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EDITORIAL POLICY

The journal Energija is a scientifi c and professional 
journal with more than a 50-year tradition. Covering 
the areas of the electricity industry and energy 
sector, the journal Energija publishes original 
scientifi c and professional articles with a wide area 
of interests, from specifi c technical problems to 
global analyses of processes in the energy sector.

Among the very broad range of topics relating to the 
functioning of the electricity industry and the energy 
sector in general in a competitive and globalizing 
environment, the Journal has special interest in the 
specifi c circumstances in which these processes 
unfold in Croatia and the region. The functioning 
and development of electricity systems in Central 
and South East Europe, consequently in Croatia 
too, is burdened with numerous engineering, 
economic, legal and organizational problems. The 
intention of the Journal is to become a scientifi c 
and professional forum where these problems will 
be critically and constructively elaborated and 
where solutions will be offered.

The Journal is especially interested in the following 
topics: energy sector in general, electricity 
production technologies, renewable sources and 
environmental protection; use and development of 
energy equipment and systems; functioning of the 
electricity system in competitive market conditions; 
construction of electric power facilities and plants; 
information systems and telecommunications; 
restructuring and privatization, re-engineering of 
business processes; electricity trade and supply, 
customer relations; knowledge management and 
training; European and regional legislation, initia-
tives and cooperation.

The pages of the Journal are equally open to 
experienced and young authors, from Croatia and 
abroad. Such representation of authors provides 
knowledge and wisdom, inventiveness and courage 
as well as pluralism of ideas which we believe the 
readers of the Journal will appreciate and know how 
to put to good use in their professional work.

URE–IVA»KA POLITIKA

»asopis Energija znanstveni je i struËni Ëasopis 
s dugom tradicijom viπe od 50 godina. Pokriva 
podruËje elektroprivredne djelatnosti i energetike. 
»asopis Energija objavljuje izvorne znanstvene 
i struËne Ëlanke πirokoga podruËja interesa, od 
specifi Ënih tehniËkih problema do globalnih 
analiza procesa u podruËju energetike.

U vrlo πirokom spektru tema vezanih za funkci-
oniranje elektroprivredne djelatnosti i opÊeni-
to energetike u træiπnim uvjetima i opÊoj 
globalizaciji, Ëasopis ima poseban interes za 
specifi Ëne okolnosti ostvarivanja tih procesa 
u Hrvatskoj i njezinu regionalnom okruæenju. 
Funkcioniranje i razvoj elektroenergetskih sustava 
u srediπnjoj i jugoistoËnoj Europi, a posljediËno 
i u Hrvatskoj, optereÊeno je mnogobrojnim 
tehniËko-tehnoloπkim, ekonomskim, pravnim i 
organizacijskim problemima. Namjera je Ëasopisa 
da postane znanstvena i struËna tribina na kojoj 
Êe se kritiËki i konstruktivno elaborirati navedena 
problematika i ponuditi rjeπenja.

»asopis je posebno zainteresiran za sljedeÊu te-
matiku: opÊa energetika, tehnologije za proizvodnju 
elektriËne energije, obnovljivi izvori i zaπtita 
okoliπa; koriπtenje i razvoj energetske opreme i 
sustava; funkcioniranje elektroenergetskoga sus-
tava u træiπnim uvjetima poslovanja; izgradnja 
elektroenergetskih objekata i postrojenja; infor-
macijski sustavi i telekomunikacije; restruk-
turiranje i privatizacija, reinæenjering poslovnih 
procesa; trgovanje i opskrba elektriËnom ener-
gijom, odnosi s kupcima; upravljanje znanjem 
i obrazovanje; europska i regionalna regulativa, 
inicijative i suradnja.

Stranice Ëasopisa podjednako su otvorene iskus-
nim i mladim autorima, te autorima iz Hrvatske i 
inozemstva. Takva zastupljenost autora osigurava 
znanje i mudrost, inventivnost i hrabrost, te 
pluralizam ideja koje Êe Ëitatelji Ëasopisa, vje-
rujemo, cijeniti i znati dobro iskoristiti u svojem 
profesionalnom radu.
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Dragi Ëitatelji,
prvi broj izmjenjenog Ëasopisa Energija sveËano 
je promoviran 8. oæujka 2006. godine u prostoru 
Muzeja Mimara u Zagrebu uz nazoËnost uglednih 
predstavnika dræavne uprave, sveuËiliπne zajed-
nice, energetskih tvrtki i tvrtki koje rade za 
potrebe elektroprivrivrede. Okupljenima su se 
obratili predstavnici Hrvatske elektroprivrede, tri 
dræavna tajnika (iz Ministarstva zaπtite okoliπa, 
prostornog ureenja i graditeljstva, Ministarstva 
gospodarstva, rada i poduzetniπtva i Ministarstva 
znanosti, obrazovanja i πporta), te autori Ëlanaka 
iz promoviranog broja Ëasopisa Energija.

Dræavni tajnici u svojem obraÊanju podræali su 
opredjeljenje HEP-a za izdavanje modernog 
znanstveno-struËnog Ëasopisa u kojem Êe se 
elaborirati i promovirati novi poslovni i tehniËko-
tehnoloπki trendovi u elektroprivrednoj djelatnosti 
i opÊenito u energetici. Posebno su istaknuli 
vaænost opredjeljenja izdavaËa za πirenje kruga 
autora i Ëitatelja prema regionalnom okruæenju 
Republike Hrvatske.

Prvi broj Ëasopisa Energija prema novoj urei-
vaËkoj politici distribuiran je osim dosadaπnjim 
Ëitateljima u Hrvatskoj i na preko Ëetiri stotine 
adresa Ëitatelja u elektroprivrednim tvrtkama, 
znanstveno-obrazovnim i struËnim institucijama, 
te upravnim tijelima i asocijacijama na podruËju 
elektroprivrede i energetike u Europi, a djelomiËno 
i u drugim zemljama. Broj Ëitatelja koji su dobili 
prvi broj izmjenjenog Ëasopisa Energija s pozivom 
na pretplatu posebno je velik u srediπnjoj i 
jugoistoËnoj Europi. »asopis je takoer objavljen 
i na web stranici Hrvatske elektroprivrede 
(www.hep.hr).

Stigli su i prvi komentari o Ëasopisu koji su 
povoljni, a posebno vesele pohvale popraÊene s 
najavom pisanja Ëlanaka iz podruËja naznaËenih 
kao preferentna prema novoj ureivaËkoj politici.

Pred Vama je novi broj Ëasopisa Energija. U 
broju 2/2006 objavljujemo tri Ëlanka koji se 
bave temama od πireg znaËenja i dva Ëlanka koji 
obrauju specijalistiËke teme. To su:

Dear readers,
The promotion of the fi rst issue of redesigned journal 
Energija took place at the Mimara Museum in Zagreb 
on 8 March 2006, attended by high representatives 
of the Government, university community, energy 
companies and their contractors. Addresses 
were given by the representatives of the Croatian 
Power Utility, three State Secretaries (Ministry for 
Environmental Protection, Physical Planning and 
Construction; Ministry for Economic Affairs, Labour 
and Entrepreneurship; and the Ministry of Science, 
Education and Sport), and by the authors of articles 
published in the promoted issue of Energija.

In their addresses State Secretaries supported the 
commitment of HEP to publish a modern scientifi c 
and technical journal presenting and promoting 
new commercial and technical/technological trends 
in electric power industry and energy in general. 
They particularly underlined the importance of 
the commitment of the publisher to expanding 
the circle of authors and readers to the regional 
surroundings of the Republic of Croatia.

The fi rst issue of Energija following a new editorial 
policy has been distributed, in addition to its 
standard readers in Croatia, to more than four 
hundred addresses at electric power companies, 
scientifi c and educational establishments and 
technical institutions, and administrative bodies 
and associations involved in electric power industry 
and energy across Europe, and some to other 
countries as well. The number of readers who 
received the new issue of redesigned Energija with 
the invitation to subscription is particularly high 
in Central and Southeast Europe. The journal has 
also been published on the website of the Croatian 
Power Utility (www.hep.hr).

We have also received the fi rst comments on 
the magazine, which are favourable, and we 
are particularly happy for receiving praises 
accompanied by the announcement of writing 
future articles in the areas on which the new editing 
policy is focusing.

UVOD
INTRODUCTION
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-  eksterni troπkovi proizvodnje elektriËne energije 
i politika zaπtite okoliπa,

-  sustav upravljanja poslovima odræavanja u 
proizvodnim pogonima HEP-a,

- matematiËko modeliranje kretanja cijena elek-
triËne energije na spot træiπtu,

-    æivot i djelo Nikole Tesle i  
- problematika djelovanja u kriznim situacijama 

prijenosne mreæe.

»lanke je napisalo devet autora, odnosno ko-
autora. Autori su ugledni sveuËiliπni profesori, 
istaknuti struËnjaci iz elektroprivrede i energetskih 
konzultantskih tvrtki, te mladi autor koji priprema 
doktorsku disertaciju. Dio autora je na istaknutim 
javnim i rukovodnim duænostima u podruËju 
energetike.

»lanci su odabrani u skladu s najavljenom urei-
vaËkom politikom i prema aktualnosti tema. 
»lankom o æivotu i djelu Nikole Tesle æeli se 
Ëitatelje podsjetiti na 150. obljetnicu roenja 
velikana koji je svojim izumima bitno doprinjeo 
stvaranju moderne civilizacije. Vjerujem da 
Êe Ëlanci o eksternim troπkovima proizvodnje 
elektriËne energije i upravljanju poslovima odræa-
vanja proizvodnih postrojenja izazvati interes 
kod πireg kruga Ëitatelja. Meutim, preporuËam 
i specijalistiËke Ëlanke o cijenama elektriËne 
energije na spot træiπtu i postupanju u kriznim 
situacijama prijenosne mreæe. ZnaËenje ovih 
tema i njihova povezanost sa πirim kontekstom 
funkcioniranja elektroprivrede u aktualnim uvjeti-
ma prepoznat Êe se tijekom Ëitanja.

Glavni urednik
Nikola Bruketa dipl.ing.

                                                                       
                                                  
                                                                       
                                
                                                                       
                             

You are now holding a new issue of Energija. In 
issue 2/2006 we are publishing three articles 
dealing with topics of wider importance, and two 
articles dealing with specialist topics:

-  The External Costs of the Production of 
Electrical Energy and the Environmental 
Protection Policy,

-  Maintenance Management System of HEP 
Power Plants,

-   Mathematical Model of the Electricity Prices 
on the Spot Market,

-    The Life and Work of Nikola Tesla,
-  Transmission Line Crisis Management.

The articles are written by nine authors i.e. co-
authors. The authors are highly esteemed university 
professors, outstanding experts from the electric 
power industry and energy consultants, plus 
one young author preparing his doctoral thesis. 
Some of the authors hold high public offi ces and 
leadership positions in the energy sector.

Articles were selected in accordance with the 
announced editorial policy and their topicality. 
The article about the life and work of Nikola 
Tesla is reminding the readers of the 150th 
anniversary of the birth of this giant who with his 
inventions contributed essentially to the creation 
of modern civilization. I believe that articles on 
external costs of electric power generation and on 
maintenance management at generation facilities 
will attract interest of a wider circle of readers. I 
also recommend specialist articles about the price 
of electricity on spot markets and on emergency 
acting in case of crisis in transmission networks. 
The relevance of these topics and their relation to 
a broader context of the operation of the electric 
power industry under current circumstances will 
shine through on reading the articles.

Editor-in-Chief
Nikola Bruketa dipl.ing.
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 U radu su prikazane ekonomske osnove eksternih troπkova i naËin njihove procjene. Opisana 
su dva osnovna naËina za odreivanje eksternih troπkova: metoda slijeda utjecaja (ili metoda 

troπkova πtete) i metoda troπkova kontrole. Pritom se defi nirao opseg analize, prioritetni 
utjecaji, pritisci na okoliπ, prihvatna okolina, rasprostiranje polutanata u okoliπu (procjena 

izloæenosti), funkcijska veza izloæenosti i uËinaka, novËano vrednovanje i ocjena nesigurnosti. 
ZakljuËeno je da troπkovi smanjenja emisija progresivno rastu sa stupnjem redukcije, iz 

Ëega slijedi da politika zaπtite okoliπa koja se temelji iskljuËivo na propisivanju standarda 
nije idealno rjeπenje jer izaziva nepotrebno visoke troπkove. Pokazalo se da bi relaksacija 

regulativnih prema træiπno orijentiranim mjerama mogla donijeti fi nancijsku uπtedu uz istu 
ekoloπku dobit. 

In this article, the economic foundations for external costs and the manner of evaluating 
them are presented. Two basic methods for determining external costs are described: the 

impact pathway method (or the costs of damages method) and the costs of control method. 
The range of analysis, priority impacts, pressures on the environment, receiving environment, 

pollution distribution in the environment (assessment of exposure), the functional link between 
exposure and impact, monetary valuation and risk assessment are defi ned. It is concluded that 

the costs of reducing emission progressively increase with the level of reduction. Therefore, 
an environmental protection policy based exclusively on stipulated standards is not an ideal 

solution because it generates unnecessarily high expenditures. It has been demonstrated that 
easing the regulations toward market-oriented measures could yield fi nancial savings of equal 

ecological benefi t. 
KljuËne rijeËi: eksterni troπkovi, emisije, metoda slijeda utjecaja, odræivi razvoj, proizvodnja 

elektriËne energije, termoelektrane, zaπtita okoliπa
Key words: emissions, environmental protection, external costs, impact pathway method,  

production of electrical energy, sustainable development, thermoelectric power plants
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Faculty of Electrical Engineering and Computing, Unska 3, 10000 Zagreb, Croatia
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1 UVOD

Energija je vaæan Ëimbenik bilo u kojem podruËju 
druπtvene ili ekonomske aktivnosti. Za veÊinu 
zemalja u razvoju, ali i za razvijene zemlje, 
raspoloæivost energije i kvaliteta energetskih uslu-
ga vitalni su za zadovoljavanje osnovnih ljudskih 
potreba i poveÊanje æivotnog standarda. Meutim, 
proizvodnja, konverzija i uporaba energije vodi k 
efektima degradacije okoliπa. Ekonomski razvoj i 
strateπke odluke bilo u kojoj zemlji u obzir moraju 
uzeti problematiku zaπtite okoliπa povezanu s 
energetikom. Zaπtita okoliπa mora biti odræiva 
lokalno, regionalno i globalno da bi se postigao 
odræivi razvoj.

U posljednje vrijeme jedan od glavnih smjerova 
istraæivanja u okviru komparativne analize razliËitih 
tehnologija za proizvodnju elektriËne energije je 
prouËavanje utjecaja na okoliπ i ljudsko zdravlje 
i tomu pridruæenih eksternih troπkova energijskih 
lanaca za proizvodnju elektriËne energije. Stoga 
se kao jedna od komponenata pri odluËivanju o 
buduÊim energentima pojavljuju i eksterni troπkovi 
proizvodnje elektriËne energije. Princip ukljuËenja 
eksternih u ukupne troπkove pri planiranju resursa 
proizlazi iz Ëinjenice da proizvodnja elektriËne 
energije uzrokuje πtete za okoliπ i druπtvo koje 
nisu ukljuËene u troπkove proizvodnje.

Eksterni troπkovi u elektroenergetici predstavljaju 
nekompenzirane πtete koje se javljaju kao neæe-
ljene posljedice proizvodnje elektriËne energije. 
Eksterni troπkovi mogu se umanjiti izravnim 
mjerama zaπtite okoliπa, kao πto su ekoloπki 
standardi i ureaji za smanjenje emisija, a kom-
penzirati pomoÊu ekonomskih instrumenata 
zaπtite okoliπa: uvoenjem emisijskih pristojbi 
i poreza te trgovanjem emisijskim dozvolama. 
Danas je u svijetu tendencija da se eksterni 
troπkovi ne samo kompenziraju veÊ i ukljuËe 
u planiranje resursa. Eksterni troπak moæe se 
procijeniti na temelju troπkova kontrole (tj. 
smanjenja emisija) ili troπkova πtete za okoliπ, 
a ukljuËiti u politiku zaπtite okoliπa primjenom 
teæinskih faktora ili nekom vrstom “kaænjavanja”, 
bilo same tehnologije, bilo emisija.

1 INTRODUCTION

Energy is an important factor in any area of social 
or economic activity. For the majority of developing 
countries, but also for more developed countries, 
the availability of energy and the quality of energy 
services are vital for meeting fundamental human 
needs and raising the standard of living. However, 
the production, conversion and use of energy lead 
to degradation of the environment. Economic 
development and strategic decisions in any country 
must take the problem of environmental protection 
in connection with energy production into account. 
Environmental protection must be sustainable 
locally, regionally and globally in order to achieve 
sustainable development.

In recent times, one of the main directions 
of investigation within the framework of the 
comparative analysis of various technologies for the 
production of electrical energy has been the study 
of the impact of the energy chain for the production 
of electrical energy upon the environment and 
human health, together with the associated external 
costs. Therefore, the components in deciding upon 
future power sources include the external costs of 
the production of electrical energy. The principle 
of the inclusion of externalities in the overall costs 
when planning resources is due to the fact that the 
production of electrical energy leads to damages to 
the environment and society that are not included in 
the production costs.

External costs in electrical power production 
represent the uncompensated damages that occur 
as the undesirable consequences of the production 
of electrical energy. External costs can be lowered 
through direct environmental protection measures, 
such as ecological standards and with equipment 
for reducing emissions, and can be compensated 
for using economic instruments for environmental 
protection through the introduction of emission 
fees and taxes, and through the trading of emission 
allowances. Today in the world, there is a tendency 
not only to compensate for the external costs but 
also to include them in resource planning. External 
costs can be assessed on the basis of cost controls 
(i.e. reduced emission) or the costs of damage to the 
environment, and also included in the environmental 
protection policy through the application of weighted 
factors or some form of “penalty,” either on the 
technology itself or emissions. 
 



131 TomiπiÊ, Æ., Debrecin, N., VrankiÊ, K., Eksterni troπkovi proizvodnje...., Energija, god. 55 (2006), br. 2., str 128-163
TomiπiÊ, Æ., Debrecin, N., VrankiÊ, K., The External Costs of the Production...., Energija, vol. 55 (2006), No. 2, p.p. 128-163

2 EKSTERNI TRO©KOVI

Namjena je eksternih troπkova, sasvim opÊenito, 
da potaknu promjene prema ekoloπki svjesnijem 
ponaπanju. Eksterni troπkovi mogu sluæiti za 
usporedbu razliËitih tehnologija za proizvodnju 
elektriËne energije i razliËitih strategija razvoja 
elektroenergetskog sustava s obzirom na njihov 
utjecaj na okoliπ. Pri planiranju sustava mogu se 
analizirati razliËiti scenariji razvoja s obzirom na 
njihov utjecaj na okoliπ, i to tako da se osnovnim 
troπkovima pojedinog scenarija pridodaju troπkovi 
πtete u okoliπu. Eksterni se troπkovi takoer mogu 
izravno uvrstiti u funkciju ukupnih troπkova pro-
izvodnje pri dispeËiranju postojeÊih i optimiranju 
gradnje novih elektrana u sustavu. 

2.1 Prioritetni utjecaji energijskih lanaca na ljude 
i okoliπ
Detaljni prikaz utjecaja na okoliπ svih tipova 
elektrana i ostalih elektroenergetskih postrojenja 
moæe se naÊi u [1].

Najvaænija optereÊenja okoliπa u lancu fosilnih 
goriva nastaju na lokaciji elektrane. To su:

-   emisije oneËiπÊujuÊih tvari u zrak: sumporni 
dioksid (SO2), duπikovi oksidi (NOx), krute 
Ëestice i teπki metali,

-   plinovi staklenika: ugljiËni dioksid (CO2), 
metan (CH4), klorofl uorougljikovodici (CFC),

-   kruti i tekuÊi otpadi.

Prioritetni utjecaji na okoliπ/zdravlje u energijskim 
lancima fosilnih goriva su: utjecaji oneËiπÊenja 
atmosfere na ljudsko zdravlje, materijale, usje-
ve, πume i ekosustave; posljedice globalnog 
zagrijavanja; nesreÊe koje pogaaju pogonsko 
osoblje ili javnost. Detaljne studije pokazuju da 
su sekundarni utjecaji u lancu fosilnih goriva, 
kao πto su emisije prilikom proizvodnje materijala, 
dva do tri reda veliËine manji nego emisije iz 
elektrane (gledano po kWh) i da se mogu izostaviti 
iz razmatranja [2]. 

U nuklearnom energijskom lancu postoji mala 
vjerojatnost ozbiljnih nesreÊa, uz ostale πtete 
od iskapanja i procesiranja goriva, a posebno 
odlaganja otpada. Prioritetni utjecaji su radioloπki 
i neradioloπki utjecaji na javno zdravlje kao 
posljedica normalnog pogona ili pak utjecaji na 
okoliπ kao posljedica akcidenta. Najozbiljnijim 
utjecajem na okoliπ smatra se ispuπtanje πtetnih 
tvari izazvano ozbiljnijim kvarom reaktora, πto 
bi moglo uzrokovati gubitak obradivih povrπina i 
poljoprivrednih usjeva.

2 EXTERNAL COSTS

The purpose of external costs, generally speaking, is to 
prompt changes toward more ecologically conscious 
behavior. External costs can serve in comparing various 
technologies for the production of electrical energy 
and various strategies for the development of the 
electrical power system regarding their environmental 
impact. In the planning of a system, various 
development scenarios can be analyzed regarding 
their environmental impacts, in such a manner that 
the costs of the damage to the environment are added 
to the basic costs of an individual scenario. External 
costs can also be directly included in the function of 
the total costs of production in the dispatching of 
existing power plants and optimizing the construction 
of new power plants within a system.  

2.1 Priority impacts of energy chains on people and 
the environment
A more detailed presentation of the environmental 
impacts of all types of electrical power plants and 
other electrical power facilities can be found in [1].

The most signifi cant burdens to the environment 
in the fossil fuel chain occur at the sites of power 
plants. These are as follows:

-   emissions of pollutants into the air: sulfur 
dioxide (SO2), nitric oxides (NOx), solid particles 
and heavy metals,

-   greenhouse gasses: carbon dioxide (CO2), 
methane (CH4), chlorofl uorocarbons (CFC),

-   solid and liquid wastes.

Priority impacts on the environment/health in 
the energy chains of fossil fuels are: impacts of 
atmospheric pollution on human health, materials, 
crops, forests and ecosystems; the consequences 
of global warming and accidents that affect plant 
employees or the public. Detailed studies have 
shown that the secondary impacts in the fossil fuel 
chain, such as emissions during the production of 
materials, are two to three orders of magnitude lower 
than emissions from power plants (in terms of kWh) 
and they can be excluded from consideration [2]. 

In the nuclear energy chain, there is a small 
probability of serious accidents, together with other 
damage from the excavation and processing of 
fuel, and especially the disposal of waste. Priority 
impacts are the radiological and non-radiological 
impacts on public health as the consequence of 
normal operations or environmental impact due to 
accident. The most serious environmental impact is 
considered to be the emission of harmful substances 
due to reactor breakdown, which could cause a loss 
of arable surfaces and agricultural crops.
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PromatrajuÊi cjelokupni energijski lanac, obnovljivi 
izvori energije takoer πtetno utjeËu na okoliπ. 
Prioritetni utjecaji u lancima obnovljivih izvora 
ovise o energentu (hidroenergija, vjetar, sunce, 
biomasa itd.) i drugim specifi Ënostima lanca. Tako 
se, primjerice, za energijski lanac vjetra navode 
nesreÊe koje pogaaju stanovniπtvo i pogonsko 
osoblje, naruπavanje estetskog izgleda, buka te 
utjecaji zagaenja atmosfere zbog proizvodnje 
materijala i dijelova za vjetroturbinu.

U lancu solarne energije na okoliπ πtetno utjeËe 
proizvodnja materijala, a problem su i velike 
povrπine potencijalno obradivog zemljiπta koje bi 
trebalo pokriti kolektorima ako se æeli dobiti iole 
veÊa snaga solarne elektrane. Problem zauzeÊa 
zemljiπta javlja se i kod vjetroelektrana (farme 
vjetrenjaËa).

Prioritetni utjecaji u lancu hidroenergije su 
poplavljivanje korisnog zemljiπta za potrebe 
akumulacijskih bazena, erozija, naruπavanje 
reæima podzemnih voda i ugroæavanje usjeva, 
opasnost za staniπta, opasnost za opskrbu vodom 
te estetsko neuklapanje u prirodnu sredinu u kojoj 
su izgraene. 

Osim negativnih, proizvodnja elektriËne energije 
uzrokuje i pozitivne eksterne uËinke, a to su 
poboljπanje kvalitete æivota, moguÊnosti zapo-
slenja, porast produktivnosti i konkurentnosti na 
træiπtu te doprinos dræavnoj sigurnosti.

2.2 Ekonomske osnove eksternih troπkova
Eksterni uËinak je sporedni proizvod neke 
djelatnosti koji nije ukljuËen u træiπnu cijenu 
osnovnog proizvoda [3]. Pozitivni eksterni uËinak 
nastaje kad ulaganje u neku aktivnost uzrokuje 
nekompenziranu dobit u nekoj drugoj aktivnosti. 
Nasuprot tomu, negativni eksterni uËinak javlja 
se kad ulaganje u jednu aktivnost uzrokuje 
nekompenzirane negativne uËinke na drugu 
aktivnost. Industrijske djelatnosti na razne naËine, 
uglavnom negativno, djeluju na ljudsko zdravlje 
i prirodni okoliπ, izazivajuÊi odreene troπkove 
u druπtvu. BuduÊi da oni ne ulaze u klasiËnu 
ekonomsku bilancu poduzeÊa, tj. u proraËun 
izravnih (tzv. privatnih) troπkova, nazivaju se 
eksterni troπkovi. Zbog postojanja eksternalija 
privatni troπkovi manji su od druπtvenih (slika 1). 

Considering the entire energy chain, renewable 
energy sources also have a detrimental effect upon 
the environment. The priority impacts in the chain 
of renewable sources depend upon the power source 
(hydroenergy, wind, sun, biomass etc.) and other 
specifi c aspects of the chain. Thus, for example, 
in the wind energy chain there are accidents that 
affect the population and plant employees, are 
detrimental to visual amenity, create noise and 
pollute the atmosphere due to the production of 
materials and wind turbine parts.

In the solar energy chain, there is harmful 
environmental impact from the production of 
materials, and problems also include the large 
surfaces of potentially arable land that must be 
covered with collectors if greater power from a solar 
energy plant is required. The problem of occupying 
land also occurs with wind-generated electricity 
(windmill farms). 

Priority impacts in the chain of hydroenergy are the 
fl ooding of usable land to create a reservoir, erosion, 
destruction of the underground water regime, 
threats to crops, danger to the population, danger 
to the water supply, and detriment to the amenity in 
the natural milieus in which they are built. 

In addition to negative impacts, the production of 
electrical energy also results in positive external 
effects, such as improving the quality of life, 
employment opportunities, increased productivity 
and competitiveness on the market, while also 
contributing to national security.

2.2 The economic foundations of external costs
The external impact is the byproduct of some 
activities that is not included in the market price 
of the basic product [3]. A positive external 
impact occurs when investment in some activity 
results in uncompensated profi t in some other 
activity. Conversely, a negative external impact 
occurs when investment in an activity results in 
an uncompensated negative impact on another 
activity. Industrial operations in various ways 
generally negatively affect human health and the 
natural environment, resulting in various costs 
in the society. Since these are not included in a 
company’s classical fi nancial statement, i.e. in 
the budget for direct (so-called private) costs, they 
are called external costs. Due to the existence of 
externalities, private costs are lower than social 
costs (Figure 1). 
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Na slici 1 su prikazane krivulje marginalnih 
privatnih i druπtvenih troπkova. Marginalni ili 
graniËni troπak predstavlja troπak sljedeÊe jedinice 
proizvoda. Za bilo koju razinu proizvodnje Q, 
ukupni troπak proizvodnje jednak je povrπini ispod 
krivulje marginalnih troπkova. OsjenËana povrπina 
izmeu krivulja privatnog i druπtvenog troπka 
predstavlja eksterni troπak na razini proizvodnje Q. 
Da bi se u ocjeni projekta uzeli u obzir i eksterni 
troπkovi, trebalo bi umjesto s privatnim raËunati 
s druπtvenim troπkovima. Meutim, u praksi to 
nije jednostavno jer stvarni druπtveni troπkovi 
nisu poznati. Naime, nemoguÊe je ustanoviti i 
kvantifi cirati sve eksterne uËinke, iako se nastoji 
doÊi do πto bolje procjene. 

U elektroenergetskom sustavu moæe se dogoditi 
da træiπne cijene elektriËne energije ne odraæa-
vaju u potpunosti stvarne troπkove i da su niæe 
nego kad bi se u proizvodnu cijenu elektriËne 
energije ukljuËili eksterni troπkovi. Niæe cijene 
uzrokuju poveÊanu potroπnju elektriËne energije, 
tj. nepravilnu raspodjelu resursa, a to vodi do 
smanjene ekonomske efi kasnosti u druπtvu i 
negativnih utjecaja na druπtvo. Prema ekonomskoj 
teoriji druπtvenog blagostanja, oneËiπÊenje okoliπa 
uzrokovano proizvodnjom elektriËne energije 
trebalo bi svesti na ekonomski efi kasnu razinu i 
time ukloniti deformacije træiπta zbog eksternih 
uËinaka. Ekonomski efi kasna razina oneËiπÊenja 
bila bi ona pri kojoj je proizvodna cijena elektriËne 
energije jednaka marginalnom druπtvenom troπku 
proizvodnje elektriËne energije, a taj ukljuËuje i 
eksterne troπkove proizvodnje elektriËne energije.

GraniËna πteta je novËana vrijednost πtete za 
okoliπ ili ljudsko zdravlje koju uzrokuje dodatna 
jedinica oneËiπÊenja. Krivulja graniËne πtete 
prikazuje njezinu ovisnost o razini emisija; ona 
je horizontalna, ako svaka sljedeÊa tona polutanta 
izaziva jednaku πtetu kao ona prethodna, tj. ako 
πteta ne ovisi o razini emisija. To je sluËaj kad je 
ukupna πteta linearno proporcionalna emisijama. 

In the fi gure 1 are shown the curves of the 
marginal private and social costs. The marginal 
cost represents the cost of the subsequent unit of 
production. For any level of production Q, the total 
production cost is equal to the area below the curve 
of the marginal costs. The shaded area between the 
curve of the private and social costs represents the 
external cost on the level of production Q. In order 
for external costs to be taken into account in the 
price, it would be necessary to include the social 
costs instead of the private costs in the calculation. 
However, in practice this is not simple because the 
actual social costs are unknown. It is not possible 
to establish and quantify all the external effects, 
although attempts are made to arrive at the best 
possible estimate. 

In an electrical power system, it can happen that 
the market prices of electrical energy do not refl ect 
the actual costs in their entirety, and are lower than 
they would be if the external costs were included 
in the production price of electrical energy. Lower 
prices result in an increased consumption of 
electrical energy, i.e. a lopsided distribution of 
resources, leading to lower economic effectiveness 
in the society with negative repercussions upon the 
society. According to the economic theory of social 
wellbeing, environmental pollution caused by the 
production of electrical energy should be reduced 
to an economically effective level, which would 
thereby eliminate the market deformation due to 
external impacts. An economically effective level 
of pollution would occur if the production costs of 
electrical energy were equal to the marginal social 
expenditures for the production of electrical energy, 
including the external costs of the production of 
electrical energy.

Marginal damage is the monetary value of damage 
to the environment or human health that causes 
additional units of pollution. The curve of marginal 
damage shows its dependence on the emission 
level: it is horizontal if each subsequent ton of 
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No, postoje uËinci koji nisu linearni i kad su 
posljedice oneËiπÊenja pri malim razinama emisija 
manje od onih pri veÊim razinama. 

U analizi eksternih uËinaka na okoliπ najËeπÊe 
se pretpostavlja da je graniËna πteta konstantna, 
bez obzira na razinu emisija. Naime, studije su 
pokazale da koncentracije polutanata u okoliπu 
veÊinom linearno ovise o veliËini emisija, a da 
su πtete u receptorima u pravilu linearno ovisne 
o koncentracijama polutanata. To znaËi da su 
konaËne πtete za okoliπ/zdravlje za veÊinu polu-
tanata proporcionalne emisijama, tj. da su njihove 
graniËne πtete konstantne. U tom su sluËaju 
prosjeËne πtete jednake graniËnima i takoer 
konstantne (slika 2).

GraniËni troπkovi smanjenja emisija prikazuju 
troπkove potrebne da se ukloni sljedeÊa jedinica 
oneËiπÊenja. Opet, taj iznos ovisi o poËetnoj razini 
emisija. Na visokim razinama graniËni su troπkovi 
redukcije manji jer su dostupne jeftinije mjere, ali 
kako se ukupna razina emisija smanjuje, potrebna 
su sve veÊa ulaganja za daljnje smanjenje emisija. 
Ekonomski optimalna razina emisija dobiva se 
izjednaËenjem marginalne πtete i marginalnih 
troπkova za redukciju tih emisija. Pretpostavimo 
da Q0 predstavlja nekontroliranu emisiju nekog 
polutanta (bez primjene redukcijskih mjera), dok 
je u ishodiπnoj toËki ta emisija jednaka nuli. Ako 
je razina emisija veÊa od Q*, isplati se ulagati u 
njihovo smanjenje jer se tako ostvaruje dobit koja je 
veÊa od troπkova potrebnih za njezino ostvarenje.

Naprotiv, ako je razina emisija ispod Q*, mjere 
za smanjenje emisija se ne isplate jer Êe 
postignuta dobit biti manja od troπkova. Prema 

pollutant causes the same amount of damage as 
the previous one, i.e. if the damage does not depend 
upon the level of the emission. This is the case 
when the total damage is linearly proportional to the 
emissions. There are effects that are not linear, when 
the consequences of pollution with small levels of 
emissions are lower than those with higher levels.

In analyzing external environmental impact, it is most 
often assumed that marginal damage is constant, 
regardless of the level of emissions. Studies have 
shown that the concentrations of pollutants in the 
environment are generally linearly dependent on 
the amount of the emissions and the damages in 
the receptors are generally linear, depending upon 
the concentration of the pollutants. This means 
that the fi nal damages to the environment/health 
for the majority of pollutants are proportional to the 
emissions, i.e. their marginal damages are constant. 
In this case, the average damages are equally 
marginal and also constant (Figure 2).

The marginal costs for reducing emissions show the 
costs required in order to eliminate the subsequent 
unit of pollution. Again, this amount depends on the 
initial level of emissions. At higher levels, the marginal 
costs of reduction are lower because less expensive 
measures are available, but since the total level of 
emissions decreases, increasingly large investments 
are required for the further reduction of emissions. 
The economically optimal level of emissions is 
obtained through equalizing the marginal damages 
and the marginal costs for the reduction of these 
emissions. Let us assume that Q0 represents the 
uncontrolled emission of a pollutant (without the 
application of reduction measures), while at the origin 
point of emission the emission is equal to zero. If the 
level of emissions is greater than Q*, it is economically 
justifi able to invest in reducing it because profi t is 
thereby achieved that is greater than the expenditures 
necessary for achieving it. 

Q*
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tome, Q* je ekonomski idealna razina emisija 
i ako se proizvoaË nalazi upravo na toj razini, 
ne bi smio plaÊati naknadu za preostalu emisiju 
Q*. Ekonomski gledano, πteta zbog preostale 
emisije tada se ne bi trebala smatrati eksternim 
(nekompenziranim) troπkom, veÊ bi se moglo 
reÊi da je eksterni troπak ukljuËen u troπkove 
proizvodnje, a time i u træiπnu cijenu elektriËne 
energije. No, treba naglasiti da odreena πteta za 
okoliπ uvijek postoji (emisije nikad nisu nula), Ëak 
i onda kad su svi eksterni uËinci internalizirani.

2.3 NaËini procjene eksternih troπkova 
©tete za okoliπ i zdravlje zbog proizvodnje 
elektriËne energije izazivaju eksterne troπkove jer 
nisu kompenzirane cijenom elektriËne energije. 
Preduvjet za uvoenje uËinkovitog sustava zaπtite 
okoliπa je odrediti visinu eksternih troπkova. 
Postoje dva osnovna naËina za odreivanje 
eksternih troπkova: metodom troπkova πtete i 
metodom troπkova kontrole.

2.3.1 Metoda troπkova πtete 
Prema ovoj metodi, eksterni troπkovi procjenjuju 
se na temelju stvarnih πteta u okoliπu, πto i jest 
najlogiËnije rjeπenje. Znanstveno utemeljenim 
pristupom odreuje se tzv. funkcija πtete i 
odgovarajuÊa novËana vrijednost πtete. Polazi 
se od uzroka πtete (emisije polutanata) na nekoj 
lokaciji, prati njegova distribucija u okoliπu, 
procjenjuje πteta izazvana u receptorima, kao 
i njezin eksterni troπak. Otuda naziv metoda 
funkcije πtete ili metoda slijeda utjecaja. Treba 
naglasiti da ovakav postupak nije bio oduvijek 
moguÊ, njegov je intenzivni razvoj zapoËeo tek 
sredinom 1990-tih godina zahvaljujuÊi napretku 
znanosti i raËunalne tehnike.

Metoda funkcije πtete ima svojih nedostataka 
− rezultati umnogome ovise o lokaciji, vrlo je 
sloæena, zahtijeva veliku koliËinu ulaznih podataka 
i detaljno poznavanje mehanizama u okoliπu, pa 
se ne moæe primijeniti u procesima koje ne znamo 
(dovoljno dobro) modelirati. Najbolji primjer za 
to je proraËun πteta globalnog zagrijavanja gdje 
se zbog velike nesigurnosti joπ uvijek uglavnom 
koristi jednostavniji pristup, tzv. metoda troπkova 
kontrole. Pogotovo kontroverzan u metodi funkcije 
πtete je zadnji korak, preraËunavanje fi ziËkih i 
bioloπkih uËinaka u novËane vrijednosti. 

2.3.2 Metoda troπkova kontrole 
Eksterni troπkovi po ovoj se metodi raËunaju na 
temelju ulaganja u mjere zaπtite okoliπa, potrebne 
za zadovoljenje postojeÊih ili buduÊih propisa. 
OpÊenito, princip je da se zada dopuπtena 

Conversely, if the level of emissions is below Q*, the 
measures for reducing emissions are not economically 
justifi able because the profi t that will be achieved is 
less than the amount of the expenditures. Accordingly, 
Q* is the economically ideal level of emissions, and 
if a producer fi nds himself precisely at this level, 
he should not pay compensation for the remaining 
emission of Q*. From the economic point of view, the 
damage due to the remaining emissions should then 
not be considered external (uncompensated) costs, but 
it could be said that the external costs are included in 
the production costs, and thereby in the market price 
of electrical energy. However, it should be emphasized 
that there is always a certain amount of damage to the 
environment (emissions are never at zero), even when 
all the external effects are internalized. 

2.3 Methods of assessing external costs 
Damages to the environment and health due to the 
production of electrical energy result in external costs 
because they are not compensated for by the price of 
electrical energy. A prerequisite for the introduction of 
an effective system of environmental protection is to 
determine the level of the external costs. There are two 
basic ways to determine external costs: the method of 
damage costs and the method of cost control.

2.3.1 The method of damage costs
According to this method, external costs are 
assessed on the basis of the actual damage 
to the environment, which is also the most 
logical solution. Through a scientifi cally based 
approach, the so-called damage function and the 
corresponding monetary value of the damages are 
determined. Starting from the cause of the damage 
(the emission of pollutants) at a particular location, 
its dispersion in the environment is monitored and 
damage in the receptors is assessed, as well as 
its external cost. This is the basis of the damage 
function method or the impact pathway method. It 
should be emphasized that such a procedure was 
not always possible but more intensive development 
began in the mid 1990s, owing to advances in 
scientifi c and computer techniques. 

The damage function method has its shortcomings 
- the results greatly depend upon the location, it 
is highly complex, it requires a large quantity of 
input data and detailed acquaintance with the 
mechanisms in the environment, and it cannot be 
applied in processes that we do not know how to 
model (suffi ciently well). The best example is the 
assessment of the damage from global warming, 
where a simpler approach is still used due to great 
uncertainty, the so-called method of control costs. The 
fi nal step in the damage function method is especially 
controversial, the calculation of the physical and 
biological impacts in monetary terms.



136TomiπiÊ, Æ., Debrecin, N., VrankiÊ, K., Eksterni troπkovi proizvodnje...., Energija, god. 55 (2006), br. 2., str 128-163
TomiπiÊ, Æ., Debrecin, N., VrankiÊ, K., The External Costs of the Production...., Energija, vol. 55 (2006), No. 2, p.p. 128-163

ili ciljana razina oneËiπÊenja i troπkovi koji 
su potrebni da se taj cilj postigne. Eksterni 
troπak polutanta raËuna se kao omjer ulaganja 
u ureaj za proËiπÊavanje i smanjenja emisija 
koje se time postiæe. Tako se npr. eksterni 
troπak sumpornog dioksida raËuna kao omjer 
troπka za odsumporavanje i koliËine reduciranog 
sumpornog dioksida, a izraæava se u novËanim 
jedinicama po toni polutanta. Pretpostavka ovog 
pristupa je da se stvarna πteta za okoliπ ionako 
ne moæe toËno izraËunati. Zato se pribjegava 
pojednostavnjenom principu. Uz pretpostavku 
da se druπtvo nalazi na optimumu ekonomske 
efi kasnosti, propisane graniËne vrijednosti emisije 
odraæavale bi spremnost druπtva da investiranjem 
u kontrolne tehnologije izbjegne πtetu. Meutim, 
kako u stvarnosti propisane razine emisija nisu 
ekonomski optimalne, veÊ su rezultat politiËke 
odluke, troπkove πtete nije uputno poistovjeÊivati 
s troπkovima kontrole. Ovaj princip koristi se 
u sluËajevima gdje je proraËun πteta sloæen ili 
mehanizam nastanka πtete nije dovoljno istraæen 
ili su velike nesigurnosti u procjeni πtete, tj. kad 
metoda slijeda utjecaja nije primjenjiva. To je 
sluËaj kod globalnog zagrijavanja gdje se razmjeri 
πteta i pripadni eksterni troπkovi kreÊu u πirokom 
rasponu jer su procjene posljedica vrlo nesigurne.

3 METODA SLIJEDA 
UTJECAJA ZA PROCJENU 
EKSTERNIH TRO©KOVA

Metoda je preuzeta iz studije ExternE, jedne 
od najvaænijih studija o eksternim troπkovima 
lanaca za proizvodnju elektriËne energije. Studija 
je nastala kao rezultat istoimenog projekta pod 
pokroviteljstvom Europske komisije. U toj je 
studiji primijenjena metoda slijeda utjecaja, πto 
znaËi da se eksterni troπkovi raËunaju na temelju 
stvarne πtete u okoliπu [4].

3.1 Defi niranje opsega analize
Na poËetku analize treba defi nirati prostornu i 
vremensku granicu analize te raspon pritisaka na 
okoliπ i uËinaka koji Êe se obraivati. Analiziraju 
se sljedeÊe kategorije pritisaka na okoliπ: 
oneËiπÊivaËi zraka (πtetni plinovi i Ëestice koje 
se ispuπtaju u atmosferu), kruti i tekuÊi otpadi, 
nesreÊe, opasne tvari, buka, otpadna toplina i 
ostali pritisci. Pritisak na okoliπ predstavlja svaku 
tvar koja izaziva ili bi mogla izazvati bilo kakav 
utjecaj na okoliπ ili ljudsko zdravlje. 

NajveÊu vaænost u energijskom lancu za proizvo-
dnju elektriËne energije ima sama elektrana. 
Meutim, granice sustava treba odrediti tako da se 

2.3.2 The method of control costs 
According to this method, external costs are calculated 
on the basis of investment in the environmental 
protection measures that are necessitated by 
compliance with the existing or future regulations. 
Generally speaking, the principle is that the permitted 
or target levels of pollution and costs that are necessary 
in order to achieve this goal are assigned. The external 
cost of a pollutant is calculated as the ratio between 
investment in equipment for eliminating pollution and 
reducing emissions in order to achieve this. Thus, 
for example, the external cost of sulfur dioxide is 
calculated as the ratio of the cost for sulfur reduction 
and the quantity of the reduced sulfur dioxide, and 
is expressed in monetary units per ton of pollutant. 
The assumption regarding this approach is that the 
actual environmental damage cannot be calculated 
precisely. For this reason, a simplifi ed approach 
is used. Assuming that the society is operating at 
optimum economic effi ciency, the stipulated marginal 
values of emissions would refl ect the readiness of 
the society to invest in control technology to avoid 
damage. However, since in reality the stipulated 
emission levels are not economically optimal but the 
result of political decisions, the damage costs should 
not be equated with the control costs. This principle 
is used in cases when the estimate of damages is 
complex, the mechanism for the origin of damage is 
not suffi ciently specifi ed or there is great uncertainty 
in the assessment of the damage, i.e. when the 
impact pathway method is not applicable. This is the 
case with global warming, where the dimensions of 
the damage and corresponding external costs range 
widely because the estimates of the consequences are 
highly uncertain.

3 THE IMPACT PATHWAY 
METHOD FOR THE ESTIMATE 
OF EXTERNAL COSTS

This method is taken from the study ExternE, one 
of the most signifi cant studies on the external costs 
of the chain for the production of electrical energy. 
The study came about as the result of the project 
of the same name, under the sponsorship of the 
European Commission. In this study, the impact 
pathway method was used, which means that the 
external costs are calculated on the basis of the actual 
damages to the environment [4].

3.1 Defi nition of the range of analysis
At the beginning of analysis, it is necessary to defi ne 
the spatial and temporal limits of the analysis, the 
range of environmental pressures and the effects 
that will be studied. The following categories of 
environmental pressures are analyzed: air pollutants 
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uraËunaju potencijalni uËinci svih procesa vezanih 
uz proizvodnju elektriËne energije. U opÊem 
sluËaju, energijski lanac obuhvaÊa proizvodnju 
graevnog materijala, prijevoz graevnog materija-
la, izgradnju elektrane, istraæivanje nalaziπta i 
vaenje goriva, obradu goriva, prijevoz goriva, 
tretman dimnih plinova, proizvodnju otpadnog 
materijala, obradu otpada, dekomisiju elektrane 
i saniranje lokacije na kraju æivotnog vijeka 
elektrane. Prostorni opseg analize ima velik 
utjecaj, pogotovo na posljedice oneËiπÊenja 
zraka. Razmatranje treba proπiriti na nekoliko 
stotina kilometara od izvora jer mnogi polutanti 
imaju dalekoseæne uËinke (SO2, Nox, sekundarne 
Ëestice, ozon) koji su se u nekim sluËajevima 
pokazali veÊi od lokalnih jer zahvaÊaju veÊi broj 
receptora. Ipak, na odreenoj udaljenosti od izvora 
treba prekinuti analizu i pokuπati ocijeniti omjer 
uraËunatih i neuraËunatih emisija.

Da bi se dobio uvid u potreban opseg analize, u 
studiji ExternE proveden je jednostavan proraËun 
disperzije SO2,  i leteÊih Ëestica (TSP< 5 µm i TSP 
5-10 µm). Pretpostavljen je krajnje jednostavan 
model disperzije: homogeno trenutaËno mijeπanje 
polutanata s okoliπnim zrakom na visini sloja 
mijeπanja, ravnomjerna distribucija smjera vjetra 
tijekom godine, brzina vjetra jednaka prosjeËnoj 
godiπnjoj brzini, zanemarene su kemijske reakcije 
polutanata u atmosferi, a kao naËin uklanjanja 
polutanata iz atmosfere raËunato je samo sa 
suhim taloæenjem (mokro taloæenje nije uzeto 
u obzir). Nadalje, pretpostavljene su linearne 
funkcije izloæenost-uËinak koje povezuju uËinke 
na ljudsko zdravlje i navedene polutante te 
jednolika gustoÊa naseljenosti oko izvora. Uza sve 
te pretpostavke dobiva se da kumulativna πteta za 
zdravlje za sve polutante ima oblik funkcije (1- ex) 
gdje je x udaljenost od izvora (slika 3). ZakljuËak 
je da treba promatrati udaljenosti od tisuÊu i viπe 
kilometara da bi se uraËunao najveÊi dio πtete. 

 

(harmful gasses and particles that are released into 
the atmosphere), solid and liquid wastes, accidents, 
hazardous substances, noise, waste heat and other 
pressures. An environmental pressure is each 
substance that provokes or could provoke any impact 
whatsoever upon the environment or human health. 

The power plant is of the greatest importance in 
the energy chain for the production of electrical 
energy. However, the limits of the system should 
be determined in such a manner that the potential 
effects of all the processes in connection with 
the production of electrical energy are calculated. 
Generally, the energy chain includes the production of 
building material, the transport of building material, 
the construction of the power plant, site investigation, 
excavation of fuel, fuel processing, fuel transport, 
the treatment of fl ue gasses, the production of waste 
material, waste processing, taking the power plant 
out of commission and restoring the site at the end 
of the life of a large power plant. The spatial range 
of analysis has a great infl uence, especially on the 
consequences of air pollution. Observation should 
be extended for several hundred kilometers from 
the source because many pollutants have long-range 
effects (SO2, NOx, secondary particles, ozone), which 
in some cases have been shown to be greater than 
local effects because a larger number of receptors are 
affected by them. Nonetheless, at a certain distance 
from the source, analysis should stop and an attempt 
should be made to assess the ratio of the calculated 
and uncalculated emissions.

In order to obtain insight into the required range 
of analysis, in the study ExternE a simple estimate 
was performed of the dispersion of SO2, NOx and 
fl ying particles (TSP< 5 µm and TSP 5-10 µm). An 
extremely simple dispersion model is presented: 
homogeneous instantaneous mixing of pollutants with 
the environmental air at the level of the mixing layer. 
uniform distribution of the wind direction during the 
year, wind velocity equal to that of the average annual 
velocity, the chemical reactions of the pollutants in the 
atmosphere are ignored, and only dry sedimentation is 
calculated as a manner of removing the pollutants 
from the atmosphere (wet sedimentation is not 
taken into account). Furthermore, linear functions 
of exposure-effect are assumed that correlate the 
impact upon human health and the said pollutants, 
postulating uniform population density around the 
source. With all these assumptions, the cumulative 
detriment to health is obtained for all the pollutants, 
with the form of the function (1-ex), where x is the 
distance from the source (Figure 3). The conclusion 
is that it is necessary to study distances of a thousand 
and more kilometers in order to calculate the greatest 
part of the damage. 
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UËinke bi trebalo raËunati kroz cijelo razdoblje 
manifestiranja. Tu se pojavljuje problem nesigur-
nosti dugoroËnih uËinaka, npr. globalnog zagrija-
vanja i odlaganja visokoradioaktivnog otpada. Da 
bi se u obzir uzeo raspon moguÊih ishoda, kreiraju 
se razvojni scenariji u kojima su spomenute 
nepoznanice ulazni parametri. Vremenski opseg 
analize povezuje se i s pitanjem diskontiranja 
novËanih vrijednosti πteta. OpÊenito se smatra da 
bi ekoloπka diskontna stopa, tj. ona po kojoj bi se 
diskontirale novËane vrijednosti πteta za okoliπ/
zdravlje, trebala uzeti u obzir odræivost razvoja 
druπtva i cijelog planeta.

3.2 Odreivanje prioritetnih utjecaja
Analiza treba obuhvatiti one uËinke koji prema 
danaπnjim spoznajama izazivaju najveÊe eksterne 
uËinke. »esto su lokalni uËinci manje vaæni od 
regionalnih i globalnih jer pogaaju manji broj 
ljudi, i kad se normiraju na proizvedeni TWh, 
ispadaju zanemarivi. Meutim, u nekim su 
sluËajevima lokalni eksterni troπkovi ipak veÊi 
od regionalnih i globalnih, a to je uglavnom kad 
je rijeË o nesreÊama koje pogaaju radnike i 
stanovniπtvo te bolestima na radu. BuduÊi da se 
ljudski æivot i zdravlje visoko cijene, pripadajuÊi 
eksterni troπkovi su visoki. 

Izbor prioritetnih utjecaja ovisi i o tome æelimo li 
odrediti πtete ili samo eksterne uËinke. Naime, 
postoje pritisci s velikim πtetama za okoliπ, ali 
vrlo malim eksternim troπkovima jer je veÊina 
πteta kompenzirana. Na primjer, poveÊani rizici 
u nekim zanimanjima veÊinom se kompenziraju 
kroz plaÊe, dok se blizina industrijskog objekta, 
tj. vizualni utjecaj i buka, obiËno kompenziraju 
niæom cijenom stambenog prostora.

The effects should be calculated through the entire 
period of the manifestation. The problem of the 
uncertainty of the long-term impacts arises in, 
for example, global warming and the disposal of 
highly radioactive wastes. In order to take the range 
of potential results into account, developmental 
scenarios are created in which the cited unknowns 
are entry parameters. The temporal range of 
analysis is connected with the question of the 
discounting of the monetary values of the damages. 
It is generally considered that the ecological 
discount rate, i.e. according to which the monetary 
value of the damage to the environment/health 
would be discounted, should take into account the 
sustainability of the development of the society and 
the entire planet.  

3.2 Determination of priority impacts
Analysis should cover those impacts that cause 
the greatest external impacts, according to current 
knowledge. The local impacts are often less 
important than the regional and global impacts 
because they affect a smaller number of people, 
and when they become negligible. However, in 
some cases the local external costs are nonetheless 
greater than the regional and global, generally when 
there are accidents that affect employees and the 
population, as well as occupational disorders. 
Since human life and health are of high value, the 
concomitant external costs are high. 

The choice of priority impacts depends on whether 
we want to determine damages or only external 
impacts. There are pressures with great damages to 
the environment but very low external costs, because 
the majority of the damages are compensated for. 
As an example, increased risks in some occupations 
are for the most part compensated through salaries, 
while the vicinity to industrial objects, i.e. the 
loss of visual amenity and noise, are generally 
compensated for through lower housing prices.
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3.3 Odreivanje pritisaka na okoliπ
Prvi korak analize relativno je jednostavan - treba 
izraËunati emisije u zrak, vodu i tlo te ostale 
posljedice uzrokovane odabranom tehnologijom, 
npr. nesreÊe koje pogaaju radnike i stanovniπtvo. 
Emisije u zrak (CO2, SO2, NOx, Ëestice, hlapljive 
tvari i sl.) mogu se odrediti s velikom toËnoπÊu 
na temelju poznatog sastava goriva i tehnologije 
izgaranja. Razmatraju se suvremene, ali veÊ 
dokazane tehnologije za proizvodnju elektriËne 
energije i ureaji za smanjenje emisija potrebni da 
se zadovolje emisijski standardi pojedine zemlje. 
VeÊi je problem utvrditi emisije elemenata u 
tragovima, npr. olova i æive, jer su zbog njihovih 
malih iznosa i mjerenja oteæana. U energijskom 
lancu goriva najjednostavnije je ustanoviti emisije 
na lokaciji elektrane koje u lancima fosilnih goriva 
Ëine dominantni dio ukupnih emisija lanca. 

3.4 Opis prihvatne okoline
Ako se procjenjuje utjecaj oneËiπÊenja zraka na 
ljudsko zdravlje, treba poznavati meteoroloπke 
uvjete koji utjeËu na disperziju, transport i 
kemijske reakcije polutanata, dobnu strukturu i 
zdravstveno stanje stanovniπtva, stanje ekoloπkih 
resursa (kritiËna optereÊenja ekosustava) te 
vrijednosne sustave pojedinaca. Za procjenu 
buduÊih πteta potrebne su neke pretpostavke o 
razvoju prihvatne okoline, npr. o broju stanovniπtva 
i moguÊnostima lijeËenja u buduÊnosti. 

3.5 Rasprostiranje polutanata u okoliπu −  procjena 
izloæenosti
Promatraju se utjecaji na ljudsko zdravlje, ma-
terijale, usjeve, biljne i æivotinjske ekosustave, 
zatim posljedice globalnog zagrijavanja i ostali 
utjecaji. Za proraËun svih uËinaka vezanih uz 
emisije polutanata zajedniËko je to πto je potreban 
odgovarajuÊi model atmosferske disperzije i 
poznavanje funkcija izloæenost - uËinak. Za 
modeliranje disperzije unutar 50-100 km od 
izvora koristi se Gaussov model disperzije koji 
zanemaruje kemijske transformacije polutanata 
u atmosferi, ali dobro opisuje vertikalnu i 
horizontalnu disperziju polutanata unutar sloja 
mijeπanja. Za modeliranje dalekoseæne disperzije 
koriste se modeli trajektorija koji u obzir uzimaju 
kemijske reakcije u atmosferi te raËunaju am-
bijentalne koncentracije i taloæenje primarnih i 
sekundarno stvorenih polutanata. 

3.3 Determination of pressure on the environment
The fi rst step in analysis is relatively simple. It is 
necessary to calculate the emissions into the air, 
water and soil, and other consequences caused by 
the selected technology, for example accidents that 
affect workers and the population. Emissions into 
the air (CO2, SO2, NOx, particles, volatile substances 
etc.) can be determined with great precision on the 
basis of the known fuel composition and combustion 
technology. Modern but already confi rmed 
technologies for the production of electrical energy 
and equipment for reducing emissions required to 
meet the emission standards of individual countries 
are being studied. It is a greater problem to determine 
the emission of trace elements, for example lead and 
mercury, because measurement is more diffi cult 
due to their small quantities. In the energy fuel 
chain, it is simplest to determine the emissions at 
the location of the power plant, of which the fossil 
fuel chain occupies the dominant portion of the total 
emission chain.

