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Abstract

Volatile oil prices and uncertainty in oil suppliead a significant impact on the petroleum industryndia as
dependency on imported crude is very high. Thisepapamines the deficiencies of the existing denestitnation
process in the Indian petroleum industry. It pragsothe formulation of a market driven demand edtomamodel
which incorporates inter-fuel substitution, tectogital developments in energy efficiency, environtaé
regulations, major national socio economic issuesmice of petroleum products in the internatiomalrkets along
with the historical trend and seasonality. The raaukiven demand estimation model envisages effigiesource
utilization in the Indian petroleum industry.
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1. Introduction

The energy challenge over the next several decadesmeet the ever growing demand with affordaeleable

supply, while ensuring environmental protection goality. World oil demand has grown faster thae tefining

capacity due to better capacity utilization. Globaergy demand grew despite high world oil and na&iyas prices
[4]. India’s self sufficiency in petroleum produtas reduced to 25% from 29.4% during 03-04 [7]idrabnsumes
3.1% of world’s oil with 0.5% reserves [2]. Petmate oil is the single largest export commodity cothe from

India. Surplus refining capacity is expected toréase to 140 MMTPA by 2030 [7]. As per Integrataeteigy

Policy 2006, India’s energy mix comprising of coail, and gas are to play a major role till 2030{3]L. The most
notable increase in share would be natural gashankkar power, while share of oil will reduce. lawlipetroleum
industries therefore should have a support systeaitadle for quick response to the market dynamaied align its
supply chain to remain competitive with respedtsmbjective.

2. Review of Literature

Ramsey et al. (1974) analysed the market for thed tdnited States annual supply of motor gasolmerivate

individual and to commercial use and concludedrgagiat the analysis of commercial demand pointthemeed
for examining simultaneously the demand and suppbther fuels especially in the heating oil marfgdt Andrew

et al. (1991), build a model for energy demandcbiysidering four economic sectors and four impartaels like

gas, electricity, oil and coal. He made a methogicld contribution to the way in which factor augttieg

technical progress can be modelled [1]. Chasel3889), identified that the classical multiple reggien methods
can be utilized to model marketing activities [@poper (2003) used a multiple regression modektonate both
the short and long-run inelasticity of crude oitdand with respect to its price [6].

The literature does not suggest of incorporatingririuel substitution in the demand estimation psscin the
petroleum industry. This paper proposes to use kipleuregression model to estimate the demandoédroleum
products by incorporating multiple factors like gaj inter fuel substitution, technological progresth historical
time series and seasonality.
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3. Model Formulation

In this paper, the demand estimation process foapor Indian petroleum company is studied and amaly The
existing demand estimation process for Naptha dwmasincorporate inter-fuel substitution by Natufahs and
Furnace Oil. This leads to a significant deviatmetween the actual demand and the demand estinesteithg to
idle refining capacity and/or shortages of Naptha.

Naphtha was the main feed stock in the fertilingluistry for production of fertilizer like Urea.ift also used by the
fertilizer and the power producing companies agaihg fuel either to produce heat energy and itattenergy.

This petroleum product enjoyed premium over otielustrial fuels in India and added value to both tibp and

bottom line of the companies. Over the last decali@yly when LNG (Liquefied Natural Gas) availatyili

increased, the fertilizer and the power produciampanies shifted to cheaper gas as both feed stotlas fuel.

Due to the change in user demand, Naphtha staetsohting surplus, requiring huge export mostly &t guice or

at times at loss. However, this shift in demanahas captured by the industry or company throughaaleh that

incorporates inter fuel substitution.

Using a simplistic approach, the basic multipleedin regression model is used for estimation ofdéeand of
Naphtha incorporating inter fuel substitution byural gas and furnace oil.

Y:bo"'Zbixi i=12,..... P
Y - dependent variable (predicted by a regressiodel)
p - number of independent variables

Xi(i=1,2,...p) -ithindependent variable from th&al set of p variables
b (i=1,2,...p) -ithcoefficient corresponding t¢ X
bo - intercept (or constant)

Here, the dependent variable Y is the estimatedadenof Naptha. There are 4 independent variablasirbl Gas
Sales, Furnace QOil Sales, Price of Naptha and BfiE@rnace Oil.

The model is developed with real time data from fikeal (April — March) 2001-2002 to 2008-2009 ofrejor
petroleum company in India. The data was de-sediseddefore estimating the causal relationshipe predicted
value of dependent variable from the model has lsed for the period, fiscal (April-March) 2005-80td 2008-
2009 for comparison.

The model is validated by real time real time geidytsales data of a major petroleum company imalfichm the
fiscal (April — March) year 2005-2006 to 2008-2089 tabulated in Table 1. The estimation model dpes
through multiple regression showed considerableavgment on demand estimation for the last fourseeen
the inter fuel substitution was incorporated.

