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SUMMARY

Several regulatory changes in Europe’s electrisggtor have stimulated competition in
the market. National power companies, with mongialistructures, have evolved into
competitive entities, creating increased choicesémsumers.

Electricity prices have also been very much afi@dig these new regulations and have
been particularly influenced by climate change gpolthat was introduced in 2005.
Electricity prices are now affected by both theatiity of the fossil fuel market and the
prices of CQ. We recognize the effort to develop and introdrereewable electricity in
Europe — 20% renewable energy by 2020. In ordeactdeve this, governments have
promoted the creation of a more &fdendly generation capacity.

All of these new conditions have introduced morenpetition into the market, while
offering more choice in terms of sourcing electyiciConsumers have identified and
assessed the market changes to better select thefveaurcing their electricity needs;
consequently, we have developed a new electrioitlycsng methodology.

The new sourcing methodology integrates a serissepis that will allow electricity users
to better understand the current electricity sowg@ptions and then look to the future in
order to identify market trends. Details about camporganization and resources have
to be considered in order to make a complete assgdsof the feasibility of
implementing a possible option.

The methodology has been tested in three counf@ssatia, Spain and the UK), each
with different market conditions. Case studies foon each of these markets and provide
an overview of electricity consumers, as well asirtlelectricity profile and market
conditions, including details about electricity qgas, electricity demand and electricity
sourcing options in relation to the market struetur

A decision making tool has been developed to inm@te all of the steps described in the
methodology in order to facilitate the creationsaenarios from both the supply and
demand sides. This will help the organization teqérently monitor and assess the
changes in the market, as well as identify newrimss opportunities.

Key words: Electricity, sourcing, decision making, Europepgly, demand, industrial,
methodology, strategy.



RESUME

Plusieurs changements réglementaires dans le se&téatrique de I'Europe ont stimulé
la concurrence sur le marché. Les entreprises ma#és d’électricité, aux structures
monopolistiques, ont évolué vers un marché plusadyque, créant pour les
consommateurs davantage de choix en la matiere.

Les prix de l'électricité ont eux aussi été tréestdment affectés par ces nouvelles
réglementations et ont été particulierement infagsnpar la politique sur le changement
climatique introduite en 2005. Maintenant, les miecI’électricité sont affectés a la fois
par la volatilité du marché des combustibles fessikt par les prix du GONous
reconnaissons les efforts visant a développerirdgtdduction de I'électricité produite a
partir de sources renouvelables en Europe — 20%edjéee renouvelable d’ici a 2020.
Pour y parvenir, les gouvernements doivent promisulo création de capacités de
production d’électricité émettant moins de £/ @n ouvrant la possibilité, pour toute
entreprise, de produire de I'électricité et d’irdiier son intégration dans le secteur
électrique.

Toutes ces nouvelles conditions ont introduit mlasconcurrence dans le marché tout en
offrant plus de choix en terme d’approvisionnememtélectricité. Les consommateurs
ont identifié et évalué les changements du mardinéda mieux choisir la maniere de
sous-traiter leurs besoins en électricité. Ce @®u® complexe peut s’organiser autour
d’'une nouvelle méthodologie d’approvisionnemenékttricite.

Cette nouvelle méthodologie d’approvisionnement ma@nd une série d'étapes

permettant aux utilisateurs d’électricité d’aboré dhieux comprendre les options
actuelles d’approvisionnement en électricité, pdes se tourner vers l'avenir afin

d’identifier les tendances du marché. Les détadld’arganisation et des ressources de
I'entreprise doivent étre pris en compte pour d@tabhe complete évaluation de la
faisabilité de la mise en ceuvre d’'une option emgésa

Cette méthode a été testée dans trois pays (Cré&aspagne et Royaume-Uni), chacun
présentant differentes conditions de marché. Hlaprend des études de cas focalisés
sur chacun de ces marchés, qui fournissent unwages;consommateurs d’électricité, de
leur profil de consommation d’électricité et desnd@itions du marché, y compris des
détails sur les prix de [Iélectricité, la demande électricité et les options
d’approvisionnement en électricité en lien avesttacture du marché.



Dans le but de faciliter la création de scénarida #®is de I'offre et de la demande, un
outil d’aide a la décision a été développé pourvdououtes les étapes décrites par la
méthodologie. Cet outil aidera I'organisation aveiller et évaluer frequemment les
changements du marché, mais aussi a identifieodeefies opportunités.

Mots-clés Electricité, approvisionnement / sous-traitanpase de décision, Europe,
offre, demande, industriel, méthodologie, stratégie
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Chapter 1. General Introduction

1.1 The context: The electricity market

Electricity plays an essential role in modern stycand is an indispensable resource for
industrial development. In the past, electricitpguction was dominated by vertically-
integrated utilities which owned the majority oktlgeneration capacity, as well as the
transmission and distribution facilities. Today,wewer, the European Union’'s (EU)
electricity sector is moving away from that modeldais undergoing a fundamental
transformation in the way that it delivers electyico millions of residential, commercial

and industrial customers.

Traditionally, the electricity sector was contrdlldy public monopolies, where a
vertically-integrated company was responsible fbe twhole supply chain, from

generation to electricity retail (IEA, 2007; Coppeand Vivet, 2006). However, with the
advent of deregulation, the market rules have ob@rand the electricity sector has
evolved into a system characterized by new playsaved in production and wholesale
and, ultimately, in the retailing of electricityh@& network infrastructure is now under the

control of the transmission system operators (TSO).

The recent increase in the number of market ppéids, and the emerging competitive
markets, have fundamentally changed the way et#gtis supplied and, with it, the

supply chain’s structure and dynamics (Hass and ,A@95; Boisseleau, and Hakvoort,
2002). While the energy supply used to be resttitbea limited set of products offered
by single suppliers, deregulation has offered coress — for the first time — considerable
choice in supply alternatives. The static appro&xhenergy procurement has been
transformed into a new way of doing business arslldraught with it more challenges

and opportunities to secure energy needs withonagpetitive environment.

The EU has been promoting liberalization in thergneector since the early 1990s. The
European Commission (EC), through various EU GalsEdactricity Directives, lays out
the conditions that have to be put into place wh#hmain goal to create a “single energy

market.” This means that Member States (MS) mushagp their national markets and



allow competition. Nevertheless, liberalizationtloé electricity sector is not progressing
at the same time or rhythm within all of the Eurape&ountries; therefore, one can find
different structures, ranging from monopolies tonpetitive markets.As a result, large

electricity consumers in many countries can impritner energy sourcing options — in a
more competitive way — so that they are able t@sx@ full range of opportunities and

obtain the necessary flexibility to manage thepy costs.

Although the EU has made an effort to speed up piteezess of liberalization and
encourage competition to reach a level where thekehas transparent and liquid,
providing incentives to actively participate insgme EU countries have not yet reached
this last stage of the liberalization process. Hmvethe increasing number of market
players and the existence of “free choice of supplyow a reality in many European
countries. Suppliers have developed a variety ofices with the intention of creating a
marketplace and gain an advantage over other mat&gers. On the consumer side,
development has been focused on improving the tyawé the sourcing portfolio,

providing better cost management and possible bssidiversification.

The new regulations and the market dynamics ar&elieelements promoting change in
overall market conditions, adding a layer of comjileto the sourcing process; this
forces large electricity consumers to leave behim reactive attitude of the past and
adopt a proactive attitude in order to respondhéortew emerging conditions (IEA, 2007,
Handfield, 2004).

Supporting this new proactive strategy and its igppbn in power procurement is the
basic motivation of this doctoral dissertation. $hthis study aims to examine the
process that needs to be followed in order fordagtectricity consumers to select the
right energy sourcing strategy as well as to amaly®e critical changes in the market

design and dynamics in Europe as a lesson to ettigromies.

The proposed methodology is intended to supportrthaner in which large electricity
consumers identify and select their electricityrsog options, as well as provide them

with a structured way to identify and assess allth& opportunities available in the

! We assume a competitive market, meaning thatub®mers can select among different electric power
suppliers.



market. The methodology has been integrated intecision making todlthat provides
flexibility in the study of the electricity markst'current and future conditions. This is a

contribution of the present research study.

Over the past few years, market analysis has beesidered the primary way to manage
the development of power procurement. However, gtaakalysis has focused mainly on
only one dimension of the problem, missing soméefimportant conditions regarding
time and environment, both crucial to an organaatiAlternative techniques, used in
other sourcing areas, have never been appliecetpdiver domain. For example, studies
to build on the extrapolation of current trend®ittte future — the so called “business-as-
usual” or “baseline scenario” — can be used in woctjon with alternative sourcing
options or scenario planning to include future derBrummell and MacGillivray;

Soontornrangson, Evans, et al., 2003).

Power procurement strategy developers, however, silé applying short-term
assessments that are not sufficient in develombgst sourcing strategies. Therefore, the
overall contribution of this research is to intradua new way of thinking with regard to

power sourcing.

1.2 Problem statement

The liberalization of the electricity sector in Bpe has created new markets with an
important increase of market players that haveseglently, provided more supply

options to the customers. In parallel, new envirental regulation has influenced

electricity prices since 2005, when the first phaseghe European Emission Trading

Scheme (EU ETS) began. The power sector has bessmgahe cost of CQon to the

end-user and this has increased the cost andlitglafielectricity.

Because these new conditions have created moreetiiop, and have provided more
choices for consumers, management needs to bettessa their electricity sourcing

options and adopt a decision making process toiraidelecting the best electricity

% The tool is an Excel model that integrates allsteps related to the electricity sourcing methogygl



sourcing strategy. Therefore, electricity intensisers must respond quickly to these
changes. The best way to do that is to analyzeuadérstand both current and future

trends in electricity sourcing.

Until now, the methodologies developed to analymd anderstand electricity supply
have focused mostly on cost analysis and profit imeation, without taking into

consideration the external environmental conditi@ml the firms’ capabilities and
resources. The possibility of identifying and irmghg the power sector trends — in their
various dimensions — has thus far not been intedrato a methodology which is able to

assess electricity sourcing portfolio options.

1.3 The objective of the study

To recapitulate, the evolution of the electricityanket in Europe is driven by three
essential factors (Bozon, et al., 2007; WBCSD, 2Q005):

1. The energy market, particularly electricity, is ngag more rapidly than ever,

due primarily to policy and economic changes.

2. Environmental issues are of increasing concernhm ihternational energy

market.

3. Technological improvements greatly affect markeficighcy, including

integrating green electricity options.

Although electricity deregulation has added layefscomplexity for customers with
regard to how they manage their electricity ne@dbas also created opportunities for
large electricity consumers to change the way #reymanaging the risks that lie behind
their energy supply (Handfield, 2004; CEEPR, 2005).

Today's competitive and dynamic market requiregidaelectricity consumers to be
proactive and prepared to respond to future chafigasenport et al., 2003). In the

monopolistic market, electricity supply was ideatitor all players.



Because the price of electricity was fixed, theyomby to manage the cost of supply was
through increases in operational efficiency. As esult, instead of developing an
approach for electricity procurement, large elediriconsumers have, until now, been
more oriented toward acquiring and developing thevedge and skills they need to

manage energy costs from an operational perspective

The objective of this dissertation is to developnathodology that will assist large
electricity consumers to formulate their power sig strategies. The methodology
provides a range of sourcing options and an asssgsim select the best strategy. As a
result, this research will answer the following spi@n: The electricity sourcing
complexity represents an important challenge fogdaelectricity consumers. Could a
new sourcing methodology provide important supfmrtecision making?

The benefit of this study is three-fold. Firstpitesents a methodology in developing a
sourcing strategic plan. Secondly, it provides steayatic tool that can be used to create
scenarios and monitor the effect of changes inreateand internal conditions. And
thirdly, it provides a framework for assisting siyppnanagers in learning about the

electricity supply market and electricity sourcing.

1.4 Limitation and study framework

The dissertation framework covers supply and denaatiglity in the electricity sourcing

strategy for energy intensive companies locatethénEuropean region. This region has
different electricity supply structures that conreni monopolistic to market based
elements. The study is built around the electriddyge consumers to support the

development of its electricity sourcing strategy.



Chapter 2. The Electricity Market in Europe

2.1 Introduction

Over the past 15 years, the liberalization prodess significantly shaped Europe’s
electricity sector. The EU countries have impleradnneasures to promote competition
in the electricity market — actions that have alseaffected, and will continue to effect,

the way energy intensive users satisfy their d@ttmeeds.

The development of new regulations has also creasehtives for the use of energy
efficient technologies, as well as for a more raioway to consume electricity. These
are all elements of strategic importance for tingdalectricity consuming sector.

The development of an energy sourcing strategye-vdrich considers these new market
conditions — can provide an important competitivdvamtage for energy intensive
industries, such as steel, cement, glass and othNene precisely, these new market
conditions can indeed offer interesting opportesitfor energy intensive users to self-
supply electricity from different sources, suchfassil fuels or renewables. Moreover,
they may even provide incentives to develop veijigategrated firms.

Overall, this chapter provides an overview of thecwicity market and various factors
that have shaped the evolution of the electrickgtar’s liberalization, taking into
account the deregulation process, the dynamichettectricity prices and the support
mechanisms that incentive the development of rehaenergy technologies.

Climate change policy continues to affect the depelent of the electricity sector — a
process that started in 2005 when ,G€gulatiorf was put into place and the emission
trading scheme began operating; there is no queghat the trading of European
Allowances (EUAf has influenced the price of the electricity. Thevelopment of the
generation mix is now driven by climate change amironmental regulation, in
addition to fossil fuels and renewable technologjies will all have to be assessed to find
the best solution to supplying electricity. Indystvill have more options to source their
electricity and, possibly, incentives to develoff-generation projects. This environment
can bring about both benefits and risks that wallaldldressed here, as well as the need for

a systematic approach to find and evaluate newreliyg sourcing options.

% Phase 1 period was 2005-2007, Phase 2 is 2008& @il Phase 3 will be 2012-2020.
* EUA — European Unit Allowance (G@llowances traded in secondary markets).



2.2 Electricity market overview

Throughout the 20th century, the electricity indushas been vertically integrated.
Corresponding utilities have provided all serviegth their own generation, transmission
to distribution networks. In addition, they haveebeaesponsible for supplying all end-
users. From the consumer’s perspective, the whalierm was characterized by having a
secure source of electricity from a single supphethout any opportunity to diversify

supply and manage the price structure.

During the last decade, there has been a significhange in the way electricity is
purchased and retailed (Handfield, 2004). The dantirmodel of vertically-integrated,
state-owned national companies has evolved and intastry has begun to be
restructured and privatized (Kessides, 2003; JoskRO@6; Danwitz, 2006).

The process of liberalization has included introdgccompetition to both wholesale

generation and retail supply, incentivizing regiolas of transmission and distribution

networks and establishing an independent regul@&®ar Directives, 2003) — a process
expected to result in more competitive wholesalé @tail markets (Hogan, 2007). The
purpose of introducing the unbundled service wasdparate generation and supply
activities from transmission and distribution. Thtfiange was required to foster
competition in the wholesale and retail markets gha consumers a cost-effective
choice in energy supply. Nonetheless, designingiampdementing an effective scheme
has led to some difficulties, especially in thegass of opening up the market, cross-
border trade and competition (EC, 2007).

Regulation has allowed incumbent suppliers to remiaitegrated with generators
(Kumar, 2001). On the one hand, the main negatiresequence of this is a situation
where consumers lose the choice to switch supphende the market continues to be
largely captured by incumbents. But, on the othand) the number of independent
suppliers has been increasing and will eventuallsoduce competition into the supply
sector. Even if it does not reach a fully open cetitipe environment, this new supply
market structure will provide the end-users witlide range of options to improve and

optimize their competitiveness (Handfield, 2004).



In addition to vertical unbundling, another critigaoint is access to the network. In
principle, deregulation brought “free access to ¢nigl.” Therefore, access to either
transmission or distribution networks should beeasible to any generator under the
same conditions (EC Directives, 2003; EC, 2007)is Téituation is promoting an
increased number of players, making the wholesakets more important. Moreover,
vertical unbunding is also favorable for independgnerators because it helps them to
integrate into the marketplace, as part of theppby options. It also represents a
challenge when assigning the right incentivesdangmission system operators in order to
provide independent producers with transmissionaciéips. Figure 1 describes the
configuration of the electricity sector relatedthe level of liberalization — monopolistic,

transitional and competitive.

Figurel Europe electricity market

Europe Electricity Market

. Competitive
Transitional

|:| Monopolisitc

(Source: Modified from EU commission — 2005; anchdab, Tooraj; Pollitt, Michael - 2005)

Changes in the regulatory systems tend to turnfaao markets into more competitive
environments by increasing supply options and riegdudransaction costs (CEEPR,
2005). The liberalization process has changed thalitons in terms of how large
electricity consumers source the electricity. Tqday large number of industrial
consumers operate in a more competitive marketathda wide range of energy supply

options from the monopolistic to the competitiverked structure (Danwitz, 2006).



Since regulations have been changed and have opgnmetie electricity sector to

competition, this new electricity market has beéaracterized by a higher number of
independent players along the supply chain — fromalyection to the wholesale and retail
markets. This increasing number of market partiipdnas fundamentally modified the
electricity supply pattern, affecting not only teeucture of the electricity supply chain
but also the stability or volatility of the elecity prices (Cartal, 2006).

Likewise, since liberalization was introduced, &liedy prices obey the market laws of
supply and demand, making the cost of supply veidlicA, 2007). Other important
factors that affect those costs of supply are:teéy regulation, volatility of fuel prices
and new CQ regulations (EC, 2007; EER, 2007). All of thesetdas force energy
intensive users to take more responsibility in firece dynamics and think more

strategically when making a decision about howotarse power (Handfield, 2004).

New regulations may also bring additional busirggsortunities to the marketplace. It is
expected that the new regulations will promote cetitipeness and investments, as well
as ensure quality of service (EPRI, 2007). Theeeftarge electricity consumers should
accept the challenge of improving the existing simgr portfolio as a way to create a

better cost structure and utilize the opporturotylfusiness diversification.

Along with the above-mentioned benefits, emergimyirenmental conditions might
involve some additional risks — risks related te timcertainty of new market regulations
and the organizational changes that each compagiyt siffer when trying to implement

a new power supply strategy.

New market conditions will force large electrickpnsumers to change their business
strategies through the continuous monitoring of pbupenvironments, improve their
assessments of current positions and conduct fneqesearch into potential sourcing
solutions. These important parameters can be incatgd into a systematic approach
that will serve as a guideline for all large elexty consumers, whose managements are

trying to change traditional procurement practi¢esw sourcing power.



2.3 Liberalization of the electricity sector

The key objective of the liberalization process Wwasicrease efficiency of the electricity
sector by promoting competitive prices, as wellbgsimproving the diversification of

supply options (EC Directive, 2003).

Another aim of liberalization has been to strengthke reliability of supply, with
adequate infrastructure investment to ensure seffticnetwork capacity and efficient
generation of electricity with a wide range of teclogies. To put these objectives into
action, a reorganization of the electricity seat@s required. The liberalization process
in Europe began by restructuring the electricitgt@e and was comprised mainly of
privatizing state-owned electricity and introducimpmpetition. The term “market
liberalization” covers several related reforms e telectricity sector, which were not
pursued at the same time (Sioshansi and Pfaffeahe?06) and are summarized as
follows:
1. Corporatization — transfer of state-owned utiliti@sto commercially
structured and commercially oriented companies.
2. Privatization — transfer of assets of the eledyricsector from state to
privately-owned organizations.
3. Deregulation — reducing direct state control orrsight of various aspects of
industry operation$.
4. Competition — allowing two or more electricity sulipps to compete for

customers in a given market.

The steps required for a complete liberalizationtloé electricity industry included

reforms in the opening up of generation and sugglgtors to competition, managing
transmission and distribution networks throughetéht incentive programs including, in
some cases, an independent systems operator (¢8}jng an independent regulator

and finally, privatization (Jamasb and Pollitt, 3RO

®> Power companies that provide power generationetewdricity trading capabilities.
® Deregulation is considered as a move by governemtities to introduce increasing market-driven
measures.
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Going further, the unbundled electricity supply waseant to eventually separate
competitive generation and supply from regulatediviies of transmission and

distribution, while a horizontal separation hadcteate competition in generation and
retailing where economies of scale would allowdompetition (Estache and Martimort,
1999). The whole process has resulted in a combmat evolving the energy wholesale
and retail markets, complemented by regulatingstrassion and distribution activities

that differ from country to country.

According to Genoud and Finger (2002), three modélsarket and regulation design
can be derived when comparing each individual agismtiberalization and regulation
goals. Today, these organizational models stillyapp the electricity markets, ranging

from fully integrated utilities to stand-alone gesters and independent suppliers.

Public service-oriented model

In an early stage of liberalization, for examplertically-integrated companies and
contractual relationships between generators amblisus were predominant. Some
governments have accepted tpablic service-oriented modehat emphasizes the

importance of electricity as a strategic utilityquering specific protections and

safeguards in a competitive market (Hogan, 200Bgrd@ are countries such as: Poland,
Latvia and Croatia that are recognized as stilhgighis model and they are primarily
located in Eastern Europe (EURELECTRIC, 2007).,shewn in Figure #1. Public

service definition minimizes the concept and po&trib consider electricity a tradable

good subject to competitive forces.

