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Abstract — This paper proposes a dynamic process to identify
factors influencing the demand of transport fuel inindia.
Factors like inter-fuel substitution by CNG, environmental
concerns, economic outlook and price sensitivity nat be
incorporated in the demand estimation model. Diffeential
subsidy in India on diesel and petrol affects its @mand and
the choice of vehicle ownership. A self designed
guestionnaire is used to survey and identify the fdors
affecting the demand for petrol and diesel. Multipé
regression models are formulated for demand estimain of
petrol and diesel with principal factors. Models ae validated
with real time data.

Keywords — Dynamic process, inter fuel substitution, price
sensitivity, factors of demand, test of Sphericity, demand
estimation model, multiple regression, validation of model

1. Introduction and background

The Report of the working group on petroleum and
natural gas sector for the Xl Five Year plan (2Q172
states, ‘Efficient and reliable energy supplies ae
precondition for accelerated growth of the Indian
economy. While the energy needs of the country,
especially oil and gas, are going to increaserapal rate

in the coming decades, the indigenous energy ressur
are limited oil and gas constitute around 45% ef tibtal
energy consumption. At the same time, the depaaden
imports of petroleum and petroleum products comtitu

be more than 75% of total oil consumption in thardoy.

The demand of petroleum products in India has aszd
from 129 MMT in 2007-08 to 147 MMT in 2011-12 at a
CAGR of 4.2%. When compared to the consumption in
other developing countries, demand for POL in India
lower than China, although it is much higher thaheo
developing countries like Indonesia and South Afric
Average growth in demand for petroleum products in
relation with an average annual growth in GDP (gros
domestic product at factor cost) at constant prife®2%
suggests the demand elasticity of POL product for
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eleventh plan at 0.49. Demand elasticity in Indiiging
last two plans has been stable as shown belowbteTa

Table L POL demand elasticity in India

X Plan Xl Plan
Particulars (2002-06) (2007-11)
POL demand growth 3.8 4.0
GDP growth 7.8 8.2
Demand Elasticity 0.49 0.49

Demand elasticity of Petroleum Oil & Lubricants (BO
products to GDP in other developing countries ngmel
Brazil, China, Indonesia, Malaysia and South Africa
during 2006-10 varied vastly and were 1.19, 0.6530-
0.01 and -0.05 respectively.” While the demand tilig

of petroleum products during the last two plans Ibeesn
stable at 0.49, the transport fuel demand elagtictied
widely from 0.65 to 1.13, as shown below in Tablg12

Table 2. Transport fuel demand elasticity in India

X Plan XI Plan
Particulars (2002-06) (2007-11)
Transport fuel demand growth g 1 9.3
GDP growth 7.8 8.2
Transport  fuel demand
Elasticity 0.65 1.13

The wide variation in elasticity is a challenge policy
makers and requires physical prudence over andeabov
major infrastructure growth to support such inceeiasthe
coming years. Such a major increase also requires
estimation of demand based on the underline faditoes
inter fuel substitution, environmental concernsyremmic
outlook and price sensitivity, for proper planniraj
refinery infrastructure, storage locations and ratng
spread.
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Figure 1. Transport Fuel CAGR

The CAGRIis higher in case of petrol than die as
depicted in Figure 1. Petrol growihcrease from 5.5
to 8.3 percent and diesel growititrease from 1.2 to
6.5 percent for the financial years 2002t0 201-12.
This is mainly due to the fact that ratio of aver
petrol to diesel sales is 1:%imilar trend is noticein
the ratio of vehicle numbers drivey petrol and dies.

It should be noted thahe growth of petrol sale wit
Compressed Natural Gas (CNG)higher than only o
petrol. This phenomenon &so seen in case of die!
In case of CNG pluspetrol, the growth numbe
increased from 6.10 8.7 during the same period wk
only petrol increased from 5.5 to 8.3 percent. céise
of CNG plusdiesel, the growth numbers increafrom
1.4 to 6.6 percent against 1.2 to 6.5 for onlyeli€This
is due to inter fuel substitution.Gradually ove the
years inter fuel substitution has taken place bysaN
both consumption of petrol and dieséh Figure 2, it
can be seen that since 2008-onwards, there is a ste
rise in diesel growth and moderate rise in petstlich
is attributed to lower aficial price of diesel due t
subsidy in Indian market. Similarlyinee 2009-10
onwards, due to policy decision sfibsidy removi on
petrol, the growth has tapered dowFhis is more
clearly evident by plotting the year on year growft
most preferred transport fuels. In the above gifagim
2009410 onward the decreasing year on year growl
petrol signifies the fact that in spite of multig#icient
vehicle choicen India, due to freeing of petrol price
Government of India the choice of vehicle shiftec
diesel. This is also evident from the diesel gr

Year on year growth of transport f
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Figure 2. Year on year growth of transportati
fuel in Indie

Diesel is considered to be most used transport dueh

today and major attraction for Indian market hasrbéhe

subsidy. For Indian condition, inter fuel subgidn by

CNG is slow but steady. In all the combinatiorsmely

only petrol, only diesel,or petrol plus diesel, the
combination of CNG increased the growth numbeinin

specific yeaThe gap between the growth numbers \

and without CNG is wide in case of petrol and maagin

case of diesel. This states that more value ivetbiby

switching petrol vehicles to CNG. Such reasons ése

supported by the fact that infrastructure on CN@&voek

or outletshave not proliferated across the country as y

the same pace that of petrol and diesel retaieta For

diesel alone, the intsity is still increasing while the gz

between the petrol and diesel growth as a choideebfis

showing reducing trend. The intensity will be @rivby

the price of fuel type, availability on mobilityud to inter

fuel substitution and environmentpolicies restricting
certain transport fuel for use.

2.  The transport sector petroleum
product consumption in India

The oad sector gasoline fuel consumption per capita
of oil equivalent) in India was 10.61 in 2009, awling to
a World Bank report, published in 2010. Gasolinea
light hydrocarbon oil used in internal combustiorgiee
such as motor vehicles, excludiaigcraft (Figure 3)

17 1061 rn
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Figure 3. Gasoline fuel consumption per capita in |

The oad sector diesel fuel consumption per calKT of
oil equivalent) in India was 25.98 in 2009, accogito a
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World Bank report, published in 2010. Diesela heavy
oil used as a fuel for internal combustion in diesejimsx
(Figure 4). [2]

2598

38

2006

20 F20
1868

183

B8 ns

1 18
1656

16 T T T T 18
Jan/02 Jan/04 Jan/06 Jan/08 Jani1o

=

Figure 4. Diesel fuel consumption per capita in Ir

The preface toThe Expert Group on A Viable ai
Sustainable System of Pricing of Petroleum Prod
writes, ‘India’s growing dependence on imported
products and the dramatic rise in the prices ofleroil to
as high as $148/bbl the international market iry 2008,
followed by an equally dramatic fall, pose sigradit
policy challenges. The Government'scefs to insulate
domestic consumers, at least to some extent, egsuli
huge fiscal burden for the Government and finar
problems for the public sector oil marketing conipar
But for the steep fall in crude price, it would kamost
likely disruptal the growth process of our economy. It
therefore, important that we evolve a viable
sustainable pricing policy for the four major ofbducts,
namely, petrol, diesel, kerosene and LPG, wl
constitute 63% of total consumption of petrole
products in 20089 and whose market prices
currently controlled by the Governmeris]

Since then a lot of change has taken place in fr
Petroleum sector. Petrol pricing was completelgdreOn
domestic Liquid Petroleum GasLRG), cap was
introduced to restrict each household to fixed neralper
annum. Dual pricing is introduced in diesel prigGi
separating bulk/direct consumers from the re
customers. Only Superior Kerosene CHKQ) pricing
continues as earlier and needs thell planned uniqu
Identity or UID to be implemented where the benafig
will receive the subsidy on SKO directly while t
product will be sold at market driven price.

