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Reforme energetskog sektora i nove poslovne moguénosti nametnule su potrebu stjecanja i
prenoSenja znanja i vjeStina svim sudionicima koji preuzimaju nove uloge i odgovornosti u
energetskom sektoru. Stoga su Fakultet elektrotehnike i racunarstva Sveucilista u Zagrebu
(FER), Hrvatska elektroprivreda d.d. (HEP d.d.) i norveSka tvrtka Technor Energy AS
pokrenule projekt uspostave Trening centra za trgovanje energijom (Training Centre for Energy
Trading — TCET). U &lanku je predstavljen rezultat ove suradnje — pisani materijali koji sluze
kao podloga za ucenje i simulator trzista koji omogucava razli¢itim trziSnim sudionicima,

iz raznih zemalja i s razli€itim trziSnim interesima, da kroz igru iskuSaju trziSno natjecanije.
Ovo je prvi trening centar takve vrste u Europi, a projekt njegove uspostave financiralo je
Ministarstvo vanjskih poslova Kraljevine Norveske i HEP d.d.

The current reforms in the energy sector and the resulting new business opportunities have
imposed a need for knowledge and skills to be acquired by or imparted to all those who

will assume new roles and responsibilities in the energy sector. To this end the Faculty

of Electrical Engineering and Computing of the University of Zagreb (FER), Hrvatska
elektroprivreda d.d. — The Croatian Electricity Company (HEP d.d.) and the Norwegian
company Technor Energy AS launched a project to establish the Training Centre for Energy
Trading (TCET). This article presents the results of this co-operation — printed materials

to serve as teaching aid and a market simulator to help various market participants from
different countries and with different market interests to try their hand at market competition
by playing games. This is the first training centre project of this kind in Europe, co-financed
by the Ministry for Foreign Affairs of the Kingdom of Norway and HEP d.d.
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Trziste elektri¢ne energije, liberalizacija energetskog
sektora, regulacija, deregulacija, re-regulacija,
trziSno natjecanje, javna obveza, razdvajanje
djelatnosti, samo su neki od pojmova koji danas
odreduju poslovno okruzenje elektroenergetskih
poduzeca u gotovo svim drzavama svijeta. Takoder,
Cesto Cujemo za stupanj otvorenosti trzista i tijek
otvaranja trzista. Sve navedeno veze se uz reforme
nacionalnih i globalnih energetskih sektora koje
za cilj imaju bolje poslovne subjekte i naprednije
tehnic¢ke sustave za opskrbu kupaca energijom,
odnosno energentima. Naravno, postavlja se pitanje
Sto zapravo znaci bolje? Za koga bolje? Odgovori
na ta pitanja zapravo su argumenti za uvodenje
trziSnih odnosa.

Monopoli energetskih poduzeéa na prvi se pogled
¢ine najekonomic¢nijim rjeSenjem za opskrbu
kupaca energijom. Ipak u stvarnosti to nije
slu€aj. Razlozi nisu samo politicke, gospodarske
ili socijalne promjene koje regulacija monopola
mora kontinuirano ukljucivati u nadzor, veé i
karakteristike energije kao specificnog proizvoda
ili usluge. Reforme energetskog sektora temelje
se na postavci da trziste, u opéenitom smislu,
najbolje uspostavlja i odrzava odnose izmedu
ponude i potraznje. U praksi se, u sklopu reformi,
djelatnosti energetskih monopola razdvajaju na
tzv. trziSne (npr. proizvodnja, opskrba) i tzv. reguli-
rane (npr. mrezne) djelatnosti.

Republika Hrvatska provodi reformu energetskog
sektora na nacelima trzisSnih i konkurentskih od-
nosa u energetskim djelatnostima, pri ¢emu je
posebno zahtjevna reforma elektroenergetskog
sektora. Hrvatska, koja je 2004. godine stekla
status kandidata za prijam u Europsku uniju (EU) i
trenutacno je u fazi screening procesa, i HEP grupa,
koja zeli punopravno i ravnopravno sudjelovati na
jedinstvenom europskom trzistu elektri¢ne energije,
ubrzano rade na ispunjenu zahtjeva Europske
komisije. U srpnju 2004. godine na snagu je stu-
pila Direktiva 2003/54/EC koja utvrduje odnose
na trzistu elektricne energije u Europskoj uniji.
Uvazavajuéi ovu Direktivu Hrvatski sabor je na
sjednici 3. prosinca 2004. godine donio Zakon o
izmjenama i dopunama Zakona o energiji, Zakon
0 trzistu elektricne energije i Zakon o regulaciji
energetskih djelatnosti (NN 177/2004).

Temeljem Zakona o trziStu elektrine energije,
povlasteni kupac moze slobodno odabrati opskrb-
ljivaa elektricne energije. Taj su status od 1.
srpnja 2006. godine stekli svi kupci s godiSnjom
potroSnjom veéom od 9 GWh. Sljedeéi rokovi
otvaranja trzista elektricne energije su: 1. srpnja
2007. za kupce kategorije poduzetniStvo i 1.
srpnja 2008. godine za sve kupce.

INTRODUCTION

Electricity market, liberalisation of energy sector,
regulation, deregulation, re-regulation, market
competition, public service obligation, unbundling,
these are just some of the terms defining the present-
day business environment of electricity companies
in nearly all countries of the world. Likewise, we can
often hear about the degree of market openness and
the market-opening progress. All these concepts are
linked to the reforms of national and global energy
sectors which are designed to give rise to better
service providers and more advanced technical
systems for energy or fuel supply to customers.
Of course, one may raise the question about the
meaning of ‘better’. Better for whom? Answers to
these questions are in fact arguments in favour of
introducing market relations.

On the face of it, the monopolies of energy compa-
nies seem to be an optimal energy supply solution.
In reality it is not the case though. The reasons are
not only political, economic or social changes that
monopoly regulation must continuously keep up
with, but also the nature of energy as a specific prod-
uct or service. The current energy sector reforms are
based on the assumption that market in the general
sense of the word is the best means of maintaining
a balance between supply and demand. In practice,
within the reforms, energy monopolies are unbun-
dled into market operations (e.g. generation, supply)
and regulated (e.g. network) operations.

The energy sector reforms currently going on in
Croatia are based on the principles of market
competition in the energy sector, where the reform
of the electricity sector is particularly challenging.
Croatia, which in 2004 gained the status of a
candidate country and is now undergoing the
screening process, and the HEP Group, which is
determined to fully participate as an equal partner
in a single European electricity market, are working
at an accelerated pace to meet the requirements
set by the European Commission. In July 2004
Directive 2003/54/EC concerning common rules for
the internal market in electricity took effect and, in
response to it, at its session of 3 December 2004,
the Croatian Parliament adopted the Act Amending
the Energy Act, the Electricity Market Act and the
Energy Regulation Act (OG 177/2004).

According to the Electricity Market Act, privileged
customers may freely choose their electricity
supplier, a status which since 1 July 2006 has
been acquired by all customers whose annual
consumption exceeds 9 GWh. The next market
opening dates are: 1 July 2007 for the category
of commercial customers and 1 July 2008 for all
customers.
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Ugovor o energetskoj zajednici, koji je potpisan
25. listopada 2005. godine u Ateni i ratificiran u
Hrvatskom saboru u svibnju 2006. godine, pred-
stavlja proces Sirenja unutarnjeg energetskog trzista
Europske unije na zemlje jugoistotne Europe.
Ugovor je potpisan od strane zemalja EU25 i
devet zemalja jugoistocne Europe (Hrvatska,
Rumunjska, Bugarska, Bosna i Hercegovina,
Srbija, Crna Gora, Makedonija, Albanija i Misija
UN-a na Kosovu). U proces su kao promatraci
uklju¢eni i Ukrajina, Moldavija te Norve$ka. Rijec
je o klju¢nom dokumentu koji Hrvatsku integrira u
energetsko zakonodavstvo Europske unije, ¢ime je
uvodi u Europsku uniju i prije formalnog primanja.
Glavni ciljevi Energetske zajednice su stvaranje
stabilnog regulatornog i organizacijskog okruzenja
za trgovanje energentima, priviaenje investicija
u energetici, poboljSanje sigurnosti opskrbe ener-
gijom, poboljSanje zaStite okoliSa i razvoj konku-
rencije na trzistu elektri¢ne energije i plina u Sirem
geopolitickom smislu.