Market-oriented model

Themarket-oriented modehakes an explicit reference to the creation of petition and

efficiency as primary objectives of the reforms TRA, 2003; Kinneke and Fens,
2007). Some countries, such as England, Wales anaddy have introduced this model
with the aim of protecting consumer interests aadehalso promoted competition by
preventing market power abuse and predatory behav@mnsequently, business
strategies used by market participants seem todye diverse. In the UK, for example,
there is a considerable number of independent gwrer with their own business
strategies that co-exist with larger integratechéir(Lillis, 1997). The same situation can
be found in Norway, Sweden, Finland and Denmarler@hmore importance is given to
independent suppliers and generators (ELTRA, 260ie, 2004). Regulation in this

11



model is designed primarily to create and mainteampetition in the sector, and
consider power as both a public service and alsorautility tradable and competitive
good.

Mixed model

The mixed modelies between the two previous models. This isntost popular model
in Europe, although there are some substantiatréifices between how it manifests in
each country (Hogan, 2004; Newbery, 2005). Whatattarizes these countries is the
explicit combination of liberal measures and puldervice objectives, such as the
creation of an efficient market while creating hatdle supply sector. Regulatory reforms
under this model seek to create efficient markeddemns while taking into account the
public interests that comprise a range of issues fensuring supply reliability to the
implementation of environmental measures (IEEE,72@DP, 2009). Today, this model
can be found in Spain, Portugal, France, HungaeyQzech Republic and Slovakia.

It can be said that the goal of liberalization aadulatory reform are the main factors
that determine the dominant players in both theledade and retail markets. Due to the
change of regulatory models and market structucesasumers will be able to find
different power supply options in various countriééthough the liberalization process
has brought many new options — and represents portojity for supply portfolio
diversification — there are still gaps in its oJkelienprovement, mainly because the
liberalization process has added a layer of coniyleto energy supply practices.
Therefore, the management of large electricity uoreys has to change traditional
sourcing habits to adapt to the new business emvient.

2.3.1 The liberalization process

The liberalization of the electricity sector hasbenidely implemented across Europe
and is expected to lead to clear efficiency gamt @st reductions, as well as to promote
the creation of a single electricity market (ECdative, 2003). The first critical step in

achieving complete industry liberalization was fen the generation and supply sectors
to competition. Managing the new transmission sysii@dependently was possible as a
result of bringing about more competition since tilamsmission and distribution charges

represent a significant percentage of the retakepiCoppens and Vivet, 2004).
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In the past, a close relationship between generatia networks have created incentives
for transmission operators to allocate transmissapacity on a priority basis, modifying

rules and requirements to meet their needs or gjigitcess to their available capacity
(EFET, 2000). Access permits and node prices weegl s transmission constraints,
acting as entry deterrence mechanisms (lbarra,)2d@fus, the access to transmission
and distribution networks was not a standardizeatgufure, providing advantages to

some generators and leaving others unable to cempet

Currently, due to the deregulation process, theoritgjof network operators serve their
clients in a non-discriminatory and transparent wgyoffering equal and fair service
terms (EC, 2007). More competitive wholesale artdilrenarkets, complemented by
regulated free access to the grid, are promisimgnehts of a move towards more
competitive prices and lower supply costs, as waslthe possibility of large electricity

consumers becoming increasingly involved in thetelgty supply chain.

With the introduction of competition in wholesalearkets, the access to the network
without discrimination was attained and the monggmhavior by incumbent generators
reduced. At the beginning of the liberalization g@es, many market participants
complained about price distortions and price ddfgiation between countries, linked to
the degree of concentration within the generatexts. However, while the majority of
wholesale markets have remained under the influesfcelominant generators, the
reduced level of concentration in some countrigstéi generators in their capacity to
extend market powerFigure 2 shows how dominant players are still incumbent

generators, with the possibility to reduce powen@iv entrants.
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Figure 2 Market power of incumbent generators in Europe (eashares)
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More competitive wholesale markets and free acteskhe grids are providing large

electricity consumers with a new access to supply #ne possibility of joining the

electricity supply chain (Hogan, Rosellon and Vaegely, 2007). In the past, transmission
access was an obstacle to the development of seérgtion; now, however, free access
to the grids has created an implicit market foisthtarge electricity consumers willing to
secure the electricity supply through self-generatprojects or for those ready to
diversify their businesses (Belmans, et al., 20@her factors that motivate large
electricity consumers to participate in the mawket changing regulations and dynamics
in the commodities markets. In fact, new legisiaioon environmental issues have
created an opportunity for self-generators to matkeir electricity at a competitive

price. The volatility of electricity prices motivegt large electricity consumers to invest in

self-generation as a way to control supply costs.
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2.3.2 Electricity prices

Before liberalization began, organizations were pied by state-owned utilities.
Typically, supply contracts were arranged for hygderm periods and prices were set by
a regulated rate in a flat or a peak-off/peak stmec The bargaining power of incumbent
suppliers offered almost no space for flexibility megotiation. However, as markets
opened up, some consumers garnered the opportengwitch suppliers (Jamasb and
Pollitt, 2005) and leave the tariff structure.

When the deregulation process began, large el#gtoensumers paid regulated prices,
according to their level of consumption. The prigas, in most cases, managed by a
transfer scheme. However, as part of deregulati@my countries faced an alignment of
prices to cost and then introduced a market-basedgg price. Thus, large electricity
consumers today have to choose between two optigngayments of an all-inclusive
price based on real time pricing, or 2) choosingrgy through an independent supplier
or generator and integrating the delivery servigasregulated transmission costs (EC,
2007). In both cases, prices would be market-bageihking them to the spot price of

electricity or to the price of any other commodguych as fuel oil, natural gas or coal.

The introduction of market-based energy pricesdiged the pattern of supply costs.
In addition, through the unbundled price structuisers are allowed to modify their price
components according to their consumption patigrofiting from the price situation in

the best possible way. At the same time, howewery are being exposed to the risks of

price fluctuations.

In some countries, the tendency to switch supphassbeen relatively low, due either to
the co-existence of regulated tariffs that elimenttte incentive to save on price or strict
administrative procedures, information exchangetqmols and payment conditions (EC,
2007). This behavior has a direct impact on thelle¥ competition in the supply sector
by reducing the number of alternatives and, indiyethe price of electricity that, in turn,

affects other costs. This emerging market structomprises a greater number of
players, different contractual relations and a nest of products that has added

complexity to decision making processes.
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New market conditions, increased concern aboutrenfiental issues, the combination
of competitive and regulated regimes in generatod supply sectors, a variety of
market players and a diversity of business modell wontractual relations have all
affected the price of electricity (CEEPR, 2007).diabnal factors that affect the volatile
behavior of electricity prices are the dynamic<ah and fuel prices — these rising costs
are referred to as risk sharing between supplieid end-users (Handfield, 2004).
Actually, those factors make power sourcing a cexpbrocess, compelling energy
intensive users to redesign their supply strategyrider to keep supply costs under
control (Platts, 2004).

In the past, electricity prices were determined miyaby physical conditions, such as
weather, hydrology, outages, etc. and by markeabfacsuch as supply and demand and
investment needs (EER, 2007). Today, there are sald#ional factors that also modify
the behavior of electricity prices. The most rel@vaf these are fuel costs and

environmental policies, such as emissions tradmysaupport systems.

Fuel market

The cost of electricity reflects the price of fégaels (IEA, 2007; EER, 2007) if there is
a cost pass-through. Coal, fuel oil and natural gases are important components of
electricity prices because they are the dispattbelthologies that participate in the day-
ahead market (EFET, 2000; EUROSTAT, 2006; IEA, 2007

For example, in countries where coal plays a majla in electricity generation, such as
Germany, Poland and Estonia, the price of coalahamjor impact on electricity prices
(IEA, 2007). Figure 3 shows the generation mix in the EU-25 to be maddgninated by

nuclear and coal generation.
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Figure3 Electricity production mix, EU 25
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In recent years, the evolution of the technologyl &0, regulation has provided
additional incentives for Natural Gas Combined @ydhits. But experience shows that
changes in the gas markets directly initiate changethe electricity market — both in
terms of the price level and price volatility inusdries, for example, such as the UK, the
Netherlands, Italy and Spain where the off-peakepis set based on natural gas prices
(EC, 2007). The calculation for the correlationeabéctricity prices and natural gas is
0.9394. This calculation shows that the highestlle¥ dependency is on natural gas. The

correlation of power generation with the followiogmmodities is shown néxt

Natural Gas 0.9394
CO,/EUA  0.9136
Coal 0.8742
0]] 0.8545

’ Analysis and calculations based on EC, 2007 EU 27
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The nextFigure 4 shows the high correlation level existing in saveountries between
forward natural gas and electricity prices. Thtsaion can be explained by the fact that

almost 40% of installed capacity in the UK is gasd.

Figure4 Electricity and natural gas prices
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Recently, fossil fuel prices — especially naturas grices — have increased and are also
unstable, making the electricity price more votatihan ever (IEA, 2007). There are
several factors that explain the behavior of gasepr including: the increased demand
for natural gas, as opposed to oil or coal (duerteironmental concerns), the lack of
sufficient reserves in Europe to satisfy increaslunand, the emergence of new

advanced technologies and regional political issues

At the moment, large electricity consumers face twacerns related to fuel prices and
their impact on supply costs (Talluri, 2004). Fitsie development of fossil fuel prices is
highly dependent on factors that have not beenidered in the past and which are the
result of more rigorous environmental regulationd @olicies (IEA, 2005). In fact, the
number of factors that affect the supply cost,egitthirectly or indirectly, is expected to

rise significantly in the coming years. Second, filred mix varies between countries and
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the cost of technology strongly influences generatprices, making the price of
electricity variable within the Member States of t8U (IEA, 2007).

This offers large electricity consumers the podisybof relocating their operations to
countries with better cost structures by adoptingoat-effective way of sourcing.
Consequently, large electricity consumers todag fa@ challenges: 1) Addressing the
qguestion of whether their position allows them tbamge geographical location,
according to the electricity price formation andpeleding on the energy market
conditions and price, and 2) considering whether ¢dbmpany can adapt to the new
energy cost structure, based on the changes inafuelelectricity prices, regulatory
systems and different policies on environmentalass It is also important to remember
that the price of electricity in a particular coynhot only depends on costs derived from
the generation mix but also on the administratiystesn of the country and support

schemes that the authority provides for differeetg energy technologies.

2.3.3 Support mechanisms

The EU has proposed changes in energy regulatboomske energy markets more secure,
competitive and sustainable. In several countsash as Portugal, France, Italy, Spain,
Hungary and Poland, a liberalized supply market faeely negotiable energy prices co-
exist in a system where customer tariffs are beihg regulated (IEA, 2007). However,
the governments of those countries have determiagtfs below the corresponding
wholesale benchmark to ensure the lowest pricentensive users who have decided to
stay under a controlled regime (EASAC, 2006). Tduacession represents a significant
difference in electricity prices among consumerugwithin the same country. This is
because the differences in electricity prices offege electricity consumers operational
flexibility — the opportunity to relocate their egg consumption patterns to those places
where electricity is less expensive. Within thee#irold of higher and more volatile
electricity prices, some governments have alsoigealvlarge electricity consumers with
green subsidies that favor some of the existingrtelogies or supply options, negatively
impacting the viability of other sourcing alternas and affecting the competitiveness of

the whole market.

19



Support mechanisms provide incentives to generatioas use specific generation
technologies. The main advantages of subsidieséngy self-generation are basically
threefold: 1) the initial cost of self-generatialower than the typical cost of generation,
2) the cost of the energy supply is less varialglealbise it is under the user’s control of
the company and is not subject to the market fatetas. While a number of different
support systems seem to exist and favor independenerators, one of the most

advanced is the formation of a purchasing consorfar energy intensive users.

3) emission trading is a support scheme that fanonsfossil-based technologies through
allocating the additional cost to the fossil-bassthnologies (Cédric and Reinaud, 2004).
Therefore, the final supply cost will depend higloly the selected supply option, for

example, on the technology used for electricityagation. Thus, self-generators today
are more oriented to use green technologies tmalhelp them to generate and market the

power at a competitive price with the green tag.

Subsidies are considered to be a factor that affecte differences between countries
and the variety of available supply options (ECQ20 While those schemes represent a
solution to solve specific problems and are goadpiary options for supply at lower
cost, they also distort a competitive price formatby favoring specific technologies or

specific supply approaches.

Various support schemes face different levels aeuainty and make the selection of a
supply option more complex. First, there is requatrisk, which includes uncertainty
associated with the introduction of new measuresdtiress climate change (such as the
timing, extent and form of policy); there are aldeferred decisions associated with
policies that have already been implemented (fstaimce, future permit allocation under
the European Emission Trading Scheme [EU ETS]);thack are intervention risks (like
a change in policy direction). Second is the imm@atation risk, which is comprised of
uncertainty associated with the efficiency of climmahange policies that have been
announced but have not yet been applied. The alosertainties need to be internalized

in strategic plans of sourcing portfolio optiongtet company level.
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2.4 Climate change policy

Since the late 1990s, the EU has faced new cha@tedge to climate change concerns.
The EU governments are committed to cut their giease gas emissions by 8% from
1990 levels by the period 2008-20%Because the power sector is the largest greenhouse
gas emitter in most Member States, the EU has décid partially de-carbonize the
electricity system by introducing and promotingeduction of pollutants through the use
of renewable energy sources (Directive 2009/28/E@)s objective, however, is not
completely aligned with the basic energy regulatprgl of maintaining affordable prices
for consumers. In practice, reducing greenhouseegassions has increased electricity
prices since electricity generation from fossilhieslogies is still less expensive than
from those based on renewals. Therefore, politscfane a challenge in finding a balance

between climate change policy and energy liberatina

2.4.1 Emission trading scheme

Climate change and global warming have become thm mrivers of environmental
trends. In an attempt to address these environinesizes, the EU has implemented
some policies that have promoted the developmerdlezin technologies; at the same
time, this has led to extensive changes in the Edh@my (Point Carbon 2010). The
main change has been the emergence of a “CarbokeMas a result of COemission
permits (such as European Unit Allowance [EUA], t@ieate of Emission Reduction
[CER] or Emission Reduction Unit [ERU]) transacso(Reinaud, 2005). The Carbon
Market is strongly correlated to the energy andtelgty markets; in fact, C@price

variations depend greatly on overall energy andtetity generation.

EUA’s are administered by the EU ETS and thesenaliwes are given for free in Phase
| and Phase Il — 2005-2007 and 2008-2012, respmdygtiVt is expected that the EUA
allowances will be more restricted in the third gdand that large electricity consumers,
as well as power companies, will need to buy themthe market or through the

auctioning process organized by local governmdat&, (2007).

® The EU Climate and Energy Package, 2008
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The clean development mechanism (CDM) and the ijoplementation (JI) have been
developed by the United Nations (UN) framework camion on climate change. These
mechanisms allow large electricity consumers toetigvemission reduction projects that
would be credited with certificates of emissionuetibn units (CER-CDM or ERU-JI).
These credits can be exchanged in the EU ETS pmgraorder to comply with the

regulation and emission targets.

2.4.2 Drivers of CO; prices

The changes in the market price of O@ay directly affect the cost of electricity to the
end-users and, consequently, may influence theal fdecision about how to source
power (Oko Institute and llex Consulting, 2006).peeding upon the way that power is
generated and then supplied to end-users, diffestationships between the final price
of electricity and C@ prices can be identified. Those interactions ardeed, largely
responsible for making some sourcing strategiesenf@vorable than othergigure 5
shows the evolution of the prices of @BUA and the prices of electricity in Germany.

The prices of C@are related to the second phase of the EU ETS.

Figure5 Prices of CQ and electricity
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Before explaining the relationship between elettyriand CQ prices, an overview of
CO, price formation is provided. This will help undensd the complexity inherent to
this process, its influence on electricity pricaepes and how those changes may affect

the selection of specific sourcing strategies.

According to an IEA Information Paper (2007, p.,1#)e price of CQis typically

influenced by the following factors:
The overall stringency of caps imposed on installations

This is a function of the initial allocation — hawuch lower it is from business-as-usual
emission projections, as well as from the econosmeironment of the underlying
activities. For example, a sustained steel demamaldvobviously increase emissions in
the near future and drive up demand for allowan&asilarly, demand for electricity-

intensive products would also put pressure on tveep sector to reduce emissions.
External supply of project-based mechanisms

An abundant supply of project-based credits (faanegle, certified emission reductions
[CERs] and emission reduction units [ERUS]) couddrdran ensuring effect on the price,
since project-based reductions are generally egdetd cost less than EUAS. This is
borne out by current observations: Project-basedtd being priced mostly at EUR 13-15
per t CQ in August 2006 for delivery in 2007 and EUR 6-1& p CQ for delivery in
2009-2012, against EUR 15-20 for spot EUAs. It & olear, however, that Clean
Development Mechanism (CER’s) and Join ImplemesrigiERU’s) can deliver enough
credit volumes to meet a significant portion of kKy®arties’ demand. On the other hand,

a limited demand for EUAs could increase the re¢atinportance of project-based units.
Relative fuel prices

For some industries, especially power generatiba,drice of gas and its relationship
with the price of coal affects operating choicesehatively high price of gas encourages
more use of coal, which should drive up demandC@s allowances, while keeping all
other things equal because coal emits twice thedd@issions than natural gas. If such a
phenomenon is sustained, and EUA supply becomlettigCQ prices may reach a level

that allows gas to be more competitive again.
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Weather (temperature, rainfall, cloudiness)

Power generation represents the majority of thal ®UA allocation. Hence, factors that
affect power generation are bound to affect thelugnd demand of EUAs. A dry year
in Scandinavia is likely to trigger more demandirtossil-based generators and increase

emissions.
Regulatory features

Several national allocation plans (NAPs) specifythe majority of cases, EUAs that
have already been allocated are not transferalme tige closure of a plant. Therefore,
the possibility of selling unused allowances is imi@. Consequently, installations are
less likely to resort to such measures as a wagdoce emissions. This should, in a tight

market, put upward pressure on prices.
Policy uncertainty

Climate change is inherently a long-term, uncetyaiidden challenge in a number of
aspects, including scientific, technologic and exnit. Given that political systems are
skewed toward addressing more immediate conceamsgbvernments are well prepared
to consider and adopt long-term action against-kemngn risks. Uncertainty may lead to a
delay in investment, therefore, having an impacthaen overall level of C®allowance
prices (Blyth and Yang, 2007). Still pending are thles that will apply in the EUETS
Phase Il (2013-2020).

Abatement options

While marginal CQ abatement cost might, in the long run, triggeeclirinvestments
toward abatement projects, fuel switching from ctwalgas or from lignite to coal in

power and heat production — probably the most itgmbishort-term measure.

According to the above-mentioned reasons, it ide that the price of GQOs no longer
the outcome of a simple calculation based on faetluThe considerable volatility of the
observed price of carbon emissions has also raeatke concern about the regulatory
framework for climate change and the technologret tould be used to offset €O
emissions, making it more difficult for energy ingive users to select a strategy that

would respond to those changes.
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2.4.3 CO: influence on electricity prices

In general, the cost of supply is affected by tl& €ost component — either directly or
indirectly — through the cost of generation whemgghose technologies that rely on
fossil-based fuels. The power generators that abgest to emission caps now face an
additional cost component, as a result of theip €@issions and with the possibility of

having to incorporate it into the price of the dlietty. However, because not all

generators are willing to explore this opportunibgr do they all use fossil-based
technologies; this additional cost component isngef by two factors: 1) The generator’s
strategy on which the business is based, and 2ethmology used. Thus, today we can
find many large electricity consumers paying digi@rprices for electricity, as a result of

the emissions costs.

The first correlation between GQ@ost and electricity prices was obvious only a few
months after the scheme began and clearly demtessita correlation. This relationship
is generated by a series of interactions triggese@Q; prices that vary, depending upon
other environmental and political factors. Variagoin CQ prices directly impact the
behavior of electricity prices, and vice versa,lding a dynamic cycle that is also
exposed to market changes. The low correlation &=twCQ prices and power prices
does not imply that there is no relationship betw€€, and electricity prices; rather, it

means that specific variations are due mainly ttitemhal factors.

Climate variability may also influence the relasbip between electricity and carbon
prices. More precisely, rainfall impacts a courdrglectricity production with regard to
its energy mix and this, in turn, influences £émissions. For example, the Spanish
electricity market suffered from a low level of main the winter of 2005 and had to

replace the shortage in hydro-electric power byrtiat and fuel energy.

No matter which factors affect the price behavlarge electricity consumers need to
manage the price volatility because their competitess highly depends on it. There are
different sourcing strategies that large electyiciitnsumers can follow to control the cost

and reduce potentially negative effects on thd foniae of their products.
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2.5 Industrial vertical integration

Before the liberalization process started, orgdimina were supplied through long-term
contracts, where the price of electricity was set #ariff rate. With the high bargaining
power of suppliers — and with almost no space é&gotiation — on-site power generation
was the single possible measure to provide contisiwsupply at a competitive cost.
According to Bain (1956, 1959) and Tirole (1988pmpanies make the decision to
vertically integrate as a response to market pothet exists in upstream and/or

downstream markets and/or reflects efforts to ereaexploit market power.

With the presence of weak incumbent generators, players were able to participate in
organizing the wholesale market. The companiesrbat invest in generation units are
independent power producers and large electricitgsamers that must cover their
energy needs. With market changes, energy intesirsumers have gained the right to
sell electricity, taking a more active role in timarket, as well as in the electricity supply
chain (EC Directive 2009). Thus, self-generatioma$ only a way to ensure a back-up,
or get a reliable supply; it is also an opportunity price hedging and business
diversification (Joskow, 2006). In addition, newrket regulations may motivate on-site
generators to participate in large projects. Itedgpected that some small, on-site
generation units will be replaced by larger scaldgsuthat have the ability to provide a
steady supply to the grid and allow generatorselb generated power to the market.
Moreover, new regulations on environmental issuesaamarket reformation process are
encouraging the development of a marketplace feir@mmentally friendly technologies
by allowing intensive consumers to market theicceieity at a very competitive price
(Madlener and Stagl, 2004).