Arora (2006) said ‘Over P@ of India’'s crude oi
requirements are imported and the figure may vesdkth
85% by the end of the decade. By 2030 Ind
consumption of petroleum products may quadruples
impact of rising oil prices on Indian economy
therefore, a matter of graw®ncern. The Indian econon
has been badly signed whenever global oil pricese
flared. In 1973, GDP fell by 0.3% and inflation was at
20.2%; in 1979 the corresponding figures were S5aitd
17.1%. The GDP grew by meager 1.3% in 1990, w
inflation topped 14%.’ [4]

Hydrocarbon vision 2025 states, ‘ hydrocarbon sector
plays avital role in the economic growth of the country
is necessary to have a long term policy for
hydrocarbon sector, which would facilitate meetithg
future needs of #hcountry. Oil and gas continue to pla
preeminent role in meeting the energy requirement
the country. 45% of the total energy needs wouldnie¢
by the oil and gas sector, though some amour
interchange between oil and gas is fore¢ [5]

Lawrence (2009) noted that, early all motorized
vehicles necessitate the combustion of petro-based
fuels. In India transport accounted for nearlyf hafl
petroleum products consumption in 2004/05. Thevgnc
in transport demands directly weigh on country’s need
for oil. India’s oildependency h increased over time
and is at76% of total crude oil refinery requirement
2005 (MOSPI, 2006). In 1990, crude oil dependenayg
only 39%. This reflects the increasing need fdrgdeum
productsto feed the growing Indian vehicle marki
Refinery capacity covers all of the needs of theestic
markets and exports a very small quar. [6]
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Figure 5. Transport fuel consumpti

From 2001-02 to 2011-1Zonsumption of petrol he
increased double fold from &.million metric tonne
(MMT) to 14.9million metric tonne (MMT). During th
same period, diesel consumption increased fi28.3

MMT to 53.2 MMT. The steep rise in diesel consumpt
from 2005-06 onward arattributed to many factors lik
subsidy on diesel, over all GDP of the countryréase ir
the road density (kilo meter of road per sqikilo meter
of the land area)increase in total road network (km)

India, increase in vehicles per kilo rer of road in India,
increase in employed persons to mention a The gap
between the consumption of petrol and diesel irszd
from 22.6 MMT in 200596 to 38.6 MMT in 2011-12
(Figure 5). The year on year growth of diesel as
preferred transport fuel was high since z-07. In 2006-
07, in grew by 6.7% over 2003, similarly, in 2007-08
by 11.1%, 8.5% in 20089, 8.9% in 200-10 and 6.5% in
2010-11.Similar trend is also seen in petro in 2006-07
it grew by 7.4% over 20086, 11.3% in 20C-08, 9% in

2008-09, 13.9% in 20020 and 10.8% in 20-11. Thus
CGAR between 20004 and 201-11 for petrol works out
to 7.9% for diesel 4.7% compared to over all petoi

product CAGR of 3.5%. In ber words, the importanc
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of transport fuel like petrol and diesel is verggominant
in overall growth of petroleum products in Indighig is
the primary reason that the transport sector fiesds
more focus and assessing future requirement intsise
for the entire transport sector supply chain.

The ‘Report on the Working Group on Petroleum and
Natural Gas Sector for the Xl Five Year plan (2012
2017)" by Ministry of Petroleum and Natural Gastesa
that the formulation of the XIl Five Year Plan asms
significance as the task to provide road map fa th
economy at a very critical stage with a large pafts
developed world is in the midst of a double dipesion
and developing economies are leading the overall
economic growth. At the domestic front the courtas
been able to perform well over the Xl plan periaad
aims at achieving ‘faster, sustainable and mor&igine
growth’ in the XII plan. However, the increase in
volatility in the prices of crude and other impaota
mineral resources and enhanced energy requirements
poses series challenges for the economy.’ [1]

With these as the background, the study on trahspor
sector fuel demand in the future is more importastit
contributes over 40% of the entire petroleum produc
requirement. The report also states that ‘Energyriy
remains a concern for India as the country faces
challenges in meeting its energy needs. The cpuntr
depends on imports to meet more than 75% of its
hydrocarbon energy requirements.  The growth in
domestic oil and gas production is not commenswite

the growing consumption of petroleum products ig th
first developing economy like India.’ [1] Henceethole

of transport sector fuel demand becomes very atifior

the fast developing economy like India.

3. Literature Review

The literature is reviewed and has been classifieder
mobility, economic factors, urbanization and pofola
growth, subsidy on petrol and diesel, price of $gort
fuel, vehicle population and infrastructural deyetent.
3.1  Mobility

Lawrence (2009) noted that ‘existing research has
addressed the major modes in road transport, naraesy
two wheelers, auto-rickshaw and buses. Singh (2006
estimated the passenger mobility on road and therma
drivers from 1950 to 2000. Earlier, research dbwye
Bose (1998) has formulated a simulation model &dyae

the drivers in road transport in four Indian metiiges.
Many other studies have also been focused on pgesen
transport, and some detailed analysis has beeructadl

for few major cities in India. For example, Red@®00)
analyzed the trend in passenger transport in Murabdi
Maharashtra, and estimated the energy consumpton f
1987 to 1996. Das (2004) looked at the differeatagh
scenarios in vehicles and travel demand up to 2620
Mumbai and Delhi, and estimated energy needs and
environmental implications. However, no comprefens
data collection or analysis has yet been done ancrt

studies have lacked detailed on energy demand w@eld f
mix for each mode.’ [6]

Centre for science and environment (2012) in respda
the estimate of diesel consumption in private ceed in
the planning commission note states that ‘givenftut
that the petrol car segment uses about a thirthefdtal
petrol consumed (the rest is used by two-wheeles a
three-wheelers) — use of diesel is already more #&
percent of the total fuel used in the car and egment.
Therefore, it is not possible to hide dieselizateord its
consequences in any case. [7]

According to PPAC the growth rate for diesel hasady
exceeded that of petrol. The effect of the incrdase
consumption of subsidized diesel in cars is so dtam
that the excise earnings from both diesel and péte
nearly equalled despite the fact that petrol pagges
times more excise than diesel. The real concertnés
rapid increase in the use of diesel in car and SUV
segments. In 2010-11 car industries have sold about
800,000 diesel cars which was 32 per cent higteer the
previous year. Even if we assume a much moderale an
flat growth rate of 20 per cent a year until 202 total
diesel cars will be double the size of the total sales
today. The implications for diesel fuel use for [b
health will be enormous and deadly.” [8]

Lawrence (2009) states, ‘energy consumption in the
transport sector is evenly distributed betweengfreand
passenger transportation. Road transport is thet osed
mean of transport followed by air and rail. Figak very
small quantity of energy is used for water wayagpeort.

Energy consumption in the transport sector is paldrly
sensible for two main reasons. First, immediate
substitution to other fuels is impossible and respii
waiting until the end of life of the vehicle owned.
Second, transport mobility is necessary but natland
people tend to restrain their need and/or switcimtoe
economical mode of transport. The price of pe&not
especially diesel has increased sharply over the tén
years. In order to assess the impact of price ieset
consumption regression of diesel use on GDP amskHdie
prices were carried out. GDP is considered asrthim
driver and is used as a surrogate for other ecanomi
variables influencing the growth of fuel consumptio
such as urbanization, increase in stock, etc. The
correlation of GDP and diesel consumption was fotind
be statistically significant with a °Rof 71%. When
independent variable price was added, thadusted was
greater with 87%. It was found that over the pri®96

to 2005, price had an inverse impact on fuel cornion.

Future mobility in India will increasingly be metitiv
private cars. The introduction of small and cheaps
such as the new Nano car from Tata group priced at
$2,500 is rising rapidly in the Indian market.
Multinationals see India as a manufacturing hubsfoall
cars. Sales of vehicles in India have increase ve
rapidly over the last 15-20 years. Sales data ftbe
society of Indian automobiles manufactures (SIAKIQ2)
show that total vehicle sales increased by an dnnua
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average rate of 15% over the last five years. fAighest
increase was in the light to heavy commercial Mekic
that grew at an average annual rate of 26%. Grawth
commercial vehicles contrasts with trends of diesel
consumption that has levelled off between 199820G5.

