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December 17, 2015

Shri Sandeep Poundrik

Joint Secretary (Refineries)

Ministry of Petroleum and Natural Gas
Shastri Bhavan

New Delhi

Subject : Auto Fuel Policy - Specification of BS V Diesel
@ Dear Sir,

Please refer to our earlier letter of even no. dated September 15, 2015 enclosing a
note proposing changes in specifications of four parameters of BS V diesel
compared to recommendations of the ‘Auto Fuel Policy and Vision 2025’ report.

MOPE&NG called a meeting of Industry on 7t" December 2015 to discuss the issues
related to these specifications. During the meeting, Industry members explained
the technical justifications in support of their Proposition. It was decided that
PetroFed will submit a detailed write-up giving technical justification in support of
proposed four parameters, specifications followed elsewhere in the world and the
benefit to the country in terms of more diesel production.

A note giving technical justifications and the resultant increase in diesel
production is enclosed with relevant documents for your considerations.

and draft specifications of commercial gasoline and diesel, While, PetroFed is
planning to give suitable representation to MORTE&H, you are requested to
intervene and advise MORT&H to include specifications once finalised by BIS.

O MORT&H has already issued two notifications for BS V and BSVI emissions norms

Thanking You

Yours faithfully,

=

Dr. R. K. Malhotra

Director General
Encl. as above

Petroleum Federation of India

PHD Housa, 2nd Floor, 4/2, Siri Institutional Area, August Kranti Marg. New Delhi 110 016 Tel.: +91-11-26537483, 26537062, 26537069, 26535284, 26535216, 65664067
Fax : 481-11-26964840 E-mail - petrofed@petrofed.org Website - www.petrofed.org




17/12/2015

Proposed Specifications of BS V Diesel - Variations in Auto Fuel Policy &
Vision 2025 Report w.r.t. Requirements of Indian Refiners.

A. Diesel - An Important Fuel

India is largely a Diesel driven economy. In terms of relative consumption, diesel to
gasoline ratio is 4:1 compared to 0.5:1 of USA. For ever growing demand with economic
growth in all sectors be it agriculture, industry, captive power generation, transport,
infrastructure etc. it has always been the endeavour of Indian Refiners to maximise
diesel production. Increase in diesel production is not only add value in the energy
basket of India but also reduce import dependence since diesel is single largest volume
product from crude oil. Formulation of optimum fuel specifications keeping

environmental considerations and engine performance in view is key to achieve this
objective.

B. Compliance Schedule for BS IV /BS V / BS Vi Norms

in India currently , BS lil and BS IV diesels are sold in different regions depending on
regional sensitivity to the environment. However, the mass emission standards for BS-
IV shall come into force all over the country in respect of four-wheeled vehicles
manufactured on or after April 1, 2017. Introduction of BS V and BS VI compliant vehicles
and commensurate fuels are in the advance stage of considerations.

Auto Fuels Vision & Policy 2025 document recommends introduction of BS V norms from
1% April 2020 and BS Vi norms from 1% April 2024. However, Gazette notifications dated
27t November 2015 of MORTH laying draft rules for all diesel vehicles in M and N
categories, compliance dates are set as under :

Table 1
BSV BS Vi
For New Models 1% April 2019 1%t April 2021
For Existing Models 1% April 2020 1% April 2022

C. Proposed Specifications for BS V Diesel

Auto Fuels Vision and Policy 2025 (AFV&P 2025) has recommended BS V diesel
specifications. Specifications, however, differ in respect of density, kinematic viscosity,
flash point and temperature for 95% recovery (T95) when compared to those suggested
by Indian refiners. Specifications recommended by the working group of refiners were
agreed during the discussions on AFV&P 2025 policy and included in the last draft report.
These, however, were revised in the final report without the consent of working group
of refiners. Subsequently, MOP&NG also recommended specifications of refiners to BIS.

