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Abstract

The article describes the new methodology for forecasting demand for petroleum products and
specific groups of petroleum products globally and in various countries (nodes) and the results
of its application for petroleum products demand forecasting in Russia. The developed meth-
odology incorporates various forecasting approaches: correlation, factor forecasting, technical,
economic and econometric analysis with elements of economic and mathematical modelling.
This methodology may be used for a wide range of tasks, including markets forecasts for spe-
cific petroleum products, e.g., jet fuel or gasoline and integrated analysis of the world oil market
development prospects and the future role of petroleum products in the energy balance of indi-
vidual countries and regions.
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1. Introduction

Petroleum products (PP) demand forecasting is of great importance for the analyses of the oil
market development. Historically inter-fuel competition in the transport sector—main area of
PP consumption—was limited, so it was possible to use simple methodologies for PP demand
forecasting. But as the global energy market is becoming increasingly diversified, technological
development sets out new conditions, and the number of PP alternatives is growing. These
market changes are reflected in many studies: IEA (2014), Mitrova, Galkina (2013), Schremp,
Bahrenian, Weng-Gutierrez (2010). All these factors require new PP demand forecasting
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methods, taking into account these changes in the market. The article discusses a new approach
to PP demand forecasting, which includes the analysis of economic, demographic and
technological factors.

2. Methodology

Existing methods of PP demand forecasting may be traced to two fundamental approaches
(Table 1):

e Forecasting of PP demand as a function of macroeconomic variables (top-down ap-
proach). It is described in the studies of Nakanishi (2006), Kugelevicius and Kuprys
(2007), Chai, Wang, Guo (2012), Grushevenko (2012), Wang, Huo, Johnson, He (2006),
Grigoriev, Kurdin (2013). The relation of energy consumption dynamics to macroeco-
nomic variables dynamics is traditionally calculated by using regression and simulation
models. Heuristic search algorithms, such as Behrang et al. (2011), genetic programming
(Forouzanfar et al., 2012) etc. may also be used. Usually this approach analyzes dynamics
of the GDP petroleum intensity. For example, jet fuel demand could be forecasted as a
function of the cargo carriage volume, which is in its turn related to GDP dynamics
(Cheze et al., 2011). (Cheze et al., 2011), may be analyzed. A key disadvantage of this
approach is that it does not account for changes in technological development and con-
sumer preferences. It also offers limited possibilities for analyzing inter-fuel competition
and separating out demand within various consumption sectors. Moreover, in some coun-
tries energy consumption dynamics has lost its close relationship with GDP dynamics in
recent decades (Cleveland et al., 2000).

e PP demand forecasting using multiple factors in the calculation (like car fleet, its struc-
ture, technical and economic parameters, etc.). This approach is used in IEA (2011, 2014),
DOE (2014) and WEC (2011) models. The main issue with using this method is that it
requires extremely detailed input information, and also the difficulty of reconciling cal-
culations of transport sector demand with the PP demand in the other sectors. This
method was analyzed by Bouachera and Mazraati (2007). Typically, these models are
used in the analysis of a limited number of countries for which this information is avail-
able. A common simplification in this respect is the aggregation of countries being ana-
lyzed (Button et al., 1993). Difficulties with forecasting PP demand in the developing
countries were analyzed by Bhattacharyya and Timilsina (2009).

The methodology of PP demand forecasting, developed in this study, not only includes these
both approaches and combines them, but also significantly expands them by considering a
greater number of factors, using clustering analysis and reconciling algorithms. This new
approach increases accuracy of projections. The developed methodology is based on the
combination of different forecasting approaches: correlation, factor, technical, economic and
econometric analysis and modelling. It considers both determined correlational
interdependencies between macroeconomic parameters and PP demand, as well as indicators
reflecting technological improvements of vehicles and specifics of motor fuel consumption in
selected countries/nodes. Since the developed methodology combines various PP demand
forecasting approaches and uses their most effective elements, it actually combines the strong
points of the top-down and bottom-up methods and minimizes their weaknesses.

This new methodology is designed to determine PP demand by different groups of end users.
The results may be reported both as overall PP demand or as demand for separate large groups
of PP. The following groups are used for calculations in accordance with consumer
characteristics of individual fractions:
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Naphtha
Gasoline

Jet fuel

Diesel

Fuel oil and other
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Petroleum gases (LPG)

The methodology may be used to perform a wide range of tasks:
e specific PP market forecasting;
e analyzing development prospects for the world oil market;
e assessing the future role of PP in the energy balance of individual countries and regions.