" [6]

3.2 Economic factors

Suleiman (2009) states that, ‘this accelerated traw
the consumption of petroleum products could arguabl
attributed to an interplay of some economic and-non
economic factors, including an increase in incoemergy
pricing and taxation policies of Indonesian goveenin
and a high level motorization in big cities suchJaskata
brought by urbanization and consequent rise irstbp of
vehicles triggered by an increase in demand fosqreal
mobility. Increase in per capita gross domestiodpct
(GDP) is one of the most import factors in stimingt
ownership of personal vehicles, leading to a comsef
increase in the transportation sector's demand for
petroleum products in Indonesia. Relatively low oi
prices are another factor that encourages incréase
consumption of oil in Indonesia. Over the yeal® t
prices of petroleum products have been heavilyididesl

by the government of Indonesia as a deliberateyolin
addition to economic factors enumerated earliencstral
factors such as population growth and urbanizatitzo
play an important role in petroleum consumption in
Indonesia. In addition to having the fourth latges
population in the world, Indonesia is amongst the
countries in south East Asia that witnessed a rgpidvth

in urban areas because of migration from rural ;atea
cities.

These factors led to a shift from non-motorized
transportation such as walking and cycling to amdase

in demand for motorized transportation in theseasre
Some studies show that these factors led to a
unprecedented price in the stock of vehicles irohasia,
particularly in Jarkata. ' [9]

India's GDP (factors cost, constant prices)
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Figure 6. India’'s GDP at factor cost, constant prices
India’s GDP is on growth path as seen above andahad
impact on the transport mobility decision of theople.
With increased personal mobility vehicle aspiratamd
positive economic activities, the overall transpsector
petroleum product demand also increased steadily as
explained earlier (Figure 6).
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Figure 7. Per capita income at constant price in
Rupees of Indians

The similar impact is seen on the per capita incahe
Indians. Due to increase in the number of peopltd w
more disposable income, the personal mobility ahoic
changed and that increased the overall transptudlpam
product demand (Figure 7).

3.3  Urbanization and Population growth
India's diverse economy encompasses tradition&gel
farming, modern agriculture, handicrafts, a widege of
modern industries, and a multitude of servicesviSes

are the major source of economic growth. The eagno
has posted an average growth rate of more tham#¥ei
decade since 1997, reducing poverty by about 10
percentage points.

As discussed in the international seminar on Fuel
Efficiency Standards (2007), ‘Transport Sector su3@%

of the worldwide all sector energy consumption and
projected to use over 60% of all energy usage 520
Due to strong economic activity and high population
growth, energy usage in most of the Asian Countnes
increased dramatically with major contribution comi
from India and China. It has been projected thahbo
these economies put together shall consume 45%eof t
total world increase in oil by 2025. While Chin&sergy
usage for transportation is expected to grow by6ger
year, India's demand shall grow by 3%. The emerging
Asian economies are net oil importers and any as@én
demand puts a pressure on the budget and theritfore
becomes imperative that more and more fuel efficien
cleaner technologies are put in place, which cavige
both global and local environmental sustainabilifyL0]

3.4 Subsidy on Petrol and Diesel

Coming back to the main issues, it is found thatthie
background of the Report of The Expert Group on A
Viable and Sustainable System of Pricing of Petnole
Products it is stated that, India’s imports of aite
increasing. Our import dependence has reached B0 pe
cent and is likely to keep growing. At the sameetig®08
saw an unprecedented rise in oil price on the world
market. Oil price volatility has also increased.oligh
future oil prices are difficult to predict, theyeagenerally
expected to rise. Given our increasing dependente o



Int. J Sup. Chain. Mgt

75

Vol. 3, No. 1, March 2014

imports, domestic prices of petroleum products hav
reflect the international prices.

When the average monthly pricElndian basket of crud
oil on the world market increased from US$ 36 félain
May 2004 to US$132.5 / barrel in July 2008,
government did not permit Public Sector Oil Market
Companies (OMCs) to pass the full cost of imporis@
domestic consuers of major oil products, i.e., petr
diesel, domestic LPG (i.e., LPG used by the housish
and PDS kerosene (i.e., Kerosene sold through &
Distribution System of the Government). The consuw
of these products thus received large subsidies.a
consequence, OMCs had large undmreveries, whicl
were financed partly by Governmeott Indig, and partly
by upstream public sector companies IR&IGC, OIL,
and GAIL. The OMCs also absorbed a part of the u-
recoveries themselves.

These policies had a number of consequences. Tiie
stress on government’s finances. They reduced dksa

surplus of upstream public sector oil companiesicing

their ability for exploration of domestic fields &
acquisitions overseas. As the subsidiesraceived at a
later date by the OMQhey created cash flow probler
for OMCs who had to borrow from the market, wh
increased interest payments and reduced their usu

Since only the OMCs were provided financial suppibe

private sector companies withdrew from oil markegt

This nd only made in fructuous the large investme
they had made in setting up retail outlets, it alducec
competition in oil marketing. Subsidizing domes
consumers also did not incentivize them to econeriz
use of petroleum products. Rather, as es remained
low, and personal incomes rose, the demand fooleetm

products such as petrol and diesel recorded dadibie

growth — higher than the GDP growtPPAC site(2012)

states thathte sharp rise and volatility of prices of oil a
petroleum prducts in the international markets sir
2004 has become a matter of global concern. Tderh
basket of crude oil, which averaged $79.25 perédb

during 200708, had gone up to an unprecedented lev:
$142.04 per barrel on 3rd July 2008 before ning

sharply. However, the crude prices have been sy
increasing since December 2008, largely due tgkbieal

economic recovery and increase in demand from
emerging economies. The average price of the Ir
basket of crude oil for the currenhéncial year 201-11

(up to 11.11.2010) has been $77.50 per barrel sgtin
average price of $ 69.76 per barrel during -10. [8]

As India imports about 80% of its crude oil reqoient,
international oil prices play a decisive role ie thomestic
pricing of sensitive petroleum products. The Ru
Sector Oil Marketing Companies (OMCs) viz. Indiait
Corporation Limited, Bharat Petroleum Corporat
Limited and Hindustan Petroleum Corporation Limi
pay Trade Parity Price to refineries when tbuy Diesel,
and pay Import Parity Price for PDS Kerosene

Domestic LPG. Accordingly, they ought to fix ret
prices based on this cost. However, the retail egy
which are modulated by the Government, are gerne
lower. The difference between thequired price based (

Trade Parity / Import Parity and the actual sellprice
realized (excluding taxes and Dealer's Commiss
represents the undeecoveries of OMC (Table 3).

Table 3. Under recover

Under

recover | 2005- | 2006- 2007- | 2008- 2009- | 2010-
y in Rs | 06 07 08 09 10 11
Crore

Petrol 2723 2027 7332 | 5181 5151 | 2227
Diesel 12647 18776 35166 52286 9279 | 34706

3.5 Price of transport fuel

B Fetrol BDiesel

Figure 8. Transport fuel retail selling prices
neighboring countrie

The retail price of petrol hdseen left to the oil compani
to decide and as in July 2011, comparison in theve
chart shows that in India the price of petrol is tighes
In contrast to petrothe diesel prices are at compara
rates. This only shows that while petrol priare market
driven, the diesel price is protected by the gowent of
India. This is the reason of diesel demand inereager
the years. Such a trend is artificial and is moigl term.
Price benefit in the short term has to end andssess th
deman of transport fuel, like dieset is necessary to
identify the underlying factors rather than ar
symptomatic remedies.

3.6  Vehicle Population

The Motor vehicles (per 1000 people) in India w&siri
2009, according to a World Bank report, publishac
2010. Mbtor vehicles include cars, buses, and fre
vehicles but exclude twaetheelers. Population refers

midyear population in the year for ich data are
available (Figure 9). [2]
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Figure 9. Motor vehicles per thousand people in It

Similarly, the Passengerars (per 1000 people) in Inc
were 12 in 2009, according to a World Bank rep:
published in 2010. Passenger cars refer to roadrmr
vehicles, other than twerheelers, intended for tt
carriage of passengers and designed to seat notheor
nine people including the driver (Figure 10).
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Figure 10. Passenger cars per thousand people in

The Vehicles (per km of road) in India was reporéed
in 2008, according to the World Bank. Vehicles
kilometreof road include cars, buses, and freight vehi
but do not include twavheelers. Roads refer
motorways, highways, main or national roads, seaon
or regional roads, and other roads. A motorway lieaa
specially designed and built for motor trc that
separates the traffic flowing in opposite direct (Figure
11). [2]
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Figurell Vehicles per kilometre of road in In

In all the cases mentioned above, the indicatioastizat
there is an increasing trend in vehicle populatamd
density inindia. This means by sheer increase in num
the demand of transport fuel also will increaseowver,
such numbers are difficult to ascertain as manycss
are showing wide variation. Adding up all types
vehicles and assessing the demand vatl lme practically
possible. There must be an easily implemee solution
for the issue at hand.