Pristupanjem toj zajednici Hrvatskoj se osigurava
stabilnija opskrba elektri¢nom energijom i plinom
s jedne strane, dok joj se s druge strane osigurava
otvoreni pristup trzistima u regiji, ali i obrnuto.
Otvaranjem trzista u djelatnostima proizvodnje
i opskrbe elektricnom energijom tvrtkama se
otvaraju nove poslovne moguénosti (posebice
Sirenje poslovanja na ostale energetske te druge
djelatnosti) i strategijska poslovna povezivanja s
partnerima u Hrvatskoj i inozemstvu.

U Hrvatskoj se velika pozornost pridaje reformi
energetskog sektora, njenom strateS§kom znacenju
i uz to vezanim predstoje¢im izazovima. Potpuno
otvaranje trziSta elektricne energije predvideno
je za manje od godinu i pol dana, a europska
integracija energetskog sektora, kroz ratificirani
Ugovor o energetskoj zajednici, vremenski je jo$
bliza. Energetski sektor u Hrvatskoj, ali i Sire u
regiji, nesumnjivo se nalazi u vrlo dinami¢nom
prijelaznom razdoblju. Poslovanje u sadaSnjim
uvjetima zahtijeva od svih subjekata prilagodljivost,
pri ¢emu je klju¢na prednost ljudski potencijal
pripremljen i osposobljen za nove izazove.

Reforme energetskog sektora, otvaranje trzista,
europske integracije i nove poslovne moguénosti
nametnule su potrebu stjecanja i preno$enja znanja
i vjeStina svim sudionicima s novim ulogama i odgo-
vornostima u energetskom sektoru. Stoga ne cudi
da danas postoje mnogi specijalistiCki studiji, te
razne radionice Cija je svrha izobrazba pojedinaca u
jednom potpuno novom podru¢ju. Studij u Trening
centru za trgovanje energijom jedan je od tih studija
koji polaznicima omogucuje svladavanje znanja
i vjeStina u koncentriranom vremenu. Naravno,
naglaSava se da je to samo pocetak izobrazbe
bududih sudionika i da je stalno obrazovanje, zbog

The Energy Community Treaty, signed in Athens
on 25 October 2005 and ratified by the Croatian
Parliament in May 2006, is aimed to extend the
EU internal energy market to the South East Europe
region. The Treaty was signed by EU25 and nine
SEE countries (Croatia, Rumania, Bulgaria, Bosnia
and Herzegovina, Serbia, Montenegro, Macedonia,
Albania and the UN Mission to Kosovo). Ukraine,
Moldavia and Norway are included in the process
as observers. It is a key document which integrates
Croatia into the EU’s energy legislation and thereby
brings it into the Union even before the formal
accession. The principal goals of the Energy
Community are to create a stable regulatory and
organisational environment for trading in fuels,
attracting investments in energy sectors, improving
the security of energy supply, as well as improving
the environmental situation, and developing
electricity and gas market competition on a broader
geographic scale.

By joining the Energy Community Croatia will ensure
more stable electricity and gas supply, on one hand,
and, on the other, an open approach to the markets
in the region, but also the other way round. The
opening of the market to electricity generation
and supply opens new business opportunities to
companies (especially in terms of expansion to
other energy and industrial sectors) and strategic
partnerships in Croatia and abroad.

In Croatia special attention is devoted to the reform
of the energy sector, its strategic implications and
associated challenges lying ahead. Full electricity
market opening is due in less than a year and a half,
whereas the European energy sector integration,
through the ratified Energy Community Treaty, is
even closer. The energy sector in Croatia, and in the
wider region, is certainly undergoing a very dynamic
transition period. Business activities under the
present conditions require adaptability from all
participants, where a key advantage are human
resources well prepared and capacitated for new
challenges.

Energy sector reforms, market opening, European
integration  processes and new  business
opportunities have all created a need for knowledge
and skills to be acquired by and imparted to persons
assuming new roles and responsibilities in the
energy sector. It is hence not surprising that today
there are many specialised studies and various
workshops designed to provide training courses in
one entirely new field. Study at the Training Centre
for Energy Trading (TCET) is one of these studies
which enables the trainees to acquire knowledge
and skill over a concentrated time. It is, of course,
just the beginning of the education of future
participants, because, due to continuing changes
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stalnih promjena koje se zbivaju u ovom podrucju,
nuznost svakoga tko sudjeluje na trzistu.

ZACETAK | PROGRAM
RADA TRENING CENTRA ZA
TRGOVANJE ENERGIJOM

Pregledavajuc¢i ponudene moguénosti obrazovanja,
moze se uociti kako je vecina ponudenog primje-
rena osobama s vec¢im iskustvom ili pozicijom
(ciljani tecajevi) ili osobama koje trebaju sustavno
obrazovanje (specijalisti¢ki/poslijediplomski studiji
ili MBA). Medutim, trzista energije su realnost pa
je potrebno $to prije $to ve¢em broju zaposlenika,
i medu opskrbljivatima i medu kupcima, dati
odgovarajuéa znanja. Ideja o Trening centru za
trgovanje energijom (Training Centre for Energy
Trading — TCET) jedan je od odgovora na taj izazov.
Projekt uspostave Trening centra (u daljnjem
tekstu TCET) formalno je zapofeo 1. studenog
2004. godine i zavrSio sluzbenim otvaranjem
TCET-a 30. lipnja 2006. godine.

Partneri u projektu uspostave TCET-a bili su
HEP d.d., Fakultet elektrotehnike i raCunarstva
Sveucilista u Zagrebu i norveska tvrtka Techor Energy
AS (Technor). Projekt je financiran od Norveskog
ministarstva vanjskih poslova (86 %) i HEP-a d.d.
(14 %). U projekt su od samog pocetka ukljucena i
poduzeca SINTEF, Troms Kraft i Powel iz Norveske te
Hrvatski operator trzidta energije d.o.o. (HROTE).

Tijekom projekta izraden je nastavni materijal
razdijelien u 5 knjiga, te je pripremljen peto-
dnevni i trodnevni program obuke za trgovanje
namijenjen razliitim trziSnim sudionicima koji
¢e nastupati na hrvatskom, regionalnom, odnosno
europskom energetskom trzistu (povlasteni kupci,
opskrbljivaci, trgovci, proizvodali, operatori susta-
va, itd.). S obzirom na namjenu, TCET-ov program
obuke je pripremljen na engleskom i hrvatskom
jeziku. Posebna pozornost je posvecena izradi
studijskog programa i nastavnog plana, $to je sazeto
u posebnom dokumentu (Development curricula).
Takoder je odrzana pripremna radionica za buduce
nastavnike, koji su ujedno i sudionici TCET projekta.
Svrha radionice je bila unaprijediti i usavrsiti
pripremljeni program obuke. Redovita obuka u
TCET-u zavrSava polaganjem ispita i provedbom
trgovanja na virtualnom spot trzistu. Primjer
rasporeda TCET radionice dan je u tablici 1.

Voditelji projekta TCET bili su: Slavko Krajcar i Kjell
B. Mortensen. U realizaciji projekta sudje-lovali su
(abecednim redom): Ivan Androec, Maja Aunedi,
Petra Bajlo, Snjezana Blagajac, Davor Bo$njak, Boris
Dokmanovi¢, Ante Curi¢, Roar Hausner, Drazen Jaksi¢,

taking place in this area, continuing education will
be a necessity for all market players.

