and validaton.

Threshold monitoring is used at the main emission control system with a combuston engine so
as to monitor whether the emission level of a partcular gas indicator, or a technical parameter
of some major components of the emission control system, exceeds thresholds set by the

requirement. Emission control systems that are monitored include NOy afertreatment system,
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Model Years 2010-2012

NOx afertreatment system SCR and Lean NOy Catalyst, +0.6

NOy Absorber / Lean NO Trap (LNT) System
DPF System DPF System Monitoring 2.5x - 0.05/+0.04
Air-fuel rato sensors of afertreat- | Exhaust Gas Sensor 2.5x 2.5x +0.3 0.03/+0.02
ment devices (upstream)
Air-fuel rato sensors of afertreat- | Exhaust Gas Sensor 2.5x - +0.3 0.05/+0.04
ment devices (downstream)
NOy Sensors Exhaust Gas Sensor - +0.6 0.05/+0.04
“Other monitors” with emissions Fuel System, 2.5x 2.5x +0.3 0.03/+0.02
thresholds EGR System,

Turbo Boost Control System,

Variable Timing (VVT) System

Model Years 2013 and Later

NOy afertreatment system SCR and Lean NOy Catalyst, - +0.3

NOy Absorber / Lean NOy Trap (LNT) System
DPF System DPF System Monitoring 2.0x 0.05/+0.04
Air-fuel rato sensors of afertreat- | Exhaust Gas Sensor 2.0x 2.0x +0.3 0.03/+0.02
ment devices (upstream)
Air-fuel rato sensors of afertreat- | Exhaust Gas Sensor 2.0x +0..3 0.05/+0.04
ment devices (downstream)
NOy Sensors Exhaust Gas Sensor +0.3 0.05/+0.04
“Other monitors” with emission Fuel System, 2.0x 2.0x +0.3 0.03/+0.02
thresholds Engine Misfre,

EGR System,

Turbo Boost Control System,

Variable Timing (VVT) System

Notes:

2.5x means a multple of 2.5 tmes the applicable emissions standard or family emissions limit (FEL);

+0.3 means the standard of FEL plus 0.3;
0.5/+0.04 means an absolute level of 0.05 or an additve level of the standard of FEL plus 0.04, whichever level is higher.
Not all monitors have emission thresholds and Some rely on functonality and ratonality checks.



diesel partculate flter (DPF) system and air-fuel rato sensors. The thresholds are usually
expressed in multples (2 to 2.5 tmes in general) of or deviatons from absolute values of
applicable emission standards. Table A1 shows the OBD emission thresholds for diesel heavy-
duty engines used in 2010 model year vehicles and later with gross vehicle weight ratng (GVWR)
greater than 14,000 Ibs, required by the US EPA. =

For other parts of the vehicles without any corresponding threshold requirement, non-threshold
monitoring is used to detect any malfuncton under normal driving conditons, and avoid false
passes and false malfuncton indicatons through functonal, rato and electrical monitoring of
nearly a hundred signals per engine. These signals are not standardised and could even difer
between models produced by the same manufacturer.:

The requirement for OBD testng and validaton ensures the OBD system functons correctly under
the established threshold value. Manufacturers are required to correlate component and system
performance with exhaust emissions to determine if deterioraton will cause emissions to exceed a
certain threshold.»

European OBD requirement:

Requirements of European On-Board Diagnostcs (EOBD) follow the development of emission
standards in Europe and were introduced in 2005 for Euro IV vehicles. In 2008 they were modifed
for Euro V vehicles with a standardised OBD system across manufacturers and also access to repair
informaton. The latest Euro VI OBD requirement will be phased in between 2013 and 2016. All
new vehicle types (i.e. vehicle models that are type-approved) in the EU will have to be equipped
with OBD beginning 2016, and all models that have been type-approved will have to comply with
the OBD regulaton beginning in 2017.:

Similar to the OBD in the US, current EOBD also monitors various components of engines

including those controlling emissions. However, threshold limits are only applied to emissions

of pollutants but not to partcular monitoring components. The threshold limits for NOx and PM
are tghtening from January 2013 to January 2016 and these limits apply to new vehicle types,
while type-approved vehicles have one more year to comply. In additon, the EOBD threshold
limits are only applicable to engines fted to passenger vehicles with maximum mass exceeding