3.7 Infrastructural development

Figure 12. Number of retail outlets in India over t
years

Even for transport fuel availability across the oy we
find in the chart abov€figure 12)that from 2004 onward
the number of retail outlets grew much higher corag
to the earlier period since 1980. Here also, leesitt
mission to make petroleumvailable throughout th
country, the main driver was the subsidy on thegbeim
products. Due to subsidy, the demand for diesiekd!
vehicles went past the petrol version. By addipgthe
sales of all the retail outlets also we will not &lgle to
assess the future demand as with the growth in tingber
of retail outlets, the profitability of individualutlets have
become a major issue. As oil companies are nofrete
to commission their infrastructure, in a reason:
profitable market, while @ outlet could suffice, all hay
marked their presenceThis trend cannot continue in t
same pace and it is also very difficult to predie future
pace of the growth of the outletSo for a fair assessment
of future transport fuel demand, the grh percent of
outlets may not be a proper meas

Lawrence (2009) noted that ‘energy consumptionhia
transport sector currently represents a small sbatee
total energy consumption in India (15%). Howe\
motorized vehicle ownership is increas very rapidly as
well as the need to transport goods across thetmoL
Car ownership in India remains very low compare(
developed countries indicating that the rate ofaghowill

continue to accelerate. Nearly all motorized vedd
necessitate thecombustion of petroleu-based fuels.
Indian transport accounted for nearly half of pletumn
products considered in 2005. The growth in trars
demands directly weigh on the country needs for
imports. Unfortunately, existing energy data dat

provide all the information on driving forces behi
energy used and sometimes show large inconsisgeric

(6]

4. Motivation of the study

There are twanotivations for this stuc. First, the rising
trends in the consumption of petroleum productghia
transportation sector of Irmliand its consequence the
domestic sector provide a good rational to study
demand for petroleum transport fuelSecondly, no such
study has beeconducted in the recent past that is b
on process driven dynamic model. By process wan
the process of identifying theunderlying factors of
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demand that will vary over the years. It is neaggso
understand the major changes in the environment and
business process and capture the same in thé fettors
before developing the model of demand.

There is a mention of ‘processes in the works avBr
and Virmani (2007). In their work, they attemptea t
answer the divergent views in prices of gasoling @mide

oil. ‘As everyone knows, gasoline prices have bbign

in recent years. Most people also understand tteat
price of gasoline is closely linked to the priceodf But
occasionally, the two diverge. Gasoline pricesen&ing

in the spring of 2007, while oil prices were fatjinLater

in the year, crude prices were back up, but gasgliices

did not change. So, one might ask, what is itheiothan

the price of crude oil — that drives U.S. gasolprees?
They examined several other factors that affecolgses
prices and build a succession of econometric mottels
isolate and quantify the various factors. The firstdel
uses two factors — crude oil prices and gasolineepr—
and the authors state that the “model explainsinés
percent of U.S. gasoline prices.” To explain ttieer 2
percent, Brown and Virmani (2007) expand their niode
by adding factors one by one. Thus, for the second
model, they add a seasonal component. Empirica da
show that demand for gasoline is highest during the
summer months, spikes around Thanksgiving and
Christmas, and is lowest in February. The secoondein
incorporates this pattern and explains some of the
fluctuation between the prices of gasoline and erail
Next, the authors look at “aberrations,” non- seaso
factors such as Hurricanes Katrina and Rita, whsattut
down over a fourth of U.S. refinery capacity andtse
gasoline prices sky-rocketing” in 2005. They fititht
these non-seasonal aberrations have a measurdbge ef
on gasoline prices. Because crude oil prices cap by
region in the short run, the last model incorp@atas
factor and finds that it too has some effect onptiee of
gasoline in the United States.’ [11]

5. Methodology

5.1 Methods

The research methods followed are both primary and
secondary. Under primary method, a survey wasngldn

to identify the factors affecting the demand ofrpletum
products. With the help of a self designed questiire,
primary data was collected from around four hundred
respondents. The respondents were from across, India
with wide ranging experience either in service or
business. The reliability of questionnaire waste@gs
through a pilot study. The responses were tabulatet!
statistically analyzed by SPSS software.

The self designed questionnaire as a tool was tsed
identify the factors that affect the demand of $ort
petroleum products. The choice of fuel coverednbpets
from availability, quality, price, economic, techagical,
inter-fuel substitution and environmental aspectster
the responses were tabulated, it was subject teekai
Meyer-Olkin measure of sampling adequacy (NSA) to
determine the need to further reduce the factarsriore

practical and effective assessments. The sampiegof
four hundred was found very adequate as a true
representation of the population consisting of exmeed
citizens of India. After the factors were redudkbrbugh
factor analysis, the demand model was formulated
through multiple regression. For multiple regressi
secondary data was collected from a number of blelia
government and private sources.

Niles (2006), writes in order to have confidencattthe
survey results are representative, it is criticaiyportant
that we have a large number of randomly selected
participants in the survey group. For a 95% caniae
level, which means 5% chance of sample resultgrififd
from the true population average, a good estimétie
margin of error or confidence interval is given byN
where N is the number of participants or the samsjze.
With a sample size of four hundred, the margin robre
fraction is 0.05 and percentage margin of errob%.
This is narrow margin of error and survey of fountred
randomly selected participants is well acceptechforing
confidence in the results. [12]

5.2 Process

The potential benefit of petroleum transport fuehmnd
lies in the realm of decision making so as to egerttrol
over environment and infrastructure capacity in the
country. Transport fuels are a vital input to bpéssenger
and freight mobility. The demand for it is growiag an
increasing rate from an ever expanding set of di&ver
vehicles. This in turn places increasing demands o
infrastructure, environment protection, technologgd
manpower. Accessing the consumption needs has thus
become a significant element of the planning eserdn
the petroleum sector. Therefore, it is of greatortgnce
that the underlying factors are judiciously iddetf If
the basic factors become erroneous both infrastrei@nd
capital investment will be imbalanced. This coufteet
the oil companies and the economy of the country.

Md. Muassam et al (2008) noted that, ‘There is maya

of methods available today for demand forecastidgq
appropriate method is to be chosen on the basis of
availability of the data (frequency, cross sectitime
series, panel data, etc.) and the desired naturtheo
forecasts. In the past, linear extrapolations isfohical
energy consumption trends worked well. Howevehait
changing lifestyle, structural breaks in the ecopand
the evolution of complex energy-economy linkagebas
become imperative to use other modelling techniques
which capture the effects of factors such as prices
income, population, inter-fuel substitution, tecluyy
and other economic, demographic, policy and
technological variables. The process of specifyimg
forecasting model involves (1) selecting the vddakio

be included, (2) selecting the form of the equatain
relationship, and (3) estimating the values of the
parameters in that equation. After the model ecHjed,

(4) its performance characteristics should be hetifor
validated by comparison of its forecasts with histd
data for the phenomenon it was designed to forecast
Although the forecasting analyst might simply guess
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the optimal form of the equation of relationshipdahe
likely values of the parameters, both the equafimm
and the parameters values can usually be estinmateel
accurately with reference to historical data fore th
phenomenon. Thus, an historical data base is luseft
to the specification and to the validation phadesodel
construction.’ [13]

to be

5.3 Selecting the variables

included

Interpretation of the SPSS output of petrol (Motor
Sprit - MS)

Robin Beaumont (2012), in an introduction to Priati
Component Analysis & Factor Analysis writes, ‘akfor
analysis techniques try to clump sub groups ofalzdeis
together based upon their correlations. Besidelsigoat

the correlations, one can also consider some other
matrices that the various statistical computer ogne
produce.

