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1. VYCHODISKA PRE VYSKUM

Vtomto ¢lanku je  aplikovany
kombinovany model pre kratkodobu
a dlhodobii prognézu predaja uhlia vo
vychodoslovenskom regione, $pecialne pre
firmu ,, Paliva a stavebniny Kosice a.s. *.

Plynofikacia domdacnosti prebehla
rychlo a nahradila vykurovanie domacnosti
pevnymi palivami. Vykurovanie plynom
bolo lacnejsie ako vykurovanie uhlim a je
tiez CistejSie a l'ahSie riaditeI'né. To viedlo
k zniZzeniu poziadaviek na predaj uhlia.
Zmeny v Struktire spotreby primarnych
energii viedlo ku zvySeniu spotreby
zemného plynu v domécnostiach a zdroja
tepla pre vykurovanie. Tak k 31. decembru
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1. BACKGROUND TO THE STUDY

In this study, a combined short and
long term forecasting model is used to
predict the coal demand in the East
Slovakia region, more specifically for the
company ,, Paliva a stavebniny KoSice
e

Gas heating installation in villages has
been growing rapidly, to replace traditional
coal heating. The gas heating is as cheap,
if not cheaper, than coal heating, and it is
clean and easily controlled. This reduces
local demand for coal. The structure of
primary energy consumption changes even
more towards higher utilisation of natural
gas in households as the source for heat
production, as at 31st December 1998 the
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1998 bolo napojenych k distribucnej sieti
90 % populacie.

Ako je mozné vidiet ztabulky 1,
slovenskd vlada nepredpoklada Ziadne

podstatné zmeny v absolutnej spotrebe
energii pre individudlne vykurovanie
domadcnosti  (Energeticka politika

Slovenska r. 2002).

Tabulka 1 Celkova spotreba tepla v Slovenskej republike

Table |1 Total Heat Consumption in Slovak Republic

connection to the gas distribution network
was established for almost 90% of the
population.

As can be seen in Table 1 the Slovak
government does not expect any important
changes of the total heat energy
consumption for individual household
heating (Energy policy of Slovakia 2002).

Spotreba plynu v PJ (Petajoule: 10" Joule)
Heat Consumption PJ (Petajoule: 10" Joule 1995 | 2090 | T anie
i 147.9 | 153.1 | 153.7 | 147.3
Industry
Sektor sluzieb a domacnosti
Service sector & households ! Btata Ko iy
Z toho: - l'ndl.w.dualne vy!(urovanle 620 | 600 | 60.0 | 600
- individual heating
“XSEIBRNG YRIIOvamE 423 | 43.0 | 440 | 440
- district heating
HlRarD 252.2 | 256.1 | 275.7 | 251.3
Total
Ak celkova spotreba tepla pre Thus, if the total heat consumption for
individualne vykurovanie vykazuje the individual heating retains the same

dlhodobo rovnaky trend, tak trend poklesu
predaja kusového uhlia, sa méze nahradzat’
teplom zo zemného plynu. Vychadzajuc z
porovnania trendov spotreby uhlia a plynu
v kosSickom regiébne a zohladnenim
roznosti jednotiek v ktorych sa vyjadri
mnozstvo uhlia a plynu (kg, m’) a tie rozne
merné tepla uhlia a plynu, mnozstvo
energie sa vypocita

Mnozstvo paliva [kg] * Merné teplo [MJ/kg]
= Mnozstvo energie [GJ]

Obr. 1 ukazuje, ze mimo rozsirovania
plynofikéacie, ktord negativne ovplyviuje
predaj uhlia, aj iné faktory moézu byt
dolezité. Rychly pokles predaja uhlia vo
firme ,,Paliva a stavebniny* od r. 1990 do
r. 1993 bol zapri¢ineny vstupom novych
konkuren¢nych firiem do trhu predaja
uhlia.  Naviac, klesajuci trend je
ovplyvneny tiez predajcami uhlia z Ciech,
Pol'ska a Ukrajiny. Ddlezitym pre podiel
predaja uhlia jednotlivych firiem je
udrzanie trhu uhlia v neplynofikovanych
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trend, than the coal sales declination can be
forecast, as it is continually replaced by the
natural gas heating. In order to compare
the trends of coal and gas consumption in
the Kosice region, an emitted energy
output calculation has been used, due to
the different units of measurement for gas
and coal. The energy output has been
calculated according to the heat values for
gas and coal.

