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Abstract. The Liquified Petroleum Gas (LPG) is
currently the only widespread and available alternative
fuel used in Poland for motor vehicles equipped with
spark-ignition engines. Until the end of the 1980s, the
monopoly on the fuel market had belonged to petrol and
diesel oils. In the 1990s this monopoly was broken by
LPG. The important impulse causing increase of concern
with using alternative driving fuels by drivers has always
been economy issues. The Liquified Petroleum Gas has
been presented as an eco-friendly fuel, and with an
attractive price it has also gained the title of an
economical one. Over the last three decades, The
Liquified Petroleum Gas has become an important player
in the fuel market. The article presents current trends
observed in the fuel market (LPG fuel and gasoline U95)
used to power motor vehicles equipped with spark
ignition engines, and analysis of the price volatility of
these fuels in the period 2005+2016.

Key words: alternative fuels, LPG fuel, petrol, fuel
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INTRODUCTION

The main sources of energy used to power vehicles are
gas oils and gasoline. All the other fuels are referred to as
alternative fuels. The alternative fuels include LPG, CNG,
hydrogen, electricity, and solar energy [7, 13, 14, 20, 24].
Of the alternative fuels currently available in Poland it is
only in case of LPG that we can talk about the existence
of a developed and fully formed market.

The emergence of the LPG market in Poland and its
development over the last three decades has involved two
main factors. The first factor was the economic aspect.
LPG gas was and still is a much cheaper fuel. The cost-
effectiveness ratio, which compares the cost of driving 1

km on U95 and LPG, was even above 3.0 (the end of the
20th century). At present, this factor has decreased to
1.5+1.7 [7, 9, 10]. The second factor contributing to the
development of the LPG market is the availability of LPG
distribution points. During the last few years, a dense
LPG gas station network was established. Existing
distribution infrastructure allows free access to the fuel.
The network of distribution points largely coincides with
the network of petroleum petrol stations. At present, the
number of LPG distribution points in Poland is about
5.3+5.4 thousand [9, 10, 15, 16, 18]. The attractiveness of
the LPG fuel market is evidenced by the fact that its main
distributors include leading fuel companies in Poland
(Orlen, BP, Lotos).

The article presents current trends on the LPG fuel
market. For this purpose, it discusses the evolution of
LPG and U95 fuel prices over the period 2005+2016, the
cost-effectiveness of using LPG as an alternative fuel to
U95 gasoline, and the changes in the availability of the
LPG fuel distribution network and the volume of LPG
fuel users (vehicles fitted with LPG installations) in the
post-accession period of Poland to the European Union.

The main aim of the article is to highlight the periodic
volatility of LPG and U95 fuel prices in particular months of
the year and the existence of a characteristic seasonal factor
in the evolution of LPG and U95 fuel prices. The results of
the study will be presented for the period 20052016 and
will be a comparative material to the previously presented
results of LPG market analyses [7, 8, 9, 10].

LPG FUEL

Liquified Petroleum Gas (LPG) is a condensed
hydrocarbon mixture whose main components are CsHg
propane and CsHio butane (as n-butane and isobutane). In
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addition to these basic ingredients it contains small
amounts of other hydrocarbons (ethane) and impuirities,
mostly sulfur (not more than 50 mg/kg) [2]. During the
year, the proportion of LPG propane and butane
components is expected to change. The seasonality of this
fuel (species B — winter and drought) is required by law.
Normally, the composition of the mix should be such that,
for the average ambient temperature, the vapour pressure
is not less than 150 kPa [1, 13]. Due to the different
boiling points of the basic components in the winter, the
proportion of gases contained in the LPG fuel is adjusted
to increase the propane content of the fuel [14, 17].
Detailed requirements concerning the composition and
purity of LPG are regulated by the Polish Standard PN-
EN 589 of 2009 [1]. Table 1 compares the basic
characteristics of LPG and gasoline.