First the Barlett's test of Sphericity and Kaiseeyér-
Olkin measure of sampling adequacy (MSA) was cdrrie
out. The Bartlett test of Sphericity compares the
correlation matrix with a matrix of zero correlat®) or
the identity matrix, which consists of all zeroxept the
one’s along the diagonal. From the test we areitapfor

a small p value indicating that it is highly unlikdor us

to have obtained the observed correlation matinfra
population with zero correlation. The MSA does not
produce a p value but we are aiming for a valugvéen
0.5t0 0.8. [14]

Table 4. KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling
Adequacy. 781
Bartlett's Test  Approx. Chi-Squarg 1295.7
of Sphericit 30
p y Df 8
Sig. .000

It is observed that good values are there for atlables

for the MSA, with the overall value of 0.781. The
Barlett's test of Sphericity has an associated fueya
shown as significance of less than 0.001 as byuttefa
SPSS reports p values less than 0.001 as 0.00GeHen
from the above results, valid factor analysis can b
performed.(Table 4). The interpretation of the SPSS
output are explained and factors identified based o
‘Marketing Research Text and Cases’ by Rajendra
Nargundkar. [15]

The first step in interpreting the output is to koat the
factors extracted, their Eigen values and their wative
percentage of variance (Table 5 in Annexure).

It is observed that the ‘cumulative %’ column under
‘Total variance explained’ table that the sevenféctors
extracted together account for 78.2% of the totalance
(information contained in the original thirteen )13

variables). This is a pretty good bargain, becatiss
able to economize on the number of variables (fi8n
the reduction is to 7 underlying factors), whileoab21.8
percent of the information content is lost (78.2cpat
retained by the 7 factors extracted out of the dgiral
variables). Now the second task which follows iattbf
interpreting what these 7 extracted factors reprteSehis
can be accomplished by looking at Tables 7 and&(im
Annexure), the rotated and un-rotated factor orpament
matrices. Looking at Table 7, the rotated factotrimawe
noticed that variable numbers 2, 5, 7 and 8 hasadiiy

of 0.850, 0.811, 0.663 and 0.610 on component 1 (we
look down the component 1 column in Table 6 ankloo
for high loadings closed to 1.00).

This suggests that component 1 is a combinatichese
four original variables. Table 5 also suggestsilaim
grouping. Therefore, there is no problem inteipget
factor or component 1 as a combination of ‘Price of
Compressed Natural Gas (CNG) per kg' (variable 2),
‘Number of vehicles on CNG’ (variable 5) ‘Growth of
number of vehicles on CNG’ (variable 7), and ‘Efficcy

of vehicles in terms of kilometer per kg of CNGa¢iable

8).

At this point, the researcher’s task is to find uitable
phrase, which captures essence of the originabbkas
which continues to form the underlying concept loé t
‘Factor or Component’. In this case, the factor or
component 1 could be named ‘Substitution by
Compressed Natural Gas (CNG)’ represented by thet mo
prominent variable, that is variable 2 or ‘Price of
Compressed Natural Gas (CNG) per kg'. So, for this
analysis the factor 1 will be represented as ‘Poic€ENG

per kg’ in subsequent steps.

Now we will attempt to interpret factor or compohén
We look at Table 7, down the column for component 2
and find variable 1 and variable 6 have high loggiof
0.654 and 0.854 respectively. This indicates thetor 2

is a combination of these two variables. We walhiinue
with the loading on variable as in Table 7 for cam@nt

2 as they indicate the effect of price of petrolnootor
spirit (MS) affecting the growth of petrol vehicles

For interpreting factor 3, we look at the columiaBeled
components 3 in Table 7 and find that variable 8 an
variable 4 are loading high on factor or compon&nt
According to the un-rotated factor matrix of Tableonly
variable 3 loads high on factor 3. Supposing viek4b
Table 7 then the combination of ‘Availability of @N
and ‘Number of vehicles on MS’ could be ‘Number of
Outlets of CNG’.

For component 4 to 7, only one variables loads igh
each factor. So, the variables that load high pecigic

component is retained. Like ‘Gross Domestic Produc
GDP’ loads high on component or factor 4. ‘Efficggrof

vehicles in terms of kilometer per litre of MS’ & high

on factor 5. ‘Per capita income’ loads high ontdad

and ‘Emission norms of Sulphur’ loads high factor 7
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So the final factors identified through factor arsé are 7
in number out of the 13 variables and they willised for
further analysis in the following names and vamabl
representation (Table 8).

Table 8 Petrol demand factors identified through
factor analysis

Factor Name Combining original
variable numbers
1 Price of CNG per kg 257&8
2 Price of MS per litre 1&6
3 Number of CNG outlets 3&4
4 Gross Domestic Product (GDP 12
5 Efficiency of MS vehicle 9
6 Per capita income 13
7 Emission norms of Sulphur 11

Theoretically, all seven factors are meaningful and
explain the major factors that influence demananotor
spirit. However, factor 5, in terms of efficienayll have
host of values with respect to different type ofscaThe
brand of cars will determine its fuel efficiencylo find
out a single variable representing the efficientwlbthe
various models will be out of scope of this reskargo, it

is prudent to specify the efficiency of the carddso
maximum in the country and we specify Maruti 80@ an
now Maruti Alto as the benchmark efficiency for
subsequent analysis.

For ‘Emission Norms of Sulphur’, we will considdret
MS specification IS 2796 value over the years djgati
by Bureau of Indian Standards. This will includee t
period before Implementation of Auto Fuel Policyiilia

to at present when Bharat Stage Il and IV havenbee
implemented. This will not affect the fact of deéfion as
for both the Ill and IV stage the Sulphur emission
maximum limit has been kept the same.

The final list of factors used for subsequent asialwvill
read as below (Table 9).

Table 9. Final list of petrol demand factors

Factor Name Combining original
variable numbers

1 Price of CNG per kg 2,5,7&8
2 Price of MS per litre 1&6
3 Number of CNG outlets 3&4
4 Gross Domestic Product (GDP 12
5 Efficiency of Martui 800 and 9

Alto
6 Per capita income 13
7 Emission norms of Sulphur as jn 11

IS 2796

Interpretation of the SPSS output of diesel (High
Speed Diesel - HSD)

Barlett's test of Sphericity and Kaiser-Meyer-Olkin
measure of sampling adequacy (MSA) for diesel was
carried out.

Table 10. KMO and Bartlett's Test
KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .689
/Approx. Chi-Square 681.381
Bartlett's Test of Sphericity [df 55

Sig. .000

The overall value of MSA is 0.689 and is acceptable
The Barlett’s test of Sphericity is highly sign#ict with a

‘p’ value of less than 0.001 and indicated in tepart as
0.000. The above results indicates that we can now
continue and perform a valid factor analysis (Tabld.

The interpretation of the SPSS output for diesehlso
explained and factors identified based on ‘Marlgtin
Research Text and Cases’ by Rajendra Nargundi&gir. [1

In the first step observe at the factors extractbdjr
Eigen values and their cumulative percentage afimee
(Table 11 in Annexure).

It is observed that the ‘cumulative %’ column under
‘Total variance explained’ table that the four faftors
extracted together account for 60.0% of the totalance
(information contained in the original eleven (11)
variables). This is a pretty good bargain, becatiss
able to economize on the number of variables (fidm
the reduction is to 4 underlying factors), whigdout 40
percent of the information content is lost (40 p&tc
retained by the 4 factors extracted out of the ddiral
variables).

Now the second task which follows is that of intetjng
what these 4 extracted factors represent. It can be
accomplished by looking at Tables 12 (in Annexutieg,
rotated factor or component matrices.

Looking at Table 12, the rotated factor matrix, ist
noticed that variable numbers 4, 5, 6 and 8 hasadihy

of 0.770, 0.609, 0.728 and 0.719 on component 1 (we
look down the component 1 column in Table 12 aruk lo
for high loadings closed to 1.00).