The difference in these four parameters at various levels of discussions is given in the
Table 2 below.
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Table 2

Parameter Recommended by
. working 8roup and
Included in last draft
, report of Arvg.p 2025
Density, kg/Cu.m Report or 860 may,

Flash Point . deg. C,
minimum

T95 (959 recovery
temperature) . deg,
C, maximum

Recommended
in Final report
of AFvgp 2025

or
(909 recovery at 36p
deg. C Mmax)

some apprehensions largely €Xpressed by Society of
Indian Automobiles Manufactyrers (siam)
Specifications recommended by the Refiners versus incorporateq in AFPRY 2025 report
and apprehensions of SIAM on engine performance and emissions are discussed below
for four Subject Parameters,
Table 3 below 8ives 3 coOmparative outlook of four Specifications under subject
discussion,
Table 3
Parameter Recommended by
refiners Working
8roup and included i
amended in last draft report of
March 2010) A

Density,
kg/Cu.m 820-845




T95 (95% v/v 370 deg. C

recovery : -

temperature) , LY | (90% recovery at 360 360 370
0C, maximum oc)

Specifications followed in various countries in respect of above four parameters are
given in the enclosure 1 (Source : Auto Fuel Policy and Vision 2025 report).
D. Discussion

Petrofed took the help of experts from IIT,, Delhi who prepared a study report based on
published literature on extensive research and testing on fuel quality and impact on

engine emissions. A copy of the report is enclosed. The outcome of the report is
summarised here.

Q For Heavy Duty Vehicles

Decrease in T 95 recovery temperature from 370 to 325 °C ( 40 °C variation) increases
carbon monoxide (CO) and hydrocarbon (HC) emissions (Table 4). There is a marginal
impatt on oxides of nitrogen (NOx) and NIL impact on particulate matter (PM).

Conversely , the increase of only 10 ° C (from 360 to 370) sought by the refiners is
expected to improve CO and HC emissions with no impact om PM.

Table 4

be s

Decrease T95

to
i S0 +6.6% +13.4% 47% 0.0%
_ (Statistically

not significant)

Research results compiled in the report also clearly indicate that decrease in density
(from 855 to 828 kg. cu. M) resulted in substantial increase in unburnt HC but no
significant impact on PM (Table 5). Once again, on a reverse path , increase in density
parameter from 845 to 860 (max.) sought by the refiners is expected to improve
emissions w.r.t. HC and CO with better fuel efficiency with no impact on PM.

Table 5

d

ensity  from +5.0% +14.3% -3.6% -1.6% (Statistically not
855 to 828
e significant)
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It may be mentioned ed by the sulphur contents of the fue)
which in BS v will be 1 mendations of the AFP&V2025 report
For Light Duty Vehicles

Decrease in T 95 reco riation)

decreases carbon mo ) emissions but the reduction was
found insignificant in mpact on oxides of nitrogen (NOx)
was positive , This change re g/km. The increase of on

; ‘ i : .- e ” ", . 'f!“”-‘} .-lf“.;'i‘ “
Decrease Tos ! -0.004
;';STC 3705t ¥B34% . e -6.9%
(Statistically not (Statisticallv not : -
signiﬂc_ant} significant)

Kinematic viscosity (KV) , defined as the ratio of dynamic viscosity and density ,is a
resultant parameter - If density increases , Ky value will redyce, Hence the range sought
by the refiners js 1.8-4.5 instead of 20-45

CONCAWE report on engine studies with different automobile engines, diese| fuels and

simulated rea] time drive conditions in Europe conclude that despite of wide range of

fuels tested, the engine / vehicle energy efficiency was insensitive to fuel changes and O
No statistically significant differences between fuels were seen.

report . Hence , no adverse impact on engine performance s expected if the
Specifications sought by the refiners are agreed to, Similarly, Parameters essentija| from
environment point of view like Sulphur content, Poly Aromatic Hydrocarbons (PAH) also
will not be affected due to changes Suggested in above Mmentioned four Parameters

Flash Pbint

Flash point of 35 degree Cis existing in India for very long safely. This allow blending of
3 -5% heavy naphtha » @ surplus product » in diesel to increase jts availability ,



Moreover, another significant transport fuel , Gasoline, which has flash point
substantially lower than diesel , is already handled in public. With all appropriate safety
norms in design , transportation , storage and handling in place for diesel fuels and
having experience of handling them in public at 35 degree C flash point , raising flash

point of diesel to 42 degree C wili result in downgrdation of its components to lower
value products.