3.4 Description of the receiving environment
When the impact of air pollution on human health 
is assessed, it is necessary to be acquainted with 
the meteorological conditions that affect the 
dispersion, transport and chemical reactions of 
pollutants, seasonal structure, the state of health of 
the population, the status of the ecological resources 
(critical burden upon the ecosystem), and the value 
systems of individuals. In order to estimate future 
damages, some assumptions are necessary regarding 
the development of the receiving environment, 
for example the number of inhabitants and the 
possibilities for future medical treatment.  

3.5 Distribution of pollutants in the environment  
−  exposure estimate
Impact is studied on human health, materials, crops, 
fl ora and fauna ecosystems, the consequences 
of global warming and other infl uences. For an 
estimate of all the effects in connection with 
the emission of pollutants, a suitable model of 
atmospheric dispersion and knowledge of the 
function of exposure-effect are required. For the 
modeling of dispersion within 50-100 km from 
the source, the Gaussian dispersion model is 
used, which ignores the chemical transformation 
of pollutants in the atmosphere but provides a 
good description of the vertical and horizontal 
dispersion of pollutants within the mixing layer. For 
the modeling of far reaching dispersion, trajectory 
models are used that take into account the 
chemical reactions in the atmosphere and calculate 
the ambient concentrations and deposits of the 
primary and secondary pollutants created. 
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3.6 Funkcijska veza izloæenosti i uËinka
Za vrednovanje uËinaka na okoliπ i zdravlje 
koriste se funkcije izloæenost-uËinak. Odreivanje 
funkcijske veze izmeu izloæenosti i uËinka 
presudan je korak u metodi slijeda utjecaja.

Funkcija Y=fu(X) dovodi u vezu promjenu Y u 
receptoru, tj. uËinak na receptor, s porastom 
koncentracije polutanta za vrijednost X, tj. s 
izloæenoπÊu. Te se funkcije nazivaju i doza-uËinak 
jer doza predstavlja koliËinu tvari unesenu u 
organizam, npr. udisanjem, i ne mora biti jednaka 
izloæenosti. 

Da bi se odredila ovisnost uËinka o dozi, odnosno 
izloæenosti, treba u detalje razumjeti mehanizme 
πirenja utjecaja jer je konaËna manifestacija u 
receptoru rezultat viπe isprepletenih utjecaja. 
Primjenjivost rezultata u veÊem broju razliËitih 
uvjeta jedan je od pokazatelja postoji li izmeu 
izloæenosti i zabiljeæene posljedice zaista funkcij-
ska veza i smiju li se rezultati poopÊiti. Naime, 
rezultati mogu varirati zbog razliËite strukture 
stanovniπtva, razliËite smjese polutanata i drugih 
uvjeta, πto je i primijeÊeno u epidemioloπkim 
studijama. StruËnjaci smatraju da je bolje, ako 
ne raspolaæemo vlastitom funkcijom izloæenost-
uËinak, primijeniti “tuu” funkciju (dobivenu 
u drukËijim uvjetima) nego promatrani uËinak 
posve zanemariti jer ionako u oba sluËaja postoji 
odreena doza nesigurnosti.

Postoje razliËiti oblici funkcija izloæenost-uËinak, 
one mogu biti linearne i nelinearne, bez praga 
ili s pragom djelovanja (slika 4). Prag oznaËava 
da postoji kritiËno optereÊenje ekosustava za 
promatrani uËinak. Funkcije koje opisuju uËinke 
oneËiπÊenja zraka na poljoprivredne usjeve iznimno 
su sloæene jer ukljuËuju i pozitivne i negativne 
efekte (sulfati i nitrati djeluju i kao umjetno 
gnojivo i kao kiseli polutanti). Idealno se funkcije 
izloæenost-uËinak dobivaju iz epidemioloπkih 
analiza, u kojima se utvruju uËinci polutanata 
na stvarne receptore: ljude, usjeve itd. Postavlja 
se pitanje je li opravdano uËinke ekstrapolirati 
na doze niæe od laboratorijskih, pogotovo ako se 
sumnja na postojanje praga. No, ipak se funkcije 
izloæenost-uËinak najËeπÊe lineariziraju, a uËinci 
zabiljeæeni na viπim dozama ekstrapoliraju na 
niske doze, sve do nule, uz pretpostavku da ne 
postoji prag pojave uËinka jer je iskustvo pokazalo 
da su te aproksimacije opravdane. 

3.6 The functional connection between exposure 
and impact
Exposure-impact functions are used for the 
assessment of impact upon the environment 
and health. The determination of the functional 
connections between exposure and impact is a 
crucial step in the impact pathway method.

Function Y=fu(X) relates to a change of Y in the 
receptor, i.e. the impact on the receptor, with an 
increase in the concentration of pollutants by a 
value of X, i.e. with exposure. These functions 
are also called dose-impact because the dose 
represents the quantity of substances entering the 
organism, for example through inhalation, and  does 
not have to be uniform to exposure.  

In order to determine the dependency of the 
impact on the dose, that is to say exposure, it 
is necessary to understand the mechanisms for 
the dispersion of impact in detail, because the 
ultimate manifestation in the receptor is the result 
of many entwined impacts. The applicability of 
the results for a large number of varied impacts is 
one of the indicators of whether there is actually 
a functional connection between the exposure 
and the recorded consequences and whether the 
results may be published. Results can vary due 
to various population structures, various mixtures 
of pollutants and other conditions, as noted in 
epidemiological studies. Experts feel that it is 
better, if we do not have our own exposure-impact 
function, to apply a “foreign” function (obtained 
under other conditions) than to ignore a studied 
impact entirely, because in both cases there is a 
certain dose of uncertainty. 

There are various forms of the exposure-impact 
function. They can be linear or nonlinear, with 
or without a threshold of activity (Figure 4). A 
threshold means that there is a critical burden 
on the ecosystem for the observed impact. 
The functions that describe the impacts of air 
pollution on agricultural crops are exceptionally 
complex because they include both positive and 
negative effects (sulfates and nitrates act both as 
artifi cial fertilizers and acid pollutants). Ideally, 
exposure-impact functions are obtained from 
epidemiological analyses, in which the impacts 
are determined on actual receptors: humans, crops 
etc. The question is posed whether it is justifi ed to 
extrapolate impacts on doses lower than laboratory 
doses, especially if the existence of a threshold is 
suspected. Nonetheless, exposure-impact functions 
are most often linearized, and the impacts are 
recorded for high doses extrapolated to lower doses, 
all the way to zero, with the assumption that there is 
no threshold for the occurrence of impact because 
experience has shown that such approximations are 
justifi ed. 
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3.7 NovËano vrednovanje
Cilj je novËanog vrednovanja dobara ustanoviti 
koliko je pojedinac spreman platiti da izbjegne 
odreenu πtetu za zdravlje i/ili okoliπ. Pitanja 
o kojima treba voditi raËuna pri vrednovanju 
πteta i o kojima se joπ uvijek vode rasprave jesu 
opravdanost prenoπenja rezultata iz jednog u drugi 
kontekst, tj. primjena rezultata na gospodarske, 
politiËke i zemljopisne uvjete razliËite od izvornih, 
zatim postojanje razlike izmeu svojevoljnog 
i nametnutog rizika, izbor diskontne stope, 
nesigurnost procjene itd.

3.8 Ocjena nesigurnosti
Faktori koji utjeËu na procjenu eksternih troπkova 
metodom slijeda utjecaja su vrste i svojstva 
receptora, prostorne granice analize, svojstva 
elektrane, vrste analiziranih putova utjecaja, modeli 
atmosferske disperzije, funkcije izloæenost-uËinak, 
novËane vrijednosti πteta i naËin diskontiranja 
bazne godine. Nesigurnost procjene eksternih 
troπkova priliËno je velika jer se oni dobivaju 
mnoæenjem niza parametara Ëije su vrijednosti 
takoer nesigurne. Najbrojniji izvori nesigurnosti, 
koji se ubrajaju u kategoriju statistiËke ne-
sigurnosti, vezani su uz nesigurnost tehniËkih i 
znanstvenih podataka. Oni ukljuËuju nesigurnost 
ulaznih podataka, nedovoljno poznavanje emisija 
u dijelovima energijskog lanca prije i poslije 
elektrane, aproksimacije u modelima disperzije 
polutanata, nepoznanice u odreivanju funkcija 
izloæenost-uËinak i naËin novËanog vrednovanja 
πtete. VeÊina tih parametara moæe se procijeniti s 
toËnoπÊu unutar jednog reda veliËine. StatistiËka 
nesigurnost moæe se izraËunati primjenom 
statistiËkih metoda koje daju interval pouzdanosti 
oko srednje vrijednosti. Na temelju detaljne 
usporedbe najvaænijih studija eksternih troπkova 
do sada, koje su promatrale uËinke oneËiπÊenja 
zraka na ljudsko zdravlje [5], zakljuËeno je da 
u postupku odreivanja funkcije πtete najveÊe 
nesigurnosti uzrokuje modeliranje atmosferske 

3.7 Monetary valuation
The goal of the monetary valuation of goods is to 
establish how much an individual is prepared to 
pay in order to avoid specifi c damage to health 
and/or the environment. The questions that should 
be taken into account when evaluating damage, 
which are still being debated, are the justifi ability of 
transferring results from one context to another, i.e. 
the application of results for economic, political and 
geographical conditions that are different from the 
original ones, the existence of differences between 
voluntarily undertaken and imposed risks, the choice 
of a discount rate, the uncertainty of estimation etc.

3.8 Assessment of uncertainty
The factors that affect the assessment of external 
costs using the impact pathway method are the types 
and properties of the receptors, the spatial limits of 
analysis, the properties of the power plant, the types 
of analyzed impact pathways, models of atmospheric 
dispersion, exposure-impact functions, the monetary 
value of damages and the manner of discounting 
the base year. The uncertainty of the assessment of 
external costs is fairly great because they are obtained 
through the multiplication of a series of parameters 
whose values are also uncertain. The most numerous 
sources of uncertainty, which are included in the 
category of statistical uncertainty, are connected 
with the uncertainty of the technical and scientifi c 
data. They include the uncertainty of the entry data, 
insuffi cient knowledge of the emissions in parts of 
the energy chain before and after the power plant, 
approximations in the pollutant dispersion models, 
unknowns in the determination of the exposure-
impact function and the manner of the monetary 
evaluation of damages. The majority of these 
parameters can be assessed with precision within 
one order of magnitude. Statistical uncertainty can 
be calculated using statistical methods that yield an 
interval of reliability of approximately average values. 
On the basis of more detailed comparisons of the 
most important studies of external costs up to the 
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disperzije. MoguÊi razlozi za neslaganje rezultata 
su meteoroloπki parametri, razlika u pozadinskim 
koncentracijama amonijaka i naËinu modeliranja 
kemijskih reakcija u atmosferi. Svi ostali koraci 
metode slijeda utjecaja kompatibilni su meu 
studijama. 

Ostali izvori nesigurnosti su:

-   nesigurnost modela,
-  nesigurnost uzrokovana etiËkim i druπtveno-

politiËkim pitanjima,
-   nesigurnost u defi niranju scenarija buduÊeg 

razvoja.

To je nestatistiËka nesigurnost koja se ne moæe 
odrediti statistiËkim metodama veÊ analizom 
osjetljivosti koja daje ovisnost rjeπenja o izboru 
ulaznih parametara. UnatoË nesigurnosti, metoda 
slijeda utjecaja preporuËa se za proraËun eks-
ternih troπkova jer omoguÊuje transparentnost 
i interdisciplinarnost analize te usporedbu raz-
liËitih kategorija utjecaja u istom, novËanom 
mjerilu koje, osim toga, u velikoj mjeri odraæava 
preferencije javnosti.

4 UKLJU»ENJE EKSTERNIH 
TRO©KOVA U POLITIKU 
ZA©TITE OKOLI©A

Mjere zaπtite okoliπa mogu biti regulativne, kojima 
se propisuju razliËiti standardi, ili pak ekonomske, 
koje se u ostvarenju ekoloπkog cilja oslanjaju na 
træiπne mehanizme. U regulativne mjere ubrajaju 
se standardi kvalitete okoliπa, standardi kvalitete 
proizvoda, emisijski standardi, tehniËko-tehnoloπki 
standardi, sigurnosni propisi itd. U ekonomske 
mjere ubrajaju se politika cijena, subvencije, 
ekoloπki porezi, emisijske pristojbe i kazne, i 
fl eksibilni mehanizmi kao πto su propisivanje 
emisijskih kvota i trgovanje emisijskim dozvolama. 
U eri procvata træiπne ekonomije sve popularnije 
postaju træiπne mjere. Njihova je osnovna prednost 
πto isti ekoloπki cilj postiæu uz manje ukupne 
troπkove. 

4.1 Regulativne mjere
Konvencionalne mjere zaπtite okoliπa sastoje 
se od sljedeÊeg: donoπenje propisa (standarda) 
- nadzor provedbe - nametanje sankcija za ne-
poπtivanje. U proizvodnji elektriËne energije 
najËeπÊe se propisuju maksimalno dopuπtene 
emisije πtetnih tvari iz stacionarnih izvora. Za 
elektrane na fosilna goriva propisane su graniËne 
vrijednosti emisije za krute Ëestice, sumporni 
dioksid, duπiËne okside, hlapljive organske tvari 

present, which study the impacts of air pollution 
on human health [5], it has been concluded that 
in the procedure for the determination of the 
function of damages, the greatest uncertainties are 
caused by the modeling of atmospheric dispersion. 
Possible reasons for the disparity of the results 
are the meteorological parameters, variations in 
the background concentrations of ammonia and 
the manner of modeling chemical reactions in 
the atmosphere. All the other steps of the impact 
pathway method are compatible among the studies. 

Other sources of uncertainty are as follows:

-   uncertainty of the model,
-   uncertainty caused by ethical and sociopolitical 

questions,
-   uncertainty in the defi nition of scenarios of 

future development.

This is nonstatistical uncertainty that cannot be 
determined through statistical methods but through 
analysis of sensitivities, that yields in the selection 
of entry parameters. Despite uncertainties, the 
impact pathway method is recommended for the 
calculation of external costs because it facilitates 
transparency and interdisciplinary analysis, and the 
comparison of various categories of impact in the 
same monetary measure, which moreover to a great 
extent is refl ected in public preferences.

4 INCLUSION OF EXTERNAL 
COSTS IN THE ENVIRONMENTAL 
PROTECTION POLICY

Environmental protection measures can be regulatory, 
according to which various standards are stipulated, or 
economic, which rely on market mechanisms in order 
to achieve an ecological goal. Regulatory measures 
include environmental quality standards, product 
quality standards, emission standards, technical-
technological standards, safety regulations etc. 
Economic measures include price policy, subsidies, 
ecological taxes, emission fees and penalties, and 
fl exible mechanisms such as the stipulation of 
emission quotas and the issue of emission permits. 
In an era of the blossoming of the market economy, 
market measures are becoming increasingly popular. 
Their basic advantage is that the same ecological goal 
is achieved with lower total expenditures. 

4.1 Regulatory measures
Conventional measures for environmental protection 
consist of the following: the adoption of regulations 
(standards), the supervision of implementation 
and imposing penalties for noncompliance. In the 
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itd. Propisane vrijednosti mogu se zadovoljiti 
odabirom “Ëistijeg” goriva, poveÊanjem efi kasnosti 
izgaranja, modifi kacijama uvjeta izgaranja i, πto je 
najdjelotvornije, proËiπÊavanjem dimnih plinova 
nakon izgaranja. Ovo posljednje zahtijeva posebne 
ureaje - fi ltre i katalizatore - koji imaju veliku 
sposobnost uklanjanja πtetnih tvari iz dimnih 
plinova, ali bitno poveÊavaju troπkove proizvodnje 
elektriËne energije. Iako mjere regulative strogo 
kontroliraju razine emisija, njihov je nedostatak 
πto nisu ekonomski efi kasne i ne minimiziraju 
troπkove zaπtite okoliπa. Naime, proizvoaË nije 
motiviran smanjiti svoje emisije viπe nego πto 
je minimalno potrebno jer mu to ne bi donijelo 
nikakvu ekonomsku prednost. U sustavu koji se 
bazira na mjerama regulative nema ekonomskog 
poticaja za tehnoloπka unapreenja i inovacije. 
Zato na vaænosti dobivaju træiπne mjere zaπtite 
okoliπa, iako su mjere regulative i dalje zadræale 
svoje mjesto.

4.2 Ekonomske mjere
Zaπtita okoliπa sve se viπe oslanja na ekonomske 
mjere, πto je u skladu s prevagom træiπnog 
gospodarstva u svijetu. Dobro osmiπljene træiπne 
mjere mogu osigurati da se æeljeni ekoloπki cilj 
postigne uz najmanji moguÊi troπak, zajedniËkim 
djelovanjem viπe aktera. Osnovni tipovi ekonomskih 
mjera su emisijske pristojbe i porezi te trgovanje 
emisijskim dozvolama. Emisijske pristojbe terete 
proizvoaËa proporcionalno oneËiπÊenju koje 
uzrokuje, a defi niraju se po jedinici ispuπtenog 
polutanta. U pravilu, svaki Êe izvor reducirati svoje 
emisije na razinu pri kojoj su marginalni troπkovi 
redukcijskih mjera jednaki pristojbi na emisije. 
Takav pristup potiËe proizvoaËe da minimiziraju 
troπkove redukcijskih mjera, pa se ekoloπke 
pristojbe smatraju ekonomski efi kasnijom mjerom 
zaπtite okoliπa od propisivanja standarda. Na 
idealnom træiπtu pristojba bi trebala biti jednaka 
graniËnoj dobiti smanjenja emisija, odnosno visini 
izbjegnute graniËne πtete. Iz tog proizlazi da je u 
odabiru visine pristojbe poæeljno poznavati stvarnu 
πtetu u okoliπu, a ona se moæe procijeniti metodom 
slijeda utjecaja.

BuduÊi da u praksi træiπte nije idealno, ne zna 
se kakav Êe biti odgovor proizvoaËa elektriËne 
energije na uvoenje pristojbi i koliko Êe se 
smanjenje emisija time zaista postiÊi. Zato se 
kao bolji mehanizam navodi trgovanje emisijskim 
dozvolama [6]. Preduvjet za uspostavu træiπta 
dozvolama je defi niranje ukupne kvote emisija i 
raspodjela emisijskih dozvola meu sudionicima 
na træiπtu. ProizvoaËi koji emitiraju manje od 
svoje kvote mogu viπak dozvola prodati onima 
kojima nedostaje. Na idealnom træiπtu uspostavlja 
se cijena emisijske dozvole jednaka graniËnom 

production of electrical energy, most often the 
maximum permitted emissions of harmful substances 
from a stationary source are stipulated. For power 
plants using fossil fuel, the limit values are stipulated 
for emissions of solid particles, sulfur dioxide, nitric 
oxide, volatile organic substances etc. The stipulated 
values can be met by choosing “cleaner” fuel, 
increasing combustion effi ciency, modifi cations of the 
combustion conditions and, which is most effective, 
cleaning the fl ue gasses after combustion. This last 
measure requires special equipment - fi lters and 
catalyzers - that have a great ability to remove harmful 
substances from fl ue gasses but signifi cantly increase 
the costs of the production of electrical energy. 
Although the regulatory measures strictly control the 
emission levels, they are not economically effi cient 
and do not minimize the costs of environmental 
protection. A producer is not motivated to reduce 
emissions by more than the minimum requirement 
because it would not bring him any economic 
advantage whatsoever. In a system that is based upon 
regulatory measures, there is no economic incentive 
for technological advancement and innovations. 
Therefore, market measures for environmental 
protection acquire greater importance, although the 
regulatory measures continue to retain their place.

4.2 Economic measures
Environmental protection increasingly relies upon 
economic measures, which is in accordance with 
the prevailing market economy in the world. Well 
thought out commercial measures can assure that the 
desired ecological goal is achieved with the minimum 
possible expense, through the joint efforts of several 
participants. The basic types of economic measures 
are emission fees, taxes and the trading of emission 
allowances. Emission fees are charged to a producer 
in proportion to the pollution caused, and are defi ned 
according to units of released pollutant. As a rule, 
each source will reduce its emissions to the level at 
which the marginal costs of the reduction measures 
are equal to the emission fees. Such an approach 
provides an incentive for producers to minimize the 
costs of reduction measures, so that ecological fees 
are considered more economically effi cient measures 
for environmental protection than the stipulation of 
standards. On an ideal market, the fee should be 
equal to the marginal profi ts of reduced emissions, 
i.e. the amount of marginal damages avoided. From 
this it ensues that in the determination of the amount 
of fees, it is desirable to be acquainted with the actual 
damage to the environment, which can be assessed by 
the impact pathway method.

Since in practice the market is not ideal, it is not 
known what will be the response of the producers 
of electrical energy to the introduction of fees and 
how much of a reduction in emissions will actually be 
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troπku smanjenja emisija. ProizvoaËi koji mogu 
smanjiti emisije uz manji troπak po toni polutanta 
preuzet Êe na sebe proporcionalno veÊi udio u 
ukupnoj obvezi smanjenja emisija, ali Êe od toga i 
profi tirati, npr. prodajom svojih emisijskih dozvola. 
Ukupni troπkovi postizanja zadane emisijske kvote 
bit Êe minimalni, a graniËni troπkovi smanjenja 
emisija u idealnom sluËaju bit Êe jednaki za 
sve proizvoaËe. Osim πto minimiziraju ukupne 
troπkove, træiπne mjere potiËu inovacije, tj. razvoj 
jeftinijih i boljih tehniËkih rjeπenja za smanjenje 
oneËiπÊenja.

Fleksibilni mehanizmi za smanjenje emisija 
postali su posebno zanimljivi nakon potpisivanja 
Protokola u Kyotu o smanjenju emisija ugljiËnog 
dioksida u razvijenim i tranzicijskim zemljama. 
Oni omoguÊuju da se smanjenje emisija ostvari 
zajedniËkom akcijom dviju ili viπe zemalja, Ëime 
se zadani cilj ostvaruje uz najmanji moguÊi 
troπak. U fl eksibilne mehanizme ubraja se trgo-
vanje emisijskim dozvolama i projekti u kojima 
razvijena zemlja ulaæe kapital u smanjenje emisija 
izvan vlastitih granica, u zemlji u tranziciji ili u 
razvoju, jer je to jeftinije nego smanjenje vlastitih 
emisija. NajËeπÊe su to ulaganja u niskougljiËne 
tehnologije za proizvodnju elektriËne energije, npr. 
poveÊanje efi kasnosti potroπnje i obnovljivi izvori 
energije.

4.2.1 Emisijske pristojbe i porezi
Pristojbe i porezi na emisiju mogu potaknuti 
efi kasniju uporabu resursa, primjenu Ëistijih 
goriva i tehnologija te stimulirati odræivi razvoj. 
Ekoloπki porezi ne bi smjeli poveÊati ukupno 
porezno optereÊenje stanovniπtva, veÊ bi na 
raËun njih trebalo smanjiti neke druge poreze, po 
moguÊnosti porez na dohodak i πtetne subvencije 
(npr. na potroπnju fosilnih goriva). Porezi i 
pristojbe na emisiju CO2 ili njihovi ekvivalenti 
(npr. porez na sadræaj ugljika u gorivu) posebno su 
osjetljivo pitanje jer mogu uzrokovati opÊi porast 
cijena i, ako se primjenjuju izolirano, smanjiti 
konkurentnost na meunarodnom træiπtu. Zato bi 
se porezi takvog tipa trebali uvesti istodobno i u 
istom iznosu u svim zemljama.

Danas najveÊi globalni ekoloπki problem pred-
stavlja globalno zagrijavanje, tj. emisije ugljiËnog 
dioksida. BuduÊi da su tehniËka rjeπenja za 
uklanjanje ugljiËnog dioksida iz dimnih plinova 
joπ uvijek ograniËena i ekonomski neprihva-
tljiva, najizgledniji naËin za smanjenje emisija 
su posredne mjere koje se mogu stimulirati 
ekonomskim instrumentima. Istina, emisijske 
pristojbe i porezi ne mogu bitnije smanjiti potro-
πnju fosilnih goriva u primjenama gdje nema 
zamjenskog energenta ili je taj nepovoljniji. Takav 

achieved thereby. Therefore, the trading of emission 
allowances is a better mechanism [6]. A prerequisite 
for the establishment of a allowances market is 
the defi nition of the total quota of emissions and 
the distribution of emission allowances among the 
participants on the market. Producers who emit less 
than their quota may sell their excess allowances to 
those who lack them. On an ideal market, the price 
of the emission of allowances is established as equal 
to the marginal cost of reduced emissions. Producers 
who can reduce emissions with lower expenditures 
per ton of pollutant will take upon themselves a 
proportionally larger share in the overall obligation to 
reduce emissions, but they will also profi t from this, for 
example through the sale of their emission allowances. 
The total expenditures for achieving the assigned 
emission quotas will be minimal and the marginal costs 
of reduced emissions in the ideal case will be uniform 
for all the producers. Besides minimizing overall 
expenditures, market measures promote innovations, 
i.e. the development of less expensive and better 
technical solutions for reducing pollution.

Flexible mechanisms for the reduction of emissions 
have become particularly interesting after the signing 
of the Kyoto Protocol on the reduction of the emission 
of carbon dioxide in developed and transition countries. 
They make it possible to achieve a reduction in 
emissions through the joint activity of two or more 
countries, according to which the given goal is achieved 
with the minimum possible expenditure. Flexible 
mechanisms include trade in emission allowances and 
projects in which developed countries invest capital in 
the reduction of emissions outside their own borders 
in countries in transition or development, because this 
is less expensive than reducing their own emissions. 
Most frequently, these are investments in low carbon 
technologies for the production of electrical energy, for 
example by increasing the effi ciency of consumption 
and the renewable of energy sources.
 

4.2.1 Emission fees and taxes
Fees and taxes on emissions can promote a more 
effective use of resources, the use of cleaner fuels and 
technologies, and stimulate sustainable development. 
Ecological taxes should not be permitted to increase 
the total tax burden on the population but on their 
account some other taxes should be lowered, if 
possible income tax and detrimental subsidies (e.g., 
for the consumption of fossil fuels). Taxes and fees 
on the emission of CO2 or its equivalents (e.g., tax on 
the carbon content in fuel) are particularly sensitive 
questions because they can lead to a general rise in 
prices and, if applied in an isolated manner, reduce 
competitiveness on the international market. Therefore, 
such taxes should be introduced at the same time and 
in the same amount in all countries.  
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primjer je potroπnja tekuÊih goriva za potrebe 
prijevoza i petrokemijske industrije koja je gotovo 
neelastiËna na promjenu cijene goriva. Primjer 
takvog ekoloπki neefi kasnog poreza daje slika 5. 
Simulirano je udvostruËenje poreza na emisiju 
ugljiËnog dioksida u ©vedskoj [7]. To bi rezultiralo 
porastom cijena nafte od oko 30 %, zbog Ëega bi 
potroπnja nafte pala za samo 6 %, a emisije CO2 

zanemarivih 1 %.

Meutim, pristojba na emisiju CO2 mogla bi utjecati 
na izbor energenata za nove elektrane, dakle u 
situaciji gdje fosilna goriva imaju alternativu. Zbog 
pristojbe bi se poveÊali proizvodni troπkovi jedinica 
s velikim emisijama CO2 po proizvedenom kWh, 
Ëime bi se smanjila njihova ekonomska prednost. 
To bi utjecalo na optimalni sastav proizvodnih 
kapaciteta u sustavu. 

 

Slika 6 prikazuje kako bi pristojba na emisiju CO2 

utjecala na godiπnje troπkove elektrana kandidata 
za buduÊu gradnju u Hrvatskoj: plinskih jedinica 
snage 300 MW i jedinica loæenih ugljenom snage 
500 MW (karakteristike elektrana kandidata uzete 
su prema [8]). RaËunato je s pristojbom od 10 
USD/t jer se ta ili sliËna vrijednost u literaturi 
navodi kao troπak πtete za okoliπ zbog prekomjerne 
emisije CO2 . Godiπnji troπkovi elektrana kandidata 
ukljuËuju anuitet investicije, troπkove goriva i 
odræavanja. PrimjeÊuje se da pristojba na emisiju 
CO2 ne bi bitnije poveÊala troπkove plinskih 
jedinica, ali bi troπkovi jedinica na ugljen porasli 
za 15 % - 20 %, Ëime bi se smanjila njihova 
prednost pred skupljim nuklearnim elektranama. 

The greatest global ecological problem today is global 
warming, i.e. the emission of carbon dioxide. Since the 
technical solutions for the reduction of carbon dioxide 
from fl ue gasses are still limited and economically 
unacceptable, the most promising methods for 
reducing emissions are indirect methods that can 
provide incentives with economic instruments. It is true 
that emission fees and taxes cannot signifi cantly reduce 
the consumption of fossil fuels in applications where 
there are no alternative energy sources or unsuitable 
energy sources. Such an example is the consumption 
of liquid fuels for the needs of transportation and 
the petrochemical industry, which is nearly inelastic 
regarding changes in the price of fuel. An example 
of such an ecologically ineffective tax is presented 
in Figure 5. The double taxation on carbon dioxide 
emissions in Sweden is simulated [7]. This would result 
in an increase in the price of oil by approximately 30 %, 
due to which oil consumption would decline only 6 % 
and CO2 emissions would decline by a negligible 1 %.

However, a fee on the emission of CO2 could affect 
the choice of energy sources for new power plants, in 
a situation where there is an alternative to fossil fuel. 
A fee would increase the production costs of units with 
high CO2 emissions per kWh, thereby reducing their 
economic advantage. This would affect the optimal 
system of production capacities in the system. 

Figure 6 shows how fees on CO2 emission would 
affect the annual costs of a candidate power plant 
for future construction in Croatia: 300 MW gas 
units and 500 MW coal units (characteristics of the 
candidate power plant are according to [8]). A fee 
is calculated of 10 USD per ton, because this or a 
similar value is cited in the literature as the damage 
cost of excessive CO2 emission to the environment. 
The annual costs of a candidate power plant include 
annuity investments, fuel costs and maintenance. It 
is noted that the fee on the emission of CO2 would 
not signifi cantly increase the costs of gas units, 
but the costs of coal units would increase 15 % 
-20 %, thereby reducing their advantage over more 
expensive nuclear power plants. 
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Pretpostavimo da je raspoloæivost plina za pro-
izvodnju elektriËne energije ograniËena te da 
se ostatak potraænje moæe pokriti kombinacijom 
hidroenergije, ugljena i nuklearne energije (to je 
jedan od razvojnih scenarija do 2030. godine u 
[8]). Bez pristojbe bi optimalni sastav energenata 
u 2030. godini ukljuËivao 40 % ugljena i 25 % 
nuklearne energije, dok bi s pristojbom od 10 
USD/t CO2 optimalni sastav ukljuËivao samo 
10 % ugljena i Ëak 50 % nuklearne energije. 
Zbog promijenjenog sastava energenata, relativne 
emisije CO2 se u opciji s pristojbom smanje na 
40  % prvobitnih vrijednosti (tablica 1).

Smanjenje emisija CO2 moæe se postiÊi i ako 
se emisijska pristojba primijeni na postojeÊa 
postrojenja u sustavu. Tada bi se promijenio 
poredak proizvodnih jedinica u ekonomskom 
dispeËingu, tj. u redoslijedu pokrivanja dnevnog 
dijagrama optereÊenja. Jedinice s velikim emi-
sijama CO2, koje su dotad zahvaljujuÊi naj-
manjim proizvodnim troπkovima pokrivale bazno 
optereÊenje, preselile bi se u srediπnji ili Ëak 
vrπni dio dijagrama optereÊenja i manje proizvo-
dile. Zbog toga bi se smanjile i emisije CO2 u 
elektroenergetskom sustavu.

Let us assume that the availability of gas for the 
production of electrical energy is limited, and that 
the remainder of the demand can be covered by 
a combination of hydroenergy, coal and nuclear 
energy (this is one of the developmental scenarios 
up to the year 2030 in [8]). Without fees, the 
optimal energy source system in the year 2030 
would include 40 % coal and 25 % nuclear energy, 
while with a fee of 10 USD per ton of CO2 the 
optimal system would include only 10 % coal and 
50 % nuclear energy. Due to the change in the 
system of energy sources, the relative emissions of 
CO2 in the option with a fee are reduced by 40 % of 
their original values (Table 1).

Reduction in CO2 emissions can also be achieved if 
emission fees are applied to existing plants within 
a system. This changes the order of the production 
units in terms of economical dispatching, i.e. in 
order to cover the daily load diagram. Units with 
high CO2 emissions, which heretofore had covered 
the base load due to the lowest production costs, 
would be shifted to the central position or even 
the top part of the load diagram and produce 
less. Consequently, CO2 emissions in the electrical 
energy system would be reduced. 
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4.2.2 Fleksibilni mehanizmi
UgljiËni dioksid je tzv. globalni polutant, tj. 
njegov uËinak na okoliπ ne ovisi toliko o prostornoj 
raspodjeli emisija koliko o ukupnoj svjetskoj 
emisiji. Zato je dovoljno ograniËiti ukupnu emisiju 
CO2 u odreenom razdoblju i proporcionalno njoj 
izdati ukupan broj raspoloæivih emisijskih dozvola. 
Svaka zemlja s obvezom ograniËenja emisija 
dobit Êe onoliko emisijskih dozvola koliko smije 
kumulativno emitirati do neke godine, a svaki 
proizvoaË mora imati dozvolu za svaku emitiranu 
jedinicu. Jedna emisijska dozvola odgovarat Êe 
odreenoj masi CO2, npr. jednoj toni. Træiπna 
cijena emisijske dozvole trebala bi biti jednaka 
graniËnom troπku smanjenja emisija u zemljama 
sudionicama. 

Pojedina zemlja moæe propisanu granicu zado-
voljiti djelomiËno smanjenjem vlastitih emisija, 
a djelomiËno kupnjom emisijskih dozvola i 
ulaganjem u smanjenje emisija negdje drugdje 
u svijetu gdje je to jeftinije. Na træiπtu savrπene 
konkurencije proizvoaË bi smanjio svoje emisije 
do razine gdje graniËni troπak smanjenja emisija 
postaje veÊi od emisijske pristojbe ili od ravnoteæne 
cijene emisijske dozvole. Ako proizvoaË ocijeni 
da je træiπna vrijednost emisijske dozvole veÊa 
od ulaganja u niskougljiËne tehnologije, dobivenu 
dozvolu neÊe iskoristiti nego Êe je saËuvati za 
poslije ili prodati najboljem ponuaËu. 

4.3 ProraËun troπkova smanjenja emisija
U kreiranju mjera zaπtite okoliπa, pogotovo pri 
odreivanju visine emisijskih pristojbi i ukupnih 
razina emisija, jedan od kljuËnih podataka 
je optimalna razina emisija. Teorija eksternih 
troπkova kaæe da se ekonomski optimalna razina 
emisija dobiva izjednaËenjem graniËnih troπkova 
smanjenja emisija s graniËnim troπkovima πtete 
u okoliπu. Troπkovi πtete mogu se izraËunati 
metodom slijeda utjecaja, πto je i uËinjeno u 
poËetnom dijelu ovog rada. To znaËi da joπ moramo 
odrediti troπkove smanjenja emisija. Oni Êe ovisiti 
o tipu mjera zaπtite okoliπa - jesu li one regulativne 
ili træiπne, tj. jesu li propisani emisijski standardi 
ili postoji neka vrsta fl eksibilnih mehanizama.

4.3.1 Sustav s regulativnim mjerama
U sustavu s regulativnim mjerama graniËna 
vrijednost emisije odreuje se ovisno o gorivu i 
toplinskoj snazi loæiπta. Sva loæiπta koja pripadaju 
istoj kategoriji morat Êe zadovoljiti isti standard 
bez obzira na njihove ostale karakteristike. U tom 
su sluËaju troπkovi smanjenja emisija zapravo 
troπkovi ureaja za proËiπÊavanje dimnih plinova. 

4.2.2 Flexible mechanisms
Carbon dioxide is a so-called global pollutant, i.e. 
its impact on the environment does not depend so 
much upon the spatial distribution of emission as 
it does upon the overall global emission. Therefore, 
it is suffi cient to limit the total CO2 emission within 
a particular period and proportionally issue a total 
number of available emission allowances. Each country 
with the obligation of limiting emissions will obtain 
as many emission allowances as necessary to cover 
its permitted cumulative emissions for a given year, 
and every producer must have a allowance for each 
emitted unit. One emission allowance corresponds to 
a specifi c quantity of CO2, for example one ton. The 
market cost of emission allowances should be equal 
to the marginal cost of reduced emissions in the 
participating countries.  

An individual country may comply with the stipulated 
limit partially by reducing its own emissions and 
partially by purchasing emission allowances and 
investing in the reduction of emissions somewhere 
else in the world, where it is less expensive. On a 
market with perfect competition, a producer would 
reduce its own emissions to the level where the 
marginal cost of reducing emissions becomes greater 
than the emission fees or in balance with the price of 
emission allowances. If a producer assesses that the 
market value of an emission allowance is greater than 
investment in low carbon technology, he will not use 
the allowance but will keep it for later or sell it to the 
highest bidder. 

4.3 Estimated costs of reducing emissions
In the creation of environmental protection measures, 
particularly in determining the amount of the emission 
fees and the total emission levels, the optimal 
emission level is among the crucial factors. The theory 
of external costs states that the economically optimal 
level of emissions is obtained when the marginal costs 
of reducing emissions are equal to the damage costs 
to the environment. Damage costs can be calculated 
by the impact pathway method, as performed in the 
introductory section of this article. This means that we 
must still determine the costs of reducing emissions. 
They will depend upon the types of environmental 
protection measures - whether they are regulative or 
market, i.e. whether there are stipulated emission 
standards or whether there are some types of more 
fl exible mechanisms.

4.3.1 A system with regulative measures
In a system with regulative measures, the marginal 
value of emissions is determined according to the 
fuel and thermal power of the combustion source. 
All combustion sources that belong to the same 
category must meet the same standard, regardless 
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U nastavku su izraËunati troπkovi smanjenja 
emisija za elektranu na ugljen snage 350 MW, 
stupnja djelovanja 37 %. Pretpostavljeno je da 
elektrana loæi ugljen sadræaja sumpora 1 % te 
da je opremljena elektrostatskim fi ltrom (ESP) za 
otpraπivanje dimnih plinova koji uklanja 99,95  % 
Ëestica iz dimnih plinova. PoËetne emisije oneËiπ-
ÊujuÊih tvari, u sluËaju da nije primijenjeno 
odsumporavanje i oduπiËivanje dimnih plinova, 
i odgovarajuÊi standard za nova postrojenja daje 
tablica 2. Elektrana radi na nazivnoj snazi 6 570 
sati na godinu.

Analizira se nekoliko tehnoloπkih rjeπenja za 
smanjenje emisija NOx i SO2 koja se meusobno 
razlikuju po stupnju redukcije i cijeni, a koja bi 
se po svojim karakteristikama mogla primijeniti 
u ovoj elektrani (tablica 3). Za oduπiËivanje su 
na raspolaganju tzv. primarne mjere (u engleskoj 
literaturi LowNOx mjere) kojima se na smanjenje 
emisije utjeËe joπ u loæiπtu, modifi kacijom 
izgaranja. To je najjeftinije rjeπenje, ali i s 
najmanjom djelotvornoπÊu uklanjanja, 25 %. 
Tehnike pomoÊu kojih se emisija NOx smanjuje 
nakon izgaranja, iz dimnih plinova, su selektivna 
nekatalitiËka redukcija (SNCR), s efi kasnoπÊu 
50 %, te joπ napredniji, ali i skuplji postupak 
selektivne katalitiËke redukcije (SCR), Ëija je 
efi kasnost 85 %.

Za odsumporavanje se moæe primijeniti suho 
ubrizgavanje luæine u kanal dimnih plinova (DSI, 
dry sorbent injection), suhi proces odsumpo-
ravanja (SDA, spray dryer absorption) i mokro 
odsumporavanje (WS, wet scrubber). Njima se 
moæe postiÊi smanjenje emisije SO2 do 50 %, 
85 % i 92,5 %, redom. Tablica daje investicijske 
troπkove i troπkove pogona i odræavanja za svaku 
od spomenutih tehnika. 

of their other characteristics. In this case, the costs 
of reducing emissions are actually the costs of the 
equipment for processing fl ue gasses. 

The costs are calculated for reducing emissions for 
a coal-fi red 350 MW power plant, with an effi ciency 
of 37 %. It was assumed that the coal used in the 
power plant contains 1 % sulfur by weight, and that 
it is equipped with an electrostatic fi lter (ESP) that 
removes 99,95 % of the particles from the fl ue 
gasses. The initial emissions of the pollutants in the 
event that the reduction of sulfur and nitrate from the 
fl ue gasses is not performed and the corresponding 
standard for a new plant are presented in Table 2. 
The power plant operates 6 570 hours per year at the 
nominal power rating.

Several technological solutions have been analyzed 
for reducing emissions of NOx and SO2, which differ 
from each other in terms of degree of reduction and 
cost, and which according to their characteristics 
could be used in this power plant (Table 3). For 
nitrogen reduction, primary LowNOx measures are 
available which reduce the emissions, through 
modifi ed combustion. This is the most inexpensive 
solution but it is also the least effective for 
reduction, 25 %. Techniques which help to reduce 
NOx emissions from fl ue gasses after combusion 
are selective noncatalytic reduction (SNCR), with 
an effi ciency of 50 %, and the more advanced but 
more expensive procedure of selective catalytic 
reduction (SCR), with 85 % effi ciency.

For sulfur reduction, it is possible to use dry sorbent 
injection (DSI) in channel fl ue gasses, spray dryer 
adsorption (SDA), and a wet scrubber (WS). With 
them, it is possible to achieve reductions in SO2 

emissions of up to 50 %, 85 % and 92,5 %, 
respectively. Table 3 presents the investment costs, 
plant costs and maintenance costs for each of these 
cited techniques. 
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IzraËunajmo sad troπak smanjenja emisija SO2 

pomoÊu spomenutih ureaja za odsumporavanje.
 
Godiπnji troπak odsumporavanja ukljuËuje inve-
sticiju i troπkove pogona i odræavanja. Ako se 
zna da investicija za DSI postupak iznosi 100 
USD/kW, stalni troπkovi pogona i odræavanja 6 
USD/kW na godinu, a promjenjivi 2,6 USD/MWh, 
dobiva se da aktualizirani godiπnji troπak ove 
mjere, ako elektrana radi 6 570 h na godinu 
na nazivnoj snazi, u iznosi 11,2 milijuna USD. 
Pretpostavka je da se investicija otplaÊuje kroz 30 
godina uz diskontnu stopu od 8 %. Ako ukupni 
troπak odsumporavanja izrazimo po toni SO2, 
dobit Êemo krivulju graniËnih troπkova kao πto 
prikazuje slika 7. GraniËni troπak se poveÊava sa 
smanjenjem razine emisija. Tablica 4 sadræi stalnu 
i promjenjivu komponentu graniËnih troπkova, na 
temelju kojih su konstruirane krivulje graniËnih 
troπkova odsumporavanja.
 

Let us now calculate the cost of reducing SO2 

emissions using the cited equipment for sulfur 
reduction. 

The annual cost of sulfur reduction includes 
investment in the costs of the plant and 
maintenance. If it is known that investment for 
the DSI procedure amounts to 100 USD/kW, the 
permanent costs of the plant and maintenance 
are 6 USD/kW annually, and with variable costs 
of 2,6 USD/MWh. Thus, the actual annual cost 
of this measure is obtained. If the power plant 
operates for 6 570 hours annually at rated power, 
it amounts to 11,2 million dollars. It is assumed 
that the investment is paid off over 30 years with a 
discount rate of 8 %. If we express the overall cost 
of sulfur reduction per ton of SO2, we shall obtain 
the curve of marginal costs that is shown in Figure 
7. Marginal costs increase with a reduction in the 
level of emissions. Table 4 contains the permanent 
and variable components of marginal costs, on the 
basis of which the curves of marginal costs of sulfur 
reduction are constructed. 
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Ako æelimo emisije smanjiti ispod 50 % poËetnih, 
treba primijeniti SDA ureaj, Ëiji su graniËni 
troπkovi veÊi od troπkova DSI. Kako se vidi iz slike, 
u ovom bi sluËaju SDA ureaj bio dovoljan jer je 
minimalna razina emisija koja se moæe postiÊi 
suhim odsumporavanjem neπto ispod dopuπtene 
vrijednosti (GVE) koju propisuje standard. Ta 
vrijednost za promatranu elektranu iznosi 400 
mg/m3, πto odgovara emisiji od 3 000 tona na 
godinu. Napokon, ako je potreban joπ veÊi stupanj 
odsumporavanja, treba instalirati mokri fi ltar, WS. 
On moæe reducirati SO2 na oko 1 300 t/god. 

If we want to reduce emissions below 50 % of 
their initial value, it is necessary to use SDA 
equipment and the marginal costs are greater 
than the costs of DSI. As seen from the fi gure, in 
this case the SDA equipment would be suffi cient 
because the minimum level of emissions that 
can be accomplished with dry sorbent injection 
is somewhat below the permitted values (GVE) 
stipulated by the standard. This value for the power 
plant under consideration amounts to 400 mg/m3, 
which corresponds to emissions of 3 000 tons 
annually. Finally, if an even greater degree of sulfur 
reduction is required, it is necessary to install a wet 
scrubber, WS. It can reduce SO2 to approximately 
1 300 tons per year.
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Na emisijama iznad 8 000 t/god. rezultantni 
graniËni troπak slijedi DSI krivulju, a zatim na 
manjim vrijednostima skaËe na SDA, odnosno 
WS krivulju. U sustavu s propisanim standardima, 
za razliku od træiπnog, graniËni troπak smanjenja 
emisija je jednoznaËan jer je propisana maksi-
malno dopuπtena razina emisija, pa je i izbor 
ureaja za smanjenje emisija ograniËen. U ovom 
sluËaju odabiremo SDA postupak tako da graniËni 
troπak odsumporavanja iznosi oko 2 200 USD/t 
SO2 (slika 7, sjeciπte krivulje SDA i pravca GVE). 
ProsjeËni troπak odsumporavanja bio bi 800 
USD/t, izraæeno po koliËini reduciranog SO2. Tu 
vrijednost dobijemo dijeljenjem godiπnjeg troπka 
za SDA u iznosu od 10,9 milijuna USD s koliËinom 
reduciranog SO2 koja iznosi 13 600 tona.

SliËna analiza provedena je za tehnike 
oduπiËivanja. PoËetna emisija NOx iznosi oko 
9 000 tona na godinu ili 1 200 mg/m3 (ali ta 
vrijednost umnogome ovisi o konstrukciji loæiπta 
i temperaturi izgaranja, pa moæe biti i manja). 
Primarnim mjerama poËetna se emisija moæe 
smanjiti za 25 %, tj. na 7 000 t/god. TrenutaËno 
je u Hrvatskoj na snazi standard za NOx koji za 
ovaj tip elektrane propisuje 650 mg/m3 (GVE1), 
ali oËekuje se postroæenje standarda s obzirom na 
to da je Hrvatska potkraj 1999. godine potpisala 
Protokol o suzbijanju zakiseljavanja, eutrofi kacije 
i prizemnog ozona uz Konvenciju o dalekoseænom 
prekograniËnom oneËiπÊenju zraka. Prema 
Protokolu, emisija za ovaj tip elektrana ograniËit 
Êe se na 200 mg/m3 (GVE2). Ako je GVE 650 mg/m3, 
primarne mjere nisu dovoljne, veÊ je potreban 
SNCR ureaj. Uza joπ stroæi standard, bio bi 
potreban SCR ureaj. Krivulje graniËnih troπkova 
prikazuje slika 8.

Ako je emisija manja od 7 000 t/god., graniËni 
troπak kretat Êe se po krivulji LowNOx, zatim 
krivuljom SNCR do 4 500 t/god. i konaËno 
krivuljom SCR do 1 500 t/god. Da bi se zadovoljio 
danas vrijedeÊi standard od 650 mg/m3, graniËni 
troπak smanjenja NOx iznosi oko 185 USD/t 
(sjeciπte krivulje marginalnog troπka za SNCR 
i standarda 650 mg/m3). Ako se uzme da je 
standard 200 mg/m3, graniËni bi troπak iznosio 
1 850 USD/t. ProsjeËni troπak oduπiËivanja iznosi 
445 USD/t za SNCR ureaj (jer on smanji emisije 
za 50 % uz godiπnji troπak od 2 milijuna USD), 
odnosno 915 USD/t za SCR ureaj, izraæeno po 
toni reduciranog NOx. ProsjeËni troπkovi SNCR i 
SCR ureaja razlikuju se za faktor 2, a graniËni za 
faktor 10. To znaËi da je od presudne vaænosti na 
kojoj se razini obavlja redukcija emisija. 

 

For emissions of over 8 000 tons per year, the results of 
the marginal costs follow the DSI curve, and then at lower 
values jump to the SDA, respectively the WS curve. In a 
system with stipulated standards, unlike market-oriented 
measures, the marginal cost for reducing emissions is 
unambiguous because the maximum permitted level of 
emissions is stipulated, so that the choice of equipment 
for reducing emissions is limited. In this case, we chose 
the SDA procedure, so that the marginal cost of sulfur 
reduction amounts to approximately 2 200 USD per ton 
of SO2 (Figure 7, the intersection of the SDA curve and 
the GVE line). The average cost of sulfur reduction would 
be 800 USD/t, expressed according to the quantity of 
reduced SO2. We obtain this value by dividing the annual 
expenditure for SDA in the amount of 10,9 million USD 
by the quantity of reduced SO2 that amounts to 13 600 
tons.

A similar analysis is performed with the technique 
of nitrogen reduction. The initial emission of NOx 
amounts to approximately 9 000 tons annually or 
1 200 mg/m3 (but this value is highly dependent on 
the construction of the furnace and the temperature 
of combustion, which can also be lower). Through 
the application of measures, the initial emission 
can be reduced by 25 %, i.e. to 7 000 tons per 
year. Currently in Croatia a NOx standard is in force 
which stipulates 650 mg/m3 (GVE1) for this type of 
power plant, but stricter standards are anticipated 
since Croatia has signed the Protocol to Abate 
Acidifi cation, Eutrophication and Ground-Level Ozone 
to the Convention on Long-Range Transboundary Air 
Pollution in late 1999. According to the Protocol, the 
emission for this type of power plant will be limited to 
200 mg/m3 (GVE2). If the GVE is 650 mg/m3, primary 
measures are not suffi cient and SNCR equipment 
is necessary. With the even stricter standard, SCR 
equipment will also be necessary. The curve of 
marginal costs is shown in Figure 8.

If emissions are lower than 7 000 tons per year, the 
marginal cost will follow the LowNOx curve, then the 
SNCR curve up to 4 500 tons per year and fi nally 
the SCR curve up to 1 500 tons per year. In order to 
meet the current prevailing standard of 650 mg/m3, 
the marginal cost of reducing NOx amounts to 
approximately 185 USD per ton (the intersection 
of curve of the marginal cost for SNCR and the 
standard 650 mg/m3). If the standard is taken of 
200 mg/m3, the marginal cost would amount to 
1 850 USD per ton. The average cost of nitrogen 
reduction would amount to 445 USD per ton for 
SNCR equipment (because it reduces emissions by 
50 % at an annual cost of 2 million USD), i.e. 915 
USD per ton for SCR equipment, expressed per ton 
of reduced NOx. The average costs of SNCR and SCR 
equipment differ by a factor of 2, and marginally by 
a factor of 10. This means that the level at which 
the reduction of emissions is conducted it is of 
crucial importance.
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Nakon πto su odreeni graniËni troπkovi smanjenja 
emisija i zadovoljenja standarda, cilj je odrediti 
optimalnu razinu emisija u skladu s ekonomskom 
teorijom eksternih troπkova. Podsjetimo se, 
ekonomski optimalna razina emisija dobiva 
se izjednaËavanjem graniËnih troπkova πtete u 
okoliπu s graniËnim troπkovima smanjenja emisija. 
GraniËni troπkovi πtete u okoliπu bit Êe u ovom 
sluËaju troπkovi πtete za zdravlje. GraniËna πteta 
ne ovisi o razini emisija - to je jedna od osnovnih 
postavki metode slijeda utjecaja. Promatrat Êe se, 
kao i dosad, tri razine eksternih troπkova - lokalna, 
regionalna za Hrvatsku i regionalna za Europu. Za 
ovaj proraËun potrebni su troπkovi πtete izraæeni po 
toni polutanta.

VeÊ je na prvi pogled jasno da je regionalna πteta 
za Europu viπestruko veÊa od graniËnih troπkova 
odsumporavanja, odnosno oduπiËivanja i da, 
ako æelimo izjednaËiti πtetu za zdravlje i troπak 
ureaja za smanjenje emisija, optimalna razina 
emisija teæi nuli. Drugim rijeËima, i najmanja 
emisija rezultira velikim πtetama za zdravlje jer 
je izloæen velik broj ljudi. Opet se potvruje da su 
strogi emisijski standardi za SO2 i NOx opravdani 
upravo zbog njihovih dalekoseænih uËinaka kojima 
je izloæen veliki broj ljudi.

Ostaje promatrati lokalne uËinke i regionalne 
uËinke za Hrvatsku. Od lokalnih polutanata 
zanima nas jedino SO2 jer pretpostavljamo da 
su krute Ëestice veÊ reducirane na najmanju 
moguÊu mjeru uporabom visokouËinkovitog ele-
ktrostatskog fi ltra. ©teta za zdravlje za lokaciju 
Zagreb iznosi 110 eura/t SO2, tj. 137,5 USD/t. Ta 
je vrijednost manja od troπka najjeftinijeg ureaja 
za odsumporavanje, πto znaËi da optimalna razina 
emisija teæi u beskonaËnost. To znaËi da je πteta 
dovoljno niska da ne utjeËe na izbor metode 
odsumporavanja.

Na kraju promatramo u kakvom su odnosu 
regionalna πteta za Hrvatsku i graniËni troπkovi 

After the marginal costs for the reduction of emissions 
are determined and the standards met, the goal is to 
determine the optimal level of emissions pursuant to 
the economic theory of external costs. Let us recall 
that the economically optimal level of emissions is 
obtained when the marginal costs of environmental 
damage are equal to the marginal costs of reducing 
emissions. Marginal costs of environmental damage 
will in this case be damage to health. Marginal 
damages are not dependent on the level of emission 
- this is one of the fundamental assumptions of the 
impact pathway method. As up to now, three levels 
of external costs will be monitored - local, regional 
for Croatia and regional for Europe. For this estimate, 
it is necessary to express damage costs per tons of 
pollutant. 

At fi rst glance, it is already clear that the regional 
damage for Europe is many times greater than 
the marginal costs of sulfur reduction or nitrogen 
reduction and that, if we wish to equate the damage 
to health and the cost of equipment for reducing 
emissions, the optimal level of emissions would 
aim for zero. In other words, even the least emission 
results in great damages to health because a large 
number of people are exposed. It is again determined 
that strict emission standards for SO2 and NOx are 
justifi ed due to their far ranging impacts, to which a 
large number of people are exposed.

The local impacts and regional impacts for Croatia 
remain to be studied. Of the local pollutants, we 
are only interested in SO2 because we assume 
that solid particles have already been reduced to 
the lowest possible level through the use of highly 
effective electrostatic fi lters. Damage to health for 
the location of Zagreb amounts to 110 euro per ton 
of SO2, i.e. 137,5 USD per ton. This value is less 
than the cost of the least expensive equipment for 
sulfur reduction, which means that the optimal level 
of emissions tends toward infi nity. This means that 
the damage is suffi ciently low that it does not affect 
the selection of the method of sulfur reduction.
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smanjenja emisija. ©teta za zdravlje kreÊe se 
od 488 do 950 USD/t SO2, raspon se odnosi na 
razliËite lokacije elektrane unutar Hrvatske (gornja 
vrijednost odnosi se na sluËaj kad je elektrana 
smjeπtena u Zagrebu). Te su vrijednosti ucrtane 
kao horizontalni pravci, slika 9, horizontalni zato 
πto je graniËna πteta konstantna. 

 

Donja vrijednost πtete (πteta HR - min.) ne sijeËe 
se ni s jednom krivuljom troπkova smanjenja 
emisija, πto znaËi da nije mjerodavna za kreiranje 
emisijskog standarda. Gornja vrijednost πtete, 
950 USD/t SO2, sijeËe se sa sve tri krivulje, i to 
na emisiji od oko 9 000 t/god. s DSI krivuljom, 
na 10 000 t/god. s SDA krivuljom i na 11 000 
t/god. s WS krivuljom. Optimalna razina emisija 
bila bi oko 10 000 tona SO2 na godinu, πto bi 
odgovaralo sadræaju od oko 1 330 mg/m3 SO2 u 
dimnim plinovima. 

SliËna analiza - utvrivanje optimalne razine 
emisije - napravljena je i za NOx (slika 10). 
Regionalna graniËna πteta za Hrvatsku zbog 
uËinaka duπiËnih oksida na zdravlje kreÊe se od 
320 do 1 000 USD po toni. Obje su vrijednosti 
ucrtane kao horizontalni pravci na dijagramu s 
graniËnim troπkovima oduπiËivanja. Viπa vrije-
dnost eksternog troπka, oznaËena kao πteta HR-
maks. (1 000 USD/t) sijeËe se s SCR krivuljom 
pri emisiji od 3 250 t NOx /god., πto odgovara 
koncentraciji od oko 430 mg/m3 u dimnim 
plinovima. Ta vrijednost, koja se nalazi toËno u 
sredini izmeu vrijedeÊeg standarda (650 mg/m3) 
i buduÊeg stroæeg standarda (GVE2 = 200 mg/m3), 
predstavlja optimalnu razinu emisija s aspekta 
utjecaja na zdravlje stanovniπtva u Hrvatskoj.