The fundamental reason behind new environmentallaggn is to integrate other
technologies to replace coal-fired generation, Whiould lead to lower COemissions
and reduce environmental impact (NREL, 2002). Sorcentives have become available
to promote green power, where the green electrisitgn important premium against
standard electricity pricerom the perspective of both generators and cusgrtieese
environmental incentives, in addition to the precemarket reform, have significantly

changed the status of electricity self-generatidris can be considered a supply option
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or a solution for business diversificatidfigure 6 presents a timeline of the liberalization

process and the level of vertical integration inakila consumer can become involved.

Figure 6 Vertical integration in the evolution of the elecity market
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Power sourcing has become more integrated for coeuas a result of an opening
market and ongoing market changes. Technology atdimhtion, the increasing
liberalization of electricity markets across Eur@yel government subsidies are three of

the many reasons that have made self-generatigecpsavidely acceptable.

2.5.1 Evolution of vertical integration

The opening up of the electricity market has pradatew favorable market conditions
where advanced technologies might encourage ldegérieity consumers to invest more

in self-generation projects (CSEM, 2007).

The reliability of supply and the incentives to wed demand from the grid have
promoted the development of self-generation umitprovide back-up flexibility during

some of the hours when the system is overloadeerefdre, self-generation with access
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to the cost-effective technologies and marketplacgeen as an opportunity of accessing
a reliable supply and controlling the variabilityf supply costs (D’Aveni and
Ravenscraft, 1994; De Boer, et al., 2003).

The evolution of different actions and investmentthe company to increase the level of
participation in the control of the electricity §p can be categorized as the level of
vertical integrationFigure 7 exhibits, graphically, the evolution of verticategration as

a function of investment levels, starting with #msumption that a firm increases value

when it gets involved in vertical integration adies.

As a company implements an action to manage theygisepply, the capital required to
integrate initiatives will also need to include #dhal human capital. Also, the

intangible value of the company increases as théenfegration takes place.

Figure7 Value creation integrated in the development ofigakintegration
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Load management practices, such as productionrnghiéind peak hour generation are
typical of low-scale projects with a small investthduring the regulated and transitional
period of market restructuring (Bonneville, 2008jlditionally, the level of integration is

relatively low, since only a fraction of the neete covered by these activities (Ellram
and Carr, 1994). However, even those projects sually created by on-site investments
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for implementing “production shifting” that includihe cost of labor and the cost of

operations (Williamson, 1996).

Similar to production shifting, peak-hour generatis often covered by small fossil fuel-
based generation sets. Those sets do not repr@seghificant investment and they do
not require skilled labor. Although a firm may begucing its own electricity during

peak-hours, the rest of the energy needs are maigh some means other than self-

generation. Therefore, in this case, the leveht#gration is low.

In general, load management activities, such aslystmn shifting and peak hour
generation, are low-investment options. This optioffiers interruptible contracts,
bringing additional value to the scenario (Baldiek,al., 2006); it complements regular
supply contracts for load management and back-ufg thmat can provide the operators

with increased flexibility.

With market deregulation and sector unbundlingydaglectricity consumers have gained
the right to use different economic mechanismgriprove their positions and establish
their market presence. Today, for example, largetetity consumers might aggregate
their load to take advantage of a joint investmerd generating facility. Partners would
share the value of the assets. A company with acd@tribution could be provided by

20% of the total power generated. Companies emfehiese types of agreements would
not be obliged to share the human capital thatbleas built to operate and maintain the
plant. The risk and exit barriers would be sigrifily lower than if a firm had invested

in a facility of its own. Large electricity consumsesharing a power plant can be partially

integrated, still buying some of its power from tharket or from a retail supplier.

On the contrary, full ownership requires the highegestment and involves a larger risk
(Ellram, 1993). Besides the investment needed ild lou acquire the facility, the human

capital will also provide the required talent torrage and operate the new facility.

In the end, utilizing self-generation and reapitgyansuing benefits depends mainly on
market conditions. If a firm is willing to face Wothe investment and challenges that
self-generation involves, potential value can beegated by integrating the generation
activity with the core operations; this, howeverusn be planned very carefully to

achieve the optimal level of the firm’s generaastgy.
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Additionally, the size of the company and its resewcapacity should also be considered
decision making factors. For example, it is norhat small companies decide to buy
electricity instead of to self-generate. The masason is that they do not have the
required capabilities (such as financial, human iatellectual capital, etc.) to carry out
all of the required activities. But, as the busmes$ the company grows, the operation
changes its consumption pattern. Demand increasds pawer costs represent an
important fraction of the total cost. In this capewer supply becomes a strategic issue
for the company. There are two main factors — tibernal company’s capabilities and the
importance level of the supply cost — which shoo#dconsidered while integrating the

new business.

2.5.2 Motivations for power generation

Power generation can also be used for price hedgewpuse it might help large
electricity consumers monetize the value (Williamsdl985). For example, grid
connection allows power generators to sell thelaarpf the generated electricity to the
grid when market conditions are favorable and ke t&lectricity from the grid when the
cost of generation is higher or when the generatihis out of service. This situation is
typical in more competitive environments, whereusitial users are equal participants in

the market.

Apart from managing and benefiting from changesmarket conditions, another
motivation of self-generation is to lower the leeéldependency on third party suppliers
(Bain, 1956; 1959). Large electricity consumers geake use of economic advantages to
supply their power needs directly and avoid doytriee distortion that occurs when
firms add their marginal costs at each stage ofctien value (Tirolle, 1988; Grega,

2003). In this way, generation can make the suppsy equal to the generation cost.

There are two factors that have promoted the meodf self-generation: 1) energy
efficiency development with new regulation, and e2)vironmental concerns and the
promotion of green friendly technologies (IEA, 200Ih fact, while sector restructuring
has helped independent power producers access thketplace, technology

development has also allowed them to generaterieiectit a very competitive cost.
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A generation unit can be used for different purgof®m load shifting where only 5% of
the need is covered through to self-generation fahdntegration where 100% of the
need is met. Depending upon the case, the techymakgd for electricity generation will

have an important effect on the production cost.

2.5.3 Technologies related to power generation

The power generation technologies can be categbbyedifferent criteria but the most
frequent is the type of fuel (Oko Institute andxlieonsulting, 2006). According to the
fuel used, available technologies for electricigngration can be divided in two main
groups: 1) fossil-based technologies and 2) tedyies based on renewable energy

(RES) sources, the so-called environmentally friehechnologies.

Fossil fired technologies are a low investment@pf{EUR/KW), although the variable
cost linked to the fuel and G@osts might increase the overall expense. Theatipaal
reliability is quite high, making the technologigsry suitable for load management,

particularly in the case of production shifting grehk-hour generation.

Technologies based on renewals are relatively nedvsome of them are still in the
development phase. They are environmental frienflge of emission costs and are
commonly supported by governments through differBnancial mechanisms. The
operational reliability is lower than fossil-basegthnologies due to the availability of

natural resources, such as wind, geothermal, etc.

In general, the majority of renewable (REpchnologies have become more cost-
effective, as a result of research and developn(iR&D) activity (Egenhofer, 2006).

Therefore, the variable and higher costs of fdssls — with an adequate technological
development — have reduced the gap of generatists dctween fossil and RE-based

technologies, making RE more feasible (EER, 2007).

In an effort to provide future cost reductions, theyelopment of more highly efficient
technologies is still underway (Egenhofer, 2006)evidus financial barriers that

represented significant impediments for RE deplaymeave now been overcome. In

° RE: Renewable Energy
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some cases, small on-shore wind projects mighteke é&xpensive than conventional
technologies with the cost range of 900- 1,100 BdWR/compared to a pulverized coal
combustion plant at 1,100 EUR/KW and a CC&at 550 EUR/KW (EER, 2007). The
relationship between investment and operationall éoadifferent technologies is

illustrated inFigure 8.

Figure8 Investment and operational cost

Investment and Operational Cost

100%
90% -

80% -
70% -

0 CO2 30 EUR
O Fuel

@ Opex

| Capex

60% -

50% -

40% +

30% -

20% -

10% -

0% -

Traditional IGCC IGCC+CCS CCGT Onshore  Offshore
Coal Wind Wind

(Source: Emerging Energy Research — Vestas 20068)ag

Apart from support schemes and market restructyitiger factors continue to act as
important incentives to encourage the use of enwentally friendly technologies. First,
the prices of fossil fuels will promote RE projectShis is due to volatile and
unpredictable fuel prices, the lack of reservesangmg weather conditions and
increasing environmental concerns affecting thaabdity of the generation cost of
fossil-fired technologies (Wiser and Bolinger, 2D04%econd, there are new cost
components, such as expenses related to emisaiopsllution, water and soil disposal,

etc, which will support a move toward the enviromtaé¢ protection effort. And third,

19 CCGT: Combine Cycle Gas Turbine.
IGCC: Integrated Gasification Combine Cycle.
CCS: CQ Capture and Storage.
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technology development and higher energy efficiehaye changed the production
output, bringing the cost of RE generation downo&sr et al., 2002).

Finally, financial and R&D support, new regulatoand legal frameworks and re-
established administrative procedures and polidiasge all been created to help large
electricity consumers with technology developmamd anarket penetration. Both well-
organized incentives and a regulatory system ateiar motivational elements to

encourage large electricity consumers to investlftgeneration.

2.6 Conclusion

The electricity market in Europe has been driverth®y liberalization of the electricity
sector and new reforms to create more competitereldp a single electricity market

and free access the network.

New incentives were put in place to promote theettgyment of renewable electricity
and support mechanisms were crated to introducegnean technology to generate £0
free electricity. This has created a more comjpi@cess to identify, analyze and select

the best electricity sourcing option.

Additional regulatory risk has been introduced, abhincludes climate change regulation
that has been implemented in different phases 260686 when the EU-ETS started. £0

regulation will have a direct effect in the wayatleity is being supplied and consumed.

Fossil fuel technologies will continue to domin#te generation mix, especially after the
disaster (2011) in Fukoshima, Japan. Nuclear tdolyy will remain to be questioned as
a reliable source of electricity. Any way, vertitalegration for the demand side will not
be affected by this event, since is unlikely thicicity consumers could invest in

nuclear generation for economical reasons.
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Chapter 3. Theory Related to Electricity Sourcing Strategy

In this chapter, important concepts for this reslean strategy foundation are revised in
order to describe the relationship between stratagg methodology formulation.

Additionally, different economic theories and sypphain literature will be examined to
illustrate the relationships between electricityureing options and specific market

conditions.

3.1 Sourcing strategy

Strategy has been seen as an alignment betweerliyigupporting systems — the firm
and its environment. Strategy research has two manterns: 1) To explaimhat
determines firm performancand 2) to identifywhat affects firm strategyl'here have

been three main paradigms that are utilized to ansivese two questions:

1. The Structure-Conduct-Performance (SCP) paradigmin(B1956) and its
derivative, industry structure model (Porter, 198@)v the external environment
as a key determinant of strategy (i.e., conduct) parformance. According to
SCP, the main flow is going from industry structwariables to firm strategy and
then to firm and industry performance. Porter's elagtained the basic flow of
the SCP but, rather than focusing on industry, tisednodel to discuss strategies

open to the firm to improve its performance (epgsitioning strategies).

2. The Strategy-Structure-Performance (SSP) paradigmhlights factors
complementary to strategy, such as organizationalctsire and firm
performance. Originating in Chandler’'s (1962) dassudy, the model proposes
that different growth strategies are driven by nn& structural arrangements,
implying that the match between strategy and afrectresults in better
performance. This model has been integrated intotirggency research in

organizational theory.

3. Arelated and more recently embraced model is ¢moRrce Based View (RBY
highlighting the importance of resources on thenfr growth. The RBV sees

certain resource attributes, such as inimitabilipjqueness and flexibility as
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enabling certain strategies (e.g., cost leadershmm) contributing to sustained

competitive advantage (Barney, 1991; Teece e1997).

Together, these three different paradigms see fisrformance as affected by the
environment, firm strategy and other internal htites, such as resources and

organizational structure. A visual characterizattan be shown ifigure 9.

Figure9 General Strategy Model

N
Firm > Firm Firm
Organization < Strategy Environment
)
Firm
Performance

(Source: Farjoun, 2002 pp. 561)

The presented theories have considered strategypsson and implied that strategic
choice is mostly a selection among static configons. Furthermore, viewing strategy
as the main determined factor, which promotes Brracess, is occurring in a changing

environment.

However, while recognizing the dynamic nature o #nvironment, the concept of
strategy has to be questioned. Its simple assungptitay be better suited to a relatively
stable and predictable world and seem to be at wdltismore complex and constantly

changing behavior of individuals, firms, and masket

The previous model on strategy existence does roessarily have to be rejected
because it explains the idea of steady statesteategic positions. Rather, we would like
to explain firm success and failure by looking &tdrical development and observing
the path of change (i.e., assuming the future absnyVe see capabilities, environment

and performance as both affecting and being affidoyestrategy.
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Therefore, extending earlier definitions, a firstgeategy could be defined as the planned
or actual coordination of the firm's major goalgl actions, in a time and space that
continuously co-align with the firm its environmeiihe firm's strategy co-aligns it with
the environment by building on and modifying thenfis internal attributes and forces it

to respond to, and influence, environmental coodgiand developments.

Firm organization

Firm organization includes the actual and poterii@l., future) internal mechanisms,
institutions, developments and forces that indecaple, modify and carry out the firm's
strategy. This particularly includes the states paths (i.e., history) of a) resources and
technology and b) administrative and social stngctihese two categories are viewed as
mutually supportive and distinct from strategy, w@anain role is to mediate and guide
firm-environment interactions. Each of the categorare viewed as an open subsystem
that interacts with related elements in the envitent through resource exchange,
communication and other relationships and boundatiities (Chandler, 1962 pp91-
104).

Firm environment

Firm environment can be an important considerations indeed useful to view the
environment as consisting primarily of other actaadl potential actors, as well as their
actions (Bain, 1956; Porter, 1980). They can ineluatividuals, groups, organizations,
an entire industry (Porter, 1980), a distributidranel, a network (Thorelli, 1986), etc.
The environment includes political, economic, shciastitutional, informational,
technological and demographic aspects, as welloaslittons and developments. The
firm's environment includes, in particular, actorssources, technologies, strategies,
relationships and interactions, performances arndreal developments, forces, events,
and discontinuities that may affect them and thealfdirm. Finally, the environment
includes past and current environments and futowr@ments in which the firm may
potentially operate, either as a result of its amtiatives or as the result of the initiatives

of other actors.
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Firm performance

Firm performance denotes the quality of the firedsitinuous co-alignment with the
environment (Chakravarthy, 1986 pp 437-458). Thasameter can be represented by
growth, profitability, survival and other standarddicators but not by financial
indicators. Depending upon the context, firm perfance may include indicators in

multiple levels of analysis (e.g., business unit).

Apart from the strategy position, it is useful twokv what the procedure is that we should
use in order to build a strategy. The practicdi&at in creating a strategy are referred to
as a strategy formulation process. The main godhisfstudy is to actually understand
and present a systematic approach that can be tosetévelop a methodology to

formulate strategy in the electricity sourcing dama

Strategy formulation process

According to Farjoun (2002), strategic managemermefined as the super-ordinate and
continuous organizational process for maintainind emproving the firm’s performance
by managing or rather, enabling, formulating andlizeng its strategies. Within this
definition, strategic management is viewed as acgs® and a progression, which

includes the sequence of events and activities tineetime.

Strategy formulation is most closely associatechwifite need to match the company's
internal resources and distinctive competencie$ witvironmental opportunities and
threats, so as to better meet overall goals andcbbgs (Andrews, 1971). Reviewing
different literature we have found many useful digfns that can help us to understand
the formulation process such as:

* The decision rule is to choose a strategy thattalsmes on the company's
strengths, fixes its weaknesses, exploits its dppdres and defends or
neutralizes threats (Barney, 1997 pp 99-120).

» Strategy needs to match firm resources with enum@mtal opportunities and be
consistent with organizational elements. Stratetpp anust be in line with
managerial values and societal expectations (Ansiré@i71; Porter, 1980 pp 167-
185).
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However, in a dynamic environment we are obligedxtend these definitions in several
ways. We must take into account the planning ofr@ng alternatives, suggesting the
need to evaluate the current supply strategy, dsasenew alternatives. Moreover, the
formulation cannot simply include internal and exéd analysis, synthesis or analyzing
the existing environments. Rather, it must incoap®rboth intuition and invention to
recognize oncoming changes. This point is importatdause it explains, in part, the
elements that can be eventually used to formulatiyreamic strategy. By assuming
changes in the environments from the onset of dhedlation process, it is possible to
develop a strategy that continuously co-aligns t@mpany with its business

environment.

According to Farjoun (2002), firm organization divth environment interact with each
of the sub-processes of strategic management tegyradormulation and strategy
implementation. Going further, the roles of diffier@lements of the firm's environment
and organization are not restricted to solely benmpmts to strategy but also extend to

being a context for facilitating strategy developméseeFigure 10).

Figure10.  Strategy development process
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(Source: Adapted from Farjoun 2002)
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At the same time external conditions (i.e., pddticeconomic, social, technological,
environmental and cultural, etc.) play an importaoie in defining sourcing plans.
Internal conditions as the integration of organ@atand environment into each of the
sub-processes suggest a view of strategic managema@nprocess of managing changes.
Thus, Farjoun (2002) highlights human engagemedm, garticular role of strategic
leaders and the particular considerations assaociatth changes, such as lags, timing,
duration, momentum, inertia and abortive efforisialy, Farjoun suggests that strategy
formulation deals with the sensing, evaluating atahning of external and internal
changes, rather than simple making choices. Thexefiomeans that strategy realization

deals with the implementation of changes, bothiptanand emergent.

During the formulation stage the process, managepreposes more than two scenarios
or solutions i.e., measures that could satisfyrapany’s requirements. Before the right
course of action is selected, among all of therdieves, the potential outcomes must be
assessed. Often during the execution phase, asalithanges take place and the strategy
itself may, in part, affect these changes. For etamthe company management that
considers entering into a new supplier relationgpluates the industry structure and
position of the potential supplier vis-a-vis thenqmany's requirements and available
resources. However, in today’'s highly competitivearkets, this approach is not

sufficient.

Any number of changes will occur before and duffioignulation or execution (e.g., the

simultaneous relations with other firms) and thdofeing must be examined: what

changes will be produced when changing the supfdigy., impact on core business)?
What resources will be consumed during the pro¢esgs, managerial attention, human,
financial, intellectual capital)? What implementaticapability does the firm have (e.g.,
how efficient is the switching process likely to)kmnd how the internal and external
stakeholders might support or interfere with theaenion (e.g., reaction of incumbents,

and employee support)?
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Critical Factors in the organization

Resources in the organization are related to tilewimg: physical assets, financial
assets, human capital and intellectual capital {ar2001 pp 41-56). From these four
basic dimensions we can build the main stream theggrates the organization’s

performance and its philosophy about operatingauinhizing business practices.

Human and intellectual capital, physical and finahassets provide the main drivers that
influence the performance and value creation ofwoizations. Some additional key

performance factors are linked to these four dsiver

For example, new technologies can influence theratjpmal and environmental

performance of the company; these factors couldird@d to physical assets. New
investments and volatility of prices can affect tieeenues of the firm and these are
linked to the financial assets. On the other hkndw-how, labor costs and better
sustainability practices influence highly the itgetual and human capitarigure 11

describes the main factors that relates to thedouensions.

Figure1l Environment in the organization
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Beyond the question of how current strengths, wes&®es, opportunities and threats
affect the choice of strategy there is an equafigartant consideration — what might be
the extent to which an executed strategy affects ittternal elements of the firm?
Moreover, in the strategy exercise, a firm shoulge gritical weight to main factors,
either enablers or restrictions to the short-, medi and long-term viability of the

projects at hand, so critical in the electricityrkeds.

We have identified the three basic elements theatla most relevant dimensions within
the organization: technological, economics and uess (TER). The technological
elements provide the operational performance amdnituence on the environmental
impact. The economic elements include the businBsahcial performance with an
evaluation of revenues and the cost of operatiamallly, the resources involved in the
organization related to the financial, human antkliectual capital must also be
consideredFigure 12 describes the nine different factors that drive plbeformance of
the firm.

Figure 12 TER Model
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3.1.2 Electricity planning

Hodgson (2004) defines strategy for a companyhasway firms and its leaders fulfill its
mission in the environment. He goes on to say ttaexternal environment includes all
kinds of factors that need to be taken into accoumnpolitical, economical, social,
technological and environmental (PESTE). Hodgsmo auggests that without the
exploration of the future to deal with possible emainties, strategic planning creates a
default scenario — “A future that validates thenpsand this view of the future dominates
... decision making.” Identifying PESTE influencesaisiseful way of summarizing the
external environment in which the sourcing has ¢onde; it must be followed up by

considering how a decision maker should resporiddse influences (Aguilar 1967).

Synergist's PESTE Analysis is a perfect tool focid®n makers, helping them to
analyze the forces that are driving their indusing how these factors will influence their
businesses and the industry as a whole. It alsgepte a brief profile of the industry,
comprised of the sector's current market and futprespects. The trends of each

dimension should be monitored over tifnefer toFigure 13).

Figure13 PESTE Model
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The strong focus on both the past and present terrdme future strategy must be
extended with a focus on the possible futures scaill of the decisions are about the
future but all of the knowledge is about the pasius, it is obvious that considering the
future, as well the past and present, is an esdgpdirt of the strategy development
process. By understanding the meaning of strategynagement can better assess how
strategy development occurs and take the future adcount during the strategic

planning process.