Table 1. The basic characteristics of LPG and gasoline [14]

Fuel characteristic LPG Gasoline
Propane/Butane uU95
Calorific value [kJ/kg] 30/70 | 49260 46 150
40/60 | 49340
50/50 | 49420
60/40 | 49500
70/30 | 49590
Calorific value [kJ/dm®] | 30/70 | 25540 31570
40/60 | 25150
50/50 | 24885
60/40 | 24620
70/30 | 24360
Octane number 100+ 110 95
Density at t=15°C 0,52 + 0,56 0,745
[kg/m?3]
Flash point [K] 756 780
Theoretical air demand 15,3+ 15,7 14,5+ 14,8
[kg/kd]

Source: Januta 1994 [14]

Comparing the data in Table 1, it can be seen that the
calorific value expressed in mass units is higher for LPG
compared to gasoline U95. On the other hand, the
calorific value of LPG gas converted per unit volume is
less than the net calorific value of gasoline U95. For both
fuels the commercial unit is the dm3. It follows that, when
determining the cost-effectiveness ratio, the differences
arising from the different fuel values of LPG and U95

should be taken into account. The theoretical demand for
LPG fuel resulting from differences in net calorific values
expressed in unit volumes is higher than gasoline demand
and ranges from 23% to 30%, depending on the type of
LPG (propane/butane) component.

LPG FUEL MARKET IN POLAND

The use of LPG fuel in the world is not a new
phenomenon. The first installations that enabled the LPG
vehicles to be powered were built and used in the first
half of the 20th century [17]. Interest in alternative fuels,
including LPG, has always been greater in periods of oil
crises (the 1940s, 1970s and now), when fuel was out of
the market or its prices skyrocketed. In the world, the
creation of a separate market related to the production and
distribution of LPG fuel falls in the 1970s. In Poland, the
establishment and development of the LPG market dates
back to the mid-nineties. Earlier in Poland, LPG was used
sporadically and had a small share in the fuel balance.
Polish Central Statistical Office and Polish LGP
Association data show that the period from circa 1995 to
2005 is characterized by dynamic development (Table 2
and Table 3) of the LPG fuel market. In that period LPG
market in Poland was the most dynamically developing
market of LPG fuel in the world. Such rapid growth was
influenced by the following factors: attractive price of
LPG compared to U95 gasoline price, access to modern
gas installations, and popularization of cars as private
means of transport. The development of the LPG industry
until 2005 and its subsequent stabilization have placed the
LPG market in Poland among the world's leaders in terms
of fuel sales and the number of vehicles adapted to this
type of fuel.

The increase in the number of vehicles adapted to
LPG supply and the domestic consumption of this fuel
puts Poland in the strictest lead in the world. The LPG
fuel market data in Poland during the last years are
presented in Table 2 and Table 3. Table 4 shows the share
of LPG fuel vehicles in the total number of passenger cars
in 2005+2015.
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Table 2. LPG stations in Poland [according to Polish LGP Association] and their growth dynamics
in Poland in the years 1998+2016

ber of Dynamics of growth up to

Year LE”Grzt:trigns previous year 1998 2000 2005

% % % %
1998 1500 - - - -
1999 1800 20,0 20,0 ; -
2000 2300 278 53,3 ; -
2001 2900 26,1 93,3 26,1 -
2002 3400 17,2 126,7 478 -
2003 4500 32,4 200,0 95,6 -
2004 5700 26,7 280,0 147,8 -
2005 6300 10,5 320,0 173,9 -
2006 6800 7,9 353,3 195,6 7,9
2007 6700 15 346,7 191,3 6,3
2008 6350 52 3233 176,1 0,8
2009 6050 _47 303,3 163,0 _40
2010 5900 225 203,3 156,5 -6,3
2011 5700 _34 280,0 147,8 _95
2012 5600 “18 273,3 1435 11,1
2013 5520 14 268,0 140,0 12,4
2014 5460 “11 264,0 137,4 -133
2015 5420 _0,7 261,3 135,7 -14,0
2016 5390 _05 259,3 134,3 _14.4

Source: Polish LGP Association [4, 6, 15, 18, 19]