 

Finally, we consider the ratio between the regional 
damage for Croatia and the marginal costs for 
reducing emissions. Damage to health ranges from 
488 to 950 USD per ton of SO2. The range refers 
to various locations of power plants within Croatia 
(the upper value refers to the case of the power 
plant located in Zagreb). These values are entered as 
horizontal lines, Figure 9, and are horizontal because 
the marginal damage is constant. 

The lower value of damage (damage HR - min.) does 
not intersect with any of the emission reduction cost 
curves, which means that it is not relevant for the 
creation of an emission standard. The upper value of 
damages of 950 USD per ton of SO2 intersects with all 
three curves, and this at emissions of approximately 
9 000 tons per year with the DSI curve, 10 000 tons 
per year with the SDA curve and 11 000 tons per year 
with the WS curve. The optimal emission level would 
be approximately 10 000 tons of SO2 annually, which 
would correspond to a content of approximately 1 330 
mg/m3 SO2 in fl ue gasses. 

A similar analysis - the determination of the optimal 
emission level, was also performed for NOx (Figure 
10). The regional marginal damage for Croatia due 
to the effect of nitric oxide upon health ranges from  
320 to 1 000 USD per ton of NOx. Both values are 
entered as horizontal lines on the diagram with the 
marginal costs of nitrogen reduction. The higher 
value of external costs, marked as damage HR-max. 
(1 000 USD per ton) intersects with the SCR curve 
at an emission of 3 250 tons of NOx per year, which 
corresponds to a concentration of approximately 
430 mg/m3 of NOx in fl ue gasses. This value, 
which is located precisely midpoint between the 
prevailing standard (650 mg/ m3) and the future 
stricter standard (GVE2 = 200 mg/m3), represents 
the optimal emission level from the aspect of the 
health impact upon the population in Croatia.
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Treba naglasiti da se eksterni troπak, na temelju 
kojeg je donesen ovaj zakljuËak, odnosi samo 
na receptore u Hrvatskoj, iako se zdravstvene 
posljedice manifestiraju na veÊim podruËjima, 
izvan hrvatskih granica. Zato ovakav naËin 
odreivanja optimalne razine emisije nije 
najprikladniji. Promatranje bi trebalo proπiriti 
na razuman opseg izvan dræavnih granica, na 
primjer do udaljenosti na kojoj eksterni troπak 
(πteta za zdravlje), koji je proporcionalan sumi  
koncentracija (s) ×  broj stanovnika na nekom 
podruËju podijeljenom na kvadrante indeksa 
“i”, dostigne zadani postotak ukupne πtete, npr. 
50 % ukupne πtete u Europi. Naime, u sluËaju 
dugotrajnih relativno niskih ambijentalnih 
koncentracija polutanata, koje se javljaju pri 
razmatranju regionalnih uËinaka na zdravlje, 
nije toliko presudna maksimalna koncentracija 
veÊ ukupna πteta koja ovisi o veliËini izloæenog 
stanovniπtva. Zato se za opseg promatranja ne 
postavlja uobiËajeni uvjet da koncentracija padne 
na 10 % ili 20 % maksimalne vrijednosti, veÊ da 
bude uraËunat odreeni postotak ukupne πtete.

Slika 11 prikazuje ovisnost eksternog troπka 
(troπka πtete) izazvanog nitratima, odnosno 
sulfatima o veliËini obuhvaÊenog stanovniπtva 
u Europi te o visini koncentracija dotiËnih 
polutanata. Vidi se da oko 13 % stanovniπtva 
u Europi snosi 50 % ukupne πtete zbog nitrata 
(lijevi dijagram) te da je izloæeno koncentracijama 
nitrata veÊim od 20 % maksimalne koncentracije 
(desni dijagram). Za sulfate je sliËno −  oko 18 % 
europskog stanovniπtva podnosi pola ukupne πtete 
zbog sulfata, pri Ëemu su izloæeni koncentracijama 
iznad 15 % maksimalne. 

 

It should be emphasized that the external cost 
on the basis of which this conclusion was drawn 
refers only to receptors in Croatia, although the 
consequences to health are manifested over larger 
areas, outside the Croatian borders. Therefore, this 
manner of determining the optimal emission level 
is not the most suitable. The investigation should 
be extended to cover a reasonable range outside the 
national borders, for example up to the distance at 
which the external cost (damage to health), which 
is proportional to the sum of concentration(s) ×  the 
number of inhabitants in a region, divided by the 
quadrant index “i”, reaches the given percentage 
of total damages, for example 50 % of the total 
damages in Europe. In the case of long-term 
relatively low ambient concentrations of pollutants, 
that occur in the investigation of regional impacts 
on health, the maximum concentration is not as 
crucial as the total damages, which depend on the 
size of the exposed population. Therefore, for the 
range of observation, the customary prerequisite 
is not established for the concentration to fall to 
10 % or 20 % of the maximum value, but a certain 
percentage of the total damages is calculated.

Figure 11 shows the dependence of the external 
cost (damage cost) caused by nitrates or sulfates on 
the size of the affected population in Europe, and on 
the level of the concentrations of these pollutants. 
It is seen that approximately 13 % of the population 
in Europe bears 50 % of the total damages caused 
by nitrates (left diagram), and is exposed to 
concentrations of nitrates that are greater than 20% 
of the maximum concentration (right diagram). For 
sulfates it is similar - approximately 18 % of the 
European population bears half the total damages 
due to sulfates, and is exposed to concentrations 
over 15 % of the maximum. 
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Moæe se zadati i uvjet da prosjeËni eksterni 
troπak po stanovniku ne prekoraËi odreeni 
iznos. Eksterni troπak po stanovniku ovisi o 
poloæaju receptora s obzirom na izvor te o 
veliËini obuhvaÊenog stanovniπtva. Stanovni-
πtvom uprosjeËena koncentracija polutanta, koja 
je mjerodavna za odreivanje eksternog troπka, 
dobiva se zbrajanjem umnoæaka koncentracije 
i broja stanovnika po kvadrantima i dijeljenjem 
dobivenog iznosa s ukupnim brojem stanovnika 
u obuhvaÊenim kvadrantima. Ta vrijednost, koja 
se izraæava u µg/m3, ukazuje na veliËinu fi ziËkih 
uËinaka na zdravlje, ali i na veliËinu eksternog 
troπka po stanovniku jer ako se pomnoæi s faktorom 
izloæenost-uËinak i novËanom vrijednosti πtete, daje 
iznos eksternog troπka. Stanovniπtvom uprosjeËena 
koncentracija mijenja se s udaljenoπÊu od izvora, 
kako prikazuje slika 12.
 

U blizini izvora, πto u regionalnoj podjeli znaËi u 
istom ili susjednom kvadrantu kao elektrana, taj 
Êe iznos biti veÊi, a na veÊim udaljenostima Êe 
padati. To jednostavno znaËi da je stanovniπtvo na 
veÊim udaljenostima manje pogoeno uËincima 
polutanata. U ovom sluËaju, relativna πteta 
po stanovniku uzrokovana nitratima smanji se 
proπirenjem granica analize s 0,028 na 0,006, 

It is possible to stipulate the condition that 
the average external cost per inhabitant should 
not exceed a certain amount. The external cost 
per inhabitant depends on the position of the 
receptors in relation to the source, and on the size 
of the affected population. Average concentration 
of pollutant by population, suitable for the 
determination of external cost, is obtained by add-
ing the multiplied concentration and the number 
of inhabitants per quadrant and dividing this fi gure 
by the total number of inhabitants in the quadrants 
affected. This value, that is expressed in µg/m3, 
denotes the magnitude of the physical impact upon 
health but also the amount of the external cost per 
inhabitant, because it yields the amount of external 
cost if it is multiplied by the exposure-impact factor 
and the monetary value of the damage. Average 
concentration by population changes with the 
distance from the source, as shown in Figure 12.

In the vicinity of the source, which in the regional 
division means in the same or neighboring quadrant 
as the power plant, this amount will be greater 
and will decline at greater distances. This simply 
means that the population at greater distances is 
less affected by the impact of the pollutants. In this 
case, the relative damages per inhabitant caused 
by nitrates decline with an extended boundary 
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dakle gotovo pet puta. ©teta zbog djelovanja 
sulfata na zdravlje smanji se πest puta, s 
0,012 na 0,002. Prema tome, u kvadrantima 
u kojima koncentracija nitrata i sulfata iznosi 
manje od 10 % svoje maksimalne vrijednosti, 
πteta po stanovniku bit Êe 5-6 puta niæa nego u 
najizloæenijim kvadrantima.

4.3.2 Sustav s træiπnim mjerama
Za kreiranje træiπnih mjera zaπtite okoliπa mjero-
davni su troπkovi smanjenja emisija na razini 
cijelog gospodarstva, a ne samo za pojedini sektor 
ili elektranu, jer se smanjenje emisija postiæe 
zajedniËkim djelovanjem svih aktera na træiπtu. 
U takvom sustavu mjere zaπtite okoliπa imaju 
zadatak potaknuti restrukturiranje gospodarstva 
i promjenu ponaπanja proizvoaËa, djelovati na 
uzrok oneËiπÊenja, a ne samo na posljedicu. Zato 
pri odreivanju troπkova smanjenja emisija treba 
promatrati ne samo potrebna ulaganja u ureaje 
za smanjenje nego i obiljeæja tvrtke (veliËinu, 
udio dræavnog vlasniπtva u tvrtki), ekoloπku 
svijest tvrtke, npr. broj zaposlenika na poslovima 
zaπtite okoliπa i politiku zaπtite okoliπa, poπtivanje 
propisanih standarda, visinu emisijskih pristojbi 
koje tvrtka plaÊa (ako takav sustav postoji) te 
sadaπnje i buduÊe mjere smanjenja emisija u 
tvrtki. Drugim rijeËima, nastoji se nagovijestiti 
ponaπanje proizvoaËa spram mjera zaπtite okoliπa 
i na osnovi toga procijeniti troπkove. 

Hartman je 1994. g. izraËunao prosjeËne 
troπkove smanjenja emisija SO2 i NOx za cijelo 
gospodarstvo SAD-a, i to analizom velikog broja 
industrijskih postrojenja, prateÊi razine emisija i 
statistiku ulaganja u ureaje za smanjenje emisija 
[9]. SliËna analiza za Litvu u istom radu pokazuje 
da su u tranzicijskim zemljama graniËni troπkovi 
smanjenja emisija manji nego u razvijenim 
zemljama. To moæe biti pokazatelj za kreiranje 
uËinkovitih mjera zaπtite okoliπa u zemljama u 
tranziciji u kojima nema razgranate mreæe za 
mjerenje emisija, a podaci o troπkovima smanjenja 
emisija u pravilu ne postoje [10]. Podaci dobiveni 
u studijama za zapadne zemlje mogu se uzeti kao 
gornja granica troπkova za tranzicijske zemlje.

SljedeÊi primjer pokazat Êe kako se odreuje 
krivulja graniËnih troπkova smanjenja emisija i 
kreira emisijska pristojba. Analizom industrijskih 
postrojenja odreeni su prosjeËni troπkovi sma-
njenja emisija po sektorima za tipiËne polutante 
(SO2, NOx, Ëestice, olovo, toksiËne tvari), kao i 
koliËina reduciranih emisija po sektorima. Sektori 
se poredaju po prosjeËnim troπkovima smanjenja 
emisija, od najmanjih prema najveÊima (tablica 
5). ZnajuÊi prosjeËni troπak po sektoru i koliËinu 
emisija koja bi se mogla smanjiti po toj cijeni, 

analysis from 0,028 to 0,006, which is nearly fi ve 
times. The damages due to the impact of sulfates 
on health are reduced by six times, from 0,012 
to 0,002. Accordingly, in quadrants where the 
concentrations of nitrates and sulfates are less than 
10 % of their maximum values, the damage per 
inhabitant will be 5-6 times lower than in the most 
exposed quadrants.

4.3.2 System with market measures
For the creation of market measures of environmental 
protection, the costs of reduced emissions on the 
level of the entire economy are relevant, not only 
for an individual sector or power plant. Emission 
reduction is achieved through the joint activities 
of all the participants on the market. In such a 
system, the environmental protection measures 
have the task of prompting the restructuring of the 
economy and changing the behavior of producers, 
acting on the sources of pollution and not only on its 
consequences. Therefore, in the determination of the 
cost of reducing emissions, it is necessary to consider 
not only the required investment in equipment for 
reduction but also the characteristics of the company 
(size, share of public ownership in the company), the 
company’s ecological awareness, for example the 
number of employees engaged in environmental 
protection and environmental protection policy, 
compliance with the stipulated standards, the 
amount of emission fees that the company pays (if 
such a system exists), and the present and future 
measures for reducing emissions in the company. 
In other words, it is attempted to predict producers’ 
compliance with environmental protection measures 
and assess costs on this basis.  

In 1994, Hartman calculated the average costs 
for reducing SO2 and NOx emissions for the entire 
economy of the USA, through analysis of a large 
number of industrial plants, monitoring the emission 
levels and the statistics for investment in reduction 
equipment [9]. A similar analysis performed 
for Lithuania in the same study showed that in 
transition countries the marginal costs of emission 
reduction are less than in developed countries. 
This could be an indicator for the creation of more 
effective measures of environmental protection 
in transition countries where there are no fi xed 
networks for measuring emissions and data on the 
costs of reducing emissions as a rule do not exist 
[10]. Data obtained in studies for western countries 
can be taken as the upper limits for costs for 
transition countries. 

The next example will show how the curve of the 
marginal costs of reduced emissions is determined 
and emission fees are created. Through analysis of 
industrial equipment, average costs are determined 
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moæemo konstruirati krivulju graniËnih troπkova za 
sve sektore ili za prioritetnu grupu sektora. Poanta 
je da se promatra viπe sektora zajedno i nae 
optimalna politika smanjenja emisija.

Iz tablice se vidi da se najviπe isplati smanjiti 
emisije u industriji nemetala gdje se 400 tona 
polutanta moæe smanjiti uz prosjeËni troπak od 
23 USD/t, zatim slijedi industrija celuloze i papira 
gdje se daljnjih 100 tona moæe smanjiti po cijeni 
od 50 USD/t. Moæemo reÊi da graniËni troπak 
smanjenja emisija za promatranu grupu sektora 
kod 50 % redukcije iznosi 50 USD/t. Za daljnje 
smanjenje emisija graniËni se troπak poveÊava, 
kako prikazuje slika 13. 

 

for emission reduction according to the sector for 
typical pollutants (SO2, NOx, particles, lead, toxic 
substances), as well as the quantity of reduced 
emissions according to sector. The sectors are 
listed according to the average costs for emission 
reduction, from the lowest to the highest (Table 
5). If we know the average cost per sector and the 
quantity of emissions that could be reduced at that 
price, we can construct a curve of marginal costs for 
all the sectors or for a priority group of sectors. The 
point is that several sectors are considered together 
and an optimal policy for emission reduction is 
found.

From the table, it is evident that it is the most 
economical to reduce emissions in the nonmetal 
industry, where 400 tons of pollutants can be 
reduced at an average cost of 23 USD per ton, 
followed by the cellulose and paper industry, where 
another 100 tons can be reduced at a cost of 50 
USD per ton. We can say that the marginal cost of 
50 % emission reduction for the group of sectors 
considered is 50 USD per ton. For further reduction 
of emissions, the marginal cost increases, as shown 
in Figure 13. 
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Na primjer, ako umjesto 40 % æelimo eliminirati 
95 % emisija, graniËni troπkovi porast Êe Ëak 
devet puta. Ova saznanja mogu nam pomoÊi 
da postavimo razumna ograniËenja na ukupne 
emisije, takva koja Êe ujedno biti i ekonomski 
prihvatljiva.

Istu logiku moæemo obrnuti te podatak o 
graniËnim troπkovima iskoristiti u kreiranju 
emisijskih pristojbi. Podaci u tablici kazuju nam 
da bi se uz emisijsku pristojbu od oko 30 USD/t 
postiglo smanjenje emisija od oko 40 % jer Êe 
takva pristojba utjecati na industriju nemetala 
- tvrtkama Êe se viπe isplatiti smanjiti emisije 
nego plaÊati pristojbu. UdvostruËenjem pristojbe 
(oko 60 USD/t) emisije Êe se smanjiti za sljedeÊih 
10 %. Ako æelimo postiÊi 95 %-tno smanjenje 
emisija, visina pristojbe morat Êe narasti na 
najmanje 200 USD/t.

Joπ jedan zakljuËak nameÊe se iz ovog primjera. 
NasluÊujemo da bi prosjeËni troπak smanjenja 
emisija u sustavu s træiπnim mjerama, uz sudjelo-
vanje veÊeg broja industrijskih sektora, bio 
viπestruko manji nego troπak ureaja za smanjenje 
emisija za pojedinaËnu elektranu (koji je izraËunat 
u prethodnom primjeru za elektranu na ugljen). To 
znaËi da su stvarni troπkovi smanjenja emisija niæi, 
gledano za cjelokupnu industriju, ali pod uvjetom 
da se iskoriste prednosti træiπta, tj. omoguÊe 
fl eksibilne mjere kao npr. trgovanje emisijskim 
dozvolama. Meutim, tu treba biti oprezan. Pri 
uspostavi træiπta emisijskim dozvolama treba 
imati na umu da je veÊina polutanata lokalnog ili 
regionalnog karaktera te da njihov uËinak na okoliπ 
i zdravlje ovisi o lokaciji izvora. Zato se træiπte 
dozvolama za polutante koji nisu globalni mora 
ograniËiti na odreenu regiju, da ne bi doπlo do 
suprotnog uËinka-prekomjernog optereÊenja nekih 
podruËja i joπ veÊeg utjecaja na okoliπ.

»injenica je da troπkovi smanjenja emisija 
progresivno rastu sa stupnjem redukcije, iz 
Ëega slijedi da politika zaπtite okoliπa koja se 
temelji iskljuËivo na propisivanju standarda 
nije idealno rjeπenje jer izaziva nepotrebno 
visoke troπkove. Relaksacija regulativnih prema 
træiπno orijentiranim mjerama mogla bi donijeti 
fi nancijsku uπtedu uz istu ekoloπku dobit. Ako 
se veÊ propisuju standardi, preporuka je [11] 
da se najprije odrede æeljeni standardi kvalitete 
zraka, tj. maksimalno dopuπtene ambijentalne 
koncentracije polutanata, a tek onda emisijski 
standardi. Propisivanje standarda koji zahtijevaju 
vrlo skupe mjere smanjenja emisija opravdano je 
jedino ako se time postiæu ekoloπke i druπtvene 
dobiti veÊe od troπkova tih mjera. Te se dobiti 
mogu promatrati kao uπteda na troπkovima πtete 
u okoliπu. 

For example, if instead of 40 % we want to eliminate 
95 % of the emissions, the marginal costs will 
increase by nine times. This knowledge can help us 
to establish reasonable limitations on total emissions 
that will also be economically acceptable.

Using the same logic, the data on marginal costs 
can be used in the creation of emission fees. The 
data in the table tell us that with an emission fee of 
approximately 30 USD per ton, an emission reduction 
of approximately 40 % would be achieved, because 
such a fee would affect the nonmetal industry - the 
companies will fi nd it more economical to reduce 
emissions than to pay the fee. By doubling the fee 
(to approximately 60 USD per ton), emissions will be 
reduced by a further 10 %. If we want to achieve a 95 
% reduction in emissions, the amount of the fee must 
increase to a minimum of 200 USD per ton.

One other conclusion arises from this example. 
We conjecture that the average cost of emission 
reduction in a system with market measures, with 
the participation of a large number of industrial 
sectors, would be several times less than the cost of 
equipment for reducing emissions for an individual 
power plant (which is calculated in the previous 
example for a coal-fi red power plant). This means 
that the actual costs of emission reduction are lower 
when industry is viewed as a whole, provided that the 
market advantages are utilized, i.e. fl exible measures 
are made possible such as, for example, the trading 
of emission allowances. However, it is necessary to 
be cautious here. Before the establishment of an 
emission allowance market, it is necessary to bear 
in mind that the majority of pollutants are of a local 
or regional character and that their impact on the 
environment and health depends upon the source 
locations. Therefore, markets for pollution allowances 
that are not global must be limited to a specifi c 
region, in order not to achieve the opposite effect - an 
excessive burden upon some areas and even greater 
environmental impact.

It is a fact that the costs of reducing emissions increase 
progressively with the level of reduction, from which 
it follows that an environmental protection policy 
based exclusively upon stipulated standards is not an 
ideal solution because it requires unnecessarily high 
expenditures. Relaxation of regulations toward market 
oriented measures could yield fi nancial savings with 
the same ecological profi t. When standards are being 
stipulated, it is recommended [11] that the desired 
standards for air quality should be determined fi rst, 
i.e. the maximum permitted ambient concentration of 
pollutants, and then emission standards. Stipulated 
standards that require very expensive measures for 
reducing emissions are only justifi ed if they achieve 
ecological and social profi ts greater than the costs of 
these measures. These profi ts can be considered as 
savings on the damage costs in the environment. 
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U prethodnom poglavlju izraËunata je optimalna 
razina emisija SO2 i NOx, izjednaËavanjem 
graniËne πtete za zdravlje i graniËnog troπka 
ureaja za odsumporavanje, odnosno oduπiËivanje 
(slika 9 i slika 10). Te vrijednosti mogu posluæiti 
kao smjernica u odabiru emisijskih pristojbi 
u sustavu s træiπnim mjerama zaπtite okoliπa. 
Uz pristojbu od oko 1 000 USD po toni SO2 
proizvoaË bi bio motiviran emisije SO2 smanjiti 
na oko 60 % poËetnog iznosa. Tek bi pristojba 
od 3 000 USD/t osigurala primjenu mokrog 
odsumporavanja, tj. smanjenje emisija na 400 
mg/m3, πto je u skladu s danaπnjim standardom. 
SliËno se dobiva za NOx : pristojba od 200 USD 
po toni NOx navela bi proizvoaËa da smanji 
emisiju na oko 55 % nekontrolirane vrijednosti 
(primjenom SNCR ureaja). Iole veÊe smanjenje 
emisija zahtijevalo bi pristojbu od bar 800 USD/t 
jer bi se tada isplatio SCR ureaj. Uz 1 000 USD 
po toni emisije bi se svele na ekonomski optimalnu 
razinu (oko 430 mg/m3), a za postizanje vrlo niskih 
razina emisija, kakve zahtijeva standard od 200 
mg/m3, bilo bi nuæno uvesti pristojbu od oko 1 900 
USD/t NOx .

Ove vrijednosti predstavljaju pribliæne troπkove 
smanjenja emisija za tipiËnu elektranu na ugljen. 
U sustavu s træiπnim mjerama zaπtite okoliπa ta 
bi elektrana mogla djelovati u kombinaciji s joπ 
nekim industrijskim postrojenjima u smanjenju 
ukupnih emisija na nekom podruËju. Ukupni 
troπkovi takvog zahvata vjerojatno bi bili manji 
nego zbroj troπkova pojedinaËnih izvora.

4.4 Primjer: Analiza isplativosti uvoenja stroæeg 
standarda za emisiju NOx

Æelimo izraËunati koliko se smanje troπkovi 
πtete za zdravlje ako se uvede stroæi standard za 
emisiju NOx iz elektrana na ugljen i s danaπnjih 
650 snizi na 200 mg/m3. Naime, takav Êe propis 
vrlo vjerojatno biti uskoro donesen jer je Hrvatska 
potpisala tzv. Drugi protokol o smanjenju emisija 
NOx u sklopu LRTAP konvencije. Prema tom 
propisu, emisija NOx iz loæiπta toplinske snage veÊe 
od 300 MWt bit Êe ograniËena na 200 mg/m3, za 
razliku od 650 mg/m3 koliko je sad na snazi. 

Promatrajmo referentnu elektranu na ugljen, 350 
MW, za koju je u prethodnim poglavljima proveden 
proraËun eksternih troπkova. Cilj je odrediti kolike 
bi bile druπtvene koristi propisivanja stroæeg 
standarda za NOx i usporediti ih s troπkovima 
te mjere. Druπtvene koristi izraËunat Êemo kao 
uπtedu u troπku πtete za zdravlje, a troπkovi Êe 
biti jednaki dodatnom ulaganju potrebnom za 
efi kasniji ureaj za oduπiËivanje. Promatrat Êemo 
tri razine s obzirom na prostorni opseg analize: 

In the previous chapter, the optimal emission levels of 
SO2 and NOx were calculated through equalizing the 
marginal damages to health and the marginal costs of 
equipment for reducing sulfur or nitrogen (Figure 9 i 
Figure 10). These values can serve as guidelines in 
the determination of emission fees in a system with 
market measures of environmental protection. With 
a fee of approximately 1 000 USD per ton of SO2, a 
producer would be motivated to reduce SO2 emissions 
by approximately 60 % of the initial amount. A fee of 
3 000 USD per ton would secure the application of 
a wet scrubber, i.e. reduce emissions to 400 mg/m3, 
which is in accordance with the current standard. 
Similar results are obtained for NOx. A fee of 200 
USD per ton of NOx would induce producers to reduce 
emissions to approximately 55 % of the uncontrolled 
values (with the application of SNCR equipment). A 
slightly greater reduction in emissions would require 
a fee of at least 800 USD per ton, because in such 
a case SCR equipment would be profi table. With 1 000 
USD per ton, emissions would be reduced to the 
economically optimal level (approximately 430 mg/
m3). In order to achieve a very low emission level, 
as required by a standard of 200 mg/m3, it would be  
necessary to introduce a fee of approximately 1 900 
USD per ton of NOx.

These values represent the approximate costs 
of reducing emissions for a typical coal-burning 
power plant. In a system with market measures of 
environmental protection, this power plant could 
operate in combination with several other industrial 
plants in reducing the total emissions in a region. The 
total costs of such an undertaking would probably be 
less than the sum of the costs of individual sources.

4.4 Example: Analysis of the economic justifi cation 
for the introduction of a stricter standard for NOx 

emission
We want to calculate how much damage costs to 
health will be reduced if a stricter standard for the 
emission of NOx is introduced for a power plant fueled 
by coal, from the current 650 mg/m3 to 200 mg/m3. 
Such a regulation will most likely be adopted soon 
because Croatia has signed the Second Protocol on 
reducing NOx emission as part of the Long-Range 
Transboundary Air Pollution Convention. According to 
this regulation, the emission of NOx from a combustion 
source with thermal power greater than 300 MWt will 
be limited to 200 mg/m3, rather than the 650 mg/m3 
currently in force. 

Let us consider the reference coal-burning power 
plant, 350 MW, for which an estimate of the external 
costs was performed in the previous chapters. The 
goal is to determine the social benefi ts that would be 
achieved by the stipulated stricter standard for NOx 
and compare them with the costs of this measure. We 
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lokalnu za Zagreb, regionalnu za Hrvatsku i 
regionalnu za cijelu Europu.

Dobit
Uz emisiju NOx = 200 mg/m3 eksterni Êe troπak 
biti proporcionalno manji nego pri emisiji 650 
mg/m3. Ako prosjeËna πteta uz emisiju NOx = 650 
mg/m3 iznosi 0,534 eura/stan za Hrvatsku, tad 
Êe prosjeËna πteta uz emisiju 200 mg/m3 iznositi 
0,164 eura/stan, tj. razlika je 0,37 eura/stan. To 
pomnoæeno s populacijom od 4,8 milijuna ljudi 
daje 1,77 milijuna eura, tj. 2,2 milijuna USD 
(tablica 6). 

Analogno se moæe izraËunati za sluËaj kad analiza 
obuhvaÊa cijelu Europu. Tada razlika u eksternom 
troπku zbog smanjenog utjecaja na zdravlje 
stanovniπtva iznosi 33,9 milijuna eura ili 42,4 
milijuna USD na godinu. Naime, promatra se 
populacija od 538 milijuna stanovnika, a razlika 
u prosjeËnoj πteti po stanovniku iznosi 0,063 
euro/stan.

Troπak
Koliki je dodatni troπak ureaja za oduπiËivanje 
koji Êe emisiju NOx smanjiti sa 650 na 200 mg/m3? 
Ako je poËetna, nekontrolirana emisija NOx manja 
od 850 do 900 mg/m3, primarne mjere (LowNOx) 
su dovoljne da emisiju NOx dræe ispod 650 mg/m3. 
Ako se standard postroæi na 200 mg/m3, potreban 
je ureaj za selektivnu katalitiËku redukciju, SCR 
(tablica 3). Ukupni godiπnji troπak SCR ureaja 
iznosi 7 milijuna USD, dok troπak primarnih mjera 
iznosi 0,5 milijuna USD. Razlika, koja predstavlja 
dodatni troπak zbog ugradnje SCR ureaja, iznosi 
6,5 milijuna USD/god. Taj iznos treba usporediti s 
dobiti zbog smanjenog utjecaja na zdravlje.

shall calculate the social benefi ts as savings of the 
damage costs to health, and the costs will be equal 
to the additional investment necessary for the more 
effective equipment for nitrogen reduction. We shall 
consider three levels in terms of the spatial range of 
analysis: local for Zagreb, regional for Croatia and 
regional for all of Europe.

Benefi t
With an emission of NOx = 200 mg/m3, the 
external cost will be proportionally lower than at 
an emission of 650 mg/m3. If the average damage 
with the emission of NOx = 650 mg/m3 equals 
0,534 euro/capita for Croatia, then the average 
damage with the emission of 200 mg/m3 will 
equal 0,164 euro/capita, i.e. a difference of 0,37 
euro/capita. This multiplied by a population of 4,8 
million persons yields 1,77 million euro, i.e. 2,2 
million USD (Table 6). 

Analogously, it is possible to calculate for a case 
when analysis includes all of Europe. Then the 
difference in the external cost due to the reduced 
impact on the health of the population amounts 
to 33,9 million euro or 42,4 million dollars 
annually. This involves a population of 538 million 
inhabitants, and the difference in the average per 
capita damage is 0,063 euro/capita.

Cost
How much is the additional cost for treatment 
equipment that will reduce the emission of 
NOx from 650 to 200 mg/m3? If the initial, 
uncontrolled emission of NOx is less than 
850-900 mg/m3, primary measures (LowNOx) 
are suffi cient to hold the NOx emission below 650 
mg/m3. If the standard is tightened to 200 mg/m3, 
equipment for selective catalytic reduction, SCR, 
will be necessary (Table 3). The total annual cost 
of SCR equipment amounts to 7 million USD, 
while the cost of primary measures amounts to 
0,5 million USD. The difference represented by 
the additional cost due to the installation of SCR 
equipment amounts to 6,5 million USD/year. This 
amount should be compared with the profi ts from 
reducing the impact upon health.
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Na lokalnoj razini dobit zbog smanjenog 
utjecaja na zdravlje jednaka je nuli jer, kako se 
pretpostavlja, NOx na lokalnoj razini ne utjeËe na 
zdravlje. Prema tome, SCR ureaj ne bi se isplatio. 
Ako se promatra cijela Hrvatska, tj. 4,8 milijuna 
ljudi, uπteda na eksternom troπku bila bi 1,77 
milijuna eura na godinu, tj. 2,2 milijuna USD ako 
se pretpostavi teËaj 1:1,25 (1999. godine). Dakle, 
SCR ureaj joπ uvijek ne bi bio isplativ. KonaËno, 
ako opseg promatranja proπirimo na cijelu Europu, 
s oko 540 milijuna stanovnika, dobit bi iznosila 
33,9 milijuna eura ili 42,4 milijuna USD, πto 
viπestruko nadmaπuje troπkove SCR ureaja 
(slika 14). Prema tome, ispada da bi se SCR 
ureaj isplatio tek ako se promatra cijela Europa. 
Vjerojatno su dalekoseæne dobiti jedan od glavnih 
razloga za postroæenje standarda i donoπenje 
protokola o daljnjem smanjenju emisija NOx u 
okviru LRTAP konvencije.
 

Za potpunu analizu troπkova i dobiti ugradnje 
SCR ureaja trebalo bi joπ analizirati koliko se 
zbog njegovog rada smanjuje stupanj djelovanja 
elektrane, tj. poveÊavaju emisije te koliki je 
eksterni troπak samog procesa katalitiËke 
redukcije. Naime, jedan od reagenata u procesu 
redukcije je amonijak, πtetni plin koji tijekom 
reakcije djelomiËno pobjegne u okoliπ. Osim 
toga, produkt procesa redukcije je N2 iz kojeg na 
visokim temperaturama nastaje stakleniËki plin 
N2O. No, to su ionako eksterni uËinci koji idu na 
stranu troπkova ureaja, pa je omjer troπkova i 
dobiti joπ nepovoljniji.

At the local level, the benefi t due to the reduced 
impact on health would equal zero, because it 
is assumed that on the local level NOx does not 
have an impact upon health. Accordingly, the SCR 
equipment would not be economically justifi ed. 
If all of Croatia is considered, i.e. 4,8 million 
people, the savings on external costs would be 
1,77 million euro annually, i.e. 2,2 million 
dollars, assuming a rate of exchange of 1:1,.25 
(1999). Thus, SCR equipment would still not be 
economically justifi ed. Finally, if we extend the 
range of observation to include all of Europe, 
approximately 540 million inhabitants, the 
benefi t would amount to 33,9 million euro or 42,4 
million USD, which many times exceeds the cost 
of the SCR equipment (Figure 14). Accordingly, 
it follows that SCR equipment would only be 
economically justifi ed when all of Europe is 
considered. It is likely that the long-range benefi ts 
are among the main reasons for tightening the 
standard and adopting the protocol on the further 
reduction of NOx emissions within the framework 
of the Long-Range Transboundary Air Pollution 
(LRTAP) Convention.

For a complete analysis of the costs and benefi ts 
of the installation of SCR equipment, it would 
also be necessary to analyze the extent that its 
operation would reduce the degree of operations 
of the power plant, i.e. increase emissions, and 
how much the external cost of the process of 
catalytic reduction would be. One of the reagents 
in the process of reduction is ammonia, a harmful 
gas that partially escapes into the environment 
during the reduction process. Moreover, a product 
of the reduction process is N2, from which the 
greenhouse gas N2O occurs at high temperatures. 
However, these are external impacts that are 
included in the equipment costs, so that the cost-
benefi t ratio becomes even less favorable.
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5 ZAKLJU»AK

U Ëlanku je elaborirano nekoliko moguÊih primjena 
eksternih troπkova. Spoznaje dobivene prikazanom 
analizom mogu nam pomoÊi da postavimo razumna 
ograniËenja na ukupne emisije, takva koja Êe 
ujedno biti i ekoloπki i ekonomski prihvatljiva. 

»injenica je da troπkovi smanjenja emisija progre-
sivno rastu sa stupnjem redukcije, iz Ëega slijedi 
da politika zaπtite okoliπa, koja se temelji iskljuËivo 
na propisivanju standarda, nije idealno rjeπenje jer 
izaziva nepotrebno visoke troπkove. Relaksacija 
regulativnih prema træiπno orijentiranim mjerama 
mogla bi donijeti fi nancijsku uπtedu uz istu 
ekoloπku dobit. Ako se veÊ propisuju standardi, 
preporuka je da se najprije odrede æeljeni standardi 
kvalitete zraka, tj. maksimalno dopuπtene ambi-
jentalne koncentracije polutanata, a tek onda 
emisijski standardi. Propisivanje standarda koji 
zahtijevaju vrlo skupe mjere smanjenja emisija 
opravdano je jedino ako se time postiæu ekoloπke i 
druπtvene dobiti veÊe od troπkova tih mjera. 

Eksterni troπkovi mogu posluæiti za izbor opti-
malnog skupa mjera zaπtite okoliπa, takvih da se uz 
ograniËena sredstva koja su dodijeljena za zaπtitu 
okoliπa postigne najveÊe smanjenje rizika na ljude 
i okoliπ. Svaki projekt je karakteriziran veliËinom 
pritiska na okoliπ, a uËinkovitost neke mjere zaπtite 
okoliπa moæe se defi nirati kao smanjenje uËinka na 
okoliπ po jedinici uloæenih fi nancijskih sredstava. 
Tek kad se uËinci izraze u jedinstvenom mjerilu, 
kao πto je eksterni troπak, moguÊa je usporedba 
uËinkovitosti razliËitih strategija zaπtite okoliπa. I 
konaËno, ali ne i najmanje vaæno, eksterni troπkovi 
mogu biti jedan od pokazatelja odræivog razvoja 
jer omoguÊuju da se raznorodni uËinci prikaæu u 
istom mjerilu.

5 CONCLUSION

In this article, several potential applications of 
external costs are elaborated. The insight obtained 
trough the analysis presented can help us to set 
reasonable limits on total emissions, which will be 
both ecologically and economically acceptable. 

It is a fact that the costs of reducing emissions 
increase progressively with the degree of reduction, 
for which it follows that an environmental protection 
policy based exclusively on the stipulation of 
standards is not an ideal solution because it 
results in unnecessarily high costs. Relaxation of 
regulations in favor of market oriented measures 
could yield fi nancial savings with the same 
ecological benefi t. If standards are already being 
stipulated, it is recommended to determine the 
desired air quality standards fi rst, i.e. the maximum 
permitted ambient concentration of pollutants, and 
then set the emission standards. The stipulation of 
standards that require very expensive measures for 
reducing emissions is only justifi ed if they achieve 
ecological and social benefi ts that are greater than 
the costs of these measures. 

External costs can be used in choosing an optimal 
group of environmental protection measures, 
so that the greatest reduction in risk to humans 
and the environment is achieved with the limited 
funding allocated for environmental protection. 
Each project is characterized by the amount of 
pressure on the environment, and the effectiveness 
of a measure of environmental protection can be 
defi ned as the reduction of environmental impact 
per unit of invested funding. Only when the impacts 
are expressed in the same unit of measurement, 
such as external costs, is it possible to compare the 
effectiveness of various environmental protection 
strategies. Finally, but no less importantly, the 
external costs can be one of the indicators of 
sustainable development because they make it 
possible to present various impacts using the same 
unit of measurement.
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Odræavanje imovine je u elektroprivrednim tvrtkama kljuËna komponenta upravljanja. 
VodeÊi se time HEP je u svojim tvrtkama kÊerima koje obavljaju djelatnost proizvodnje 

elektriËne te proizvodnje i distribucije toplinske energije pokrenuo projekt uvoenja Sustava 
upravljanja poslovima odræavanja (SUPO). Cilj projekta SUPO bio je uspostaviti jedinstveni 
sustav upravljanja odræavanjem tehniËkih sustava u tim pogonima i podræati ga primjenom 
specijaliziranog informacijskog sustava. U radu je opisana uloga takvih sustava u voenju 

poslovanja elektroprivrednih tvrtki. Takoer su prikazani osnovni moduli i funkcionalnost koju 
sadræi program SUPO glede upravljanja aktivnostima odræavanja i logistiËkim funkcijama 

upravljanja zalihama te nabavom, tijek njegova uvoenja te rezultati primjene u HEP-ovim 
proizvodnim pogonima i toplinarstvu.

Asset maintenance in power utilities is the key component of management. To this end HEP 
launched a project for the introduction of a maintenance management system (MMS) in 

its daughter companies engaging in the generation of electricity and in the generation and 
distribution of heat. The purpose of the MMS project was to set up a single management system 

the for technical systems of these facilities and to support it by implementing a specialised 
IT system. The paper describes the role of such systems in managing the operations of power 

utilities. It also shows the basic modules and functionalities in the MMS software for managing 
maintenance activities and logistic functions of managing inventories and procurement, the 

course of its introduction, and the performance in HEP’s power and heat plants.
KljuËne rijeËi: informacijski sustavi za upravljanje odræavanjem, program SUPO, strategija 

upravljanja odræavanjem, upravljanje zalihama
Key words: IT systems for maintenance management, maintenance management strategy, 

managing inventories, MMS software solution,
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1 UVOD

Informatizacija kao prvorazredni globalni proces 
i teænja podizanju konkurentnosti gospodarstva 
uvjetuju uvoenje informacijskih sustava u poslo-
vanje kao imperativ i hrvatskim tvrtkama. 

PrihvaÊanjem pravila europskoga elektroener-
getskog sustava Hrvatska elektroprivreda postaje 
sudionik træiπne utakmice u kojoj Êe za uspjeh 
i konkurentnost biti presudno uËinkovito gospo-
dariti vlastitim tehniËkim sustavima, odnosno, 
promatrano u πirem kontekstu, cjelokupnom fi zi-
Ëkom imovinom.

Odræavanje imovine je u elektroprivrednim tvrtka-
ma kljuËna komponenta upravljanja. Funkcija mu 
je osigurati maksimalnu raspoloæivost kapaciteta 
za proizvodnju, prijenos i distribuciju elektriËne i 
toplinske energije, Ëime Êe se pojave degradacije, 
zastoja ili kvarova koji nepovoljno utjeËu na 
sposobnost izvrπenja njihove zahtijevane funkcije 
svesti na najmanju moguÊu mjeru, uz minimalne 
troπkove. Odræavanje se, dakle, moæe promatrati i 
kao investicija u buduÊi profi t koji Êe se ostvariti 
kroz osiguranje kapaciteta i smanjenje operativnih 
troπkova poslovanja [1]. Odræavanjem se takoer 
dokazuje i briga te spreËava negativan utjecaj 
tehniËkih sustava na okoliπ. 

VodeÊi se ovim naËelima, HEP je u svojim 
tvrtkama - kÊerima HEP Proizvodnja d.o.o. i 
HEP Toplinarstvo d.o.o. (koje obavljaju djelatnost 
proizvodnje elektriËne te proizvodnje i distribucije 
toplinske energije) pokrenuo projekt uvoenja 
Sustava upravljanja poslovima odræavanja 
(SUPO). Cilj projekta SUPO bio je uspostaviti 
jedinstveni sustav upravljanja odræavanjem 
tehniËkih sustava u tim pogonima, πto obuhvaÊa 
planiranje, organizaciju, pripremu i praÊenje 
izvrπenja, dokumentiranje i analizu svih aktivnosti 
u procesu odræavanja. Sve navedene sastavnice 
upravljanja odræavanjem podræane su primjenom 
specijaliziranog informacijskog sustava.

1 INTRODUCTION

IT as a top-priority process, aimed at raising 
economic competitiveness, requires an introduction 
of IT systems in the operation as an imperative in 
Croatian companies.

By accepting the rules of the European electric 
power system, Croatian Electric Power Utility 
is becoming a player in the fi eld of market 
competition where success and competitiveness 
will depend on effi cient management of one’s own 
technical systems or, more broadly, of one’s entire 
physical assets.

Asset maintenance in power utilities is the key 
component of management. Its function is to 
ensure a maximum availability of capacities for 
generating, transmitting and distributing electricity 
and heat in order to minimize the degradation, 
downtimes or failures affecting the capacity to 
operate as required at minimum cost. Maintenance 
can also be seen as an investment in the future 
profi t by way of providing the capacity and cutting 
operating costs [1]. Maintenance also means care 
and prevention of negative effects of technical 
systems on the environment.

Guided by these principles HEP launched, in 
its daughter companies HEP Proizvodnja d.o.o. 
(HEP Generation) and HEP Toplinarstvo d.o.o. 
(HEP Heatinging), engaging in the generation of 
electricity and in the generation and distribution 
of heat, the project for the introduction of a 
maintenance management system (MMS). The 
goal of the MMS project was to set up a single 
maintenance management system for technical 
systems in the facilities mentioned, which included 
planning, organisation, preparation and monitoring 
of the performance, documentting and analysing all 
the activities in the maintenance process. All the 
components of maintenance management were to 
be supported by a specialised IT system.
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2 RAZVOJ INFORMACIJSKIH 
SUSTAVA ZA PODR©KU 
UPRAVLJANJU ODRÆAVANJEM 

Poslovodstvo elektroprivredne tvrtke, kao i svi 
ostali sudionici na træiπtu, moraju odrediti ciljeve 
poslovanja, pri Ëemu je jedino bitan konaËni 
rezultat. Kod operatera elektrana za uspjeπno 
poslovanje potrebno je uskladiti mnogo ciljeva 
- elektriËnu energiju treba proizvoditi na siguran, 
ekoloπki prihvatljiv i troπkovno konkurentan naËin. 

Dok je utjecaj na okoliπ uglavnom odreen proje-
ktom postrojenja i na njega se u pogonu gotovo 
i ne moæe utjecati, ciljevi kao πto su “sigurnost” 
(u smislu raspoloæivosti) i “konkurentnost” (u 
smislu troπkova) faktori su na koje se bitno moæe 
utjecati odlukama poslovodstva. Glavni je cilj 
operatera svake elektrane osigurati kontinuiran i 
siguran pogon uz visoku raspoloæivost i minimalne 
specifi Ëne troπkove proizvodnje.

U proπlosti je raspoloæivost bila znatno ispred 
svih ostalih kriterija. Uvjeti isporuke elektriËne 
energije omoguÊavali su da se troπkovi opskrbe 
elektriËnom energijom mogu prenijeti na kupce. 
U uvjetima nadmetanja, koji danas vrijede na 
træiπtima elektriËne energije, to viπe nije tako. 
©toviπe, u doba trgovanja elektriËnom energijom 
na burzama, sposobnost njezine proizvodnje 
po trajno povoljnoj cijeni odluËuje o tome je li 
elektrana konkurentna, dakle hoÊe li moÊi prodati 
proizvedenu elektriËnu energiju ili Êe je dispeËer 
staviti u drugi plan u korist drugih elektrana, 
odnosno uvoza elektriËne energije. Iz tog razloga 
poslovodstvo svoju elektranu ne bi trebalo shvaÊati 
samo kao postrojenje koje treba odræavati nego 
kao visokouËinkovit proizvodni pogon koji treba 
voditi tako da se osigura optimalna pogonska 
raspoloæivost.

Pouzdanost elektrane treba stalno odræavati na 
visokoj razini. Zbog toga treba precizno odrediti 
komponente postrojenja koje su tehniËki kljuËne 
za sigurnost i raspoloæivost elektrane i upravljati 
njihovim æivotnim vijekom na naËin kojim 
Êe se osigurati maksimalna iskoristivost, bez 
nedopuπtenog poveÊanja rizika ispada Ëitavog 
postrojenja.

Osnovna moguÊnost za to je preventivno odræa-
vanje prema vremenskim ciklusima, koje se u 
pravilu temelji na preporukama proizvoaËa. Ti 
su ciklusi defi nirani s velikim stupnjem sigurnosti, 
Ëija su posljedica relativno visoki troπkovi. 
Takvom strategijom odræavanja bez problema se 
moæe upravljati “manualno”, na temelju sustava 
kartoteka, pri Ëemu se radni nalozi za odræavanje 

2 DEVELOPMENT OF IT 
SYSTEMS FOR SUPPORTING 
MAINTENANCE MANAGEMENT 

The management of a power utility, just like in 
any other player on the market, must set the goals 
for the business operation of the company, and 
what fi nally counts is solely the fi nal result. To 
operate successfully, power plant operators need to 
harmonise a number of goals - electricity needs to 
be generated in a safe, environmentally friendly and 
cost effective manner.

While the environmental impact is mostly determined 
by the facility design, which generally cannot be 
infl uenced during operation, goals like “safety” (in 
terms of availability) and “competitiveness” (in terms 
of expenses) are factors that can be substantially 
infl uenced by management decisions. The main 
goal of the operator of any power plant is to ensure a 
continuous and safe operation at a high availability 
and minimum specifi c production costs.

In the past, availability came fi rst, way before all 
the other criteria. The terms of electricity supply 
made it possible to shift the expenses of electricity 
supply to customers. Under the circumstances of 
competition now prevailing on electricity markets, 
this is no longer the case. What is more, in the time 
of stock market trading in electricity, the capability 
to generate electricity at a permanently favourable 
price is decisive for the competitiveness of the 
power plant, that is whether it will be able to sell the 
electricity generated, or whether the dispatcher will 
put it in the waiting line behind other power plants 
i.e. behind the import of electricity. For this reason 
the management should not see their power plant 
only as a facility that needs to be maintained, but 
as a highly effi cient production plant that needs to 
be managed in such a manner as to secure optimum 
operating availability.

Reliability of the power plant needs to be constantly 
maintained on a high level. To this end the 
components of the facility need to be accurately 
defi ned that are technically vital to the safety and 
availability of the power plant, and their life cycles 
need to be managed in the manner that will secure 
maximum exploitation, without the unacceptable 
increase of downtime risk.

The basic possibility to achieve this is preventive 
maintenance in accordance with time cycles, 
normally on the basis of the manufacturer’s 
recommendations. These cycles are defi ned with 
a high degree of safety in mind, which results 
in relatively high expenses. Such a strategy of 
maintenance can be easily managed “manually”, on 
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izdaju kad se dostigne propisana periodiËnost. U 
modernim elektranama primjenjuju se sofi sticirani 
tehniËki sustavi za voenje pogona kojima se 
kontinuirano ili periodiËki prati i dijagnosticira 
stanje i radni parametri komponenata na temelju 
kojih se moæe ocijeniti njihovo stanje, stupanj 
istroπenosti i preostali æivotni vijek.

Glavni zadatak poslovodstva elektrane je da 
zajedno s vodeÊim inæenjerima defi nira strategiju 
odræavanja, u skladu s prikupljenim podacima. 
Pritom je potrebno usredotoËiti se na raspoloæivost 
s obzirom na sustav, a ne samo na raspoloæivost 
pojedinih komponenti. Takva strategija naziva se 
odræavanje usmjereno na stanje i uz uvjet da se 
optimalno provodi, zasigurno je najekonomiËnija 
za pogon elektrane. 

Za njezino je provoenje, osim prikupljenih poda-
taka iz pogona elektrane, potreban informacijski 
sustav za podrπku upravljanju odræavanjem. 
Iz saznanja o aktualnom stanju komponenti, 
podataka pohranjenih u informacijskom sustavu 
(prethodne aktivnosti odræavanja, inspekcije i 
kontrole, evidencije uzroka kvarova) i pogonskih 
iskustava gdje su intervali odræavanja produljeni 
s obzirom na preporuke proizvoaËa, moguÊe je 
smanjenim opsegom odræavanja postiÊi znatne 
uπtede troπkova bez znatnijeg poveÊanja rizika od 
ispada.

U tu su svrhu razvijeni programi poznati na 
svjetskom træiπtu informacijskih tehnologija pod 
nazivom Enterprise Asset Management (EAM) 
Systems, odnosno informacijski sustavi za upra-
vljanje imovinom. Nastali su nadogradnjom, 
proπirenjem i razvojem funkcionalnosti prve gene-
racije raËunalom podræanih sustava za upravljanje 
poslovima odræavanja, na træiπtu poznatih kao 
Computerised Maintenance Management Systems 
- CMMS.

Informacijski sustavi za podrπku upravljanju 
odræavanjem (CMMS/EAM) namijenjeni su plani-
ranju i pripremi, praÊenju te analizi uËinkovitosti 
i uspjeπnosti izvrπenja aktivnosti odræavanja u 
poduzeÊima. Razvojem funkcionalnosti dodana 
im je nova dimenzija, pa osim procesa odræavanja, 
podræavaju i logistiËke funkcije poslovanja podu-
zeÊa, poput upravljanja zalihama te nabave 
robe, usluga i radova. Takoer imaju vaænu ulogu 
pri uspostavljanju, primjeni i provjeri sustava 
upravljanja kvalitetom (Quality Management - 
QM) u segmentu odræavanja prema ISO i drugim 
strukovnim standardima.

Informacijski sustavi za podrπku upravljanju 
odræavanjem primjenjuju se u svijetu veÊ 
godinama i biljeæe stalni rast primjene usporedno 

the basis of card fi le systems, with working orders 
issued when the prescribed peridociality is reached. 
In modern power plants sophisticated technical 
systems for plant management are implemented 
in which the status and working parameters of 
the components are continuously or periodically 
monitored, and on this basis their condition, 
extent of wear and the remaining life cycle can be 
estimated.

The main task of the power plant management 
is to defi ne, together with the leading engineers, 
the maintenance strategy in accordance with the 
information collected. In this it is necessary to focus 
on the availability with regard to the system, not solely 
on the availability of individual components. Such a 
strategy is called status-oriented maintenance and, 
provided it is implemented in an optimum manner, it 
is without doubt the most cost effective for operating 
a power plant.

What is needed to implement it, in addition to the 
information collected during plant operation, is an 
IT system to support maintenance management. 
From the knowledge of the actual condition of 
components, the data stored in the IT system 
(history of maintenance activities, inspection 
and control, record of the causes of failures) and 
operating experience where maintenance intervals 
are extended compared with the manufacturer’s 
recommendations, it is possible, at a reduced volume 
of maintenance, to achieve considerable cost savings 
without a signifi cant increase in downtime risks.

To this end, programs were developed that are known 
on the world market of information technology as 
Enterprise Asset Management (EAM) Systems. They 
were created by upgrading, extending and developing 
the functionality of the fi rst generation of computer 
aided systems for maintenance management, 
known on the market as Computerised Maintenance 
Management Systems - CMMS.

IT systems for supporting maintenance manage-
ment (CMMS/EAM) are meant for planning and 
preparing, monitoring and analysing the effi ciency 
and performance of maintenance activities in 
companies. In the development of functionalities 
a new dimension was added, so in addition 
to the management process they also support 
logistic functions of the company operation such 
as managing inventories and the procurement 
of goods, services and works. They also have an 
important role in establishing, implementing and 
checking the quality management system in the 
segment of maintenance pursuant to ISO and other 
industry standards.
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s razvojem informatiËkih tehnologija i poveÊa-
njem ulaganja u informatizaciju poslovnih procesa 
poduzeÊa. Krajem 2005. godine objavljena je 
studija ARC Advisory Group, jedne od vodeÊih 
svjetskih konzultantskih tvrtki u strateπkom 
planiranju i istraæivanju træiπta informatiËkih 
tehnologija u industriji, koja pokazuje da je 
na svjetskom træiπtu u 2005. godini vrijednost 
ulaganja u implementaciju EAM/CMMS i ITEAM 
sustava iznosila 2,2 milijarde USD. Kao poseban 
izdvojen segment ITEAM (Information Technology 
Enterprise Asset Management) obuhvaÊa info-
rmacijske sustave namijenjene podrπci upra-
vljanju mreænom infrastrukturom, raËunalima, 
softverom i ostalim komponentama informatiËke 
tehnologije u poduzeÊima. OËekuje se da Êe u 
iduÊih nekoliko godina porast ulaganja iznositi 
5 % na godinu, pa bi u 2010. godini trebala 
dosegnuti iznos od 2,8 milijarde USD [2], πto je 
grafi Ëki prikazano na slici 1. 

 

Procjenjuje se da na svjetskoj razini oko 15 % 
-  20 % ukupnih ulaganja u implementaciju EAM/
CMMS informacijskih sustava otpada na segment 
elektroprivrede jer je uloga odræavanja kljuËna. 

IT systems to support maintenance management 
have been implemented throughout the world for 
a number of years now and their use is constantly 
rising simultaneously with the development 
of information technologies and the increase 
of investment in computerisation of corporate 
business processes. Towards the end of 2005, a 
study was published by ARC Advisory Group, one 
of the world’s leading consultants in strategic 
planning and IT market research for the industry, 
which showed that on the world market in 2005, 
the value of investment in the implementation of 
EAM/CMMS and ITEAM systems was USD 2,2 
billion. As a separate segment, ITEAM (Information 
Technology Enterprise Asset Management) includes 
IT systems supporting the management of network 
infrastructure, computers, software and other 
components of corporate information technology. It 
is expected that over the next few years the growth 
of investments will be 5 % per annum, so in the 
year 2010, it should reach USD 2,8 billion [2], as 
presented in Figure 1.
 

According to estimates, about 15 % - 20 % of the 
total investment in the implementation of the EAM/
CMMS systems globally is accounted for by the 
sector of electric power utilities, because the role of 
maintenance in there is vital.
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3 OBILJEÆJA 
INFORMACIJSKOG SUSTAVA 
UPRAVLJANJA POSLOVIMA 
ODRÆAVANJA - PROGRAM 
SUPO

3.1 Izbor informacijskog sustava za program SUPO
Kod izbora informacijskog sustava za podrπku 
upravljanju odræavanjem u sklopu projekta SUPO 
u HEP-u izvrπena je temeljita analiza CMMS/
EAM sustava koji se nude na svjetskom træiπtu. 
Defi nirano je viπe kriterija za njihovu evaluaciju, 
od kojih kao najvaænije treba izdvojiti:

-  moguÊnost primjene u odræavanju tehniËkih 
sustava u elektroprivrednim tvrtkama i ostvarene 
referencije proizvoaËa informacijskog sustava 
na tom segmentu træiπta,

-  moguÊnost konfi guriranja i prilagodbe info-
rmacijskog sustava poslovnim procesima 
odræavanja u proizvodnim pogonima i 
toplinarstvu,

-  moguÊnost prilagodbe i podrπke zakonskim 
propisima i internim aktima HEP-a u djelo-
krugu zaπtite na radu i zaπtite od poæara kod 
provedbe aktivnosti odræavanja,

-  moguÊnost prilagodbe i podrπke informacijskog 
sustava hrvatskoj zakonskoj regulativi i 
zahtjevima meunarodnih raËunovodstvenih 
standarda (MRS) u djelokrugu skladiπnog 
poslovanja i upravljanja zalihama te nabavi 
robe, usluga i radova,

-  platforma informacijskog sustava odræavanja 
(relacijska baza podataka Oracle, operacijski 
sustav i suËelje koje podræava rad u okruæenju 
MS Windows) kompatibilna s informacijskom 
infrastrukturom i standardima na kojima je 
razvijen poslovni informacijski sustav HEP-a.