Trends in the environment

Recognizing the need to consider the future onbllyebecame apparent since the
external environment started to be more volatilé ancertain during the last quarter of
the 20th century. Exploring what might happen iaal when business is faced with
such uncertainty — current processes focused opabktand present do not provide the
approaches, tools or methods that are requirechtierstand the future. According to
Mintzberg (1994), strategic planning is always dbanalysis — breaking down a goal or
set of intensions into steps and formalizing theteps so that they can be implemented,
as well as articulating the anticipated consequenceesults of each step. Clearly, this is
an activity requiring strongly analytical, logicadleductive and pragmatic thinking in
order to ensure that things stay on track. It isegally intuitive, experimental and
disruptive (Liedtka, 1998). Thus, “foreseeing ithe future” in an organizational context
Is best conceived and positioned as an aspectraikgic thinking, which is meant to
open up an expanded range of perceptions of theegic options available — all in an
effort to create a potentially wiser strategy. Omythe case of confronting an existing
company’s competencies and its environments widir hotential changes, are we able

to recognize new optior(sefer toFigure 14).
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Figure 14 Strategic process to develop new options
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According to Slaughter, a shared forward view déowean organization to guide policy,
shape strategy and explore new markets, productsservices. Therefore, we can say
that the development of strategic foresight isifcat step for better understanding the
future. Since scanning and analyzing the presedt gast external environments are
defined as separate steps in planning, then sagramd analyzing the future has to be
defined as a separate step; tools and techniguesilibate that scanning also have to be
identified.

According to Conway and Voros (2002), planning base foresight is, in fact, the aim —
to integrate past and present information and watk staff to interpret that information
in order to explore future strategic possibilittes the organization. The intent is to open
up the conversation that leads to decision maknefeom which future strategies should
be pursued. Foreseen trends or scenarios enritlcaha&ersation, in order to identify
potential options that may not have been visiblefge This allows for the selection of a

preferred option — one that is the most robustspective of possible future events.

To build a power sourcing strategy, scenarios aesl with the aim of foreseeing future
market conditions that would be forces for stratdgyelopment and detect opportunities
for strategy development. Moreover, the objectif/the process is to:

* Challenge existing assumptions about the futuiUrelectricity markets.
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» Build future scenarios for use in strategic plagniassisting the large electricity

consumers to develop future-oriented strategicpfanelectricity sourcing.

By using scenarios, managers can explore the nanoeshape of electricity sourcing
under a variety of circumstances — some good anéretthat may not be as desirable.
Therefore, by exploring these possibilities and neixéng their implications for the

portfolio, management can be better prepared tct imamore reasoned and thoughtful

ways.

Before beginning strategy development, company gemeant is advised to address
potential changes in the context of key succes®rf®ma@nd the resources required to
undertake themFigure 15 describes the proposed strategy generation modeder to
develop an electricity sourcing strategy. In these identifying the existing options is
suggested, followed by identifying future trendstive environment through PESTE
analysis. Then, an evaluation of the organizatiamiernal criteria will provide specific
recommendations that can be applied within the @mp

After exploring new options, management is expettatake decisions based on those
factors which satisfy the set of established aatdefined by the organizatigeee

Figure 15). Those criteria differ from company to company ane dependent upon the

decision makers’ preferences.

Figure 15 Strategy generation model
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3.1.3 Electricity supply

To survive in competitive markets, companies needigplay an ability to appropriately
adjust the scale and scope of their resourcedat @ost and rapid rate (Hayek, 1945).
Consequently, companies have been involved in idecismaking, such as choosing
between producing and buying (Williamson, 1985; ruiand Hilmer, 1994) and
determining the number of suppliers to utilize (Mimd Galle, 1991; Quayle, 1998; Zeng,
2000). Moreover, they have faced dilemmas aboatrative sourcing structures, such as
structuring of sourcing organization (Atkin and Bks, 2005), supply base structuring
(Gadde and Hakansson, 1994; Hines, 1995) and ciwptse nature of the buyer-supplier
relationship (Ellram and Carr, 1994; Steele andr€di996; Carr and Smeltzer, 1997).

The application of those decisions will be discdsaed explained from a theoretical
viewpoint, while practical examples will be analglzeéOur intention is actually not to
present those decisions as examples from the m@dd vbut rather to discuss the type of

market challenges they can address.

Market dynamics evolve within the regulatory franoekvand consequently, within the
market structuréfor this evolution, seBigure 16). The evolution of the market structure
comes from bundle service and tariff structureite tevelopment of competition that
provides additional elasticity, including flexibbentracts and the possibility of trading in

the market.

We need to carry out a full strategic assessmetitesaluation in which a number of
factors must be considered, including the imporasfcthe service to the core operations,
the market or industrial’'s observed perception lué supplier's service quality and
responsiveness, in addition to the current levélseovice efficiency compared to other

equivalent power suppliers in the market. (Blumbagg8s).
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Figure 16 Evolution of the electricity supply market
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The two most common theoretical approaches to thkenor buy decision are both
transaction cost economics, or TCE, (Williamson83)9and the core competencies
model (Quinn and Hilmer, 1994). These two theoci&s help companies solve the make
or buy dilemma. Based on TCE, the extent to whedources will be allocated between
different governance structures is based on tréiosacosts — the costs of writing,

monitoring and enforcing contracts.

The core competence approach is of particularestdo purchasing because it highlights
the central strategic importance of the make or degision (Ramsay, 2001). According
to Quinn and Hilmer (1994), core competencies heeactivities that provide long-term
competitive advantages. These must be closely giemteand all other activities are
candidates for outsourcing. Hamel and Prahalad4(19&te that outsourcing allows the
host organization to concentrate on those actsvitiewhich it can establish distinctive

core competence.

Having other companies’ specialize in the provisansupporting goods and services
allows an organization to take advantage of strengiithin the supply market. Focusing
on core competencies it is possible to provide gandl services more efficiently, while
improving quality through the application of spdistaknowledge (Quinn and Hilmer,
1994).
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In general specialized suppliers have a distinotgarative advantage, which is grounded
in economies of scale, lower cost structure, spieeth knowledge or stronger
performance incentives (Venkatesan, 1992; Ramda(1)2 However, supplier markets
are imperfect and do entail some risks for bothelssiyand sellers with respect to price,
quality, time and other key terms. In fact, a neblem can occur when the supplier’s
priorities do not match the buyer’s (Quinn and Hihnl994).

Self-generation

When a company’s management makes the choice an &d\self-generation, it must be
aware of additional investment costs with regardspecific assets. Specific asset
investment — directly relevant to vertical integvat— is thought to arise in a number of
different contexts (Williamson, 1983, 1996), sushimvestment in physical, human and

intangible assets.

Engineers who have contributed to improving thecieiicy of the power generation
process are examples of human asset specificitgir ombined knowledge can bring
value to the whole supply activity. It will not gnaffect the generation process but have
an impact on the whole chain of activities. But magportantly, this specific know-how
may not have the same value if it is applied in aotyvity other than power generation.
Adequacy to forecasting price environments mighaleompany to source in a switching
manner to take advantage of price differences. ddme of the price gaps depend on

many economic and price distortionary conditionshsas cross subsidies.

Investments are mostly frequently conceptualizephgsical investments or those related
to human capital and less often to intangible ehpitiowever, the ability to create
economic value from intangible assets is highly ticgent on the management
capabilities of individual firms. A key elementagset management is retaining the assets
developed or acquired by a firm. As part of theamgfibles, intellectual assets become a
more important source of value creation; firms neednanage and retain their assets.
Intellectual property rights (Barney 1991), liketgrats, copyrights and trademarks are
used in conjunction with secrecy to protect knowkedLicenses allow patent holders to

share patented inventions, or other intellectuapgprty, in a controlled way and receive
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revenue (such as royalties) or other benefits (ldexess to another company’s

knowledge).

If a company wants to gain the benefits of beingdic@ly-integrated, it must be ready to
support the cost of physical, human and intangisieets because spending on specific
assets also increases their economic impact. Atwdae difficulty of drawing the line
between expenditure and investment, there is &lsofdct that specific assets are not
always identifiable separately (Joskow, 2006). éujethey tend to be complementary

and can overlap significantly.

A common barrier to vertical integration is thefeli€nce in required skills. The skills
involved in power generation are substantially edght from the characteristics of
upstream activities (i.e., skills required in cbresiness). The company needs to invest in
human capital through training sessions, knowlegesfer, motivation processes, etc.
With management competences and skills rest adiagher problems: the necessity of
following different strategies for running the pawplant and core operations; the
difficulty of developing differing core competensiaithin the same over-all corporate

organization and the need for preserving managemesntives for differing activities.

Then, company management must be ready to shaeaghal investment between two
independent businesses, such as using internaashsharket incentives, knowing that
market incentives are available only if the compaels the excess of generated power.
Finally, the question arises as to the degree giarate flexibility and the risk involved

in retaining integrated non-core activity, suclpawer generation.

Supply structure

Since single sourcing implies the reduction of tluenber of suppliers a company does
business with, the number of service providers banreduced either by bundling
different services together, such as energy angetglorganized by the same company
(Atkin and Brooks, 2005), or by grouping sites undee contract by, for example, load
aggregation (Meneghetti and Chinese, 2002). Acogrdio Cox (1996), in single

sourcing the buying company can decide to haveglesrelationship with one preferred

49



supplier who is granted a relatively permanentfegpential relationship, including a

variety of tasks.

The basic philosophy behind developing a prefeseice provider structure is to gain
access to the best available product package irpdngcular service area (Newman,
1988). In addition, splitting the services reduttes supply risk for the service area (the
supply risk is understood as the risk of the seryimvider not being capable of meeting
the organization’s requirements, which can resulthie loss of company business and

have negative effects on the organization’s revemunel profits).

Often, managers purchase an individual service buradle of services with the same
contract for a single site or a certain region withltiple sites With market openings,
these managers find it useful to aggregate theictetity needs in order to take

advantage of economies of scale and gain betteegpfor service supply.

The range of inter-organizational relationshipsfien described as a continuum ranging
from pure transactions to vertical integration (\8teb, 1992; Cox, 1996). Thus, there
exist some contractual solutions between vertit@gration and a market-based solution
that under certain circumstances may satisfy thyeta needs (Heide, 1994). In general,
the more of its production input the organizatiacides to buy instead of producing

them internally, the more dependent it is on thgpbubase.

Some strategic sourcing choices deal with the foohghe different buyer-supplier

relationships (Webster 1992; Mentzer, et al. 2000usins, 2002) and the duration of
contracts (Ramsay and Wilson, 1990; Parker anddyait997). Guidelines for selecting

the type of relationship usually only identify psetship sourcing and competition as
discrete categories (Macbeth, 1994). Arm’s lenglhationships are usually described as
short-term affiliations based on competitive bidgd{iMentzer, et al., 2000). Whereas the
short-term contracts create a very low level oftamtual liability in the relationships,

the use of long-term contracts develops closetiogsiships with selected suppliers and
brings increased liabilities into alliances (Ramaayg Wilson, 1990), but can give rise to
a hold-up problem or dependency on the supplieeatives, a typical case of imperfect

contracts.
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The literature reviewed suggests a growing inteessbng business organizations in
managing relations between buyers and suppliersc{Tand Cusumano 1994). Findings
of past studies indicate the supplier can achieglen profits by maintaining long-term
relationships with their buyers. In fact, buyers auppliers stressed the importance of
close relationships because it is possible to &ehenefits in the form of lowered costs
or improved profits (Ford, 1984; Kalwani and Nanagas, 1995; Iyer, 1996; Campbell,
1997; Anderson, Kock and Ahman, 2000). However, $ihedies presented in the
literature have focused only on partial elementsanfrcing strategy, mostly without any
efforts toward integration. Since the goal is tdda methodology for strategy selection,
the presented theories will be incorporated and uséefining the evaluation criteria for

the final options selection.
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Chapter 4. Development of the Methodology

4.1 Empirical study in the electricity market

In order to empirically define present and proposedhodologies for sourcing energy in
Europe’s changing and transitional environmenteditobservation on how market and
regulatory conditions, and how decision makers acdrdecisions on power allocation
and efficiency attainment, moved the present rebegroject to prepare a survey of
companies in various European countries, so thauld set a framework for a proposed
strategic methodology of electricity sourcing. Bog present reason, this chapter presents
the methodology preparation through the resultsaofuestionnaire among market
participants in four countries of interest and undiéerent status of liberalization and

regulation change for this research: Croatia, Gagn&pain, and the UK.

In preparation for developing a methodology to Beduin power sourcing, the survey
was conducted in these European countries, thdt @fswhich is presented in the next
section. Due to the complexity of the energy suppigrket and its uncertainty,
gualitative methods and deep interviews are salescsethe most convenient approach for
exploration. To recognize and understand the maatufes of the supply market and
caused behavior of market participants, the suway found to be an appropriate source
of empirical evidence. It helped to identify theiropn of the market players within a

limited set of questions.

4.1.1 Questionnaires for deep interviews

Because an electricity sourcing strategy is diyeaffected by market conditions, the
research began by looking at the factors that cheniae the electricity market and the
way electricity is supplied. The study was laid asta cross-sectional survey based on a
standardized written questionnaire. There were different questionnaires, one created
to understand the features of market structureslf@decond one created to analyze the

supply options used by large electricity consunfi@reach market structure.
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The questionnaire on market structures (QuestioarBi was intended to generate the
necessary data about the organization of Europgplg markets. The document is
organized by different topics with each one of theaferring to a specific part of the
energy sector. Therefore, survey participants (sesensumers, five suppliers, three
regulators and one consultant) were asked aboutotloaving: Regulatory framework,
generation and supply sectors, transmission syspmrators (TSO) and market operators

(MO). Some of questions addressed include:

 Electricity market structure (for example, the &xmee of an organized market, the
organization in charge of managing it, market ptayelegree of openness, final
price development-structure, type of supply congiasuch as government support
schemes, interaction between delivery chargestreligg — market or cost-based —
and the like).

« Networks structure (such as, the existence of draemstitution responsible for
network organization, access to the network andieorét charges, connection to the
network and relevant charges, required technical administrative procedures,

licensing procedures, etc.).

« Generation structure (for example, the main play@amership of installed capacity,
the existence of market power, level of competitigeneration mix, fuel price

development to electricity price volatility, accessvholesale market, etc.).

« Environmental issues (such as, the country’s dégijroducers, available RES
promotion mechanisms, G@ost calculation [national against internationalel§
available policies that can be constraints for FEfrojects, administrative costs,

licensing rules, etc.).

The entire questionnaire can be found in Appendix 1. It is structured to gather data
that provide a general picture about the orgamimatf the electricity market in the

country of interesfseeFigure 17).
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Figure 17 Structure of questionnaire 1
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(Source: Trevifio, 2010)

Going further, it will help to clarify the desigr the regulatory framework, the country’s
energy policies and how this influences the openati flexibility of the end-user. The
guestionnaire was applied in all of the involvedimvies, while the sub-questions have
been modified according to the specific conditiofsheir respective regulatory change
stage. The main purpose was to understand and cendiféerent markets in order to

foresee changes throughout the liberalization m®ce

The questionnaire was delivered to seven diffecensumers located in Germany, Spain,
The UK, and Croatia. All participants had similaackgrounds related to energy
procurement or electricity sourcing. The originaksign of the questionnaire

(Questionnaire 2) is attachedAppendix 2.

The purpose of the questionnaires was to colleta dad to provide an explicit and a
comprehensive picture of the purchasing behaviolaofe electricity consumers in
specific market environments. Asking company mamagew they supply power and
manage demand can help readers learn about, arefstantt, the decision making

process involved in the energy supply chi@eeFigure 18).
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Figure 18 Structure of questionnaire 2
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(Source: Trevifio, 2010)

To provide the results of the analysis of the défe options created, a decision tree map
describing the flow of options reported by differ@hayers in the market is exhibited in
Appendix 3. The analysis can help practitioners anticipatéemqeal changes, which

might affect the sourcing strategy.

4.1.2 Results overview

The research analysis has been organized frometelapment of research questions to
the survey design in order to examine market behawi different market segments. In
order to understand how market evolution affecesdhanges in the sourcing decision,

Table 1 provides a detailed explanation of the results.

In those countries where the monopolistic regimstils dominant, vertically integrated
utilities have the responsibility to supply elecity to residential, commercial and
industrial retail consumers on the country levelahin a defined geographic arésee
Table 1). This regime is still the rule, for example, ino@tia — vertically-integrated
traders and generators are the only ones who cparirand export electricity from and
to neighboring countries; the supply and delivexrtgs are set under the regulated regime.
The connection to the grid is limited or does nasteat all. All customers are integrated

in the bundled service and the price is regulatedm@ing to the consumption pattern.

95



Table 1. Supply Options in the function of the market evofut

MARKET STRUCTURES SUPPLY OPTIONS

Supply options

= Tariff price structure

= Long term contracts

= Bundled service

Demand options:

= Energy efficiency & Load management
= Self-generation only for back-up

Monopolistic

National Utility - single service provider
Bundled: generation and transmission
Restricted access to the grid
Export/Import: By national utility

Supply options

= Bilateral agreements

= Short term contracts

= Load aggregation in single agreement

Transitional

= Few dominant service providers
= Price: Marginal cost

= Physical transactions Demand options
= Limited access to the grid = Energy efficiency & Load management
= Incentives to have Interruptible
contracts

= Generation only for self consumption

. Supply options
Competitive = Flexible contracts
= Unbundled service
= Large number of service providers = Consumer active in the market to buy
= Price listed in the power exchange and sell electricity
= Spot and forward transactions available )
= Power prices index to commodities ex. DT optl_or_15
L = Energy efficiency/load management
= Load management driven by electricity

= Physical or Financial transactions

= Full access to the grid prices

= Load aggregation and Interruptible
contracts

(Source: Trevifio, 2010)

With market opening, a majority of countries hauéed out the cost-based model and
have introduced market-based energy pricing. Ineestto have free access to the
supplier’'s choice and an active role in the energyket have been priorities for energy
consumers. Consequently, the number of playersritasased, affecting the variety of
supply offers. At this stage of the market openingyl in an effort to limit the expenses
related to price variations, energy consumers naatito use traditional operational

actions such as energy efficiency and load manageme
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Market mechanisms are considered to be limitedaBse industriafs are not allowed to
resell the power, self-generation continues to $edwnly as a back-up. However, new
incentives in the reduction of the @@ootprint have inspired the development of

renewable energy technologies and promise new tppbes for industrial generators.

The regulations of competitive markets allow conetsmo purchase from any retailer
and to re-sell electricity to any buyer. This mareganization is found in countries such
as Germany and the UK. In these countries, difterstermediaries can supply the
electricity or the large electricity consumers ggmerate the electricity for their own use
or participate as active players in the market tiade electricity among themselves or

with other consumers.

The analysis of the collected data has shown thadral elements influence an industrial
facility’s electricity purchasing strategy and teadements are primarily the following:

1. The existence of the electricity market with itstandy and liquidity.

2. The organization of the market — energy activitesggulation.

3. The definition of electricity prices and serviceckage.

4. The company’s attitude, as well as financial andraponal flexibility toward

price risk.

These elements differ from country to country amd highly dependent upon the
changes of market structure. Also, the market’'dugiam has introduced new options to
consumers by providing a better price structure dne flexibility to capitalize

investments made in self-generation. Generatincfredey for their use and reselling the
surplus in the market could start to become a lessiropportunity, which has not been

considered in the past.

In those countries where the regulated regimelllsdsiminant, vertical utilities have the

obligation to supply electricity to large electticiconsumers on the country or regional
level. Therefore, there are a moderate numbertefraltives. However, as the number of
suppliers has increased, a variety of offers hashbetroduced, making the selection

process more complex. As a result, a more strugtdeeision making process is needed.

" Industrials are considered large electricity conets.
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While in the past, large electricity consumers hadchoice of suppliers, today they can
buy electricity through either a supplier or/ansh@etor, or go directly to the market and
do it on their own. Moreover, the service packagedt unbundled any more; rather, it is
split into different services that can be arrandsd separate contract$igure 19

qualitatively illustrates the evolution of the dlgdty market and its intensity in terms of

supply options, derived from observations in tHeaed countries and consumers.

Figure 19 Supply options through the market changes
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(Source: Trevifio, 2010)

Flexible and organized sourcing enables a compangct more freely, implementing
new technologies or mechanisms that come fromxttereal environment and which can
be used for cost reduction. Therefore, one canladadhat the evolution of the market
has created complexity in the supply of energy -sitaation that large electricity
consumers now face. These concerns have encouratiesirials to develop and support

a decision making process.
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4.2 Building the methodology

Before the methodology is put forth in detail, asa#ption of the concepts used for
developing the methodology should be introduced. afteady highlighted, different
theories have been joined to contribute to the ldpweent of the methodology.
According to Andrews (1971) and Porter (1980), befihve process of strategy building
begins, developers must define the goal they wanadcomplish through strategy

implementation.

In power sourcing, the most frequently cited reasion generating a strategic plan are to
reduce the cost of supply, improve the reliabibfysupply, reduce the dependence on
suppliers, manage the volatility of prices and fithe most productive relation with

suppliers (Ellarm and Carr, 1994; Spekman, 1985).

The plan of actions for strategy realization canbetdefined and organized without
involving external market conditions and internainpany competencies (Barney, 1991;
Teece, et al., 1997), and confronting market caovbt with internal resources and the

organizational structuref the firm.

The big concern facing managers at large elegtrminsumers today is maintaining a
continual responsiveness to changing market camdit(Van der Heijden, 1996). They
are expected to monitor the related markets anid thanges over time in order to be
ready to act at just the right moment. Thus, expipwhat “might” happen is critical

when faced with such uncertainty. The challengaydd for management to foresee the

changes that might affect their company’s methosupiply.