Table 3. Sales of LPG autogas [according to the Polish LGP Association] and the dynamics of its

sales in Poland in the years 1998+2016

Sales of LPG Dynamics of growth up to

Year fuel previous year 1998 2000 2005

10%kg % % % %
1998 300 - - - -
1999 395 31,7 31,7 - -
2000 550 39,2 83,3 - -
2001 700 27,3 133,3 27,3 -
2002 860 22,9 186,7 56,4 -
2003 1070 24,4 256,7 94,5 -
2004 1440 34,6 380,0 161,8 -
2005 1775 23,3 491,7 222,7 -
2006 1810 2,0 500,0 229,1 2,0
2007 1830 1,1 510,0 232,7 3,1
2008 1770 -33 490,0 221,8 -0,3
2009 1705 -3,7 468,3 210,0 -3,9
2010 1660 -2,6 453,3 201,8 -6,5
2011 1610 -3,0 436,7 192,7 -9,3
2012 1600 -0,6 433,3 190,9 -9,9
2013 1575 -1,6 425,0 186,4 -11,3
2014 1645 4,4 448,3 199,1 -7,3
2015 1690 2,7 463,3 207,3 -4.8
2016 1790 5,9 496,7 2255 0,8

Source: Polish LGP Association [4, 5, 11, 12, 18]
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Table 4. Passenger cars powered by LPG in Poland
[according to the Polish Central Statistical Office] in the
years 2005+2016

Passenger Passenger
Year cars powered carsin Share
by LPG general

in thousands | in thousands in %
2005 1306 12 339 10,58
2006 1623 13384 12,13
2007 1927 14 589 13,21
2008 2170 16 080 13,50
2009 2326 16 495 14,10
2010 2478 17 244 14,37
2011 2651 18 125 14,63
2012 2757 18 744 14,71
2013 2847 19 389 14,68
2014 2914 20 004 14,57
2015 2977 20723 14,37

Source: Polish Central Statistical Office [3, 21, 22, 23]

According to the Polish Central Statistical Office data
(as at the end of 2015), Poland registered about 2 977
thousand Passenger cars adapted to LPG. The share of
these vehicles in the total number of passenger cars is
14.37% and increased by about 4% as compared to 2005.
This demonstrates the continued interest of vehicle users
in this alternative power supply.

The trends of changes in the LPG fuel market and the
share of vehicles with LPG installations in the total
number of passenger cars in the years 2005+2016 are
presented in Figure 1.
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Fig. 1. Growth dynamics of LPG sales points, the amount
of LPG fuel to be pre-treated, and the share of vehicles
with LPG in the total number of passenger cars in
2015+2016 compared to 2005

The observed increase in the number of LPG vehicles
does not translate into a visible increase in sales of LPG
fuel during this period (2005+2016). Compared with
2005, the fuel sales increased by approximately 1% in
2016. And in some years 2005+2006 was lower than in
2005. This can be explained by the fact of the natural
replacement of the vehicle fleet by users. Changing
vehicles means that the installation of LPG is done in
newer cars with lower fuel consumption. At the beginning
of the 21st century, LPG was mainly used for older
vehicles, with average fuel consumption of more than 10
dm3 per 100 km (e.g. FSO Polonez). Manufacturers of
new vehicles did not equip their cars with factory-
installed LPG systems and often discouraged such
installations. Currently, many global corporations are
offering new vehicles equipped with factory LPG (e.g.
Opel Astra, Skoda Fabia). Reducing the amount of fuel
sold with the increase in the overall number of LPG cars
fitted is likely to be a major driver of LPG installation in
smaller vehicles considered urban ones (e.g. Honda Jazz,
Citroen C3, Toyota Yaris) and owning more than one
vehicle per houshold. This results in the reduced demand
for fuel by vehicles and a reduction in the distance
travelled by individual cars.