Za primjenu u projektu SUPO izabran je CMMS/
EAM informacijski sustav renomiranog svjetskog 
proizvoaËa koji je nedvojbeno dokazao da moæe 
udovoljiti svim zadanim kriterijima. 

3.2 Opis glavnih modula SUPO
Program SUPO za podrπku upravljanju odræa-
vanjem u HEP Proizvodnji i HEP Toplinarstvu 
modularne je izvedbe. Moduli i struktura programa 
SUPO prikazani su na slici 2.
 

3 CHARACTERISTICS OF IT 
SYSTEM FOR MAINTENANCE
MANAGEMENT - MMS 
SOFTWARE SOLUTION

3.1 Selection of IT system for the MMS 
In selecting the IT system to support maintenance 
management within the MMS project in HEP were 
performed a thorough analysis of CMMS/EAM 
systems offered world-wide. Several criteria were 
defi ned for their evaluation, of which the most 
important are:

-  possibility to be used in the maintenance of 
technical systems of electric power companies, 
and references of IT system manufacturer in 
this market segment,

-  possibility of confi guration and adjustment 
of the IT system to the business processes of 
maintenance of power and heat plants,

-  possibility of adjustment and support for 
the legislation and for the by-laws of HEP 
concerning safety at work and fi re protection in 
the implementation of maintenance activities,

-  possibility of adjustment and support of the 
IT system with regard to Croatian legislation 
and the requirements of the International 
Accounting Standards (IAS) in warehouse and 
inventory management and the procurement of 
goods, services and works,

-  platform of the IT system (Oracle relation 
database, operative system and interface 
supporting MS Windows working environment) 
compatible with the IT structure and standards 
on the basis of which the corporate IT system of 
HEP was developed.

For the implementation in the MMS project 
a CMMS/EAM IT system of a renowned world 
manufacturer was selected which proved beyond 
doubt that it met all the criteria.

3.2 Description of the main modules of MMS
The MMS solution for supporting maintenance 
management at HEP Generation and HEP Heating 
has a modular structure. Modules and the structure 
of the MMS software solution are shown in Figure 2.
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Osnovni moduli programa SUPO i funkcionalnost 
koju nude bit Êe opisani u nastavku.

3.2.1 Objekti odræavanja (tehniËki sustavi)
Jezgru SUPO-a Ëini jedinstvena baza objekata 
odræavanja. Objekte odræavanja Ëine oprema, 
ureaji ili komponente, graevinski objekti te 
opÊenito govoreÊi svi tehniËki sustavi u HEP 
Proizvodnji i HEP Toplinarstvu koji se odræavaju. 
ObuhvaÊeni su i objekti odræavanja koji nisu 
u izravnoj funkciji proizvodnje i distribucije 
elektriËne i toplinske energije, ali su nuæni za 
funkcioniranje pogona i obavljanje temeljne 
djelatnosti ovih druπtava.

U skladu sa spomenutim, bazu podataka objekata 
odræavanja Ëine:

-  temeljna postrojenja, tehnoloπki sustavi i objekti 
za proizvodnju i predaju elektriËne i toplinske 
energije u termoelektranama i hidroelektranama 
HEP Proizvodnje,

-  vrelovodna i parovodna mreæa za distribuciju 
toplinske energije, toplinske stanice s opremom 
i blokovske kotlovnice u HEP Toplinarstvu,

-  visokotlaËni plinovodi za dobavu plina termo-
elektranama, 

-  trafostanice i dalekovodi u sastavu nekih pro-
izvodnih pogona, 

         

The basic modules of the MMS software solution and 
the functionalities they offer will be described below.

3.2.1 Facilities to maintain (technical systems)
The core of the MMS is a single database of the 
facilities to maintain. The facilities to maintain 
include equipment, installations or components, 
buildings and, generally, any technical systems 
of HEP generation and HEP Heating which need 
to be maintained. They also include facilities 
that are not directly used in the generation and 
distribution of electricity and heat but are essential 
to the operation and basic performance of these 
companies.

Consequently, the database of the facilities 
includes:

-  basic plants, technological systems and facilities 
for the generation and transmission of electricity 
and heat in thermoelectric power plants and 
hydroelectric power plants of HEP Generation,

-  heating and steam mains for the distribution of 
heat, heat stations with equipment and boiler 
room units at HEP Heating,

-  high-pressure gas pipelines for supplying gas to 
thermoelectric power plants,

-  substations and power lines within some of the 
generation facilities,
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-  telekomunikacijska oprema i oprema poslovne i 
procesne informatike,

-  poslovne zgrade i ostali graevinski objekti u 
sastavu pogona, ceste, prometnice, industrijski 
kolosijeci i zelene povrπine te sve ostale ne-
kretnine kojima gospodari pogon - npr. objekti 
odmaraliπta, ribogojiliπte itd.,

-  putniËki automobili, autobusi, kamioni, plovila 
te ostala vozila i sredstva unutarnjeg transporta.

Kreiranje baze podataka ili πifarnika objekata 
odræavanja jedna je od bitnijih, ali i najopseænijih 
aktivnosti u projektu uvoenja informacijskih 
sustava za podrπku upravljanja odræavanjem. 
Moæe se reÊi da je ta aktivnost na kritiËnom 
putu terminskog plana izvedbe projekta i u 
bitnoj mjeri odreuje njegovo trajanje. ©ifarnik 
objekata odræavanja treba biti smisleno defi niran 
i hijerarhijski strukturiran, πto znaËi da mora 
omoguÊiti jednoznaËno defi niranje veza tehni-
Ëki sustav - podsustav - komponenta (element, 
ureaj). Takoer je potrebno defi nirati strukturu 
i naËin formiranja nazivlja objekata odræavanja, 
πto je vrlo bitno zbog lakπeg pretraæivanja baze 
podataka.

Baza podataka objekata odræavanja u HEP 
Proizvodnji i HEP Toplinarstvu kreirana je u 
pripremnoj fazi realizacije projekta SUPO, 
primjenjujuÊi specifi Ëan pristup koji je opπirnije 
opisan u poglavlju 5.1 ovog Ëlanka. 

Segment baze podataka objekata odræavanja u 
programu SUPO koji prikazuje raπËlambu pumpnih 
agregata u sustavu napojne vode kotlova K-1 i K-2 
u EL-TO Zagreb prikazan je na slici 3.

 

-  communications equipment and equipment for 
business and process IT,

-  business premises and other buildings within the 
plant, roads, traffi c areas, service sidings and 
vegetation areas and any other property managed 
by the company e.g. holiday homes, fi sheries 
etc.,

-  cars, buses, trucks, vessels and other vehicles 
and means of internal transportation.

Creating a database or code list of the facilities to 
maintain is one of the most important and extensive 
activities within the implementation project. It can 
be said that this activity is on the critical path of 
the schedule of project implementation and that it 
essentially determines its duration. The code list 
of the facilities to maintain needs to be reasonably 
defi ned and have a hierarchy, meaning that it has to 
enable an unambiguous defi nition of the connection 
between the technical system - subsystem -
component (element, equipment). It is also necessary 
to defi ne the structure and the method of defi ning the 
references of the facilities to maintain, which is very 
important for an easier search of the database.

The database of the facilities to maintain in HEP 
Generation and HEP Heating was created in the 
preparatory phase of the realisation of the MMS 
project, using a specifi c approach more extensively 
described in chapter 5.1 of this paper.

The database segment of the MMS solution showing 
a division of pump aggregates in boiler feed water 
systems K-1 and K-2 at the power and heat plant EL-
TO Zagreb is shown in Figure 3.
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Svakom objektu odræavanja u programu SUPO 
dodijeljeni su sljedeÊi atributi:

-  lokacija i moguÊe podlokacije objekta odræa-
vanja,

-  odgovorna osoba - tehnolog odræavanja, 
-  troπkovni centar koji terete troπkovi odræavanja.

Osim osnovnih podataka, za svaki element u 
bazi objekata odræavanja moguÊe je pohraniti 
odreeni broj podataka tehniËkog karaktera, 
poput tipa, serijskog broja, proizvoaËa, datuma 
nabave, datuma poËetka eksploatacije i sl. Za 
istovrsnu opremu (npr. pumpe, elektromotore, 
transformatore) ili objekte moguÊe je kreirati 
tzv. natpisnu ploËicu ili obrazac koji sadræi 
skup standardnih tehniËkih podataka. Svakom 
objektu odræavanja takoer je moguÊe pridruæiti 
i neograniËeni broj dokumenata u digitalnom 
obliku. To mogu biti tekstualni dokumenti, crteæi u 
CAD formatu, slikovni dokumenti, videozapisi itd. 

Treba teæiti tome da se sistematizira i u 
digitalnom obliku pohranjuje sva dokumentacija 
koja se generira tijekom æivotnog vijeka objekta 
odræavanja, a posebice:

-  projektna dokumentacija,
-  tehnoloπke blok-sheme, 
-  upute za rukovanje i odræavanje,
-  fotografi je ugradnje ili montaæe,
-  elaborati o inspekcijama i ispitivanjima,
-  fotografi je mjesta i utvrenih uzroka kvarova.

Osim spomenutog, za svaki objekt odræavanja 
moguÊe je defi nirati listu rezervnih dijelova 
i sklopova potrebnih za odræavanje, a ako je 
instalirano viπe komada istovrsne opreme, ista 
lista rezervnih dijelova moæe se pridruæiti svakome 
od njih. Ova funkcionalnost vrlo je bitna i znatno 
olakπava pregled raspoloæivih zaliha te planiranje 
potreba rezervnih dijelova za odræavanje.

3.2.2 Evidencija periodiËkih aktivnosti programa 
plansko-preventivnog odræavanja 
Programom plansko-preventivnog odræavanja de-
fi niraju se aktivnosti koje je periodiËki potrebno 
provoditi na tehniËkim sustavima. Nakon πto je 
kreirana baza objekata odræavanja, svakom od 
objekata u programu SUPO pridruæuje se lista 
planiranih aktivnosti odræavanja. Opseg programa 
odræavanja defi nira se na temelju:

-  zakonskih obveza, 
-  preporuka proizvoaËa,
-  najbolje svjetske prakse (Best Practices),
- vlastitih iskustava u eksploataciji.

Each facility to maintain in the MMS has the 
following attributes:

-  location and possible sub-locations of the 
facilities to maintain,

-  person in charge - maintenance technologist, 
-  cost centre to which the maintenance expense 

is debited.

In addition to the basic information, for each 
element in the database it is possible to store 
a particular number of technical data, such as 
the type, serial number, manufacturer, date of 
purchase, date of commission etc. For the same 
type of equipment (e.g. pumps, electric motors, 
transformers) or facilities it is possible to create the 
so-called nameplate or a form containing a group of 
standard technical data. Each maintenance object 
can be attributed an unlimited number of fi les in 
digital form. They can be textual fi les, drawings in 
CAD format, picture fi les, video recordings etc. 

One should strive to systematise and store in digital 
form all the documents generated throughout the 
life cycle of the facilities to maintain, particularly:

-  project documentation,
-  technological layouts, 
-  instructions for use and maintenance,
-  installation and assembly photographs,
-  inspection and testing surveys,
-  photographs of locations and detected causes 

of failures.

In addition, for each facility to maintain it is 
possible to defi ne a list of spare parts and units 
necessary for maintenance, and in case more than 
one piece of the same type of equipment has been 
installed, a list of spare parts can be attributed 
to each one of them. This functionality is very 
important and it facilitates the overview of the 
available inventory and planning the required spare 
parts for maintenance.

3.2.2 Record of periodical activities in the program 
of scheduled/preventive maintenance 
The program of scheduled/preventive maintenance 
defi nes the activities that need to be periodically 
conducted in technical systems. Following the 
creation of the database of the facilities to maintain, 
each of the facilities in the MMS is attributed a list of 
the maintenance activities planned. The scope of the 
maintenance program is defi ned on the basis of:

-  statutory obligations, 
-  manufacturers’ recommendations,
-  best practices,
-  own experience from the exploitation. 
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Za svaku periodiËku aktivnost, primjerice ispiti-
vanje ili inspekcijski pregled, propisuje se:

-  periodiËnost izvrπenja aktivnosti na vremenskoj 
osnovi, 

-  datum zadnjeg izvrπenja aktivnosti - na osnovi 
defi nirane periodiËnosti sustav automatski 
izraËunava datum sljedeÊe provedbe,

-  normativi materijala i angaæmana zaposlenika 
koji su potrebni za izvrπenje aktivnosti,

-  odgovorna osoba za izvrπenje aktivnosti,
-  uputa ili kontrolna lista sa svim podacima 

potrebnim za izvrπenje odreene aktivnosti. 

NaËin na koji su defi nirani podaci potrebni za 
izvrπenje jedne aktivnosti preventivnog odræavanja 
prikazan je na slici 4. RijeË je o periodiËkoj (tro-
mjeseËnoj) aktivnosti nadopune sredstava za spreËa-
vanje taloæenja kalcijevog karbonata (kamenca) u 
instalacijama za pripremu potroπne tople vode u 
toplinskim stanicama HEP Toplinarstva.

 

3.2.3 Evidencija kvarova, odnosno zahtjeva za 
izvrπenjem aktivnosti korektivnog odræavanja
Program SUPO omoguÊuje evidenciju kvarova i 
opÊenito svih zahtjeva za izvrπenjem aktivnosti 
korektivnog odræavanja. Zahtjeve moæe izravno 
evidentirati osoblje iz odræavanja, osoblje koje 
upravlja proizvodnjom elektrane (smjena) ili 
operateri u dispeËerskom centru (sluËaj HEP 
Toplinarstva - slika 5). 

For each periodical activity, e.g. testing or 
inspection, the following is prescribed:

-  periodicity, 
-  date of last performance - on the basis of the 

periodicity defi ned the system automatically 
calculates the date of the next instance,

-  material and labour standards,
-  person in charge,
-  instruction or control list with all the required 

information. 

The manner in which the data required for a 
single activity of preventive maintenance are 
defi ned is shown in Figure 4. The example shows 
a periodical (quarterly) refi ll of the agent to prevent 
the settling of calcium carbonate in installations for 
the preparation of consumable hot water at heat 
stations of HEP Heating.

 

3.2.3 Record of failures, i.e. requests for corrective 
maintenance
The MMS software solution enables recording of 
failures and, generally, any requests for corrective 
maintenance. Requests may be directly noted by 
the maintenance staff, the plant operation staff 
(shift) or the operators at the dispatch centre (in 
case of HEP Heating - Figure 5). 
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Evidencija kvara sadræi:

- πifru prijave kvara - automatskim odbrojavanjem,
-  prijavitelja kvara,
-  opis kvara i komentar (zapaæanje),
-  mjesto (objekt odræavanja) na kojem se kvar 

dogodio,
-  datum i vrijeme podnoπenja - sustav dodjeljuje 

automatski,
-  osobu kojoj se upuÊuje prijava kvara. Nakon 

provjere prijave i pregleda podataka ova osoba 
je odobravanjem (potvrivanjem) pretvara u 
radni nalog.

 

3.2.4 Radni nalog
Za svaku aktivnost preventivnog ili korektivnog 
odræavanja u programu SUPO kreira se radni nalog 
koji je srediπnji dokument u odræavanju tehniËkih 
sustava.

Radni nalog sluæi za planiranje i praÊenje tehniËkog 
aspekta odræavanja - defi niranje opsega i tehniËkih 
uputa za izvrπenje aktivnosti te pohranjivanje 
utvrenih rezultata i zapaæanja u arhivu objekta 
odræavanja. Osim toga, funkcija radnog naloga 
je planiranje potreba, rasporeivanje i evidencija 
stvarnog angaæmana zaposlenika i utroπenog 
materijala za izvrπenje pojedinih aktivnosti, tj. 
troπkova odræavanja.

Na slici 6 prikazan je standardni format radnog 
naloga u HEP Proizvodnji i HEP Toplinarstvu.

 

Failure record includes:

-  failure registration code - automatic counter,
-  party registering the failure,
-  description of the failure and comment (observation),
-  place (facility to maintain) at which the failure 

occurred,
-  date and time of submission - attributed auto-

matically by the system,
-  person to whom failure registration is addressed. 

Following the verifi cation of the registration and the 
check of the data, this person approves (clears) the 
registration which then becomes a work order.

3.2.4 Work order
For each periodical activity, e.g. testing or 
inspection, standards for the material and labour 
are prescribed.

Work order serves to plan and monitor the technical 
aspect of maintenance - defi ning the scope and 
technical instructions for conducting activities and 
storing the results and observations in the archives 
of the facility to maintain. Moreover, the purpose of 
a work order is to plan the needs, to distribute and 
record the actual involvement of the staff and the 
material used in completing particular activities, 
i.e. maintenance costs.

Figure 6 shows the standard format of a work order 
for HEP Generation and HEP Heating.
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U elektroenergetskim postrojenjima osobita se 
pozornost posveÊuje provoenju pravila i mjera 
zaπtite na radu. U programu SUPO moguÊe je 
defi nirati potrebne mjere sigurnosti na radu za 
provedbu aktivnosti odræavanja na siguran naËin. 
Svi relevantni dokumenti zaπtite na radu propisani 
biltenima HEP-a (Dozvola za rad, Obavijest o 
zavrπetku radova, Isprava o razgraniËenju ovlasti) 
integrirani su u SUPO te se izdaju i arhiviraju u 
elektroniËkom obliku.

3.2.5 Ljudski resursi (radna snaga)
Modul upravljanja zaposlenicima sadræi osobne 
podatke o svim zaposlenicima pogona, a sluæi 
ponajprije za evidenciju osoblja koje se izravno 
rasporeuje na radne naloge za izvrπenje aktivnosti 
odræavanja. Za svakog zaposlenika evidentirana je 
cijena sata rada Ëime se omoguÊuje praÊenje 
komponente troπka vlastite radne snage u 
odræavanju. Osim toga, moæe se izvrπiti evidencija 
osposobljenosti, specijalistiËkog obrazovanja i 
ostalih znanja zaposlenika koja su relevantna za 
odræavanje tehniËkih sustava.

3.2.6 Evidencija zaliha rezervnih dijelova i potroπnog 
materijala, skladiπno poslovanje i nabava
Upravljanje zalihama i nabava vaæni su logistiËki 
procesi za obavljanje funkcije odræavanja tehni-
Ëkih sustava, pa su zbog toga i integralni dio 
informacijskih sustava za podrπku upravljanju 
odræavanjem. 

At electric power facilities particular attention 
is paid to the implementation of the rules and 
measures of safety at work. In the MMS software 
it is possible to defi ne the required safety-at-
work measures to provide for a safe maintenance 
activity. All the relevant documents of safety at 
work prescribed by HEP Bulletins (work clearance, 
notifi cation of the completion of works, document 
on the defi nition of powers) are integrated in the 
MMS and issued and archived electronically.

3.2.5 Human resources (workforce)
The module of human resources contains personal 
data of all the employees of the facility, and it 
primarily serves to record the staff to be directly 
assigned to work orders for maintenance activities. 
For each employee the hourly cost of work is noted 
to enable monitoring the component of own labour 
costs. In addition, records can include information 
about the training, specialist education and other 
skills of the employees relevant to the maintenance 
of technical systems.

3.2.6 Record of spare parts and consumables, 
warehouse operation and procurement
Managing the inventory and procurement are 
important logistic processes in the maintenance of 
technical systems, so they are made part of the IT 
system for supporting maintenance management. 
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U segmentu skladiπnog poslovanja i upravljanja 
zalihama program SUPO nudi sljedeÊe 
moguÊnosti:

-  evidenciju zaliha (rezervni dijelovi, kompo-
nente, sklopovi, potroπni materijal) - koliËine, 
vrijednosti, lokacije,

-  defi niranje zamjenskih dijelova,
-  rezerviranje materijala za radne naloge,
-  praÊenje skladiπnih transakcija (prometa 

zaliha) i kreiranje svih dokumenata skladiπnog 
poslovanja,

-  inventuru (popis zaliha), 
-  defi niranje metode obnove zaliha min/maks ili 

signalna,
-  praÊenje iskoriπtenja zaliha u odreenom 

vremenskom razdoblju,
-  praÊenje isporuka po dobavljaËima,
-  ABC analizu zaliha po vrijednosti i koriπtenju, 

defi niranje ekonomiËnih koliËina narudæbe (ENK),
-  primjenu barkod ËitaËa u evidenciji, praÊenju 

prometa i inventuri zaliha.

Na slici 7 prikazana je evidencija zaliha rezervnih 
dijelova na srediπnjem skladiπtu Pogona TE-TO 
Zagreb za kombi kogeneracijski blok K.

 

Glede funkcije nabave program SUPO nudi 
podrπku cjelokupnom procesu ugovaranja, od 
slanja upita za dostavu ponuda, evidentiranja 
ponuenih cijena do fi nalizacije nabave putem 
narudæbe.

In warehouse operations and inventory management 
the MMS offers the following options:

-  inventory record (spare parts, components, 
assembly units, consumables) - quantities, 
values, locations,

-  defi nition of replacements,
-  reserving materials for work orders,
-  monitoring warehouse transactions (inventory 

movement) and creating all the documents for 
warehouse operation,

-  inventory (listing the inventory), 
-  defi nition of the method for restocking min/max 

or signal,
-  monitoring the utilisation of inventory in a 

specifi ed period,
-  monitoring deliveries by suppliers,
-  ABC analysis of the inventory by value and 

utilisation, defi nition of economic ordering 
quantities (EOQ),

-  use of a bar code reader in recording, monitoring 
the movement and taking inventory.

Figure 7 shows a record of spare parts in stock 
at the central warehouse of TE-TO Zagreb for the 
combined co-generation K unit.

With regard to the function of procurement, the MMS 
software offers support for the entire contracting 
process, from sending quotation requests and 
noting the quotations to the fi nalisation by way of 
an order.
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Vaæno je spomenuti da sustav ima moguÊnost 
odobravanja predmeta nabave (autorizaciju) 
elektroniËkim putem osobama koje su u organi-
zacijskoj strukturi pogona za to nominirane. Sustav 
autorizacije moæe se namjestiti prema vrijednosti 
predmeta nabave (na primjer, osoba A ovlaπtena 
je odobravati predmete do 20 000 kn, osoba B do 
200 000 kn itd.).

Osim navedenih, u HEP Proizvodnji i HEP 
Toplinarstvu primjenjuju se joπ i moduli programa 
SUPO - materijalno knjigovodstvo i upravljanje 
dokumentacijom.

3.3 Model primjene i funkcioniranja programa 
SUPO
Program SUPO je projektiran u skladu s modernim 
informatiËkim tehnologijama na platformi rela-
cijske baze podataka Oracle. Implementacija 
programa SUPO provedena je standardnom meto-
dologijom implementacije informacijskih sustava.

Za svaki od proizvodnih pogona termoelektrana 
formirane su zasebne baze podataka, dok su 
za proizvodna podruËja hidroelektrana baze 
podataka zajedniËke. Isto se odnosi i na pogone 
HEP Toplinarstva. Baze podataka programa 
SUPO instalirane su na posluæiteljima lociranim 
u datacentrima Sektora za poslovnu informatiku u 
Zagrebu, Rijeci, Osijeku i Splitu. 

Model pristupa programu SUPO u skladu je sa 
standardnim pravilima sigurnosne politike u 
primjeni informacijskih sustava (prijava, auto-
rizacija, zaπtita podataka).

Pristup pojedinim modulima, ovlasti za pregled, 
izmjenu ili brisanje podataka temelje se na 
modelu tzv. korisniËkih uloga koje su defi nirane 
uzimajuÊi u obzir vrijedeÊu sistematizaciju radnih 
mjesta, organizacijske sheme pogona te ovlasti 
i zaduæenja korisnika u procesima podræanim 
primjenom programa SUPO.

Program SUPO integriran je u poslovni info-
rmacijski sustav HEP-a radi odræavanja konzi-
stentnosti i toËnosti defi nicijskih (matiËnih) 
πifarnika u poslovanju HEP-a te izbjegavanja 
viπestrukog unosa podataka. Povezivanje i 
integracija programa SUPO ostvareni su izradom 
suËelja (interface) s poslovnim aplikacijama 
namijenjenim podrπci upravljanju poslovanja 
HEP-a u djelokrugu fi nancijskog knjigovodstva, 
planiranja i evidencija nabave, kadrovske 
evidencije itd.

It is important to note that the system has the 
possibility of online authorisation of procurement 
for appropriate roles in the organisational structure 
of the facility. The system of authorisation may be 
adjusted according to the subject of procurement 
(example: person A is authorised to approve 
procurements of up to HRK 20 000; person B up to 
HRK 200 000 etc.).

In addition, HEP Generation and HEP Heating are 
also using MMS modules for material accounting 
and fi le management.

3.3 Model of MMS implementation and functioning
MMS is designed in accordance with modern 
information technologies on the platform of the 
relation database of Oracle. The implementation 
of the MMS was standard methodology for IT 
systems.

For each thermoelectric power plant separate 
databases were created, whereas for the generation 
areas of hydroelectric power plants there are joint 
databases. The same applies to the plants of HEP 
Heating. MMS databases are installed on the 
servers located at the data centres of the Business 
IT Sector in Zagreb, Rijeka, Osijek and Split. 

The model of the access to the MMS software is 
in accordance with the standard rules of the policy 
of security in the use of IT systems (logging on, 
authorisation, data protection).

Access to individual modules, authorisation to 
view, modify or delete data, is based on the model 
of the so-called user roles which are defi ned by 
taking into account the relevant systematisation 
of jobs, organisational schedules of the facility, 
and the powers and responsibilities of users in the 
processes supported by the MMS software.

The MMS software is integrated into the corporate 
IT system of HEP with a view to maintaining 
consistency and accuracy of defi nition of (master) 
code lists in the operation of HEP and to avoiding 
multiple data entry. The connection and integration 
of the MMS software was accomplished by setting 
up an interface with business applications to 
support HEP operations management in the sphere 
of fi nancial accounting, planning and recording 
procurement, HR records etc.
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4 ULOGA INFORMACIJSKIH 
SUSTAVA ZA PODR©KU 
UPRAVLJANJU ODRÆAVANJEM 
U VO–ENJU POSLOVANJA 
ELEKTROPRIVREDNE TVRTKE

Uvoenjem informacijskih sustava postiæu se 
kvalitetni pomaci u cjelokupnoj organizaciji i 
upravljanju poslovima odræavanja s tehniËkog 
stajaliπta, a takoer ostvaruju preduvjeti za 
postizanje znatnih uπteda i smanjenja troπkova, 
osobito po osnovi pronalaæenja optimalne 
strategije odræavanja te politike upravljanja 
zalihama i nabavom robe i usluga. 

4.1 Strategija upravljanja odræavanjem
U svijetu se u vezi s pristupom odræavanju 
elektrana primjenjuje nekoliko fi lozofi ja, a zatim i 
strategija odræavanja:

-  japanski pristup - najbolje se odraæava 
izrazom “kvarovi na bazi nula” pri Ëemu se 
poveÊanim opsegom preventivnog odræavanja 
nastoji postotak neplaniranih zastoja svesti na 
najmanju moguÊu mjeru,

-  ameriËki pristup - tolerira visoki postotak 
neplaniranih zastoja (sintagma “radi dok ne 
otkaæe”) uz neπto manji opseg planiranog 
preventivnog odræavanja [14]. Ovakav pristup 
u velikoj je mjeri odreen komercijalnim 
uvjetima na ameriËkom træiπtu elektriËne 
energije. AmeriËke elektroprivredne tvrtke ne 
ulaæu velika sredstva u produljenje æivotnog 
vijeka konvencionalnih elektrana, nego vodeÊi 
se logikom ekonomske opravdanosti, poveÊanje 
potroπnje elektriËne energije rjeπavaju 
izgradnjom novih proizvodnih jedinica jer se 
ona stimulira poreznim olakπicama,

-  zapadnoeuropski pristup - predstavlja sredinu 
izmeu ova dva pristupa. Glavna odlika 
ovog pristupa oËituje se u “brizi za tehniËke 
sustave” koja se provodi ulaganjem znatnih 
sredstava u remonte postrojenja u planiranim 
zastojima. Tijekom remonata utvruje se stanje 
opreme i donosi odluka o njezinom popravku 
ili zamjeni ako se pokaæe da ne udovoljava 
propisanim kriterijima prihvatljivosti. 

Na pitanje koji je pristup najbolji odgovor nije 
jednoznaËan. Promatranjem spomenutih fi lozofi ja 
moæe se uoËiti da odraæavaju gospodarska, pa i 
kulturoloπka obiljeæja spomenutih dijelova svijeta, 
lako vidljiva i u svakodnevnom æivotu.

Idealnom fi lozofi jom odræavanja mogla bi se 
proglasiti ona kojom Êe se postiÊi planirana ili 
ciljana raspoloæivost elektrane uz minimalne 
troπkove, πto Êe proizaÊi iz izbora optimalnih 

4 ROLE OF IT SYSTEMS IN 
SUPPORTING MAINTENANCE 
MANAGEMENT ACROSS THE 
OPERATION OF POWER UTILITY

Introducing IT systems gives rise to quality 
improvement across the organisation and 
technical maintenance, and creates conditions for 
substantial savings and cost reduction, particularly 
by devising the optimum maintenance strategy and 
the management policy for the inventory and the 
procurement of goods and services. 

4.1 Maintenance management strategy
Globally, there are several approaches to power plant 
maintenance, resulting in several maintenance 
strategies:

-  Japanese approach - best expressed by 
the motto „zero failure”, a more intensive 
preventive maintenance in an attempt to 
minimise contingent downtimes,

-  U.S. approach - tolerates high percentage 
of contingent downtime (“work until it 
breaks “) with a somewhat smaller scope of 
scheduled preventive maintenance [14]. Such 
an approach is to a great extent determined 
by the commercial conditions on the U.S. 
electricity market. U.S. power utilities do not 
invest very much in extending the life cycle of 
conventional power plants, but guided by the 
logic of economic justifi cation they deal with 
the increasing consumption of electricity by 
constructing new generation units, this being 
encouraged by tax exemptions,

-  West European approach - a middle way 
between these two approaches. The main 
characteristic of this approach is expressed 
by the motto “technical systems care” realised 
through considerable investment in facility 
overhauls during scheduled downtimes. During 
the overhaul the condition of the equipment is 
inspected and a decision taken regarding its 
repair or replacement if it proves not to meet 
the prescribed requirements of acceptability. 

There is no simple answer to the question of which 
approach is the best. In observing the approaches 
mentioned above it is apparent that they refl ect the 
economic and even cultural characteristics of the 
parts of the world involved.

An ideal maintenance approach could be the one 
that will achieve the planned or targeted availability 
of the power plant at a minimum cost, which 
will result from the choice of the optimum ratio 
between preventive and corrective maintenance and 
modifi cation of facilities.
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omjera preventivnog i korektivnog odræavanja te 
modifi kacija postrojenja.

U HEP Proizvodnji i HEP Toplinarstvu teæi se 
primjeni zapadnoeuropskog pristupa, s tim 
da u obzir treba uzeti Ëinjenicu da je veÊina 
elektrana u pogonu izmeu 30 i 40 godina. 
PoveÊanim ulaganjem u zamjene, rekonstrukcije 
i modifi kacije postrojenja nastoji se produljiti 
æivotni vijek HEP-ovih elektrana, a pokrenut je i 
novi investicijski ciklus koji Êe rezultirati gradnjom 
novih proizvodnih kapaciteta.

Strategija, odnosno pristup ili koncepcija odræa-
vanja proizlazi iz fi lozofi je odræavanja. U svijetu 
je tijekom godina, usporedno s razvojem tehniËkih 
sustava, utemeljeno viπe koncepcija odræavanja 
[3]. Iako se u praksi mogu pronaÊi svi koncepti, 
pa Ëak i njihove kombinacije, pojednostavljeno 
gledajuÊi moæe se reÊi da su u elektranama 
prisutna tri tipa odræavanja, i to:

-  preventivno odræavanje koje se obavlja u 
unaprijed defi niranim intervalima kako bi se 
sprijeËila pojava kvarova u tijeku eksploatacije 
- preventivno odræavanje obuhvaÊa odræavanje 
prema vremenskim ciklusima, odræavanje po 
stanju i odræavanje predvianjem,

-  korektivno odræavanje koje se provodi nakon 
πto je doπlo do pojave kvara, a cilj mu je 
vraÊanje tehniËkog sustava u funkcionalno 
stanje,

-  modifi kacije postrojenja su zahvati koji se 
obavljaju na postrojenju radi poboljπanja 
funkcionalnosti opreme te poveÊanja raspolo-
æivosti postrojenja. Modifi kacijama se u osnovi 
nastoje izvrπiti izmjene projektiranih rjeπenja 
koja se u eksploataciji postrojenja nisu 
pokazala zadovoljavajuÊima. Pri razmatranju 
potrebe i koristi izvoenja modifi kacije, osim 
tehniËkog aspekta, potrebno je u obzir uzeti 
i fi nancijski, provoenjem analize isplativosti 
(Cost Benefi t Analysis). 

Izbor strategije odræavanja ovisi i o tome u kojoj 
je fazi æivotnog vijeka elektrana. U poËetnoj 
fazi æivotnog vijeka treba prepoznati i rjeπavati 
tzv. djeËje bolesti. Istodobno treba razraditi i 
uspostaviti program preventivnog odræavanja i 
dosljedno ga provoditi. Na onim tipovima opreme 
gdje su primjenjive treba teæiti maksimalnoj 
primjeni tehnika odræavanja predvianjem. 
NajËeπÊe i u praksi prokuπane tehnike odræavanja 
predvianjem jesu:

-  mjerenje radnih parametara - temperatura, 
tlak, protok i sl.,

-  mjerenje vibracija rotirajuÊih strojeva,
-  ultrazvuËna i akustiËna ispitivanja,
-  infracrvena termografi ja,

HEP Generation and HEP Heating generally lean 
towards the West European approach, but here one 
needs to take into account the fact that most of its 
power plants have been operating for 30-40 years 
now. By increased investment in the replacement, 
reconstruction and modifi cation of facilities HEP 
is attempting to extend the life cycle of its power 
plants, and a new investment cycle has been 
started that should result in the construction of new 
generation capacities.

The strategy i.e. approach or concept of 
maintenance follows from the very philosophy of 
maintenance. Throughout the years, the world has, 
simultaneously with the development of technical 
systems, seen several maintenance concepts [3]. 
Although in practice all these concepts can be 
found, or even combinations of them, to keep it 
simple, there are three types of maintenance in 
power plants:

-  preventive maintenance at predefi ned intervals 
with a view to preventing the occurrence 
of failures during exploitation - preventive 
maintenance includes maintenance in time 
cycles, maintenance related to condition, and 
maintenance by anticipation,

-  corrective maintenance is conducted when a 
failure has occurred, with a view to returning 
the technical system back to its operating 
condition,

-  modifi cations of facilities are interventions 
in the facility with a view to improving the 
functionality of equipment and the availability 
of the facility. Modifi cations basically attempt 
to accomplish changes in the solutions 
designed which have not proved satisfactory 
in exploitation. In considering the need for and 
the benefi t from modifi cation, it is necessary, 
in addition to the technical aspect, to take into 
account the fi nancial aspect, too, by conducting 
a Cost-Benefi t Analysis. 

The choice of strategy also depends on the phase in 
the life cycle of the power plant. In the initial phase 
of the life cycle, infant mortality failures need to 
be eliminated. Simultaneously, the schedule for 
preventive maintenance needs to be developed 
and introduced and consistently implemented. 
Maximum use of maintenance techniques needs 
to be anticipated for the type of equipment where 
such techniques are applicable. The most usual 
and practically proved maintenance techniques 
implemented by way of anticipation are:

-  measurement of working parameters - tempe-
rature, pressure, fl ow etc.,

-  measurement of vibrations of rotating machinery,
-  ultrasound and acoustic testing,
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-  nerazorna ispitivanja materijala (ultrazvukom, 
vrtloænim strujama, magnetskim Ëesticama, 
tekuÊim penetrantima itd.), 

-  podmazivanje,
-  analiza maziva,
-  tehnike preciznog odræavanja (centriranje 

osovina, uravnoteæenje rotirajuÊih masa itd.). 

Na dijelovima postrojenja gdje tehnike odræa-
vanja predvianjem nisu primjenjive potrebno je 
provoditi preventivno odræavanje prema vremen-
skim ciklusima. Osim toga, preporuËljivo je 
iskoristiti svaku priliku, primjerice neplanirani 
zastoj ili bilo koji trenutak kad je elektrana 
izvan pogona za pregled i praÊenje stanja vitalne 
opreme. Takvim se pristupom pokazuje briga o 
postrojenju i stjeËe uvid o njezinom “zdravlju”, 
πto je kljuËni parametar u planiranju opsega, 
uËestalosti izvoenja te eventualnom produljenju 
intervala izmeu redovitih remonata. 

Takva strategija odræavanja po karakteru je dina-
miËka i usmjerena je na upravljanje procesom 
odræavanja, a ne samo njegovom provoenju. Ovaj 
je pristup u skladu s najboljom svjetskom praksom 
(Best Practices) odræavanja tehniËkih sustava i 
njegova bi primjena trebala rezultirati postizanjem 
optimalne raspoloæivosti elektrane, kao πto je 
prikazano u tablici 1.

Vrijednosti prikazane u tablici 1 predstavljaju ujedno 
i kriterije za provoenje benchmarkinga procesa 
odræavanja koji Êe ulaskom na otvoreno træiπte i za 
HEP-ove elektrane postati osobito vaæan. 

Uloga programa SUPO u cjelokupnom procesu 
koji obuhvaÊa defi niranje strategije odræavanja, 
podrπke njezinoj realizaciji i analizi rezultata 
primjene nezaobilazna je. Analizom podataka 
sadræanih u informacijskom sustavu najbræe se 
uspostavlja povratna veza, odnosno utvruje efekt 
primjene strategije odræavanja i dobivaju podaci 
potrebni za provoenje moguÊih korekcija.

-  IR thermography,
-  non-invasive material testing (ultrasound, eddy 

currents, magnetic particles, liquid penetrants etc.), 
-  lubrication,
-  analysis of lubricants,
-  accurate maintenance techniques (centring 

axles, balancing rotating masses etc.). 

In the sections of facilities where maintenance 
techniques by anticipation are not applicable, it 
is necessary to conduct preventive maintenance in 
intervals. In addition, it is recommendable to use 
any opportunity, such as an unforeseen downtime 
or any moment when the plant is not operating, 
to inspect and monitor the condition of the vital 
equipment. Such an approach enables care of 
the facility and provides insight into its “health”, 
which is the key parameter in planning the scope, 
frequency and possible extension of intervals 
between overhauls. 

Such a strategy of maintenance is dynamic 
in its character and focused on the process 
of maintenance management, not just on its 
implementation. This approach is in accordance 
with the world’s best practices in maintaining 
technical systems, and its implementation should 
result in reaching the optimum availability of the 
power plant, as shown in Table 1.

The values shown in Table 1 also reveal the criteria 
for the maintenance benchmarking process which will 
become particularly important for HEP’s power plants, 
too, with their appearance on the open market. 

The role of the MMS solution in the entire process 
spanning the defi nition of the maintenance strategy, 
the support for its realisation and the analysis 
of the implementation results is unavoidable. An 
analysis of the data contained in the IT system is 
the quickest way to establish a feedback, or the 
effect of the implementation of the maintenance 
strategy, and to obtain the data necessary for the 
implementation of possible corrections.
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4.2 PraÊenje i analiza kvarova
Proces eksploatacije tehniËkih sustava neizbje-
æivo dovodi do pojave oπteÊenja, kvarova i 
posljediËno do neplaniranih zastoja. S razvojem 
tehniËkih sustava pojavila se potreba prikupljanja, 
sistematizacije i analize podataka o njima. Kako 
je opisano u prethodnom poglavlju, korektivno 
odræavanje radi otklanjanja kvarova vaæna je 
sastavnica strategije odræavanja.

Uloga programa SUPO je da na temelju pregleda 
i analize evidentiranih kvarova ukaæe na “slabe 
toËke” u postrojenju. OËito je da prva mjera za 
otklanjanje takvih mjesta moæe biti poveÊanje 
opsega preventivnog odræavanja ili, ako se to 
pokaæe opravdanim, provoenje modifi kacije 
postrojenja. Prije povlaËenja bilo kojeg poteza 
potrebno je usredotoËiti se na utvrivanje fre-
kvencije pojave kvarova i njihova uzroka. 

U teoriji odræavanja primjenjuje se nekoliko 
pristupa i teorija predvianja pojave i intenziteta 
kvarova. Jedna od njih zasniva se na teoriji 
pouzdanosti. Pouzdanost moæemo defi nirati kao 
vjerojatnost da element funkcionira bez kvarova 
odreeno vrijeme (t) u odreenim uvjetima 
okoline.

Pritom se polazi od Ëinjenice da ponaπanje 
tehniËkih sustava u eksploataciji, odnosno pojava 
kvara tijekom vremena predstavlja stohastiËki 
(sluËajan) proces, Ëija se pojava sa sigurnoπÊu ne 
moæe predvidjeti. BuduÊi da su karakteristike ovih 
procesa sluËajno promjenjive veliËine, proizlazi 
da se i obrada raspoloæivih podataka zasniva na 
teorijama vjerojatnosti i matematiËke statistike.

Jedan od pokazatelja pouzdanosti koji opisuje 
intenzitet pojave kvarova, a koristi se kod 
popravljivih ureaja i sustava, je srednje vrijeme 
izmeu pojave kvarova - SVIK (Mean Time 
Between Failure - MTBF). 

Ako se promatra samo jedan ureaj, srednje se 
vrijeme rada raËuna prema izrazu [4]:

      

Program SUPO automatski izvrπava izraËun 
srednjeg vremena izmeu kvara na temelju 
podataka o evidentiranim kvarovima. Na temelju 

4.2 Failure monitoring and analysis 
The process of exploitation of technical systems 
unavoidably leads to the occurrence of damage, 
breakdowns and, consequently, to unforeseen 
downtime. With the development of technical 
systems there arose the need to collect, systematise 
and analyse their data. As described in the 
preceding section, corrective maintenance for the 
purpose of eliminating failures is an important 
component of the maintenance strategy.

The role of the MMS solution is to indicate, by way 
of inspection and analysis of the failure observed, 
the weaknesses of the facility. It is evident that 
the fi rst measure for eliminating such weaknesses 
can be an increase in the scope of preventive 
maintenance or, if applicable, a modifi cation of the 
facility. Prior to making any move, it is necessary to 
focus on establishing the failure rate and the causes 
of failures. 

In maintenance theory there are several approaches 
and methods for predicting the occurrence and 
failure rate. One of them is based on the concept 
of reliability. Reliability may be defi ned as a 
probability that an element will function without 
failure for a particular time (t) under particular 
external conditions.

The starting point in this is the fact that the 
behaviour of technical systems during exploitation, 
i.e. the occurrence of failure over a period of 
time, is a stochastical (random) process whose 
occurrence cannot be predicted with certainty. The 
characteristics of such processes being randomly 
variable values, it follows that the processing of 
available data is also based on the theories of 
probability and mathematical statistics.

One of the indicators of reliability describing the 
failure rate, applied in reparable devices and 
systems, is Mean Time Between Failure - MTBF. 

If we take one device only, the mean time of 
operation is calculated according to expression [4]:

   

MMS solution automatically calculates MTBF on 
the basis of the data on the failures observed. On 
the basis of MTBF and other relevant parameters 
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SVIK-a i ostalih relevantnih parametara treba 
razmotriti i po potrebi redefi nirati strategiju 
odræavanja promatrane opreme.

U praksi se pokazalo da su izraËun i analiza SVIK-a 
prikladni za jednostavne sustave i komponente gdje 
se moæe krenuti od pretpostavke da je vjerojatnost 
pojave kvarova konstantna tijekom eksploatacije. 
U tom sluËaju, prosjeËni intenzitet pojave kvarova 
bio bi jednak intenzitetu kvarova bilo u kojem 
trenutku ili konstantan. Ovaj scenarij korespondira 
s onim koji je poznat kao eksponencijalna 
distribucija, gdje je srednja vrijednost jednaka 
prosjeËnoj vrijednosti intenziteta kvarova. 

Za kompleksnije sustave i komponente intenzitet 
kvarova moæe se mijenjati tijekom vremena. 
PolazeÊi od takvog pristupa, kvarovi tehniËkih 
sustava dijele se na rane ili poËetne, sluËajne te 
vremenske ili kvarove uzrokovane starenjem. Ova 
podjela kvarova prikazana je krivuljom mortaliteta 
koja je poznata i kao krivulja u obliku kade 
(Bathtub). Krivulja prikazana na slici 8 slikovito 
predoËuje karakter i intenzitet pojave kvarova u 
ovisnosti o vremenu, odnosno æivotnom vijeku 
tehniËkog sustava. VeÊina HEP-ovih elektrana i 
centralizirani toplinski sustavi nalaze se u fazi 
æivotnog vijeka koji se moæe locirati na desnoj 
strani osi (vrijeme), πto na dijagramu odgovara 
podruËju koje ameriËki struËnjaci u odræavanju 
nazivaju “penjanje iz kade”.

 

the maintenance strategy for the equipment under 
scrutiny needs to be reconsidered and redefi ned if 
necessary.

Practice showed that the calculation and analysis 
of MTBF is appropriate for simple systems and 
components where it is possible to start from the 
assumption that the probability of failure occurring 
remains constant throughout the exploitation. 
In such a case, an average failure rate would be 
equal to the failure rate in any interval, or constant. 
This scenario corresponds with the one known as 
exponential distribution, where the mean value 
equals the average value of failure rate. 

In more complex systems and components failure 
rate may vary with time. Starting from such an 
approach, failures of technical systems are divided 
into early or initial, random, and time failures or the 
failures caused by ageing. This division of failures 
is represented by a mortality curve also known as 
the bathtub curve. The curve in Figure 8 shows the 
character and failure rate depending on the time 
i.e. life cycle of the technical system. Most HEP’s 
power plants and centralised heat systems are in 
the phase of their life cycle that can be located on 
the right side of axis x (time), which in the diagram 
corresponds with the area which U.S. maintenance 
experts term “Wearout Failure Period”.
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Prije opisane razlike u pristupu promatranju 
kvarova posebno su dolazile do izraæaja s 
poveÊanjem sloæenosti tehniËkih sustava i najprije 
su se pokazale u avionskoj industriji gdje se na 
temelju podataka o izraËunu srednjeg vremena 
izmeu kvarova nije mogao kontrolirati intenzitet 
njihove pojave. Razlog je πto se izraËun SVIK 
temelji na statistiËkim podacima o kvarovima iz 
proπlosti, dok nedovoljno uzima u obzir moguÊu 
pojavu kvarova u buduÊnosti zbog starenja 
komponenata tijekom njihova æivotnog vijeka.

Spomenute Ëinjenice rezultirale su razvojem 
novih pristupa i strategija odræavanja sloæenih 
tehniËkih sustava gdje se mogu ubrojiti i objekti za 
proizvodnju elektriËne energije. Jedan od njih, tzv. 
odræavanje usmjereno na pouzdanost (Reliability 
Centered Maintenance - RCM), oËituje se u tome 
da se na smanjenje intenziteta pojave kvarova 
moæe utjecati veÊ u fazi izrade projekta, izborom 
odgovarajuÊih tehniËkih rjeπenja. Na ovaj naËin 
defi niranje strategije odræavanja pomaknuto je 
veÊ u fazu projektiranja tehniËkog sustava. Ostali 
Ëimbenici RCM-a su rukovatelji ili osoblje koje 
upravlja proizvodnjom elektrane te odræavatelji 
tehniËkih sustava. Njihova je uloga da primjenom 
struËnog znanja i prikupljenih podataka tijekom 
praÊenja sustava u eksploataciji, kao i redovitim 
remontima utjeËu na rano prepoznavanje funkcio-
nalnih greπaka koje mogu dovesti do pojave 
kvarova [6].

Takva strategija podrazumijeva maksimalnu pri-
mjenu tehnika odræavanja predvianjem kojima se 
na temelju praÊenja stanja i parametara sustava 
moæe utjecati na rano otkrivanje potencijalnih 
kvarova u kombinaciji s preventivnim odræavanjem 
prema vremenskim intervalima i periodiËkim 
remontima, kako je opisano u poglavlju 4.1.

U programu SUPO moguÊa je, osim same 
evidencije, i analiza uzroka pojave kvarova, uz 
uvjet da su prethodno klasifi cirani po tipovima. 
OpÊenito govoreÊi, uzrok kvarova mogu biti 
greπke izazvane skrivenim defektima materijala 
ili komponenata, starenje komponente koje nepo-
voljno utjeËe na njezina svojstva i projektiranu 
funkciju te nepravilna uporaba ili nepravodobno 
preventivno odræavanje komponente, a isto tako i 
nepravilni radni parametri ili reæimi eksploatacije 
kao vanjski uzrok kvara.

4.3 Upravljanje zalihama
Upravljanje zalihama svakako je jedan od 
najvaænijih logistiËkih procesa u odræavanju 
tehniËkih sustava. Problematika pronalaæenja 
optimalne politike upravljanja zalihama vrlo je 
sloæena i ovisi o raznim faktorima kao πto su 

The above-mentioned differences in the approaches 
to failure observation were particularly noticeable 
with the increasing complexity of technical systems, 
and they fi rst surfaced in the aircraft industry 
where it was not possible to control the failure 
rate on the basis of the information derived from 
the calculation of MTBF. The reason for this was 
that MTBF is based on statistical data on failures 
from the past and is inadequately accounting for a 
possible occurrence of failures in the future due to 
the ageing of components during their life cycle.

This resulted in the development of new approaches 
to and maintenance strategies for complex technical 
systems to which electric power generation facilities 
belong. One of them, the so-called Reliability 
Centred Maintenance (RCM), is characterised by 
the possibility of reducing the failure rate already 
in the phase of design through a selection of 
appropriate technical solutions. This way defi ning 
the maintenance strategy is shifted to the phase of 
design of a technical system. Other RCM factors are 
operators or the staff managing the generation at 
a power plant and maintaining technical systems. 
Their role is to use the expertise and the data 
collected in the course of monitoring the system 
during its operation, as well as regular overhauls, to 
effect an early recognition of functional errors that 
can lead to failures [6].

Such a strategy includes a maximum implementation 
of anticipated maintenance techniques that make it 
possible, on the basis of monitoring the status and 
parameters of the system, to early detect potential 
failures in combination with preventive interval 
maintenance and periodical overhauls, as described 
in section 4.1.

In the MMS solution it is possible to both record 
and analyse the causes of failures, provided that 
they have been categorised by type fi rst. Generally, 
the causes of failures may come from hidden 
defects of the material or components, the ageing 
of a component which affects its characteristics 
and designed function, and the incorrect use or a 
preventive maintenance of the component which 
is not performed in a timely manner, as well as 
irregular working parameters or exploitation regimes 
as the external causes of failures.

4.3 Inventory management
Inventory management is by all means one of the 
most important logistic processes in maintaining 
technical systems. The issue of devising an 
optimum inventory management policy is very 
complex and it depends on various factors such 
as unpredictability of demand, supply and delivery 
deadlines, multitude of items etc.
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nepredvidljivost potraænje zaliha, rokovi dobave i 
isporuke, velik broj artikala itd.

Procjena potraænje za odreenim zalihama 
kljuËni je Ëimbenik u politici odreivanja zaliha 
i formiranju narudæbi. Poslovni proces odræavanja 
u objektima za proizvodnju elektriËne energije 
karakterizira model tzv. neovisne potraænje zaliha, 
pri Ëemu je u ukupnim zalihama dominantan 
udjel rezervnih dijelova namijenjenih za zamjenu 
neispravnih komponenti tehniËkih sustava. Za 
model neovisne potraænje zaliha svojstven je 
pristup upravljanja zalihama koji se zasniva na 
fi lozofi ji nadopunjavanja, πto znaËi da se zalihe 
nakon njihova smanjenja odmah nadopunjavaju 
kako bi se osigurala njihova dovoljna raspoloæivost 
za odvijanje poslovnog procesa, u ovom sluËaju 
odræavanja. U praksi su prisutni razni modeli koji 
se upotrebljavaju za nadopunjavanje zaliha, od 
kojih je najpoznatiji model ekonomiËne koliËine 
narudæbi (EKN) kojim se pokazuje odnos izmeu 
cijene nabave i Ëuvanja zaliha [7]. Ideja ovog 
pristupa je izvrπiti optimizaciju nabavnih koliËina 
tako da ukupni troπkovi realizacije narudæbe i 
troπkova Ëuvanja zaliha budu najmanji, a da se ne 
pojavi manjak artikala na skladiπtu.

Program SUPO omoguÊuje izraËun ekonomiËnih 
koliËina narudæbi na temelju podataka o povijesti 
koriπtenja, odnosno potrebama za odreenim 
artiklom. Pritom algoritam za izraËun EKN koristi 
sljedeÊe varijable:

-  prosjeËnu koliËinu potreba za artiklom u jednoj 
godini - vrijednost bazirana na temelju ukupno 
koriπtenoj koliËini artikla tijekom promatranog 
vremenskog razdoblja - pretpostavlja se da 
je potreba za artiklom konstantna tijekom 
godine,

-  prosjeËnu cijenu koπtanja artikla,
-  broj narudæbi artikla tijekom jedne godine,
-  ukupnu koriπtenu koliËinu artikla u proma-

tranom vremenskom razdoblju,
-  troπkove Ëuvanja artikla na zalihi - cijenu 

skladiπtenja,
-  troπkove realizacije narudæbe - ukljuËuju ad-

ministrativne troπkove pripreme narudæbe i 
cjelokupnog procesa nabave te obrade raËuna 
za isporuËeni artikl.

IzraËun EKN moæe se prikazati sljedeÊim izrazom 
koji se izvodi traæenjem ekstrema funkcije troπkova 
po nabavnoj koliËini:

                                  
                                              

The estimate of demand for a particular inventory 
is the key factor of the policy of determining 
inventory and creating orders. The business process 
of maintenance at the facilities for the generation 
of electricity is characterised by the model of the 
so-called independent inventory demand where the 
share of spare parts for the replacement of broken 
components of technical systems is dominant in 
inventory total. The independent demand model 
is characterised by the approach to inventory 
management that is based on the philosophy 
of restocking, which means that supplies are 
restocked as they are being used, to ensure their 
adequate availability for running the business 
process, in this case maintenance. In practice 
there are various models used to restock, the best 
known being the model of economic procurement 
quantities (EPQ) showing the relation between the 
cost of purchase and keeping inventory [7]. The 
notion of this approach is to optimise procurement 
quantities to keep the total cost of order realisation 
and the cost of keeping inventory at the minimum 
without experiencing a warehouse shortage.

The MMS solution enables a calculation of an 
economic number of orders on the basis of the 
information about the history of usage, i.e. the 
need for a particular item. The algorithm for the 
calculation of EPQ uses the following variables:

-  average number of requests for an item in 
one year - value based on the total number of 
items used in the period observed - under the 
assumption of constant demand for the item 
throughout the year,

-  average cost of item,
-  number of orders in one year,
-  total unused number of articles in the period 

observed,
-  cost of keeping the item in stock - cost of 

inventory,
-  cost of the realisation of the order - including 

administrative costs of preparing the order 
and of the entire process of procurement and 
processing the invoice for the item delivered.

EPQ calculation can be represented by the following 
expression in search of the extreme of the function 
of cost per procured quantity:
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gdje je: K - fi ksni troπak realizacije jedne narudæbe,
           h - cijena skladiπtenja,
        D - vrijednost dobivena iz izraza Q =T·D u 
kojem T predstavlja nabavni ciklus (vrijeme izmeu 
dviju obnova zaliha), a Q prosjeËnu razinu zaliha 
za koju je pretpostavljeno da je konstantna u 
odreenom vremenskom razdoblju.

Osim prethodno opisane metode EKN koja je 
usmjerena na optimizaciju nabavnih koliËina, 
u troπkovnom upravljanju i smanjenju zaliha u 
praksi korisnima su se pokazale joπ neke tehnike. 
Jedna od njih je ABC analiza koja je poznata 
i pod imenom Pareto analiza. Namijenjena je 
klasifi kaciji i dodjeljivanju prioriteta artiklima na 
skladiπtu prema njihovoj relativnoj vaænosti koja 
se oËituje u:

-  udjelu ili postotku kojim vrijednost pojedinog 
artikla pridonosi ukupnoj vrijednosti zaliha,

-  udjelu ili postotku kojim vrijednost utroπka 
(promet) pojedinog artikla pridonosi ukupnoj 
vrijednosti utroπenih (prometu) zaliha u pro-
matranom vremenskom razdoblju.

Ako se usredotoËi na analizu vrijednosti zaliha, 
artikli se mogu svrstavati u tri kategorije:

-  kategorija A - artikli koji svojom vrijednoπÊu 
Ëine 80 % vrijednosti zaliha,

-  kategorija B - artikli koji svojom vrijednoπÊu 
Ëine 15 % vrijednosti zaliha,

-  kategorija C - artikli koji svojom vrijednoπÊu 
Ëine 5 % vrijednosti zaliha.

U praksi je dokazano da otprilike 20 % artikala na 
skladiπtu tvori kategoriju A te bi se smanjenjem 
njihovih zaliha u najveÊoj mjeri moglo utjecati 
na smanjenje ukupne vrijednosti zaliha. Ovo 
se pravilo u praksi Ëesto naziva pravilo 80/20. 
Temeljitom analizom kategorije A treba selektirati 
artikle Ëije se zalihe mogu smanjiti i dræati na 
niskoj razini bez veÊih posljedica za odvijanje 
procesa odræavanja. To mogu biti artikli Ëiji su 
rokovi dobave i isporuke kratki te nema oprav-
danosti stvaranja velikih zaliha.