It may concluded that marginal changes sought by the refiners in four
parameters will not have any significant impact on engine emissions and
performance.

Impact on Diesel Production

Above changes in four parameters will result in increase diesel production up to 4.0
million MT per annum at national level. The exact quantity may vary from time to time
based on refinery configuration and available crude feed stocks. As mentioned earlier,
India being a diesel driven economy , additional availability of diesel from the same
resources with no significant impact on emissions and no impact on engine

performance will result in reduction in import dependence on crude to almost 8.0
million MT per annum.

E. Proposal

In view of the facts stated above , BS V diesel specifications for four parameters i.e.
density, viscosi‘ty , recovery at 95 degree C and flash point should be as mentioned

below. This will improve the diesel production in India without adverse impact on
environment and engine performance.

Table 7
Parameter Proposed Diesel
Specifications
Density, kg/Cu.M 860 max.
Kin, Viscosity , cst 1.8-4.5
Flash Point , deg. C, minimum 35
T95, deg. C, maximum 370

All other specifications as recommended in Auto Fuels Vision and Policy 2025 including

special relaxations for gasoline (aromatic contents 40%) and diesel (Cetane number 48)
produced by the north east refineries will remain same.

Enclosures:

1 Comparison of diesel fuel specifications in various countries.

2 Report on literature survey of engine studies in respect of impact on emissions
with change in diesel fuel quality by IIT, Delhi
3 Extract of CONCAWE report no. 2/05 of 2005
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Diese] Specifications In Different Countries

(Source : Auto Fyg) Policy and vision 2025) Enclosure 1
S. | Anribute india | Europe Usa [ iapan [Soom China [
No. Korea
‘BS iV EN ASTM | Jis ! Nation ’ Bedjing
5802009 o 2204- wide
975- 2007
11
No.2
Apri) O 09 Aprij dan | jan dan 10 Janog
10 11 07 { oo
A Density @ 15°¢ kg/m3 820- 820-835 | — 860 | ars. Bio- | gon-
845 man | 835 geps a5}
2, Distilation
T-50 *Cmax - - - - - 300 300
T7-85 *C max - 350 - - - - -
T90 “Cmay -~ - 282- | 3sp 360 855 855
asg
TS5 | *omay ~ 560 .. - —~ B85 | 365
Fap *C max - - - - - - -
@ ssog Fvol. min 85 - - - - - -
3. Sulph PP™M max 50 10 15 10 10 3so 50
4. | Cetane min 51 51 40 50 52 45 51
s, Cetane index min 46 45 40 50 52 46 46
8, Poine "Cmin -1 55 52 50 40 S5
7. | xvaqoc St 20-| 2045 9 171 19-] 3¢ s?
4.5 4.3 27| s
& | Tom Aromatics % wt max - - 35| - 30 - 3-g*
9 PAH % wt max 11 11 - - 5 11
10. | Yoty sediments mgfio0 - - - - - None None
m max
11 | Toy: mg/kg 24 - = = = . -
Contamination max
12 Stability | g/ms3 max 25 - - - - - -
13. | Rem on 10% % wt max 03 - - - - - -
residue -
14. | cor on 20% % wt max - 03 0.3s5 01 0.15 0.3 03
15, | water conteny mg/kg 200 0.02 - - - Trace Trace
max
16. | Water s Sediment % vol. - - 0.05 - .02 - -
max
17. luhﬂdty corrected Microng 460 450 520 - 400 480 460
Wsp max
18. | Ash % wt. max 0.01 Q.01 0.01 - 0.02 0.01 0.01
19. | Oxygen % wt. max 0.6* - - = = =
‘ m.lFAME Xvolmax | _ 7 5‘ ~ ‘ s‘ 005 | -
Note: ;Appucame onwhrmesqwimsuv/vhio-alesa at 20°c
At 20°c




Enclosure 2

polyaromatic content can have positive ornegative impacts on emissions and should be carefully
evaluated (adb.org).