Fuel Amount [kg] * Heat Value [MJ/kg] =
Energy Outcome [GJ]

Fig.1 indicates that whilst gas
installation expansion negatively
influences coal sales, other factors have
been of also of importance. The rapid coal
sale declination of the Fuels and Buildings
materials since the year 1990 till 1993 was
caused by the entry of new domestic
competitors onto the solid fuels market.
Furthermore, the declining trend 1is
influenced also by the coal competitors
from the Czech Republic, Poland and
Ukraine. Importantly, the share of coal
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regionoch, nez zavislost predaja uhlia od sales remaining to each firm, within the
plynofikacie. non-gas regions, is becoming more
important than the forecast of the
declination of coal sales due to gas.
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Obr. 1 Energia ziskana z uhlia a plynu v koSickom regione (GJ)
Fig. 1 Gas and Coal Energy Outputs in the Kosice Region (Giga Joules).

ZvySok uzemia, ktory nie je The remaining market segment for the
plynofikovany, a predstavuje trh pre coal sale companies comprises the
spolo¢nosti predavajuce uhlie je 179 710 remaining 1674  areas, which s
domacnosti (v r. 1999). Na tomto trhu, approximately 179,710 households (Nann
predajcovia uhlia hraji vel'mi délezita 1999). In this market segment, the coal
ulohu, ale v sulade s planmi plynofikacie distributors play a very important role, but
vicsina z tychto domacnosti bude napojena according to the gas installation plans,
na distribu¢nu siet’ zemného plynu. Obr. 2 majority of these households will also be
zobrazuje navrhnuty viac-Groviilovy model, connected to the gas network. Figure 2
aplikujuci  kombinovanu  dlhodobu a shows the proposed high level model
kratkodobu prognozu poziadaviek na uhlie applying combining long and short
na slovenskom trhu. forecasting of the coal demand on the

Slovakian market.
2. SUBMODEL 1 - MODEL
PLYNOFIKACIE NA UROVNI 2. SUBMODEL 1 - GAS
OBCE INSTALLATIONS AT VILLAGE
LEVEL

Cielom tohto submodelu je najst
zakonitost' v pocte inStalacii plynovych The primary aim of this stage is to
pripojok pre domacnosti po plynofikacii create the model of the development of the
obce, vybudovani zakladnych rozvodov gas installation in the investigated region,
plynu a z toho odvodit’ model pre potrebu and from this model derive a model for
(znizenie spotreby uhlia). Ak v sulade so coal demand. In order to accomplish this
splnenim tohto ciela je potrebné najprv task, it is necessary first of all to create the
vytvorit model vyvoja poctu inStalacii model of the gas installation progress
plynovych pripojok domacnosti. Zo within a village as the basic unit of gas
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Statistickej analyzy model plynofikacie
domacnosti je dany nasledujucim grafom.

installation development. From the statistic
analysis submodel 1 is on the Fig. 3.
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Obr. 2 Kombinovany model pre dlhodobu a kratkodobu prognozu predaja uhlia
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Obr. 3 Podmodel 1 — Priebeh plynofikacie v ramci obce
Fig. 3 Submodel 1 — Gas installation proggress at village level

Z vyssie uvedeného sa odvodi model
znizenia spotreby uhlia v obci, kde
prebicha plynofikacia. Ak sa zapocne
plynofikacia obce, ukon¢i sa plynofikacia
prevaznej Casti domacnosti 90 — 98 % do
troch rokov. Po tychto troch rokoch su
inStalacie pripojok ojedinelé.

V  stlade s publikiciou [2]
“Energeticka politika Slovenska” suma
energie z uhlia a plynu nezaznamenava
vyznamné fluktuécie je konStantna. Z toho
dovodu ak pocet domacnosti v obci je
znamy, na zaklade, a Statistickd spotreba
plynu na jednu domacnost’ je cca 4000 m”’,
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In this way the model of coal demand
declination within a village, where the gas
installation is in progress, can be
developed. Once started, the gas
installation within a village passes by
within a tree years interval and 90-98% of
the village population agrees to connect to
the gas network. After the initial ten years
interval usually the significant majority of
houses are already connected to the gas
network and the process of gas installation
is finished. According to the Slovak
Republic publication “The Energy policy
of Slovakia” the overall sum of used
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na zaklade Statistickej analyzy je mozné
nakreslit’ krivku vyvoja spotreby plynu a
tiez krivku znizenia spotreby uhlia v
skiimanej obci.