Ako se rezultati provedene analize prikaæu u obliku 
dijagrama gdje je na osi y ukupna vrijednost 
zaliha, a na osi artikli na zalihi, dobije se tipiËna 
Pareto krivulja prikazana na slici 9. Krivulja se 
moæe razlikovati od sluËaja do sluËaja, ali joj je 
oblik uvijek tipiËan.

 

whereas: K - fi xed cost or realisation of one order,
 h - inventory cost,
           D - value obtained from the expression 
Q =T·D, where T is procurement cycle (interval 
between two inventory renewals) and Q is average 
inventory level assumed to remain constant 
throughout a particular period.

In addition to the EPQ method described above 
which is focused on the optimisation of procurement 
effects, some other techniques have proved useful 
in cost management and down-scaling inventory. 
One of them is the ABC analysis also known as the 
Pareto analysis. It serves to categorise and allocate 
priorities to inventory items according to their 
relative relevance refl ected in:

-  share or percentage in which the value of an 
item contributes to the total inventory value,

-  share or percentage in which the value of 
utilisation of an item contributes to the total 
value of utilisation of the inventory over a period 
of time.

If we focus on the analysis of the inventory value, 
items may be divided intro three categories:

-  A - items whose value makes 80 % of the 
inventory value,

-  B - items whose value makes 15 % of the 
inventory value,

-  C - items whose value makes 5 % of the 
inventory value.

It has been proved in practice that about 20 % 
of inventory items belong to category A, thus a 
reduction in their number could have a signifi cant 
effect on the reduction in the total value of the 
inventory. This rule is often called the 80/20 rule. 
In a thorough analysis of category A, articles need to 
be selected whose number can be reduced and kept 
low without signifi cantly affecting the maintenance 
process. These can be articles whose supply and 
delivery deadlines are short, so creating massive 
supplies is not justifi ed.

If the results of the analysis are presented in the 
form of a diagram where axis y shows the total 
inventory value and axis x shows inventory items, 
we arrive at a typical Pareto curve shown in Figure 
9. The curve may vary from case to case, but its 
form is always typical.
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Program SUPO ima integriran algoritam za 
provoenje i ispis rezultata ABC analize, πto ga 
u kombinaciji s podrπkom izraËuna ekonomiËnih  
koliËina narudæbi (EKN) Ëini snaænim alatom 
za optimizaciju, odnosno smanjenje razine i 
vrijednosti zaliha.

5 PRIMJENA PROGRAMA SUPO 
U PROIZVODNIM POGONIMA 
HEP-a

5.1 Tijek implementacije programa SUPO
Projekt SUPO realiziran je u HEP Proizvodnji i HEP 
Toplinarstvu u dvije faze, od kojih je prva priprema 
proizvodnih pogona za primjenu SUPO, a drugoj 
je krajnji cilj uvoenje informacijskog sustava 
za podrπku upravljanju procesom odræavanja - 
programa SUPO.

Preduvjet za uspjeπno uvoenje bilo kojeg, pa tako 
i informacijskog sustava za podrπku upravljanju 
odræavanjem dobro je osmiπljena i provedena 
priprema koja se u osnovi sastoji od defi niranja i 
pripreme temeljnih matiËnih podataka i poslovnih 
procesa koje sustav treba podræati njegovom 
primjenom. 

Svakako najopseæniji dio posla u proizvodnim 
pogonima HEP-a bilo je kreiranje baze podataka 
tehniËkih sustava (objekata odræavanja) uz 
primjenu jednoznaËnog πifarskog sustava. Za 
jedinstveni sustav πifriranja objekata odræavanja u 

The MMS solution has an integrated algorithm for 
the implementation and printout of the results of 
the ABC analysis, which in combination with the 
calculation of economic procurement quantities 
(EPQ) makes it a powerful tool for the optimisation 
i.e. down-scaling the level and value of the 
inventory.

5 IMPLEMENTATION OF MMS AT 
HEP’s GENERATION FACILITIES

5.1 Course of the MMS implementation
The MMS project was realised at HEP Generation 
and HEP Heating in two phases, of which the fi rst 
was preparation of the generation facilities for the 
implementation of the MMS, and the ultimate goal 
of the second was to introduce an IT system for 
supporting the maintenance process.

A prerequisite to a successful introduction of 
any system including an IT system to support 
maintenance management is a thought-through 
preparation which basically consists of defi ning 
and preparing the basic master data and business 
processes that need to be supported. 

By all means the most extensive work at HEP 
facilities was creating a database of technical 
systems (facilities to maintain) by applying a 
code system for unique reference. To this end, 
the KKS (Kraftwerk - Kennzeichensystem) was 
selected, which is used by many power utilities 
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HEP Proizvodnji i HEP Toplinarstvu odabran je KKS 
(Kraftwerk - Kennzeichensystem) koji se primjenjuje 
u mnogim elektroprivredama zapadnoeuropskih 
zemalja. U okviru KKS-a integrirane su mnoge 
meunarodne i nacionalne norme, primjerice EN, 
DIN, ISO i IEC, a sam je sustav defi niran kao jedna 
od smjernica TehniËkog udruæenja vlasnika velikih 
elektrana (VGB) pod oznakom B-105 [8], [9]. 

UzimajuÊi u obzir strukturu tipiËnog proizvodnog 
i toplinarskog postrojenja, zakljuËeno je da bi se 
najveÊi dio objekata odræavanja u HEP Proizvodnji 
i HEP Toplinarstvu mogao prikazati na tehniËkoj 
dokumentaciji postrojenja, πto bi istodobno 
omoguÊilo lakπu preglednost te upisivanje KKS 
oznake uza svaku jedinicu. U najveÊem broju 
sluËajeva za strojarska postrojenja i elektropostrojenja 
prikladnom se pokazala tehniËka dokumentacija u 
obliku blok-shema, dok se u graditeljstvu objekti 
odræavanja mogu prikazati na poloæajnim nacrtima, 
presjecima graevinskih objekata i sl.

Poznato je da je veÊina proizvodnih jedinica HEP-a 
visoke prosjeËne starosti, pa je razumljivo da se 
naiπlo na razliËito stanje tehniËke dokumentacije 
postrojenja. Osim toga, temeljna oprema u elektra-
nama je proizvedena, isporuËena i ugraena dijelom 
od domaÊih, a dijelom od inozemnih dobavljaËa, 
πto je predstavljalo oteæavajuÊu okolnost pri 
uspostavljanju jedinstvenog πifarskog sustava i 
standardnog oblika dokumentacije. Odreeni dio 
tehniËke dokumentacije nije bio aæuran ili Ëak uopÊe 
nije postojao, pa je ova prilika ujedno iskoriπtena da 
se to popravi.

UnatoË svemu, treba reÊi da je za HEP Proizvodnju 
izraeno viπe od 3 200 standardnih tehniËkih crteæa 
na kojima su dodijeljene KKS πifre za gotovo 250 000 
objekta odræavanja, a zatim su iz njih preuzeti podaci 
koji su posluæili za kreiranje jednoznaËnih, do iste 
razine raπËlanjenih i meusobno usporedivih baza 
podataka objekata odræavanja.

Svi izraeni crteæi dostupni su korisnicima programa 
SUPO za pregled “on-line”, preko web stranice. 
Razraeni su standardni postupci za revidiranje 
crteæa i kontrolu pristupa vrijedeÊim i svim 
prethodnim verzijama. Dokumenti u digitalnom 
obliku pohranjeni su na srediπnjim posluæiteljima 
(serverima) Sektora za poslovnu informatiku HEP-a.

Na slici 10 prikazana je kao primjer web stranica 
za pregled dokumentacije postrojenja hidroelektrana 
PP HE Zapad. Sve izraene sheme su interaktivne, 
πto znaËi da prilikom njihova pregleda odabirom 
KKS oznake objekta odræavanja korisnik programa 
SUPO moæe obaviti pregled i/ili revidiranje tehniËkih 
podataka, izvrπiti prijavu kvara ili kreirati radni nalog, 
ovisno o dodijeljenim ovlastima.

in West European countries. Within the KKS many 
international and national norms are integrated, 
such as EN, DIN, ISO and IEC, and the system 
itself is defi ned as one of the guidelines of the 
Technical Association of Big Plant Owners (VGB) 
marked B-105 [8], [9]. 

Bearing in mind the structure of a typical power 
and heat plant, it was concluded that most of 
the facilities to maintain at HEP Generation and 
HEP Heating could be shown in the technological 
documentation of the plant, which would also 
enable better overview and entering a KKS code for 
each unit. In most cases technical documentation 
in the form of fl owcharts proved appropriate for 
mechanical and electrical facilities, whereas in 
construction area facilities to maintain may be 
shown in layouts, cross-sections of buildings etc.

It is known that most generating units of HEP are 
very old on the average, so it is understandable that 
the condition of the technical documentation of the 
facilities varied. In addition, the basic equipment 
of power plants had been manufactured, delivered 
and installed partly by national and partly by 
international suppliers, which added to the diffculty 
of setting up a unique code system and a standard 
form for documentation. Part of the technical 
documentation was not up-to-date or even existent, 
so this opportunity was taken to make this good.

Nevertheless, for HEP Generation more than 3 200 
standard technical drawings were prepared 
with KKS codes for nearly 250 000 facilities to 
maintain, and then the data were taken over to 
create integrated databases of the facilities to 
maintain, comparable on the same level.

All the drawings prepared are accessible to the 
users of the MMS solution to be viewed “on-line” 
on the website. Standard procedures for reviewing 
drawings and controlling access to the relevant 
and all the preceding versions were developed. 
Documents in digital form were stored on central 
servers of the Business IT sector of HEP.

Figure 10 shows an example of the website for 
viewing the documentation of the hydroelectric 
power plant PP HE West. All the fl owcharts are 
interactive, meaning that in viewing them the MMS 
solution user, by selecting the KKS of the facility 
to maintain, can view and/or revise technical 
information, report a failure, or create a work order, 
depending on his authorisation.
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Situacija u HEP Toplinarstvu bila je na odreeni 
naËin specifi Ëna. S obzirom na obiljeæje i prostornu 
disperziranost centraliziranih toplinskih sustava, 
trebalo je πifrirati cjelokupnu distributivnu 
vrelovodnu i parovodnu mreæu te sve predajne 
toplinske stanice s opremom u stambenim i 
poslovnim prostorima, kao i blokovske kotlovnice. 
Rezultat toga je izraenih viπe od 6 000 blok-shema 
te karata s vrelovodnom i parovodnom mreæom na 
kojima je oznaËeno viπe od 370 000 objekata 
odræavanja u gradovima Zagrebu i Osijeku. 

Spomenute Ëinjenice nalagale su i promjenu 
logike pristupa tehniËkoj dokumentaciji s obzirom 
na proizvodne pogone - elektrane. Stoga je web 
stranica za pregled dokumentacije centraliziranog 
toplinskog sustava organizirana tako da prati 
zemljopisnu podjelu gradova Zagreb i Osijek na 
naselja, a zatim i ulice, nakon Ëijeg se pronalaæenja 
pristupa segmentu vrelovodne mreæe ili toplinskoj 
stanici u stambenom ili poslovnom prostoru. I u 
ovom je sluËaju podræana funkcija izravne prijave 
kvarova preko karata vrelovodne ili parovodne mreæe 
ili tehnoloπkih shema toplinskih stanica. 

Zbirni podaci pripremne faze projekta SUPO 
prikazani su u tablici 2.

The conditions at HEP Heating were somewhat 
more specifi c. Considering the characteristics and 
the spatial dispersion of heating systems, it was 
necessary to code the entire heating and steam 
mains and all the heat transmission stations with 
their equipment at residential and commercial 
buildings, as well as boiler room units. The result 
was more then 6 000 fl owcharts and maps of 
heating and steam nains indicating more than 370 000 
facilities to maintain in Zagreb and Osijek. 

These facts required a change in the logic of 
accessing technical documentation regarding the 
generation facilities - the power plants. For this 
reason a website for viewing the documentation of 
the centralized heat system was organised to follow 
the geographic division of the cities of Zagreb and 
Osijek into blocks, and streets, followed by the 
segments such as heating mains or heat stations at 
residential or commercial buildings. In this case the 
function of direct registration of failures by means 
of maps of heating or steam mains or technological 
layouts of heat stations is supported. 

Collective data of the preparatory phase of the MMS 
project are shown in Table 2.
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U fazi pripreme proizvodnih pogona za primjenu 
programa SUPO takoer je razvijen standardni 
πifarnik rezervnih dijelova te jedinstveni katalog i 
nazivlje potroπnog materijala za HEP Proizvodnju 
i HEP Toplinarstvo kako bi se unifi cirao i uveo u 
primjenu istovrsni naËin oznaËavanja artikala, 
bez obzira na to na kojem se skladiπtu nalazili. 
Krajnji je cilj tog procesa racionalizacija i 
ostvarenje moguÊnosti za smanjenje, odnosno 
okrupnjavanje broja skladiπta, optimiranje razina 
zaliha i ujedinjavanje nabave. Katalog potroπnog 
materijala odræava se i aæurira centralno, u skladu 
s propisanim postupcima te trenutaËno broji viπe 
od 160 000 artikala.

Nakon πto su stvorene temeljne pretpostavke i 
pripremljeni kljuËni matiËni podaci, uslijedila 
je sljedeÊa faza projekta - implementacija i 
primjena programa SUPO u HEP Proizvodnji i 
HEP Toplinarstvu.

5.2 Primjena programa SUPO u hidroelektranama
Implementacija programa SUPO u hidroelektrane 
HEP Proizvodnje realizirana je na modelu pilot-
postrojenja za koje je odabrano Proizvodno 
podruËje hidroelektrana Sjever sa sjediπtem u 
Varaædinu. PP HE Sjever obuhvaÊa hidroelektrane 
Varaædin, »akovec i Dubrava na rijeci Dravi kojima 
se upravlja daljinski iz Komande lanca Varaædin.

U fazi pripreme pogona PP HE Sjever za primjenu 
programa SUPO izraena je detaljna baza objekata 
odræavanja u hidroelektranama. TrenutaËno baza 
podataka sadræi gotovo 18 000 objekata odræavanja 
oznaËenih prema KKS-u koji su prikazani na 
gotovo 320 blok-shema i graevinskih nacrta. 
Takoer je izvrπen detaljan pregled i πifriranje viπe 
od 17 000 artikala rezervnih dijelova i potroπnog 
materijala na skladiπtima PP HE Sjever. 

Za model organizacije PP HE Sjever razraeni su 
i dokumentirani temeljni poslovni procesi koji Êe 
biti podræani primjenom programa SUPO, i to:

-  proces provedbe programa preventivnog odræa-
vanja, 

-  proces prijave kvarova uz razradu moguÊih 
scenarija kod pojave kvarova tijekom redo-
vitoga radnog vremena pogona, kao i izvan 
radnog vremena, ukljuËujuÊi vikende i 
praznike,

-  proces izdavanja dokumenata zaπtite na radu 
kod izvoenja aktivnosti odræavanja,

-  proces skladiπnog poslovanja - zaprimanja 
i izdavanja zaliha, ukljuËujuÊi izradu stan-
dardnih dokumenata skladiπnog poslovanja 
koji Êe se koristiti u cijeloj HEP Proizvodnji,

In the phase of preparing the generation facilities 
for the implementation of the MMS solution, a 
standard code list for spare parts has also been 
developed as well as a single catalogue and 
references of consumables at HEP Generation 
and HEP Heating with a view to integrating and 
introducing a uniform way of referencing materials 
irrespectively of what warehouse they are stored at. 
The fi nal goal of this process was streamlining and 
enabling a decrease in the number of warehouses, 
optimisation of inventory levels and unifi cation of 
procurement. The catalogue of consumables is 
kept and updated centrally, in accordance with 
the prescribed procedure, and it currently includes 
more than 160 000 items.

Once the preconditions have been created and 
the key master data prepared, there followed the 
next phase of the project - implementation and 
application of the MMS solution at HEP Generation 
and HEP Heating.

5.2 MMS operation at hydroelectric power plants
The implementation of the MMS solution at 
hydroelectric power plants of HEP Generation was 
realised by way of a pilot facility model, for which 
the hydroelectric generation area North (PP HE 
North), headquartered in Varaædin, was selected. 
PP HE North includes the power plants of Varaædin, 
»akovec and Dubrava on the river Drava, controlled 
remotely from the Varaædin Chain Command.

In the phase of preparing PP HE North for the 
implementation of the MMS solution a detailed 
database of the power plant facilities to maintain 
was created. Presently, the database contains 
more than 18 000 facilities to maintain referenced 
pursuant to the KKS and shown in nearly 320 
fl owcharts and construction plans. A detailed 
inspection and coding of more than 17 000 spare 
parts and consumables stored at the power plants 
of PP HE North was also undertaken. 

For the organisational model of PP HE North the 
basic business processes were developed and 
documented, which would be supported by the 
MMS:

-  implementation of preventive maintenance 
schedule, 

-  registering failures with the elaboration of 
possible scenarios upon the occurrence of 
failures during regular operating hours of the 
facility, as well as beyond the operating hours, 
including week-ends and holidays,

-  issuing safety-at-work documents in performing 
maintenance activities,

-  warehouse operation - receiving and releasing 
inventories, including the creation of standard 
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-  proces knjiæenja dokumenata skladiπnog 
poslovanja u materijalnom knjigovodstvu uz 
prijenos podataka u fi nancijsko knjigovodstvo 
(glavnu knjigu) u poslovnom informacijskom 
sustavu HEP-a,

-  proces evidentiranja i upravljanja tehniËkom 
dokumentacijom.

Prema postavljenim poslovnim procesima, defi ni-
rana su radna mjesta, odnosno poimeniËno 
korisnici koji sudjeluju u realizaciji procesa. 
TrenutaËno je u PP HE Sjever gotovo 70 korisnika 
programa SUPO. Tijekom tzv. probnog rada 
testirano je provoenje svih defi niranih procesa 
uz podrπku programa SUPO te usklaenost s 
projektnim postavkama. Sustav je u primjeni 
gotovo pet godina. U meuvremenu su uvedena 
odreena poboljπanja instaliranjem novih verzija 
programa.

Prema modelu koji je defi niran na PP HE Sjever, 
izvrπena je implementacija programa SUPO u HE 
Dubrovnik i PP HE Zapad [10]. Implementacija 
programa SUPO u PP HE Zapad izvrπena je u roku 
od oko Ëetiri mjeseca, pri Ëemu je πkolovano i u 
primjenu uvedeno gotovo 150 korisnika u devet 
hidroelektrana i zajedniËkim struËnim sluæbama. 

Implementacija programa SUPO u PP HE Jug u 
zavrπnoj je fazi. SUPO je uveden u primjenu u 
hidroelektrane –ale, PeruÊa i Orlovac. Kad bude u 
potpunosti uveden u primjenu, programom SUPO 
u PP HE Jug koristit Êe se viπe od 160 korisnika.

Zbirni podaci primjene SUPO-a u Sektoru za 
hidroelektrane HEP Proizvodnje pokazuju da se 
programom SUPO koristi 420 korisnika. Primjenom 
πifarskog sustava KKS izvrπeno je oznaËavanje i 
evidentiranje viπe od 80 000 objekata odræavanja 
koji su prikazani na viπe od 1 600 standardnih 
blok-shema. Uz podrπku programa SUPO prati se 
promet i upravlja zalihama na skladiπtima s gotovo 
50 000 artikala - rezervnih dijelova i potroπnog 
materijala za odræavanje. Dosad je u programu 
SUPO u hidroelektranama kreirano nekoliko 
desetaka tisuÊa radnih naloga, primjerice samo na 
PP HE Sjever, gdje je SUPO najdulje u primjeni, 
u bazi podataka evidentirano je viπe od 1 600 
aktivnosti preventivnog odræavanja na temelju 
kojih je izdano gotovo 27 000 radnih naloga.

5.3 Primjena programa SUPO u termoelektra-
nama
Za pilot postrojenje meu termoelektranama 
HEP Proizvodnje u koje Êe se uvesti program 
SUPO odabrana je TE-TO Zagreb, kao tehnoloπki 
najsloæenije postrojenje za kombiniranu proizv-
odnju elektriËne i toplinske enegije. Program 

documents for warehouse operations to be used 
across HEP Generation,

-  entering documents for warehouse operation in 
material accounting with the transfer of data 
to fi nancial accounting (general ledger) in the 
business IT system of HEP,

- recording and managing technical documentation.

Pursuant to the business processes set, workplaces 
were defi ned i.e. the users, by names, involved in 
the realisation of processes. Presently, PP HE North 
has almost 70 users of the MMS solution. During 
the so-called trial commission, the operation of all 
the processes defi ned was tested with the support of 
the MMS solution, as well as their correspondence 
with the project setup. The system has been 
running for almost 5 years now. In the meantime, 
some improvements were introduced by installing 
new versions of software.

According to the model defi ned at PP HE North, 
an implementation of the MMS solution was 
conducted at HE Dubrovnik and PP HE West [10]. 
The implementation of the MMS solution at PP HE 
West was conducted in about 4 months, training and 
commissioning nearly 150 users at 9 hydroelectric 
power plants and joint technical departments. 

The implementation of the MMS solution at PP HE 
South is in its fi nal phase. The MMS has been rolled 
out at hydroelectric power plants of –ale, PeruÊa 
and Orlovac. Once it has been completely rolled 
out, the MMS solution at PP HE South will be used 
by more than 160 users.

The collective data for the MMS at the Hydroelectric 
Power Plant Sector of HEP Generation show that 
the MMS solution is used by 420 users. The 
implementation of the KKS code system provided 
for labelling and recording more than 80 000 
facilities to maintain that are shown in 1 600 
standard fl owcharts. With the MMS support the 
utilisation of nearly 50 000 items of warehouse 
inventories is monitored and managed - spare parts 
and consumables used in maintenance. To date, 
several tens of thousands of work orders have been 
created within the MMS, e.g. at PP HE North alone, 
where the MMS has been running the longest, the 
database has recorded more than 1 600 preventive 
maintenance activities on the basis of which nearly 
27 000 work orders were issued.

5.3 MMS operation at thermoelectric power plants
The selected pilot facility was TE-TO Zagreb, as 
technologically the most complex facility of HEP 
Generation for combined generation of power and 
heat. The MMS at TE-TO Zagreb was implemented 
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SUPO je u TE-TO Zagreb implementiran istodobno 
s pilot postrojenjem hidroelektrana PP Sjever.
 
Faza priprema pogona termoelektrana za primjenu 
programa SUPO sastojala se od standardnih, 
veÊ opisanih aktivnosti. Funkcionalnost i model 
primjene programa SUPO razvijen u TE-TO Zagreb 
preslikan je na ostale termoelektrane radi potpune 
standardizacije procesa odræavanja uz minimalna 
odstupanja uvjetovana specifi Ënostima pojedinih 
pogona. 

Primjenom informacijskog sustava potpuno su 
podræani svi temeljni poslovni procesi iz opsega 
projekta. U TE-TO Zagreb SUPO je u primjeni viπe 
od pet godina. Programom SUPO u potpunosti 
je praÊeno uvoenje u eksploataciju, a time i 
upravljanje procesom odræavanja novog kombi-
kogeneracijskog bloka K snage 200 MW.

Nakon TE-TO Zagreb implementacija programa 
SUPO provedena je na lokaciji TE Plomin. 
Dosadaπnju primjenu SUPO u TE Plomin ilustrira 
baza podataka objekata odræavanja u kojoj se 
nalazi viπe od 35 000 objekata odræavanja 
oznaËenih prema sustavu KKS, Ëiji se program 
preventivnog odræavanja sastoji od viπe od 1 100 
aktivnosti (zadataka) na temelju kojih je dosad 
izdana veÊina od gotovo 24 000 radnih naloga. 
U provedbi aktivnosti odræavanja prema radnim 
nalozima izdano je viπe od 7 200 dokumenata 
zaπtite na radu - Dozvola za rad.

Skladiπni modul programa SUPO u TE Plomin 
sadræi viπe od 16 000 artikala, a broj narudæbi za 
robu, usluge i radove iznosi neπto viπe od 5 500.
 
TrenutaËni broj korisnika programa SUPO na lokaciji 
TE Plomin je 94, meu koje kao specifi Ënost 
dosadaπnje primjene u HEP Proizvodnji treba ubrojiti 
i vanjske izvoaËe kojima je ugovorom povjereno 
izvoenje aktivnosti odræavanja postrojenja. Uloga 
vanjskih izvoaËa (u pravilu voditelja radiliπta) 
u programu SUPO jest pripremiti specifi kacije 
provedenih aktivnosti i utroπenih resursa prema 
izdanim radnim nalozima odræavanja, vrsti i mjestu 
troπka. Nakon πto tehnolog odræavanja TE Plomin 
odobri specifi kaciju, vanjski izvoaË ispostavlja 
raËun za provedene radove odræavanja.

Dovrπetkom implementacije, redom, u pogone TE 
Rijeka, EL-TO Zagreb, KTE Jertovec, TE Sisak i TE-
TO Osijek, program SUPO uveden je u primjenu u 
cijeli Sektor za termoelektrane HEP Proizvodnje.

Zbirni podaci primjene SUPO-a u termoelektra-
nama HEP Proizvodnje pokazuju da se programom 
SUPO u radu koristi 389 korisnika. Primjenom 
πifarskog sustava KKS izvrπeno je oznaËavanje 

simultaneously with the pilot facility of the 
hydroelectric power plant PP North.

The phase or preparing the facilities of thermoelectric 
power plants for the implementation of the MMS 
included standard, already described activities. The 
functionalities and the model for the operation of the 
MMS developed at TE-TO Zagreb were then copied 
to other thermoelectric power plants to achieve full 
standardisation of the maintenance process with 
a minimum deviation to account for the specifi c 
characteristics of individual facilities. 

The implementation of the IT system fully supported 
all the basic operating processes from the scope of the 
project. The MMS has been running at TE-TO Zagreb 
for more than 5 years. It was used to fully control the 
commissioning and maintenance management of the 
new combined 200 MW co-generation K unit.

Following TE-TO Zagreb, the implementation of the 
MMS took place at TE Plomin. The operation of the 
MMS at TE Plomin is illustrated by the database of 
the facilities to maintain which includes 35 000 
facilities to maintain referenced pursuant to the KKS, 
whose preventive maintenance schedule consists 
of more than 1 100 activities (tasks) on the basis 
of which most of the nearly 24 000 work orders 
have been issued. In the realisation of maintenance 
activities pursuant to work orders more than 7 200 
safety-at-work documents - work clearances - have 
been issued.

The warehouse module of the MMS at TE Plomin 
contains more than 16 000 items, and the number of 
orders for goods, services and works exceeds 5 500. 

Presently, the number of users of the MMS at TE Plomin 
is 94, including external contractors entrusted with the 
maintenance of the facilities, as a specifi c characteristic 
of the operation of the MMS at HEP Generation. The 
role of external contractors (generally, site managers) 
within the MMS is to prepare the specifi cations of 
the activities completed and the resources expended 
according to the maintenance work orders issued, the 
type and location of expense. Following the approval of 
the specifi cations by the maintenance technologist at 
TE Plomin, the external contractor issues his invoice for 
the maintenance works performed.

Upon the completion of the implementation at TE 
Rijeka, EL-TO Zagreb, KTE Jertovec, TE Sisak and TE-
TO Osijek the MMS solution was rolled out across the 
Thermoelectric Power Plant Sector of HEP Generation.

The collective data from the implementation of 
the MMS in thermoelectric power plants of HEP 
Generation shows that the MMS is used by 389 
users. By means of the KKS more than 167 000 
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i evidentiranje viπe od 167 000 objekata 
odræavanja koji su prikazani na gotovo 1 600 
standardnih blok-shema. Uz podrπku programa 
SUPO prati se promet i upravlja zalihama na 
skladiπtima termoelektrana s gotovo 84 000 
artikala - rezervnih dijelova i potroπnog materijala 
za odræavanje. U dosadaπnjoj primjeni programa 
SUPO u termoelektranama kreirano je nekoliko 
desetaka tisuÊa radnih naloga.

5.4 Primjena programa SUPO u toplinarstvu
U HEP Toplinarstvu, koje obavlja djelatnost 
distribucije i opskrbe, a dijelom i proizvodnje 
toplinske energije u gradovima Zagrebu i 
Osijeku, program SUPO je u primjeni gotovo 
tri godine. Implementacija programa SUPO 
u HEP Toplinarstvo voena je usporedno s 
implementacijom u HEP Proizvodnju, s obzirom 
na to da su u trenutku pokretanja projekta SUPO 
poslovne funkcije tih druπtava bile ujedinjene u 
okviru prijaπnje Direkcije za proizvodnju HEP-a.

Iz tog su razloga funkcije i procesi u ekonomskom 
djelokrugu poslovanja - upravljanju zalihama i 
skladiπnim poslovanjem, materijalnim knjigo-
vodstvom i nabavom robe, usluga i radova - gotovo 
identiËni kao i u HEP Proizvodnji, pa je preuzet i 
primijenjen ondje razvijen model njihove podrπke 
primjenom programa SUPO.

Po svojoj funkciji, Toplinarstvo ima obiljeæja 
tipiËnoga gradskog komunalnog sustava te se 
organizacija, planiranje i provedba aktivnosti 
i opÊenito proces odræavanja u odreenoj 
mjeri razlikuje s obzirom na termoelektrane i 
hidroelektrane. Jedna od kljuËnih razlika ogleda se 
u tome da dio reklamacija i prijava kvarova, dakle 
ulaznih podataka u programu SUPO za provedbu 
korektivnog odræavanja, dolazi od graana i ostalih 
korisnika centraliziranog toplinskog sustava. 

Osim aktivnosti odræavanja, programom SUPO u 
HEP Toplinarstvu podræano je praÊenje investicija 
- izgradnje novih objekata (dionica vrelovoda ili 
parovoda ili toplinskih stanica, ugradnja mjerila 
toplinske energije). Za realizaciju ovih aktivnosti 
izdaje se radni nalog po kojem se prati troπak 
materijala izdanog sa skladiπta, rada vlastitih 
zaposlenika te angaæmana vanjskih dobavljaËa, 
Ëime se izraËunava ukupan troπak investicija.

U gradu Osijeku HEP Toplinarstvo ostvaruje dio 
prihoda izvoenjem radova za treÊe osobe. Utroπak 
resursa po radnim nalozima izdanim iz programa 
SUPO za te aktivnosti sluæi kao podloga za izradu 
raËuna za obavljene radove.

facilities to maintain were referenced, recorded and 
shown in nearly 1 600 standard fl owcharts. With 
the support of the MMS the situation is monitored 
and inventories in the warehouses of power plants 
managed, including nearly 84 000 items - spare 
parts and consumables for maintenance. In running 
the MMS at thermoelectric power plants several 
tens of thousands of work orders were created.

5.4 MMS operation in heat industry
At HEP Heating, which engages in the distribution 
and supply and, partly, generation of heat in the 
cities of Zagreb and Osijek, the MMS has been 
operating for almost 3 years. The implementation 
at HEP Heating was conducted simultaneously with 
the implementation at HEP Generation, and upon 
the rollout of the MMS the operating functions of 
these companies were unifi ed within the former 
Generation Directorate of HEP.

For this reason the functions and processes in 
the economic sphere of the operation - inventory 
management and warehouse operation, material 
accounting and procurement of goods, services 
and works - are almost identical as that of HEP 
Generation, so HEP Heating took over and 
implemented the MMS support model developed at 
HEP Generation.

In its function heat industry is a typical urban 
utility system, with its organisation, planning 
and activities, as well as the general process of 
maintenance, slightly differing from thermoelectric 
and hydroelectric power plants. One of the key 
differences is that part of the complaints and failure 
registrations, i.e. the input information in the MMS 
system required for corrective maintenance, comes 
from the citizens and other customers of the 
centralized heating system. 

In addition to maintenance activities, the MMS at 
HEP Heating supports monitoring investments - the 
construction of new facilities (sections of heating or 
steam mains, or heat stations, and the installation of 
heat meters). For the realisation of these activities 
work orders are issued to follow the expenses of the 
material released from the warehouse, the work of 
the company’s own employees and the involvement 
of external suppliers, adding up to the total cost of 
investment.

In Osijek HEP Heating earns part of its income by 
performing works for third parties. The spending of 
resources per work orders issued under the MMS 
for such activities serves as the basis for creating 
invoices for the works completed.
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Baza podataka objekata odræavanja u HEP 
Toplinarstvu broji viπe od 370 000 objekata 
odræavanja oznaËenih primjenom πifarskog sustava 
KKS, a Ëine je toplinske stanice s opremom kojih 
u Zagrebu ima viπe od 2 500, dionice vrelovodne 
mreæe (u Zagrebu duæine oko 200 km) ili 
parovodne mreæe (u Zagrebu duæine oko 45 km) 
te blokovske kotlovnice (u Zagrebu ih je viπe od 
50). Svaki od objekata odræavanja prikazan je na 
jednoj od viπe od 6 000 izraenih blok-shema, 
ukljuËujuÊi i karte vrelovoda i parovoda Ëije su 
dionice ucrtane na zemljopisnim kartama gradova 
Zagreba i Osijeka.

Zalihe i skladiπno poslovanje HEP Toplinarstva 
kojima se upravlja putem programa SUPO 
karakterizira relativno manji broj razliËitih tipova 
artikala (rezervnih komponenti i dijelova), s 
obzirom na to da je oprema veÊim dijelom tipska. 
Ukupno je evidentirano viπe od 9 000 artikala.

O opsegu primjene programa SUPO u HEP 
Toplinarstvu govore podaci prema kojima je dosad 
u Zagrebu izdano viπe od 14 500 radnih naloga 
(u prosjeku 5 000 na godinu), a u Osijeku viπe 
od 4 400 (u prosjeku 1 400 na godinu). Program 
preventivnog odræavanja sastoji se od viπe od 
2 500 aktivnosti. 

U HEP Toplinarstvu planira se proπiriti funkciona-
lnost i dovrπiti implementacija integriranog sustava 
koji Ëine program SUPO i geoinformacijski sustav 
(GIS). Kombinacija primjene ovih informacijskih 
sustava u upravljanju odræavanjem komunalnih 
infrastrukturnih sustava pokazala se u svjetskoj 
praksi vrlo korisnom, pa Êe takav model biti 
primijenjen i na centralizirane toplinske sustave u 
Zagrebu i Osijeku.

6 OSTVARENE I O»EKIVANE 
KORISTI ZBOG PRIMJENE 
PROGRAMA SUPO

6.1 Pogonska spremnost elektrana
Glede ostvarenih koristi i utjecaja na pogonsku 
spremnost, program SUPO treba promatrati u 
πirem kontekstu kao alat za podrπku voenju 
pogona. Na temelju podataka iz programa 
SUPO, primjerice broja i frekvencije pojave 
kvarova, zabiljeæenih podataka o stanju opreme 
u provedenim remontima, stjeËe se uvid u 
stanje postrojenja, a time i uspjeπnost provedbe 
programa odræavanja.

Obrada i analiza svih raspoloæivih podataka 
iz programa SUPO veÊ se u praksi koristi za 
defi niranje i dinamiËko upravljanje strategijom 

The database of the facilities to maintain at HEP 
Heating includes more than 370 000 facilities 
referenced in accordance with the KKS: heat 
stations with equipment, of which there are more 
than 2 500 in Zagreb, sections of heating mains 
(about 200 km in length in Zagreb) or steam mains 
(about 45 km in length in Zagreb) and boiler 
room units (more than 50 in Zagreb). Each of the 
facilities to maintain is shown in one of more than 
6 000 prepared fl owcharts, including maps of 
heating and steam mains whose sections are 
marked on the geographic maps of Zagreb and 
Osijek.

The inventories and warehouse operation of 
HEP Heating managed by means of the MMS 
solution are characterised by a relatively smaller 
number of different types of items (spare parts 
and components), considering the fact that the 
equipment is mostly standard. A total of more than 
9 000 items have been recorded.

The scope of the use of the MMS at HEP Heating is 
apparent from the information showing that to date 
more than 14 500 work orders have been issued in 
Zagreb (5 000 a year on the average), or 4 400 in 
Osijek (1 400 a year on the average). The program 
of preventive maintenance includes more than 2 500 
activities. 

HEP Heating is planning to extend the 
functionalities and complete the implementation of 
the integrated system comprising the MMS and the 
GIS systems. A combination of the implementation 
of these IT systems in managing the maintenance 
of the systems of public utility infrastructure has 
globally proved very useful, so that this model will 
also be used in centralised heating systems in 
Zagreb and Osijek

6 MMS BENEFITS EXPECTED 
AND ACHIEVED

6.1 Operative readiness of power plants
With regard to its benefi ts and the effect on 
operative readiness, the MMS needs to be seen 
in a broader context as a tool to support the 
management of the facility. On the basis of the 
MMS data, e.g. the number of failures and the 
failure rate, the condition of the equipment noted 
during overhauls, the general condition of the 
facility is established, which enables successful 
performance of maintenance programs.

The processing and analysis of all the available 
MMS data are already being used in practice 
for defi ning and dynamically managing the 
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odræavanja, Ëija Êe provedba rezultirati visokom 
raspoloæivoπÊu proizvodnih pogona [11]. Kao 
izvrstan primjer treba spomenuti TE Plomin 2. 

Primjenom programa SUPO strategija upravljanja 
odræavanjem TE Plomin 2 (kojim upravlja TE 
Plomin d.o.o., joint venture tvrtka HEP-a i 
RWE Power) znatno je redefi nirana. Tomu je 
pridonijela i Ëinjenica da se u upravljanju svojim 
elektranama RWE Power snaæno oslanja na pomoÊ 
informacijskih sustava za planiranje, upravljanje i 
provedbu raznovrsnih poslova u voenju pogona.

Umjesto preventivnog odræavanja s godiπnjim 
remontom, provoenje remonta sada je planirano 
u trogodiπnjim intervalima. Pritom se djelomiËni 
i generalni remont izmjenjuju svake tri godine. 
Zakonski propisana ispitivanja (npr. posuda pod 
tlakom) se, u mjeri koliko je to moguÊe, obavljaju 
tijekom planiranih ili neplaniranih zastoja.

Uπteda troπkova zbog poveÊanja remontnog 
intervala joπ je vaænija ako se remont detaljno 
planira pomoÊu informacijskog sustava za podrπku 
upravljanju odræavanjem. Tako za remont iduÊe 
godine inæenjeri i ostali struËnjaci za sve glavne 
komponente postrojenja: generator, turbinu, kotao 
i postrojenje za odsumporavanje dimnih plinova 
izrauju analize stanja veÊ u prethodnoj godini 
te planiraju radne naloge u kojima se defi nira 
opseg radova, angaæiranje zaposlenika i potreban 
materijal. Na osnovi pripremljenih podloga 
utvruje se “kritiËni put” koji odreuje trajanje 
remonta, ugovaraju potrebne aktivnosti odræavanja 
i iniciraju narudæbe u okviru SUPO-a za potrebne 
rezervne dijelove.

Rezultat ovakve detaljne pripreme je minimalno 
trajanje pojedinog zastoja, πto za opskrbu 
Hrvatske elektriËnom energijom znaËi dodatnu 
uπtedu troπkova jer se izbjegava uvoz skupe 
elektriËne energije, a za elektranu to znaËi veÊi 
udio u pokrivanju vlastitih troπkova. TE Plomin 2 
je nakon izlaska elektrane iz jamstvenog roka pod 
punim optereÊenjem u prosjeku na godinu radio 
7 500 sati, uz radnu raspoloæivost veÊu od 90 %. 

U okviru primjene strategije odræavanja usmjerenog 
na stanje postrojenja temeljene na informacijskom 
sustavu za odræavanje kao πto je SUPO i uz 
njegovu dosljednu primjenu, kroz zajedniËki rad 
joπ se viπe koristi potencijal znanja zaposlenika. 
»esto citiran “intelektualni kapital” sada se viπe 
ne moæe upisivati samo u male crne notese nego 
mora biti jasan i u svakom trenutku raspoloæiv u 
informacijskom sustavu. 

Na lokaciji TE Plomin u primjenu programa 
SUPO ukljuËen je velik broj korisnika, u namjeri 

maintenance strategy whose implementation will 
result in a high availability of generating facilities 
[11]. An excellent example is TE Plomin 2. 

The implementation of the MMS has considerably 
redefi ned the strategy for managing the maintenance 
of the thermoelectric power plant TE Plomin 2 
(managed by TE Plomin d.o.o., a joint venture of 
the companies HEP and RWE Power). This was also 
helped by the fact that in managing its power plants 
RWE Power strongly relies on the support from IT 
systems for planning, managing and conducting 
various activities in running the facilities.

Instead of preventive maintenance with an annual 
overhaul, overhauls are now planned in three-
year intervals, with partial and general overhauls 
alternating every three years. Statutory tests (e.g. 
pressurized vessel) are, to the extent possible, 
conducted during planned or non-planned 
downtime.

Cutting the expenses owing to the prolongation 
of overhaul intervals is even more important if 
the general overhaul is planned in detail with the 
help of the IT system to support maintenance 
management. For the next year’s overhaul engineers 
and other experts in all the major components of 
the facility: the generator, turbine, boiler and fume 
desulphurisation plant, are preparing analyses one 
year in advance and are planning work orders to 
defi ne the scope of works, the necessary labour, 
the duration of works and the required material. On 
the basis of the documents prepared the “critical 
path” is established to determine the duration of 
the overhaul, the necessary maintenance activities 
are being contracted and the orders of the required 
spare parts initiated within the MMS.

The result of such a detailed preparation is 
minimum duration of any downtime, which means 
additional savings for the country, because the 
import of expensive electricity is avoided, and for 
the power plant itself this means a greater extent 
of the coverage of its own expenses. Following the 
warranty period, TE Plomin 2 operated under full 
load 7 500 hours a year, its operating availability 
exceeding 90 %. 

Within the implementation of the status-focused 
maintenance strategy relying on an IT system 
such as the MMS and its consistent application, 
the potential of the employee expertise is even 
better utilised in jointly working together. The often 
mentioned “intellectual capital” cannot be noted 
on memo pads any more, it must be transparent and 
available within the IT system at any moment. 
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At TE Plomin the MMS is running with a great 
number of users, the idea being to enable all the 
authorised employees a free access to the central 
tool for maintenance managing. This is inevitable, 
because preventive maintenance requires the 
fulfi lment of prescribed maintenance schedules, 
whereas status-focused maintenance demands 
more responsibility and expertise in all the staff 
involved in maintenance. The guidance and 
training of such employees needs to be managed 
accordingly. In this the management has to play a 
big role. They need to explain to the employees that 
setting personal goals in IT-aided maintenance is a 
great asset with measurable results. 

6.2 Transparent operation and certifi cation
The implementation of the MMS system set up an 
integrated and transparent system of management 
of technical systems of HEP Generation and 
HEP Heating through the standardisation of the 
processes of planning, organising, preparing and 
monitoring the completion and documentation of 
all the activities of maintenance and safety at work, 
as well as the logistic processes for warehouse 
operation and inventory management and the 
procurement of goods, services and works. 

It can be said that the realisation of the MMS 
has accomplished a thorough preparation of HEP 
Generation and HEP Heating for setting up and 
obtaining a certifi cate for the system of quality 
management according to ISO standards series 
9000, because maintenance is the key segment in 
their operation. 

To obtain a certifi cate for the system of environmental 
management according to the ISO 14000 standard 
it is necessary to confi rm that a system has been set 
up for managing maintenance, whose consistent use 
prevents a negative effect of technical systems on the 
environment. TE-TO Zagreb is the fi rst power plant of 
HEP to have obtained a certifi cate of environmental 
management system according to ISO 14001:2004, 
in February 2006, and this will be conducted in 
other power plants of HEP as well.

The certifi cation of all the hydroelectric power plants of 
HEP Generation for the generation of electricity from 
renewable energy sources (the so-called green energy) 
included checking the organisation and the method of 
documentation and the possibility of viewing the data 
of the maintenance activities planned and conducted, 
in which the MMS proved to be absolutely compatible 
with the requirements [12]. 

da se svim ovlaπtenim zaposlenicima omoguÊi 
slobodan pristup srediπnjem alatu za upravljanje 
odræavanjem. To je neizbjeæivo jer dok se kod 
preventivnog odræavanja moraju izvrπiti propisani 
planovi odræavanja, odræavanje usmjereno na 
stanje zahtijeva veÊu odgovornost i struËne 
kompetencije svih sudionika u procesu odræavanja. 
Voenje i edukaciju tih zaposlenika potrebno je 
usmjeriti u skladu s time. U tome je velika zadaÊa 
poslovodstva. Zaposlenicima treba objasniti da 
postavljanje osobnih ciljeva u odræavanju kroz 
informacijski sustav predstavlja veliku vrijednost 
i ima mjerljive rezultate.

 
6.2 Transparentnost poslovanja i certifi ciranje
Primjenom programa SUPO uspostavljen je 
jedinstven i jasan sustav upravljanja odræavanjem 
tehniËkih sustava HEP Proizvodnje i HEP 
Toplinarstva kroz standardizaciju postupaka 
planiranja, organizacije, pripreme i praÊenja 
izvrπenja i dokumentiranja svih aktivnosti u 
procesu odræavanja te zaπtite na radu, a isto 
tako i logistiËkih procesa skladiπnog poslovanja i 
upravljanja zalihama, kao i nabavi robe, usluga i 
radova. 

Moæe se reÊi da je realizacijom projekta SUPO 
veÊ izvrπena temeljita priprema HEP Proizvodnje 
i HEP Toplinarstva za uspostavljanje i certifi kaciju 
sustava upravljanja kvalitetom prema ISO 
standardima serije 9000 jer je odræavanje kljuËan 
segment njihove djelatnosti. 

Kod certifi ciranja sustava upravljanja okoliπem 
prema normama serije ISO 14000 potrebno je 
potvrditi da je uspostavljen sustav upravljanja 
odræavanjem Ëijom se dosljednom primjenom 
spreËava negativan utjecaj tehniËkih sustava na 
okoliπ. TE-TO Zagreb je prva HEP-ova elektrana 
koja je certifi cirala sustav upravljanja okoliπem 
prema normi ISO 14001:2004 u veljaËi 2006., a 
to Êe se provesti i za preostale elektrane HEP-a.

Prilikom certifi kacije svih hidroelektrana HEP 
Proizvodnje za proizvodnju elektriËne energije 
iz obnovljivih izvora (tzv. zelene energije) 
provjeravana je i organizacija te naËin doku-
mentiranja i moguÊnost pregleda podataka o 
planiranim i provedenim poslovima odræavanja 
postrojenja, pri Ëemu se program SUPO pokazao 
potpuno kompatibilnim s obzirom na postavljene 
zahtjeve [12]. 



198Brckan, K., DoriÊ, Æ., Blomberg, R., Sustav upravljanja poslovima odræavanja..., Energija, god. 55 (2006), br. 2., str 164-201
Brckan, K., DoriÊ, Æ., Blomberg, R., Maintance Management System ...., Energija, vol. 55 (2006), No. 2, p.p. 164-201

6.3 Poslovno odluËivanje
Moderni informacijski sustavi za podrπku 
upravljanju odræavanjem, kao πto je program 
SUPO, pruæaju moguÊnosti analitike, sumiranja 
i prikaza prikupljenih podataka u sloæenom 
procesu odræavanja tehniËkih sustava i njihovog 
pretvaranja u kvalitetne informacije na temelju 
kojih Êe biti moguÊe donoπenje operativnih odluka 
te predvianje trendova.

Nakon potpunog uvoenja u primjenu programa 
SUPO na razini temeljnih organizacijskih 
jedinica HEP Proizvodnje i HEP Toplinarstva 
pristupit Êe se kreiranju sustava izvjeπtavanja 
za razinu poslovodstva ovih druπtava koja Êe 
omoguÊiti brz dohvat i dubinsku analizu kljuËnih 
pokazatelja procesa odræavanja postrojenja, 
primjerice pregleda kvarova, omjera preventivnog 
i korektivnog odræavanja, vrijednosti zaliha na 
skladiπtima, troπkova odræavanja i sl. Stoga 
se razmatra uvoenje sustava izvjeπtavanja na 
platformi “Business Intelligence” informacijskih 
alata kao nadogradnje primjeni programa SUPO.

Primjena SUPO u HEP Proizvodnji i HEP 
Toplinarstvu veÊ pridonosi podizanju razine 
poslovnog odluËivanja, poËevπi od razine 
operativnog voenja i upravljanja procesom 
odræavanja pa sve do razine poslovodstva pogona 
[11]. Kvalitetno praÊenje temeljnih procesa 
u elektroprivrednoj tvrtki, kao πto su poslovi 
odræavanja, baza je za nadogradnju uËinkovitog 
sustava korporativnog upravljanja.

Za poslovanje u europskom elektroenergetskom 
sustavu uspjeπnost procesa odræavanja proizvodnih 
pogona bit Êe joπ vaænije pratiti kroz sustav 
kljuËnih pokazatelja uspjeπnosti (Key performance 
indicators) i uspostaviti sustav benchmarkinga 
s obzirom na uspjeπne elektroprivredne tvrtke 
u Europskoj uniji (projekt u tijeku). Takav 
sustav zahtijeva stalno praÊenje uspjeπnosti 
realizacije zacrtanih ciljeva i otklanjanje uoËenih 
neusklaenosti u procesima, pri Ëemu Êe primjena 
programa SUPO biti izvor svih potrebnih podataka 
za usporedbu s istovjetnim podacima iz poslovanja 
naprednih elektroprivrednih tvrtki.

6.4 Optimiranje troπkova poslovanja
Upravljanje troπkovima i trajno unapreenje 
poslovne uËinkovitosti uvjet su opstanka elektro-
privredne tvrtke u uvjetima træiπne konkurencije. 
U tom smislu SUPO je podloga i alat za provedbu 
poslovnog planiranja, uspostavu kontroling fun-
kcije i optimiranje troπkova poslovanja.

6.3 Corporate decision-making
Modern IT systems for supporting maintenance 
management, such as the MMS solution, provide 
for the possibilities of analysing, summarising and 
presenting the data collected in a complex process 
of technical maintenance and their transformation 
in quality information on the basis of which it will 
be possible to make operative decisions and to 
predict trends.

Following the rollout of the MMS on the level of 
the basic organisational units of HEP Generation 
and HEP Heating, creating a system of reporting 
for the management levels of these companies will 
begin, which will enable a quick access to and 
an in-depth analysis of the key indicators of the 
process of maintenance, for instance the overview 
of failures, the ratio between the preventive and the 
corrective maintenance, the value of inventories in 
storage, the maintenance expenses etc. Therefore, 
an introduction of a system of reporting on the 
platform of “Business Intelligence” tools is being 
considered as an upgrade of the MMS. 

The MMS at HEP Generation and HEP Heating is 
already contributing to raising the level of corporate 
decision-making, beginning with the operation 
management and the maintenance process to the 
level of plant management [11]. Quality monitoring 
of the basic processes in an electric power utility 
such as maintenance activities, is the basis for 
an upgrade to an effective system of corporate 
management.

In the operation within the European electric power 
system it will be even more important to monitor 
the performance of the process of maintenance of 
generation facilities by means of key performance 
indicators, and to set up a benchmarking system 
in relation to successful electric power utilities in 
the European Union (the project is under way). 
Such a system requires continuous monitoring 
of the successful realisation of the goals set and 
eliminating any disharmony noted in the processes, 
in which the MMS will be the source of all the 
information required for a comparison with the 
same type of information from the operation of 
successful electric power utilities.

6.4 Optimisation of operating expenses
Managing the expenses and permanent improvement 
of business effi ciency are prerequisites to the 
survival of a power utility under the circumstances 
of market competition. In this context the MMS 
is the basis and the tool for business planning, 
controlling and optimising operating expenses.
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Koristi primjene programa SUPO u HEP 
Proizvodnji i HEP Toplinarstvu mogu se naËelno 
podijeliti na neizravne i izravne.

Neizravne koristi najveÊim dijelom proizlaze 
iz oËite racionalizacije poslovnih procesa kao 
posljedice uvoenja informatizacije u odræavanje. 
Tu se mogu ubrojiti:

-  opÊenito poveÊanje uËinkovitosti i 
produktivnosti koje proizlazi iz standardizacije 
poslovnih procesa i podizanja razine njihove 
automatizacije s obzirom na tradicionalni 
sustav temeljen na manualnom protoku 
podataka i pisanoj dokumentaciji,

-  formiranje srediπnjih baza podataka Ëime 
je smanjen utroπak vremena za dohvat i 
pretraæivanje svih podataka i dogaaja u 
procesu odræavanja - blok-sheme postrojenja, 
tehniËki podaci, arhiva aktivnosti odræavanja, 
kvarova, zaliha itd.,

-  primjena jedinstvenog sustava πifriranja i 
nazivlja - nomenklature objekata odræavanja, 
zaliha itd.

Izravne koristi primjene programa SUPO ogledaju 
se u raspoloæivosti svih potrebnih informacija 
za primjenu koncepta upravljanja odræavanjem 
“troπak kao motivator” koji se koristi u zapadno-
europskim elektroprivredama, primjerice irskom 
ESBI-ju. 

Programom SUPO evidentiraju se i prikupljaju 
sve komponente troπkova odræavanja - vlastitih 
zaposlenika, materijala sa skladiπta i usluga 
vanjskih dobavljaËa. Podloga za prikupljanje 
troπka je radni nalog odræavanja koji omoguÊuje 
njegovo praÊenje po viπe kriterija, i to:

-  po aktivnostima, odnosno vrstama troπka 
- preventivno ili korektivno odræavanje, modifi -
kacije postrojenja,

-  po mjestu troπka koje Ëine objekti odræavanja, 
pri Ëemu je analitiËko praÊenje troπka moguÊe 
ostvariti po viπe razina, od proizvodne jedinice 
do najmanje komponente postrojenja.

Smanjenje troπkova poslovanja primjenom 
programa SUPO takoer je moguÊe ostvariti u 
segmentu upravljanja zalihama i procesu nabave 
materijala, usluga i radova:

-  optimizacijom zaliha - primjenom provjerenih 
metoda ABC analize, a takoer i modela 
ekonomiËne koliËine narudæbe materijala,

-  smanjenjem broja skladiπta,
- okrupnjavanjem narudæbi, sklapanjem partner-

stava i dugoroËnih ugovora za isporuku zaliha s 
kvalifi ciranim dobavljaËima. 

The benefi ts of the MMS at HEP Generation and 
HEP Heating can be generally divided into indirect 
and direct ones.

Indirect benefi ts mostly follow from the evident 
streamlining of business processes as a consequence 
of the introduction of IT in maintenance. This 
includes:

-  general increase in effi ciency and productivity 
following from the standardisation of business 
processes and raising the level of their 
automation compared with the traditional 
system based on the manually managed data 
fl ow and written documentation,

-  creating central databases to reduce the time 
spent on retrieving and searching all the 
data and events in the maintenance process 
- fl owcharts of the facilities, technical data, 
archives of maintenance activities, failures, 
inventories etc.,

-  using a single system of codes and names - 
the nomenclature of the facilities to maintain, 
inventories etc.

Direct benefi ts of the MMS are refl ected in the 
availability of all the necessary information for the 
implementation of the concept of maintenance 
management or “expense as a motivator” applied by 
West European power utilities, e.g. the Irish ESBI. 

The MMS records and collects all the components 
of maintenance expenses - own labour, materials in 
storage and services of external suppliers. The basis 
for the collection of expenses is a working order that 
enables its monitoring by several criteria:

-  by activities i.e. types of expense - preventive 
or corrective maintenance, modifi cation of 
facilities,

-  by the location of expense, including the 
facilities to maintain, where analytical monito-
ring of expenses is possible on several levels, 
from the generation unit to the smallest 
component of the facility

Cutting the operating expenses by using the MMS 
can also be realised in the segment of inventory 
management and the process of procurement of 
materials, services and works by means of:

-  inventory optimisation - through the application 
of the proved methods of the ABC analysis, and 
by defi ning economic quantities for material 
orders,

-  reducing the number of warehouses,
-  accumulating orders, entering partnerships 

and long-term agreements for the supply of 
inventories with qualifi ed suppliers. 
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Preduvjet za primjenu spomenutih mjera ostvaren 
je u okviru projekta SUPO razradom i primjenom 
jedinstvenog sustava πifriranja i nazivlja potroπnog 
materijala i rezervnih dijelova na razini HEP 
Proizvodnje i HEP Toplinarstva.

Program SUPO takoer ima bitnu ulogu u analizi 
iskoriπtenja zaposlenika, πto predstavlja jedan od 
parametara za optimiranje broja zaposlenih, a 
time i odgovarajuÊih troπkova poslovanja.

7 ZAKLJU»AK

Uvoenjem programa SUPO u djelatnost 
proizvodnje elektriËne i toplinske energije HEP 
se svrstao u druπtvo naprednih elektroprivrednih 
kompanija koje se u voenju proizvodnih pogona 
snaæno oslanjaju na podrπku informacijskih 
sustava. 

Primjenom SUPO-a uspostavljen je jedinstveni 
sustav upravljanja odræavanjem tehniËkih sustava 
u HEP Proizvodnji i HEP Toplinarstvu, πto obuhva-
Êa standardizaciju poslovnih procesa planiranja, 
organizacije, izvrπenja i dokumentiranja svih 
aktivnosti u procesu odræavanja. Realizacijom 
ovog projekta izvrπena je temeljita priprema HEP 
Proizvodnje i HEP Toplinarstva za uspostavu i 
certifi kaciju sustava upravljanja kvalitetom prema 
ISO standardima serije 9000 i serije 14000.