2. Studies on impact of diese} fuel on emissions

complete combustion, The mid boiling volatility is also correlated to the other Physico-chemical

density and viscosity, and usually a lower CN. Low mid boiling point fuels give faster cold starting
and hence lower HC emissions. The fuel components boiling above 3502 C may not burn
completely, forming high soot concentrations and combustion chamber deposits. Fuels with

high T90 and finaj boiling point are seentoresultinan increased injector choking leading to poor
combustion and higher smoke emission [8].
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Figure 1. Typical Distillation Characteristics of diesel fuel,

Based on the review of ~450 research articles, Hochhauser (2009) summarized the directional
change in proportion of back-end components (having high boiling points) to achieve reduced
emissions. The summary is given in Table 1 from where it is observed that the fraction of back-
end components should be decreased to achieve low particulate emissions from light duty
engines. HC and CO emissions are unaffected whereas the data on NO from various studies does
not yield a specific trend due to which no conclusions were made. To achieve low particulate
emissions from heavy duty engines, the fraction of back-end components should be decreased
which is consistent with the result for a light duty engine, However, the back-end components
should be increased to achieve lower CO and HC emissions from a heavy duty engine.

Table 1, Directional change in T95 to obtain reduced emissions (Hochhauser, 2009)

Light duty . Heavy duty
HC No effect Increase
cO No effect Increase

NOx Data exists, but effect is | Data exists, but effect is variable for
variable for different studies different studies
PM Decrease Decrease

2,1.1 EPEFE study

Next, we discuss some of the key results from a study done as a part of the EU program on
emissions, fuel and engine technologies (Hublin et al, 1996; Signer et al., 1996). A
comprehensive study of the impact of fuel composition on light and heavy duty diesel engine
emissions was performed. The key difference from other similar studies was that a fuel matrix
was created to de-correlate two different fuel properties from each other. This was followed by
determining the individual effect of each of the properties on the emissions.

Table 2. Effect of change in T95 temperature on emissions from heavy duty vehicles (Signer et
al., 1996)

;’;STC SR +13.4% 17% 0.0%
(Statistically

not significant)
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Déc;gase' T95 ! _'-'o.uo's .
;r:s'?d 3?0" 3} -1.8% +34% . s46% -6.9%
_  [Statistically (Statistically ;

. notsignificant) not significant)

vehicles and engines used in the study. It was observed that the emissions were strongly
dependent on factors such as fuel injection system, type of engine and vehicle, turbocharged vs.
naturally aspirated engine, etc. For an example, it was observed that for light duty engines,
different vehicles showedsigniﬂcantly different responses to changes in fuej properties, both in
magnitude and direction, The spread in T95 sensitivity is given in Figure 1 where the regression
coefficient is defined as the change in emission per unit change in the fuel property (T95
temperature in this case)(Hublin et al., 1996). It Is observed that a change in To5 resulted in
increase as well as decrease of various emissions.
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Figure 2. Spread in T95 sensitivity(Hublin et al., 1996)

Similar to light duty engines, it was observed that different heavy duty engines resulted in a
different magnitude and direction of change with change in a specific fuel property, e.g., inthe
case of NOx, two engines showed the largest response to a change,in T95 temperature whereas
another engine showed no response(Signer et al., 1996). For PM, another set of two engines
showed the highest response but in opposite directions. For HC, two engines showed the largest
response whereas a third engine showed no response. For CO, three engines showed the highest
response whereas one particular engine showed an almost negligible response. -

In the EPEFE study for heavy duty engines, it was reported that emission variations due to
changing engine models were greater than emission variations due to changing fuel properties
with the exception for NOx(Signer et al., 1996).The much larger effect of engines on emissions
versus fuel quality was due to the wide range of heavy duty engines investigated, which vary in
size, range of rated speed and the various levels and types of technology used to meet the
required emission limits. On similar lines, it was reported that changes in vehicle technology and
configuration for light duty vehicles had a larger influence on the spread of emissions than
changes in fuel properties (Hublin et al., 1996). Also, a comparison of the relative change in
emissions due to different fuel properties suggested that density and cetane number had the

largest effect in percentage terms on emissions whereas polyaromatics and T95 had smaller
effects.