3. SUBMODEL 2 - PLYNOFIKACIA
REGIONU

Z planov SPP as. (div. distribtcia,
regionalne  centrum  Vychod) pre
plynofikdciu  vo  vychodoslovenskom
regione je mozné zistit, ktora obec, v
ktorom roku bude napojena na distribu¢na
siet, ina¢ povedané kolko domacnosti v
obciach bude moct’ byt v ktorych rokoch
napojenych na distribu¢nt siet’ plynu v
skiimanom regione. Nasledujici krok je
spracovanie zoznamov obci, podla rokov,
v ktorych st planované na plynofikaciu.

Tento zoznam obci (s poctom
domacnosti) su vstupom pre vypocet
mnozstva tepla, ktoré narastie v danom
roku zo spotreby plynu  vnovo-
plynofikovanych obciach v jednotlivych
rokoch. A nasledne prognézu na zéklade
jednoduchej regresie, ktorou sa zohl'adni
narast spotreby plynu v regione a nepriamo
tiez model poklesu spotreby uhlia v
skimanom regiéne. Ked'Zze spotreba uhlia
je zavisla na spotrebe plynu, vypocitat
prognézu  celkovej spotreby uhlia v
jednotlivych rokoch. Tieto data
prezentované tabul'kou, zobrazené do grafu
a prezentacie regionu, ukazu jasne, kde a
ako rychlo sa bude realizovat’ plynofikacia.
Z planov plynofikacie na vychodnom
Slovensku, ked'ze st dost' detailne, je
mozné progndzovat' s vysokou presnostou,
pokles spotreby wuhlia v skimanom
regione.
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energy from the combustion of coal and
gas will not experience any significant
fluctuations. Therefore if the number of
households in the village is known and
statistic consumption one house cca 4000
m’/year, on the base of statistical analyses
it is possible to draw the curve of gas
installation progress over the time within a
village as well as the coal demand
declination within the investigated village.

3. SUBMODEL 2 - GAS
INSTALLATION AT REGIONAL
LEVEL

From the plans of the regional gas
installation development of the East
Slovakian Gas Company is possible to
predict, which villages and in which year
will be connected to the gas installation as
well as the number of connected
households in the particular region. The
next step was be the preparation of the list
of villages, sorted by year, when the gas
installation of the village is planned.

Such a list together with the model of
the gas installation progress in the village
(submodel 1) would allow the exact
volume of the consumed heating energy,
acquired by the gas combustion in a
specific year to be calculated. At this point
the simple regression forecast can be
applied, where the calculated values would
provide the desired model of the gas
installation progress in the region and
indirectly also the model of the coal usage
declination in the investigated region. As
coal consumption is dependent on gas
consumption, the general coal consumption
in the particular year in the investigated
region can be forecasted.  This data
represented in a table, plotted in the chart
and in a geographical representation shows
clearly, where exactly and how fast the gas
installations in a region will progress.
Since the plans for the gas installations in
East Slovakia are rather detailed, it can be
possible to forecast with high accuracy the
coal demand declination in the investigated
area.
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4. SUBMODEL 3 - MODEL
DISTRIBUCNEHO REGIONU

Uhlie je regionadlna komodita, to
znamena, ze nie je efektivne dopravovat
uhlie na vel'ké vzdialenosti. Ak rastie
dopravna vzdialenost, dopravné naklady
velmi vyznamne ovplyvnia cenu uhlia.
Celkova cena uhlia, zobrazujuca naklady
na vyrobu a dopravu. Zohladniac toto
hladisko v predaji uhlia, mapa -
distribu¢ného regionu, vsetkych moznosti a
obmedzeni a vzdialenosti efektivnej
dopravy uhlia méze byt’ vypracovana.