Baxter and Calandri (1992) used scenarios to prddiev the demand for electricity
might change as a result of global warming. Thigkabout the future has proven to be
successful in energy planning, notably during thermses of the 1970s (Schwarz, 1996;
Van der Heijden, 1996, Ringlad, 1998). Because riggority of large electricity
consumers are not equipped to analyze and unddrgtarfuture market conditions, the
methodology includes steps for management to followrder to foresee future events

that might affect supply.
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The result of joining all these theories is a maalelstrategy development procéesfer
to Figure 20). The model embraces all of the necessary aspditized in strategy

development.

Figure 20 Strategy development methodology
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(Source: Trevifio, 2009)

In the following section, the entire strategy deypehent process will be outlined. The
whole process, and its required steps, will bearpd through a four-stage methodology

as shown next, with elements analyzed until thistdseeFigure 21).
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Figure 21

Detail flow diagram of the methodology
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The first step is callecnalyzing the situation This involves monitoring both the

external and internal environments with the ainolotiaining insight into existing market

conditions and scanning available supply optionsth&® same time, management must

analyze the current market conditions and intecaplcities; managers should be aware

of possible changes that can affect the way of Isugfherefore, the next logical step is

to learn about the potential changes that migtecathe supply market and its sourcing.

The second stage of the process is callleshtifying the trends. In complex market

environments it is worth knowing what implicatiotie future conditions might have on

the identified sourcing options. Thinking more sysatically about the future and

planning to deal with possible changes

in the emvirent is necessary, especially

knowing that new market conditions provide new sypptions.
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After consumers learn about the potential futuneytmust be aware of options that the
future might bring about; thus, the third stagette# process is known aBiscovering
options. Actually, consumers are expected to discover hoticipated potential changes
can change the availability of options. All new w@ns must be evaluated and only
those that are aligned with the company’s goals satsfy specific criteria should be

taken in consideration as a potential final solutio

The next stage of the process is cakedluation and selection The feasibility of the
proposed options has to be measured through tedhemonomic and resources prisms.
In fact, a comparison among alternative optiongchvis often based on conflict criteria,
has to be done. All available options are calledrahtives and they will be the basis for
designing the final decision, such as the sourstrafegy. Since these alternatives are not
necessarily exclusive, they can be integratedargmgle decision. This should result in a
decision that must be further developed into al faction plan. Each of these four steps

will be explained in more detail within the follomg sub-sections.

4.2.1 Analyze the situation

The supply formulation process often includes aalyamns of the external environment
and an assessment of the organization’s intermédra (Pearson & Gritzmacher, 1990;
Carr & Smeltzer, 1997). Thus, the procurement datsscannot, and do not have to be,
made without analyzing the supply market (Kralfi®83; Ellarm & Handrick, 1995;

Steele & Court, 1996; Van Weele, 2002). Becausglgurpetworks are embedded in the
environment and interact with the available optjah® optimal supply option may be
sensitive to changes in the market environment (&tal., 2001). Thus, before making
any decisions, managers should analyze the cosnéftgctricity market within which

they operate (Farmer & Weele, 1995).

However, due to new and changing market conditiov@)ager most be more explorative
and work within an environment where qualitativetimoels, discussions, observations,
interviews and surveys have proven to be effectigehniques in getting this

accomplished.
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To better understand the relationship between tikea@ment and the sourcing decision,
we suggest that industrial users organize survetesyiews and discussion sessions with
various participants from the electricity industsych as regulators, network and market
operators, suppliers, generators, large electricapsumers, etc. to discuss both the

existing market conditions and the supply markgaaization.

The data gathering process can be organized instenatured interviews. The main idea
is to involve participants in a discussion abowt firedetermined topics and related
guestions (Rogers & Bouey, 1996). Thus, the rebearof the company is free to

exercise his or her own initiative in following ap interviewee’s answer to a question.

The main reason to propose this type of interviswhat all related and unanticipated
guestions, which are not included on the originaésijionnaire, can be considered,;
depending on the answer provided by the interviefized). In addition, this may result

in finding out unexpected and insightful informatjdhus enhancing the findings (Hair,
et al., 2003).

The topics presented are not definitive and caextended. Because the main purpose of
the questionnaire is to allow the users to learoutlthe market organization and its
characteristics, which can directly or indirectffeat the way of supply, the questions are

defined to provide the information in the most \aile way.

As part of the empirical finding, it is highly suggted that management seek out the rich
literature available in order to bring a differgr@rspective to the research question. The
example of the how the questionnaire was desigmextder to obtain information about

the current options available is described inRlggire 22.

After the surveys have been conducted and differeatviews have been executed, the
collected data must be organized and presentedeTfi@o specific rule about how this

step should be executed and it is up to the useel&rt the method to do so. The most
important factor is that all users should leave thinase with a clear picture about the
market conditions from which they source electyicas well as have an understanding

about how all available sourcing strategies cafobad in the same market.
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The benefit of doing the analysis of the existiitgagion is two-fold. First, the users can
learn about the market conditions in the countrgrelelectricity should be sourced — the
analysis should help them understand the marketgdsaand their potential impact on
sourcing decision. Second, the data can provida thigh an update on best practices in
the sourcing domain; this can be applied to thegss in order to ameliorate and enrich
their sourcing decisions. Both of these factors rageessary for building the decision
making process.

Figure 22 Current conditions questionnaire

SUPPLY OPTIONS:

1. Freedom to select supplier (unbundled service)

[oul

. Continue as bundled service with tariff structure
. hove to unbundled service

. Free access to the electridty market

[, TR O T

. Self Generation
&. Cost based
7. Market based
B. Real time price (spot)
9. Flexikility to fix prices intheforward market
10. Flexihility to index the electridty price with a comm odity
[ex. nat gas)
SELF GENERATION
11. Allowed to use the grid to interconnect self generation units
12, Generation units are required to maintain production (back up)
13, Fossil fuel technology (ex. nat. gas, fuel oil, etc)
14, Renewable (wind, solar, etc)
15, Subsidies to promote the investment in RES
16, Incentives to sell electridty from RES
17, On site generation
18, 5elf generation and inject excess into the grid
19, Allow to sell excess electridty in the market

€02 MANAGEMENT
20, COZ regulationsin your country (fees on COZ, allowances, etc)

DEMAND OPTIONS
21, Energy efficiency actions.

22, Load management practice driwven by electricity prices
23, Load management practice through operational flexibility

24, Interruptible contracts are available

(Source: Trevifio, 2010)
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4.2.2 Identify trends

After the existing market conditions are detectib@, external environment should be
monitored and analyzed with two purposes. Firsts itritical to know the trends, or

driving forces, regarding important factors whiclight affect the sourcing process and
second, to detect the level of uncertainty of thfaséors, in order to better assess the risk

involved in the decision making process.

In our case, anticipating the future will be usedekplore the range of potential future
contexts for the electricity supply market in EWntries. The objective of this study is
not to find the best possible power supply strategiy rather, it is to anticipate future

market conditions that may act as forces, whicluarfce strategy development.

The use of trends enables procurement managergptore the shape and nature of
electricity sourcing under a variety of circumstasic- some good and others not as
preferable. Therefore, by exploring these possidgdliand examining their implications
for the portfolio, procurement managers will bet&etprepared to react in a more

reasoned and thoughtful way, should these futueatswcome to pass.

It is recommended that PESTE analysis be appliedhus® it is concerned with the
environmental influence on a business and cantatfestrategic development, as is the
case with a quality sourcing process. With majomate changes occurring (due to
global warming) and increased awareness of thigiasound the globe, the environment
Is an external factor, which is becoming a sigatficfactor for company managements.
The growing desire to protect the environment fsaing the energy industry, as well as
how electricity is sourced. Therefore, industrigkers are, in general, moving toward

more environmental friendly options.

Regulation trends, including EU energy policy andimnmental regulations, are leading
to uncertain and significant changes in the eleityrisector. They define what a firm is
now allowed, or not allowed, to do for its eleatgicsourcing. Another significant driver

in making a final sourcing decision is, of courd® price of electricity — defined by the
technology, fuel, and C{zost, as well as the supply and demand, which bdnhup or

down depending upon market conditions. Social gsegr@compass consumers’ behavior
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and environmental awareness. Some factors in thasels are more predictable
(demographics, for example) than others (such aswuoers’ preferences). However, the
impact of all of these elements is significant wiagalyzing market conditions. In order
to make this process less complex, a short exptanabout the dimensions that

dominate these five factors follows:

Political dimension. The EU Energy Policy and Environmental Regulatiare leading
drivers in terms of change in the energy and at@ttrsectorg(refer to Table 2). Factors
to be considered within political dimensions are ftifferent regulatory and policy

changes that can either directly or indirectly effftne way electricity has been supplied.

Table 2 Policy dimension of the PESTE analysis

Liberalization of the electricity market is in progress P

(<]

Unbundled service — supply and transmission can be
Energy policy and country negotiated separately

regulations Self generation will be allowed (back-up, partial
generation, selling excess, etc)

P2

Policy
P3]

Access to the grid will be available to deliver electricity

in different regions P4

Allowed selling of electricity (self generated electricity to
the market — new business opportunity)

O o|d|o

P5

(Source: Trevifio 2010)

Those changes might include opening up the elé@gtmcarket, the availability of freely
choosing suppliers, a tendency towards buildingingles EU electricity market, an
imperative on the diversification of energy supptifferent regulations on network
access, various policies to promote more securesasthinable energy delivery, the

increase of renewable energy, and the like.

Economic dimension This covers different drivers influencing the urg of the
electricity market from an economic point of viesuch as the economic growth of EU
countries; the situation in financial markets ane éxistence of financial support for the
particular sourcing optiongefer to Table 3). Those changes could take the form of
financial support for renewable energy or penalties the use of fossil based

technologies or credit restrictions to access wffeelectricity supply forward markets.
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Table3 Economic dimension of the PESTE analysis

Fossil fuel prices will remain volatile and unpredictable Ecl
Increasing number of support schemes for investment in D Ec
renewable energy sources (RES) ¢
Increasing number of incentives for selling the electricity D Ec3
from renewable energy sources (RES)
Increasing economic incentives for load management D Ecd
practices (load shedding and load shifting)
Electricity purchasing through the market D Ec5}
Economic Supply / Demand, RES/
— Nuclear, Fossil fuel price |Electricity prices index to the spot market D Ec6}
Electricity prices index to the forward market D Ec7
Electricity prices index to a commaodity (exc., nat gas) D Ec8}
Trend to build additional production capacity to improve Eca
load management practices D
The generation and transmission system have
constraints and provide incentives for interruptible D Ec10l
contracts

(Source: Trevifio, 2010)

Electricity prices are the function of a supply/derd ratio; any changes in these two
aspects must be taken into account. Moreover, lithages in the fuel markets must also

be analyzed and their potential impact taken ictmant.

Social dimension This refers to customer behavior and demograpthanges.
Population ages, becomes more or less affluenhgdsaon a regional basis and so on —
all of these elements can have an important beammgemand as a whole. Consumer
attitudes and opinions, media views, education fastiion are also part of the social
environment. Consumer preferences regarding diffeerhnologies (such as nuclear vs.
green vs. fossil based), price acceptance, liviagdards, orientation to environmental
iIssues (accepting practices such as reducing cgrteaimreuse the material, recycling,
etc.), as well as their preferences and actionalamaportant factors for decision making
(seeTable 4).
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Table4 Social dimension of the PESTE analysis

People are becoming more concerned about the
Social _ Cor?sumer (large enwro_nmen_ta_l changes — posmve attltgde ab?ut ) s1
— industrials) preferences |recycling, willingness to pay a higher price for "green

electricity

(Source: Trevifio, 2010)

Technological dimension.The future of electricity market depends upon tedbgical
trends and improvement in the efficiency of exigtiechnologies (for instance, fossil,
some of renewable, nuclear) and development of or@®g (such as carbon capture and
storage, energy efficiency, clean technologies)eg&ently, new technologies are
categorized as being disruptive, such as semicoodypower electronics, hydrogen,
electrical storage, and the like. Some of the comuhieadvantages of these are the high
costs, due to the fact that they are not matureigingao be standardized. Technology
trends in other sectors — indirectly contributimgthe electricity market — have to be
captured and used. So, technological breakthrooghreate new markets, which might
prove to be a threat to existing ones. In equalsur@a new technology can be a useful

input for different industrieéseeTable 5).

Table5 Technological dimension of the PESTE analysis

Technology is available to generate electricity at a

competitive cost T

[<]

Dominance of technologies to offset CO2 emissions

(CO2 capture and storage is available) T2

Electricity generation,

Technological Energy efficiency

New renewable energy technologies (RES) will grow in

the market (e.g., RE, nuclear, etc.) T3

O g O

New automation technology will support energy

efficiency and load management practices T4

(Source: Trevifio, 2010)
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Environment dimension. Refers to climate change an environment-relatgdlagion in
the EU community. The new regulation will restribe allowance to emit GQOn the
atmosphere affecting the price of electricity. Thigy lead to changes in the EU’s

economy(seeTable 6).

Table 6 Environmental dimension of the PESTE analysis
New regulations regarding pollution and the environment
are expected to intensely affect the prices of CO2 and b E1l
Environmental Environmental issues electricity
New environmental regulations will not affect the price of D
co2 E2

(Source: Trevifio, 2010)

The main idea behind monitoring the trends is 1p kisers expand their thinking beyond
the urgency and immediacy of the here and now,allsas to identify the external factors
that may have an anticipated impact on the elatgtmearket today and, consequently, on

the decision making process tomorrow.

Applying PESTE, users will find that some of thgpegted changes are more predictable
than others. Apart from the predictable or expeatieanges, users may also recognize
changes with a high level of variation and unexpeécbehavior — these are called
uncertainties and deserve our full attention, duehie fact that their impact on the
sourcing process may be enormous and unpredictedréEponsibility of the strategist is
to keep monitoring these uncertain changes anddgmaped to react to them as fast and

as rationally.

Usually, consumers face a great challenge in pengeiupcoming changes and
evaluating their potential impact. After manageecognize the existing market
conditions and have learned about potential chartey are ready to explore the new

options. Therefore, the next step is to builddif@ of new options.

4.2.3 Discover new options

After the market structure has been reviewed, andralysis of upcoming changes has

been made, the company management is ready tozartabyv those changes might affect
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the existing market conditions and review the rafgwsupply options. Market structure
and regulations are the main determinants regarti@gsourcing options available to a
company. Depending upon how the regulatory systBanges, the available options
differ from market to market. Other conditions, sws type of technology, credit lines
and contract arrangements could influence the @vailoptions in each structure. In this
phase, we suggest company management identifyitheefconditions that apply to them
in conjunction with all of the elements in the epemarket. The evolution of electricity
sourcing options related to the regulatory framdyadechnological and environmental
aspects, as well as the social influence, are predein Figure 23 The figure is
structured into boxes and arrows, where each bpresents a supply solution and an
arrow, a trend that the electricity market is faling during the liberalization process.

Figure 23 Electricity sourcing options model

Electricity Sourcing Options

SUPPLY
On site Grid connected Selling
T2E2 fossil fossil EXCESS
generation P4 | generation PS | elecricity
P1P3T1| Backup
generation On site Grid connected Selling
renewable renewable EXCa55
Ec2 T3 E1.51| generation P4 generation P5 Eci| electricity
Cost based Cost based
tariff tariff
(P1) | BUNDLED P1,P2 | UNBUNDLED
l F1Ech
Market based
supply Eci
BUNDLED
EcB
Y
Spot prices Spot prices Forward price Commodity
> » indexed
EUNDLED =3) UNBUNDLED Ec1 Ec?| UMBUMDLED Ecg | UNBUMDLED

(Source: Trevifio, 2010)

For example, large electricity consumers in somedsUntries are still supplied under
the cost-based tariffs. The liberalization prodess introduced new trends where the new

market condition will provide incentives to unbuedl the service and introduce
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incentives to trade electricity in the spot forwandrkets. The evolution of the electricity

supply contracts is describedkigure 24.

Figure 24 Evolution of electricity supply contracts

Cost based Cost based
tariff » tariff
{(F1) | BUNDLED P1p2 | UNBUNDLED
l P1ECcS
harket based
supply Ech
BUNDLED
Ech
v b -
Spot prices Spot prices Forward price Commodity
indexed
BUNDLED =} UNBUMDLED Ec1Ec?| UNBUNDLED Ecg | UNBUNDLED

(Source: Trevifio, 2010)

Going further, changes in energy laws that favar felling of electricity (P5) by
industrial users might motivate large electricitgnsumers to begin to self-generate

electricity, controlling the cost through electtycselling(refer toFigure 25).

Figure 25 Introduction of self-generation as a new way ofgyp

On site Grid connected Selling
T2E2 fossil *» fossil » exCass
generation P4 | generation PS5 | electricity
P1,p3,71 | Backup
generation on site Grid connected Selling

renewable reneviatils BHCBES
Eca T3 E1.21| generation P4 generation P5Ec3| electricity

(Source: Trevifio, 2010)
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To make this option feasible, some other trendduding technological (T), economic
(Ec), environmental (E) and social (S) dimensiohaye to be evaluated as well.
Depending upon which of these trends are likelhappen, the type of self-generation

and the cost of supply will be defined.

Many changes in technology (for example, the inistin of new metering points,
automated solutions, remote control for supply,)edand market changes (such as the
introduction of a spot market for electricity supphterruptible contracts, uncertainty of
fuel prices, etc.) may encourage large electricbpsumers to leave the traditional
approach to managing demand and apply new techialagplutions and market-based
practiceqrefer toFigure 26).

Figure 26 Evolution of demand side measures

Electricity Management Options
DEMAND

Load management
* through
Eca | operational capacity

Demand Load management
Energy efficiency , Mnanagernent » through
"| measures s
T4 Ec1 Ecd Ecs | electricity prices

Interruptible
contracts

Ec10

(Source: Trevifio, 2010)

The logic used in this process can be explaindgtarfollowing way: the trends detected
in the PESTE analysis have been considered totherdacilitators or barriers for an

option to become available. Moreover, while notadlthe trends have the same weight,
we have differentiated those options that are rsecgsfrom those that are simply
available. For each decision made, the system gesva logical explanation, presenting

the “necessary” trends that have been used tdyjubie final decision. After the user

72



reviews the report on possible changes, they wilagked to continue the process so they
are able to generate a report on all availableoaptfor specified market conditiofsee
Table 7).

Table7 New available options

SUPPLY
A.- BUY

Bundled Service

1.- Electricity price is market based.
Unbundled Service:

1.- Real time price (spot).

2.- Flexibility to fix prices in the forward market.

3.- Flexibility to index the electricity price with a commodity (ex. Nat Gas) .

B.- MAKE
Generation of Electricity:
1.- Fossil fuel for Back up.
2.- Fossil fuel partial supply.
3.- Fossil fuel complete supply (grid connected).
4.- Fossil fuel supply and selling excess to the market.
5.- Renewable energy for Back up.
6.- Renewable energy partial supply.
7.- Renewable energy complete supply (grid connected).

8.- Renewable energy and selling excess to the market.

9.- Renewable energy and selling excess with government incentives.

DEMAND
DEMAND RESPONSE

1.- Energy efficiency actions.
.- Load management practice driven by electricity prices.

2
3.- Load management practice through operational flexibility.
4

.- Interruptible contracts.

(Source: Trevifio, 2010)

After the company management has identified emgrgiarket conditions and options
that come with those changes, it is expected &csehly those options that might bring
the company to the desired results and add value s€lection route is developed in the

next phase of the process.
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4.2.4 Evaluation and selection

In the past, the choice between alternative sograptions was based on cost reduction..
The aforementioned multi-criteria considers theolagment of a number of actors in the
decision making process. Multiple, and conflictinmpjectives seem to be the key
difficulties in assessing the alternatives. Thesmand that the decision makers utilize
multi-criteria decision aid (MCDA) techniques. Bain(1997) presented multi-criteria
decision aid techniques as well-known, transpaassessment procedures, intended to
assist decision makers in staying aligned withrtigeineral objectives and support the
efficient accomplishment of the decision proces3ém® basic idea behind the MCDA
approach is to evaluate all the alternatives ag#ivesdifferent criteria and select the one
that best promises the required results. It indudefew basic steps that need to be
followed (seeFigure 27).

This model facilitates the integration of actiomaitt have to be taken to develop the
assessment of different electricity sourcing omiodince the factors are defined, we can
then organize and prioritize them according to toenpany’s business procedures.
Depending upon the available options, each onepcgentially have, or not have, an
impact on business performance, which is why itmgortant to apply a score and

evaluate the level of success for the business.
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Figure 27 Decision making model MCDA

FORMULATION OF
POTENTIAL OPTIONS
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FACTORS (PERFORMANCES)

'

EVALUATION OF
OPTIONS

}

RESULTS AND
RECOMENDATIONS

v

(Source: Modified from Georgopoulou, et al., 1996)

The basic consideration integrated the in TEahalysis integrates criteria that affect the
performance of the organization in the three bdsitensions: Technological, economic
and resourcesTable 8 describes the criteria that support the basicthe$e factors,
driven mainly by operational performance throughstaiable production and
improvement of the economic performance relatedcdst production and revenue
increase for the company. The organization’s aklaesources should support the new
electricity sourcing strategy, whether they origgn&rom the financial, human or the

intellectual capital of the company.

Companies in competitive markets, tend to be aglerts and promote actions to improve
their market share and revenues through operatieffaliency and cost reduction

programs.