Table 1. Advantages and disadvantages of the different methodologies of PP demand forecasting.

Advantage/disadvantage

Top-down approach

Bottom-up approach

The proposed methodology

Variability of calcula-
tions, the possibility to
take into account multi-
ple factors, the forecast
is not linked to macroe-
conomic indicators
solely.

Usually the forecast
is completely de-
pendent on the pre-
sumed correlation of
PP demand and GDP
and population

Yes

Yes

Statistical data needed
for calculations is avail-
able and easily collected

Since there are not
many input parame-
ters, they are mostly
available

Data availability is
always a problem

The countries are clustered
according to multiple crite-
ria to search for common
patterns, making it possi-
ble to resolve the problem
of insufficient information
using cluster characteris-
tics.

Possibility to calculate
PP demand by specific
sector

This method does
not allow to identify
PP demand by sector
or it may be based
solely on the eco-
nomic performance
indicators of the sec-
tor (GDP in the sec-
tor)

This methodology is
typically used to fore-
cast demand in the
transport sector only.
It is necessary to rec-
oncile the results with
the other consump-
tion sectors in other
models in order to de-
termine overall PP
demand.

This methodology is com-
bining the «top-down» ap-
proach in assessing overall
petroleum demand and the
«bottom-up» approach in
assessing demand for mo-
tor fuel, with a subsequent
reconciliation of the re-
sults.

It is possible to take into
account inter-fuel com-
petition between PP and
other energy sources
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Inter-fuel competi-
tion is typically ac-
counted for rather
formally, by consid-
ering price elasticity

This methodology
may contain technical
and economic indica-
tors, which are used
to account for inter-
fuel competition.

«Bottom-up» instruments
are used to account for in-
ter-fuel competition in the
transport sector. Competi-
tion in the other sectors
may be accounted for
when other models are
used alongside (the authors
used the SCANER model-
ling complex).
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Figure 1. Structure of the PP demand forecasting methodology, proposed by the authors.
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The described methodology has already been tested at ERI RAS. It was used as part of a
larger SCANER modelling complex (Makarov et al., 2011) and it enabled to reconcile oil
market forecasts with projections for other energy markets. The results of these calculations
were used in the “Global and Russian Energy Outlook Up To 2040 (Makarov et al., 2013,
2014), and in the new Energy Strategy of the Russian Federation.

The methodology and its interrelationship with the other resource modules within the
modelling complex allow to consider inter-fuel competition given various prices of energy
resources competing with PP. This enables to determine long-term price elasticity of PP
demand. Overall, three unique elements are used in the developed methodology, which
differentiate it from other alternatives:

1.

2.

3.

The methodology utilizes multi-criteria clustering approach to resolve the issue of the
lack of information for individual countries.

It combines both the “top-down” and “bottom-up” approaches to resolve the issue of rec-
onciling projected PP demand in the transport and other sectors.

It was developed as a part of an integrated system for global energy sector forecasting,
enabling to take into account various factors in related sectors, which are affecting PP
demand.

This methodology contains seven modules (Figure 1). The calculation algorithm in each
Module is shown below. For module 1:

1.

Correlation analysis of historical PP consumption rates, GDP and population are made.
Correlation coefficients are determined to be used as weights in the formula for calculat-
ing overall projected PP demand.

Ratio of PP consumption to GDP (PP intensity) and the ratio of PP consumption to pop-
ulation (per capita consumption) are determined based on historical data. A trend for each
(linear, exponential or logarithmic) is plotted.

Exogenous projected GDP and population data is used in the resulting trend equations.
Thus, two PP demand projections are determined.

101

“oEBL 4(3), 98107, 2015



T Mitrova et al. Integrated method of petroleum products demand forecasting

4. Resulting PP demand projection is calculated based on projected GDP and population
data, considering the weight of each parameter obtained by correlation analysis. The
results are presented in energy equivalent.

Formula, used to project overall demand for each node in Module 1, is shown below (Eq. 1):

PPdemand;
_ (k x PPintensityGDP; x GDP;) + (m x PPdemandpercapita; X Population;) (1)

(k+m)

where:

PPdemand; — projected demand for all PP;

i — year;

k — correlation coefficient of total PP consumption to GDP in the node;
PPintensityGDP; — GDP PP intensity value;

GDP; — GDP value;

m — correlation factor of overall consumption of PP to population in the node;
PPdemandpercapita; — per capita consumption of PP;

Population; — population size.