This suggests that component 1 is a combination of
these four original variables. Therefore, therenis
problem interpreting factor or component 1 as a
combination of ‘Number of diesel run Rail locomas/
(variable 4), ‘Number of fishing boats ' (variable)
‘Number of ships using diesel for DG sets’ (varalfl),
and ‘Addition of new Railway engine on diesel
(variable 8). Identify a suitable phrase, whicptures
essence of the original variables which contingefotm
the underlying concept of the ‘Factor or Componeht’
this case, the factor or component 1 could be named
‘Number of rail locomotive and ships on diesel’., $ar
this analysis the factor 1 may be represented amthér
of rail locomotive and ships on diesel’ in subseque
steps.

To interpret factor or component 2, observe Tdlfle
down the column for component 2 and find variable 2
variable 7, variable 9 and variable 11 have higidings

of 0.511, 0.591, 0.690 and 0.744 respectively. sThi
indicates that factor 2 is a combination of theear f
variables. The loading on variable as in Table @@ f
component 2 indicate the effect of comparative it
diesel affecting the choice of energy and vehiclhis
factor is best reflected by variable number elethet is
‘Subsidy on HSD’. For the analysis, factor 2 whié
represented as ‘Subsidy on HSD’. Retain Factor 3,
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‘number of diesel run vehicles’, as it is due te ftigh
loading of 0.824.

For interpreting factor 4, take a look at the catudh
labeled components 4 in Table 12 and find thatadei 1
and variable 10 are loading high on factor or congmb
4. The combination of ‘Price of HSD’ and ‘Efficiey of
vehicles in terms of kilometer per litre’ could be
represented as ‘Price of HSD'.

So the final factors identified through factor giséd are 4
in number out of the 11 variables and they wiluised for
further analysis in the following names and vamabl
representation (Table 13).

Table 13 Diesel demand factors identified through
factor analysis

Factor Name Combining  original
variable numbers
1 Number of Rail locomotives and 4,5,6,8
ships on diesel
2 Subsidy on HSD 2,7,9,11
3 Number of diesel run vehicles Retained
4 Price of HSD 1,10

Theoretically, all four factors are meaningful axplain
the major factors that influence demand of motaritsp
However, factor 1, in terms of number of rail locathaes
and ships on diesel are difficult to assess auitedht and
is not practical. However, both are impacted due &n
economic factor i.e. IIP or Index of Industrial Buation.
With the increase or decrease of economic actsyitiee
Railway and water ways activities are influenced are
captured in the index of industrial production. isTts a
published data and can suitably replace the idedtif
factor ‘Number of Rail locomotives and ships onséie
with ‘Index of Industrial Production’.

The final list of factors used for subsequent asialyof
diesel will read as below (Tale 14)

Table 14 Final list of diesel demand factors

Factor Name Combining origingl
variable numbers
1 Index of Industrial Production 4,5,6,8
2 Subsidy on HSD 2,79, 11
3 Number of diesel run vehicles Retained
4 Price of HSD 1,10
6. Model formulation for petrol

demand function

The SPSS correlation and regression output is teghor
on ‘Marketing Research Text and Cases’ written by
Rajendra Nargundkar. Correlation and regression are
performed together. The main objective of regssi
analysis is to explain the variation in one vamrabhsed
on the variation in other variables. A pre-cone€iv
approach to regression through a survey, is takest
observe the correlation of all the variables witstrpl
sales and each other. Looking at the first coluitig
found that except for ‘Emission norms of SulphuiratS
2796’, all other variables have high positive clatien

ranging from 0.833 to 0.986 with historical Petsalles.
Only the ‘Emission norms of Sulphur as in IS 27885 a
strong negative correlation of -0.880 with petrigtorical
sales.

This means a fairly good set of independent vaemlalre
chosen namely, Price of CNG per kg, Price of MS per
litre, Number of CNG outlets, Gross Domestic
Producg(GDP), Efficiency of Maruti 800, Alto andrPe
Capita Income and Emission norms of Sulphur asSin |
2796 (Table 15 in Annexure).

The other point to be noted in the correlation ¢ald
whether independent variables are highly correlaéd
each other. Like in Table 15, this may indicatat tthe
variables are not independent of each other. Hence
eliminate some independent variables by approacitiyy
wise process (Table 16 in Annexure).

The results (output) of this step wise regressiodehare
shown in Table 17 (in Annexure). Column 3 of tablé,
titled ‘B’ lists all the coefficients for the model
Parameters that best explain the most suitable mate
be used.

Table 18: Model Summary

Mod R R Adjusted R |Std. Durbin-
el Square Square  Error  of \Watson
the
Estimate
4 1.000 [1.000 [1.000 49.33¢ 2.19¢

a. Predictors: (Constant), Gross Domestic Pro
(GDP), constant price, factor cost

b. Predictors: (Constant), Gross Domestic Product
(GDP), constant price, factor cost , Per capit@rnne,
NNP at factor cost

c. Predictors: (Constant), Gross Domestic Product
(GDP), constant price, factor cost , Per capit@rnne,
NNP at factor cost , Price of MS per litre

d. Predictors: (Constant), Gross Domestic Pro
(GDP), constant price, factor cost , Per capit@rnne,
NNP at factor cost , Price of MS per litre, Price o
CNG per kg

e. Dependent Variable: \-R

The analysis of variance table, Table 19 indicaltesp-
level to be 0.000. This indicates that the modgl i
statistically significant at a confidence level(&f0.000) x
100 or nearly 100%. The p-level indicates the Sigence
of F value.

Table 19 ANOVA?

Model Sum of|df |Mean Square |F Sig.
Squares
Eegress'c51861799.203 4 12965449801 [5327.159.°0°
* [Residual [12169.197 | 5 [2433.839
Total  [51873968.400| 9

a. Dependent Variable: MS-R

b. Predictors: (Constant), Gross Domestic Prod@@DR),
constant price, factor cost

c. Predictors: (Constant), Gross Domestic ProdugDR),
constant price, factor cost , Per capita incomePMNfactor cost
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d. Predictors: (Constant), Gross Domestic Produ@DR),
constant price, factor cost , Per capita incomePNitl factor cost ,
Price of MS per litre

e. Predictors: (Constant), Gross Domestic Prod@@DR),
constant price, factor cost , Per capita incomePNitl factor cost ,
Price of MS per litre, Price of CNG per kg

From Table 20 (in Annexure) of ‘Coefficients’, & hoted
that t-tests for significance of individual indeplent
variables indicate that all the four identified iedles are
statistically significant in the model. In the nebdhe
independent variables ‘Gross Domestic Product’ er ‘P
Capita Income’ , ‘Price of MS per litre’ and ‘Peicof
CNG per kg’ have a significance of 0.000, 0.00000
and 0.014 respectively.

The equation we have obtained is with the following
coefficients,

a (intercept) = 7956

bl (x4) = 0.012

b2 (x6) =-1.363

b3 (x2) =-93.478

b4 (x1) = 45.243
These values can be used to form a model, for M&s sa
prediction,
Petrol sales = 7956 + 0.012 (GDP) — 1.363 (Pert€api
Income) — 93.478 (Price of MS per litre) + 45.283i¢e
of CNG per kg)

The equation we have obtained means, in effedt stilas
will increase with the increase in GDP, and Prit€NG
per kg. While has a negative correlation with Bapita
Income and Price of MS per litre. Only the coeéfit b2
for the factor x6 i.e. Per Capita Income has a tega
correlation with sales does not make too much tineii
sense. It only states that at this point of timeréase in
per capita income may not result in buying moreqbedr
petrol driven vehicle and the customer will swittd
alternative high priced vehicle using other subtgitlow
price fuel. With more money in the hands of theple
as indicated in the increase in per capita incothe,
aspiration will be to switch over to a low recugiegost
alternative fuel like CNG or subsidized HSD.

From the 7 factors identified through factor analy®y
step wise regression it could end up with only dtdes
which can explain over 99.99 percent of the vagaimc
the dependent variable as petrol sales.

The regression equation is judged for its usefdriEsed
on,

1. The overall F- test for the model. In this casdsi
significant at 99.99 percent confidence level. sThi
indicates that the model is good overall. Thieveh
up as a p-value of 0.000 on the ANOVA table (Table
12) in the regression output.

2. The variables in the model are good explanatory
variables of the dependent as the individual tfest
each variable is significant and less than 0.05.