Program SUPO veÊ se u praksi upotrebljava za 
dinamiËko upravljanje strategijom odræavanja 
radi postizanja visoke raspoloæivosti proizvodnih 
pogona. Poslovanjem HEP-a u europskom elek-
troenergetskom sustavu oËekuje se joπ veÊa 
uloga SUPO-a u troπkovnom optimiranju procesa 
odræavanja, racionalizaciji upravljanja i smanjenju 
razine zaliha te optimiranju broja i iskoriπtenja 
vlastitih zaposlenika u odræavanju proizvodnih 
pogona.

Primjenom informacijskih sustava poput pro-
grama SUPO HEP postiæe razinu tehnoloπke kom-
patibilnosti i moguÊnost jasne prezentacije naËina 
na koji upravlja vlastitom imovinom. 

Program SUPO u HEP Proizvodnji koristi pribliæno 
1/3 zaposlenih (809 od 2 399), a u HEP 
Toplinarstvu viπe od 1/5 zaposlenih (86 od ukupno 
378) pa ga treba promatrati kao komponentu 
HEP-ova sustava upravljanja znanjem i alat koji 
omoguÊuje pohranjivanje, razmjenu i koriπtenje 
podataka, informacija i znanja bitnih za upravljanje 
procesom odræavanja.

A prerequisite to the implementation of the above-
mentioned measures was met within the MMS 
project by developing and applying a single system 
of codes and names for consumables and spare 
parts at the level of HEP Generation and HEP 
Heating.

The MMS also has an important role in the analysis 
of the utilisation of human resources, which is 
one of the parameters in optimising the number 
of employees and, consequently, the appropriate 
operating expenses.

7 CONCLUSION

The introduction of the MMS in the power and heat 
generation industry put HEP among the advanced 
power utilities which in managing their generation 
facilities strongly rely on IT support. 

The implementation of the MMS set up a single 
system of technical management at HEP Generation 
and HEP Heating, including the standardisation of 
the business processes of planning, organisation, 
completion and documentation of all the activities 
in the maintenance process. The realisation of 
this project completed a thorough preparation of 
HEP Generation and HEP Heating for setting up 
and having certifi ed a quality management system 
pursuant to ISO standard series 9000 and 14000.

The MMS is already being used for a dynamic 
management of the maintenance strategy with a 
view to achieving high availability of generation 
facilities. With HEP’s the operation within the 
European electric energy system the role of the 
MMS in optimising the expenses of the maintenance 
process, streamlining the management and the 
reduction in the inventory level and the optimisation 
of the number and utilisation of own human 
resources in maintaining generating facilities, will 
be even greater.

By using IT systems such as the MMS, HEP has 
achieved the level of technological compatibility 
and the possibility of transparent presentation of 
the way in which it manages its own assets. 

At HEP Generation, the MMS is used by nearly 
1/3 (809 out of 2 399), and at HEP Heating 
by more than 1/5 (86 out of 378) of the total 
number of employees, so the MMS needs to 
be seen as an important component of HEP’s 
knowledge-management tool and a tool enabling 
storage, exchange and use of data, information 
and knowledge essential to the management of the 
maintenance process.
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Cijena se na træiπtu elektriËne energije neprestano mijenja. Njezina je buduÊa kretanja 
zbog karakteristika træiπta elektriËne energije relativno teπko predvidjeti. Zbog toga se 

primjenjuju sljedeÊa tri procesa: proces kretanja buduÊih cijena elektriËne energije 
po geometrijskom Brownovom gibanju, proces kretanja prosjeËnih vrijednosti cijena 

elektriËne energije i proces kretanja buduÊih cijena elektriËne energije s povremenim 
vrπnim vrijednostima. U radu su obraena sva tri procesa, Ëime je obuhvaÊena njihova 

defi nicija, formulacija, primjena te navoenje prednosti i nedostataka.
The price on the electricity market is constantly changing. Owing to the characteristics 
of electricity market the future movement of the price is relatively hard to predict. For 

this reason the following three processes are applied: the process of the future electricity 
price movement according to the geometric Brownian motion, the mean reversion 

process, and the price spikes process. The paper discusses all three processes, including 
their defi nitions, formulas and applications, as well as their upsides and downsides.

KljuËne rijeËi: cijena, elektriËna energija, procesi kretanja cijena
Key words: electricity, price, price processes
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1 UVOD

Proces liberalizacije træiπta elektriËne energije 
pokreÊe brojne promjene u sustavu trgovanja 
elektriËnom energijom. Monopol nad elektriËnom 
energijom nestaje, a time i monopolist koji 
je na zatvorenom træiπtu jedini imao pravo 
opskrbljivati potroπaËe elektriËnom energijom. 
Dræava je odreivala tarifni sustav cijena kojim 
se monopolist sluæio za obraËunavanje troπkova 
potroπaËima, odnosno kupcima. UobiËajeno je 
bilo da se tarifni sustav rjee mijenjao, πto je kod 
potroπaËa elektriËne energije stvaralo jedan oblik 
sigurnosti. S druge strane, potroπaËi nisu mogli po 
povoljnijim uvjetima dobavljati elektriËnu energiju 
od drugog opskrbljivaËa.

Sloboda izbora opskrbljivaËa donosi i odreene 
rizike od stalnih promjena cijena elektriËne 
energije. Ovdje se govori o promptnoj cijeni 
elektriËne energije, odnosno cijeni kod koje se 
obavlja trenutaËna isporuka elektriËne energije. 
Na promjenjivost cijena u bitnoj mjeri utjeËu 
odnos izmeu ponude i potraænje, cijene 
ener-genta za pogon proizvodnih postrojenja, 
klimatske promjene te povremeni zastoji, ispadi 
i preoptereÊenost elektroenergetskog sustava 
(EES). Iz tog proizlaze sljedeÊe karakteristike 
cijena elektriËne energije [1] i [2]: 

-  sezonalnost: cijene elektriËne energije mije-
njaju se u skladu s njezinom potraænjom tije-
kom sata, dana, mjeseca i godine, 

-  trend kretanja prosjeËnih vrijednosti cijena 
oko kojih se kreÊu sluËajne vrijednosti cijena 
elektriËne energije,

-  nemoguÊnost skladiπtenja elektriËne energije: 
svaki kilovatsat elektriËne energije treba biti 
potroπen kad je i proizveden, tako da se cijene, 
za razliku od ostalih vrsta robe, ne mogu 
mirnije kretati,

-  povremene vrπne vrijednosti cijena: zbog 
greπaka u prijenosu, nestaπice elektriËne 
energije, preoptereÊenja EES-a kao i zbog 
goleme potraænje te ekstremnih vremenskih 
uvjeta. 

Cijene elektriËne energije sklone su neprestanim 
promjenama, pa sudionici træiπta elektriËne 
energije nastoje predvidjeti buduÊa kretanja 
cijena. Zbog toga se sluæe razliËitim stohastiËkim 
procesima πiroko primjenjivanima i kod ostalih 
vrsta robe. RijeË je o sljedeÊim procesima: 
proces kretanja buduÊih cijena po geometrijskom 
Brownovom gibanju (GBM), proces kretanja 
prosjeËnih vrijednosti cijena te proces kretanja 
buduÊih cijena s povremenim vrπnim vrijednos-
tima. Karakteristika ovih triju procesa jest 

1 INTRODUCTION

The process of the liberalisation of the electricity 
market is introducing many changes in the 
electricity market. The monopoly is vanishing, 
and with it goes the monopolist who on a closed 
market was solely entitled to supply consumers 
with electric power. The state used to determine the 
rates and prices the monopolist used in charging 
the consumers i.e. customers. Normally, rates were 
changed less frequently, which created a sense 
of security in the consumers. On the other hand, 
consumers could not purchase electricity under 
favourable terms from another supplier.

The freedom to choose the supplier brings some 
risks arising from the constant changes in the price 
of electricity. Here we are dealing with the spot price 
of electricity, notably the price at which electricity 
is supplied instantly. Changing prices are vitally 
affected by the relation between the demand and 
supply, the price of fuel for fi ring power generation 
facilities, climatic changes and occasional failures, 
outages and overloads in the electric power system. 
This results in the following characteristics of 
electric power prices [1] and [2]: 

-  seasonality: electricity prices change in 
accordance with the demand during hour, day, 
month and year, 

-  mean reversion: refl ecting the movement of 
random values of electricity price,

-  non-storability: every kilowatt-hour of electricity 
needs to be consumed when it is generated, so 
that prices, unlike other types of goods, cannot 
remain so steady,

-  price spikes: owing to transmission failures, 
shortage of electricity, overload of electric 
power system, as well as the huge demand and 
extreme weather conditions. 

Electricity prices are prone to constant changes, so 
players on the electricity market attempt to predict 
the future movement of prices. In this they use 
different stochastic processes which are widely 
applied to other types of commodities as well. 
The following processes are at play: the process 
of the movement of the future prices according to 
geometric Brownian motion (GBM), the process of 
Mean Reversion and the process of Jump Diffusion. 
The common characteristic of these three processes 
is a simulation of the future prices for a particular 
period. 

The paper is divided in three chapters dealing with 
the three processes for the simulation of the future 
price of electricity. This includes their defi nition, 
formulation, application on one example and 
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simulacija buduÊih cijena za odreeno vremensko 
razdoblje.

Rad je podijeljen u tri poglavlja u kojima se 
obrauju sva tri procesa za simulaciju buduÊih 
cijena elektriËne energije. To ukljuËuje njihovu 
defi niciju, formuliranje, primjenu kroz jedan 
primjer te navoenje prednosti i nedostataka. Na 
kraju slijedi zakljuËak rada i popis literature. 

2 GEOMETRIJSKO BROWNOVO 
GIBANJE

Najpoznatiji proces kretanja cijena opisan je 
Brownovim gibanjem. Ime je dobio po πkotskom 
botaniËaru Robertu Brownu koji je 1827. godine 
doπao do spoznaje da se Ëestice i plin gibaju 
neprestano kaotiËno i sluËajno. Proces Brownova 
gibanja koristi se u mnogim podruËjima. Na 
primjer, u podruËju fi nancija za simulaciju 
sluËajnih cijena vrijednosnica. S vremenom je 
u tom podruËju Brownovo gibanje dobilo naziv 
sluËajno kretanje po putanji pijanca od bifea do 
njegove kuÊe [3]. 

Osnovne karakteristike kretanja sluËajnih cijena 
su sljedeÊe:

-  cijene se mijenjaju nezavisno jedna od druge,
-  cijene se mijenjaju s konstantnim prosjekom i 

s pokazateljem promjenjivosti cijena. 

Za primjenu procesa kretanja buduÊih cijena 
koriste se krivulje koje prikazuju oËekivane 
vrijednosti cijena za razliËite datume dospijeÊa. 
Odnos izmeu razliËitih oËekivanih vrijednosti 
cijena voen je stopom povrata o kojoj ovisi otklon 
kretanja buduÊih cijena.

2.1 Defi nicija
Geometrijsko Brownovo gibanje podrazumijeva 
vraÊanje sluËajnih brojeva u prirodni logaritam 
kako njihove vrijednosti ne bi pale ispod nule. 
Tako raspodijeljene vrijednosti prate Brownovo 
gibanje, πto predstavlja Wienerov proces ili proces 
normalne distribucije sluËajnih brojeva.

Ako je St sadaπnja cijena elektriËne energije, 
promjena cijene moæe biti aproksimirana sljedeÊim 
izrazom [1], [2], [3] i [4]: 

       
 

indication of their upsides and downsides. Finally, 
there follows the conclusion and the references. 

2 GEOMETRIC BROWNIAN 
MOTION

The best known description of the process of price 
movement is Brownian motion. It got its name after 
the Scottish botanist Robert Brown who, in 1827, 
discovered that particles and gas incessantly move 
chaotically and randomly. The process of Brownian 
motion is used in many fi elds. For instance, in 
fi nances, to simulate random prices of securities. 
Eventually, the Brownian motion in this fi eld came 
to be known as Random Walk after the path of a 
drunk from the bar to his home [3]. 

Basic characteristics of the movement of random 
prices are:

-  the prices change independently of one 
another,

-  the prices change with a constant mean and 
volatility. 

In predicting the future movement of prices 
curves are applied that show expected price 
levels for different delivery dates. The relation 
between different expected price levels is defi ned 
by the yield on which the drift of the future price 
movement depends.

2.1 Defi nition
Geometric Brownian motion assumes reverting 
random numbers into the natural logarithm lest their 
values fall below zero. The values thus distributed 
follow the Brownian motion, which is Wiener’s 
process or the process of normal distribution of 
random numbers.

If St is the current price of electricity, the change 
in the price may be approximated in the following 
expressions under [1], [2], [3] and [4]: 

      
 

tStSS ttt    (1) 
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iz kojeg se izdvaja dio koji se odnosi na stupanj 
otklona vrijednosti cijena: 

i dio koji se odnosi na kretanje sluËajnih vrijednosti 
cijena elektriËne energije: 

Stupanj otklona  izraæava se u postocima, a 
defi niran je sljedeÊim izrazom:
 

gdje su:
     - oËekivani kapitalni dobitak, 
     - oËekivana dividenda ili stopa povrata. 
Pretpostavlja se da je stupanj otklona konstantan.

U drugom dijelu izraza (1):

     - normalna distribucija sluËajnih brojeva koje 
odreuju vrijednosti cijena u vremenskom inter-
valu      , a          drugi korijen od vre-
menskog intervala u kojem se cijene elektriËne 
energije mijenjaju, 

     - pokazatelj promjenjivosti cijena raste u skladu 
s drugim korijenom od promatranog vremenskog 
razmaka. 

Stoga je, da bi se izvela simulacija kretanja buduÊih 
cijena elektriËne energije po geometrijskom 
Brownovom gibanju, dovoljno poznavati sadaπnju 
cijenu te oËekivani pokazatelj promjenjivosti 
cijena. Nekoliko je metoda za procjenjivanje 
oËekivanog pokazatelja promjenjivosti cijena. 
NajËeπÊe su zastupljene sljedeÊe metode [2], [3]:

-  oËekivani pokazatelj promjenjivosti cijena 
procijenjen na osnovi statistiËkih podataka ili 
statistiËki pokazatelj promjenjivosti cijena,

-  pokazatelj promjenjivosti cijena proizaπao iz 
opcija ili implicirani pokazatelj promjenjivosti 
cijena. Opcija jest vrsta ugovora po kojem 
njezin imatelj ima pravo, ali ne i obvezu, 
prodati, odnosno kupiti robu ili vrijednosnice 
tijekom ili na kraju nekog razdoblja po 
dogovorenoj cijeni [4], [6] i [7].

with the part related to the extent of the drift: 

and the part related to the movement of random 
values of electricity prices:

The extent of the drift is expressed in percentage 
points and is defi ned in the following expression:

whereas:
     - expected capital gain, 
     - expected dividend or the convenience yield. It 
is assumed that the extent of the drift is constant.

In the second part of the expression (1):

   - normal distribution of random numbers
determining the values of prices in the interval 
whereas                       square root of time rule, 

 

   - indicator of price volatility is increasing 
consistently with the square root of the interval 
observed. 

In order to make a simulation of the movement 
of the future electricity prices in accordance with 
the geometric Brownian motion, it suffi ces to know 
the current price and the expected volatility. There 
are several methods for estimating the expected 
volatility. The most frequently used are methods 
[2], [3]:

-  volatility estimated on the basis of statistical 
data or the statistical volatility,

-  volatility resulting from options or implied 
volatility. Option is a type of contract under 
which the holder is entitled, though not 
obligated, to sell or buy commodities or 
securities for the duration or at the end of a 
period at the agreed price [4], [6] and [7].

tSt

tS tt

   (2) 

t

t
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S obzirom na razdoblje u kojem se promatra 
kretanje cijena, pokazatelj promjenjivosti cijena 
moæe biti satni, dnevni, mjeseËni, godiπnji te 
sveden na godiπnju razinu. 

2.2 Primjer
Primijenit Êe se simulacija kretanja buduÊih 
cijena elektriËne energije po geometrijskom 
Brownovom gibanju nakon πto se odredi statistiËki 
pokazatelj promjenjivosti cijena (tablica 1). Pritom 
Êe se koristiti MS Excel koji sadræi sve relevantne 
statistiËke funkcije za simulaciju kretanja 
vrijednosti.

Iz tablice 1 zadane su vrijednosti prosjeËne 
cijene elektriËne energije koje su se dogodile u 
razdoblju od 26. listopada do 4. studenog 2005. 
godine na burzi European Electricity Exchange 
(EEX Spot Market). Relativna promjena cijene 
vraÊena je u prirodni logaritam, na primjer S1 = 
In(S1 / S2) gdje su S1 i S2 buduÊe cijene elektriËne 
energije za prvi i drugi dan. Za odreivanje 
dnevnog pokazatelja promjenjivosti cijena koristi 
se funkcija STDEV (standardna devijacija) koja 
obuhvaÊa cijelo polje vrijednosti koje se odnosi 
na relativnu promjenu cijena. Za izraËunavanje 
pokazatelja promjenjivosti cijena na godiπnjoj 
razini mnoæi se dnevni pokazatelj promjenjivosti 

Depending on the period in which the movement of 
prices is observed, volatility may be hourly volatility, 
daily volatility, monthly volatility, annual volatility 
and annualised volatility. 

2.2 Example
A simulation of the future electricity price 
movement in accordance with geometric Brownian 
motion will be conducted once the statistical 
volatility has been determined (Table 1). In this, 
MS Excel will be used because it contains all the 
relevant statistical functions for the simulation of 
the value movement.

Table 1 shows the values of the average prices of 
electricity in the period from October 26 to November 
4, 2005, on the European Electricity Exchange (EEX 
Spot Market). The relative price change was reverted 
to natural logarithm, e.g. S1 = In(S1 / S2) where S1 
and S2 are future electricity prices for the fi rst and 
second days, respectively. To determine the daily 
volatility the STDEV (standard deviation) function 
is applied which includes an array of values related 
to the relative price change. To calculate the annual 
volatility the daily volatility is multiplied by the 
interval of 300 days, which corresponds to the total 
number of days of trading in electricity in a year 
(0,2754 · 300 = 4,77 ili 477 %).



208Uran, V., MatematiËko modeliranje kretanja cijena....., god. 55 (2006), br. 2., str 202-217
Uran, V., Mathematical model of the electricity prices...., vol. 55 (2006), No. 2, p.p. 202-217

cijena s vremenskim intervalom od 300 dana, 
πto odgovara ukupnom broju dana u godini kad 
se trguje elektriËnom energijom (0,2754 · 300 = 
4,77 ili 477 %).

Pokazatelj promjenjivosti cijena na godiπnjoj razini 
za prikazani sluËaj relativno je velik jer su cijene 
u razdoblju od deset dana bile sklone naglijim 
promjenama. 

Za simulaciju kretanja vrijednosti cijena elektriËne 
energije u nekoliko krivulja potrebno je zadati 
sljedeÊe konstantne parametre:

-  trenutaËna cijena elektriËne energije S0 = 50 
euro/MWh,

-  vrijeme promatranja t = 1 godina,
-  broj promatranih dana za simulaciju kretanja 

buduÊih cijena 300,
-  vremenski interval    t = 1/300 = 0,03333,
-  pokazatelj promjenljivosti cijena (prema tab-

lici 1)     = 27,54 %,
-  stupanj otklona     = 20 %.

Za simulaciju kretanja buduÊih cijena elektriËne 
energije generirat Êe se jedinstveni sluËajni brojevi 
(RAND), a nakon toga izvrπiti njihova distribucija u 
normalnom obliku (NORMINV). Za izraËunavanje 
sluËajnih cijena koristi se izraz (1). Na slici 1 
prikazan je dijagram krivulja buduÊih cijena. 

Iz priloæenog dijagrama vrijednosti cijena kreÊu se 
razliËito. Na primjer, cijene po krivulji S-6 bitno se 
razlikuju od cijena po krivulji S-2. Meutim, MS 
Excel programom mogu se neprestano generirati 
novi sluËajni brojevi (tipkom F9), πto rezultira 
novim krivuljama kretanja buduÊih cijena.

 

The annual volatility in the above example is 
relatively great because the prices in the ten-day 
period tended to sudden changes. 

To simulate the movement of the value of electricity 
prices in several curves, it is necessary to set the 
following constant parameters:

-  current price of electricity S0 = 50 euro/MWh,
-  period of observation t = 1 Year,
-  number of days observed 300,
-  time interval      t = 1/300 = 0,03333,
-  volatility (Table 1)     = 27,54 %,
-  drift     = 20 %.

To simulate the movement of future electricity 
prices, unique random numbers (RAND) will be 
generated, followed by their distribution in normal 
form (NORMINV). For calculating random prices 
the expression (1) will be used. Figure 1 shows the 
diagram with the curves of the future prices. 

The diagram shows different movement of price 
values. For example, the prices on curve S-6 
differ substantially from the prices on curve S-2. 
However, MS Excel can constantly generate new 
random numbers (F9 key), resulting in new curves.
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2.3 Prednosti i nedostaci
Geometrijsko Brownovo gibanje Ëesto je koriπten 
proces za simulaciju kretanja buduÊih cijena 
elektriËne energije jer su njegove karakteristike 
dobro poznate te kompjutorski lako primjenjive 
za raËunanje. S istim ulaznim parametrima (npr. 
pokazatelj promjenjivosti cijena, stupanj otklona, 
trenutaËna cijena elektriËne energije…) i nepre-
stanim generiranjem sluËajnih brojeva dobivaju 
se razliËite krivulje kretanja cijena. Cijene meu 
pojedinim krivuljama mogu drastiËno varirati, ali 
πto je generacija sluËajnih brojeva ËeπÊa, to se viπe 
stjeËe osjeÊaj za nastupanje cijena u buduÊnosti. 

Nedostaci geometrijskog Brownovog gibanja odnose 
se na sloæeno odreivanje najvaænijeg parametra 
- pokazatelja promjenjivosti cijena. Koriπtenje 
statistiËkog pokazatelja promjenjivosti cijena nije 
pouzdano (to se odnosi i na implicirani pokazatelj 
promjenjivosti cijena). Idealno bi bilo poznavati 
buduÊi pokazatelj promjenjivosti cijena, ali njegova 
je vrijednost nepoznata sve dok ne nastupe nove 
trenutaËne cijene elektriËne energije. Tada taj 
pokazatelj promjenjivosti cijena postaje statistiËki 
pokazatelj promjenjivosti cijena. Stoga bi trebalo 
izraditi krivulju pokazatelja promjenjivosti cijena 
koja bi predstavljala najbolju procjenu buduÊeg 
pokazatelja promjenjivosti cijena. Drugo je rjeπenje 
iscrpno pratiti promjenu pokazatelja promjenjivosti 
cijena tijekom sati, dana, mjeseca, godine i godina 
te u njima pronalaziti uzroke. Takvi bi statistiËki 
pokazatelji promjenjivosti cijena pretpostavljali 
buduÊe pokazatelje promjenjivosti cijena postavljene 
po scenarijima nastupanja buduÊih cijena. 

3 KRETANJE PROSJE»NIH 
VRIJEDNOSTI CIJENA 

Povremene vrπne vrijednosti cijena elektriËne 
energije uobiËajene su na træiπtima, a nastaju zbog 
neoËekivanih dogaaja (npr. zbog prisilnih pogonskih 
ispada elektroenergetskih postrojenja, zastoja u 
prijenosu elektriËne energije, toplinskog udara 
itd.). Velika je vjerojatnost da Êe se cijene nakon 
dosizanja vrπnih vrijednosti vratiti svojim prosjeËnim 
vrijednostima. 

Za geometrijsko Brownovo gibanje povremene vrπne 
vrijednosti znaËe normalan dogaaj jer cijene koje su 
generirane sluËajnim brojevima ne zavise jedna od 
druge. Zbog toga navedeni proces nema sposobnost 
vratiti sluËajnu vrijednost cijene na prosjeËnu 
vrijednost. 

2.3 Upsides and downsides
Geometric Brownian motion is a frequently used 
process for the simulation of the movement of 
future electricity prices because its characteristics 
are well known and it is easy to use in computer 
calculation. The same input parameters (e.g. 
volatility, drift, current price of electricity…) and 
constant generation of random numbers result 
in different price movement curves. The prices 
between particular curves may vary drastically, 
but the more frequent the generation of random 
numbers, the better the perception of the future 
prices. 

The downsides of the geometric Brownian motion 
include the complexity of determination of the 
most important parameter - volatility. Statistical 
volatility is not reliable (this applies to the implied 
volatility as well). It would be ideal to know the 
future volatility, but its value is unknown until 
the occurrence of new electricity prices. At that 
point this indicator becomes statistical volatility. 
For this reason it would be necessary to construct 
a volatility curve which would represent the best 
assessment of the future volatility. Another solution 
is to exhaustively follow the changes in volatility 
during hours, days, months, year and years, and 
establish causes in them. Such statistical volatility 
would assume a future volatility set according to the 
scenarios of the occurrence of future prices. 

3 MEAN REVERSION 

Price spikes are normal on electricity markets, and 
they are due to unexpected events (e.g. outages, 
transmission blockages, heat impact etc.). There is 
a great probability that the prices, once they have 
reached their peaks, will revert to their average 
values. 

In geometric Brownian motion price spikes are 
normal because prices generated by random 
numbers are not dependent on each other. For this 
reason the process is not capable of reverting the 
random price value to the average level. 
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3.1 Defi nicija
Po defi niciji trend kretanja prosjeËnih vrijednosti 
cijena jest tendencija da se cijene u stohastiËkom 
procesu kreÊu u skladu s dugoroËnim prosjeËnim 
vrijednostima. To je moguÊe ako se te cijene 
zajedno matematiËki poveæu. Zbog toga Êe izraz 
(1) biti prilagoen procesu kretanja prosjeËnih 
vrijednosti cijena [5]:

       
  

Dio koji se odnosi na stupanj otklona cijena 
zamijenjen je dijelom za utvrivanje prosjeËne 
vrijednosti cijena     (Savg - St), dok drugi 
dio i dalje predstavlja simulaciju sluËajnih vrijed-
nosti cijena. U ovom se sluËaju nadovezuju novi 
parametri poput stope povrata vrijednosti cijena 
na prosjek,     (Mean reversion rate), i dugoroËne 
prosjeËne vrijednosti cijene, Savg.

3.2 Primjer
Za odreivanje stope povrata vrijednosti cijena 
na prosjek i dugoroËne prosjeËne vrijednosti 
cijene koristit Êe se postupak linearne regresije 
uz pomoÊ MS Excel programa i parametara 
regresije SLOPE (vertikalna udaljenost podijeljena 
po horizontalnoj udaljenosti izmeu dviju toËaka 
na pravcu Ëija je promjena usklaena s pravcem 
regresije), INTERCEPT (raËuna toËku koja sijeËe 
y-os koristeÊi postojeÊe x, y vrijednosti; koristi se 
za odreivanje vrijednosti zavisne varijable kad 
je vrijednost nezavisne varijable jednaka nuli) i 
STEYX (vraÊa standardnu greπku predviene y 
vrijednosti za svaki x unutar regresije). Za primjer 
Êe se uzeti vrijednosti cijena i rezultati iz tablice 
1. U tablici 2 prikazan je naËin odreivanja 
dugoroËne prosjeËne vrijednosti cijena elektriËne 
energije.

 

3.1 Defi nition
By defi nition, mean reversion is a tendency for 
the prices in a stochastic process to move in 
accordance with long-term mean values. This 
is possible if prices are mathematically joined 
together. This is why expression (1) will be adjusted 
to mean reversion [5]:

       
  

The part related to the drift has been replaced by 
the part for determining the mean value of prices     
     (Savg - St), whereas the second part             still 
represents the simulation of random values of 
prices. In this case there are new parameters such 
as a mean reversion rate,     , and a long run mean, 
Savg.

3.2 Example
To determine the mean reversion rate and the long 
run mean the linear regression procedure will be 
used with the help of MS Excel and the regression 
parameters of SLOPE (vertical distance divided by 
the horizontal distance between two points on a line 
whose change is in tune with the line of regression), 
and INTERCEPT (calculates the point intersecting 
the y-axis using the available x, y values; used for 
determining values of the dependent variable when 
the value of independent variable equals zero) and 
STEYX (reverts the standard error of envisaged y 
value for each x within the regression). An example 
will include the values of prices and the results from 
Table 1. Table 2 shows the method to determine the 
long run mean of electricity prices.

 

ttSSS avg    (3)

t
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Stopa povrata vrijednosti cijena na prosjek jed-
naka je vrijednosti parametra regresije SLOPE. 
DugoroËna prosjeËna vrijednost cijene raËuna se 
tako da se podijeli parametar regresije INTERCEPT 
sa stopom povrata vrijednosti cijena na prosjek. 
Pokazatelj promjenjivosti cijena predstavlja odnos 
izmeu parametra regresije STEYX i dugoroËne 
prosjeËne vrijednosti cijene. 

Koriπtena metoda u tablici 2 primijenit Êe se za 
simulaciju kretanja vrijednosti cijena elektriËne 
energije. Postupak je sljedeÊi: prvo se generiraju 
sluËajni brojevi za odreivanje trenutaËnih 
cijena za promatrana razdoblja po geometrijskom 
Brownovom gibanju. 

The mean reversion rate equals the value of the 
SLOPE regression parameter. The long run mean 
is calculated dividing the INTERCEPT regression 
parameter by the mean reversion rate. Volatility 
is the relation between the STEYX regression 
parameter and the long run mean. 

The method applied in Table 2 will be used in 
the simulation of the movement of the price of 
electricity. The procedure includes the following: 
fi rst, random numbers are generated to determine 
the current prices for the periods observed under 
geometric Brownian motion. 
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Zatim se raËuna apsolutna promjena cijene 
i zajedno s prijaπnjim cijenama odreenim 
parametrima iz primjera u poglavlju 2.2. dobiva 
se sljedeÊe: 

      - stopa povrata vrijednosti cijena na prosjek,
      - dugoroËna prosjeËna vrijednost cijene, 
      - pokazatelj promjenjivosti cijena na godiπnjoj 
razini koja se u skladu s promjenom sluËajnih 
brojeva moæe neprestano mijenjati.

Dobiveni parametri uvrπtavaju se u izraz (3), nakon 
Ëega se dobivaju krivulje kretanja buduÊih cijena 
s pravcem dugoroËne prosjeËne vrijednosti cijene. 
U ovom Êe se primjeru sluËajni brojevi dva puta 
generirati (slike 2 i 3).

 

 

Then, the absolute price change is calculated and 
- together with the previous prices determined 
by means of the parameters mentioned in the 
example referred to in chapter 2.2. - the following 
is obtained: 

       - mean reversion rate,
Savg  - long run mean, 
        - annual volatility which in accordance with the 
change in random numbers can change constantly.

The parameters obtained are included in expression 
(3) to obtain curves of the future volatility with the 
line of long run mean. In this example random 
numbers will be generated twice (Figures 2 and 3).

Savg

Savg

Savg
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Slike 2 i 3 prikazuju dva tipiËna dijagrama s 
tendencijom pada i rasta prosjeËnih vrijednosti 
cijena elektriËne energije. Karakteristika prosjeËnih 
vrijednosti jest da prati trend promjena buduÊih 
cijena u odreenom vremenskom razdoblju. Dijagram 
na slici 2 prikazuje trend postupnog pada vrijednosti 
buduÊih cijena u razdoblju od 300 dana. To znaËi 
da Êe se dugoroËna prosjeËna vrijednost cijene u 
tom razdoblju smanjiti sa 50 euro/MWh na 41,153 
euro/MWh. Dijagram na slici 3 prikazuje obrat, 
odnosno trend postupnog rasta vrijednosti buduÊih 
cijena elektriËne energije, πto znaËi i rast dugoroËne 
prosjeËne vrijednosti cijena sa 50 euro/MWh na 
53,752 euro/MWh. To, pak, znaËi da cijena elektriËne 
energije sporije raste u drugom sluËaju nego πto pada 
u prvom sluËaju, a to pokazuju i njihovi pokazatelji 
promjenjivosti cijena (1,6 % prema 1,7 %).

3.3 Prednosti i nedostaci 
Proces kretanja prosjeËnih vrijednosti cijena jako se 
dobro uklapa u proces kretanja buduÊih cijena po 
geometrijskom Brownovom gibanju. To je dokazano 
dijagramima na slikama 2 i 3 u kojima krivulje 
prosjeËnih vrijednosti cijena prate oscilacijsko 
kretanje buduÊih cijena elektriËne energije. 

S druge strane, ovaj proces ne uzima u obzir 
povremene vrπne vrijednosti cijena elektriËne energije 
koje su vaæne kod planiranja strategije za izbjegavanje 
rizika, odnosno moguÊeg gubitka. Brzina po kojoj se 
cijene vraÊaju dugoroËnoj prosjeËnoj vrijednosti ovise 
o prirodi, veliËini i pravcu naglih skokova cijena. Zbog 
toga se Ëesto stopa povrata vrijednosti cijena na 
prosjek kalibrira za svaki mjesec u godini uz iskljuËivo 
koriπtenje podataka razmatranog mjeseca [5]. 

4 KRETANJE BUDU∆IH 
CIJENA S POVREMENIM 
VR©NIM VRIJEDNOSTIMA

Cijene elektriËne energije izloæene su velikim, 
naglim i iznenadnim promjenama okarakterizirane 
skokovima ili vrπnim vrijednostima. U literaturi je 
uvrijeæen naziv vrπne vrijednosti cijene jer vrijednosti 
u jednom trenutku dosegnu te vrijednosti i zatim se 
ponovno vraÊaju na prosjeËne vrijednosti. 

Na liberaliziranom træiπtu elektriËne energije 
pojedini sudionici nisu sposobni upravljati rizikom 
od pojavljivanja vrπnih vrijednosti cijena. Stoga su 
izloæeni velikim gubicima. Dogaa se da im sva 
zarada koju su tijekom godine ostvarili ispari zbog 
nepredvienih velikih vrπnih vrijednosti cijena. Te 
su vrijednosti uobiËajene za razdoblja visokih tarifa 
kad je golemi broj potroπaËa ukljuËen na mreæu, a 
potraænja za elektriËnom energijom velika, odnosno 

Figures 2 and 3 show two different diagrams with 
the decreasing and increasing tendencies regarding 
the mean prices of electricity. A characteristic of 
means is that they follow the future volatility in a 
particular period of time. The diagram in Figure 
2 shows the decreasing trend in future volatility 
in the period of 300 days. This means that the 
long run mean in this period will decrease from 50 
euro/MWh to 41,153 euro/MWh. The diagram in 
Figure 3 shows the opposite, notably the increasing 
trend in the future volatility, which is an increase in 
the long run mean from 50 euros/MWh to 53,752 
euro/MWh. This, again, means that the price of 
electricity is increasing slowlier in the second 
instance than it is decreasing the fi rst, as refl ected 
in their volatility (1,6 % and 1,7 %).

3.3 Upsides and downsides 
The process of the mean reversion fi ts very well into 
the process of future price movement according to 
geometric Brownian motion. This is supported by 
the diagrams in Figures 2 and 3 in which mean 
curves follow the oscillating movement of the future 
process of electricity prices. 

On the other hand, this process does not take into 
account electricity price pikes which are important 
in planning the strategy to avoid risks i.e. a possible 
loss (hedging). How quickly the prices revert to 
the long run mean depends on the nature, scale 
and direction of such price jumps. This is why the 
mean reversion rate is calibrated for each month 
of the year using just the data for the month under 
scrutiny [5]. 

4 JUMP DIFFUSION

Electricity prices are exposed to great, rapid and 
sudden changes characterised as jumps or spikes. 
In the reference literature, the term price spikes is 
standard because at one moment prices reach such 
a value and then again revert to mean values. 

On the liberalised electricity market some 
participants are not capable of managing the risk of 
price spikes. They are thus exposed to great losses. 
It may happen that their entire earnings throughout 
the year evaporates owing to unpredictedly great 
price spikes. Such spikes are normal in high rate 
periods when a huge number of consumers are 
connected to the network and the demand for 
electricity is high i.e. when electric power system is 
overloaded. Likewise, price spikes are characteristic 
of the daily prices. To determine price means, the 
impact of price spikes is included in the number 
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kad je EES preoptereÊen. Isto su tako vrπne 
vrijednosti cijena karakteristiËne za cijene koje se 
zbivaju u tijeku dana. Za odreivanje prosjeËnih 
vrijednosti cijena, utjecaj vrπnih vrijednosti 
ukljuËen je u niz cijena promatranog razdoblja za 
koje se raËuna prosjeËna vrijednost cijene. 

4.1 Defi nicija
Proces kretanja buduÊih cijena elektriËne 
energije s povremenim vrπnim vrijednostima jest 
proces vrπnih vrijednosti u kombinaciji procesa 
po geometrijskom Brownovom gibanju i procesa 
kretanja prosjeËnih vrijednosti cijena. Sam proces 
vrπnih vrijednosti opisan je Poissonovim procesom 
Ëija su obiljeæja sljedeÊa: na svakom malom 
vremenskom intervalu vrπna vrijednost cijene moæe i 
ne mora nastupiti, Ëija je vjerojatnost proporcionalna 
duljini promatranog intervala. Drugim rijeËima, 
za svaki je trenutak t vremenskog intervala (t, t 
+     ) promjena parametra Poissonovog procesa 
defi nirana sljedeÊim relacijama [2]:

    

    
gdje je intenzitet Poissonovog procesa opisan 
brojem nastupanja vrπnih vrijednosti cijena 
elektriËne energije u godini dana. 

Sam proces kretanja cijena s vrπnim vrijednostima 
matematiËki se opisuje na sljedeÊi naËin [1]:
   

iz kojeg je vidljivo da su ukljuËeni parametri 
Poissonovog procesa opisanog dijelom izraza (5) 
koji se odnosi na proces kretanja vrπnih vrijednosti 
cijena elektriËne energije: 

Novi parametri su sljedeÊi: 
      - uvjetovana varijabla Ëija je vrijednost jednaka 
jedan ako nastupi vrπna vrijednost cijene, odnosno 
jednaka nuli ako ne nastupi vrπna vrijednost 
cijene, πto je u skladu s relacijom (4),
    - oËekivani skok cijene, izraæen u postotku od 
prethodne cijene elektriËne energije,
    - standardna devijacija skoka cijene, izraæena 
u postotku,
   - normalna distribucija sluËajnih brojeva za 
odreivanje vrπnih vrijednosti cijena u vremenskom 
intervalu t.

of prices from the period observed for which mean 
values are calculated. 

4.1 Defi nition
Jump diffusion is a price spike process combined 
with the geometric Brownian motion and the 
mean reversion process. Jump diffusion itself is 
described by the Poisson process with the following 
characteristics: in each small time interval there 
may, but need not, occur a price spike, whose 
probability is proportionate to the length of the 
interval observed. In other words, for each moment 
t of the time interval (t, t +    ) the change of 
parameters in the Poisson process is defi ned by the 
following relations [2]:
      
 

where is intensity of the Poisson process described 
by the number of occurrences of price spikes in a 
year. 

Jump diffusion itself is mathematically described in 
the following manner [1]:
       
  

showing the inclusion of the parameters of the 
Poisson process described by the part of expression 
(5) related to the jump diffusion of electricity 
prices: 

New parameters are: 
    - conditional variable whose value equals one, if 
price spike occurs, or which equals zero if no price 
spike occurs, which is in accordance with relation 
(4),
     - expected price jump, expressed as a percentage 
of the previous price of electricity,
    - standard deviation of price jump, expressed as 
a percentage,
   - normal distribution of random numbers in 
determining price spikes in the time interval t.

tqPr

tqPr

1
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   (4) 
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Po defi niciji se izraz (5), osim navedenog dijela 
koji se odnosi na proces vrπnih vrijednosti cijena, 
sastoji joπ od sljedeÊeg:

                     - proces kretanja prosjeËnih 
vrijednosti cijena elektriËne energije i 

               - proces kretanja buduÊih cijena 
po geometrijskom Brownovom gibanju.

Svi su parametri prethodno defi nirani osim       koji 
predstavlja normalnu distribuciju sluËajnih bro-
jeva za odreivanje vrijednosti cijena elektriËne 
energije u vremenskom intervalu     . 

4.2 Primjer
Za simulaciju kretanja vrπnih vrijednosti cijena 
elektriËne energije takoer se koristi MS Excel. 
Pritom Êe posluæiti parametri koji su otprije zadani 
za simulaciju kretanja buduÊih cijena i simulaciju 
kretanja prosjeËnih vrijednosti cijena, a vidljivi su 
u priloæenom programu. Novi zadani parametri su 
sljedeÊi:

- broj nastupanja vrπnih vrijednosti cijena 
elektriËne energije      = 30,

-  oËekivani skok cijene,     = -0,5 % od vrijedno-
sti prethodne cijene,

-  standardna devijacija skoka cijene,   = 27,54 % 
(isto je kao i kod primjera simulacije kretanja 
buduÊih cijena po geometrijskom Brownovom 
gibanju).

Uvjetovana varijabla     u Excelu odreuje se tako da 
se postavi uvjet ako je IF(              > sluËajni broj), 
onda je vrijednost jednaka jedan, odnosno suprotno od 
toga jednaka je nuli, πto je u skladu s relacijom (4). 

Simulacija kretanja buduÊih cijena, prosjeËnih 
vrijednosti cijena i vrπnih vrijednosti cijena 
elektriËne energije prikazana je na slikama 4 i 5, s 
trendom kad vrijednosti rastu, odnosno padaju. 

 

By defi nition, expression (5), in addition to the part 
related to the jump diffusion, also consists of the 
following:

                              - mean reversion of electricity 
prices, and

                   - future price movement according 
to the process of geometric Brownian motion.

All the parameters have been pre-defi ned 
except       which represents the normal distribution 
of random numbers in determining the values of 
electricity prices in the time interval     . 

4.2 Example
MS Excel is again used in the simulation of the 
jump diffusion in electricity prices. It will employ 
the parameters previously set for the simulation of 
future volatility and mean reversion, as can be seen 
in the program enclosed. New parameters are:

-  number of price spike occurrences     = 30,
-  expected price jump,     = -0,5 % of the previous 

price value,
-  standard jump deviation,   =27,54 % (the 

same as in the example of the simulation of 
future price movement in geometric Brownian 
motion).

In Excel, conditioned variable    is determined by 
setting the condition IF(      > random number) 
then the value equals one, i.e. in the opposite case 
the value equals zero, which is in accordance with 
relation (4). 

The simulation of the future price movement, mean 
reversion and jump diffusion in the electricity prices 
is presented in Figures 4 and 5, showing increasing 
and decreasing trends. 

t1

t

t

t tSSavg

tt tS 1
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Iz obiju slika, 4 i 5, uoËava se da su vrijednosti 
na krivulji buduÊih cijena elektriËne energije 
i krivulji povremenih vrπnih cijena u veÊem 
dijelu razmatranog razdoblja iste. Razlika je u 
povremenim vrπnim vrijednostima cijena koje 
mogu imati gornji ili donji ekstrem. To se u 
promatranoj godini dogaa 30 puta. 

4.3 Prednosti i nedostaci
S obzirom na prethodna dva procesa, proces 
kretanja buduÊih cijena elektriËne energije s 
povremenim vrπnim vrijednostima s glediπta 
upravljanja rizikom najvaæniji je jer najbolje opisuje 
fenomene buduÊih cijena, kao πto su povremene 
vrπne vrijednosti. Iz tog proizlaze i nedostaci jer 
parametri koji se zadaju za simulaciju povremenih 
vrπnih vrijednosti cijena nisu stabilni i teπko ih je 
predvidjeti. 

Dodatna karakteristika krivulje povremenih vrπnih 
vrijednosti cijena jest bræe pribliæavanje vrijednosti 
prosjeka s obzirom na krivulju buduÊih cijena. U 
izloæenom primjeru proces kretanja buduÊih 
cijena elektriËne energije s povremenim vrπnim 
optereÊenjima pretpostavlja samo jednu stopu 
povrata vrijednosti cijena na prosjek. Sloæeniji 
procesi pretpostavljaju razliËite stope povrata 
vrijednosti na prosjek. Na to mogu utjecati i vrπne 
vrijednosti cijena. Na primjer, ako na povremene 
vrπne vrijednosti cijene utjeËe greπka u prijenosu 
elektriËne energije, cijene Êe se vratiti na normalnu 
razinu odmah nakon πto se ta greπka otkloni. No, 
ako su cijene visoke zbog nenormalnih vremenskih 
uvjeta, pa onda i zbog preoptereÊenja EES-a, tada 
brzina povrata vrijednosti cijena na prosjek ovisi o 
sustavu prognoze vremena [1]. 

Both Figures, 4 and 5, show that the values on the 
curve of future prices of electricity and on the curve 
of occasional price spikes are the same for the best 
part of the period observed. The difference lies in 
the occasional price spikes that may have lower 
or upper extremes. Within the year observed, this 
occurs 30 times. 

4.3 Upsides and downsides
Compared with the two preceding processes, from 
the aspect of risk management jump diffusion is the 
most important one, because it best describes the 
phenomena of future prices such as price spikes. 
From this also follow the downsides, because the 
parameters set for the simulation of price spikes are 
not stable and are diffi cult to predict. 

Another characteristic of the curve of occasional 
price spikes is that values approach the mean level 
quicker considering the future prices curve. In the 
example presented the process of the movement 
of electricity prices with occasional price spikes 
provides for just one mean reversion rate. More 
complex processes provide for different mean 
reversion rates. These, too, can be affected by price 
spikes. For instance, if price spikes are affected 
by a transmission failure, prices will revert to the 
normal level promptly at the moment the failure 
has been repaired. However, if prices are high on 
account of abnormal weather conditions, resulting 
in the overload in the electric power system, then 
the speed of mean reversion will depend on the 
weather forecast system [1]. 
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5 ZAKLJU»AK 

Za simulaciju kretanja buduÊih cijena elektriËne 
energije koriste se jednostavniji procesi, kod 
kojih se zadaje manji broj parametara, i sloæeniji 
procesi, koji obuhvaÊaju veÊi broj zadanih 
parametara. Kod procesa kretanja buduÊih cijena 
po geometrijskom Brownovom gibanju zadaju se 
samo dva parametra, πto ga Ëini jednostavnim za 
raËunanje. Tim procesom nisu opisana sva svojstva 
cijene elektriËne energije. S druge strane, sloæeni 
proces, poput procesa kretanja buduÊih cijena 
s povremenim vrπnim vrijednostima, ukljuËuje 
barem joπ tri parametra koja treba zadati. Cijene 
se na liberaliziranom træiπtu neprestano mijenjaju, 
pa je parametre za potrebe simulacije buduÊih 
cijena katkad teπko predvidjeti. »ak i onda ako 
su statistiËki podaci i provjerene informacije 
podvrgnute detaljnoj i kvalitetnoj analizi. Opisana 
metoda simulacije preporuËljiva je za proaktivnu 
djelatnost trgovanja elektriËnom energijom, ali i za 
elektroprivrednu djelatnost opÊenito.
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5 CONCLUSION 

In the simulation of the movement of future 
electricity prices simpler processes are applied, 
with smaller number of parameters, as well as more 
complex processes which include a greater number 
of parameters to set. In the process following 
geometric Brownian motion just two parameters 
need to be set, which makes the calculation 
simple. However, this process does not describe 
all the characteristics of the price of electricity. On 
the other hand, a complex processes such as jump 
diffusion includes at least three more parameters 
to set. Prices on a liberalised market are constantly 
changing, so the parameters necessary for the 
simulation of future prices are sometimes diffi cult 
to predict. This is true even when the statistical 
data and verifi ed information have undergone a 
detailed quality analysis. The described method 
of simulation is recommendable both for proactive 
trade in electricity and for electric power industry 
in general. 

Received on:
2005-11-07

Accepted on:
2006-01-15



 ÆIVOT I DJELO NIKOLE TESLE
THE LIFE AND WORK OF 

NIKOLA TESLA
Prof. dr. sc. Vladimir MuljeviÊ,

 Trg Francuske Republike 7, 10000 Zagreb, Hrvatska
Prof Vladimir MuljeviÊ, PhD,

Trg Francuske Republike 7, 10000 Zagreb, Croatia

218MuljeviÊ, V., Æivot i djelo Nikole Tesle, Energija, god. 55 (2006), br. 2., str 218-235
MuljeviÊ, V., The life and work of Nikola Tesla, Energija, vol. 55 (2006), No. 2, p.p. 218-235

»lanak ukratko opisuje æivot Nikole Tesle, od sela Smiljana do New Yorka, od snalaæljivog 
djeËaka, ljubitelja æivotinja do znanstvenika svjetskog glasa. PoËevπi od opisa stanovniπtva 
Like razmatra se porijeklo obitelji Tesla. Nastavlja se s Teslinim πkolovanjem u Hrvatskoj: 
puËka πkola u Smiljanu i GospiÊu, gimnazija u GospiÊu i Rakovcu. Slijedi πkolovanje na 

TehniËkoj visokoj πkoli u Grazu te boravak i dopuna obrazovanja u Pragu. Prikazan je Teslin rad 
u Budimpeπti i Francuskoj, odlazak iz Europe i nastavak rada u SAD-u te osnivanje vlastitog 

laboratorija. Ukratko su prikazani Teslini patenti u podruËju elektriËnih strojeva i ureaja koje 
je patentirao u Patentnom uredu SAD. Na kraju su iznesena miπljenja znanstvenika o Nikoli 

Tesli i priznanja koja je zasluæio svojim radom.
The article briefl y describes the life of Nikola Tesla, from the village of Smiljan to New York, 

from a resourceful boy and animal lover to a world famous scientist. The ancestry of the Tesla 
family is discussed, starting with a description of the ethnic background of the inhabitants 
of Lika. Tesla’s education in Croatia consisted of elementary school in Smiljan and GospiÊ, 
and secondary school in GospiÊ and Rakovac. This was followed by the polytechnic school 

in Graz and further education in Prague. Tesla’s work in Budapest and France, his departure 
from Europe and the continuation of his work in the USA are discussed, as well as the 

establishment of his own laboratory. Tesla’s patents in the fi eld of electrical machinery and 
equipment that he patented at the United States Patent Offi ce are briefl y presented. There are 

also comments by distinguished fi gures about Nikola Tesla and the recognition he merited.
KljuËne rijeËi: beæiËni sustav, elektriËni stroj, luËna svjetiljka, mehaniËki oscilator, Nikola 

Tesla, Tesline struje, viπefazni sustav
Key words: arc light, electrical device, mechanical oscillator, 

Nikola Tesla, polyphase system, Tesla currents, wireless system



Izvor: Muzej Nikole Tesle, MNT, VI/V, 15
Source: Muzej Nikole Tesle, MNT, VI/V, 15
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1 UVOD

Kada se o Nikoli Tesli govori i piπe, uvijek se 
poËinje od sela Smiljana, nedaleko od GospiÊa. 
Njegovo podrijetlo, odnosno podrijetlo njegove 
obitelji nije meutim ondje, nego u drugom dijelu 
Like, pa i dalje.

Razmotreni su podaci o svim obiteljima koje su 
prije viπe stotina godina æivjele u raznim dijelovima 
Like, ali nigdje se nije naiπlo na prezime Tesla, jer 
to je bio samo nadimak koji je dobio jedan od 
Nikolinih predaka, koji se zapravo zvao DraganiÊ, 
a bio je doseljenik vjerojatno iz okolice Ledenica. 
Priæenio se u obitelj prote MandiÊa, pa je tako 
nastala liËka obitelj Tesla.

I Nikolin je otac bio sveÊenik, pa je nakon 
sluæbovanja u Senju doπao u Smiljan, gdje se 
rodio Nikola i ondje poπao u puËku πkolu, koju 
je nastavio u GospiÊu. Dobra krajiπka gimnazija u 
GospiÊu i njegovo πkolovanje ondje bili su solidna 
osnova za njegovu daljnju izobrazbu. Nikolina 
prirodna sklonost tehnici bila je u znatnoj mjeri 
pojaËana i obogaÊena njegovim πkolovanjem 
u Velikoj realnoj gimnaziji u Rakovcu (pokraj 
Karlovca). Nedvojbeno je da je πkolovanje Nikole 
Tesle u Velikoj realnoj gimnaziji u Rakovcu imalo 
presudnu ulogu za njegov odabir struke kojoj je 
posvetio cijeli svoj æivot - elektrotehnike. 

TehniËka visoka πkola (Teschnische Hochschule) u 
Grazu svojom je relativnom blizinom, a i tradicijom 
bila cilj mladome Tesli u stjecanju znanja na polju 
elektrotehnike.

Bujna maπta mladog Tesle dovela ga je u 
Budimpeπti do osnovnog njegova otkriÊa na 
podruËju izmjeniËnih struja. Odlazak u Pariz, 
rad u Strabourgu te konaËno prijelaz u New York 
ubrzali su Teslin struËni, a uskoro i znanstveni rad 
na sve πirem polju elektrotehnike.

Nizala su se otkriÊa, izumi, nove konstrukcije 
i patenti zadivljujuÊom kvalitetom i brzinom. 
Vlastito poduzeÊe, vlastiti laboratorij, mnogi 
suradnici te predavanja, Ëlanci i putovanja postali 
su svakidaπnjica Teslina æivota u Americi.

Meutim poæar u laboratoriju, Teslina nezaintere-
siranost za novac te opseæni planovi i projekti 
doveli su ga u velike poteπkoÊe. Godine su 
prolazile, mijenjao je donekle i podruËje svojih 
istraæivanja, materijalno mu se stanje pogorπalo, 
a i zdravlje je popuπtalo, pa je tako doπao i kraj 
tom naπem i svjetskom velikanu elektrotehnike i 
znanosti, koji je svojim djelima ovjekovjeËio svoje 
ime i ime svoje domovine.

1 INTRODUCTION

Any discussion of Nikola Tesla always begins with 
the village of Smiljan, not far from GospiÊ. The 
origins of his family were not from that place but 
from another part of Lika and beyond.

Data on all the families who lived in the various 
parts of Lika several centuries ago have been 
studied but the name Tesla is nowhere to be found.  
It was merely the nickname given to one of Nikola’s 
ancestors, actually named DraganiÊ, who most likely 
came to Lika from the surroundings of Ledenice. 
He married into the family of the Orthodox priest 
MandiÊ and thus began the Lika family of Tesla.
 
Nikola’s father was also a priest. After serving in 
Senj, he came to Smiljan, where Nikola was born 
and then attended elementary school, which he 
continued in GospiÊ. The fi ne secondary school in 
the Croatian Military Border town of GospiÊ and the 
education Nikola obtained there provided a solid 
foundation for his further studies. Nikola’s natural 
affi nity for technology was signifi cantly fostered and 
enriched by his schooling at the secondary school 
in Rakovac (near Karlovac). Undoubtedly, Nikola’s 
education at the secondary school in Rakovac had 
a crucial role in the selection of the profession to 
which he devoted his life - electrical engineering. 

The polytechnic school (Teschnische Hochschule) 
in Graz, by virtue of its relative vicinity and 
tradition, was the place the young Tesla aspired to 
attend in order to acquire knowledge in the fi eld of 
electrical engineering. 

While in Budapest, Tesla’s fertile imagination led to 
his fundamental discovery in the area of alternating 
current. His departure to Paris, work in Strasbourg 
and fi nal transition to New York accelerated Tesla’s 
professional and scientifi c activity in the growing 
fi eld of electrical engineering. 

There followed discoveries, inventions, new 
constructions and patents of enviable quality and 
frequency. His own company, his own laboratory, 
many associates and lectures, articles and travels 
became the daily events of Tesla’s life in America. 

However, a fi re in his laboratory, Tesla’s disinterest 
in money, and extensive plans and projects caused 
him grave diffi culties. The years passed, he 
somewhat changed his area of investigation, his 
fi nancial situation worsened and his health failed. 
Thus ended the life of our world famous fi gure in 
electrical engineering and science, whose works 
have immortalized his name and are a credit to his 
homeland. 
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2 STANOVNI©TVO LIKE I 
PODRIJETLO OBITELJI TESLA

U doba prodiranja Turaka na podruËje Like, Podgorja 
i Senjskoga primorja oko 1520. godine mnogi su 
stanovnici izbjegli u druge krajeve, sigurnije 
od turske najezde. U Dalmatinskoj zagori i Lici 
ostali su Hrvati i dio starobalkanskog stanovniπtva 
Morlaci, Lahi i Olahi. Dio tog stanovniπtva prihvatio 
je pravoslavnu, a dio muslimansku vjeru. Ti su se 
pomuslimanjeni starodjedioci poslije pomijeπali s 
doseljenim muslimanima koji su u Liku dolazili iz 
zapadne Bosne, gdje je starosjedilaËko katoliËko 
i bogumilsko stanovniπtvo veÊinom preπlo na 
islam. Opustjele krajeve, nakon πto su iz njih 
izbjegli katoliËki starosjedioci, naseljavali su Turci 
pravoslavnim stanovniπtvom koje su dovodili iz 
Podrinja, Poibarja i Polimlja.

U dijelovima Like koje Turci nisu mogli osvojiti 
ostalo je do danas jedino Ëisto potomstvo pred-
turskoga stanovniπtva tih krajeva. Tako su se 
starosjedioci odræali u staroj Gackoj i Brinjskoj 
æupaniji, u Senju te u senjskoj okolici, nedaleko 
od Ledenica.

Kada su Turci, nakon mira sklopljenoga 1699. 
godine u Sremskim Karlovcima, otiπli iz Like, 
ondje osim katoliËkih ostaju naselja pravoslavaca. 
Stanovnici Like nazivali su “ljude grËkog 
zakona”, odnosno pravoslavce, Vlasima, a Srpska 
pravoslavna crkva im je odredila srpsku nacionalnu 
pripadnost.  