2 TER: Technology, Economics, Resources
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Table 8 Definition of TER criteria

CATEGORY FACTORS DESCRIPTION
Operational Supply of electricity to provide operational comiify
reliability PRl ytop P
Technology New option based on a technology with the abibitpting potential savings
Technology .
development and cost reduction
Environmental Supply with zero or low environmental impact (noia& pollution, water
impact pollution, land deterioration, etc).
Net cost Potential for cost reduction

Economics | v/olatility of prices | Supply dependent or indifferent on price changes

Revenues Additional income related to new business oppofiesi

The additional number of employees required tanget option implemented

Human capital and keep it running

Resources Financial capital | The financial resources required to invest andatpethe new option

Intellectual capital | The possibility to gain the intellectual capitaldhgh implementing the new
(know-how) option

(Source: Trevifio, 2010)

After assessing the technical solution for the [mol the user is then expected to
identify the economic value of the potential opsiomherefore, the economic assessment
of the various options can be made through thecostt of supply and potential revenue
that can be realized by implementing and runnireggdélected option. In this case, the
volatility of fuel markets must be taken into catesiation, knowing that any change in

fuel commodity markets directly affects the prideslectricity.

After the technical and economic sides of the pseplooptions have been evaluated, the
resource-based requirements must be determinedhwsé dimensions of the resource
dimension are taken into account, such as humaandial and knowledge capitals.
While human capital refers to the number of empésyhat must be hired to manage and
deal with the new option, the financial aspectnete the capital investment needed to
implement the option. This option should also balgated against the possibility of
generating additional intellectual capital in tleents of know-how and intangible assets
(Barney 1991).
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Weights assigned to the factors

After decision makers agree on the criteria to ®&duduring the evaluation process, they
must determine the weight of each factor, as ptedem Chapter 3, along with its
criteria. Determining the weight of each criteriar, level of its importance, requires
making an assessment of the effect that each offabrs may have in business
performance. The techniques for acquiring the wsigimd the level of importance are
elaborated by Vincke (1992). However, the leveingportance for each criterion varies,
depending upon the conditions in the country aedotisiness structure of the company.

For exampleTable 9 describes the prioritization of the factors redate a company that
has rated operational reliability as the main dfpjecfor the supply option — they need to
have a very high level of continuity in the prodantprocess since the quality of their
products is very sensitive to interruptions or ktadgs. The second priority is then based
on financial resources, meaning that the comparsy ehaery restricted flexibility to
finance or invest in a new solution. In this case,can assume that options related to the

acquisition of new assets will have a lower posigjtof success.

Environmental impact represents the next prioaiel. In this case, the company may be
interested in having a sustainable operation, wgsho reduce their environmental foot
print and welcome environmental friendly solutiomgjile the rest of the criteria are
more related to the new option’s economic perforceahe volatility of prices, in this
instance, is mainly driven by fossil fuel and thet most of procurement related to

electricity should be maintained as stable and &epow as possible.

In the end, the options representing the lowestachfor the organization are the ones
related to the intellectual regime, since the vadueught out by know-how cannot be

extracted; therefore, the importance of this faatitirbe rated low.

The company management can organize these nirdanta way that place a higher
value on the conditions which influence the busingserformance and a lower

importance on the factors that have a neutrabwr &ffect on the busineSs

13 Refer to Chapter Ill page 41 / Critical factordlie organization.
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Table 9 Prioritization of the factors used to evaluate song alternatives

LEYEL OF

CATEGORY FACTORS IMPORTANCE

SCORE DEFIHITION OF THE CRITERIA

The option has & low level of operational reliabiity

Crperstional relisbility 9 The option has & medium level of operstional reliskbility

The option has a high level of operational reliability

The option is based on old technology

Technology | Technology development 4 The option iz based on traditional technaology

The option iz based on new technology developments

The option has & high environmertal impact

Environmenital impact ? The suggested option has a low environmental impact

The option hias no environmertal impacts

The net cost of supply might be higher than the current net cost

Met cost 5 The net cost of supply might be equal than the current net cost

The net cost of supply might be lower than the current net cost

High volstility of prices. The option is relsted to the spot market prices or fossi fuels

Economics Solatility of prices 6 Low volatility of prices. The option is related to the forward market prices

Zero volatility of prices. The option is not related to the market

The option provide zero increasze in the revenues

Revenues 2 The option provide low increase inthe revenues

The option provide high increase in the revenues

Hew employvess have to be hired to manage the new option

Hutman capital 3 Same level of emplovees iz reguired to manage the nesy option

Fewer employees required to manage the nevy option

The option is high capital intensive and nevy investments are recuired

Resources Financial 8 The option iz low capital intensive and no major ireestments are reguired

The option iz Zero capital intensive and no investments are required

Zero newy intelectual capital iz generated

Intellectual capital 1

Cknow how) Low new intellectual capital is generated

w e ||| m ||| m| e ||| ]| a|w| ||| =

High new intellzctual capital is generated

(Source: Trevifio, 2010)

Scoring the options

After the prioritization of the factors has beend®ahe next step is to assign “weights” to
attributes, indicating the relative importance aodtribution in relation to the criteridhe
value of the score is given to provide a higherloarer, level of effect on the operation
and business performance in each individual opfiable 10provides the details of each
factor and the specific criteria that can go frort)dow, 2) medium, or 3) high score.
Here is a more detailed explanation:
1. Lower value than the value generated with the @gssolution or there is no
added value/high cost.
2. Same value to the value generated with the exiswigtion or low added
value/low cost.
3. Higher value than the value generated with thetiegyssolution or high value

added/no cost.
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Once the level of importance to the individual e is determined, the next step is to
integrate these scores in the matrix, where thdadla options are represented. In this
case, the level of success of each individual opisoevaluated in relation to the nine
different factors by providing the scores explaingekviously. Therefore, decision
makers are expected to evaluate a potential atteenagainst the attributes identified at
the beginning using the established scales/metficge candidate options are given
scores and/or ratings against each attribute,titeée necessary to aggregate these scores
and/or ratings in the selected mathematical m(xt=iTable 11).

The model integrates all of the available optioraf the supply dimension (buy or
make) to the demand response options. This paheomethodology is the first time that
the available options are combined with the compamipsophy. In this stage, the score
provided to evaluate the performance of the sugdesption indicates the level of value
that the option can provide to the business pefdoca. Since all of the options might
have a different impact on the business in theethr&ain categories (technological,
economic, and resources), these scores are comiaireadiculate a total value indicating

the relevance of this option in future electrigturcing strategies.
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Table 10

Score and definition of the criteria by factor

FACTORS SCORE
DEFINITION OF THE CRITERIA
1 The option has alow level of operat onal reliability
Dpelmt?clunal 2 The option has a medium level of operatonal reliability
T reliability
E 3 The optian has  high level of operatonal reliability
E 1 The option isbased on old tedhnology
3 dziz?gsxeg:t 2 The option is based on traditional technology
'; 3 The option is based on neye technology developrments
G 1 The opti on has a high env ronmental impact
Y Emfi Ll 2 The suggested option has alow ensd ronmental impact
impact
3 The opti on has not e ronmental i mpacs
1 The net mst of supply might be higher than the oirment net cost
Met cost 2 The net cost of supply mi ght be equal than the aurrent net cost
E 3 The net cost of supply mi ght be loweer thah the current net cost
3 1 High volatility of prices/The optionis related to the spot market prices ar fossil fuels
1] “olatlity of prices 2 Low wolatlity of prices,The option is related to the forward market pi ces
T 3 Zero volatlity of prices. The option is notrelated 1o the market
g 1 The opt on provide zers increasein the revenues
Revenues 2 The opti on provide low increase in the revenues
3 The opti on provide high increasein the revenues
1 Mew ernpl ovees have 1o be hired 1o manage the new option
Hurnan cpital 2 Same level of employmentis required to ranage the new opton
2 3 Fewrer ermpl oyees required ta manage the new option
; 1 The option is high pital intensive and new investments are required
u Finanhdal 2 The opt an is lew c@pitEl intensive fho majori ivestments are reduired
E 3 The option is zero capital intensive and no investments are required
: 1 Zero new intellectual Gpitalis generated
m?l: ;\u:ar: :'VTE' 2 Low new intellectual cpitalis generated
3 High new intellectual cpital is generated

(Source: Trevifio, 2010)
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Table11

Scoring the options, mathematical model

CATEGORY Technology Economics Resources
Intellectual
FACTOR OE;LaEi?;aI ;:Vd’e}go‘;gz“ Enriﬁnr;;ma Met cost Vo\atriu;ysm Revenues 'él’;m:; Finsndal | capitsl
¥ i b pl b (kniovwehowd
IMPORTANCE 9 4 7 Bl E 2 3 g 1
USER AVAILABLE OPTIONS SCORE SCORE SCORE
SUPPLY
TYPE OF SUPPLY
BUY
Bundled Service
Buncled Service - - Electricity price is market based 5 2 ‘ 5 | 2 3 5 3 I 1
Unbundled Service
Red time price (spot) 2 2 8 1 1 1 1 1 2
Flexibility to fix prices in the forwerd market 2 2 g il 2 1 il 1 2
g::]bnnv 10 index: the electrcity price with s comm odity (ex. Mat 2 3 3 2 3 3 1 1 2

Fossil fuel for Back up

Fossil fuel partisl suppl

Fossil fuel complete suoply (orid connected)

Fosal fuel supply and selling excess to the market

R erewable energy for Back up

R erewable ensrgy partial suppl

R erenable enengy complete supply (and connecded)

Rerswable energy and selling excessto the market

Rerewable enetgy snd selling excess with goverrm ent
incentives
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DEMAND
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(Source: Trevifio, 2010)

Evaluation and results

After scoring each available options for power pireenent, the result is recalculated by
multiplying each value from cells with the valuetbé importance factor. The new scores
are automatically calculated and presente@iahble 12.The evaluation process integrates
the calculation of the scores and the prioritizatod the factors in relation to company
needs. The highest value that can be achievedeircdkculation is 135 points and the
lowest value is 45 points. The higher score melaaisthe available options have matched

the company’s business strategy and the condifrons which to implement this option

are in place to achieve success.



Table 12 Evaluation of the options

CATEGORY Tachnology Ecanomies Resources
) ) " Inte e chual
FACTOR Dpel“’;'ﬁ_""' Je°h|"°'°93'm E"‘I"_'°"m;"t" Netcast | YOIt of | o s i”’“;“l Financial | capital —
reliability evelopme impa prices apita Cricun hewn)
IMPORTANCE [ 4 7 5 [ z 3 f) 1
USER AVAILABLE OFTIO 5CORE 5CORE SCORE

Bundled Service

Bundled Service - - Electricity price & market based |

Unbundlad Sarvics
Real fime price (pof) 18 5 21 5 5 2 3 ] 2 75
Flexibility to fi< prices in the fonward maket 18 g 21 5 12 2 3 g 2 bl
;I::;b\hw to indescthe eleciricty price with a commodity (e, Hat 5 B 21 n 2 N 5 B B =

MAKE

Generation of Electricit

Fossil fuel for Bad up 18 i 7 10 L) 2 5 16 2 71
Fossil fuel partial s upphy 12 4 7 10 5 4 & I 2 73
Fossil fuel complete supply (grid connected) 12 4 Ed 5 5 2 3 ] F 3
Fossil fuel supply and selling excess to the market 12 4 E 15 g & 3 ) 2 il
Renauable energy for Back up 12 2 14 & 12 2 2] 2 2 =
Renanable energy partial sup phe 18 8 14 5 18 2 5] g 3 2
Renawable energy complete supphy(arid conne cted) 18 8 14 ] 18 2 =] =] 3 a2
Frenawable energy and selling excess to the maket 13 8 14 5 12 2 8 ] 3 @
Fenawable energy and selling excess with government 12 1z 21 15 1a “ “ 1 2 s

ingerthves

Load management practice driven by electrisity prices
|oad management practice through operational flexib ity ] E] 21 10 12

|\r\tarruEﬁhle contracts

[
(Source: Trevifio, 2010)
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By combining the scale and graphic interpretatibthe results, the user can clearly see
the options that are, or are not, acceptable, repect to the set of criteria that had been
prioritized. The results are provided in two dimens: The supply side and the demand

side. A graphic representation of the results avioled inFigure 28.

This last part of the methodology provides decisimakers with a clear vision about the
strategy that should be followed. The best avalaiption should be considered and
implemented as part of the company’s businesseglyatThe process of identifying
trends in the market and the company’s prioritingielationship to the critical factors,
should be reviewed frequently in order to integreb@nges in the way the business
operates. Furthermore, economic analysis shouldnhde to evaluate the return of

investment or the cost savings expected by applyiisgoption.
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Figure 28 Graphical results

W High Importance

Importance of each option according to Multiple Decision Criteria Analysis OMedium Importance

B Low Importance

Options for power procurement

(Source: Trevifio, 2010)

This final consideration is not included in the peoof this dissertation because its
concentration is on the methodology to identifyrent available options, trends in the
main domains of the environment and the criteriedusy companies to select options

based on their business philosophy.

4.3 Methodology tool

This methodology has been integrated in a tool llagtbeen designed to help managers
follow all of the steps in a methodical and systeemavay. The tool provides the
possibility of building scenarios and creating atinds that can be used to assess the
options that energy intensive companies have toecedheir electricity needgigure 29
depicts the modules integrated in the methodolagwrtalyze the electricity sourcing
options and ends the present chapter. The toolstertf three parts:

1. Tutorial — where the users can find an overviewualsach of the steps integrated in

the methodology.
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2. Case studies — detailed information about the egipdin of the methodology in three
different countries with different market structsreCroatia, Spain and the UK.
(Chapter 5).

3. Tool — Application ready for use by a company’s agament.

Figure 29 Main menu methodology tool

Main Menu Methodology to generate an electricity sourcing strategy

The "Methodology to develop a Strategy” for electricity sourcing consists in four steps: Analysing, dentify, Discover and
evaluation & selection.

Croatia ‘
| IS
7 [|1) Analyzing the situation:
The first step requires the users to gather information regarding existing market conditions and current available options
I UK | for electricity supply in order to acquire better insights about the way industrials source electricity base on the availahle
1 J options (regulation and market drivers).

2) Identifying trends:

In arder to continue the process, users are recommended to identify and evaluate trends and uncertainties of driving
forces, ie. driving forces of their decisions and find the mast likely future or scenario for electricity supply sector

The trends identified in this step are organized in a PESTE (Palitical, Economics, Society, Technology and Environment)
analysis

[ Spain |

Cases of Study)

3) Discovering new options:
After users learn about trends in the sector; Therefore they should match existing and potential options. The main
purpose of this process is to identify changes in the regulation and market place that consequently could become a new
option of business opportunity.
4} Evaluation & Selection:
Finally the new available options should be evaluated though out an assessment TER (Technical, economical and
resource) base analysis. As a result specific options will he turned into patential alternatives that will be consider as part
of the energy sourcing strategy

Step2 Step 3 Stepd
Identifying Trends Discovering new options Evaluation & Selection

Source: Trevifio

(Source: Trevifio, 2010)
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Chapter 5. Applying the Methodology: Case Studies

5.1 Introduction

Although the liberalization process started 15 yesgo, the development of regulation
and markets has progressed differently in Eurofs €hapter analyzes three different
countries with varying market structures. Thus, dmaracteristics of the electricity
markets can be identified as monopolistic in Ceatiransitional in Spain and
competitive in the UK. Also, the selected compargesie from a variety of energy

intensive industries, such as chemical, cemensteal.

The selection of these country-company was baseth@mvailability of information

provided by previous work in electricity procurerheh had substantial data about
external factors that affects the development efédlectricity sector, as well as internal
business criteria in the organization. These efsieare considered define the
prioritization of the factors and scores to thded#nt available options. Additionally the
above country-company cases were also elaboratatieofact that these markets had
various levels of development useful for testing thethodology with some constrains in

time and budget.

The chapter begins with a brief overview of thectleity sector in Europe, providing
information about the evolution of electricity p; the electricity generation mix and
the development of renewable electricity initiaiv@he case studies include a general
overview of the country’s economy, the power systealuding the generation capacity,
the electricity network and the main electricityaygrs. Because electricity intensive
users play an important part in energy consumptios case studies provide information
about the energy players in different parts ofgbetor as well as providing details about
the electricity profile of each compan{/The methodology has been followed and each
part of the four steps has been documented withilddtinformation about current
conditions, trends in the external environmentnidging new sourcing options and

evaluating the options, in relation to the comparbusiness philosophy.

14 Company electricity profile is related to the éfimity consumer. The details included are aboat th
electricity demand and consumption, as well astireent electricity supply strategy.

85



Three different companies in Europe were selectBHECTRON® in Croatia,
NEUTRON® in Spain and the UK's PROTON. These companies represent the
industrial sector — they are important playershim ¢lectricity market and need to develop

an electricity sourcing strategy to improve thegpective competitive advantage.

This chapter is an important part of the dissextatt by providing information about the
application of the methodology, its value for tHectricity intensive industry is better

understood.

5.2 Europe’s electricity sector

Europe is the leading region in the promotion bétalizing the electricity sector. This
part of the chapter will provide a brief descriptiof Europe’s electricity profile to aid in
obtaining a better understanding of the environmehé description will give us a quick
overview of the current conditions faced in Europs,well as some macroeconomic
statistics regarding electricity prices, generatmix and an overview of the renewable

targets.

Economics

By 2006, roughly 22,000 enterprises in the EU-2figrgy sector generated turnover of
approximately € 885 billion and employed over 1.2liom people, (3% of the total
industrial workforce). At the same time, these gniees generated a value-added of €
180 billion, 9% of the total industry.

Europe is becoming increasingly dependent up ororted hydrocarbons. The projection
is that the EU’s energy import dependence will juimgm 50% of the total EU energy
consumption today to 65% in 2030.

1S ELECTRON: Large electricity consumer in Croatlee hame of the company has been modified.

® NEUTRON: Large electricity consumer in Spain, tisne of the company has been modified.

Y PROTON: Large electricity consumer in the UK, tta@ne of the company has been modified.

18 Europe Economics 2006. a report by Europe Ecorsanid Fraunhofer ISI with BSR Sustainability and
The Krakow Institute for Sustainable Energy. Page 928
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Electricity prices

Prices paid by consumers for electricity in Euralepend on a number of factors, and
these prices are market driven. The final eleg¢yiprice paid by consumers in Europe
usually consists of the following: the price paidddectricity in the market, a charge for
transmission, distribution and taxes. In some Eeaopcountries there are also special
tariffs to promote renewable energy sources oriapéaxes to prevent COemissions.
The electricity price decreased in the second semes2009, due to the economic slow
down; this was a change in the price tendency mu2®10, the price is expected to rise
again as the economy recovers. Brgire 30for a representation of the development in
the average electricity price (generation + trassion + distribution + taxes) paid in the

European Union.

Electricity generation

Total gross electricity generation in the EU wag @illion Gigawatt hours (GWh) in
2006, of which close to 30% came from nuclear powants. Natural gas and coal-fired
power stations each accounted for around onedittine total. Lignite-fired and oil-fired

power stations accounted for 10% and 4%, respégtive
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Figure 30 EU electricity prices
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Renewable energy sources (RES), had the largest, ¢hadropower, providing 10% of
the total, followed by biomass-fired power and wipdwer, which each generated
between 2% and 3% of the total. EU-27 Electricitgn@ration(refer to Figure 31).
Electricity generation in the EU grew, on averdoe,1.7 % per year between 1996 and
2006.
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Figure 31 EU-27 Electricity generation

Electricity Generation - 2006
EU -27

Cher

ind

P MNuclear

Hydro jeak-s

0%

Lignite
10%

Coal
8%

(Source: Eurostat 2006)

Market share

Germany and France were the principal electricagpegators in the EU, with shares of
19% and 17%, respectively, while the UK was theyasther country to report a share
above 10%. Given the increasing risks related & décurity of energy supplies and

climate change, the European CommisSitras committed to take action in these areas.

The European Commission (EC) has addressed fivegthiat chart the policy priorities
from which to secure energy; they are the following

* Infrastructure needs and the diversification ofrgpesupplies.

« External energy relations.

* Oil and gas stocks and crisis responses mechanisms.

* Energy efficiency.

* Making the best use of the EU’s indigenous eneegpurces.

19 Consultation of the future “EU 2020” strategy.
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Renewable energy sources

Electricity generated from all renewable energyreesi combined contributed 14.5% of
the EU’s gross national electricity consumptior2006, although several Member States
had much higher ratios reflecting a greater redatimportance of renewables. In
particular, large proportions of electricity fronydropower and, in some cases, from
biomass were generated in Austria (56.6%), Swed&®R%) and Latvia (37.7%). In

contrast, the relatively high share of renewablergy in Denmark (25.9%) was due

mainly to wind power and, to a lesser extent, toriass (Maza et al., 2009).

EU CG, emissions will increase by about 5% by 2030 amthal emissions will rise by
55%. The new energy and climate change policidsafiéct the way the energy is being
generated, transmitted and consumed in order teeaehhe target to reach 20% of

renewable energy by 2039.

The EU countries are currently the global leaderthe development and application of
renewable energy. Promoting the use of renewaldeggrsources is important, both to
the reduction of the EU’s dependence on foreigmggnienports and in meeting targets to

combat global warming.

In 2005, renewable energy accounted for 6.7% @fl fotimary energy consumption in
the EU-27, compared to a share of 4.4% in 19%so, the share of renewable energy in
final consumption has also increased from 6.3%9811to 8.6% in 2005. Renewable
energy sources are increasing in Europe and tlueney is that they will become more

common in the coming yeafefer toFigure 32).