It was also reported that an increase in T95 results in different magnitude of change for direct
injection and indirect injection light duty engines(Hublin et al., 1996). The results are shown in

Figure 2 where it is observed that the reduction in particulate matter with a decrease in T95 is
higher for a direct injection engine.
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Figure 3. Effect of To5 temperature on direct injection and indirect injection light duty
engines(Hublin et al., 1996)

2.1.2  Japan clean air programme study

Studies were carried out as part of the Japan clean air Programme (JCAP) examining the effect
of back-end volatility on emissions from light duty vehicles, It was observed that lowering T90
2009). In the JCAP Program, tests in eight truck engines representing model years 1990-1999
showed that reducing T9o lowered PMm emissions (~0.5 %PM/°C T90)and increased NO,
emissions by a smaller amount (~0.1%NO,/°C T90) ( Hochhauser, 2009).in JCAP testing in engines
with aftertreatment, reducing T90 lowered-NOx and PM emissions, JCAP also tested an engine
with EGR and a Urea-SCR/DPF after treatment system where it was found that reducing T90
increased engine-out emissions of HC and lowered engine-out emissjons of PM. For NOx, both
engine-out and tailpipe emissions increased when T90 was lowered. The reduced PM with a
reduction in T90 for various cases is consistent with the Summary results in Table 1.

2.1.3 Other studies

emissions and smoke., Monoaromatic content had little or no effect on emissions. It was also
reported that higher the initial and fina| distillation points, slightly higher is the content of NO
hydrocarbon and CO-emissions and smoke.

According to Pundir(Pundir, 2013), the low volatility components boiling above 350 °C may not
burn completely forming engine deposits and causing high black smoke emissions, The heavy
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end volatility (T90, T95, and final boiling point) fuel components are more difficult to burn. A
poor high end volatility increases injector coking, engine deposits and emissions of smoke and
particulate matter. The trend is towards specifying lower limits for T90 or T95 in the fuel
specifications. European specifications EN 590:1999 specifies T95 equal to 360 °C maximum in
addition to the requirement that a minimum of 85% fuel should evaporate at 350 °C.

2.2 Density

When fuel density changes, thevolume of fuel injected to maintain the same power output also
changes, affecting the timing and duration of injection, the onset and duration of combustion,
and potentially the fraction of exhaust sent back to the combustion chamber through the EGR
system (Hochhauser, 2009). Additionally, it could impact the emissions from the engine.

A summary of the findings given by Hochhauser (2009) for the effect of density on emissions is
shown in Table 4. As discussed earlier, this study is based on resuits from ~450 research articles
which have performed studies on the impact of fuel on emissions. It is observed from Table 4
that to obtain reduced CO, HC and PM emissions from a light duty engine, the density should be
decreased whereas sufficient data is not available for NOx. For heavy duty englnes,'denstty

should be decreased to reduce NOx whereas sufficient data was not available for defining the
effect on CO, HC and PM.

-

Table 4. Directional change in density to obtain reduced emissions (Hochhauser, 2009)

Light duty Heavy duty
HC Decrease : Data lacking to define effect .
Co Decrease Data lacking to define effect
NOx Data lacking to define effect | Decrease
PM Decrease Data lacking to define effect
2.2.1 EPEFE study

The effect of decrease in density from 855 to 820 kg/m3 for light duty vehicles for three different
driving cycles is given in Figure 3 (EPEFE light). It is observed that there is a significant impact of

density on the emissions except for NOx. These results are consistent with those summarized in
Table 4 (Hochhauser, 2009).

The results of the EPEFE study on the effect of density on emissions for heavy duty engines is
given in Table 5. It is observed that a decrease in density results in a substantial increase in
unburnt hydrocarbons for heavy duty engines. However, there is no significant impact on the
particulate matter. On comparing the summarized results in Table 4 and the EPEFE study results
in Table S, it is observed that the two are consistent only for NOx. A possible reason for the
inconsistency of the results for PM is the type of vehicle used. In a review by Lee et al. (2),itis
reported that the negligible impact of density on particulate matter is only for heavy duty
engines which have a low base emission rate. For engines with a high base emission rate, a
reduction in density results in a substantial decrease in the particulate matter.