THE ESTABLISHMENT AND
PROGRAMME OF THE TRAINING
CENTRE FOR ENERGY TRADING

A survey of offered educational options will show
that most of them are suited for more experienced or
higher positioned persons (target courses) or those
in need of systematic instruction (specialised/post-
degree or MBA studies). However, energy markets
are a reality which requires that proper knowledge
be imparted to the greatest possible number of
employees among suppliers and customers alike,
and as soon as possible. The idea of the Training
Centre for Energy Trading (TCET) is one of possible
responses to this challenge. The TCET project was
started on 1 November 2004 and crowned with the
official opening of the Centre, on 30 June 2006.

The partners in the TCET project were the Croatian
Electricity Company Co. (HEP d.d.), Faculty of
Electrical Engineering and Computing of the
University of Zagreb (FER) and the Norwegian
company Techor Energy AS (Technor). The project
was co-financed by the Norwegian Foreign Ministry
(86%) and HEP d.d. (14 %). The companies
SINTEF, Troms Kraft and Powel from Norway and
the Croatian Energy Market Operator Ltd. (HROTE)
also took part from the very outset.

During the project stage instruction material has
been prepared and divided into 5 books, along
with b-day and 3-day trading curricula intended
for different market participants who will act on
Croatian, regional or European energy markets
(eligible customers, suppliers, traders, producers,
system operators, etc.). Considering the intended
use, the TCET curriculum has been prepared in
English and Croatian languages. Special attention
has been paid to the curriculum and syllabus,
summed up in a special document (Development
curricula). A preparatory workshop was also held
for future teachers, who are at once TCET project
participants. The purpose of the workshop was to
improve and give a finishing touch to the prepared
curriculum. Regular courses at TCET are completed
by taking an examination and performing a trading
transaction on the virtual spot market. An example
of TCET workshop timetable is given in Table 1.

TCET project leaders were: Slavko Krajcar and Kijell
B. Mortensen. Project participants (in alphabetical
order)): Ivan Androfec, Maja Aunedi, Petra
Bajlo, Snjezana Blagajac, Davor Bo$njak, Boris
Dokmanovié¢, Ante Curié, Roar Hausner, DraZen
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Hrvoje Keko, Goran Labar, Klaus Livik, Birger Morland,
Erling Pettersen, @ivind Refsnes, Minea Skok, Petar
Spréi¢, Gerd Solem, Davor Skrlec,
Kao suradnici
sudjelovali su: Ante Curkovi¢, Nenad Debrecin, Zeljko
Tomsi¢, Ivar Wangesteen i Odd Berg.

i Zlatko Zmijarevic.

Dubravka Skrlec
na projektu
Project

Berg.

Tablica 1 — Raspored TCET radionice

Table 1 — TCET workshop timetable

Ponedjeljak / Monday

TCET Analiza situacije u

Radionica/ Hrvatskoj i jugo-

TCET isto¢noj Europi / An

Workshop  anylsis of the situation
in Croatia and SEE

09:00 —  Zakonodavstvo /

09:45 Legislation
Organizacija
energetskih trzista

09:50 - i poduzeéa /

10:35 Organisation of
energy markets and
companies
Situacija u

10:40 -  Jugoisto¢noj Europi /

11:25 Situation in South East
Europe
Pregled

11:30 -  elektroenergetske

12:15 bilance / Overview of
electricity balance
Moguénosti stvaranja
konkurentnog

12:20 — ene{getskog tr_Z|sta u
regiji / Potentials for

13:05 . e
creating a competitive
energy market in the
region

13:05 - M

14.00 Rucak / Lunch

tago -

16:00 y

Uvod / Introduction

Utorak / Tuesday

Osnove trgovanja elektri¢cnom
energijom / Essentials of trading
in electricity

Pregled odgovornosti operatora
sustava / Overview of system
operator’s responsibilities
Pristup mrezi i tarifni sustavi /
Access to network and tariff
systems

Prijenosna mo¢ mreze i tokovi
energije / Network capacity and
load flows

Upravljanje zagusenjima /
Congestion management
Informacije na trzistu / Market
informations

Formiranje cijene na burzi
elektri¢ne energije — svrha i
procesi / Price formation on the
power exchange

Trziste energije uravnotezenja /
Balancing market

Trgovanje s fizickim i
financijskim bilateralnim
ugovorima / Trading with
physical and financial bilateral
agreements

Trgovanje financijskim
proizvodima na burzi elektri¢ne
energije i klirindki proces /
Trading in financial products
on the power exchange and the
clearing process

Rucak / Lunch

Laboratorij — MASI / Laboratory
— MASI

Trgovanje bez pojave zagusenja /
Trading without congestion
occurrences

* EES - elektroenergetski sustav / power system
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Jaksi¢, Hrvoje Keko, Goran Labar,
Birger Morland, Erling Pettersen, @ivind Refsnes,
Minea Skok, Petar Sprci¢, Gerd Solem, Davor
Skrlec, Dubravka Skrlec and Zlatko Zmijarevic.
Curkovié,
Debrecin, Zeljko Tomsi¢, Ivar Wangesteen and Odd

collaborators:  Ante

Srijeda / Wednesday
Rad i strategija trzisnih
sudionika / Operation
& strategy of market
participants

Uvod i terminologija
/ Introduction and
terminology

Uvjeti ugovaranja /
Bargaining conditions

StrateSke dugorocne,
srednjoro¢ne i kratkorocne
odrednice / Strategic
long-term, mid-term and
short-term guidelines,
Prognoziranje cijene / Price
forecasting

Uporaba razli¢itih trgovac-
kih proizvoda / Use of
various trading products
Ponudbene strategije,
bilateralne i na burzi /
Bidding strategies, bilateral
and on the power exchange

Procesi prema kupcima /
Customer-oriented
processes

Ekonomske obveze /
Economic obligations

Obveze informiranja i
aktivnosti glede proizvoda

i usluga / Information
obligations and activities

in respect of products &
services

Poslovne strukture za rad na
trzistu / Business structures
for operation on the market

Rucak / Lunch

Laboratorij — MASI /
Laboratory — MASI
Trgovanje s pojavom
zagu$enja / Trading with
congestion occurrences

Cetvrtak / Thursday
Upravljanje
rizicima i
osiguranje / Risk
management and
insurance

Uvod / Introduction
Rizik i odgovornosti
u upravljanju
rizikom / Risk and
risk management
responsibilities

Ogranicenja rizika i
izvjes¢ivanje / Risk
limitations and
reporting

Financijski
instrumenti i
opcije / Financial
instruments and
options

Trzidni rizici /
Market risks
Osnove portfelja
osiguranja od rizika
/ Essentials of risk
insurance portfolio

Trgovacki procesi /
Trading processes

Rucak / Lunch

Laboratorij —

MASI /

Laboratory — MASI
Trgovanje — razliciti
slucajevi / Trading
— Diverse cases

Klaus Livik,

Nenad

Petak / Friday

Modeli planiranja
EES*-a/ ESS* planning
models

Planiranje razvoja mreze:
kratkoro¢no, srednjoro¢no
i dugoro¢no / Network
development planning:
short-term, mid-term and
long-term

Nacionalni, regionalni
i europski kontekst
planiranja / National,
regional and European
context of planning

Investiranje u proizvodnju /
Investment in generation

Planiranje rezerve sustava/
System reserve planning
Sigurnost EES-a / EES
security

Reguliranje energetskog
trzista / Energy market
regulation

Rucak / Lunch

Laboratorij — MASI /
Laboratory — MASI

Zavrsni primjer trgovanja /
A final example of trading
Proglasenje najuspjes-
nijeg sudionika i podjela
certifikata / Proclamation
of the most successful
participant and award of
certificates



TCET U PET KNJIGA

Pisani materijali koji sluze kao podloga za ucenje
Su:

Knjiga 1 — Training Centre for Energy Trading —
Executive Summaries (Trening centar za trgovanje
energijom — sazetak) sadrzi sazetke svih pet knjiga
i daje opis studijskog programa [11.