Do danas nije dovoljno istraæeno, niti se pouzdano 
zna podrijetlo obitelji Tesla. Poznato je da su 
neki preci imali prezime DraganiÊ. To se prezime 
nalazilo u srednjoj Dalmaciji, pa su ga u 16. 
stoljeÊu nosili i dijelovi obitelji VranËiÊ koja je 
æivjela u ©ibeniku.

Prema obiteljskoj predaji jedan je od predaka 
imao istaknute prednje zube sliËno tesli, alatu 
za obraivanje drva. RijeË tesla - sjekira nalazi 
se u poznatom rjeËniku “Dictionarium Quinque 
nobilissimarum Europae lingvarum, Latinae, 
Italicae, Germanicae, Dalmaticae, et Ungaricae”, 
objavljenu 1595. godine u Veneciji, koji je sastavio 
hrvatski polihistor Faust VranËiÊ (©ibenik, 1552.-
Venecija, 1617.). Po tom je alatu dotiËna grana 
DraganiÊa dobila nadimak, koji je kasnije preπao 
u prezime Tesla.

DraganiÊi su u Liku, na podruËje Divosela doπli 
vjerojatno u 17. stoljeÊu iz sela Ledenice kraj 
Novoga Vinodolskoga, kamo su se doselili iz 
srednje Dalmacije. Jeli i neki drugi DraganiÊ veÊ u 
Ledenicama dobio nadimak Tesla, nije poznato.

2 THE INHABITANTS OF LIKA 
AND THE ORIGINS OF THE 
TESLA FAMILY

During the time of the Turkish penetration into 
the region of Lika, Podgorje and the Senj littoral, 
in approximately the year 1520, many of the 
local inhabitants fl ed the Turkish invaders to 
safer regions. Croats and some of the old Balkan 
inhabitants, the Morlachs, Lachs and Olachs, 
remained in Dalmatinska Zagora and Lika. Part of 
this population accepted Orthodoxy and part the 
Islamic faith. These indigenous converts to Islam 
later intermarried with the Muslims who arrived in 
Lika from western Bosnia, where the majority of the 
indigenous Catholic and Bogomil inhabitants had 
converted to Islam. The Turks brought in Orthodox 
settlers from Podrinje, Poibarje and Polimlje to 
settle the regions that the indigenous Catholic 
population had fl ed. 

In the parts of Lika that the Turks could not 
conquer, there dwell what are today the only direct 
descendents of the pre-Turkish population in these 
regions. These indigenous inhabitants remained 
in the old Gacka and Brinj County, Senj and the 
surroundings of Senj, not far from Ledenice. 

When the Turks left Lika, following the peace 
accord of 1699 in Sremski Karlovci, in addition 
to the remaining Catholic settlements there were 
also some Orthodox settlements. The inhabitants of 
Lika called them “the people of the Greek rite,” i.e. 
Orthodox, Vlachs, and the Serbian Orthodox Church 
conferred Serbian nationality on them.

The origin of the Tesla family has neither been 
suffi ciently investigated nor is there reliable 
information. It is known that some of Nikola Tesla’s 
ancestors had the surname of DraganiÊ. This is a 
surname that is found in central Dalmatia, and in 
the 16th century was also the name of parts of the 
VranËiÊ family who lived in ©ibenik. 

According to family lore, one of the ancestors had 
prominent front teeth that resembled tesli, tools for 
processing wood. The word tesla, or ax, is found in 
a famous dictionary entitled Dictionarium Quinque 
nobilissimarum Europae lingvarum, Latinae, Italicae, 
Germanicae, Dalmaticae, et Ungaricae, compiled by 
the Croatian polyhistor Faust VranËiÊ (©ibenik, 1552 
- Venice, 1617) and published in Venice in the year 
1595. It was after this tool that a branch of the 
DraganiÊ family received its nickname, which later 
became the surname of Tesla.

In the 17th century, the DraganiÊ family probably 
arrived in the Divoselo region of Lika from the 
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U doba kada su Francuzi osnovali Ilirske 
provincije (1809.-1813.) Nikola Tesla stariji, 
otac Milutina Tesle (1819.-1879.) sluæio je neko 
vrijeme kao seræan, tj. doËasnik pjeπaËke vojske 
u Napoleonovoj vojsci, gdje je bio odlikovan za 
hrabrost. Vjerojatno je da je on i prije bio vojnik 
u austrijskoj vojsci, odnosno u Vojnoj Krajini u 
Hrvatskoj. Prema obiteljskoj predaji seræanov otac 
æivio je 129 godina. Æivio je u RaduÊu i vjerojatno 
je imao mnogo djece. Njegovi potomci su danaπnje 
Tesle iz RaduÊa.

Æena Nikole Tesle st. Ana bila je iz graniËarske 
obitelji KaliniÊ, divoselske skupine pravoslavnih 
stanovnika Like. Iz toga braka potjeËe i Milutin 
roen u selu RaduÊu. On je u GospiÊu polazio 
njemaËku puËku, a poslije i vojnu πkolu. Nije 
mu, meutim, odgovarao æivot u vojsci pa je u 
Plaπkome uËio bogosloviju, koju je zavrπio 1845. 
godine. Zatim se oæenio –ukom MandiÊ (1821.-
1892.) iz Tomingrada kraj GraËaca.

Milutin Tesla je kao mladi sveÊenik sluæbovao u 
Senju, odakle je bio premjeπten za upravitelja 
parohije u Smiljan, selo nedaleko od GospiÊa. U 
Smiljanu se 10. srpnja 1856., u kuÊi prikazanoj 
na slici 1, rodio Nikola Tesla, a zatim i njegova 
sestra Mandica.
 

village of Ledenice near Novi Vinodol, to which 
they had emigrated from central Dalmatia. It is not 
known whether some other DraganiÊ received the 
nickname of Tesla while still in Ledenice.

During the period when the French established the 
Illyrian Provinces (1809-1813), the senior Nikola 
Tesla, the father of Milutin Tesla (1819-1879), served 
for a time as a sergeant, i.e. a noncommissioned 
offi cer in the infantry of Napoleon’s army, where he 
was decorated for bravery. It is likely that he had 
previously been a soldier in the Austrian army, i.e. 
in the Military Border Territory in Croatia. According 
to family lore, the sergeant’s father lived for 129 
years. He made his home in RaduÊ and probably had 
many children. His descendents are today’s Teslas of 
RaduÊ.

 The wife of the senior Nikola Tesla, Ana, came from 
a family from the Military Border Territory, a group of 
Orthodox inhabitants of Divoselo in Lika. Their son 
Milutin was born in the village of RaduÊ. Milutin 
attended German elementary school in GospiÊ, 
followed by military school. However, life in the army 
did not suit him so in Plaπkome he studied theology, 
which he completed in 1845. He then married –uka 
MandiÊ (1821-1892) of Tomingrad near GraËac.

As a young priest, Milutin Tesla served in Senj, from 
which he was transferred to administer the parish in 
Smiljan, a village not far from GospiÊ. On July 10, 
1856, Nikola Tesla was born in Smiljan in the house 
shown in Figure 1, and was later followed by a sister, 
Mandica.
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3 TESLINO ©KOLOVANJE U 
HRVATSKOJ

Nikola je prvi razred trivijalke polazio i zavrπio 
u Smiljanu. Tu su πkolu tada polazila djeca 
smiljanskih obitelji MilkoviÊ, KovaËeviÊ, RudeliÊ, 
TomljenoviÊ i ostalih. Moja baka Marija MilkoviÊ, 
roena KovaËeviÊ, iπla je u prvi razred s Nikolom 
Teslom, koji je veÊ kao djeËak volio igraËke 
tehniËkog sadræaja. 

Milutin Tesla je nakon πest godina sluæbovanja 
u Smiljanu na vlastitu æelju bio premjeπten 
1862. u GospiÊ. Nikola je ondje polazio tzv. 
Pripremnu osnovnu πkolu koju je zavrπio 1866. 
godine. VeÊ kao dijete volio je æivotinje. Hranio 
je i pripitomljavao golubove, a to je radio i u New 
Yorku do kraja æivota.

Svoju snalaæljivost pokazao je u GospiÊu kada je 
prigodom sveËanog puπtanja u rad nove vatrogasne 
πtrcaljke ova zatajila. Mali je Tesla brzo shvatio da 
se dovodna cijev u rijeci zaËepila. Izuo se, zagazio 
u vodu i odËepio cijev, nakon Ëega je πtrcaljka 
proradila.

Nakon zavrπetka puËke πkole u GospiÊu poπao je u 
Niæu realnu gimnaziju, gdje je stekao dobro znanje 
iz prirodnih znanosti i nauËio njemaËki jezik.

Konstruirao je vodenu turbinu i izvodio pokuse na 
podruËju elektriciteta s pomoÊu ureaja iz πkolskog 
fi zikalnoga kabineta. Zanimala ga je matematika, 
ali prostoruËno crtanje nije mu iπlo od ruke. Bio je 
ljevak, “πuvak”. Mnogo je Ëitao, sluæio se oËevim 
knjigama. Bio je osrednji ak, volio je raËunanje, 
pa je i napamet izraËunavao sloæenije raËune.

Kada je u ljeto 1870. godine zavrπio treÊi razred 
Niæe realne gimnazije u GospiÊu, zbog bolesti je 
morao odleæati dva mjeseca. Nakon toga bio je na 
oporavku kod ujaka Tome MandiÊa u Tomingradu.

Velika realna gimnazija nedaleko Karlovca, 
prikazana na slici 2, osnovana je za potrebe 
Vojne Krajine i za pripremanje aka za studij 
tehnike. Od πkolske godine 1869./70. Vlada je u 
realnu gimnaziju u Rakovcu uvela maturu, pa pri 
upisu na studij tehnike aci nisu trebali polagati 
prijamni ispit (Aufnahmeprufung). 

3 TESLA’S SCHOOLING IN 
CROATIA

Nikola completed the fi rst grade of elementary school 
in Smiljan. At the time, the school was attended by 
the Smiljan families of MilkoviÊ, KovaËeviÊ, RudeliÊ, 
TomljenoviÊ and others. My grandmother, Marija 
MilkoviÊ, née KovaËeviÊ, was in the same fi rst grade 
class as Nikola Tesla, who was already a boy who liked 
toys of a technical nature. 

In 1862, following six years of service in Smiljan, Milutin 
Tesla was transferred at his own request to GospiÊ. 
Thereafter, Nikola attended the preparatory elementary 
school in GospiÊ, which he completed in the year 1866. 
Even as child, Nikola loved animals. He cared for tame 
pigeons, as he did in New York until the end of his life. 

Nikola demonstrated his resourcefulness in GospiÊ when 
a new fi refi ghting hose malfunctioned on the occasion of 
its offi cial trial. Little Tesla quickly understood that the 
pipe conveying water from the river was blocked. He felt 
for the suction hose in the water and found that it had 
collapsed. When he waded into the river and opened the 
hose, water rushed forth. 

After completing elementary school in GospiÊ, Nikola 
attended the lower secondary school where he acquired 
a good foundation in the natural sciences and learned 
the German language.

Tesla constructed a water turbine and performed 
experiments in the fi eld of electricity with the help of 
equipment from the school’s physics laboratory. He was 
interested in mathematics but freehand drawing was not 
an easy subject for him. He read a lot, borrowing his 
father’s books. He was an average student but enjoyed 
calculation so that he was able to compute complex bills 
in his head. 

In the summer of 1870, when he had completed the 
third year of the lower secondary school in GospiÊ, he 
had to remain in bed for two months due to illness. After 
that, he was sent to recover at the home of his uncle, 
Toma MandiÊ, in Tomingrad.

The upper secondary school not far from Karlovac, 
shown in Figure 2, had been established for the 
needs of the Military Border Territory and for preparing 
students for the study of technology. Starting in the 
academic year 1869/70, the government introduced a 
fi nal examination at the secondary school in Rakovac, 
so that it was no longer necessary to take an entrance 
examination (Aufnahmeprufung) in order to enroll in 
further technical studies.
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Ratno ministarstvo u BeËu imenovalo je 1863. 
godine devet uËitelja Velike realne gimnazije u 
Rakovcu, meu njima i Martina SekuliÊa (Lovinac, 
1833.- Zagreb, 1905.), dotadaπnjeg uËitelja Niæe 
realne gimnazije u Rakovcu, za matematiku i 
fi ziku. Martin SekuliÊ bio je tada kustos πkolske 
knjiænice.

Nastavnici Velike realne gimnazije u Rakovcu 
dobivali su od 1866. godine naslov profesor.  
©kolske godine 1871./72. profesor SekuliÊ 
predavao je predmete “Maschinenlehre” (stro-
jarstvo) i Aritmetik. Nastavni jezik bio je njemaËki, 
a iz njega je Tesla dobivao uvijek najbolju ocjenu.

Nakon πto je 1870. godine zavrπio treÊi razred 
Niæe realne gimnazije u GospiÊu, roditelji su 
Nikolu poslali u Viπu, poslije Veliku realnu 
gimnaziju u Rakovcu. Ondje je stanovao kod svoje 
tetke Stanke, udane za umirovljenoga majora 
austrijske vojske, Danila BrankoviÊa. Tetka je 
pazila na njegovu prehranu, te je pokuπavala u 
njemu probuditi zanimanje za umjetnost i povijest 
umjetnosti, ali to Nikolu nije zanimalo. Iako je 
imao osjetljivo uho, odnosno dobar sluh nije 
pokazivao zanimanje za glazbu.  

Nikola je neprestano razmiπljao o nekim izumima. 
Tako je jednom na putovanju kolima iz GospiÊa 
u Karlovac pripovijedao svojem prijatelju, da se 
bavi izumom koji Êe omoguÊiti prenoπenje govora 
izmeu Europe i Amerike bez ikakve materijalne 
veze, tj. bez æica ili kabela.

Tijekom πkolovanja u Realnoj gimnaziji u 
Rakovcu nije bio osobito dobar ak. Premda je 
uvijek uspjeπno prolazio, iz nacrtne geometrije 
i prostornog crtanja obiËno je dobivao ocjenu 
dovoljan. Bio je osjetljiva zdravlja, pa je u πkolskoj 

In 1863, the Ministry of War in Vienna appointed 
nine teachers to the higher secondary school 
in Rakovac, including Martin SekuliÊ (Lovinac, 
1833 - Zagreb, 1905), until then a teacher at the 
lower secondary school in Rakovac, who taught 
mathematics and physics. Martin SekuliÊ was the 
custodian of the school library at the time. 

In 1866, the teachers at the secondary school in 
Rakovac were given the title of professor. During the 
1871/72 academic year, Prof. SekuliÊ taught the 
subjects of mechanical engineering and arithmetic. 
The language used in the classroom was German. 
Tesla always received the highest grade. 

After Nikola completed the third year of the lower 
secondary school in GospiÊ in 1870, his parents sent 
him to the higher secondary school, and afterwards 
to the secondary school in Rakovac. Here he lived 
with his aunt, Stanka, who was married to a retired 
major in the Austrian army, Danilo BrankoviÊ. His 
aunt was careful about his nutrition and attempted 
to kindle Nikola’s interest in art and history, without 
success. Although he had a sensitive and good ear, 
he never showed an interest in music. 
 
Nikola was constantly thinking about some 
invention. On a wagon trip from GospiÊ to Karlovac, 
he told a friend that he was working on an invention 
that would make it possible to transmit speech 
between Europe and America without any material 
connection, i.e. without wires or cables. 

At the secondary school in Rakovac, he was not 
a particularly good student. Although he always 
passed his courses, he usually received barely 
passing grades in drawing. He was of delicate 
health and was absent for two months due to illness 
during the 1872/73 academic year in the fi rst 
semester of his seventh year of studies.
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godini 1872./73. u prvom polugodiπtu sedmog 
razreda izostao dva mjeseca zbog bolesti.

©kolske godine 1870./71. pohaao je Ëetvrti razred. 
SljedeÊe godine pohaao je peti i πesti razred. Imao 
je prosjeËnu ocjenu dobar. U prvom polugodiπtu 
te πkolske godine dobio je iz matematike ocjenu 
nedovoljan, koju je poslije ispravio. Slaba ocjena 
iz matematike bila je vjerojatno posljedica njegove 
dvomjeseËne bolesti.

Maturu je Nikola polagao 24. srpnja 1873. godine, 
a inspektor na maturi bio je prirodoslovac i zoolog 
Æivko VukasoviÊ (1829.-1874.). 

Nakon mature vratio se roditeljima u GospiÊ, iako 
se tome njegov otac Milun protivio, jer je tada u 
Lici vladala velika zaraza kolere. Nikola se ondje 
doista zarazio kolerom, pa je gotovo devet mjeseci 
bio vezan uz krevet. Nakon ozdravljenja oËekivalo 
ga je sluæenje vojnog roka u austrijskoj vojsci u 
trajanju od tri godine. Kako je tada promijenio 
boraviπte te je boravio kod ujaka Tome MandiÊa 
u Tomingradu kraj GraËaca, bio je zapravo vojni 
bjegunac.

Nikola se nije posvetio sveÊeniËkom zvanju, po æelji 
svojega oca, nego tehnici, odnosno elektrotehnici. 
Pritom je presudnu ulogu imao njegov profesor 
u gimnaziji u Rakovcu, Martin SekuliÊ, koji je 
bio izvrstan eksperimentator, pa i konstruktor 
fi zikalnih aparata. Sam je Nikola o tome  
napisao: “Veoma sam se zanimao za elektricitet 
potaknut utjecajem svog profesora fi zike koji je 
bio genijalan Ëovjek, a Ëesto je demonstrirao 
osnovne zakone aparaturama koje je sam izumio. 
SjeÊam se jedne sprave u obliku staklenog balona 
obavijenog staniolom, koji se brzo okretao kad bi 
bio spojen s elektriËnom strujom. Ne mogu vam 
izraziti ni pribliæno objasniti svoje uzbuenje 
dok sam prisustvovao njegovim pokusima s ovim 
tajanstvenim fenomenom. Svaki dojam proizveo 
je tisuÊe odjeka u mom mozgu. Æelio sam o toj 
izvanrednoj snazi saznati viπe. Æudio sam za 
pokusom, za istraæivanjem, ali predao sam se 
teπka srca sudbini”. Tesla ne spominje izriËito o 
kojem je profesoru rijeË, ali se sa sigurnoπÊu moæe 
zakljuËiti da je to bio SekuliÊ.

In 1870/71, he attended the fourth year of studies. 
The next year he completed the fi fth and sixth years 
of studies. He had an average grade of good. During 
the fi rst semester of that academic year, he received 
the grade of unsatisfactory in mathematics, which 
he later corrected. This poor grade in mathematics 
was most likely due to his two months of illness. 

Nikola passed his fi nal graduation examination on 
July 24, 1873. The inspector at the examination 
was the natural scientist and zoologist Æivko 
VukasoviÊ (1829-1874). 

After his fi nal examination, he returned to live with 
his parents in GospiÊ, disregarding the wishes of his 
father, Milutin, who wanted him to stay away from 
the cholera epidemic raging in Lika at the time. 
Nikola caught cholera and was bedridden for nearly 
nine months. After he recovered, he faced three 
years of military service in the Austrian army. Since 
he had changed his place of residence and was 
registered as living with his uncle, Toma MandiÊ, 
in Tomingrad near GraËac, he was technically an 
army deserter. 

Nikola did not pursue a priestly vocation, as his 
father would have liked, but electrical engineering. 
A crucial role was played by his secondary school 
professor in Rakovac, Martin SekuliÊ, who was an 
excellent experimenter and constructor of physics 
devices. Nikola wrote the following about this: “I 
was very interested in electricity, under the infl uence 
of a physics’ professor who was an ingenious man 
and often demonstrated the basic laws with devices 
he had invented himself. I remember one device 
in the shape of a freely rotatable bulb with tinfoil 
coating, which was made to spin rapidly when 
connected to a static machine. It is impossible for 
me to convey an adequate idea of the intensity of 
feeling I experienced in witnessing his exhibitions 
of these mysterious phenomena. Every impression 
produced a thousand echoes in my mind. I wanted 
to know more of this wonderful force; I longed for 
experiment and investigation and resigned myself 
to the inevitable with an aching heart.” Tesla does 
not specifi cally mention which professor he was 
writing about but it can be inferred with certainty 
that it was SekuliÊ.
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4 TESLIN STUDIJ NA 
TEHNI»KOJ VISOKOJ ©KOLI 
(JOHANNEUM) U GRAZU I 
BORAVAK U PRAGU

Dvije godine nakon mature i oporavka od bolesti, u 
svojoj devetnaestoj godini upisao se πkolske godine 
1875./76. na K.u.K. Technische Hochschule u 
Grazu. Imao je najprije stipendiju Vojne Krajine. 
Odreenu novËanu pomoÊ slali su mu otac Milutin 
i ujak Toma MandiÊ.

Dekan TehniËke visoke πkole pisao je tada Nikolinu 
ocu: “Vaπ je sin zvijezda prvog stupnja.” Nikolin 
napor u studiju utjecao je na njegovo zdravlje, pa 
je profesor ocu preporuËio da ga ispiπe iz πkole, jer 
postoji opasnost da Êe Nikola upropastiti zdravlje 
pretjeranim radom.

Drugu godinu studija Tesla je upisao uvjetno jer je 
stipendija izostala pa nije mogao platiti πkolarinu.
Istaknuvπi se radom i rezultatima, pribliæio se i 
svojim profesorima, meu kojima je bio i profesor 
teorijske i eksperimentalne fi zike Jakob Pöschel. 

Kada je bio na drugoj godini studija, TehniËka 
visoka πkola u Grazu dobila je Grammeov dinamo. 
O tome je Tesla zabiljeæio: “Dok je profesor J. 
Pöschel demonstrirao vrteÊu maπinu kao motor, 
Ëetkice su zadavale probleme, jer su iskrile, a ja 
sam primijetio da bi moæda rad s motorom bio 
moguÊ i bez Ëetkica. Ali profesor se izjasnio da 
je to nemoguÊe, pa je Ëitavo predavanje posvetio 
tom problemu, da bi na kraju naglasio: ‘Gospodin 
Êe Tesla moæda uËiniti velike stvari, ali je sigurno 
da ovo neÊe unaprijediti.’” Tesla zatim nastavlja: 
“Neko sam se vrijeme kolebao impresioniran 
profesorovim autoritetom, ali sam se uvjerio da sam 
bio u pravu i preuzeo sam zadatak da ga rijeπim, 
sa svim æarom i bezgraniËnim mladenaËkim 
samopouzdanjem. PoËeo sam zamiπljati stroj 
istosmjerne struje, vrteÊi ga i prateÊi promjenljive 
struje u armaturi. Tada bih zamislio alternator i 
istraæivao procese koji se odvijaju na sliËan naËin. 
Nakon toga bih sebi doËarao sistem s motorima i 
generatorima i radio s njima na razliËite naËine. 
Zamisli su mi se Ëinile savrπeno stvarne i opipljive. 
»itav boravak u Grazu proπao je u stalnom ali 
neplodnom naporu i gotovo sam zakljuËio da je 
problem nerjeπiv”.

Na kraju druge godine studija (1877.) Tesla 
marljivo polaæe ispite, no na treÊoj godini (1878.) 
popuπta u radu. Tomu je moæda bio razlog πto svoj 
problem konstrukcije elektriËnog stroja nije uspio 
privesti kraju.

4 TESLA’S STUDIES AT THE 
POLYTECHNIC SCHOOL 
(JOHANNEUM) IN GRAZ AND 
PERIOD IN PRAGUE

Two years after passing his fi nal secondary school 
examination and recovery from illness, at the 
age of nineteen he enrolled during the 1875/76 
academic year at the polytechnic school (Technische  
Hochschule) in Graz, Austria, with a scholarship from 
the Military Border Territory. His father, Milutin, and 
uncle, Toma MandiÊ, also sent him some money.

The dean of the polytechnic school wrote the following 
to Nikola’s father: “Your son is a star of the fi rst 
magnitude.” Nikola’s efforts in his studies affected 
his health, so the professor recommended that his 
father remove him from the school because there 
was danger that Nikola would ruin his health with 
excessive work. 

Tesla enrolled conditionally in the second year of his 
studies because there was no scholarship and he was 
not able to pay tuition. Distinguishing himself by his 
work and results, he became closer to some of his 
professors, including his professor in theoretical and 
experimental physics, Jakob Pöschel. 

During the second year of his studies, the polytechnic 
school in Graz obtained a Gramme dynamo. Tesla 
wrote the following about it: “While Prof. J. Pöschel 
was making demonstrations, running the machine as 
a motor, the brushes gave trouble, sparking badly. I 
observed that it might be possible to operate a motor 
without these appliances. But he declared that it could 
not be done and did me the honor of delivering a lecture 
on the subject, at the conclusion of which he remarked: 
‘Mr. Tesla may accomplish great things but he certainly 
will never do this.’” Tesla continued: “For a time I 
wavered, impressed by the professor’s authority, but 
soon became convinced I was right and undertook the 
task with all the fi re and boundless confi dence of my 
youth. I started by fi rst picturing in my mind a direct-
current machine, running it and following the changing 
fl ow of the currents in the armature. Then I would 
imagine an alternator and investigate the processes 
taking place in a similar manner. Next I would visualize 
systems comprising motors and generators and operate 
them in various ways. The images I saw were to me 
perfectly real and tangible. All my remaining term in 
Graz was passed in intense but fruitless efforts of this 
kind, and I almost came to the conclusion that the 
problem could not be solved.” 

At the end of the second year of his studies, (1877), 
Tesla diligently passed his examinations but in the 
third year, (1878), he became slack in his work. This 
may be due to the fact that he was unable to bring 
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Nakon πto je u svojoj 23 godini æivota izgubio 
godiπnju stipendiju od 420 forinti od Komande 
Vojne Krajine, u dva je navrata zamolio stipendiju 
od Matice srpske u Novom Sadu, ali je odbijen 
1876. i 1878. godine. Stoga prekida studij i 
nestaje iz Graza te prekida vezu s rodbinom. 

Neko je vrijeme boravio u Mariboru, gdje ga je 
sluËajno, u jednoj gostionici pri kartanju, sreo 
neki njegov znanac. Nikola je u Mariboru navodno 
radio kod nekog inæenjera kao pomoÊnik i dobivao 
plaÊu od 60 forinti. Ipak su ga kao nezaposlenoga 
mjesne vlasti prisilno vratile u GospiÊ, mjesto 
njegovog stalnog boravka. Sve se to teπko dojmilo 
njegovog oca Milutina pa je on uskoro, 29. travnja 
1879. godine i umro. Nikola je zatim kratko 
vrijeme radio kao nastavnik u gimnaziji u GospiÊu 
koju je i sam prije pohaao.

PoËetkom sijeËnja 1880. godine Nikola Tesla 
je kao 24-godiπnjak otiπao u Prag. U svojoj 
biografi ji napisao je na engleskom jeziku, da je 
otiπao u Prag, u »eπku kako bi ispunio oËevu 
æelju, da upotpuni svoje πkolovanje na tamoπnjem 
SveuËiliπtu. Nema, meutim, dokumenata o tome 
je li bio upisan na koji od dvaju fakulteta, odnosno 
TehniËke visoke πkole, tj. na njemaËku ili Ëeπku. 
MoguÊe je da je posjeÊivao predavanja pojedinih 
profesora, ali o tome nema podataka. O svojem 
boravku u Pragu Tesla kaæe da je “u tom gradu 
znatno napredovao, odvojio sam komutator od 
stroja i prouËio fenomen s ovog novog stajaliπta, 
ali joπ uvijek bez rezultata.”

5 BORAVAK I RAD NIKOLE 
TESLE U BUDIMPE©TI I 
FRANCUSKOJ

Tesla je 1881. godine zapoËeo raditi u Telefonskoj 
centrali u Budimpeπti. U tom je gradu doπao do 
izuma elektromotora s okretnim magnetskim 
poljem. Do tog je izuma sluËajno doπao za vrijeme 
jedne nedjeljne πetnje u veljaËi 1882. s prijateljem 
Antalom Szigetyjem u Gradskom parku, gdje je u 
pijesku πtapom nacrtao dijagram svojega motora 
temeljenoga na okretnom magnetskom polju. Svoj 
je izum priopÊio πefu Tivadaru Puskaπu, koji ga 
je nakon toga poslao u Pariz nadajuÊi se da Êe 
ondje moÊi ostvariti svoj izum. Za to, meutim, 
nije bilo zanimanja u tvornici ameriËkog izumitelja 
Thomasa Alve Edisona (1847.-1931.), u kojoj su 
se tada projektirali i konstruirali elektromotori za 
istosmjernu struju, po Edisonovom patentu, za 
Francusku i NjemaËku. Tesla je tada izveo neke 
izmjene na postojeÊim elektriËnim strojevima. 

his problem regarding the construction of an electrical 
motor to conclusion. 

After he lost his scholarship of 420 forints from the 
Command of the Military Border Territory at the age of 
23, on two occasions he sought a scholarship from the 
Serbian Cultural Society in Novi Sad but was refused in 
1876 and 1878. Therefore, he interrupted his studies 
and left Graz, also breaking ties with his family. 

For a time, he lived in Maribor, where by chance, in an 
inn during a game of cards, he met an acquaintance. 
Allegedly, Nikola worked in Maribor for an engineer 
as an assistant and received a wage of 60 forints. 
Nonetheless, he was forced by the local authorities 
to return to GospiÊ, the place of his permanent 
residence, as an unemployed person. All of this was 
diffi cult for his father, Milutin, to accept and he died 
soon after, on April 29, 1879. Nikola then worked 
for a short time as a teacher at the GospiÊ secondary 
school that he had previously attended. 

In early January of the year 1880, Nikola Tesla went 
to Prague at the age of 24. In his autobiography, 
written in the English language, he wrote that he 
went to Prague to carry out his father’s wishes for 
him to complete his education at the university. 
However, there is no document showing that he 
was enrolled at either of the two colleges there or 
either of the polytechnic schools, German or Czech. 
It is possible that he attended lectures given by 
individual professors but there is no information on 
this. Regarding his sojourn in Prague, Tesla wrote that 
“it was in that city that I made a decided advance, 
which consisted of detaching the commutator from 
the machine and studying the phenomena in this new 
aspect, but still without result.” 

5 NIKOLA TESLA IN BUDAPEST 
AND FRANCE

In 1881, Tesla began working at the Central Telegraph 
Offi ce in Budapest. It was in this city that devised an 
electrical motor operating on the rotating magnetic 
fi eld principle. Tesla had arrived at this invention by 
chance in February 1882, during a Sunday walk in 
the municipal park with his friend Antal Szigety, when 
he drew a diagram of this device in the sand with a 
stick. He showed his invention to the inspector-in-
chief, Tivadar Puskás, who subsequently sent him to 
Paris, where he hoped to build his invention. However, 
there was no interest in the factory of the American 
inventor Thomas Alva Edison (1847-1931), that 
was then designing and constructing direct current 
electric motors, under Edison’s patent, for France and 
Germany. Instead, Tesla made several changes in the 
existing electrical machinery.
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Edisonovo poduzeÊe poslalo ga je u Strasbourg 
radi popravka novoizgraene elektriËne centrale. 
Ondje je Tesla konstruirao svoj prvi jednofazni 
asinkroni motor.

6 TESLIN ÆIVOT I RAD U 
SJEDINJENIM AMERI»KIM 
DRÆAVAMA

Iz Francuske 1884. odlazi u Edisonovu tvornicu 
u New Yorku, gdje radi godinu dana i usavrπava 
24 razliËita tipa elektriËnih strojeva. BuduÊi da 
za svoj rad nije dobivao odgovarajuÊu nagradu, 
napuπta Edisonovu kompaniju i po savjetu nekih 
tehniËara i fi nancijera osniva vlastito poduzeÊe 
Tesla Arc Light Company. 

Slika 3 je iz 1884. godine i prikazuje Nikolu Teslu 
u dobi od 28 godina.

Namjeravao je ondje s kapitalom druπtva kons-
truirati nove motore na izmjeniËnu struju, ali mu 
fi nancijeri to nisu odobrili, buduÊi da su se bavili 
konstrukcijom i montaæom luËnih svjetiljaka. 
Tesla je 1886. usavrπio luËnu svjetiljku i naËinio 
praktiËni sustav tvorniËke i uliËne rasvjete. Za svoj 
rad dobio je od druπtva samo dionice, koje nisu 
imale nikakvu vrijednost.

Godine 1887. osniva Tesla Electric Company te 
u laboratorijima toga poduzeÊa, prema svojim 
idejama, konstruira motore izmjeniËne struje. Te 
je godine prijavio svoja Ëetiri patenta:

-  iz podruËja okretnog magnetskog polja,
-  o viπefaznim strojevima,
-  o sinkronim motorima,
-  o daljinskom prijenosu elektriËne energije.

Edison’s company sent him to Strasbourg in order 
to make repairs on a newly built power plant. It was 
there that Tesla constructed his fi rst single-phase 
electromagnetic (asynchronous) motor.

6 TESLA’S LIFE AND WORK 
IN THE UNITED STATES OF 
AMERICA

In 1884, Tesla left France to work in Edison’s 
factory in New York, where he stayed for one 
year and perfected twenty-four different types 
of electrical devices. Since he did not receive 
suitable compensation for his work, he left Edison’s 
company and, at the advice of several technicians 
and fi nanciers, opened his own fi rm, the Tesla Arc 
Light Company. 

The fi gure shows Nikola Tesla at 28 years of age 
(1884).

At the time, he intended to construct new alternating 
current motors using company capital. However, 
the fi nanciers did not approve because they were 
engaged in the construction and installation of 
arc lamps. In 1886, Tesla perfected the arc lamp 
and made a practical system for factory and street 
lighting. For his efforts, the company merely gave 
him some worthless stocks.

In the year 1887, he founded the Tesla Electric 
Company. In the laboratory of this enterprise, he 
constructed alternating current motors based upon 
his own ideas. That year, he fi led four patents: 
 
-  in connection with the rotating magnetic fi eld,
-  polyphase devices,
-  induction motors,
-  a long-distance electrical transmission system.
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Radi uspjeπnog razvoenja svojih viπefaznih 
struja Tesla je konstruirao viπefazne generatore 
i transformatore te pronaπao sustav “trokut-
zvijezda”. Time je omoguÊio proizvodnju elektriËne 
energije na mjestima njezinih prirodnih izvora 
te njezino prenoπenje na velike udaljenosti, do 
mjesta potroπnje.

Tesla je 1888. godine prodao svoje patente 
tvrtki Westinghouse Electric and Manufacturing 
Company. Po æelji te tvrtke usavrπio je tijekom 
1888. i 1889. godine jednofazni indukcijski 
motor i preuredio cjelokupni sustav za znatno viπe 
frekvencije od 133 periode u sekundi, jer je tvrtka 
do tada za tu frekvenciju izraivala transformatore 
za rasvjetu.

Teslin sustav prijenosa elektriËne energije prikazan 
je prvi put na Svjetskoj izloæbi u Chicagu 1893. 
godine, a po njegovu je sustavu 1896. godine 
izgraena hidroelektrana na Niagari. PloËica 
tvrtke Westinghouse Co u HE na Niagari s popisom 
primijenjenih Teslinih patenata prikazana je na 
slici 4. 

 

Godine 1889. konstruirao je stroj visoke fre-
kvencije od 15 tisuÊa perioda u sekundi. Nakon 
toga posebnom je konstrukcijom s pomoÊu 
iskrenja u strujnom krugu sastavljenom od izvora 
izmjeniËne struje niske frekvencije, indukcijskog 
svitka, kondenzatora i iskriπta dobio slabo 
priguπene oscilacije. Iskre brzo slijede, a nizovi 
oscilacija kontinuirano se obnavljaju. Time se 
dobivaju struje od nekoliko stotina tisuÊa perioda 
u sekundi. Te struje Tesla transformira preko 
svojega transformatora u struje iste frekvencije, ali 
viπega napona. To su tzv. Tesline struje, a djeluju 
fi zioloπki i mogu se prenositi jednom æicom. 
Tesline struje visoke frekvencije upotrebljavaju se 
u medicini kod dijatermije i darsonvalizacije, a u 

For the distribution of polyphase currents, Tesla 
constructed polyphase generators and transformers, 
and discovered the “star delta” system. This made 
it possible to produce electricity at the sites of its 
natural sources and then transmit it great distances 
to the places of consumption. 

In the year 1888, Tesla sold his patents to the 
Westinghouse Electric and Manufacturing Company. 
At the request of this company, during 1888 and 
1889 he perfected a single-phase induction motor 
and adapted his entire system to the signifi cantly 
higher frequency of 133 cycles because the 
company had been making lighting transformers for 
that frequency. 

Tesla’s system for the transmission of electricity 
was presented for the fi rst time at the Chicago 
World’s Fair of 1893, and in 1896 a hydroelectric 
power plant was built at Niagara Falls according 
to his system. The plaque of the Westinghouse 
Company at the Niagara Falls Power Plant is shown 
in Figure 4. 

In the year 1889, he constructed an apparatus 
for producing high frequency electrical currents 
of 15,000 cycles per second. After that, using a 
special arcing construction in an electrical circuit, 
consisting of a low-frequency alternating current 
source, induction coil, condenser and spark gap, 
he obtained weakly damped oscillations. Sparks 
quickly ensued and continuous oscillations were 
generated. Thus, current of several hundred 
thousand cycles was obtained. Tesla transformed 
this current via his transformer into current of the 
same frequency but higher voltage. These are the 
so-called Tesla currents, which act physiologically 
and can be transmitted via a single wire. Tesla’s 
high frequency currents are used in medicine in 
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kemiji za dobivanje ozona. Tim se strujama postiæu 
svjetlosni efekti koji se osnivaju na luminiscenciji, 
a daju znatno ekonomiËnije svjetlo od elektriËne 
æarulje s uæarenim vlaknom. Te su struje dobile i 
najveÊu primjenu u radiotehnici. 

Tesla je 1892. izvodio pokuse s beæiËnim 
prijenosom, a 1896. zapoËeo je prenositi signale 
na udaljenosti od 32 kilometra. Svoj radio-
telegrafski odaπiljaË i prijemnik prikazao je 1897. 
godine. Iz tog je vremena fotografi ja na slici 5 
kada je Tesla imao 39 godina. 

Godine 1898. sagradio je brod i pustio ga u more 
kraj New Yorka te je njime upravljao s obale. Iste 
je godine istaknuo potrebu rezonancije izmeu 
primarnog i sekundarnoga kruga odaπiljaËa i 
prijamnika. U dræavi je Colorado 1899. godine 
prenosio znakove beæiËnim putem na udaljenosti 
od 1 000 kilometara, te podignuo prijamno-
odaπiljaËku postaju. Tom postajom Tesla je tvorac 
radiotehnike.

Uvidjevπi veÊ nakon prvih pokusa da i slabo 
priguπeni oscilatori stvaraju poremeÊaje u eteru, 
on je s priguπenih valova preπao na podræavanje 
nepriguπenih elektromagnetskih oscilacija. Time je 
preduhitrio Guglielma Marconija (1873.-1937.), koji 
je tada ostvario domet signala od 16 kilometara.

Nakon ispitivanja u kolovozu 1899. i 1900. godine 
Tesla obavlja prenoπenje elektriËne energije s 
pomoÊu elektromagnetskih valova, pod naponom od 
12 milijuna volti na udaljenosti od 30 kilometara. U 
Long Islandu podiæe toranj visine 57 metara i bavi 
se problemima prenoπenja velike koliËine elektriËne 
energije za potrebe domaÊinstava i industrije. 
Godine 1917. taj su toranj uniπtili dinamitom 

diathermy and darsonvalization, and in chemistry 
for obtaining ozone. These currents achieve light 
effects based upon luminescence, and provide more 
economical illumination than incandescent light 
bulbs. However, their most important applications 
are in radio technology.

In 1892, Tesla conducted experiments in wireless 
transmission and in 1896 began to transmit signals 
at distances of 32 kilometers. He presented his 
radio-telegraph transmitter and receiver in 1897. 
Figure 5 shows Tesla from this period, at 39 years 
of age. 

In the year 1898, he built a teleautomatic boat 
operated by remote control, that he demonstrated 
before a crowd at Madison Square Garden in New 
York City. That year, he demonstrated the need 
for resonance between the primary and secondary 
circuits of a transmitter and receiver. In 1899 in the 
state of Colorado, he transmitted signals wirelessly 
at a distance of 1,000 kilometers, and built a 
primary transmitter station. With this station, Tesla 
became the creator of radio technology. 

Realizing after his fi rst attempts that weakly damped 
oscillators were creating signal interference, he 
abandoned damped waves in favor of undamped 
electromagnetic oscillations. In this he surpassed 
Guglielmo Marconi (1873-1937), who had achieved 
a signal range of 16 kilometers. 

After testing in August 1899 and 1900, Tesla 
transmitted electricity by means of electromagnetic 
waves 30 kilometers from a 12 million volt source. 
In Long Island, he erected a 57-meter tower and 
engaged in the problems of the transmission of large 
quantities of electricity for household and industrial 
use. In 1917, an unknown perpetrator destroyed the 
tower with dynamite, perhaps at the orders of the 
general headquarters of the US Army.
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nepoznati poËinitelji. Moæda je to uniπteno po 
nalogu Generalnog πtaba vojske SAD-a.

Tesla je zavrπio svoje radove na viπe od 100 
patenata, a mnogi su od njih Ëekali primjenu.

U pokusima 1891./92. godine upotrebljavao je 
sklopove sa sekundarnim krugovima, Teslinim 
transformatorom i zemljom, dakle sve bitne dijelove 
odaπiljaËa, koji su se pojavili desetak godine poslije.

Talijanski inæenjer G. Marconi upotrebljavao je 
beæiËnu telegrafi ju nakon Tesle i to 1897. godine.

Tesla je 1892. godine odræao predavanje u Londonu 
i Parizu o elektromagnetskim valovima. SljedeÊe 
godine, 1893. imao je vlastiti sustav za beæiËni 
prijenos. 

7 TESLINI PATENTI I STRU»NI 
»LANCI

Pravu i potpunu sliku o Teslinim otkriÊima, 
izumima i konstrukcijama nije doista moguÊe 
dobiti bez uvida u sve ono πto je on zapisao, 
pribiljeæio i nacrtao.

Nikola Tesla je u Patentnom uredu SAD-a 
patentirao 99 svojih izuma. Ti se patenti mogu 
podijeliti na sljedeÊe skupine:

-  motori i generatori - 36 patenata,
-  transformacija elektriËne snage - 9 patenata,
-  rasvjeta - 6 patenata,
-  visokofrekventni ureaji i regulatori - 17 patenata,
-  radio - 12 patenata,
-  telemehanika - 1 patent,
-  turbine i sliËne naprave - 7 patenata,
-  razliËiti izumi - 11 patenata.

Patentni spisi dvaju Teslinih glavnih patenata: 
asinkroni motor i elektriËni prijenos energije, koje 
je prijavio 12. listopada 1887. godine, prikazani 
su na slikama 6 i 7.

Nadalje, objavio je 17 znanstvenih i struËnih 
Ëlanaka u Ëasopisima:

-  The Electrical World - 1 Ëlanak,
-  The Electrical Engineer - 4 Ëlanka,
-  The Electrical Review - 11 Ëlanaka,
-  Electrical Experimenter - 1 Ëlanak.

Objavio je sedam Ëlanaka o nekim opÊim 
problemima u raznim Ëasopisima, u razdoblju od 
1897. do 1917. godine.
 

Tesla completed work on over 100 patents, many of 
which are still awaiting practical application.

In experiments conducted during 1891/92, he used 
units with secondary circuits, a Tesla transformer and 
earth, i.e. all the essential parts of the transmitter 
that appeared ten years later.

The Italian engineer G. Marconi was using a wireless 
telegraph later than Tesla, in the year 1897. 

In 1892, Tesla held lectures in London and Paris 
on electromagnetic waves. The following year, 
1893, he had developed his own system for wireless 
transmission. 

7 TESLA’S PATENTS AND 
PROFESSIONAL ARTICLES

It is not possible to obtain an accurate or complete 
picture of Tesla’s discoveries, inventions and 
constructions without inspection of his writings, 
notes and drawings. 

Nikola Tesla patented ninety-nine of his inventions 
at the US Patent Offi ce. These patents can be 
divided into the following groups: 

-  motors and generators - 36 patents,
-  transformation of electrical power - 9 patents,
- lighting - 6 patents,
-  high frequency equipment and regulators - 17 

patents,
-  radio - 12 patents,
-  telemechanics - 1 patent,
-  turbines and similar devices - 7 patents,
-  miscellaneous inventions - 11 patents.

Patent certifi cates for Tesla’s main patents: the 
electromagnetic (asynchronous) motor and the 
electrical transmission of power, which he patented 
on October 12, 1887, are shown in Figures 6 and 7.

He also published seventeen scientifi c and 
professional articles in journals:  

-  The Electrical World - 1 article,
-  The Electrical Engineer - 4 articles,
-  The Electrical Review - 11 articles,
-  Electrical Experimenter - 1 article.

He published seven articles on general subjects 
in various journals during the period from 1897 
to 1917. 
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SaËuvana fotografi ja, nastala 1938. godine, 
prikazuje Teslu u njegovoj starijoj æivotnoj dobi 
(slika 8). 

Autobiografski Ëlanak Some Personal Recollections 
(Neka osobna sjeÊanja) objavio je u Ëasopisu 
Scientifi c American od 6. lipnja 1915. godine. 
U tu skupinu pripada i niz Ëlanaka pod naslovom 
My Invetions objavljenih u Ëasopisu Electrical 
Experimenter iz 1919. godine. Hrvatski prijevod 
tog djela pod nazivom Moji pronalasci objavljen je 
1977. godine u Zagrebu. 

A photograph taken 1938 with Tesla at his older 
ages is shown in Figure 8. 

Tesla published an autobiographical article, Some 
Personal Recollections, in the journal Scientifi c 
American, on June 6, 1915. This group also 
includes a series of articles entitled My Inventions, 
published in the journal The Electrical Experimenter 
in 1919. The Croatian translation of this work was 
published in 1977 in Zagreb under the title Moji 
pronalasci. 
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8 ZNAMENITI O NIKOLI TESLI

Grof George Arco, (1869.-?) njemaËki izumitelj 
na podruËju radiotehnike bio je veliki poπtovalac 
Nikole Tesle, a takoer i njemaËki fi ziËar Adolf 
Slaby (1849.-1913.), koji je zajedno s G. Arcom 
1897. godine gradio u NjemaËkoj prve radio 
telegrafske ureaje.

Predsjednik ameriËkog udruæenja IRE u New Yorku 
rekao je 1915. godine da je rad Nikole Tesle jedan 
od najveÊih pothvata ljudske maπte u povijesti 
svijeta.

NjemaËki profesor D. Ing. h. c. Görges objavio je 
1930. godine u struËnom Ëasopisu u Dresdenu 
Ëlanak pod naslovom Über die Bedeutung Nikola 
Tesla für die Elektrotechnik.

Prof. dr. sc. Milan Vidmar (Ljubljana, 1885.-
Ljubljana, 1962.) objavio je 1930. godine u 
struËnom tehniËkom listu Ëlanak Nikola Tesla.

Charles F. Scott, doπao je u ljeto 1888. godine u 
Westinghouse Company te je bio Teslin asistent u 
prvim pokusima na njegovim motorima. Scott je 
nastavio rad na tom podruËju viπe od dvadeset 
godina i aktivno sudjelovao u razvoju viπefaznog 
sustava te je bio neposredno povezan za pionirske 
radove na slapovima Niagare. On je napisao 
Ëlanak The Contribution Of Tesla To Electrical 
Power Development, u povodu dodjele Edisonove 
medalje Nikoli Tesli 1917. godine.

A. du Bois-Reymond objavio je u Ëasopisu ETZ 
1888. godine Ëlanak pod naslovom Neues System 
von Wechselstrommotoren und Transformatoren 
von N. Tesla.

Prof. dipl. ing. Miroslav Plohl (1881.-1939.) 
objavio je u TehniËkom listu u Zagrebu Ëlanak pod 
naslovom Dr. tech. h. c. Nikola Tesla.

L. »erni je u Vjesniku u Zagrebu povodom 
godiπnjice Tesline smrti objavio Ëlanak pod 
naslovom Zaboravljeni genij iz Smiljana. U njemu 
istiËe da Tesla nije znao komercijalizirati svoje 
projekte, ali je bio genijalni vizionar koji je mislio 
da se uz pomoÊ elektriciteta moæe uËiniti sve i to 
nebrojeno puta i dokazao.

»asopis Nature (SAD) u veljaËi 1943. godine piπe 
o Tesli i njegovu radu.

Vijest o smrti Nikole Tesle proËitao je na radiju 
7. sijeËnja 1943. gradonaËelnik New Yorka La 
Guardia. Rekao je da je umro siromaπan, ali je bio 
jedan od najkorisnijih ljudi koji su ikad æivjeli.

8 DISTINGUISHED PERSONS 
ON NIKOLA TESLA

Baron George Arco, (1869-?), a German inventor in 
the area of radio technology, was a great admirer of 
Nikola Tesla, as was the German physicist Adolf Slaby 
(1849-1913), who together with G. Arco in the year 
1897 built radiotelegraphic devices in Germany. 
 
The president of the American society IRE in New 
York said in the year 1915 that the work of Nikola 
Tesla was one of the greatest undertakings of the 
human imagination in the history of the world. 

The German professor D. Ing. h. c. Görges published 
an article in a professional journal in Dresden in 
1930, entitled “Über die Bedeutung Nikola Tesla für 
die Elektrotechnik.”

Prof. Milan Vidmar, PhD (Ljubljana, 1885 - Ljubljana, 
1962) published an article in a professional technical 
journal about Nikola Tesla in 1930.

Charles F. Scott came to the Westinghouse Company 
in 1888 and was Tesla’s assistant in the testing of 
his motors. Scott continued work in this area for over 
twenty years, actively participated in the development 
of a polyphase system and was directly involved with 
the pioneering work on Niagara Falls. He wrote an 
article entitled The Contribution of Tesla to Electrical 
Power Development, on the occasion of the awarding of 
the Edison Medal to Nikola Tesla in the year 1917. 

In 1888, A. du Bois-Reymond published an article 
in the journal ETZ entitled Neues System von 
Wechselstrommotoren und Transformatoren von N. 
Tesla.

Prof. Miroslav Plohl (1881-1939) published an article 
in TechniËki list in Zagreb entitled “Dr. tech. h. c. 
Nikola Tesla.”

On the occasion of the anniversary of Tesla’s death, 
L. »erni published an article in the Zagreb newspaper 
Vjesnik entitled Zaboravljeni genij iz Smiljana (The 
Forgotten Genius from Smiljan). This article points 
out that Tesla did not know how to commercialize his 
projects but was a brilliant visionary who believed that 
everything was possible with electricity, as he proved 
countless times. 

The US journal Nature wrote about Tesla and his work 
in the February 1943 issue. 

News of the death of Nikola Tesla was announced over 
the radio on January 7, 1943, by Mayor Fiorello La 
Guardia of New York. He said that Tesla died a poor 
man but that he was one of the most useful people who 
had ever lived. 
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Engleski fi ziËar Lord Kelvin (1824.-1907.), po 
kojemu se naziva jedinica za temperaturu, rekao 
je da je Tesla viπe pridonio znanosti o elektricitetu 
nego bilo tko prije njega. Taj je citat objavljen u 
sijeËnju 1943. godine.

Za svoj 75. roendan 1931. godine Tesla je primio 
mnogo Ëestitaka, meu ostalima Ëestitao mu je i 
dr. Lee de Forest (SAD, 1873.-1961.), konstruktor 
triode, koji je prije s njim suraivao.

»estitao mu je i veliki fi ziËar Albert Einstein, 
zaËetnik teorije relativnosti (1879.-1955.), 
napisavπi mu: “S veseljem sam saznao da slavite 
svoj 75. roendan i da ste kao pionir u podruËju 
struja visoke frekvencije doæivjeli izvanredan 
razvoj tehnike. »estitam na velikom uspjehu Vaπeg 
æivotnog djela.”

Knjiga Tesla Master Of Lightning autora Margaret 
Cheney i Roberta Utha objavljena je u SAD-u 
1999. godine u izdanju Metro Books. Prevodi 
se na hrvatski jezik i bit Êe objavljena u Zagrebu 
2006. godine u nakladi Zoro pod naslovom »ovjek 
izvan vremena.

9 UMJESTO ZAKLJU»KA

U povodu Teslina Ëetrdesetog roendana, bio je 17. 
prosinca 1896. godine izabran na glavnoj skupπtini 
za poËasnog Ëlana JAZU u Zagrebu.

Nikola Tesla i Thomas Alva Edison bili su 1912. 
godine predloæeni za dodjelu Nobelove nagrade za 
fi ziku, ali im ta nagrada nikad nije dodijeljena. Tesla 
je pravio razliku izmeu izumitelja korisnih izuma i 
otkrivaËa novih principa. Tvrdio je da je on otkrivaË, 
a Edison izumitelj. Ako bi obojica bili stavljeni u 
istu kategoriju smatrao je da bi to uniπtilo smisao 
relativne vrijednosti njihovih dostignuÊa.

Vrlo je vjerojatno da je na Teslu utjecalo i to πto 
je Nobelovu nagradu za fi ziku 1909. godine 
dobio Guglielmo Marconi u zajednici s Karlom 
Ferdinandom Braunom (1850.-1918.). Bio je time 
razoËaran, jer dodijeliti nagradu najprije Marconiju, 
a zatim traæiti od Tesle da nagradu dijeli s Edisonom, 
bilo je preveliko podcjenjivanje vrijednosti Teslina 
rada. Stoga je Nikola Tesla bio prvi znanstvenik koji 
je odbio da bude predloæen za nagradu.

SveuËiliπte u Zagrebu dodijelilo mu je 3. lipnja 
1926. godine naslov Doctor honoris causa, a 15. 
lipnja 1926. godine TehniËki fakultet Univerziteta 
u Beogradu dodijelio mu je naslov poËasnog doktora 
tehniËkih znanosti.

The English physicist Lord Kelvin (1824-1907), the 
namesake of the unit of temperature, said that Tesla 
contributed more to the knowledge of electricity than 
anyone before him. This quotation was published in 
the year 1943. 

For Tesla’s 75th birthday in the year 1931, he received 
many congratulations, including one from Dr. Lee de 
Forest (USA 1873-1961), the constructor of the triode, 
who had worked with him previously.

He was also congratulated by the great physicist Albert 
Einstein, author of the theory of relativity (1879- 
1955), who wrote him: “I was pleased to learn that 
you are celebrating your 75th birthday and that you, 
as a pioneer in the area of high frequency electricity, 
have lived to see the exceptional development of the 
technique. I congratulate the great success of your 
life’s work.” 

A book entitled Tesla, Master Of Lightning, by the 
Margaret Cheney and Roberta Utah, was published 
in the United States in 1999 by Metro Books. The 
translation in the Croatian language will be published in 
Zagreb in the year 2006 by Zoro under the title »ovjek 
izvan vremena.

9 CONCLUDING REMARKS

On the occasion of Tesla’s fortieth birthday, on 
December 17, 1896, he was chosen by the general 
assembly as an honorary member of the Yugoslav 
Academy of Arts and Sciences in Zagreb. 

In the year 1912, Nikola Tesla and Thomas Alva 
Edison were nominated for the Nobel Prize in 
physics. However, this prize was never awarded. Tesla 
differentiated between the inventor of useful inventions 
and the discoverer of new principles. He maintained 
that he was a discoverer and Edison was an inventor. 
He felt that if both of them were placed in the same 
category, it would destroy the relative value of their 
achievements. 

It is highly likely that the awarding of the Nobel Prize 
in physics for the year 1909 to Guglielmo Marconi 
together with Karl Ferdinand Braun (1850-1918) 
upset Tesla. He was disappointed because to award 
the prize fi rst to Marconi and then ask Tesla to share 
his with Edison belittled Tesla’s work. Therefore, 
Nikola Tesla was the fi rst scientist who refused to be 
nominated for the prize. 

On June 3, 1926, the University of Zagreb awarded 
him the title of Doctor honoris causa, and on June 
15, 1926 the Technical College of the University 
of Belgrade awarded him an honorary doctorate of 
technical sciences.
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Da bi se na meunarodnom planu iskazalo 
priznanje Nikoli Tesli kao velikanu suvremene 
elektrotehnike, studijski je odbor IEC-a (Meu-
narodna elektrotehniËka komisija) preporuËio da 
se meunarodna jedinica magnetske indukcije 
nazove tesla. Tu je odluku prihvatila i potvrdila 11. 
generalna konferencija za mjere i utege (Conference 
General des Poids et Measures), odræana 10. 
listopada 1960. godine u Parizu.
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2006-02-21

PrihvaÊeno:
2006-03-20

In order for Nikola Tesla to be recognized at the 
international level as a great fi gure in modern electrical 
engineering, a study group of the the International 
Electrotechnical Commission (IEC) recommended that 
the international unit of magnetic induction should be 
called a tesla. This decision was adopted and confi rmed 
at the Eleventh General Conference on Weights and 
Measures, held on October 10, 1960 in Paris. 
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2006-02-21

Accepted on:
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PRIJENOSNE MREÆE
TRANSMISSION LINE CRISIS 
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Viπestruki trajni kvar dalekovoda uzrokovan klimatsko-atmosferskim utjecajima stvarnost su 
koja pogaa mnoge elektroenergetske sustave. Izravne πtete zbog tih  kvarova vrlo su velike, 
no marginalne su u odnosu na druπtvenu πtetu uzrokovanu redukcijom potroπnje elektriËne 
energije. Kako je neekonomiËno graditi dalekovode otporne na atmosferske utjecaje, treba 

nastojati preventivnim akcijama πto efi kasnije sanirati nastale πtete, odnosno skratiti rokove 
popravaka. Radna skupina CIGRÉ (WG B2 13) priredila je Upute za djelovanje u kriznim 

situacijama temeljenim na iskustvima velikih poremeÊaja.
I naπa iskustva s viπestrukim trajnim kvarom dalekovoda kao i znaËaj naπe prijenosne mreæe 

dovode do zakljuËka da bi bilo mudro da HEP OPS pristupi odgovarajuÊoj organizaciji 
preventive u dogovoru s HERA-om. U manjoj mjeri taj se problem odnosi i na sabirnice 400 kV.