5 tonnes, goods vehicles with maximum mass exceeding 3.5 tonnes but not exceeding 12 tonnes
and goods vehicles with maximum mass exceeding 12 tonnes (equivalent to vehicle classes M3, N2
and N3 respectvely).»> Table A2 and Table A3 show OBD monitoring details and threshold values
respectvely.
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Table A2: Systems or components required to be monitored by the EOBD system on diesel

Vehiclesz

Components e E]%Y}ve

Electric / electronic

The functonality of components of the emission control system should be monitored, including pressure
sensors, temperature sensors, exhaust gas sensors, oxygen sensors, etc. Wherever a feedback control loop exists,

Components the EOBD should able to monitor the system’s ability to maintain feedback control as designed.

The EOBD should able to monitor the presence of the DPF substrate, any clogging of the DPF, fltering as well as
DPF System

the regeneraton process.
SCR Actve/instructve reagent and its injecton system should be monitored for the performance of the emission

control device. SCR catalyst conversion efciency should also be monitored for the catalyst’s SCR ability.

Oxidaton catalysts

Catalyst — DOC)

(including Diesel Oxidaton

HC conversion efciency should be monitored for the oxidaton catalyst’s ability to convert HC upstream /
downstream of other afertreatment devices.

EGR

The fow rate and cooling performance should be monitored to ensure adequate performance.

Fuel System

Fuel system pressure and injecton tming should be monitored.

Air handling and turbo
charger / Boost pressure
control system

Boost pressure and charge air-cooling process should be monitored.

The performance of the VVT system should be monitored to achieve the required valve tming within the

VVT System manufacturer’s specifed tme interval.
Misfre No prescripton
Crankcase Ventlaton .
No prescripton
System

Engine Cooling System

Engine coolant temperature should be monitored to ensure the engine is working at an adequate temperature

Exhaust Gas and Oxygen
Sensors

The EOBD should monitor the electrical elements of the exhaust gas sensor on the engine for proper operaton.

Idle Speed Control System

The EOBD should monitor the electrical elements of the idle speed control system on the engine for proper
operaton.

Table A3: EOBD threshold limits (mg/kWh)!*

Engine Type

Compression Igniton

Period NOx PM Cco

Phase-in 1,500 25 -
(1.12 g/BHP-hr) (0.02 g/BHP-hr)

General requirements 1,200 25 R
q (0.89 g/BHP-hr) (0.02 g/BHP-hr)

Spark Igniton

Phase-in 1,500 -

(1.12 g/BHP-hr) To be confrmed

. 1,200
General requirements -

(0.89 g/BHP-hr) To be confrmed

Note: 1 kWh = 1.341 BHP-hr




HDV OBD Phase-in Schedule:

OBD systems have been used on LDVs in the US and the EU for several years even though their
implementaton tme-lines are slightly diferent. In order to extend the coverage of OBD systems
to diferent types of vehicles, including HDVs, for beter control of emissions as shown in Table
A4, both regions are now extending their OBD programme to cover all HDVs. OBD is expected

to be applied to all HDVs in the US in 2016 and a year later to those in the EU. The schedule of
implementaton tends to converge afer 2017 and all vehicles are expected to be equipped with
OBD system afer that.'»

Table A4: HDV OBD Schedule of Deployment in the US and the EU

Year EU us
Before 2013 X Euro V OBD & NO, control monitoring xUS2010
NOx
2013 x Euro VI Phase-in X OBD Phase-in for Diesel HDV (HDDV, GVWR>14,000 Ibs)
(1 January 2013, for new vehicle types) x Full OBD for 1 to 3 engine families per year, extrapolated OBD for the rest
x OBD is standardised across manufacturers
2014 x Euro VI Phase-in: x Full OBD for 1 to 3 engine families per year, extrapolated OBD for the rest
(1 January 2014, for all vehicle types) X GHG/FE Phase-in
x OBD PM sensors evaluated in September
2014
2015 x Full OBD for 1 to 3 engine families per year, extrapolated OBD for the rest
X PM sensor phase-in
x Urea quality sensor
2016 X Euro VI Final OBD: x Full OBD for HDVs, all engines, all vehicles
(1 January 2016, for new vehicle types) x Full PM sensor
2017 x Euro VI Final OBD: X GHG/FE Full Stringency
(1 January 2017, for all vehicle types)
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