Knjiga 2 — An Analysis of the Croatian/South
East European Situation Regarding the Free
Energy Market Implementation (Analiza situacije
u Hrvatskoj i jugoistoénoj Europi glede imple-
mentacije trzista energijom) daje pregled osnovnih
preduvjeta za uspostavu i rad energetskog trzista,
govori o Energetskoj povelji, strategiji, smjernicama
i zakonima, te organizaciji energetskih trzista i
poduzeca. U knjizi je takoder dan pregled elektro-
energetske bilance u regiji, te pregled stanja
elektroenergetskog sektora u zemljama jugoisto¢ne
Europe i njihovom neposrednom susjedstvu (obuh-
vacene su ltalija, Austrija, Madarska, Slovenija,
Hrvatska, Bosna i Hercegovina, Srbija, Crna Gora,
Rumunjska, Bugarska, Makedonija). Situacija u
Norveskoj/Skandinaviji koristena je kao primjer
najliberaliziranijeg  elektroenergetskog sektora
drzave/regije u Europi i svijetu. Zaklju¢no je opisan
potroSaCev izbor opskrbljivata i opskrbljivacev
izbor proizvodac¢a kao i moguénosti konkurencije
i trgovanja u regiji i Europi [2].

Knjiga 3 — Elements for Electricity Trading (Osnove
za trgovanje elektriénim energijom) pocetna je
to€ka za ucenje osnova trgovanja elektricnom
energijom. Pokriva pregled odgovornosti u trziSnim
interakcijama, uloge trziSnih sudionika, itd. U
knjizi su dani primjeri i iskustva iz skandinavskog
energetskog trzista, kao i specifinosti Hrvatske
i regije. Knjiga ukljuCuje pregled odgovornosti
operatora sustava, nacelo pristupa mrezi i
tarifne sustave, analizu prijenosnih mo¢i mreze
i tokova snaga, informacije na trzistu, opisuje
sudionike i njihove interese, formiranje cijene na
burzi elektricne energije, trziste uravnotezenja,
upravljanje zaguSenjima, prekograni¢no trgovanje,
tranzite u mrezi, trgovanje na fizickom trzistu i
bilateralnim ugovorima, trgovanje na financijskom
trzistu, na burzi elektricne energije te klirinski
proces [3].

Knjiga 4 — Operation and Strategies for Different
Participant Types (Rad i strategija razli¢itih trziSnih
sudionika) pruZa opcée znanje o trzisnim procesima,
koje je prilagodljivo buducoj strukturi trzista
elektricne energije u Hrvatskoj kao i u drugim
zemljama/regijama. SadrZaj ove knjige obuhvaca
terminologiju (vrste trgovackih aranZmana), uvjete
ugovaranja, strateSke dugoro€ne, srednjorocne i

TCET IN FIVE BOOKS

The printed materials to serve as teaching aid are:

Book 1 — Training Centre for Energy Trading —
Executive Summaries contains summaries of all five
books and a description of the curriculum [1].

Book 2 — An Analysis of the Croatian/South East
European Situation Regarding the Free Energy
Market Implementation gives an overview of basic
preconditions for the establishment and operation
of an energy market, discusses the Energy Charter,
strategies, guidelines and laws, as well as the
organisation of energy markets and companies. The
book also gives a review of energy balance in the
region and the current state of the energy sector in
SEE countries and their immediate neighbourhood
(Italy, Austria, Hungary, Slovenia, Croatia, Bosnia
and Herzegovina, Serbia, Montenegro, Rumania,
Bulgaria, Macedonia). The situation in Norway/
Scandinavia is used as an example of the most
liberalised energy sector of a country/region in
Europe and in the world at large. The concluding
part describes the consumer’s choice of the
supplier and the supplier’s choice of the producer,
as well as competition and trading potentials in the
region and Europe [2].

Book 3 - Elements for Electricity Trading is a
starting point for learning about the basics of
trading in electricity. It includes a survey of
responsibilities in market interactions, the roles
of market participants, etc. The book contains
examples and experiences from the Scandinavian
energy market, and the specificities of Croatia and
the region. The book further contains a survey of
responsibilities of system operators, the principle
of access to network and the tariff systems, an
analysis of network capacity and load flows, market
informations. It describes participants and their
interests, price formation on the power exchange,
the balancing market, congestion management,
cross-border trading, transits through grids, trading
on physical markets and bilateral agreements,
trading on financial markets, on the power
exchange, and the clearing process [3].

Book 4 — Operation and Strategies for Different
Participant Types provides general knowledge about
market processes, adaptable to a future electricity
market structure in Croatia and other countries/
regions. The book includes terminology (types
of trading arrangements), bargaining conditions,
strategic long-term, mid-term and short-term
guidelines and planning, price forecasting, use
of various trading products, bidding strategies
(bilateral and on the power exchange), customer-
oriented processes and economic obligations,
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kratkoro¢ne odrednice i planiranje, prognoziranje
cijene, uporabu razli¢itih trgovackih proizvoda, po-
nudbene strategije (bilateralne i na burzi elektri¢ne
energije), procese prema kupcima i ekonomske
obveze, obveze informiranja i aktivnosti glede pro-
izvoda i usluga, te poslovne strukture za rad na
trzistu [4].

Knjiga 5 - Risk Management and Hedging
(Upravljanje rizicima i ogradivanje) govore o
financijskim instrumentima i izvedenicama te

rizicima vezanim uz njihovo koriStenje. Takoder se
identificiraju razli¢ite vrste rizika, odgovornosti u
upravljanju rizicima, ograni¢enje rizika, strategije
osiguranja od rizika i njihov razvoj, implementacija
i pracenje, alatima i tehnikama za upravljanje
rizikom, te analiziranju izvedbe ogradivanja od
rizika (portfelj osiguranja od rizika). U knjizi su
dani primjeri trgovanja i ogradivanja od rizika u
realnom vremenu za sve proizvode na trzistu [5].

Knjiga 6 — Models for Power System Planning
(Modeli planiranja elektroenergetskog sustava) —
opisuje sadasnju hrvatsku i norvesku situaciju glede
koriStenih modela planiranja elektroenergetskog
sustava. To ukljucuje kratkoro¢no, srednjoro¢no i
dugoro€no planiranje razvoja mreze; nacionalni,
regionalni i europski kontekst planiranja, investi-
ranje u proizvodnju, planiranje rezerve, sigurnost
elektroenergetskog sustava, te reguliranje energet-
skog trziSta. U knjizi je skandinavski pristup uspo-
reden s onim koji se trenuta¢no koristi u Hrvatskoj
te je analizirano kako se takav pristup moze usvojiti
u uvjetima i okvirima koje nalazimo u Hrvatskoj i
regiji [6].

MASI - SIMULATOR BURZE
ELEKTRICNE ENERGIJE

Simulator trzista

Obuka u srediStu sastoji se od dva dijela —
predavanja i prakti¢nog rada na simulatoru trzista
elektri¢ne energije. Prakti¢ni rad se provodi u racu-
nalnom laboratoriju TCET — Zavoda za visoki napon
i energetiku Fakulteta elektrotehnike i raunarstva,
uz potporu odgovarajuée programske potpore. Rad
na simulatoru trzista organiziran je kao igra u kojoj
polaznici obuke u Sredistu igraju uloge trzisnih
sudionika, a nastavnik igra ulogu operatora trzista.
Polaznici se kroz razli¢ite scenarije pripremaju za
nastup na trzistu elektri¢ne energije.

Za potrebe TCET-a razvijen je jedinstveni
programski alat — MASI (Market Simulator). MASI
je simulator trziSta za uenje osnova trgovanja
na spot trzistu. Simulator takoder podrzava
bilateralno trgovanje (sva bilateralna trgovina

information obligations and activities in respect of
products and services, and business structures for
operation on the market [4].

Book 5 — Risk Management and Hedging discusses
financial instruments and derivatives as well as
risks associated with their use. The book also
analyses various types of risk, risk management
responsibilities, risk limitation, risk insurance
strategies and their development, implementation
and monitoring, risk management tools and
techniques, risk insurance portfolio. The book
contains examples of real-time trading and risk
limitation for all products on the market [5].