Multiple failures of transmission lines caused by climatic/atmospheric impact plague many 
electric power systems. Direct damage from such failures is quite huge, yet it is marginal 

compared with the social damage caused by the reduction in the supply of electricity. As it 
is not economical to construct weatherproof transmission lines, preventive actions should be 

employed the most effective restoration, or to reduce restoration time.
A working group of CIGRÉ (WG B2 13) has prepared emergency guidelines based on the 

experience of large-scale disruptions. Our experience with multiple transmission line failure, as 
well as the importance of our power grid, lead to the conclusion that it would be wise for HEP 
OPS to begin with an appropriate organisation of preventive actions in agreement with HERA. 

To a lesser extent, this also applies to 400 kV buses.
KljuËne rijeËi: atmosferski utjecaj, identifi kacija rizika, najugroæeniji mjeseci, scenarij 

popravka, trajni kvar dalekovoda, ugroæeno podruËje, upute radne skupine 
CIGRÉ (WG B2 13), viπestruki kvar, vjerojatnost kvara

Key words: affected area, atmospheric impact, CIGRÉ (WG B2 13) guidelines, identifi cation 
of risk, most affected months, multiple failures,  probability of failure, repair scenarios, 

transmission line failure 
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1 UVOD

Elektroenergetski svijet se mijenja. Nekoliko 
velikih sustava, uglednih i vrlo pouzdanih, 
doæivjelo je u posljednjim godinama velik broj 
raspada. Sam raspad sustava nije niπta novo, to je 
fenomen prisutan od izgradnje prvog dalekovoda. 
Meutim, velik broj raspada koje su doæivjele 
upravo zapadne zemlje pripisuje se promjenama 
elektroenergetskog svijeta. Promjene ukljuËuju 
deregulaciju energetskog træiπta, podjelu djela-
tnosti proizvodnje i prijenosa, smanjenje ili 
odgaanje investicija, neoËekivane tokove energije 
zbog trgovaËkih transakcija te povezivanje na 
mreæu veÊeg broja izvora neredovite energije. Zbog 
toga prijenosna mreæa radi na svojoj tehniËkoj 
granici i u uvjetima koji nisu bili predvieni 
kada je ona projektirana. Slijedi da je stupanj 
sigurnosti smanjen pa i najmanji poremeÊaj 
moæe u stanovitim uvjetima izazivati veliki kolaps 
elektroenergetskog sustava (EES-a) [1]. 

U ovom Ëlanku rijeË je iskljuËivo o trajnim 
kvarovima dalekovoda i neπto manje trajnim 
kvarovima rasklopnih postrojenja, no uvodna 
reËenica je bila potrebna da bi se bolje razumjelo 
u kakvom okruæenju danas radi prijenosna mreæa. 
Prvenstveno treba defi nirati πto je to trajni kvar. 
To je kvar koji traæi izlazak ekipe na teren radi 
otklanjanja kvara, koje moæe trajati satima, 
danima a katkad i mjesecima. 

Poznato je da je prijenosna mreæa izloæena 
mnogim kvarovima, a osobito su dalekovodi 
ugroæeni od atmosferskih utjecaja. Na æalost u 
danaπnjem svijetu ni teroristiËke akcije ne treba 
iskljuËiti. S druge strane, iako u manjoj mjeri, 
vanjska rasklopiπta, pogotovo 400 kV, nisu imuna 
na sliËne utjecaje Ëiji uzroci mogu biti identiËni 
onima na dalekovodima, ali i vrlo specifi Ëni. 
Poznato je takoer da gradnja mreæe koja bi 
bila apsolutno sigurna od atmosferskih utjecaja 
nije ekonomski opravdana. Drugim rijeËima s 
trajnim kvarovima dalekovoda treba raËunati, pa 
bi se svaki vlasnik prijenosne mreæe morao pitati: 
“Imamo li razraenu jasnu politiku djelovanja u 
kriznim situacijama? Moæe li naπa organizacijska 
struktura efi kasno odgovoriti na takve izazove?”

Svrha je ovog Ëlanka da pomogne, odnosno da 
potakne prijenosnu tvrtku u razvijanju vlastitih 
planova djelovanja u kriznim situacijama, πto znaËi 
da pripremi odgovarajuÊu opremu, materijale, 
alate i radnu snagu koja moæe efi kasno odgovoriti 
na navedene izazove.

1 INTRODUCTION

The world of electric power is changing. Several 
big systems, with high reputation and reliability, 
have experienced a great number of breakdowns in 
the recent years. A breakdown in the system is not 
a new thing, it is a phenomenon known since the 
construction of the fi rst transmission line. However, 
the great number of breakdowns experienced by the 
countries of the West is put down to changes in the 
electric power ecosystem. These changes include 
deregulation of the electricity market, separation 
between the generation and transmission, reduction 
or postponement of investments, unexpected power 
fl ows owing to trading transactions, and connection 
to the network of a greater number of irregular 
sources of electricity. Therefore, power grid is 
operating at its technical limits and under the 
conditions that were not envisaged at the time it 
was designed. Consequently, the security level is 
lower and even the slightest incident may under 
particular circumstances cause a major breakdown 
of the electric power system [1]. 

This paper addresses solely transmission line 
failures, and slightly less the failures of switching 
facilities, but the introduction was necessary 
to better understand the environment in which 
transmission networks operate today. Primarily, 
the concept of the failure should be defi ned. It is 
an incident which requires a fi eld intervention by 
a team, which can last hours, days and sometimes 
even months. 

It is generally known that transmission networks 
are exposed to many causes of failures, the weather 
being particularly merciless with transmission 
lines. Today, terrorist actions are, regrettably, not 
to be excluded either. On the other hand, though 
to a lesser extent, outdoor switching stations, 
particularly the 400 kV ones, are not immune to 
similar effects whose causes may be identical to 
those affecting transmission lines, but which can 
also be very much specifi c. It is also known that 
constructing a transmission network which would 
be absolutely weatherproof is not economically 
justifi able. In other words, transmission line 
failures are to be counted with, and each owner of 
a transmission network should ask himself: “Do we 
have a clear policy on emergency action in place? 
Can our organisational structure effectively tackle 
such challenges?”

The purpose of this paper is to help i.e. encourage 
the transmission company to develop its own 
emergency action plans, which means to prepare 
the appropriate equipment, materials, tools and 
workforce that can effectively respond to the 
challenges mentioned.
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2 NEKA SVJETSKA ISKUSTVA

Iz dugaËke liste trajnih kvarova dalekovoda 
izdvojena su samo tri, i to:

-  ledena oluja u mreæi BC Hydro 1972.,
-  oluja u mreæi EdF-a 1999.,
-  snjeæna oluja u mreæi RWE 2005.

Taj odabir bi mogao biti znakovit i za naπe prilike. 
Moæe se naime postaviti pitanje πto je centralni 
problem svih tih havarija. Odgovor se nameÊe 
sam od sebe, tj. u svim navedenim sluËajevima 
doπlo je prvenstveno do velike redukcije potroπnje 
elektriËne energije pa su neki potroπaËi i danima 
bili bez energije. Nadalje, oluja odnosno ledena 
oluja kao uzrok havarija bila je i kod nas prisutna 
u gotovo svim veÊim kvarovima prijenosne mreæe 
pogotovo uz tzv. juænu magistralu koja se proteæe 
od Gorskoga kotara do Dalmatinske zagore. 
KonaËno, poremeÊaj u njemaËkoj mreæi 2005., 
tj. u godini razvijene træiπne elektroprivrede 
donosi neka nova saznanja koja upozoravaju na 
to πto buduÊnost moæe donijeti. Naime njemaËki 
potroπaËi nisu priznali viπu silu veÊ traæe odπtetu 
od tvrtke RWE za πtetu koju su pretrpjeli od 
redukcija. PotroπaËi smatraju da RWE nije 
dovoljno uloæio u poveÊanje sigurnosti mreæe iako 
ostvaruje dobitke u poslovanju.

Tu se treba malo osvrnuti na pojam πtete jer Êe 
to pomoÊi da u sljedeÊim poglavljima doemo 
do korisnih zakljuËaka. Jedna je πteta koju trpi 
prijenosna tvrtka ili moæda njezin osiguravatelj koja 
je velika ali marginalna u usporedbi s druπtvenom 
πtetom koja pritom nastaje. Poznato je da cijena 
neisporuËenoga kWh dostiæe i do 100 puta veÊi 
iznos od same cijene kWh. OËito da u planiranju 
strategije djelovanja u kriznim situacijama imaju 
πto reÊi i prijenosna tvrtka i potroπaËi prvenstveno 
preko agencije za regulaciju energetskih djela-
tnosti (u naπem sluËaju je to HERA). BuduÊi 
da smo prihvatili Ëinjenicu da je u razumnim 
ekonomskim granicama nemoguÊe izgraditi mreæu 
otpornu na sve atmosferske utjecaje, treba se 
okrenuti akcijama koje nastale πtete smanjuju. 
Nije naime isto je li potroπaË reduciran 6 sati ili 
12 sati, odnosno 6 dana ili 12 dana [2].

Akumulirana svjetska iskustva o potrebnim 
mjerama mogu se vidjeti iz uputa koje je priredila 
Radna skupina CIGRÉ (WG B2 13) i koje su 
predstavljene u sljedeÊem poglavlju [3].

2 INTERNATIONAL EXPERIENCE

From a long list of transmission line failures here 
are just three cases:

-  ice storm in the BC Hydro network in 1972,
-  storm in the EdF network in 1999,
-  snow storm in the RWE network in 2005.

This selection could be indicative of our situation as 
well. The question may be posed what is central to 
all the three breakdowns. The answer is quite ready 
at hand, i.e. in all three cases there was a large-
scale reduction in the supply of electricity, and 
some consumers went without electricity for days. 
Furthermore, we have also had storm or ice storm 
as the cause of almost all major transmission line 
failures, particularly along the so-called southern 
arm stretching from Gorski Kotar to Dalmatinska 
Zagora. Finally, the incident in the German 
transmission network in 2005, i.e. in the country 
of developed market-oriented power utilities, 
disclosed some new things as a warning of what the 
future may bring. Notably, German consumers are 
not recogniinge Force Majeure, they are claiming 
damages from the company RWE for the losses 
suffered from reductions in supply. Consumers hold 
that RWE did not invest suffi ciently into raising the 
level of security of the grid although the company 
extracted high profi ts from its operation.

Here we should consider the concept of damage 
or loss, because it will help us arrive at useful 
conclusions in the following chapters. The concept 
includes the damage suffered by the transmission 
company or perhaps its insurer, and it is great but 
marginal compared with the consequent social 
damage. It is known that the cost of a non-delivered 
kWh can be as many as 100 times greater than the 
price of a kWh. Apparently, in emergency planning 
the transmission company and consumers have a 
thing or two to say, primarily through the agency 
for industry regulation (in our case it is HERA). 
Having reconciled ourselves to the idea that within 
reasonable economic limits it is not possible to 
construct a totally weatherproof transmission 
network, we need to look at the actions to contain 
the damage. It is not irrelevant whether the 
consumer remains without electricity for 6 or 12 
hours, or for 6 or 12 days [2].

Accumulated international experience concerning 
the necessary measures may be found in the 
Guidelines prepared by a CIGRÉ working group 
(WG B2 13), and they are presented in the next 
chapter [3].
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3 UPUTE RADNE SKUPINE 
CIGRÉ

Radna skupina CIGRÉ priredila je Upute za 
djelovanje u kriznim situacijama. Odmah na 
poËetku javlja se i jedna od glavnih dilema. 
Naime vlasnici prijenosne mreæe umjesto 
pitanja navedenog u uvodu Ëesto se pitaju: “©to 
nam trebaju svi ti materijali, alati i oprema?” 
Prevedeno to znaËi: “Koliki si gubitak prihoda 
vlasnik prijenosne mreæe moæe dopustiti zbog 
poremeÊaja u mreæi?” RaËunica bi naravno bila 
jednostavna kada bi se zanemarila prije navedena 
πteta ili gubitak druπtvene zajednice.

Slijedom takvih razmiπljanja lako je zakljuËiti:

-  da vlasnik prijenosne mreæe mora imati 
odreena sredstva za djelovanje u kriznim 
situacijama,

-  da ta sredstva postaju, meutim, beskorisna 
bez detaljnog plana djelovanja u momentu 
kada su potrebna.

3.1 Priprema plana djelovanja
KljuË za razradu plana djelovanja prihvaÊanje 
je dugoroËne politike uprave prijenosne tvrtke 
o procjeni moguÊih kritiËnih situacija i naËinu 
kako na njih odgovoriti. Prvi je korak uspostava 
Organizacije za djelovanje u kriznim situacijama.

Moæda je ovdje zgodno navesti dva primjera: RTE 
francuski operator prijenosnog sustava poslije 
oluje 1999. osnovao je GIP - Priority Action Group. 
Ta se jedinica za brzo djelovanje sastoji od sedam 
timova rasporeenih πirom Francuske. Aktivira ju 
jedinica za upravljanje u kriznim situacijama koja 
analizira problem i predlaæe moguÊa rjeπenja koja 
Êe omoguÊiti ponovno napajanje potroπaËa u roku 
manjem od 5 dana. GIP ima na skladiπtu 17 km 
400 kV dalekovoda.

BC Hydro u Kanadi je veÊ iza oluje 1972. godine 
osnovao skladiπte materijala za brze popravke i tako 
stvorio prethodnicu danaπnje organizacije za brzo 
djelovanje kojom se upravlja centralno. Planirana 
razina pripravnosti predvia na primjer do 10 km 
vodova svake naponske razine za brzu montaæu.

Organizacija za djelovanje u kriznim situacijama
Na Ëelu organizacije u koju su ukljuËeni vlastiti 
struËnjaci s dugogodiπnjim iskustvom u djelovanju 
na terenu treba biti visoko rangirani iskusni 
menadæer s obzirom na to da je rijeË o znatnim 
sredstvima. Njegov je prvi zadatak da osnuje 
Tim za strateπko planiranje i imenuje njegovoga 
voditelja, koji vodi tim u obnovi postrojenja. 
Takav pristup ujedno daje i znaËaj cijeloj akciji. 

3 CIGRÉ WORKING GROUP 
GUIDELINES

A CIGRÉ working group prepared guidelines for 
emergency action. At the very beginning one of the 
main dilemmas occurs. The owners of transmission 
networks, instead of the question posed in the 
introduction, often wonder: “Why do we need all 
these materials, tools and equipment?” Translation: 
“How high a loss of revenues due to grid incidents 
can the owner afford?” The calculation would be 
simple, of course, if the above-mentioned damage 
or loss of the community were not taken into 
account.

Following such consideration it is easy to conclude 
that:

-  the owner of transmission network must have 
some funds to act in emergency,

-  such funds are, however, useless if there is no 
detailed plan of action when it is needed.

3.1 Preparing a plan of action
The key to the development of a plan is for the 
Board of the transmission network owner to adopt 
a long-term policy on the estimate of possible 
critical situations and the way to respond to them. 
The fi rst step is setting up a Crisis Management 
Organisation.

It is perhaps convenient to mention two examples 
here: following the storm in 1999, RTE, a French 
transmission system operator, established GIP 
- Priority Action Group. This rapid response unit 
consists of seven teams deployed throughout 
France. It is activated by the crisis management 
unit which analyzes the problem and proposes 
possible solutions to enable restoration of power 
within less than 5 days. GIP has 17 km of 400 kV 
power lines in store.

BC Hydro of Canada setup a storage already after the 
1972 storm, to allow for quick repairs, thus creating 
the predecessor of today’s centrally-managed crisis 
management organisation. The planned level of 
readiness envisages e.g. up to 10 km of lines for quick 
assembly for each voltage level.

Crisis management organisation
The organisation including the company’s own 
experts with many years of fi eld experience should 
be headed by a high-ranking experienced manager, 
considering the fact that considerable funds are 
involved. His or her fi rst task would be to set up a 
team for strategic planning and appoint a person 
in charge to lead the team in the restoration of the 
facility. Such an approach also gives importance to 
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Imenovani voditelj moæe biti i na Ëelu Tima za 
operativne zahvate.

Tim za strateπko planiranje. Njegov je zadatak:

- utvrditi potencijalne rizike vlasnika mreæe,
-  za te rizike razviti razliËite scenarije obnove,
-  odabrati scenarije u skladu s opÊom politikom 

tvrtke,
-  utvrditi strukturu Ëlanova tima,
- operacijsko povezivanje s vanjskim organiza-

cijama,
-  operacijsko povezivanje s javnim medijima,
-  razvoj programa treninga,
-  na bazi steËenih iskustava uvesti poboljπanja.

Tim za operativne zahvate u obnovi. Obavlja 
popravke u skladu s uputama koje donosi Tim 
za strateπko planiranje. Struktura tog tima ovisi 
o lokalnim prilikama, no svakako treba sadræavati 
sljedeÊe kljuËne funkcije:

-  rukovodstvo tima,
-  inæenjering,
-  radove na terenu,
-  koordinaciju materijala,
-  koordinaciju sigurnosti na radu,
-  logistiku, transport i komunikacije,
-  koordinaciju komunikacija,
-  ugovaranje,
-  vlasniËke odnose,
-  fi nancijsku koordinaciju.

Pokuπajmo nabrojiti neke od odgovornosti po-
jedinih funkcija tima:

Rukovodstvo tima izravno je odgovorno menadæeru 
na Ëelu organizacije, brine se za ugovore o 
meusobnoj pomoÊi, za odnose s distribucijom i 
za potrebne dozvole.

Operator sustava odreuje prioritete obnove, 
koordinira zaπtitu i stavlja pojedine vodove u 
ponovni pogon.

Inæenjering obavlja procjenu πtete, odobrava 
promjene na licu mjesta, obavlja nadzor radova i 
osigurava nuænu projektnu dokumentaciju.

Rukovoditelj radova na terenu planira radove 
i rokove izvrπenja, brine se za zaπtitu na radu, 
ugovara koordinaciju s vanjskim timovima i vraÊa 
obnovljene vodove u domenu operatora sustava.

Koordinator za materijale brine se za nabavu 
materijala, njegovu kvalitetu te kontrolu pakovanja 
i otpreme.

the entire action. The appointed team leader can 
also head the Restoration Operations Team.

Strategic Planning Team. Its task is to:

-   establish the potential risks for the transmission 
network owner,

-  develop different restoration scenarios for such 
risks,

-  select scenarios in accordance with the general 
policy of the company,

-  determine team structure,
-  operational links to outside organisations,
-  operational links to public media,
-  training program development,
-  introduce improvements based on experience 

made.

Restoration Operations Team. Conducts repairs 
in accordance with the instructions issued by the 
Strategic Planning Team. The structure of the team 
depends on local conditions, but it should by all 
means include the following key functions:

-  management,
-  engineering,
-  fi eld work,
-  material coordination,
-  safety-at-work coordination,
-  logistics, transport and communication,
-  coordination of communication,
-  contracting,
-  proprietorship,
-  fi nancial coordination.

Let us try to mention some of the responsibilities of 
particular team functions:

Team management reports directly to the manager 
heading the organisation, takes care of the contracts 
for mutual assistance, relations with distribution, 
and for special permits.

System operator determines the reconstruction 
priorities, coordinates protection and resumes 
operation on individual lines.

Engineering estimates the damage, approves on-
site changes, supervises the works and provides the 
necessary project documentation.

The fi eld works manager plans the works and 
deadlines, takes care of safety at work, contracts 
coordination with external teams and return the 
restored lines back to the domain of the system 
operator.

The materials coordinator takes care of materials supply, 
its quality and packaging and shipment control.
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Koordinator za sigurnost na radu brine se za 
sigurnost, prvu pomoÊ te za kvalifi kacije radnika.

Logistika se brine za transport i prijem opreme, 
putovanja sudionika, stan i hranu, opremu i alat, 
sigurnost gradiliπta te za telekomunikacijsku 
opremu.

Koordinator komunikacije brine se za unutarnju i 
vanjsku komunikaciju te posjete gradiliπtu.

Ugovaranje podrazumijeva realizaciju i nadzor nad 
izvrπenjem ugovora s treÊim licima.

VlasniËki odnosi ukljuËuju kontakt s vlasnicima, 
dozvole pristupa, prava prolaza te otklanjanje 
eventualno uËinjenih πteta.

Financijska koordinacija odobrava sredstva i 
obavlja kontrolu troπkova.

Identifi kacija rizika
Najvaænija zadaÊa Tima za strateπko planiranje 
je procjena potencijalnih havarija. Pritom se oni 
oslanjaju na:

-  vlastita iskustva s velikim poremeÊajima,
-  aktualno stanje dalekovoda,
-  potencijalne prirodne dogaaje,
-  poremeÊaje izazvane ljudskim djelovanjem.

Meu zadaÊama te grupe mogu se podvuÊi:

-   procjene frekvencije dogaanja velikih pore-
meÊaja i njihovo trajanje, πto se prvenstveno 
odnosi na viπestruki kvar dalekovoda,

-  procjene otpornosti stupova i opreme, terenski 
uvjeti i moguÊnost pristupa mjestima kvara,

-  procjene politiËkih i ekonomskih posljedica 
poremeÊaja.

Ekonomske posljedice uglavnom se kvantifi ciraju 
troπkom neisporuËene elektriËne energije. Kombi-
nacija vjerojatnosti kvara i ekonomskih posljedica 
kvantifi ciraju rizik, odnosno nuæna sredstva koja 
tvrtka mora redovito osiguravati kako bi smanjila 
πtete od velikih poremeÊaja kada do njih doe.

Procjena tipa riziËnih dogaaja
Za materijalne i fi nancijske izvore vaæno je 
procijeniti vjerojatnost potencijalnih dogaaja u 
smislu radi li se o pojedinaËnom dogaaju koji se 
u nekim intervalima ponavlja ili o velikom broju 
pojedinaËnih dogaaja koji se pojavljuju istodobno 
kod velike oluje, sabotaæe i sl.

The coordinator for safety at work takes care of 
safety, fi rst aid and the qualifi cations of workers.

The logistics takes care of the transport and 
acceptance of equipment, travelling, board and 
lodgings, equipment and tools, security of the site, 
and telecommunications equipment.

Communications coordinator is responsible for 
internal and external communication and visits to 
the site.

Contracting includes realisation and monitoring of 
the fulfi lment of third party contracts.

Proprietorship includes contact with owners, access 
permits, rights of passage, and redressing possible 
damage.

Financial coordination approves the funds and 
controls expenditures.

Identifi cation of risk
The most important task of the Strategic Planning 
team is to make estimates about potential 
breakdowns. In this the team relies on:

-  its own experience with major incidents,
-  current state of transmission lines,
-  possible natural events,
-  incidents caused by human action.

The tasks of this group include:

-  estimate of major incident frequency and 
duration, primarily in case of multiple 
transmission line failure,

-  estimate of the resilience of towers and 
equipment, fi eld conditions and possibility to 
access the points of failure,

-  estimate of the political and economic effects 
of the incident.

The economic effects are mainly quantifi ed by 
means of the cost of non-supplied electricity. The 
combination of the possibility of failure and the 
economic effects quantify the risk i.e. the necessary 
means that the company must regularly provide in 
order to reduce the damage from major incidents 
when they occur.

Estimate of the type of risk
For the material and fi nancial sources it is 
important to estimate the probability of potential 
events depending on whether it is a single recurrent 
event or a number of single events occurring 
simultaneously in the event of great storms, 
sabotage etc.
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Scenarij popravka
Grupa za strateπko planiranje odreuje rizik 
moguÊeg poremeÊaja. Takoer preventivnim 
akcijama smanjuje pojedine rizike, na primjer 
pojaËavanjem nekih specifi Ënih struktura s jedne 
strane ili s druge strane sporazumom s veÊim 
potroπaËima da smanje potroπnju ako doe do 
potencijalnih poremeÊaja. Za svaki potencijalni 
poremeÊaj razrauje se scenarij popravka te 
nuæna radna snaga, oprema, materijali, alati i sl. 
Te su razrade vrlo detaljne i uzimaju u obzir razne 
aspekte kao na primjer potrebu da materijal na 
skladiπtu ne ostari, detalje naËina pakovanja za 
prijevoz helikopterom, nuæne treninge radnika u 
timovima ili detalje vanjske komunikacije.

3.2 Plan akcije u kriznim situacijama
Procjena rizika i analiza scenarija osnova su plana 
akcije koji, meu ostalim, mora sadræavati:

Nivo akcije u kriznim situacijama
U pravilu plan akcije predvia tri razine akcije u 
kriznim situacijama:

-  prvu razinu koju u svojem okviru moæe rijeπiti 
lokalni menadæer,

-  drugu razinu koju rjeπava viπi menadæer,
-  treÊu razinu koju po svojem opsegu moæe 

rijeπiti viπi menadæer u okviru zacrtanog plana 
popravka odnosno obnove.

Brzina akcije
Realizacija popravka moæe se pospjeπiti sustavom 
ranog upozorenja, brzim lokacijama kvara i njegova 
opsega. Ekipe mogu biti stavljene u pripremu pri 
najavi loπeg vremena ili nekog politiËkog dogaaja 
koji bi mogao izazvati teroristiËke akcije.

Nuæni materijali
HoÊe li tvrtka formirati skladiπte za krizne situacije 
ili ne, nije bitno - bitno je postojanje plana po 
kojem se zna komu se treba obratiti za materijalne 
potrebe. To nisu velike investicije u materijalna 
dobra veÊ investicije u pravi materijal. 

Meu moguÊim pristupima nabrojimo:

Odvojeno skladiπte za krizne situacije - materijal 
se moæe upotrebljavati i za povremene popravke 
ili zamjene, ali pod strogim nadzorom viπeg 
menadæera, odgovornoga za krizne situacije.

Neodvojeno skladiπte za krizne situacije - 
minimalne zalihe stvaraju se s nakanom da se taj 
materijal uvijek treba naÊi negdje u sustavu. RijeË 
je o manje kritiËnom materijalu ili materijalu koji 
stari.

Restoration scenario
The strategic planning group determines the risk of 
the potential disruption. It also reduces particular 
risks through preventive action, e.g. by reinforcing 
some specifi c structures on the one hand, or by 
reaching agreements with major consumers to 
reduce their consumption in case of potential 
incidents on the other. For each potential incident 
a restoration scenario is developed, as well the 
necessary labour, equipment, materials, tools etc, 
in a very detailed manner, taking into account 
different aspects as for instance the requirement 
that the material stored should not pass its 
expiration date, the details of the packaging for 
helicopter transportation, the necessary training 
of workers and teams, or the details of external 
communication.

3.2 Emergency plan of action
The estimate of the risk and the analysis of the 
scenario are the basis for the plan of action which, 
among other things, must include:

Level of emergency action
As a rule, the plan of action envisages three levels 
of emergency action:

-   the fi rst level which can be tackled by the local 
manager in its scope,

-   the second level tackled by a senior manager,
-  the third level tackled by a senior manager in its 

scope within the framework of the established 
restoration i.e. reconstruction plan.

Response time
The repair realisation can be improved through an 
early warning system, quick location of the failure 
and the identifi cation of its scope. Teams can be set 
up and put on alert when bad weather is coming or 
a political event is announced that could provoke 
terrorist actions.

Necessary materials
Whether the company will establish an emergency 
storage or not, is not so important; what is important 
is that there is a plan envisaging who to turn to for 
material requirements. It is not a matter of a big 
investment in material goods, but of an investment 
in the right material. 

Possible approaches include:

Separate emergency storage - material can also be 
used for occasional repairs or replacements, but 
under a strict supervision of a senior crisis manager.

Non-separate emergency storage - minimum stock 
created with the intention to always have the material 
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Dogovor o meusobnoj pomoÊi - to je ugovor sa 
susjednim prijenosnim tvrtkama o meusobnom 
koriπtenju skladiπnih zaliha ili ugovor s poslovnim 
partnerima. Kod velikih oluja ili viπestrukih kvarova 
ta meusobna pomoÊ ima i svojih ograniËenja.

Komercijalni ugovor s isporuËiteljima opreme - taj 
ugovor podrazumijeva dræanje obveznih zaliha za 
sluËaj kriznih situacija.

Radna snaga
Bez obzira na to koristi li se vlastita radna snaga 
i oprema ili vanjska ili obje, bitno je da postoji 
provediv plan. Plan mora odgovoriti na pitanja 
kao πto su: koliko ljudi treba u pripravnosti, 
koliko ih se mora kratkoroËno, a koliko dugoroËno 
angaæirati. Moæe se koristiti:

Vlastita radna snaga - plan mora dati odgovor  
na pitanja razine radne snage, kvalifi kacijske 
strukture i broja ljudi u pripravnosti.

Vanjska radna snaga - odnose treba regulirati 
dobrim komercijalnim ugovorima koje treba 
redovito obnavljati. Upitna je meutim prevelika 
ovisnost o vanjskoj radnoj snazi [4].

Meusobni ugovori - dogovori sa susjednim 
prijenosnim tvrtkama trebaju jasno defi nirati 
meusobne obveze. I te dogovore valja redovito 
obnavljati.

Logistika
Bitno je da se zahtjev s terena za materijalom 
jasno defi nira skladiπtima za kritiËne situacije. 
Materijali i alati trebaju biti logiËno spakirani kako 
bi se rad na terenu ubrzao. Odgovorna osoba za 
logistiku mora imati sve prikladne aranæmane za 
transport do lokacija na kojima se radi. Ako se 
koristi helikopter, pakiranje mora po volumenu i 
teæini odgovarati dopuπtenim mjerama.

Oprema
Ako prijenosna tvrtka nema strojeve za razvlaËenje 
uæadi, zaπtitne uæadi i optiËkih kabela treba to 
ugovoriti s tvrtkom koja ih posjeduje. Te strojeve i 
ostale specijalizirane alate koji se mogu rabiti na 
razliËitim tipovima terena uzduæ trase, ta tvrtka 
treba odræavati u radnom stanju kako bi na osnovi 
specijalnog ugovora mogla odgovoriti na krizne 
situacije.

Vaæan dio opreme je helikopter za prijevoz ljudi i 
materijala na udaljene lokacije, za pomoÊ u radu 
na teπkim terenima i za sigurnost osoblja. Kad 
vrijeme dopuπta koristi se takoer za lokaciju 
kvarova.

somewhere in the system. This includes critical 
material or ageing material.
Agreement on mutual assistance - a contract with 
neighbouring transmission companies on mutual use 
of storage stock, or a contract with business partners. 
In the event of major storms or multiple failures such 
assistance has its limitations.

Commercial contract with equipment suppliers - such 
a contract includes holding suffi cient stock of supplies 
in the event of emergency.

Labour
Irrespectively of whether company’s own labour or 
external labour is used, or both, it is important to 
have an actionable plan. The plan must answer such 
questions as: how many people need to be on standby, 
how many of them must be commissioned on a short-
term and how many on a long-term basis. Labour may 
include:

Company’s own labour - the plan must provide answers  
concerning the level of labour, the qualifi cations and 
number of people on stand-by.

External labour - relations need to be regulated by 
good commercial contracts which need to be regularly 
renewed. However, too great a dependence on external 
labour is questionable [4].

Mutual agreements - agreements with neighbouring 
transmission companies need to clearly defi ne mutual 
obligations. Such agreements should also be regularly 
renewed.

Logistics
It is important that the fi eld request for material 
is clearly defi ned to emergency storages. Materials 
and tools need to be logically packaged to speed 
up fi eld operations. The person in charge of logistics 
must have all the appropriate arrangements for the 
transportation to intervention sites. If helicopters are 
used, the volume and weight of packaging must be as 
prescribed.

Equipment
If the transmission company has no machines for 
stretching cables, protective cables and optic fi bre 
cables, it has to enter into appropriate agreements 
with a company that does. Such machines and 
other specialised tools that can be used at different 
types of ground along the corridor need to be 
maintained in working order by such a company to be 
able to respond in emergency pursuant to the special 
agreement.

An important part of the equipment is a helicopter for 
transporting men and material to distant locations in 
support of interventions on diffi cult ground and for the 
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Komunikacije
Interne komunikacije. Aspekt planiranja kljuËan 
za uspjeπno djelovanje u kriznim situacijama 
je komunikacija meu raznim jedinicama koje 
djeluju unutar tima za popravak. Ta komunikacija 
treba biti izravna sa svim jedinicama uz jasno 
defi nirane odgovornosti. Vaæan je centar za 
krizne situacije, gdje se skupljaju Ëlanovi tima 
za operativne zahvate. U tom centru bit Êe 
omoguÊena veza sa svim ugovornim partnerima, 
isporuËiteljima i potroπaËima. Ovdje se takoer 
nalazi i pripremljena dokumentacija.

Vanjska komunikacija. Odgovorna osoba ima 
vaænu duænost da o planu i rokovima popravka 
obavijesti sredstva javnog informiranja, javnost, 
ostale servisne organizacije te vladine i nevladine 
agencije.Vaæno je da je ta osoba dio tima za 
operativne zahvate kako bi tekuÊe informacije 
bile dostupne vanjskim strankama, a takoer kako 
bi i sam tim bio svjestan o vanjskim reakcijama 
i poslovnim porukama. Ta osoba mora biti jedini 
kontakt za slanje informacija prema vani.

3.3 Trening
Odreena tvrtka moæe izgraditi povjerenje i 
kompetentnost u svoju spremnost djelovanja 
u kriznim situacijama kroz redovito vjeæbanje 
(trening). PreporuËa se trening svih Ëlanova 
tima, ukljuËujuÊi viπe menadæere kroz simulirane 
situacije. Monteri trebaju redovito imati teoretsku 
i praktiËnu nastavu kako bi se πto bolje pripremili. 
To moæe biti i trening kroz rad na gradnji stupova, 
razvlaËenju uæeta ili kroz normalno odræavanje. 
Tako se dobro upoznaje oprema i okoliπ. Bez 
redovite uporabe opreme i alata djelatnici se ne 
mogu osposobiti za rad u kriznim situacijama. I 
ugovorne tvrtke trebaju biti ukljuËene u trening.

3.4 Kontinuirano poboljπanje
Nakon svakoga kriznog dogaaja Tim za strateπko 
planiranje treba korigirati planove na temelju 
naknadne analize djelovanja Ëime se postiæu 
trajna unapreenja. Drugi vaæan izvor informacija 
koji sluæi poboljπanju rada je iskustvo drugih 
prijenosnih tvrtki.

3.5 ZakljuËak uz Upute radne skupine CIGRE
Efektivni plan djelovanja zahtijeva jasnu korpo-
rativnu politiku kao bazu za detaljnu procjenu 
rizika i planiranje odgovarajuÊih akcija. Prijenosna 
tvrtka moæe procijeniti je li plan u skladu s 
politikom i fi nancijskim ograniËenjima. To moæe 
dovesti i do nove defi nicije kako politike tako i 
samog plana. Realizacija plana zahtijeva odgo-
varajuÊe materijale, opremu i radnu snagu kako 

safety of the staff. Weather permitting, it can also be 
used to locate failure.

Communications
Internal communication. The aspect of planning 
essential to a successful crisis management is 
communication between various units of the 
restoration team. The communication must be direct 
with all the units, with clearly defi ned responsibilities. 
A crisis management centre is important, where 
members of the Operations Team gather. The centre 
will have connection to all the contractual partners, 
suppliers and consumers. This is also where the 
documentation prepared will be kept.

External communication. The person in charge has a 
very important responsibility to notify the media, the 
public, other service organisations and governmental 
and non-governmental organisations about the 
restoration plan and time. It is important that such 
a person be part of the Operations Team, so that 
current information is available to external parties, 
and that the team itself is aware of external reactions 
and business messages. This person must be the only 
contact authorised to disclose information.

3.3 Training
A company may build confi dence and competence 
into its readiness for emergency action through 
regular training. It is recommended that all the 
team members train together, including senior 
managers, in simulated situations. Assembly men 
need regular theoretical and practical training to 
be as well prepared as possible. It can also be an 
on-the-job training while erecting towers, stretching 
cables, or during regular maintenance. This way 
they get to know the equipment and the terrain real 
well. Without the regular use of their equipment 
and tools, the staff cannot be made capable of 
emergency action. Companies under contract 
should also be included in the training.

3.4 Constant improvement
After each emergency, the Strategic Planning Team 
should correct the plans on the basis of subsequent 
analysis of the intervention, to achieve permanent 
improvements. Another important source of 
information which serves the purpose of work 
improvement is experience of other transmission 
companies.

3.5 Conclusion with regard to CIGRE WG 
Guidelines
An effective plan of action requires a clear 
corporate policy as the basis for a detailed risk 
estimate and appropriate action planning. The 
transmission company can estimate whether the 
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bi u kriznim situacijama mogli djelovati u skladu 
s korporativnom politikom. S obzirom na promjene 
uvjeta treba i politiku i plan redovito podvrgnuti 
reviziji.

4 NA©A SITUACIJA

4.1 Procjena rizika na bazi iskustva
Prijenosna mreæa u nadleænosti HEP Operatora 
prijenosnog sustava (HEP OPS-a) preduvjet je 
slobodnog træiπta elektriËne energije u Hrvatskoj. 
Spajanjem sinkronih zona u veliko europsko 
træiπte dovelo je HEP OPS u situaciju da svaki veÊi 
poremeÊaj u njegovoj mreæi moæe ugroziti mreæe 
susjednih zemalja pa i πire. Takva odgovornost 
naprosto prisiljava HEP OPS da procijeni sve rizike 
svojeg djelovanja.

Dalekovodi
Ne uzimajuÊi u obzir problem terorizma koji je 
teπko predvidiv i po lokaciji i po opsegu πtete, 
Ëinjenica je da su dalekovodi u pravilu izloæeni 
svim klimatskim i atmosferskim utjecajima i 
da ih nije ekonomiËno dimenzionirati tako da 
budu otporni na sve te utjecaje. Potrebno je zato 
procijeniti vjerojatnost broja dalekovoda koji Êe 
biti istodobno u kvaru, trajanje toga kvara, koja su 
podruËja najugroæenija i u koje godiπnje doba je 
vjerojatnost kvara najveÊa.

Na osnovi tih procjena moguÊe je procijeniti i 
rizik πtete zbog neisporuËene elektriËne energije 
potroπaËima, odnosno zbog nemoguÊnosti tranzita 
meu treÊim zemljama preko naπe prijenosne 
mreæe te zbog nemoguÊnosti plasiranja energije 
elektrana na ugroæenom podruËju.

Prema naπim statistikama osobito ugroæeno 
podruËje prostire se uz tzv. juænu magistralu i 
obuhvaÊa podruËje od Hrvatskog primorja i Istre 
preko Gorskoga kotara i Like do Dalmatinske 
zagore. To je ujedno podruËje na kojem su locirane 
elektrane ukupne instalirane snage oko 1 750 MW.

Statistika nadalje pokazuje da vjerojatna frekvencija 
pojave istodobnih kvarova dalekovoda, s 5 do 8 
dalekovoda u kvaru, iznosi u prosjeku 6 godina, 
dok popravak svih oπteÊenih dalekovoda do njihova 
stavljanja u ponovni pogon traje od 8 dana do 7 
mjeseci. Statistika pokazuje da su mjeseci studeni, 
prosinac i sijeËanj najugroæeniji [5].

Iz svega navedenoga moæe se konstatirati da 
rizik viπestrukih kvarova dalekovoda sa svim 
svojim posljedicama nije zanemariv. Sva se ta 
razmatranja odnose na dalekovode koji su redovito 
odræavani i kontrolirani u skladu s meunarodnim 

plan is in accordance with the policy and fi nancial 
limitations. This can also lead to a new defi nition of 
both the policy and the plan itself. The realisation of 
the plan requires appropriate materials, equipment 
and labour to be ready for emergency action in 
accordance with the corporate policy. Considering 
the changes in conditions, the policy and the plan 
need to be regularly reviewed.

4 OUR SITUATION

4.1 Risk estimate based on experience
A transmission network operated by HEP 
Transmission System Operator (HEP OPS) is a 
prerequisite to a free market for electricity in 
Croatia. The connection of synchronous zones into 
the broader European market put HEP OPS in a 
position that any major incident in its grid may 
affect the grids of the neighbouring states, or even 
broader. Such responsibility simply forces HEP OPS 
to estimate all the risks of its operation.

Transmission lines
Excluding the problem of terrorism, which is hardly 
predictable in terms of location and the extent of 
damage, the fact is that transmission lines are, as 
a rule, exposed to all the climatic and atmospheric 
effects, and that it is not economical to design them 
resilient to any adverse impact. It is, therefore, 
necessary to estimate the probability of the number 
of transmission lines which fail at the same time, the 
duration of the failure, the most vulnerable areas, 
and the season in which the probability of failure is 
the highest.

On the basis of such estimates it is possible to 
estimate the risk of losses caused by non-supply 
of electricity to consumers, i.e. because of the 
failure of transit between third countries through 
our transmission network and because of the failure 
to distribute the electricity generated by the power 
plants in the affected area.

According to our statistics a particularly vulnerable 
area stretches along the so-called southern arm 
and includes the territory from Croatian Littoral 
Region and Istria through Gorski Kotar and Lika to 
Dalmatinska Zagora. This is also the area in which 
power plants with total installed output of about 
1 750 MW are located.

The statistics further shows that the probable 
frequency of simultaneous failure of transmission 
lines (5 to 8 lines) is 6 years on the average, and 
that their restoration, up to a renewed start-up, 
would last from 8 days to 7 months. The statistics 
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preporukama [6], πto znaËi da su uzemljenja, 
temelji stupova, stupovi, izolatori, vodiËi i ovjesni 
materijal u dobrom stanju. Na æalost, zbog 
dugogodiπnje πtednje na krivome mjestu to ne 
odgovara stvarnosti, πto poveÊava element rizika.

Sabirnice 400 kV
Besprijekorno stanje sabirnica u postrojenjima 
400 kV jedan je od vaænih uvjeta sigurnosti 
EES-a. Prema statistikama u Hrvatskoj su se 
kvarovi na sabirnicama dogodili u TS Melina zbog 
bure, u TS Tumbri zbog eolskih vibracija, dok su 
ratom oπteÊene sabirnice u TS Ernestinovo i u 
manjoj mjeri u TS Konjsko. SreÊom danaπnja je 
situacija zbog niza zahvata koji su izvedeni ili su 
u tijeku relativno povoljna, no to nije razlog da se 
uspavamo, veÊ bi bilo korisno procijeniti realne 
rizike i eventualne akcije.

4.2 Poæeljne akcije
U dosadaπnjim trajnim kvarovima dalekovoda 
ekipe prijenosa (HEP OPS-a) i poslovnih partnera, 
prvenstveno tvrtke Dalekovod uspjeπno su se nosile 
s popravcima, no nema sumnje da bi organiziranim 
preventivnim akcijama njihovo djelovanje bilo joπ 
uspjeπnije i da bi vrijeme redukcije potroπnje 
elektriËne energije bilo kraÊe. Spomenuti primjeri 
Kanade, Francuske i NjemaËke potvruju to 
stajaliπte. I njihove su ekipe bez sumnje uspjeπno 
djelovale, ali ipak se odluËuju na organiziranu 
preventivu, pogotovo zato πto træiπte postaje sve 
zahtjevnije u pogledu sigurnosti napajanja.

Preventivna akcija trebala bi dati odgovor na 
pitanja:

Dalekovodi
-   koja je vjerojatnost viπestrukoga kvara,
-  koje je podruËje najviπe ugroæeno,
-  koje je godiπnje doba s najveÊom vjerojatnosti 

kvara,
-  koje su posljedice kvara u pojedinim energet-

skim scenarijima,
-  kakva je organizacija nuæna za djelovanje u 

kriznim situacijama,
-  tko sudjeluje u otklanjanju kvara,
-  koji su materijali, alati i oprema nuæni i na 

kojim lokacijama,
-  kakve su transportne moguÊnosti,
-  kako treba izgledati unutraπnja i vanjska 

komunikacija,
-  koje ugovore treba sklopiti s partnerima,
-  kako organizirati kontinuirani trening,
-  kolika je cijena preventive,
-  kakav je vremenski plan realizacije preventive,
-  kakav je odnos sa HERA-om.

shows that November, December and January are 
the most vulnerable months [5].

Consequently, it may be concluded that the risk 
of multiple transmission line failures with all their 
consequences is not negligible. All the reviews 
apply to regularly maintained and controlled 
transmission lines in accordance with international 
recommendations [6], which means that grounding, 
foundations for towers, towers, insulators, conductors 
and suspension materials are in good condition. 
Regrettably, due to many years of cutting corners at 
a wrong end, this is not realistic, which increases the 
element of risk.

400 kV Buses
Impeccable state of the buses at 400 kV facilities 
is one of important prerequisites to the security of 
electric power system. According to the statistics, 
in Croatia failures of buses occurred at the Melina 
Substation due to strong wind (Bora), at the Tumbri 
Substation due to eolian vibration, whereas the 
buses at the Ernestinovo Substation were damaged 
in the war, the same as - to a lesser extent - at the 
Konjsko Substation. Fortunately, the situation today, 
owing to a number of interventions conducted or 
under way, is relatively favourable, which is no 
reason for us to become lax, but to estimate the real 
risks and possible action.

4.2 Desirable action
To date, failures were successfully tackled by the 
teams of the transmission company (HEP OPS) 
and its business partners, primarily the company 
Dalekovod, but there is no doubt that organised 
preventive actions would make their interventions 
even more successful and that the duration of 
reduced electricity supply would be kept even 
shorter. The above-mentioned examples from 
Canada, France and Germany support this view. 
Their teams doubtlessly operated successfully, but 
they still decided to introduce organised prevention, 
particularly in the light of the market becoming 
increasingly demanding with regard to the stability 
of supply.

Preventive action should answer the following 
questions:

Transmission lines
-   what is the probability of a multiple failure,
-  what area is the most vulnerable,
-  what season has the greatest probability of failure,
-  what are the effects of failure in particular power 

supply scenarios,
-  what organisation is necessary for emergency 

action,
-  who participates in the restoration,



248CvetkoviÊ, Z., Problematika djelovanja u kriznim....., Energija, god. 55 (2006), br. 2., str 236-251
CvetkoviÊ, Z., Transmission line crisis management, Energija, vol. 55 (2006), No. 2, p.p. 236-251

Sabirnice 400 kV
-  kakva je organizacija nuæna za djelovanje u 

kritiËnim situacijama,
-  koja je optimalna topologija 400 kV mreæe u 

razliËitim energetskim scenarijima,
-  jesu li mehaniËki proraËuni svih sabirnica 

sreeni,
-  je li montaæa sabirnica u redu,
-  jesu li izabrani optimalni materijali,
-  postoje li ugroæenija postrojenja,
-  kakav je opseg kvara vjerojatan,
-  koju opremu i materijale treba imati u rezervi,
-  koje ugovore treba sklopiti s partnerima,
-  kolika je cijena preventive,
-  kakav je odnos sa HERA-om.

Samo dva praktiËna primjera
Izabrali smo iz prethodnih popisa jedno pitanje: 
koju opremu i materijale treba imati i gdje, 
te ga pokuπavamo primijeniti na dalekovode i 
postrojenja 400 kV.  

Dalekovodi. Imamo li relativno lagani, lako 
prenosivi, vjerojatno sidreni stup za viπenaponsku 
upotrebu? Gdje ga treba skladiπtiti? Kako ga 
transportirati i prije svega je li naπa ekipa kroz 
opetovani trening osposobljena da brzo podigne 
taj stup primjerice u Lici za vrijeme snjeænih 
nepogoda?

Sabirnice 400 kV. Za koliko kompletnih polja 400 
kV imamo uskladiπtenu rezervnu opremu dostupnu 
u 24 sata? Iako se ne uklapa izravno, isto pitanje 
traæi odgovor i za napone 110 kV i 220 kV.

4.3 Jedan od moguÊih scenarija
Izmeu brojnih scenarija izaberimo jedan koji se 
moæda neÊe nikad dogoditi, no moæe se dogoditi 
joπ ove godine jer se uklapa u raËun vjerojatnosti. 
Pretpostavimo, naime, da se kao posljedica le-
dene oluje zbog viπestrukog kvara dalekovoda 
odvoji od sustava rasklopiπte koje napaja vaænu 
javnu infrastrukturu kroz razdoblje od dva tjedna, 
koliko je potrebno vrijeme popravka oπteÊenih 
dalekovoda. ©tete koje bi zbog tih havarija nastale 
mogu se podijeliti na izravne koje se odnose na 
HEP OPS i neizravne koje se odnose na potroπaËe, 
prvenstveno na nemoguÊnost napajanja javne 
infrastrukture, pa prema tome i na nemoguÊnost 
njenog koriπtenja. Eventualno je moguÊa i proble-
matika plasmana energije iz obliænje elektrane. 
Pitanja koja ovakav scenarij otvara su sljedeÊa:

-  jesmo li dalekovode odræavali u skladu s meu-
narodnim preporukama [6] ili smo πtedjeli na 
krivom mjestu,

-  ako nismo je li to utjecalo na opseg πtete,

-  what materials, tools and equipment are necessary 
and on what locations,

-  what transportation options are readily available,
-  what are internal and external communication to be 

like,
-  what contracts need to be entered into with 

partners,
-  how to organise constant training,
-  what is the price of prevention,
-  what is the schedule for the realisation of 

prevention,
-  what is the relation with HERA.

400 kV buses
-  what organisation is necessary to act in 

emergency,
-  what is the optimum topology of the 400 kV grid 

in different power supply scenarios,
-  have the mechanical calculations for all the 

buses been done,
-  is the assembly of buses OK,
-  have the optimum materials been selected,
-  are there vulnerable facilities,
-  what is the probable scope of failure,
-  what equipment and materials need to be in 

reserve,
-  what contracts need to be concluded with 

partners,
-  what is the cost of prevention,
-  how is the relation with HERA.

Just two practical examples
We have chosen one question from the above lists: 
What equipment and materials are needed and 
where, and we trying to apply it to transmission 
lines and 400 kV buses.  

Transmission lines. Do we have a relatively 
lightweight, portable, probably anchored tower for 
multi-voltage purposes? Where should it be stored? 
How should it be transported, and above all, has our 
team become capable, through operative training, 
of quickly erecting the tower e.g. in Lika during 
snow storms?

400 kV buses. For how many complete 400 kV fi elds 
do we have spare equipment stored and available 
within 24 hours? Although it is not directly relevant 
here, the same question needs to be answered in 
case of 110 kV and 220 kV buses.

4.3 A possible scenario
Of the many possible scenarios let us pick one that 
perhaps will never happen, yet which can happen 
this year already because it fi ts the probability 
calculation. Suppose that as a result of an ice storm 
causing multiple defects on the transmission lines 
the switchyard, which supplies some important public 
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infrastructure, becomes detached from the system for 
a period of two weeks, the time required for the repair 
of the damaged transmission lines. Damages caused 
by such an accident can be divided into direct damage 
affecting HEP OPS and indirect damage affecting 
consumers, primarily the impossibility of supplying 
public infrastructure and thereby of using it. A possible 
consequence may be restriction in power supply from a 
nearby plant. The questions posed by such a scenario 
are:

-  have we maintained the transmission lines in 
accordance with the international recommendations 
[6] or have we cut corners at a wrong end,

-  if not, has it affected the scope of damage,
-  could we have undertaken any preliminary 

interventions in the network or on transmission line 
structures to reduce the extent of destruction,

-  could the organisation of the repair have been more 
effi cient, i.e. quicker,

-  will e.g. the public infrastructure authority claim 
damages for some of the losses which could have 
been avoided by better organisation.

All these are questions to consider and to fi nd detailed 
answers to for any foreseeable scenarios, i.e. to act on.

4.4 Relation between HEP OPS and HERA
According to its defi nition HEP OPS is a monopoly. 
HEP OPS must provide network access to national and 
foreign generators of electric power, secure the supply 
to consumers and, within the limits of what is possible, 
make possible the transit through its own network. In 
addition, it is responsible for the frequency, angle and 
voltage stability of the electric power system.

HERA’s primary task is to protect consumers, so among 
other things it approves the price of the transmission 
service. However, consumer protection does not 
only mean managing the transmission price, but 
also managing the quality of supply, predominantly 
meaning the security of supply. It would be desirable 
for HEP OPS to propose short-term and long-term 
measures to increase the security of supply through 
the organisation of prevention, and, of course, the cost 
of such measures. HERA can accept the measures, 
and HEP OPS can accept the responsibility for the 
realisation, or not, in which case it will continue 
its attempts to successfully act in emergency, but 
within its and material limitations.

This should be a purely economic category which 
can be successfully settled only if politics is kept 
away.

-  jesmo li mogli naËiniti neke prethodne zahvate 
u mreæi ili na dalekovodnim strukturama koji 
bi smanjili opseg razaranja,

-  je li organizacija popravka mogla biti efi kasnija, 
tj. bræa,

-  hoÊe li na primjer nadleæni za javnu 
infrastrukturu traæiti odπtetu za dio πtete koji 
se boljom organizacijom mogao izbjeÊi.

Sve su to pitanja nad kojima se treba zamisliti i 
na koja bi trebalo naÊi detaljne odgovore za sve 
predvidive scenarije, odnosno poduzeti akcije.

4.4 Odnos HEP OPS - HERA
Prema defi niciji HEP OPS je monopolistiËka 
organizacija. HEP OPS mora domaÊim i stranim 
proizvoaËima elektriËne energije omoguÊiti 
pristup mreæi, osigurati napajanje potroπaËa te u 
moguÊim granicama osigurati tranzit preko vlastite 
mreæe. Uz to je odgovoran za frekventnu, kutnu i 
naponsku stabilnost EES-a.

HERA prema defi niciji ima prvenstvenu zadaÊu 
zaπtite potroπaËa pa ona meu ostalim odobrava 
cijenu usluge prijenosa. No zaπtita potroπaËa ne 
znaËi samo brigu o cijeni prijenosa veÊ i brigu o 
kvaliteti napajanja u Ëemu dominira sigurnost 
napajanja. Bilo bi poæeljno da HEP OPS predloæi 
kratkoroËne i srednjoroËne mjere za poveÊanje 
sigurnosti napajanja kroz organizaciju preventive 
i naravno cijenu takvih mjera. HERA moæe te 
mjere prihvatiti, a HEP OPS moæe preuzeti obvezu 
realizacije ili ne prihvatiti u kojem Êe sluËaju i 
nadalje nastojati uspjeπno djelovati u kriznim 
situacijama, ali u granicama organizacijskih i 
materijalnih ograniËenja.

To bi trebala biti Ëista ekonomska kategorija i 
moæe se uspjeπno rijeπiti samo ako se ne uplete 
politiziranje.

5 ZAKLJU»AK

Pod pritiskom velikih kvarova dalekovoda uzroko-
vanih atmosferskim utjecajima, ali i zbog straha 
od terorizma, svjetske elektroprivredne tvrtke 
kroz Radnu skupinu CIGRE izdale su upute za 
djelovanje u kriznim situacijama.

S obzirom na znaËaj i poloæaj prijenosne mreæe 
u Hrvatskoj i na vlastita iskustva s njezinom 
ugroæenosti osobito u nekim podruËjima, bilo 
bi mudro pristupiti odgovarajuÊoj organizaciji 
preventive. VodeÊe mjesto u toj organizaciji ima 
HEP OPS, ali ona ukljuËuje i njegove partnere 
prvenstveno tvrtku Dalekovod. Sama organizacija 
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je trajna, ali ona nastupa samo u sluËaju objave 
krizne situacije i ukljuËuje radnu snagu koja u 
meuvremenu djeluje na svojim redovitim radnim 
mjestima. Ta organizacija, naravno, ima i svoju 
cijenu prijenosa koju odobrava HERA. HERA i 
HEP OPS morali bi naÊi zajedniËko rjeπenje za 
takvu akciju, koja u krajnjoj liniji najveÊu korist 
donosi potroπaËima, ali i proizvoaËima na 
ugroæenom podruËju.

Ovaj Ëlanak koji ne moæe ulaziti u detalje trebao bi 
biti poticaj za pokretanje te akcije.

5 CONCLUSION

Under the pressure of large-scale failures in 
transmission lines caused by atmospheric impact, 
and also because of the fear of terrorism, the 
world’s power utilities have, through the CIGRE 
Working Group, issued guidelines on how to act in 
emergency.

Considering the importance and position of 
the transmission network in Croatia and our 
own experience of its vulnerability, particularly 
in some areas, it would be wise to begin to 
organise appropriate prevention. The leading 
role in the organisation is played by HEP OPS, 
but it also includes its partners, primarily the 
company Dalekovod. The organisation itself is on 
permanent standby, but it is only to be used in 
case of emergency, and it includes staff who in 
the meantime go about their regular business. This 
organisation, of course, has its transmission prices 
approved by HERA. HERA and HEP OPS should fi nd 
a joint solution to such an action which, at the end 
of the day, brings the most benefi t to consumers 
and to generators in the vulnerable area.

This paper, though unable to go into details, should 
serve as an incentive to act.
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