VARIABILITY OF LPG AND U95 FUEL
IN THE PERIOD 2005+2016

The basis for analyzing the market for LPG fuel and
primary fuel (U95 petrol) as mutually alternative fuels for
the supply of vehicles with a spark engine were the prices
at Lublin petrol stations offering both types of fuel (LPG
and U95 gasoline) in the period 2005+2016. The data
presented in Table 5 and in Table 6 reflect the indicative
fuel prices of LPG and U95 gasoline occurring at selected
stations in the given period.
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Table 5. Fluctuation of LPG fuel prices in 2005+2016

Price of LPG fuel in particular months in the period 2006+2016
I I i v \ VI Vi VI IX X XI X1l | Aver.
7t 7t 7k 7k 7k zt 7k 7k zt 7k 7k zi 7k
2005 185| 1,74| 160 1,70| 163 | 1,70 | 1,73 | 1,74 | 1,90| 220 | 226 | 2,21 | 1,855
2006 2,17 | 212 | 2,08 | 1,99 | 194 | 19| 195| 202| 209 | 215| 215 | 2,15 | 2,059
2007 202| 197 | 189 | 188 | 181 | 1,81 | 198 | 197 | 211 | 219 | 216 | 2,27 | 2,005
2008 2,17 | 218 | 2,16 | 213 | 215| 213 | 2,07 | 220| 220 | 219 | 219 | 2,14 | 2,159
2009 188 | 1,75| 169 | 161| 163 | 160| 1,90 | 189 | 1,90| 1,87 | 202 | 2,01 | 1,813
2010 203 | 205 | 214 | 214 | 212 | 214 | 211 | 211 | 214 | 222 | 239 | 249 | 2,173
2011 259 | 259 | 249 | 245 | 239 | 242 241 | 239 | 236 | 2,76 | 2,82 | 2,83 2541
2012 282 | 284 | 2,79 | 2,76 | 2,77 | 2,75| 269 | 269 | 269 | 267 | 263 | 2,64 | 2278
2013 266 | 259 | 252 | 241 | 221| 217 | 215| 219 | 229 | 233 | 252 | 255 2,383
2014 255 | 257 | 251 | 239| 236 | 229| 232 253| 259 | 249 | 245| 2,42 | 2,456
2015 2,12 1,84 1,67 1,79 1,89 1,87 1,77 1,84 1,69 1,64 191 2,04 | 1,839
2016 182 159 | 152| 146| 151 | 152 | 156 | 154 | 1,83 | 1,88 | 1,95| 2,25 | 1,703
Source: Own materials
Table 6. Fluctuation of U95 gasoline prices in 2005+2016
Price of U95 gasoline in particular months in the period 2002+2016
| 1 1l v Vv VI VII VI 1X X Xl Xl Aver.
7t 7t 71 7k 7k zt 7k 7k 7t 7k 7k 7t 7k
2005 348 | 353 | 3,72 | 4,01 | 3,84 | 401 | 414 | 417 | 445| 437 | 436 | 3,92 | 4,000
2006 359 | 360 | 352| 359| 401| 405| 419 | 432 | 434 | 419 | 4,09 | 3,89 | 3,948
2007 356 | 354 | 3,72 | 4,08| 428 | 431 | 437 | 434 | 433 | 424 | 411 | 4,39 | 4,106
2008 411 | 4,12 | 4,09 | 417 | 4,18 | 455 | 456 | 449 | 439 | 429 | 413 | 3,63 | 4,226
2009 326 | 353 | 386 | 369| 3,78| 416 | 459 | 434 | 428 | 4,12 | 4,16 | 4,14 | 3,993
2010 414 | 419 | 424 | 439 | 449 | 463 | 473 | 4,72 | 469 | 465 | 469 | 4,79 | 4529
2011 483 | 4,78 | 484 | 499 | 513 | 505| 502 | 516 | 499 | 506 | 528 | 545 | 5,048
2012 542 | 554 | 572 | 584 | 579 | 575| 549 | 561 | 573 | 579 | 563 | 541 | 5463
2013 525 | 538 | 559 | 551 | 525| 526 | 537 | 539| 555| 555| 527 | 539 | 5397
2014 512 | 512 | 514 | 519 | 524 | 519 | 539 | 527 | 519 | 507 | 4,95| 4,69 | 5130
2015 4,27 4,12 4,32 4,52 4,66 4,75 4,84 4,89 4,52 4,17 4,19 4,23 | 4,457
2016 405| 3,89 | 3,77 | 399 | 419 | 437 | 439 | 413 | 422 | 421 | 435| 4,39 | 4,163
Source: Own materials