The algorithm in Module 2 is similar to Module 1, but the calculations are made for each
product group in metric tonnes, after which they are added up to generate overall demand and
converted into energy equivalent using conversion coefficients.

The results of Modules 1 and 2 do not make it possible to fully account for the current and
future technological changes: introduction of alternative fuel vehicles, improving the efficiency
of conventional vehicles (ERI RAS (2013). To solve this problem, demand for specific groups
of PP - gasoline, competing fossil fuels (LPG, diesel) and non-petroleum fuels (electricity,
natural gas) is calculated in Modules 4, 5. The calculations are made for the road transport
sector (cars and trucks). According to the IEA (2013), this sector consumes 70% of all motor
fuels, and all of the gasoline.

Table 2. Purpose of each module.

Module No. Module description

Module 1 Total projected demand for PP is determined for each node depending on GDP and pop-
ulation dynamics.

Module 2 Overall consumption of PP is determined by splitting projected total PP demand into
PP groups demand.

Module 3 Country nodes are grouped into clusters.

Module 4 Fuel demand is determined for the road transport sector, including petroleum and non-
petroleum. The Module is based on the indicators which reflect the size and the structure
of the car fleet, as well as the indicators reflecting the technology and consumer prefer-
ences for specific motor fuels. Module 4 includes a separate unit of technical parameters
for new vehicles (Module 5).

Module 5 Projected costs of vehicle ownership and their attractiveness to consumers are calculated
based on the economic and technical parameters of vehicles operating on various types
of fuel and their envisioned modernization. Consumer preferences and access to infra-
structure are also taken into account in the calculations.

Module 6 Comparison of the results generated by Modules 4 and 2. Projected GDP PP intensity
and per capita consumption of gasoline, diesel fuel and LPG are adjusted within Module
2 based on this comparison.

Module 7 Iteration process of reconciliation of the results from Modules 1 and 2.

102
“oEBL 4@3), 98107, 2015



T Mitrova et al. Integrated method of petroleum products demand forecasting

There is a large number of countries and indicators used in this modelling. The methodology
therefore envisions cluster analysis, taking place in Module 3, in order to summarize some of
the indicators. In this analysis, groups of countries with similar characteristics are differentiated.

Clustering is performed by k-means method according to three key indicators describing the
node: per capita GDP, net exports of oil and PP, ratio of diesel and gasoline in motor fuel
consumption (Grushevenko, 2014). According to these analysis, all countries were divided into
seven clusters:

USA is a major energy producer and consumer;

The largest oil exporters: Saudi Arabia and Russia;

The largest developing economies: China and India;

Developed major large economies (Germany, Spain, Italy, France, Japan, Korea);
Large oil and PP producing countries;

Some European countries, CIS countries and South America;

The least developed economies.

NoakowhE

Cluster analysis is used to aggregate several projected indicators used in the calculations of
Modules 4 and 5 for all nodes in the cluster, depending on the indicators of the representative
cluster.

Module 4 calculates future demand for motor fuel as a function of several parameters for
each node (Eq. 2):

DMFL',]' = Vi,j X Mi,j X Fi,j (2)

where:

| — year;

J — motor fuel type;

DMF — motor fuel demand,;

V — fleet size by motor fuel type;

M — vehicle mileage;

F — motor fuel consumption by type.

A detailed forecasting algorithm for the individual parameters of this motor fuel demand

equation includes:

1. Projected car fleet size is calculated. We use the method applied by IEA (2011). This
method determines the number of vehicles as an S-shaped function of the saturation level
defined for each node or cluster and projected GDP.

2. Projected disposal of old vehicles. Historical disposal rates are extrapolated for the future
by constructing a trend.

3. Total number of new vehicle sales in any given year is determined based on the total
vehicle fleet and projected disposal rate.

To determine the structure of new vehicle sales by fuel type, we calculate the coefficients of
attractiveness of vehicles by fuel types. This calculation depends on the following: the
comparative cost of vehicle ownership, the availability of infrastructure, consumer preferences,
technological development. "New vehicles" also include purchased vehicles previously used in
other nodes.