3. The R2 value 1.000 of the model tells us that
99.9 percent of the variation in the dependentatdei

is explained by all the independent variables ia th
model.

7. Model formulation for diesel

demand function

Looking at the correlation of all the variables lwitiesel
sales and each other, it is found that all varglilave
high positive correlation with diesel historical lesa
Hence, a fairly good set of independent variables a
chosen namely, Index of Industrial Production, $iys
on HSD, Number of diesel run vehicles and Pricel®D.

There are a number of diesel run vehicles. To rstaed
which type of vehicle has a greater impact, we tthiel
regression with number of diesel run vehicles bnolp

into segments like passenger vehicles, commercial
vehicles and three wheelers. The published daiAM
gives information regarding the above segmentation.
However, published data on type of fuel used inhsuc
vehicles were not found. To overcome this, we have
assumed that 60% of passenger cars, 100% commercial
vehicles and 90% of three wheelers consume diesel.
Moreover rather than sale of the three categories o
vehicles we have used the production numbers dheade
type of vehicles. The production numbers are more
accessible and historical references are readiylable.

The results (output) of the step wise regressiodehare
shown in Table 21. Column 3 of the table, titl&d lists

all the coefficients for the model.

Table 21: Coefficient§

Model Unstandardized Standar t Sig.
Coefficients dized
Coefficie
nts
B Std. Error|Beta
(Constant)  [28071.247[1472.726 19.061 [.000
Passenge |3 005 [1.504 [6.562 |000
Vehicles
Commercial | o7 low1 559 |2.441 045
\Vehicles

a. Dependent Variable: HSD TMT

It is found that there are only two significand@pendent
variables, namely, number of passenger vehicles and
commercial vehicles. Looking at the statistical
significance of the model and theé Ralue, it is evident
from the model summary in Table 22 that tHeidR0.958.

Table 22 Model Summary

Mo|R |R  |Adjust [Std. Change Statistic:
del Squ |ed RIError R FCh [dfi ([df2 [Sig. F
are [Squar [of the |Squar |ange Change
e Estima |e
te Chang
e
984 |968 [958 |1776.9]028 (595 1 |7 .045
P 8415 8

a. Predictors: (Constant), Passenger Vehicles
b. Predictors: (Constant), Passenger Vehicles, Ganiai
Vehicles

The analysis of variance table in Table 23 indisale p-
level is 0.000. This indicates that the modelasistically
significant at a confidence level of (1-0.000) x016r
nearly 100%. The p-level indicates the significanfe~
value.
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Table 23 ANOVA?

Model Sum of |df Mean F Sig.
Squares Square
Regressig661426841 > 330713420(104.73 000
n 774 887 3 '
> Residual 22103708.67 3157672.66
26 1
683530550
Total 100 9

a. Dependent Variable: HSD-R TMT

b. Predictors: (Constant), Passenger Vehicles

c. Predictors: (Constant), Passenger Vehicles,
Vehicles

Ganeiad

From Table 14 of ‘Coefficients’, we also note tiaests
for significance of individual independent variable
indicate that the identified variables is statelig
significant in the model.

The equation we have obtained is with the following
coefficients,

a (intercept) = 8071.247

bl =0.30

b2 =-0.027

Using the values the model suggested for HSD sales
prediction,

HSD sales = 28071.247 + 0.30(Passenger Vehicle) —
0.027(Commercial Vehicle)

The number of passenger vehicles produced tends to
overestimate the diesel sale prediction. This
overestimation of prediction is balanced by the
commercial vehicle production numbers. This is the
reason why the passenger vehicle has a positive
coefficient while the commercial vehicles have gateve
coefficient.

From an identified 7 factors through factor anaydy
step wise regression we could end up with onlyctofs
which can explain over 99.99 percent of the vagaimc
the dependent variable as petrol sales. Here neetfiat
though the survey indicated 11 factors, the faatalysis
suggested only 4 variables. On step wise regnessiat
of the 4 variables, only one i.e. the number ofeéligun
vehicles was found to be significant and the otheee
namely Index on Industrial Production, Subsidy @sell
and Price of HSD were not significant. On segmentire
overall diesel run vehicles into passenger, comiaeand
three wheelers in the step wise regression, it fsaed
that passenger vehicles and commercial vehicle® hav
significant relation in predicting the diesel sal@is is
rightly so as the choice of fuel by passengergjaxerned
by the differential price between petrol and didsethe
market. Petrol prices being considerably highengared
to diesel, the obvious choice of diesel as a passerar
fuel is seen from the number of diesel run vehislad in
the market.

While subsidy on diesel appears to be a logicalsitat
making argument for using diesel as a fuel, theasgon
shows that in the mind of the customer this doesptay
any role. In the mind of the customer, it is tipparent
price difference between petrol and diesel thativatgs
higher diesel passenger car sales. Though the Inflex

Industrial Production is a important parameter oles
through the survey for affecting the overall adjivof the
industry leading to higher goods and services, avhil
determining the HSD sales, it is not significafrice of
HSD also does not have any effect on sale of deséhe
proliferation of CNG in the country is not signiiat and
in most of the areas barring the metro and largiesc the
availability of CNG is an issue. This makes dieselon-
replaceable fuel, which is essential for their swal
without any choice of selection. Due to the abalkthe
three other parameters have low correlation witseli
sale prediction.

Validation of the models

The parameters those were valid in 2011-12 inicglab
the petrol sales prediction are considered. Thighes
actual situation used for validation of the model2011-
12 the relevant independent variables are showirabie
24,

Table 24. Data for the year 2011-2012

Price of | Price of | Gross Domestic | Per capita

CNG per | MS per | Product (GDP), | income, NNP

kg litre constant price, factor | atfactor cost
cost

Rs/Kg Rs/litre Rs Crore Rs

33.75 64.42 5202514 37851

Using the model identified for petrol sale prediati

Petrol sales = 7956 + 0.012 (GDP) — 1.363 (Pert&api
Income) — 93.478 (Price of MS per litre) + 45.283i¢e

of CNG per kg)

Predicted value of MS-R for year 2011-12 is 14368
against actual observed value of 14862. The emor i
prediction is 3.78% under-estimateSimilarly for diesel,
the parameters valid in 2011-12, namely produatiopassenger
and commercial vehicles run on diese¢e shown in Table 25.

Table 25 Model outcome

Passenger Vehiclgs Commercial
(60%) Vehicles(100%)
Number Number
1874117 911574

Using the model identified for diesel sale predicti

HSD sales = 28071.247 + 0.30(Passenger Vehicle) —
0.027(Commercial Vehicle),

The predicted value is 59682.26 of diesel sale(ih1212

as against actual observed value of 64680. The &ro
7.71% under-estimated.

8. Conclusion

The objective of the paper was to gain insight he t
demand of petroleum products in the transportategior
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in India and suggest a process driven dynamic mddhel
survey conducted clearly brought out the underlying
factors of demand. The dynamic change in the
environment and business process will be the base f
identifying the initial factors and that need to be
incorporated through industry experience, conteigor
literatures from the Government of India and other
reliable private publication and an independentveyr
The survey is to be an integral part of the proeesswill

be carried out after major environmental changeth@
transportation sector of India. The effects cannisgor
policy changes like the auto fuel policy, enviromis
policy restricting liquid fuel use in some area aalon.
What is suggested is an open information channel to
capture changes that impact the transport secttmdia

and be alive to consider them through a suitabt¢ofa
This is both and art and a science. The subsequent
research in this area will have to bear this indnin

The two models suggested have very high adjusted R
square value and individual factors also are very
significant. On validating the model for the ye#&12-12,

it was within acceptable errors. Both the objediveere
met with qualitative and quantitative methods kegpn
mind the relevance of present environment guidimg t
transportation sector in India. In future researeh,
composite efficiency factor may be identified tpnesent

all vehicles using motor spirit or diesel.
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Annexure