20 EEA Report No 6/2008. pages 19 - 25
2L Energy and Environment Report 2008.
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Figure 32 EU renewable electricity targets
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5.3 Croatia case study

Croatia is located in the Southeastern part of geyrbordering the Adriatic Sea (a 5,835
km coastline), between Bosnia and Herzegovina dogleSia. The resources of the
country are petroleum, some coal, bauxite, low-gr@dn ore, calcium, natural asphalt,
silica, mica, salt, clays and hydropower. A maphaf current Croatian territory is shown
in Figure 33

Figure 33 Map of Croatia

CROATIA
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(Source: worldtravels )
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5.3.1 Economic overview

In Croatia, the state retains a large role in t@nemy because privatization efforts are
progressing at a relatively slow rate. The EU asioesprocess should accelerate fiscal
and structural reform. While long-term growth presis for the economy remain strong,
Croatia’s high foreign debt, weak export sectoraised state budget and reliance on

tourism revenue will result in a low economic deyghent over the medium-term.

In 2008, Croatia produced 17,580 bbl of oil/day @etisumed 105,000 bbl of oil/day.
Crude oil is produced on 36 oil fields and gas emsadte from ten gas and condensate
fields, capacities for the processing of crudeatilthe refineries in Rijeka, Sisak and
Zagreb amount 4.9 million tons annually; petrolepnoducts are sold at 774 petrol

stations.

Regarding natural gas, Croatia produced 2.847ohiln3 and consumed 3.205 billion
m3. Natural gas is produced at 20 natural gasdjdi@nsported via 1,657 km of high
pressure gas pipelines and stored at an undergfaaititly called Okoli with a capacity

of 620 million m3%?

The extraction of crude oil and natural gas, prtidacof petroleum products and
electricity, natural gas, steam and hot water sugpkcluding production, transmission
and distribution activities) accounted, in totady f16.1% of industrial gross domestic
production for 2007. In terms of employment figyrdgese activities accounted for 10%
of the Croatian industrial workforce. HEPis the biggest company in the electricity

sector.

%2 Index Mundi details information about the macraemic activity in Croatia.
23 HEP: Hrvatska Elektroprivreda has made severalgémto react to the electricity market liberalizat
in Croatia.
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5.3.2 Power system

Croatia has four major hydroelectric plants in twain areas of the country — the region
near the Slovenian-Hungarian border and the areagathe Adriatic coastline. The

Varazdin hydro plant is located near the SloverHamgarian border and the three hydro
plants along the Adriatic coastline are Senj, Obr@and Zakucac — all owned and

operated by the national electricity company, HskatElektroprivreda (HEP).

The 486 megawatt (MWe) Zakucac hydroelectric plianthe largest power plant in
Croatia. A tender has been announced for the newN®8/e Ombla hydroelectric plant
proposed for a site on the Rijeka Dubrovacka RiVero additional hydropower plants

have also been proposed, the 106 MWe Virje pladtthe 42 MWe Lesce plant.

The Croatian electric power transmission systerawsed and operated by HEP. The
electricity distribution grid has three differentliages; there are 903 kilometers of 400-
KV lines, 1,224 kilometers of 220-kV lines and 4)#6lometers of 110-kv lines. There
are also five 400 kilovolt (kV) substations, fifte@20/110-kV substations and 140 110-
kV substationg?

The Croatian power system is comprised of plantisfaailities for electricity production,

transmission and distribution in the territory dietRepublic of Croatia. By size, the
Croatian power system is one of Europe’s smallestvep systems. Due to its
geographical position and location of generatiranid, electricity is transported for most

of the year from the south to the north, and vieesa, and from the north toward the east.

By putting the newly constructed 400/220/110 kV jdeinec substation into operation,
and the reconstructed 400/110 kV Ernestinovo stibstaransmission capacity, security
and reliability of the power system have signifitanincreased, especially in the

country’s Northwestern and Eastern areas.

24 Global Energy Network Institute, GENI: An Energy @view of Croatia pp.12-23

94



The Croatian power system is a controlled areabhyrHEP OPS. Together with the
Slovenian power system and the power system ofiB@srd Herzegovina, it constitutes
the control block SLO-HR-BIH within the UCTE grid. The map of the Croatian Power
System is shown iRigure 34.

Figure 34 Croatian power system

SLOVENIA

SEREBIA

(Source: HEP)

% See also HERA webpage: www.hera.hr. Croatia’s p@ystem is under development to accommodate
the interconnection required to exchange and tedefgricity in the region.
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Generation capacity

In 2008 Croatia produced 11,419 GWh of primary gpeand the total consumption
amounted to 17,996 GWh. The produced electricity loa divided into the following:
5,277 GWH from hydro power plants, 6,075 GWh frdmertmal power plants and 67
GWh from industrial and wind power plarfts.

The majority owner of generation capacities in @eoés Hrvatska Elektroprivreda d.d
(HEP), a daughter company of HEP-Proizvodnja (Gatreer), which carries out the
activity of electricity and heat energy producti¢tEP presently generates around 95%
of Croatia’s electricity; the remaining 5% of electy generation comes from industrial

power plants and privately-owned plants.

Industrial power plants generate electricity, heachanical energy for their own use in
industrial processes, while the electricity surpta be sold to the transmission or
distribution grid. These power plants are not at prHEP but they have purchase

agreements and can feed the power they producéhiejoower system.

Most of the power generated in Croatia in 2008 cdémom thermal (53%) and hydro
(46%) power plants. The rest was generated by atbarces and renewable energy

technology that has recently been growing in thentry (refer toFigure 35).

The total installed capacity of generating planigtbn the territory of Croatia is 3,745
MW, of which 2,079 MW is from hydro power plantsdah,666 MW is from thermal
power plants. Hydro power plants are the storage Bnd located in the Croatian coast
area; the run-of river plants are located mainlythe northwestern area of Croatia.
Thermal power plants run on liquid fuel (fuel aktra light oil), while others use coal or

natural gas.

Installed capacity of industrial power plants i tRepublic of Croatia is 210 MW. Two
wind farms are integrated into the Croatian eleityripower system — Ravne on the
island of Pag with 6 MW of nominal power and Triatolin near Sibenik of 11 MW
with nominal power. Even though wind power is bgmmgmoted and has been increasing

in Croatia, it is still a very small part of thedbgeneration (0.23%).

%6 Energy Community Regulatory Board (ECRB) Sectibthe Energy Community Secretariat (ECS).
Page 24 - 26
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The electricity sources in Croatia in 2009 are espnted inFigure 36. Thermal and
Hydro power are the most common sources with moae 60% of the power sources.
New technologies, such as wind and solar powestltén development in the country

and represent less than 1% of the energy sources.

Figure 35 Electricity production in Croatia — 2008
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(Source: HEP 2008 pp 10 - 18)
Figure 36 Electricity supply by type of sources in CroatiaG09
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Electricity network

All grid users have the right to access the trassion grid based on the principle of
regulated access of third parties (Law on EledyriMarket) and in accordance with the
Electricity Market Act’ — general conditions for electricity supply, ggdde of the
electricity system, as well as with UCTE Operatiodandbook. Electricity generators
and buyers are obliged to obtain consent of thestréssion grid operator for access to
the grid. A transmission system operator may desgess to the grid in the event of

limited technical or operating capabilities of tm&d.

The Croatian transmission grid consists of lineghwee different voltage levels, namely
400, 220 and 110 kV. The total length of high-vgétdines is 7259 km. The transmission
network is connected with the neighboring electpower systems of Bosnia and
Herzegovina, Serbia, Slovenia, and Hungary. Thal tein of high voltage lines and

substations in the Croatian power system are disdlanTable 13.

Table 13 Substations and power lines in Croatia
Lines [km)

Substations Voltage Total
Voltage lewvel Number MVA 400 kv 1,159
4005 ke ] 4,100 220 kv 1,144
22050 ke 5 2,120 110 kv 4 747
11043 ky 110 4944 Medium Yoltage 209
TOTAL 121 11,164 TOTAL 7,299

(Source: HEP 2008)

HEP Operator Distribucijskog Sustava or HEP-ODS Hevatska Elektroprivreda
subsidiary) remains the largest distributor to batidustry and households. Its
distribution grid is 129,618 km long, with 26,4 #ansformers installed, totaling 14,106
MVA of power.

2" Article 3, paragraph 2 of the Electricity MarkettXofficial Gazette 177/04) and Decision of the&ia
Energy Regulatory Agency concerning approval ottieity Market Rules, Class: 310-02/06 — 01/71eFi
No.: 371-01-06-96 dated December 2006, the Créateagy Market Operator adopted on 9 December
2006
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In order to have a better interconnection betwden Groatian electricity system and
neighboring countries and to increase electricaging possibilities, a double-circuit line
towards Hungary will be built by 2010, 2x400 kV;admnentation is also being prepared

for the construction of a submarine cable towaraly,| Konjsko-Villanova (HEP).

Electricity players
Croatian energy functions, such as generationsingssion, distribution and retail supply
are integrated within an individual electric ugilifThese activities are still carried out by

the state own utility, Hrvatska Elektroprivreda ¢HEP).

A market participant in the Croatian electricitynket is any producer, supplier, trader or
eligible customer. Any participant must have anme for performing energy activity,

issued by the Croatian Energy Regulatory Agency.

In Croatia, HROTE® is responsible for the organization of the eleityi market and
HEP-Operator prijenosnog sustava (HEP-TSO) is mesipte for electricity transmission,
maintenance, development and construction of tresssom system and power system
control; HEP-Operator Distribucijskog Sustava (HEBO) is responsible for electricity

distribution, maintenance, development and constmiof distribution syster’

Producers

A producer is an energy entity with a license toduce electricity. Producers can sell the
electricity to a trader, a supplier — HEP-TSO fgstem services, transmission network
losses or system balancing and HEP-DSO for digtabunetwork services or

distribution network losses.

There are three types of producers in Croatia: Jgréducer within the system of the
public service, 2) an eligible producer, and 3) iadependent producer. Eligible

producers can obtain the necessary status througHugtion of electricity from

8 HROTE: Energy Market Operator

9 POYRY-UNECE— Regional Analysis of Policy Reforms to promote EyeEfficiency and Renewable
Energy Investments.
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renewable and cogeneration. The Energy Act, thetfidigy Market Act® and secondary
legislation, such as electricity production and plaechase or sale of electricity produced

from renewable sources and cogeneration.

In 2008, there were a total of nine licensed enepggducers in Croatia. HEP
Proizvodnja, Thermal power plant Plomin and INA-INBTRIJA NAFTE are the three
oldest licensed producers in the country and haea In operation since 2003. The other
six producers were licensed between 2007 and ge@& toTable 14).

Table 14 Electricity producers in Croatia — 2008

Name of energy operator Date of issuing the license D uration of license (years)
HEP Proizvodnja d.o.o. 10/12/2003 15
Thermal power plant Plomin d.o.o. 11/12/2003 15
INA-INDUSTRIJA NAFTE d.d. 13/12/2003 15
Adria Wind Power d.o.o. 28/03/2007 5
Valalta d.o.o. 26/06/2007 5
EKO d.o.o. 05/12/2007 5
Wind power plant Trtar-Krtolin d.o.o. 07/01/2008 5
Hidro-Watt d.o.o. 10/01/2008 5
TUDIC ELEKCTRO CENTAR d.o0.0. 10/07/2008 5

(Source: HERA 2008, page 13)

Traders

A trader is an energy entity, which purchases atid slectricity after having obtained a
license for trading. A trader can purchase elatgricom a producer, supplier or another
trader and is allowed to sell it to a supplier,taeo trader, HEP-TSO and HEP-DSO.

All electricity market participants willing to pactpate in the cross-border electricity

exchanges must obtain an Bt@ode, which is valid all across Europe.

%0 Electricity Market Act (official Gazette 177/04).
3L EIC: Energy Identification Code
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Suppliers

A supplier can purchase electricity from a produteder or another supplier. They can
sell electricity to eligible customers in accordamith the customer’s supply contracts,
tariff customers in a regulated contract, a treatet another supplier. Every supplier has
to off-take a minimal share of electricity produckdm renewable energy sources.
According to a list provided by the Croatian EneRgggulatory Agency (HERA), the
companies with a license to carry out the eledyrisupply are: HEP-Opskrba d.o.o,
KORLEA d.o.0, HEP-Operator distribucijskog sustava.o and HEP-Toplinarstvo d.o.o.

In order for the Croatian market to become comipetitmore suppliers are needed. Three

out of the four available suppliers are part of P group.

Prices of electricity

In 2010, for a standard Croatian industrial witbcasumption of 3,500 MWh/year, the
average price of electricity is € 93.8/MWh. Howeuwbe EU-25 average price (this price
is weighted with 2004 national consumption) is &.24MWh. For a consumption of

2,000 MWh/year, large electricity consumers payOE7@vWh, while EU-25 average

price is € 90/MWH?

There are two groups of customers in Croatia —isradigible and the second is tariff
customers. A customer obtains the eligible custostetius under the Electricity Market
Act. An eligible customer can freely choose a sigo@nd negotiate the electricity price.
Total electricity price for eligible customers c@ts of an electricity price contracted
with a supplier, transmission network fee or dmition network fee and an incentive fee
for electricity production from renewable energysies. Even though companies can
have eligible status, most of them decide to camtipaying all of the included energy
prices (tarifff — an average of € 60.7//MWh. Transsion and distribution charges

represent 29% of the total energy price (HEP).

The promotion of renewable energy sources is degfi@objective of the EU’s energy
policy, as expressed in the EU energy legislatio @ directive about the promotion of

the electricity use from RES. The Directive regsiMember States to establish a RES

%2 panorama of Energy EUROSTAT 2007.
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incentive system. Each EU Member State sets its mational target for RES-produced

electricity and Croatia, as a candidate countny,tiis in mid-2007.

5.3.3 Regulation

The electricity market in Croatia has been operesih July 2008, meaning that all
customers have the legal right to choose theirtrtedy supplier. The regulatory
conditions are in place to promote market traneastibut the state-owned supplier and

the tariff structure is still in place, providinga@omic incentives to remain there.

A new CQ regulation has been in place in the electricigt@e™ Currently, a C@tax is

being charged to the consumers; by 2011 Croatigoail the EU ETS program.

5.3.4 Industrial sector

Croatia’s dominant industries are chemicals andtjgls, machine tools, fabricated metal,
electronics, pig iron and rolled steel productsynahum, paper, wood products,
construction materials, textiles, shipbuilding,rpegum and petroleum refining, food and

beverages, as well as tourism.

The textile industry is particularly well-developadd includes over 400 enterprises — the

majority of which are engaged in cooperative atigsiwith foreign manufacturers.

Shipbuilding dominates the industrial sector wittp@rts of over € 1 billion annually,

accounting for over 10% of exported goods. The fpaxtessing and chemical industries
constitute significant portions of industrial outpand are responsible for a significant
portion of exported goods. The industrial sectgoreésents 27% of Croatia’s total

economic output, with agriculture representing 6%.

Tourism is a notable source of income, particulatlying the summer months but also,
more recently, in the winter months, due to andase in popularity of winter snow
sports, such as skiing. With over ten million fgreitourists annually, tourism is

important because it generates revenues in ext€sg billion. Tourism is not an energy

% EC CROATIA 2008 PROGRESS REPORT describes thertaken in Croatia to prepare for its
entrance into the EU.
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intensive industry but may strongly influence eomimental regulations. To continue
increasing the tourism trade, the country candryeduce the intensity of the electricity

generators and industrial consumers.

5.3.5 ELECTRON s electricity profile

ELECTRON is the company selected for this caseystu@ firm that belongs to the
chemicals sector. It has gained eligible statughencountry, so it is allowed to freely
choose its supplier and has the flexibility to ngaahe supply cost. The company’s
annual electricity consumption is 250 GWh. The entraverage electricity price is €
60.7/MWh (generation + transmission + distributienVAT + RES fee); they are
supplied by HEP Distribucija in a tariff-based aawct. The current electricity tariff
model used by ELECTRON is High Voltage — White Hgmh HEP Opskrba. The tariff

items for billing are:

* RVT - electricity higher daytime tariff item.

RNT — electricity lower daytime tariff item.

* SVT - power demand at time of higher tariff.

* OIE - renewable charge.

* Includes metering of electricity in two tariffs HILT.

* Power demand is metered in higher tariff — SVT Metapable of storing load
curve are fitted at metering point.

This tariff structure provides incentives to redtige electricity cost by using large parts
of the consumption during off peak time (22:00-@6Hburs). ELECTRON’s maximum
demand in the year is 25 MW by the month of Jiriehe average demand in the year is
15 MW. During February and March the company cotslumajor equipment
maintenance. This is also linked to the seasonadymt demand and is related to the

weather conditionéseeFigure 37).

% Maximum electricity demand and annual consumpgicnconsidered to be base lines for electricity
supply agreements.
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Figure 37 ELECTRON annual electricity demand — 2009
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(Source: Modify from ELECTRON operational records)

The electricity prices offer an important incentitee implement the load management

practice. ELECTRON needs to optimize its electyidémandsee ta~igure 38).

Figure 38 ELECTRON electricity demand and prices — May 2009
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The company is supplied by a peak tariff-basedreetitpeak hours are from 6:00-22:00
and off peak hours from 22:00-6:00. Currently, tbenpany is not taking full advantage
of the demand management practice as describédume 39.

Figure 39 ELECTRON monthly electricity demand and pricesMag 2009
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(Source: Modify from ELECTRON operational records)
5.3.6 Electricity sourcing methodology

ELECTRON will test the proposed methodology andebasn its outputs will get an

opportunity to change their sourcing options anchaed management practices. While
testing the methodology, they will be asked to lde analysis of their current situation,
anticipate market trends and highlight their pties — doing everything with the aim to

develop and finalize a strategy.
Step 1: Current conditions

To provide details about the current conditionsilabée in the country and how
ELECTRON is operating, an energy expert in the camypfilled out the questionnaire.
The result of the survey is described in the follgyweport:
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Supply

1.

Supply structure: The service can be bundled oundled, dependent mainly on
consumer preferences. Because the governmerdigigidizes the price of electricity,
the majority of large electricity consumers ardl stupplied through a cost-based
tariff.

. Price determination: In 2007, Croatia introducea ittarket-based pricing mechanism

for consumers that had gained the eligible statdeswever, large electricity
consumers still prefer to stay in the cost-baseddehamainly because of the

uncertainty in the energy market and the high valaof fuels and CQ.

Type of market-based contract: The traditional @mis are currently available and
real time pricing has not been introduced since fh&ket has not yet been

developed.

Self-generation

1.

Reliability of Supply: The country has developeddgronnections to improve the
reliability of supply and the main connection talytis frequent congested. However,

the country, in general, does not have the proldEmaintaining a reliable supply.

Generation Technology: The electricity productionthe country is fossil based,;
therefore, industrial generation-sites are baseihlynan this technology. However,
in the future the government may promote the deweknt of renewable energy

sources.

The Croatian government may provide limited incegti for RES usage (e.g., feed-
in-tariff).

Grid connection is still limited in Croatia. Newn@wvable energy projects will

influence the need to provide free access to tike gr

The trading of electricity is not available in tbauntry.
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C0O; management

1. CO;regulations: At the moment all large electricipnsumers pay a GQ@ax that has
been calculated by the Croatian government. Credtigoin the European Emission
Trading Scheme in 2011.

Demand

1. What types of measures are used to manage demaadifiohally, energy efficiency
actions have been the main approach to reducinguoggtion during peak hours,
since tariff structure is still available. Load nagement activities, through

operational capacity, are available in the powertret.
General Questionnaire

The questionnaire will provide information aboue tburrent market conditions and the

current supply structure of the company.

Subject: Score

Supply
1. Freedom to select supplier (unbundled service) v
2. Continue as bundled service with tariff struetur v
3. Move to unbundled service v
4. Free access to the electricity market X
5. Self-generation X
6. Cost-based v
7. Market-based v
8. Real time price (spot) X
9. Flexibility to fix prices in the forward market X
10. Flexibility to index the electricity price wilhcommodity X
11. Allowed to use the grid to interconnect selfig@tion unit X
12. Generation units are required to maintain pctdao (back-up) X
13. Fossil fuel technology (ex., nat. gas, fuel @it) v
14. Renewable (wind, solar, etc) X
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15. Subsidies to promote the investment in RES
16. Incentives to sell electricity from RES

17. On-site generation

18. Self-generation and inject excess into the grid

19. Allowed to sell excess electricity in the mdrke

X X x & & X

20. CQ regulations in your country (fees on g@llowances, etc)
Demand

21. Energy efficiency actions

22. Load management practice driven by electrymiiges

23. Load management practice through operatioazidility

x X X &

24. Interruptible contracts are available

Step 2: Identifying trends
It is important to try and identify the main facddhat influence market conditions in the
electricity sector. These trends can be organizedeveral topics, including policy

(regulatory), economical, social, technological andironmental (PESTE).

Policy

The number of market players in supply and germradre increasing and this will affect
the cost of generation and the price of electridkythe moment, industrial producers are
not allowed to sell electricity but this option iMlecome available as the market gets
more competitive. At this time, the only optionte sell green electricity to the state

electricity company.

Croatia has several sources of primary energy. A#8% of its primary energy supply is
covered by domestic sources, although in the futusevery likely to be reduced to less
than 25%. The remaining energy needs will be cal/bseimports. These conditions will
affect the way electricity is being traded and vphlomote the market's evolution to
provide more incentives regarding bilateral agregmeCroatia will continue to be a net
importer of electricity and prices will be drivery Imarket conditions in the region. A

summary of the policy’s future trends is presentetable 15.
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Table 15 Energy policy trends in Croatia

Liberalization of the electricity market is in progress P1
Unbundled service — supply and transmission can be P2
; v
) Energy policy and country negotiated separately
Policy . - - -
regulations Self generation will be allowed (back-up, partial P3
generation, selling excess, etc)
Access to the grid will be available to deliver electricity D pal
in different regions
Allowed selling of electricity (self generated electricity to P
the market — new business opportunity) I:I

(Source: Trevifio, 2010)

Economic

Croatia is expected to join the EU in 2013. Thidl Wwring additional incentives to
develop renewable energies.. Economical incentiv@® the EU will add additional

generation capacity, especially from green energy.