Book 6 - Models for Power System Planning
describes the present Croatian and Norwegian
situation concerning the models of power system
planning. This includes short-term, mid-term
and long-term network development planning,
national, regional and European planning context,
investment in generation, reserve planning, security
of electricity supply, energy market regulation. The
book makes a comparison between the Scandinavian
approach and the one currently practiced in Croatia
and discusses how this approach may be applied to
the conditions and frameworks in Croatia and the
region [6].

MASI| - ELECTRICITY MARKET
SIMULATOR

Market simulator

Instruction at the Centre consists of two parts
— lectures and practical work on the electricity
market simulator. Practical work is done in the
TCET Laboratory — of the High Voltage and Energy
Institute of the Faculty of Electrical Engineering
and Computing, with required program support.
The work of the market simulator is organised as a
game in which the trainees play the roles of market
participants and the teacher plays the role of the
Market Operator. Through various scenarios the
trainees learn how to act on electricity markets.

For the needs of TCET a unique program tools has
been developed — MASI (Market Simulator). MASI
is a market simulator designed for learning the
basics of trading on a spot market. It also supports
bilateral trading (complete bilateral trade between
areas is included in market price calculation). MASI
has been developed for TCET by Powel company on
the basis of their program solutions used by Nord
Pool participants. Two basic MASI components are
bidding tool (Bid application, a Powel product) and
electricity market price calculation tool (SpotEx

Krajcar, S., Skok, M., Androsec, |.. Blagajac, S., Solem, G., Livik, K., Morland, B., Trening centar za ..., Energija, god. 56(2007), br. 1., str. 40 - 63
Krajcar, S., Skok, M., Androsec, ., Blagajac, S., Solem, G., Livik, K., Morland, B., Training Centre for ..., Energija, vol. 56(2007). No. 1, p.p. 40 — 63



izmedu podruc¢ja ukljuCuje se u izraCun cijena
na trzistu). MASI je za TCET razvilo poduzeée
Powel na temelju svojih dosadasnjih programskih
rieSenja koja koriste sudionici Nord Pool-a. Dvije
temeljne komponente MASI-a su alat za davanje
ponuda (aplikacija Bid, proizvod tvrtke Powel) i
alat za izraCun cijena na burzi elektri¢ne energije
(aplikacija SpotEx razvijena u institutu SINTEF
Energy Research) [7].

Aplikacija Bid se koristi za davanje ponuda na spot
trzistu (opcionalno na trzistu pomoc¢nih usluga) i
interakciju s ostalim programima. Komunikacija
s racunalnim sustavom operatora trzista ostvaruje
se putem standardiziranih poruka. Aplikacija Bid
takoder omogucava obracun izmedu operatora
trzista i trzidnih sudionika.

Aplikacija SpotEx izraCunava trziSnu cijenu uzi-
majuéi u obzir tokove snaga u sustavu. Model
se temelji na nacelu podjele trzista u cjenovna
podruc¢ja ili cjenovne zone (market splitting),
koje se koriste u Nord Pool-u za trgovanje dan
unaprijed na nordijskom trzistu, a prilagoden
je znaCajkama zamkaste prijenosne mreze u
sredidnjoj Europi. Cilj modela je pronadi rjeSenje,
tj. izracunati cijene i razmjene izmedu podrucja
koje minimiziraju ukupne troSkove rada sustava
uz postivanje ograni¢enja u mogucénosti prijenosa
elektri¢ne energije.

SpotEX izraunava trziSne cijene i istodobno
upravlja zagusenjima u prijenosnom sustavu. Cilj
je upravljanja zaguSenjima minimiziranje ukupnih
dodatnih troSkova u radu sustava uzrokovanih ogra-
ni¢enjima u prijenosnoj mrezi. Ovdje se kao kriterij
koristi minimizacija tzv. socio-ekonomskog troska
zagu$enja. To je troSak koji nastaje kada se ne moze
posti¢i jedinstvena trziSna cijena na razini sustava
(system price) jer u prijenosnom sustavu nema
dovoljno kapaciteta za razmjenu elektricne energije
izmedu podrucja. Tada se cijene u podrucjima
(area prices) izraCunavaju tako da se postigne
najmanji troSak zaguSenja s drustvenog aspekta
(cost to society). Na taj se nacin razlike izmedu
cijena po podru¢jima smanjuju, poboljSava se
uporaba prijenosnog sustava, a za trziSne sudionike
smanjuje rizik povezan s cijenama u podruc¢jima.

MASI je nekomercijalni alat nastao na temelju
Nord Pool-ovih trzi$nih pravila, ali su obavljene
potrebne prilagodbe vode¢i racuna o znacajkama
europske kontinentalne prijenosne mreze (znatno
viSe zamkasta od skandinavske). Prva iskustva
rada u MASI-u ukazuju da bi se daljnjim razvojem
modela on mogao koristiti za simuliranje trzisnih
uvjeta u kontinentalnoj Europi.

Za potrebe ucenja i jednostavnijih analiza, unutar
MASI-a je stvoren virtualni elektroenergetski sustav

application, developed at SINTEF Energy Research
Institute) [7].

The Bid application is used for bidding on a spot
market (optional use on an auxiliary services
market) and interaction with other programs.
Communication with the Market Operator’s
computer system is established via standardised
messages. The Bid application also allows
settlement between the Market Operator and the
market participants.

The SpotEx application calculates the market
price by taking load flows into account. The model
is based on the principle of market splitting into
price areas or price zones, which are used at
Nord Pool for trading a day ahead on the Nordic
market, and is adapted to the characteristics of the
meshed transmission networks as used in Central
Europe. The aim of the model is to find a solution,
i.e., to calculate prices and exchanges between
areas which minimise total operation costs of the
system with observance of limitations in electricity
transmission possibilities.

The SpotEX calculates market prices and at
the same time manages congestions in the
transmission system. The purpose of congestion
management is to minimise total additional costs in
the operation of the system caused by limitations in
the transmission network. Used as a criterion here
is the minimisation of the so-called socio-economic
costs of congestion. This cost comes up when no
uniform market price at system level (system price)
can be achieved, because the system lacks capacity
sufficient for energy exchange between areas. Then
the area prices are so determined that minimum
cost is caused to society. In this way the differences
between area prices are brought down, the use of
the transmission system is improved and for market
participants the risk associated with area prices is
reduced.

MASI’s non-commercial tool stems from Nord
Pool market rules, but required adjustments
have been made, with account being taken of
the characteristics of the European continental
transmission network (meshed much more than
the Scandinavian network). The first operational
experiences with MASI suggest that after some
more model development it may be used for the
simulation of market conditions prevailing in
continental Europe.

For the needs of teaching and easier analyses, a
virtual electricity system has been created within
MASI, divided into four area: North — West — South
— East. The areas are interconnected into a loop
so that each area is connected with exactly two
adjacent areas (Figure 1). The Market Operator
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podijeljen u Cetiri podrucja: Sjever — Zapad — Jug
— Istok. Podru¢ja su povezana u petlju tako da je
svako podrucje povezano s to¢no dva susjedna
(slika 1). Operator trzista u MASI-u vodi spot
burzu te prikuplja i Salje sve potrebne informacije.
Operator trzista takoder obavlja neizravnu dodjelu
(implicit allocation) prekograni¢ne prijenosne
moci, pri ¢emu prihvaca ili odbija prekograni¢nu
trgovinu, informira o raspolozivoj prekograni¢noj
moci te ujedno igra ulogu operatora prijenosnog
sustava pruzanjem informacija o zaguSenjima u
mrezi.

MASI trenutacno moze koristiti najvise 16
polaznika rasporedenih u 8 grupa. Operator trzista
(nastavnik) prikuplja ponude trzi$nih sudionika
(polaznika), nadzire trziste, te izraCunava trzisnu
cijenu. Prvo se izraunava cijena na razini sus-
tava (system price) uz pretpostavku da nema
ograni¢enja u prijenosu elektri¢ne energije izmedu
podruc¢ja. Zatim se, izvodenjem proracuna opti-
malnih tokova snaga, izraCunava trziSna cijena i
razmjena uvazavajuci postojec¢a ograni¢enja. Ako
nema zaguSenja izmedu pojedinih podrucja, u
svim podru¢jima vrijedi ista cijena izraCunata na
razini sustava. U protivnhom, dolazi do podjele
sustava u podru¢ja s razli¢itim cijenama po
podrucjima (area prices).