Table 5. Total Variance Explained

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings|
Total % O.f Cumulative % Total % of Cumulative % Total % O.f Cumulative %
Variance Variance Variance
1 3.840 29.537 29.537 3.840 29.537 29.537| 2.498 19.214 19.214
2 1.629 12.533 42.070 1.629 12.533 42.070| 1.499 11.532 30.747
3 1.342 10.320 52.391 1.342 10.320 52.391| 1.491 11.469 42.216
4 1.042 8.014 60.404 1.042 8.014 60.404 | 1.224 9.413 51.629
5 .864 6.647 67.051 .864 6.647 67.051| 1.217 9.359 60.988
6 744 5.721 72.772 744 5.721 72.772| 1.146 8.814 69.802
7 .708 5.447 78.218 .708 5.447 78.218| 1.094 8.416 78.218
8 619 4764 82.982
9 584 4.494 87.477
10 511 3.928 91.405
11 420 3.231 94.636
12 379 2.918 97.553
13 318 2.447 100.000
Extraction Method: Principal Component Analysis.
Table 6. Component Matrix (a)
Component
1 2 3 4 5 6 7
Price of MS per liter 610 -.488
Price of Compressed Natural Gas (CNG) per k| 669
Availability of CNG 449 .635
Number of Vehicles on MS 526
Number of vehicles on CNG 679
Growth of number of vehicles on MS 426 581
Growth of number of vehicles on C! 677
Efficiency of vehicles in terms of kilometer per 682
of CNG
”Etfglrc:)(;nl\% of vehicles in terms of kilometer p 484 461
Emission norms of Benzene 563 570
Emission norms of Sulphur 407 -483 404 539
Gross Domestic Product (GDP) .587 -.729
Per Capita Income 540 526

Extraction Method: Principal Component Analysis.

a 7 components extracted
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Table 7. Rotated Component Matrix(a)

Component

4

Price of MS per litre

.654

Price of Compressed Natural Gas (CNG) per kg

.850

Availability of CNG

.769

Number of Vehicles on MS

722

418

Number of vehicles on CNG

.811

Growth of number of vehicles on MS

.854

Growth of number of vehicles on CNG

.663

Efficiency of vehicles in terms of kilometer per kf
CNG

.610

Efficiency of vehicles in terms of kilometer peteli of
MS

796

Emission norms of Benze

426

-.531

Emission norms of Sulphur

.959

Gross Domestic Product (GDP)

912

Per Capita Income

.849

Extraction Method: Principal Component Analysisot&ion Method: Varimax with Kaiser Normalization.

a Rotation converged in 10 iterations.

Table 11. Total Variance Explained

Total Variance Explained
Componer Initial Eigen value Extraction Sums of Squared Loadi Rotation Sums of Squared Loadi
Total % of Cumula Total % of Cumulati Total % of Cumulati
Variance tive % Variance ve % Variance ve %

1 2.68¢ 24.40: 24.40; 2.68¢ 24.40: 24.40: 2.36¢ 21.50( 21.50(
2 1.548 14.070 38.473 1.548 14.070 38.473 1.695 15.410 36.910
3 1.281 11.64¢ 50.11° 1.281 11.64« 50.117 1.33¢ 12.12¢ 49.03¢
4 1.090 9.909 60.025 1.090 9.909 60.025 1.209 10.990 60.025
5 .847 7.704 67.729

6 .782 7.105 74.835

7 .726 6.599 81.434

8 .62C 5.63¢ 87.06¢

9 .570 5.184 92.253

10 461 4.187 96.440

11 .392 3.560] 100.000

Extraction Method: Principal Component Analysis.
Table 12 Rotated Component Matrix (a)
Rotated Component Matfix
Component
1 3 4

Price of HSD 772
Cost of power generated by DG sets .376 511 -.511

Number if diesel run vehicles .824

Number of diesel run railways locomotives .770

Number of fishing boats .609

Number of ships using diesel for DG sets .728 .307
Growth of diesel run vehicles 591 .396
Addition of new Railway engine on diesel 719
Availability of power .690
Efficiency of vehicles in terms of kilometer peteli .753
Subsidy on HSD 744

Extraction Method: Principal Component Analysisot&ion Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 5 iterations.
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Table 15. Correlation

Pearson MS-R Price of | Price of | Number | Gross Domestiq Efficiency of | Per  capita] Emission
Correlation CNG MS per | of CNG | Product (GDP),| Martui 800 | income, norms of
per kg | litre outlets | constant price| and Alto NNP at| Sulphur as in
factor cost factor cost | IS 2796
MS-R 1 0.907 | 0.904 | 0.965 0.986 0.833 0.981 -0.88
Price of CNG per kg 0.907 1 0.774 ] 0.813 0.853 0.86 0.841 -0.698
Price of MS per litre| 0.904 0.774 1 0.967 0.955 0.589 0.957 -0.931
Number of CNG
outlets 0.965 0.813 | 0.967 1 0.989 0.712 0.99 -0.918
Gross Domestig
Product (GDP),
constant price
factor cos 0.98¢ 0.85:% 0.95¢ 0.98¢ 1 0.74¢ 1 -0.931
Efficiency of Maruti
800 and Alto 0.833 0.86 0.589 | 0.712 0.749 1 0.735 -0.584
Per capita income
NNP at factor cost | 0.981 0.841 0.957 0.99 1 0.735 1 -0.935
Emission norms of
Sulphur as in IS
2796 -0.88 -0.698 | -0.931 | -0.918 | -0.931 -0.584 -0.935 1
Table 16. Corelation (one tailed)
Sig. (1-tailed) MS-R | Price Price Number | Gross  Domestiq Efficiency of | Per  capita)] Emission
of of MS | of CNG | Product (GDP), Martui 800 | income, norms of
CNG per outlets constant price| and Alto NNP at| Sulphur as in
per kg | litre factor cost factor cost IS 2796
MS-R 0 0 0 0 0.001 0 0
Price of CNG per kg 0.004 | 0.002 0.001 0.001 0.001 0.012
Price of MS per litre 0.004 0 0 0.037 0 0
Number of CNG
outlets 0 0.002 |0 0 0.01 0 0
Gross Domestiq
Product (GDP),
constant price, facto
cost 0 0.001 |0 0 0.006 0 0
Efficiency of Martui
800 and Alto 0.001 | 0.001 | 0.037 | 0.01 0.006 0.008 0.038
Per capita income
NNP at factor cost 0 0.001 | O 0 0 0.008 0
Emission norms of
Sulphur as in IS 2796 | 0 0.012 |0 0 0 0.038 0
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Table 17: Coefficients

Model Unstandardized Standardi t | Sig. Correlations Collinearity
Coefficients zed Statistics
Coefficie
nts
B |Std. Beta Zero- |Partial |Part [Toleran| VIF
Error orde! ce
(Constant) 7956.681/1017.315 7.821|.001
Gross Domestic Product (GDRy15 |60 192 l10.561).000 |.986 |.978 |.072 |.000 |3357:
constant price, factor c¢ 601
4|per capita income, NNP at factor cost|-1.363 | 177 |-2.985 |7.708|001 | 981 |-960 |-053 [.000 pio7*
Price of MS per litre 03478 [7.580 301 [, ..|.000 |.904 |-984 |.084 (079 |£2°7
Price of CNG per kg 45.243 |12.128 |.077 3.730 |.014 |.907 .858 |.026 |.111 |9.009

a. Depenant Variable: M$-R
The statistical significance of the model and tfev®ue are observed. It is evident from the maughmary in Table 18
that the Ris 0.999.

Table 20: Coefficient8

Model Unstandardizeq  Standa t Sig Correlations Collinearity

Coefficients rdized . Statistics

Coefficie
nts

B Std. Beta Zer Par| Par| Tol VI

Error o-ordel| tial t eranc F

(Constant) 1956'68 1017.315 7.821 |.001

Gross Domestic Product (GDH 3357.

constant price, factor cost .012 .001 4.192(10.561|.000 |.986 .978 |.072 |.000 601
“lper capita income, NNP at factor cost | -1.363 177 2.985/7.708|001 |.981 |-960 |-053 |.000 | 3507
Price of MS per litre -93.478 | 7.580 -.301 ;L2 332 .000 |.904 -.984 |-.084 |.079 é2'67
Price of CNG per kg 45.243 112.128 .0773.730 |.014 |.907 .858 |.026 |.111 |9.009