Figure 2 shows a graph showing changes in the price
of LPG and U95 fuel during the period considered
(2005+2016). The values refer to the first month of the
period under consideration (January 2005). The graph
shows fuel prices in the following months, starting
January 2005 and ending December 2016 (144 reference
periods). Both U95 gasoline and LPG gas are petroleum
fuels. The graph (Figure 2) shows the effect of changes in
world oil prices on the price of gasoline and auto-gas, in
particular the increase in oil prices after 2009 and the fall
in oil prices at the end of 2014.
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Fig. 2. Change in the prices of LPG and U95 fuel in
2005+2016 relative to January 2005 at monthly intervals
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Figure 3 shows the change in the price ratio between
U95 gasoline and LPG gas in 2005+2016. The chart
illustrates the evolution of the price dependence between
U95 and LPG during the period considered for mid-
monthly values.
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Fig. 3. Price ratios between U95 and LPG fuel in the
years 2005+2016 at monthly intervals

The analysis shows that the prices of LPG and
gasoline are closely related. In the analyzed period
(2005+2016), the price ratios between LPG and LPG are
similar, stable and oscillate around 2.0+2.2, with a mean
value of 2.15. Such price formation of fuels is
characterized by a stabilized market with a definite
distribution. Both fuels have reached a point of
equilibrium and currently they do not compete, but
complement the fuel market.

EVALUATION OF LPG AND UN95 FUEL PRICES
IN PARTICULAR IN THE MONTHS
OF THE PERIOD 2005+2016

In the graph of the price ratio of gasoline U95 to LPG
gas in the years 2005+-2016 (Figure 3) it can be seen that
fluctuations in the price of petrol to the price of LPG are
seasonal, in winter the price ratios of U95 to LPG are
lower, while in summer periods the ratio of U95 gasoline
to LPG gas prices is higher. This may prove to be a
seasonal variation in the attractiveness of a particular fuel
for the user. In order to determine the observed seasonal
dependencies, Figures 4 and 5 show data concerning price
formation and their variability in particular months of the
analyzed period (2005+2016). Figure 6 shows the final
analysis of the pricing and volatility analysis for the
respective months of the year for U95 and LPG fuel
during the period considered.

The relative prices for each month of the period
considered (January 2005 - December 2016) were
determined by referring the price of fuel in a given month
to the average 12—-month price including, in addition to
the price for a particular month, prices from the 6 months
preceding and 6 months following a given month of the
analysed period.

Formation of LPG fuel prices over the 12-month periods studied
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Figure 6 shows the final graph of the price and
volatility analysis for each month of the year for LPG and
U95. The graphs show clearly the seasonality of fuel
prices in the year. Petrol has a favorable price relationship
in winter, LPG in summer. In the analyzed period
2005+2016 the annual fluctuations in average prices for
individual months are higher for LPG (15.32%) than for
gasoline U95 (11.70%). This may suggest that the petrol
market is more stable than the LPG market.
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CONCLUSION

Enforcing the legal restrictions on exhaust emissions
on vehicle manufacturers causes changes in the key paths
in the development of the automotive market. First,
manufacturers are constantly developing propulsion units.
Second, there is a pursuit of the acquisition and use of
new alternative and greener fuels. Third, emphasis is
placed on structural changes in vehicles, allowing for
reduced fuel consumption. Fourth, tax incentives
stimulate the development of the alternative fuel market.
Such premises were the basis for the establishment and
development of the Polish market of LPG as an
alternative fuel.

LPG market is the only developed alternative fuel
market in Poland. The analyses presented in this paper
suggest that the LPG market is a well-developed,
accessible and well-formed market. This is evidenced by
a steady price ratio in comparison to LPG alternatives to
gasoline, fixed sales during the analyzed period, and a
developed distribution network.

LPG as an alternative fuel, and having an opinion of
an organic one, is further supported by appropriate
legislation to maintain a constant price ratio relative to
petrol.

By analyzing the characteristics of the price formation
of U95 and LPG fuels in particular months of the period
under consideration, one can observe a certain annual
cyclicality in the changes in the prices of LPG and U95.
Volatility of U95 and LPG fuel prices in individual
months of the year does not coincide. This means that
there are other seasonal factors influencing their price
formation than just correlation with the price of crude oil.
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