5. SUBMODEL 4 — KONKURENCNI
PREDAJCOVIA UHLIA

Najviac¢si  konkurent pre slovenské
uhlie je uhlie, ktoré je dovazané na
Slovensko zo zapadnych Ciech, $pecialne z
Litvinova a Sokolova. Dopravné naklady
su zohladnené vo vyslednej cene, preto
konkuren¢na schopnost’ ¢eského uhlia je
(najmd jeho zapadna cast), ktora lezi pri
hranici s Ceskou republikou. A tieZ oblast’,
ktord vyuziva import uhlia z CR je region
Cadce a regiony pozdiz hlavnej Zelezni¢nej
trate z CR az po Poprad. V tychto
oblastiach kotly ustredného vykurovania st
prispdsobené na parametre ¢eského uhlia.
Jednym z nich je napriklad nizky obsah
siry v porovnani s uhlim z Hornej Nitry
(Krivosik, Trubiniova, 1999). Vyuzitie
slovenského uhlia si vyzaduje kompletnu
rekonStrukciu kotlov ustredného kurenia,
¢o su dalie investictné naklady a tie v
sucasnosti nie su podporované Ziadnym
inym komerénym doévodom (Krivosik,
Trubiniova, 1999).

Firmy z CR zalozili pozdiz &esko-
slovenskej  Statnej  hranice niekol'ko
distribu¢nych skladov uhlia, ¢o umoziuje
export uhlia na Slovensko. Tento export na
Slovensko je podporovany aj vladou CR
tym, ze dodavky uhlia nad 5000 Sk su
oslobodené od cla, a to robi ¢eské uhlie
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4. SUBMODEL 3 - COMPETITIVE
LOGISTICS

Coal is a regional commodity, which
means that it is not profitable to transport
the coal for long distances. With growing
distance of delivery, the transport price
very quickly exceeds the actual coal price.
The final price for coal involves the costs
of the mining process, the transportation
cost as well as the cost of the actual coal.
Considering this standpoint on the coal
sales, a “map” or “distribution region” of
all possible and despite the distance still
profitable coal delivery destinations can be
created.

5. SUBMODEL 4 -
COMPETITORS

COAL SALE

The biggest competitor to Slovakian
coal is the coal, which is transported into’
Slovakia from the west part of the Czech
Republic, specifically from the Litvinov
and Sokolov areas. Transportation costs
are reflected in final prices, so the
competitive ability of the Czech coal is
strongest in the west part of Slovakia, in
the region called Povazie (especially the
west part of this region), which lies close
to the border of Czech Republic. In
addition, areas susceptible to coal imports
from the Czech Republic are the Cadca
region, and the regions along the main
railway connection with the Czech
Republic, such as Poprad. In these areas
boilers have been adjusted to the Czech
coal combustion properties. One of them
is for instance the lower content of sulphur
in comparison to Upper Nitra coal
(Krivosik,  Trubiniova, 1999). The
combustion of Slovakian coal would

require complete rebuilding of the
kettledrums, which would necessitate
further capital investment, and such

investment is not easily found, nor is there
any commercial reason to undertake it
currently (Krivosik, Trubiniova, 1999).
The Czech republic established along
the border with Slovakia several coal




D.Malind:dk  KOMBINOVANY MODEL PRE PROGNOZU ...

T&L — 8/05

lacnejSie ako je slovenské. A tiez existuje
mnoho domécich distributorov — predajcov
uhlia, ktori st konkurenciou firme Paliva a
stavebniny KoSice, ale neexistuji ziadne
udaje tykajtice sa ich podielu obchodov v
jednotlivych regionoch. Vytvorenie tohto
modelu simultanne jasne ukéze ako vplyv
plynofikacie tak aj vplyv negativnych
obchodnych  faktorov  vplyvajici na
slovensky trh s uhlim.

6. SUBMODEL 4 — KONKURENCNI
PREDAJCOVIA UHLIA

Ako bolo konstatované vyssie, predaj

uhlia firmou Palivda a stavebniny a.s.
vykazuje sezénne vplyvy, kde v jeseni
a zime dopyt po uhli je podstatne vys$si nez
v ostatnych obdobiach roka. Prognoza
trendu budiceho predaja musi preto
zohl'adniovat’ sezénne vplyvy.
Pre tito prognézu moézeme pouzit metodu
exponencidlneho vyrovnavania, pretoze
hodnotenie  relativnej  presnosti  pri
metddach prognozovania (sofistikovane
versus jednoduché) Armstrong (1984)
deklaruje, ze ,,Exponencialne
vyrovnavanie ju ukazalo ako viac vhodné
ako metoda kizavého priemeru® a dava tiez
vysledky s vy$Sou presnost'ou. Detailnejsie
a vycerpavajucejSie porovnanie presnosti
metdd progndézovania je mozné najst
v Makridakis (1983). Aplikovat sezénne
zmeny do progndzy ro¢ného predaja nie je
spravne, ale je lepSie prognozovat’ ro¢ny
predaj po Stvrtrokoch.