Operator trzista zapravo vodi simulaciju trgovanja
na spot trziStu prema uspostavljenim pravilima
igre. Minimalna vremenska razlu¢ivost u ponudi
je 1 sat, tj. trziSni sudionici daju ponude po
satima (hour bids). Treba napomenuti kako
zasad nisu dopustene mjeSovite ponude. Drugim
rije€ima, jedna ponuda mora biti ili kupovna
ponuda (buy bid) ili prodajna ponuda (sell bid).
Kupovne ponude moraju biti neovisne o cijeni
(neelasti¢ne), a prodajne ponude moraju biti
strogo padajuce (prodajne koli¢ine se unose s
negativnim predznakom).

in MASI runs the spot market and gathers and
sends out all required informations. The Market
Operator also performs implicit allocation of cross-
border capacity, accepting or rejecting cross-border
trade, informing about the available cross-border
transmission possibilities and, at the same time,
playing the role of a transmission system operator
by providing information on network congestions.

ISTOK /

At present MASI can be used by a maximum of
16 trainees assigned to 8 groups. The Market
Operator (teacher) collects the bids of market
participants (trainees), supervises the market
and calculates the market price. First calculated
is the system price, provided that there are no
limitations in electricity transmission between
areas. Then, by estimating optimum load flows,
the market price and exchange is calculated with
account being taken of the existing limitations. If
there are no congestions between particular areas,
the same calculated system price will apply to all
areas. Otherwise the system will be divided into
area prices.

What the Market Operator is actually doing is a
simulation of trading on a spot market according
to established rules of the game. Minimum bid
resolution time is 1 hour, i.e., market participants
are making hour bids. It should be noted that at
present no mixed bids are allowed. In other words,
a bid must be either a buy bid or a sell bid. The
buy bids must be independent of price (inelastic),
whereas the sell bids must be strictly falling (sale
quantities are entered with a negative sign).
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Slika 1

Virtualni
elektroenergetski
sustav u MASI-u
Figure 1

Virtual electricity
system in MASI



Slika 2

Proces trgovanja u
MASI-u

Figure 2

Trading process in
MASI

Nakon izvrSenog proracuna u svakom satu,
Operator trziSta obavjeStava svakog trZiSnog
sudionika koliku je kupnju ili prodaju elektri¢ne
energije ugovorio posredstvom burze i po kojoj
cijeni, sve iskazano po satima i podrucjima.
Nakon prihvacanja ugovorenih obveza, trzisni
sudionik moze analizirati svoje ponude, po satima
i po podru¢jima, kao i ukupno kupljenu i prodanu
koli¢inu energije, prihod, troSkove i profit. Ovisno
o tipu ponude, rezultati se posebno iskazuju za
proizvodace, a posebno za opskrbljivace.

Proizvodaci proizvedenu elektricnu energiju pro-
daju prema trziSnoj cijeni postignutoj na spot
trzistu, dok ju opskrbljiva¢i po toj cijeni kupuju.
Elektri¢nu energiju kupljenu na burzi opskrbljivaci
prodaju dalje krajnjim potro$a¢ima po cijenama
ugovorenim izmedu opskrbljivata i potroSaca.
Kako bi se izracunali troSkovi proizvodnje, proiz-
vodaci moraju prilikom davanja ponude obvezno
voditi raCuna kojim tipovima elektrana raspolazu
i njihovim marginalnim troSkovima proizvodnje
te s kojim ce elektranama proizvoditi energiju.
Proizvodnja, kupnja, cijene, kao i analiza ostvare-
nih prihoda, troSkova i profita pohranjuju se u
posebnom izvjeS¢u. Strategije pojedinih trgovaca
mogu se medusobno usporedivati. Kako je potraznja
za energijom (idealno) neelasti¢na, najuspjesniji
trzidni sudionik je onaj koji je prodao vie elektri¢ne
energije u satima kada je ona bila skuplja, a manje
u satima kada je ona bila jeftinija.

Koraci u postupku trgovanja pomocu simu-
latora MASI
Postupak trgovanja pomocu simulatora MASI
odvija se po fazama (slika 2).

3.
Izradun cijene /
Price calculation
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Upon completed estimate in every hour, the Market
Operator notifies every market participant how
much buying or selling of electricity he has agreed
via market and at what price, all stated by hours and
areas. After accepting the contractual obligations,
market participants can analyse their bids by hours
and areas, as well as the total amount of bought and
sold energy, proceeds, costs and profit. Depending
on the type of bid, results are separately stated for
producers and suppliers.

Producers are selling the produced electricity at
the market price achieved on the spot market,
whereas suppliers are buying it at that price.
Electricity bought on the power exchange are resold
by suppliers to end users at prices agreed between
suppliers and end users. In order to work out
production costs, in making their bids producers
must take into account the types of power plants
available to them and their marginal production
costs, and with which power plants they will
generate power. Production, purchase, prices and
the analysis of earned income, costs and profits
are saved in a separate report. The strategies of
individual traders can be mutually compared. Since
electricity demand (in an ideal case) is inelastic,
the most successful market participant is the one
who has sold more electricity in hours when its
price was higher and less in hours when its price
was lower.

Trading steps by means of Market Simulator
(MASI)
Trading by means of Market Simulator (MASI)
evolves by stages (Figure 2).

4.
Ugovorena trgovina /
Agreed trade

5.
Analiza rezultata /
Analysis of results
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Koraci u postupku trgovanja pomocu simulatora Trading steps by means of Market Simulator (MASI)

do razdvajanja u cjenovna podrucja.

8. korak — Operator trzista Salje trziSnim sudio-

nicima informacije o obvezama ugovo-
renim posredstvom burze i cijenama
(poruka SLSRPT ili price message).

MASI su: are:

1. korak — Operator trzista Salje trziSnim sudioni- Step1 - The Market Operator sends to market
cima za sljededi tjedan trgovanja poruku participants a message for the next
koja sadrzi informacije o ponudbenim trading week which contains information
podru¢jima (u kojim se podrucjima on bid areas (where bids from market
oCekuju ponude trziSnog sudionika), participants are expected), the lowest and
najmanjoj i najve¢oj cijeni, stanju the highest price, the state of EES, etc.
EES-a i dr. (poruka REQUOTE ili area (REQUOTE message or area message).
message).

Step 2 A market participant starts the Bid

2. korak — Trzisni  sudionik pokreée aplikaciju application, logs on (selects his name
Bid, prijavljuje se (odabire svoje ime on the list of participants and the date
u listi sudionika i datum za koji ¢e for which he will do the trading) and
obaviti trgovanje) te uditava poruku o downloads the area message.
podrucjima.

Step 3 The market participant enters his bid

3. korak — Trzisni sudionik unosi svoju ponudu (Figure 3), saves it and sends it to the
(slika 3), pohranjuje ju i $alje Opera- Market Operator (QUOTES message).
toru trzista (poruka QUOTES). Sve pre- Any cross-border trade between areas
kograni¢ne trgovine izmedu podrucja bilaterally agreed between market par-
ugovorene bilateralno izmedu trzisnih ticipants must be reported to the Market
sudionika moraju se prijaviti operatoru Operator. In the area from which energy
trzista. U podrucju iz kojeg se energija is sold such trade is added as a price-
prodaje takva se trgovina dodaje kao o independent sell bid, whereas in the area
cijeni neovisna prodajna ponuda, dok se in which energy is bought such trade is
u podruéju u kojem se energija kupuje added as a price-independent buy bid.
takva trgovina dodaje kao o cijeni
neovisna kupovna ponuda. Step 4 The Market Operator receives the bids

(downloads QUOTES message) and sends

4. korak — Operator trziSta prima ponude (ucitava information to the market participant on
poruku QUOTES) i $alje informaciju a received bid (APERAK message).
trziSnom sudioniku o zaprimljenoj ponu-

di (poruka APERAK). Step 5 The market participant downloads his
APERAK message. If his bid contained

5. korak — Trzidni sudionik uCitava svoju APERAK errors, the market participant will prepare
poruku. Ako je u njegovoj ponudi bilo the bid again and send it to the Market
pogrieSaka, trzisni sudionik ponovno Operator (Step 3 repeated).
izraduje ponudu i Salje ju operatoru
trzista (ponavljanje 3. koraka). Step 6 The Market Operator receives all new bids

(if sent by market participants).