12
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+5.0% +14.3% -3.6% ~1.6%
2 _
:Sma Eoaen (Statisti cally
: not significant)

It was concluded that the effect of density on engine performance and emissions s Caused by a
physical interaction with the fuel injection system which is purely hydraulic in nature. There was
no evidence of density effects on the combustion process.

2.2.2 Other studies

It was observed in the EPEFE study for heavy duty engines that the fue| density was the most
influential Property to reduce NOx. Similar observations were made for light duty engines(Hublin
et al, 1996). Ouden et al. (1994) ajso reported that for cars without catalysts, the most
important fue| Property affecting Pm emissions was density followed by polyaromatic

hydrocarbons, However, for cars with a catalyst, no single property could be distinguished as
the most important,
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In a technical review by Chevron on diesel fuel, it was observed that reducing fuel density tends
to decrease NO, emissions in older technology engines that cannot compensate for this change.
Emissions from modern engines, with electronic injection and computer control, are not
influenced by the density of the fuel(www.chevronwlthtechron.ca).

Fuel injection system and emission reduction technology such as EGR rates are set for a given
engine load and speed in the engine map of the electronic engine management system (Pundir,
2013). Large variations in fuel density result in variations in EGR rates from the optimum vaiue,
However, a number of programs showed that fuel properties affect engine operations and that
when compensations are made for these changes, the effects of density, cetane and aromatics
are reduced or eliminated (Hochhauser, 2009).

2.3 Viscosity

The viscosity of diesel has a strong influence on fuel atomization, a high viscosity fuel resulting
in larger fuel droplets. An increase in viscosity reduces spray cone angle and increases spray
penetration. Low viscosity on the other hand, results in an increase in leakage of fuel past the
pumping elements and loss of fuel system calibration. High viscosity of fuel is necessary for
lubrication and protection of the injection equipment from wear [71.

High viscosity can also lead to the higher frictional losses, and therefore a decrease in output
power. This can be overcome using optimum viscosity fuel.

A high viscosity can also lead to higher amount of soot collection in the combustion chamber.

3. Summary

Various studies have been performed to study the effect of fuel properties on the emissions.
Some of these studies presented conflicting results. Comparing the resuits of the individual
studies Is a challenging task. One of the main reasons is the lack of uniformity in the conditions
used for carrying out these studies. It was found that the engine size, engine technology, fuel
injection system, after treatment system, detection methods, vehicle size and other such factors
contributed to the results. Additionally, statistical analysis was not reported in some of the

studies whereas in some studies, the fuel properties were not varied independently. This could
result in erroneous data analysis.

A review of various studies on the effect of fuel composition was performed by Hochhauser, the
overall results of which are given in Tables 1 and 4 (Hochhauser, 2009). For both light duty and
heavy duty vehicles, it was suggested that a decrease in T95 temperature would result in
lowering of PM emissions. For heavy duty engines, an increase in T95 would lower HC and CO
emissions whereas light duty engines would be unaffected by a change in T95, There have been
studies on NOx but the effect of T95 on NOx is highly variable for various studies, due to which
a definite trend between T95 and NOx was not established.

It was found that the density had the maximum effect on the emissions as compared to other
fuel properties such as cetane number, polyaromatic hydrocarbons and T95. However, it was
also mentioned that there was no conclusive evidence of a change in combustion characteristics
due to a change in the fuel density. One of the major cause of change in emissions with changing
density was the different amount of fue| being added by a volume-based injection system. Based
on a review of various studies, Hochhauser (2009) concluded that a decrease in density would
result in a decrease in CO, HC and PM emissions for light duty engines whereas no conclusive
trend was found for NOx. A decrease in density would result in a decrease in NOx for heavy duty

14
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trend with the density.