Module 5 calculation algorithm:

1. The cost of vehicle ownership by fuel, is determined in Eq. 3:

Ve
OPt=E+M><R x FP 3

where:
t — year,;
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OP — annual cost of vehicle ownership;

VC — typical vehicle cost by fuel type;

R — fuel consumption for a run;

LC — vehicle life for the node, given exogenously;

M — average annual mileage of a vehicle by fuel type;

FP — fuel price, set. The authors obtained it from the calculations made using the SCANER,
see Makarov, Galkina, Grushevenko (2014).

2. The cost of vehicle ownership is ranked from the cheapest to the most expensive, costs
of ownership are converted into coefficients.

3. Coefficients for infrastructure availability, which is critical in assessing demand for nat-
ural gas vehicles and electric vehicles, and consumer preferences for purchasing the ve-
hicles by fuel type, are determined.

4. The final coefficient of vehicle attractiveness is calculated in Eq. 4, considering the total
cost of ownership, the infrastructure availability factors and consumer preferences:

Kop; . Kop;
(200 — Kop) X King X Kpop, if (200 - Kopl) X King X Kpop | > 0
Kattractive,i = Kop (4)
I\ NV x 0.01%, if <(200 - KOp;) X Kinf X Kpo,,> <0 J
where:
I — fuel type;

Kattractive,i — attractiveness coefficient;

Kopi — coefficient reflecting the average annual cost of vehicle ownership operating on fuel i;
Kop: — coefficient of average annual cost of vehicle ownership for the cheapest and the most
attractive fuel type;

Kint — infrastructure availability coefficient;

Kpop — cOnsumer preferences coefficient;

NV — sales of new vehicles.

In Module 4, the structure of new sales is obtained by a nonlinear optimization calculation
method, based on the total number of new sales and attractiveness coefficients calculated in the
Module 5.

Resulting numbers of future vehicles by fuel types, average fuel consumption and annual
mileage make it possible to project demand for motor fuels in the road transport sector.

After reconciling the results from Module 2 and Module 4 in Module 6, a reconciliation of
Module 1 results and adjusted Module 2 results is made within Module 7, providing the
projected PP demand.

3. PP demand forecast in Russia

Assumptions for the Russian PP demand forecast were the following: GDP and population
dynamics up to 2040 are from the forecast of the Russian Economic Ministry and Rosstat. The
official projection of the Russian average annual GDP growth rates in 2014-2040 is 2,6%, while
during this period the population will decline by 11% compared to 2014. Car fleet size, structure
and disposal rates statistics were taken from Autostat (Autostat, 2015). Average fuel
consumption, vehicle cost and cost of their switching estimates were based on the market
analyses, including car fleet structure analyses and assumptions on the potential for the future
reduction of the specific fuel consumption for different types of vehicles (Makarov et al. 2013).
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Figure 2. Deviation of the total PP demand calculations, prepared using different forecasting methods,
from the retrospective data.
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Figure 3. Projected Russian PP demand, calculated using different methodologies, including methodol-
ogy developed by the authors.
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The proposed methodology proved to be more relevant, then the other approaches: as shown
at Figure , results of the Modules 1 and 2 (which use only “top-down” approach, defining PP
demand based only on GDP and population dynamics), tend to overestimate PP demand — in
the retrospective period 2010-2014 their results were 6-7% higher than the fact. For the future
PP demand projections they create high expectations and stimulate overinvestment. On the
other hand “bottom-top” approach alone (represented in Modules 4 and 5) tends to
underestimate PP demand—by 2-5%, as verification on the retrospective data has shown. This
could lead to insufficient investments in the capacity expansion and PP deficit. At the same
time combination and reconciliation of these two approaches «top-down» and «bottom-top», as
suggested by the proposed methodology, which is taking place in Module 7, allows to minimize
deviation of the results from the retrospective data to just 1-2% (Figure ) and to obtain the most
relevant results (Figure 3).

4. Conclusions

The developed methodology makes it possible to evaluate PP demand for various nodes
(countries, regions within countries, countries, groups of countries). The modular structure of
the methodology allows further improvement of calculation elements as additional information
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becomes available. Economic, demographic and technological indicators are considered in an
integrated way. Calculations can be revised and mutually reconciled, providing for higher
reliability of the forecast results. The methodology, developed by the authors, makes it possible
to consider a wide range of scenarios, while incorporating changes in the various indicators in
the calculations.
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