6. korak — Operator trziSta prima sve nove ponude
(ako su ih trzi$ni sudionici poslali). Step 7 The Market Operator adds the bids, first

by all areas individually, then for the

7. korak — Operator trziSta zbraja ponude, najprije whole system, and calculates the prices
po svim podru¢jima pojedinacno, a in every hour. In the SpotEx interface
zatim za Citav sustav te izracunava (Figure 4) the Market Operator gets
cije-ne u svakom satu. U SpotEx suce- information on the system price, and on
lju (slika 4) Operator trzista dobiva area prices if, due to congestions, it came
informaciju o cijeni na razini sustava to splitting into price zones.

(system price) i cijenama u pojedinim
podru¢jima ako je zbog zagusenja doslo Step 8 The Market Operator sends to market

participants information on obligations
agreed on the power exchange and on
prices (SLSRPT message or price mes-
sage).
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9. korak — TrziSni sudionik ucitava svoju poruku s

cijenama (price message), pregledava
i prihvacda ugovorene obveze. Prihvaéa-
njem ugovorenih obveza vrijednosti iz
ugovora postaju raspolozZive za daljnje
analize i postupke (npr. planiranje
rasporeda proizvodnje po proizvodnim
objektima i jedinicama).

Step 9

— The market participant downloads his

price message, reviews and accepts the
agreed obligations. Once the agreed
obligations have been accepted, the
contract values become available for
further analyses and procedures (e.g.,
planning of production timetable by
production facilities and units).

Slika 3
Primjer prodajne

ponude sE EA Im [ WE I

Figure 3
Example of sell bid

Eant

1
= W Europe Standard Time

Cusrency EUR Lirrats: E

Fom [ To |00 100 200 300 500 700 1000

1| & 0.0]-45000-6000,014000.004500.00 4600.00 46000
71 n|  0.0]-30000]-4500.001000.0 30000 000,00 5000.0
121 14]  0.0]-4500.00 500000 4000,00) 450000 4500.00 4600.0)
1 18] 0.0{-3000,0]-4500,001 1000,0{ 300000 4000,0015000.0

Slika 4

Sucelje u SpotEx-u
Figure 4

SpotEx interface
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Nakon zavrSenog trgovanja sudionici analiziraju
rezultate svoje trgovine i nastupa na spot trzistu
pomocu posebno pripremljenog izvjescéa.

Rezultati izracuna grafiCki se prikazuju u sucelju
aplikacije SpotEx (slika 4). Treba napomenuti
da nastavnik ovdje moZze mijenjati prijenosnu
mo¢ izmedu podruc¢ja i tako simulirati primjere
s razli¢itim iznosima prijenosnih moci. Takoder
je moguce predociti krivulje ponude, potraznje
i cijena (slika 5) te uz pomo¢ grafi¢kog prikaza
analizirati Sto se na trzistu dogodilo.

(EUR/MWh)

After completed trading, the participants analyse
the results of their trading and action on the spot
market by means of a separately prepared report.

Calculation results are graphically represented
in the SpotEx application interface (Figure 4). It
should be noted that here the teacher may change
transmission capacity between areas and thus
simulate examples with different transmission
capacity values. It is also possible to create bid,
demand and price curves (Figure 5) and by means
of such graphic representation analyse what has
actually happened on the market.

Istok / East

60

50

40

30

20

krivulja ponude /

supply curve area price

cijena na razini sustava /
system price

MASI - primjer trgovanja

Cilj je prakti¢nog dijela obuke da se polaznici
radionice kroz igru samostalno u¢e osnovama
trgovanja na spot trzistu. Nastavnik zadaje
primjere s odredenim pretpostavkama, postavlja
pravila igre i nadgleda kako se cijeli postupak
odvija, ali bez uplitanja u ponudbene strategije
sudionika. Kroz nekoliko razli¢itih primjera nastoji
se polaznike postaviti u razli¢ite situacije, kao $to
su pojava zagu$enja, neraspolozivost odredenog
tipa proizvodnih objekata (npr. hidroelektrana),
kombinacija bilateralne i spot trgovine, raznovrsni
portfelj proizvodnih jedinica i sl. SloZenost i
zahtjevnost primjera postupno se povecava od
poCetka prema kraju radionice. Posljednjeg dana
sudionici se natjeCu rjeSavajuci zavr$ni zadatak,
nakon ¢ega se proglaSava najuspjesniji sudionik.

U nastavku je prikazan jedan jednostavan primjer
trgovanja. TrziSni sudionici raspodijeljeni su tako
da su u nekim podruc¢jima proizvodaci, a u drugima
opskrbljivaci (tablica 2). Proizvodaci su ponudadi,
a opskrbljivaci su kupci energije na burzi.

cijena za podrugje /

unutarnja potraznja /
internal demand

15000 (MWh/h)

ponuda po cijeni na razini sustava /
supply at system price

potraznja /
demand

MASI - trading example

The purpose of the practical part of instruction is
that by playing games the trainees learn the basic
rules of trading on a spot market. The teacher gives
examples with certain assumptions, defines the rules
of the game and oversees the whole procedure, but
without interfering in the trainees’ bid strategies.
Through several different examples the trainees are
placed in different situations, such as congestion,
lack of a certain type of power generation facilities
(e.g., hydroelectric power plants), a combination
of bilateral and spot trading, a diverse portfolio
of production units, etc. Examples are becoming
increasingly complex and demanding from the
beginning to the end of the workshop. On the last
day the trainees compete in solving the final task,
after which the most successful participant is
proclaimed.

Described next is a simple example of trading.
Market participants are so grouped that in some
areas are producers and suppliers in others
(Table 2). Producers are bidders, suppliers are
energy buyers on the power exchange.
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Slika 5

Krivulje ponude,
potraznje i cijena za
jedno podrucje

Figure 5

Bid, demand and area
price curves



TrZidni sudionik /
Market participant Jug / South Istok / East
Sudionik A / Participant A P P
Sudionik B / Participant B
Sudionik C / Participant C
Sudionik D / Participant D
Sudionik E / Participant E
Sudionik F / Participant F
Sudionik G / Participant G

@l ||| w| W
O O W W O O T

Sudionik H / Participant H

P — proizvodac / producer, O — opskrbljiva¢ / supplier

Procijenjena ukupna potro$nja elektricne energije
po podru¢jima unaprijed je zadana i poznata svim
sudionicima (slika 6). Svaki sudionik osim toga
zna koliki je njegov udio u opskrbi potrosnje, ali
pri tome ne zna koliki je pojedina¢ni udio ostalih
sudionika.

U ovom su primjeru svi sudionici stavljeni u
priblizno iste uvjete ¢ime se htjelo simulirati
priblizno idealnu trziSnu igru. Stoga su i
procijenjena potroSnja i instalirani proizvodni
kapaciteti raspodijeljeni na sve sudionike
podjednako (tablica 3). Sudionici medusobno
znaju s koliko ukupno instalirane snage svaki
od njih raspolaze, jer su takve informacije i u
stvarnosti redovito dostupne.

Tablica 2 — Proizvodadi i opskrbljivaci po podrucjima
Table 2 — Producers and suppliers by areas

Podrucje / Area

Sjever / North Zapad / West
0 0

T W O O TW TW O
U UV VW T O O O

The estimated total electricity consumption by areas
is given beforehand and known to all participants
(Figure 6). In addition, each participant knows how
much his share is, but does not know the share of
other participants individually.