7. ZAVER

Tento pristup kombinuje dva typy
prognézovania, z doévodu zefektivnenia

rozhodovania, kratkodobu a dlhodobu
progndzu.
Modely plynofikacie a  konkurencie

predaja uhlia ukazuju vyvoj na slovenskom
tthu s kusovym uhlim pre minimalne
nasledujucich 5 rokov. Preto tieto modely
ponukaju  pre rozhodovanie nastroje
vhodné najmu pre strategicko-dlhodobé
rozhodnutia. V oblastiach, kde prebieha
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stores, in order to support coal export into
Slovakia. This export into Slovakia is
supported due to fact that coal purchases
over 5000 Slovak crowns are not charged
VAT, and, this makes Czech coal cheaper
than Slovak coal. In addition there are a
number of domestic coal distributors that
represent market competitors for the Fuels
and Building Materials Inc., but there are
no records regarding areas of influence of
these domestic coal sales competitors. The
creation of a this model would
simultaneously show clearly both gas
installation related factors and coal sales
related negative factors affecting the coal
market in Slovak Republic.

6. SUBMODEL 4 -
COMPETITORS

COAL SALE

As stated before, the coal sales within
the Fuel and Building materials Inc. shows
a sign of seasonal pattern, where in autumn
and winter the demand for coal is
considerably bigger that the demand within
the rest of the year. To forecast this future
sales trend the seasonal component must
be considered into forecast. Exponential
smoothing will be used to forecast this,
because as a conclusion of an assessment
of relative accuracy of forecasting methods
(sophisticated versus simple) Armstrong
(1984) claims that “Exponential smoothing
was regarded as more sophisticated as
moving averages” and shows higher
accuracy as well. Even more detailed and
comprehensive ~ comparison  of  the
forecasting methods’ accuracy can be
found in Makridakis (1983). To capture the
seasonal alterations into the forecast the
annual sales values are not sufficient and
quarter year sales outcomes must be
implemented.

7. CONCLUSIONS

This approach combines two types of
forecasting in order to improve decision-
making, the short-term and long-term
forecasting. = The models of the gas
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plynofikacia, ponukaji modely moznosti
manazmentu v uholnom priemysle, vidiet’
proces negativnych nasledkov znizenia
spotreby uhlia. Pre skimanu spolo¢nost
dava Sancu zvazit’ strategické rozhodnutia,
ako zmenit sortiment, nedistribuovat
zdroje, realokovat distribu¢né miesta a
hladat’ cesty konkuren¢nych vyhod na
trhu.

Avsak beric do uvahy sezonne
vplyvy, v ronom predaji uhlia, aplikacia
prognostickych metod, zvlast
exponencidlneho vyrovnania, modze byt
pouzitda pre hladanie navrhu planu pre
nasledujucu  periodu.  Zaznamy  zo
Stvrtroénych predajov vo firme Paliva a
stavebniny a.s. mozu byt pouzité ako data
pre prognézovanie a tiez pre vyskum.
Stimula¢na  ¢ast  tohto  ¢lanku  je
reprezentovana modelom distribu¢nej siete
uhlia, firmy Paliva a stavebniny a.s.

installations and the coal competition show
the development on the Slovakian coal
market for a period of at least 5 years.
Therefore these models offer a decision
making tool suitable especially for the
strategic long-term decisions. In the areas
with the gas installation it may offer the
possibility  for the coal industry
management to face the process and
negative consequences of the coal demand
decline with decision-making support. And
within the non-gas areas, it will be useful
in view of coal sales competition. For the
investigated company it offers the chance
to consider strategic decisions such as the
change in the mix, redistribution of the
resources, relocation of the distribution
centres and ways to gain competitive
advantage on the market.

However to consider also the strong
seasonal pattern of the annual coal sale, the
projective forecasting method namely the
exponential smoothing can be used to aid
to develop the plan for the next period. The
quarter year sales records of the Fuel and
Building materials Inc. can be used as the
data for such forecasting and is available
for purposes of research. The simulation
part in this case study is represented by
model of the Fuel and Building materials
Inc. coal distribution network.

Reviewal / Recenzia : prof. Ing. Dusan Malindzak, CSc.