It was further observed that the effect of Flash Pont from the viewpoint of emissions was
insignificant,

High viscosity fuel (above the optimum) is seen to reduce the power output due to increased

frictional losses. A highly viscous fue] Is seen to have higher carbon deposits and hence increased
HC emissions,

The various trends relating the effect of a fuel property on emissions are based on a regression
analysis on various vehicles and engine types. This does not necessarily mean that for each
vehicle and each type of engine, these trends would be observed.

The table below summarizes all the findings above,

Tao Reduce Emissions, Maka the Diractional Changes Shown Below
{Light Duty / Heavy Duty)

Density | Catane . Aromatics/PAH Sulfur | Back-Eng FAE FT
HC i 111 1 0/0 13 LA 1)
Co u . Ih 1A 0/0 /i 11 "
NOx | =) [ ¢ 7y 0/0 e Ul |
PM i i 114 ¥l Yl /7 43
0 No affect
* Data are lacking to define effect
# Data exist, but sffect is variable

*Back-end test corresponds to T90/T95 effect.
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Enclosure 3

@@U‘ﬂ@aW@ report no. 2/05

30

Draft

CONCLUSIONS

Large improvements in exhaust emissions control were demonstrateq

with
advanced engine / after-treatment technologies in combination with low Sulphur
fuels,

HC and co emissions from the advanced diese} engines and vehicles were
very iow, well below the prescribed emissions limits.

For the heavy-duty engines, Euro-4 ang Euro-5 emissions limits were achieved
with the nominal S0ppm suiphur fuel.

PM emissions were dramatically reduced in engines/vehicles equipped with
diese) Particulate filters.

— Insuch cases, PM emissions were so low that the impact of fue} properties
other than Sulphur became negligible,

=~ Fuel suiphur content influenced PM emissions under high Speed/load (high
temperature) conditions,

enable a wider range of NOx after-treatment systems to be employed.

~ Other extreme fuel Property changes influenced NOx emissions in the
heavy-duty engines, and in the light-duty vehicies In the ARTEMIS
motorway cycle, but nat in the NEDC. Fuel effects on NOx emissions were
Smaller in light-duty vehicles than in heavy-duty engines,

- Optimisation of the exhaust after-treatment was also important, with
increasing urea rate reducing NOx emissions. :

~ Further progress on NOx emissions can be expected as control of engine-
out emissions impraoves and NOx after-treatment technoiogy matures, with
the availability of Suiphur-free fueis,

Application of SCR/urea to control NOx in g Euro-5 Prototype engine, with the
engine tuned for better efficiency, improved fue} efficiency by about S04 versus
a Euro-3 base case engine. Conversealy, the use of EGR plus CRT to achieve
Euro<4 heavy-duty emissions limits resulted in a ioss in engine efficiency

though this wouid need to be considered on g well-to-wheels basis. These fuels'
also gave higher volumetric fue) consumption and lower maximum power due
to their lower density.
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As India Is poised to switch to BS V fuels, diesel and gasoline both, completely in next
4-5 years , Indian refiners are gearing up to produce these fuels as per time table. In
this direction, while keeping the objectives of emission management and engine
performance compatibility, Indian Refiners are endeavouring to maximise production

. of diesel which is a high value product and consumed in a large variety of sectors,
transport being the major one.

Formulation of appropriate specifications for BS V diesel to achieve these objectives is
one of the key approach In this direction. Indian refiners , as a part of working group
of the committee on Auto Fuels Vision and Policy 2015, proposed specifications which
were agreed and included in last draft of Auto Fuels and Vision Policy 2025 but later
on revised in final report without their consent. The inclusion after discussion with all

stakeholders however, indicate that the specifications were meeting the overall
national objectives.

A self contained note prepared by the PetroFed on BS V diesel specifications
representing the views of Indian Refiners is enclosed for your perusal. PetroFed
strongly feels that specifications proposed by the Refiners not only meet the national
objectives of emission control through fuel quality and engine performance but also
increase diesel production which is economically beneficial to the nation as it would
reduce our dependence on import. Because of these benefits, these specifications
should be included in the national policy document on BS V and BS VI fuels.

18

. 0 ‘:,’,..._..