In this example all participants are placed in
approximately the same conditions, which is
intended to simulate a near-ideal market game.
That is why both the estimated consumption and the
installed production capacities are evenly divided
among all participants (Table 3). Participants
mutually know how much total installed power is
available to each of them, because such information
is accessible in reality as well.

Slika 6
Potrodnja MWh/h)
elektri¢ne energije
po podruéjima 90 000
Figure 6 80000
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Tablica 3 — Instalirani proizvodni kapacitet (MW) i udio u

Sjever / North

opskrbi (%) pojedinog trzisnog sudionika po podrué¢jima

Table 3 — Installed production capacity (MW) and share in supply (%) of a single market participant by areas

Trzidni sudionik /

Market participant Jug / South
Sudionik A / Participant A 18 000 MW
Sudionik B / Participant B 17 000 MW
Sudionik C / Participant C 19 000 MW
Sudionik D / Participant D 14 000 MW
Sudionik E / Participant E 25%
Sudionik F / Participant F 25%
Sudionik G / Participant G 25%
Sudionik H / Participant H 25%

Radi jednostavnosti u ovom se primjeru nije raz-
likovao tip elektrana kojima se raspolaze te je
pretpostavljena prosje¢na vrijednost marginalnog
troSka proizvodnje 30 EUR/MWh. U ostalim se
naprednijim primjerima vrijednost marginalnog
troSka proizvodnje razlikuje ovisno o tipu elektrane.
Na primjer najprije se za hidroelektrane pretpostavi
marginalni troSak proizvodnje 20 EUR/MWh a
za termoelektrane marginalni troSak proizvodnje
35 EUR/MWh. Potom se u sljede¢em primjeru
za termoelektrane marginalni troSkovi razlikuju
ovisno po tipu goriva, npr.: nuklearna elektrana
— marginalni troSak proizvodnje 30 EUR/MWh,
termoelektrana na uglijen — marginalni troSak
proizvodnje 40 EUR/MWh, termoelektrana na plin
— marginalni troSak proizvodnje 50 EUR/MWh
i termoelektrana na mazut — marginalni troSak
proizvodnje 60 EUR/MWh. Pritom je koriSteno
jo$ jedno pojednostavljenje — marginalni troSak
proizvodnje odredenog tipa elektrane je isti u svim
satima.

Podrucje / Area

Istok / East Sjever / North
15 000 MW 25%
15 000 MW 25%
25% 16 000 MW
25% 18 000 MW
19 000 MW 25%
14 000 MW 25%
25% 15 000 MW
25% 16 000 MW

For the sake of simplicity, in this example no
distinction is made between the type of available
power plants, and the average marginal production
cost is assumed to be 30 EUR/MWh. In other more
advanced examples the amount of the average mar-
ginal production cost varies in dependence on the
type of power plant. For example, for a hydroelectric
power plant it is first assumed that the marginal
production cost amounts to 20 EUR/MWh, for a
thermoelectric power plant 35 EUR/MWh. Then in
the next example for thermoelectric power plants
the marginal costs differ in dependence on the
type of fuel, e.g., nuclear power plant — marginal
production cost 30 EUR/MWh, coal-fired thermo-
electric power plant — marginal production cost
40 EUR/MWh, gas-fired thermoelectric power plant
— marginal production cost 50 EUR/MWh, and oil-
fired thermoelectric power plant — marginal produc-
tion cost 60 EUR/MWh. Another simplification here
is that the marginal production cost of a certain
type of power plant is the same in all hours.
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Zapad / West
25%
25%
25%
25%

16 000 MW

18 000 MW

18 000 MW

16 000 MW



Slika 7

Primjer ponude
sudionika A za
podrucje Jug u
prvom satu

Figure 7

Example of a sell
bid by Participant
A for area South in
the first hour

Vodec¢i raCuna o zadanim parametrima, trzisni
sudionici definiraju strategiju nastupa na trzistu
i daju svoje ponude. Pritom svaki trziSni sudionik
nastoji procijeniti to ¢e ostali takmaci poduzeti,
jer je trziSna cijena na kraju rezultat interakcije
svih trzisnih sudionika. Primjer jedne ponude
prikazan je slikom 7.

(EUR/MWh)

Taking into account the given parameters, the market
participants are defining their market strategy and
make their bids. Each market participant is trying
to guess what other competitors will do, because in
the end the market price is a result of interaction
among all market participants. The example of a bid
is shown in Figure 7.
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Nakon zavrSenog trgovanja i prihva¢anja ugovornih After completion of trading and acceptance
obveza priprema se izvje$¢e o trgovanju s of contractual obligations, a trading report is

izratunom ostvarenog profita. Da bi se izracunali
troSkovi proizvodnje, proizvodaci u izvjeSée unose
plan proizvodnje po elektranama. Pritom se, radi
jednostavnosti, pretpostavlija da se proizvodni
kapaciteti koriste po rastu¢em nizu marginalnih
troSkova proizvodnje (prvo se koriste oni s
najmanjim marginalnim troSkovima proizvodnje,
a kada se oni iskoriste dalje se koriste kapaciteti
s ve¢im marginalnim troSkovima proizvodnje i
tako redom do najskupljih). Tablice 4, 5, 6, 7 i 8
prikazuju pojedine dijelove izvje$¢a o trgovanju.

prepared with a calculation of profits earned. In
order to calculate the production costs, producers
incorporate into the report a production plan
by power plants. For the sake of simplicity it is
assumed that production capacities are used in a
rising order of marginal production costs (first used
are those with the lowest marginal production costs,
and then, when these are used up, capacities with
higher marginal production costs are used next,
and so forth in this order up to the most expensive
ones). The parts of the trading report are shown in
Tables 4, 5, 6, 7 and 8.
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Tablica 4 — Kupnja i prodaja elektri¢ne energije ugovorena na burzi za sudionika A
Table 4 — Purchase and sale of electricity agreed on the power exchange for Participant A

Kupnja po podruc¢jima / Buy by areas Prodaja po podru¢jima / Sell by areas
Sat / Ukupna kupnja / Ukupna prodaja / (MWh) (MWh)
Hour Total buy Total sell
(MWh) (MWh)
Sjever / North Zapad / West Jug / South Istok / East

1 5 363,60 10 000,00 1798,10 3 565,50 5 000,00 5 000,00

2 5166,90 10 000,00 1 688,20 3 478,70 5 000,00 5 000,00

S 5 069,30 10 000,00 1 629,40 3 439,90 5 000,00 5 000,00

4 5 066,40 10 000,00 1619,60 3 446,80 5 000,00 5 000,00

5 5186,70 10 000,00 1 658,80 3 527,90 5 000,00 5 000,00

6 5 587,80 10 000,00 1847,80 3 740,00 5 000,00 5 000,00

7 6 458,50 10 000,00 2 360,20 4 098,30 5 000,00 5 000,00

8 7 415,50 27 752,50 3 004,20 4 411,30 22 752,50 5 000,00

9 7 505,10 27 617,50 3116,90 4 388,20 22 617,50 5 000,00
10 7 447,20 27 327,50 3 086,10 4 361,10 22 327,50 5 000,00
11 7 442,30 27 825,00 3 088,90 4 353,40 22 825,00 5 000,00
12 7 324,50 27 940,00 3 016,10 4 308,40 22 940,00 5 000,00
13 7 095,80 27 412,50 2 876,80 4219,00 22 412,50 5 000,00
14 6 932,60 26 360,00 2 788,60 4 144,00 21 360,00 5 000,00
15 6 768,00 25 885,00 2 674,50 4 093,50 20 885,00 5 000,00
16 6 615,60 26 115,00 2 571,60 4 044,00 21 115,00 5 000,00
17 6 654,10 26 172,50 2 558,30 4 095,80 21 172,50 5 000,00
18 7 141,00 27 417,50 2 839,00 4 302,00 22 417,50 5 000,00
19 7 420,60 2