The predicted dependant variable, in this casesdhes of Naphtha, was compared with the actualthagales over
four fiscal years (2005-06 to 2008-09). The ermalbsolute terms was less than -0.5%. This erred.6f6 is much
less than the error of 9.1% derived by using thistiey demand estimation model for the same datehEr, the
Error of Sum of Square (SSE) is 156353 as compirddde SSE of 548148 from the existing demand edion
model. This clearly illustrates the effect of infeel substitution on the demand estimation of Hapt

Table 3: summarises the results of progressiveduition of factors. In all the cases, the dependariable were
Naphtha sales (Y) and level of significance con@d®.05% and degrees of freedom 31.
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Table 1:

Comparison of Error Sum of Square betwmgventional and Regression model

From From
Naphtha | Regression Regression Naphtha | conventional
sale Predicted Y | Residuall model SSR sale model Y Error SSE
TMT TMT T™MT TMT TMT TMT
2005-06 559 605 -46 2113 559 743 -1)83 33508
650 697 -47 217( 650 683 -32 10b4
624 705 -80 6466 624 787 -183 17760
525 698 -173 30091 525 658 -183 17598
2006-07 567 666 -9 9721 567 720 -153 23B76
559 633 -75 5624 55p 416 82 6760
703 587 11§ 13436 703 545 158 24957
786 598 188 35326 786 514 211 73456
2007-08 657 58 7] 5864 657 738 181 6548
393 544 -151 22755 393 488 -85 9072
597 563 35 1192 597 270 327 107220
666 586 80 6461 666 369 297 88421
2008-09 541 574 -35 1199 541 610 169 4711
602 573 29 853 602 418 184 33987
620 596 24 574 620 437 183 33451
689 577 112 1250y 689 431 2568 66474
9738 9783 156353 9738 8856 548354
@) (b) (d) (a) (c (e
(@) - (b) -45 (@) —(q) 882 (d)—(g) 302(
% -0.46 % 9.1 % 71.49
TMT: Thousand Metric Tonne
Table 2: Summarises the improvement in demanthatitin by the suggested regression model
Error(Abs)
Period 05-06 to 08-09 TMT TMT %
Actual Naphtha sale in TMT= 9738
Predicted sale through regression model = 9783 -45 -0.46%
Predicted sale through conventional model = 8856 2 |88 9.10%
Square Sum of Error by Regression model = 156353
Square Sum of Error by conventional model = 54314
Improvement in Square Sum of Error = 71.49%
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Table 3: summarises the results of progressiveduiction of factors

Independent R R Residual F Significance| Coefficient t Significance
variable Square | Sum of F t
Squares
1 Gas sale 0.862| 0.743 478548  86.7 0.000 IntercepB0.3 0.000
Gas sale -9.3 0.000
2 Gas sale 0.865| 0.749 467241  43.2 0.000 Intercgpt5.5 0.000
Naphtha Gas sale -4.0 0.000
price
Rs/MT
Napta -0.8 0.406
Price per
MT
3 Gas sale 0.871| 0.758 45051  29.2 0.000 Intercept.56 129
Naphtha Gas sale -3.95 0.000
price
Rs/MT
FO sale Naptha | -0.4 0.694
price per
MT
Furnace 1.0 0.317
Oil sale
4 Gas sale 0.871 0.758 449746  21.17 0.000 Intercept.2 0.229
Naphtha Gas sale -3.9 0.001
price
Rs/MT
FO sale Naptha | -0.35 0.727
price per
MT
FO  price Furnace | 0.98 0.333
Rs/MT Oil Sales
Furnace 0.21 0.831
Oil Price
per MT

(FO; Furnace Oil, another liquid fuel used as mggtiel in furnaces)

It is evident that by progressively introducingieas factors (Gas Sales, Naptha Price, Furnac&#&ds, Furnace
Qil Price) that affect demand of Naphtha, the oakrsignificance of regression improved. The caiéfint of
determination, R squared, is the measure of theessgpn model as a whole. The improvement of theevaf R
square indicates the improvement in goodness affit that at least one independent variable styomglains the
changes in the dependent variable and the adegfizicy model.

While R squared represent the overall fithess ef tiodel, ‘t’ statistics explains the fitness ofiindual model
parameter. If the t-statistics of a parameterss kaan t distribution with degree of freedom mas(the number of
experimental observations), at significance lew@|, that parameter cannot explain the model wait. fractical
purposes, for more than n>30 samples, value of alodstribution can be used to approximate thestrithution.
For significant leveb. = 0.05, a threshold of 1.96 is considered. Thee/alf coefficient for Gas Sale is negative.
The negative value of the coefficient is also imeliwith the fact that, when gas sale increasesdleof Naphtha
reduces. In other words gaseous fuel is substifutie liquid fuel Naphtha affecting the demandreation. The
value of coefficient of Naptha Price is also negativhich validates the inverse relationship betweéemand and
price. The value of coefficient for Furnace Oil && positive. This shows that Furnace Oil acta asmplementary
product to Naptha. There is no substitution of Magiy Furnace Oil.
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4. Conclusion

Over the years there is a shift towards uses afrakggas. There has been a substitution of Napbyhgas. The
existing demand estimation gives a high residuat@spared to the demand estimation model incorpgrahe
inter fuel substitution. The improvement in estiioatby the suggested model is also shown by thehgbalow.
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Figure 1: Naphtha Sales in TMT

We are entering a new world energy order with camc@&bout volatile world oil markets and uncertaiabout
supplies. The primacy of fossil fuel to continuewever there will be substantial improvement inrggeefficiency
and intensity. The criticality of petroleum busigds felt by the facts that the input cost is msihe refining
capacities are becoming excess, the freight costmereasing, the energy demand is on the risee@ksehere is a
strong resistance to due supply delay or changeides. In this context, the sustainability of fregroleum industry
in India is under threat. It is strongly felt thidte days of inventory balancing and cushioningsroand the
business should focus on the real need of the mwike complete offering from efficient procuremeptoduction
and distribution. The correct estimation will leém higher capacity and resource utilisation anducedthe
shortages. Another major factor that affects thmaled estimation of petroleum products is the teldgical
advancement. Improvement in engine efficiency ef titansport vehicles is another cause of shiftangport fuel
like Motor spirit and High Speed Diesel sales. Thgto a suitable model the effects may be capturedétter
demand estimate in subsequent studies.
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