As electricity sources start to develop, energyscomers will be able to purchase
electricity from new generation-sites of cross leorgroducers. It is unlikely that in the
short-term new market conditions, like spot mar&atl the forward market, will be

available. A summary of the economic future treisdzresented ifable 16.
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Table 16

Economic trends in Croatia

Economic

Supply / Demand, RES/
Nuclear, Fossil fuel price

Fossil fuel prices will remain volatile and unpredictable Ecl
Increasing number of support schemes for investment in D Eca
renewable energy sources (RES) ¢
Increasing number of incentives for selling the electricity D Ec3
from renewable energy sources (RES)

Increasing economic incentives for load management Ecd
practices (load shedding and load shifting)

Electricity purchasing through the market Ec5}
Electricity prices index to the spot market Ec6}
Electricity prices index to the forward market Ec7
Electricity prices index to a commaodity (exc., nat gas) D Ec8}
Trend to build additional production capacity to improve Eca
load management practices D

The generation and transmission system have

constraints and provide incentives for interruptible D Ec10l
contracts

(Source: Trevifio, 2010)

Social

The country has been generating green electricainiy from their hydropower plants.

This has positioned the country as being an exte#gample of how to integrate and

balance generation from different sources, botkifasd non fossil.

The environmental concern in the country is vergrgy, due to the interest in joining the

EU, in addition to the strong influence that thertem industry plays in the economy.

The country’s government will try to maintain @8 natural resources and maintain a low

level of environmental impact. A summary of theumat social trends is presented in

Table 17.
Table 17 Social trends in Croatia
People are becoming more concerned about the
Social Consumer (large environmental changes — positive attitude about s

industrials) preferences

recycling, willingness to pay a higher price for "green”
electricity

(Source: Trevifio, 2010)
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Technological

The main factors that will support the use of realel energy are the new policies and
laws regarding C@trading and emission reduction that will come iplay after the
country joins to the EU ETS in 2011. There willinere opportunities to implement new
technologies related to G@ree electricity generation in Croatia. Furthevelepments

in hydropower and wind generation will also providere incentives while considering

the country’s geographical and topographic condgio

It is unlikely that other technologies — like €@apture and storage — will be
implemented in the short- or medium-term, since tibehnology is far from being
available commercially and economic incentivesdemonstration-sites are more likely

to be located in Western Europe.

There are good opportunities to implement basid lnanagement and energy efficiency
practices. The current power agreements providenines that should be considered. A

summary of the technological future trends in Aeost presented ifable 18.

Table 18 Technological trends in Croatia

Technology is available to generate electricity at a

competitive cost T

[<]

Dominance of technologies to offset CO2 emissions

(CO2 capture and storage is available) T2

Electricity generation,

Technological Energy efficiency

O O

New renewable energy technologies (RES) will grow in

the market (e.g., RE, nuclear, etc.) T3

New automation technology will support energy
efficiency and load management practices

[<]

T4

(Source: Trevifio, 2010)

Environmental

The environmental goal is to reduce the,@issions by at least 5% in the period from
2008 to 2012. After Croatia joins the EU in 2018 re will be new and more rigorous

laws regarding C® A summary of environmental future trends is préseémn Table 19.
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Table 19 Environmental trends in Croatia

New regulations regarding pollution and the environment

are expected to intensely affect the prices of CO2 and El
Environmental Environmental issues electricity

New environmental regulations will not affect the price of D

co2 =

(Source:, Trevifio, 2010)

Step 3: Discovering new options

The methodology considers the integration of theeru available options and the trends
in the external environmental conditions. The feilog supply and demand diagrams
show the new available options that will apply ke telectricity market. The supply
electricity options are described Figure 40 and the demand electricity options in
Figure 41

Figure 40 Supply: Electricity sourcing options for ELECTRON

Electricity Sourcing Options

CROATIA SUPPLY
on site Grid connected Selling
T2EL ] sl < > foss| X > excess X
generation P4 | generation P5 | electricity
P1P3T1| Backup /
generation On site Grid connected Selling
renewable X renewable )¢ excess X
@ Ec2 Ta E151| generstion P4 generation P4 Ec3| electricity
Cost based Cost based
tariff b ¢ tariff
{(F1) | BUNDLED p1pP2 | UNBUNDLED
l F1Ecs
Market based
supply x Ech
BUNDLED
Ect
h
Spot pri Spot prices Forward price Carnmodity
petprices X > pee < > v > indexed
BUMNDLED P2 UNBUMDLED Ect1Ec?| UNBUMNDLED Ecgé | LUNBUNDLED

(Source: Trevifio, 2010)
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Figure4l Demand: Electricity sourcing options for ELECTRON

Electricity Management Options

DEMAND
CROATIA

Load management X
* through
Ecd | operational capacity

N4 Dernand N4 Load management
Energy efficiency managerment »| through
7| measures -
T4 Ec1,Ecd Ecs | eleciricity prices

Interruptible X
contracts

Ec10

(Source: Trevifio, 2010)

After the methodology is applied, and the countfyture trends are evaluated, ELECTRON'’s

current electricity supply and management optiorsshown(see tolable 20).
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Table 20 Supply: Available options for ELECTRON

SUPPLY

A.- BUY
Bundled Service

1.- Electricity price is market-based

Unbundled Service
1.- Real time price (spot)

2.- Flexibility to fix prices in the forward market

B.- MAKE
Generation of Electricity

1.- On-site fossil generation, Back-up.

DEMAND

DEMAND RESPONSE
1.- Energy efficiency actions.

2.- Load management practice driven by electricity prices

(Source: Trevifio, 2010)
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Available options summary

Supply

The main available options relate to maintaining turrent electricity contract, in the
short-term, with the tariff structure. For the mediterm, ELECTRON will be able to
integrate into the new energy market by particigatn the spot and forward markets.
This option will be driven mainly by the need topant additional electricity into the

country and the lack of power generation from theal producers.

In the long-term, the options to generate elec¢yriill be primarily driven by renewable
electricity with the various options depending upbe location of the natural resource.

This depends highly on the grid infrastructure @miivity.

Demand

An extended possibility to implement energy efficg and load management practice
will have a strong influence on ELECTRON from thesmthnd side. Additional flexibility

regarding operation capacity will bring value t@ tlnergy demand capacity, adjusting
the production schedule to reduce the electrioityt @nd, at the same time, fulfill the

production orders.

Load management via spot prices will not be possiblthis stage, since there is no spot
or day-ahead market. This possibility should rensaiailable for future market condition

changes.

Interruptible contracts will be available to inceet electricity users, reducing demand
during some periods of the year. This automatical®yps the grid system to better
manage the generation-sites without having to dgvehdditional infrastructure

investments.
Step 4: Evaluation and selection

The ELECTRON business strategy will influence thaywthe company sources
electricity. The company will have to define itsaségy in nine different dimensions,

related to the three main categories: TechnologgnBmics and Resources.
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Technology

The current electricity sourcing strategy at ELE@MNRis based on energy efficiency.
Through the normal operation of the facility, ma@agnt has tried to reduce the
electricity demand during peak hours without susc&nergy management and control
systems can be installed and programmed to stcalggished loads to keep the peak
demand within a specified range. A couple of manjectives have been defined at
ELECTRON, which are to maintain supply reliabilaypd keep the production schedule
and product quality under control. Then, the openat flexibility should be maintained

to provide more flexibility and productivity withimts processes. The philosophy at
ELECTRON is to have a sustainable development tirdbe implementation of energy
friendly initiatives, such as renewable energy @ctg, since the integration to the EU

ETS will bring additional regulation in G@missions

Economic

The changes in the Croatian regulatory framework mot create a dynamic energy
market in the short-term. Still, dependency on gativeg fossil fuel will continue to be
dominant. The way to reduce volatility is for thational company to continue with the
tariff structure. Increased revenues, due to tHmgef electricity, are unlikely to happen
in the medium-term because the number of projents @ermits and incentives are

limited at this stage.

Resources

The main concern for the company is the financgsources required to develop an
initiative. At this moment, high capital investmerdre not being considered. Initiatives
requiring the same number of employees, or eveedaction of employees due to
productivity or efficiency, will have a positive feEt on accepting any new sourcing
option. The company will support the creation oWniatellectual capital. ELECTRON

has set their electricity sourcing priorities oscale from 1 to 9, with 9 being the most

important factor and 1 being the least impor{aeeTable 21).
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Table21

Prioritization of factors for ELECTRON

CATEGORY

FACTORS

LEVEL OF
IMPORTANCE

SCORE

DEFINITION OF THE CRITERIA

Technology

Operational reliability

9

The option has a low level of operational reliability

The option has a medium level of operational reliability

The option has a high level of operational reliability

Technology development

The option is based on old technology

The option is based on traditional technology

The option is based on new technology developments

Environmental impact

The option has a high environmental impact

The suggested option has a low environmental impact

The option has no environmental impacts

Economics

Net cost

The net cost of supply might be higher than the current net cost

The net cost of supply might be equal than the current net cost

The net cost of supply might be lower than the current net cost

Volatility of prices

High volatility of prices. The option is related to the spot market prices or fossil fuels

Low volatility of prices. The option is related to the forward market prices

Zero volatility of prices. The option is not related to the market

Revenues

The option provide zero increase in the revenues

The option provide low increase in the revenues

The option provide high increase in the revenues

Resources

Human capital

New employees have to be hired to manage the new option

Same level of employees is required to manage the new option

Fewer employees required to manage the new option

Financial

The option is high capital intensive and new investments are required

The option is low capital intensive and no major investments are required

The option is zero capital intensive and no investments are required

Intellectual capital
(know-how)

Zero new intellectual capital is generated

Low new intellectual capital is generated

w v rlolvrlolv]rlelv]rlelv]rlelv]rlold]rlofo]r|ols]e

High new intellectual capital is generated

(Source

The company evaluates the available options arettsethe best strategy for managing
supply and demand, with the help of the methodoltmp). All available options are
evaluated based on multi-decision criteria — a rigghe used to filter options and
alternatives in order to obtain the opportunitygmial on which the company can base
its new supply strategy. ELECTRON management’sriies are set and the evaluation

takes place. The evaluation integrates all theofaatith the specific criteria that can go

: Trevifio, 2010)

from a 1) low, 2) medium, or 3) high value as showfable 22.
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Table 22 Scores related to each factor for ELECTRON

Croatia CATEGORY Technology Economics Resources
g S : ) . Intellectual
FACTOR Opgrat!qnal Technology Env!ronmemal Net Volaplny of Revenues Human Financial | capital
reliability | development impact cost prices capital
(know-how)
IMPORTANCE 9 4 7 5 6 2 3 8 1
USER AVAILABLE OPTIONS SCORE SCORE SCORE
SUPPLY
TYPE OF SUPPLY
BUY
Bundled Service
Bundled Service - Electricity price is market based ‘ 2 ‘ 2 ‘ 2 ‘ 2 ‘ 2 ‘ 7 ‘ 2 ‘ . ‘ .

Unbundled Service
Real time price (spot)

Flexibility to fix prices in the forward market

MAKE
Generation of Electricity

On site fossil generation, Back up. 2 2 2 il ‘ & | 1 2 2 2
DEMAND
DEMAND RESPONSE
Energy efficiency actions. 2 3 3 2 2 2 8 S 1
Load management practice driven by electricity prices ‘ 2 ‘ S ‘ S ‘ 8] ‘ 2 | 8 ‘ 3 ‘ 3 ‘ 2

(Source: Trevifio, 2010)

Based on the set criterion, the company’s managemeuates every available option
to decide on the one that better suits its neeéter Acoring each option, management
will automatically see a table including the firslores for each option, as well as the
highest scoring options for supply and demand mamagt, which will be highlighted.
The final scores for each option are calculatedrioytiplying the score assigned by the
company for their level of importance; the finabse is the sum of all of the factors.
Figure 42and43represents the final results with the highest stopions highlighted.
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Figure 42 Results by each available option ELECTRON

Croatia CATEGORY Technology Economics Resources
» » ! ol
.ﬁ FACTOR Opevranvovnal Technology Env!ronmemal Net Volapllty of Revenues Hurqan Financial Intcea;if;;a
reliability | development impact cost prices capital TOTAL|
(know-how)
IMPORTANCE 9 4 7 5 6 2 3 8 1
USER AVAILABLE OPTIONS SCORE SCORE SCORE
SUPPLY
TYPE OF SUPPLY
BUY
Bundled Service
Bundled Service - Electricity price is market based | 18 ‘ s | 1 | 0 ‘ 18 | 4 ‘ 9 ‘ s ‘ 1 | -
L Service
Real time price (spot) [ 18 | 8 [ 22 [ 5 [ 6 | \ [ 6 [ 2 [ =&
Flexibility to fix prices in the forward market [ 18 ] 8 | a1 | s | 12 ] | [ 16 [ 2 [
MAKE
ion of
on site fossil generation, Back up. [ 18 ] 8 | 4 [ s [ 18 | 2 [ 6 [ 16 | 2 |8
DEMAND
DEMAND RESPONSE
Energy efficiency actions. 18 12 21 10 12 4 9 24 1 111
Load management practice driven by electricity prices | 18 ‘ 12 | 21 | 15 ‘ 12 | 6 ‘ 9 ‘ 24 ‘ 2 | 119
(Source: Trevifio, 2010)
Figure43 Graphic results by each available option ELECTRON
Importance of each option according to Multiple Dec ision Criteria Analysis
140 4
Su
pply Demand »
120 4
111
e —,—_—,—_—_,—,—,—__——————,—,—,———-----r T e -
90 87 89
81
80 +
Score
60
40 -
20 +
0 T T T T
Bundled Senvice - Real time price (spot) Flexibility to fix prices On site fossil Energy efficiency Load management
Electricity price is in the forward market generation, Back up. actions. practice driven by
market based electricity prices
Options for power procurement

(Source: Trevifio, 2010)
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Recommendation

After the evaluation of the available options witle considered factors, the highest rated
supply option is to stay with bundled service; dypand transmission service are
integrated and the best option for demand managemenimplement load management

practices in order to reduce peak demand durinlg éligctricity prices.
Supply

The company should continue with the tariff struet@nd the bundled service. The
deregulation process is still in an early stage #reincentives to enter into the free
market will be delayed for some time. Self-generatfor back-up is not compulsory

since the reliability of the network has proverptovide good service.

Demand

As for demand, the company should implement angsnefficiency program. This
project should provide an important energy costicidn with a low investment level.
Also, the load management program has to be impigdethrough electricity prices.
The current production capacity can be used tcheshde the production program during
the night shift and still cover the need at a lowégctricity cost. At this stage, the

network operator does not provide significant iricess for interruptible contracts.
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5.4 Spain case study

An EU Member State, Spain is located in southwadgiemrope, on the Iberian Peninsula.
Its mainland is bordered on the south and eashbyMediterranean Sea, except for a
small land boundary with Gibraltar, to the north Bsance, Andorra and the Bay of
Biscay and to the Northwest and West by the Atta®itean and Portugal. SEgure 44

for a map of the country.

The country is a democracy and is organized irfdha of a parliamentary government
under a constitutional monarchy. It is a developedntry with the ninth or tenth largest
economy in the world by nominal GDP. Spain also &agery high living standard of
living (ranked 18 on the Human Development Index), including th& higjhest rating
in the world on the quality of life index. The cdpnis a member of the UN, NATO,
OECD and WTO.

Figure44 Map of Spain
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5.4.1 Economic overview

According to the World Bank, Spain’s economy is theth largest worldwide and the

fifth largest in Europe. However, after almost Eaks of above average GDP growth, the
Spanish economy began to slow down in late 2007eateted a recession in the second
quarter of 2008. The economy is projected to resammdest growth sometime in 2010,
making Spain the last major economy to emerge fitwenglobal recession. The reversal
in Spain’s economic growth reflects a significaetkhe in the construction sector, an

oversupply of housing, falling consumer spending slnmping exports.

In 2008, Spain produced 28,130 barrels of oil/day eonsumed 1.562 million barrels of
oil/day. The country is considered to be one of ltiggest oil importers in the world
(12th) with an import rate of 1.813 million barreté oil/day and an export rate of
approximately 280, 000 barrels of oil/day. In 208gain produced 17 million m3 of
natural gas, but consumed 38.18 billion m3, mearnha Spain has to import 38.59

billion m3 of natural gas, making it the world’sveath natural gas import&t.

5.4.2 Power system

Spain has the fifth largest electricity market ir&pe (behind Germany, France, the UK
and lItaly) and it is growing quickly. Electricityechand for 2001 was estimated to be
210.4 billion kilowatt-hours (bkwh), a 5% increaseer 2000. Red Eléctricaruns the
power system in Spain. It ensures a safe, contmymawer flow from the power
generators to the centers of consumption. It istheager of the transmission grid and,

as such, acts as the sole transmission company.

% Index Mundi detail information about the macroemmit activity in Spain.
% Red electrica also see: http://www.ree.es
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Red Eléctrick’ owns 99% of the high voltage transmission grid isntherefore, the only

company specialized in power transmission in Spaire Spanish transmission grid is
composed of more than 34,700 kilometers of highaga electrical lines, more than
3,300 substations (Red Electrica, 2009) positiars lzas an excess of 62,000 MVA of
transformation capacity. These assets make upeaasaf reliable meshed grid that offers

the highest service quality rates to the electreytem. The map of the electricity
network in Spain is presentedkigure 45.

Figure 45 Spanish power system
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(Source: POWERmMap Europe)

%" Red electrica is the transmission system operiiplans the development of the grid, managegtfie
and guarantees access to the grid by all agents.
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Generation capacity

Spain had an installed capacity of 85,937 MW aratpced 24,836 GWh of energy in

2007. Spain produces electricity through variowhinelogies using several sources. The
main sources are nuclear, oil and Haossil fuel technology is the most common in
Spain supported by the combined gas cycle techgdleag dominates the self-generation

market. The energy consumed in Spain during 2098type of source is shown in

Figure 46.

Figure 46 Electricity consumption in Spain by type of source
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(Source: EC report 2008)

Electricity network

The following Spanish companies provide electridistribution services in the Spanish
market: Endesa, Iberdrola, Union Fenosa, HC Enega Viesgo.Table 23 describes

the development of Spain’s transmission grid (Crasrgind Fabra 2004).

% SPAIN — Energy Mix Fact Sheet - EC report 2008
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Table 23 Development of the transmission grid in Spain

Development of transmission grid

Km de circuit 20041 2005'") 2006 2007 2008 2009
400 KV 16,548 16,808 17,004 17,134 17,686 17,977
220 KV and lower 11,461 16,288 16,498 16,535 16,636 16,777
Total 28,004 33,0496 33,802 33,669 34,322 24,754

(Source: Red Eléctrica de Espafia)

Electricity players

Producers

Electricity production in Spain is starting to de@into a competitive market, managed

by OMEL®*. The main electricity producers in Spain are presin Figure 47.

Figure 47 Electricity producers in Spain
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(Source: EESG - 2007)

%9 OMEL: Operador del Mercado Electrico IBERIA
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Endesa and Ibedrola control more that 45% of thentyg's electricity generation
capacity. Recently, new companies that had speedlin the renewable electricity
business have acquired assets from fossil fuelotigpdhis is the case of Acciona, a
company whose management made an important aeguisit 2008 by integrating

Endesa, the biggest player in their busirf8ss.

Suppliers

Since 2007, the electricity supply in Spain hasnbdiberalized for large energy
consumers. Since that time, new companies haveedtéw supply electricity but the
incumbents are still dominant in the markeThe list of the electricity suppliers in the

Spanish market is included Trable 24.

Table 24 Electricity suppliers in Spain

Market Electricity Suppliers in Spain

Aduriz Energia SLU Ceéntrica Energia Generacion, = L.
Céntrica Energia S.L.L. Cide Hoenergia, S 4.
Comercializadora Elédrica de Cadiz, S AU, Comerdalizadora Suministros Especiales Alginetenses, SL.
Basz=olzEnergia Comerdal S L. Céntrica Energias Especiales SL .U,
Comerdializadora Lersa, SL. Comerdalizadora Suminigros Especiales Alginetenses, SL.
Compafia Escandinava de E lectricidad de E sparia, S.L. Electra Caldense Energia, 5.4,
Electra del Cardener Enerdia, 5.8, Electra Eneraia, .81,
Electracomercial Centelles, T .L.U. El&ctrica Serosense, SL.
Elédrica Sollerense, S.AL. Elekirizt&ts-Gesellschat Laufenburg E spafia, S L.
Endesza Enerdia, S.4.1. Enerco Cuellar, SL.
Eon E neraia, S.L Estabanell v Pahisa Mercator, 5.4,
Factor Energia, 5.4 Gas MNatural Servicios SDG, 548,
Gesternova, S 4, Hidrocantabrico E nergia, S AL
Hidroeléctrica del Cantabiico, S.4. Hidroelé drica del Walira, S L.
|berdrola Generacion, S.AL. |herdrola = A,
Maturgas Energia Comercializadara, S .20, Mewiz Energia, S .48,
Orus Energia, S L. Union Fenosa Comedal, S L.

(Source: CNE, 2010)

0" Acciona annual report No 37, 2007.
“1 European Regulators’ Group for Electricity and ®aport 2007.
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Consumers

Some of the electricity intensive users have atidfaheir demand in load aggregation
contracts to improve their presence in the marked a@reate better negotiating

conditions®*?

New technologies have been applied to add load fofferent locations. Online
metering and organized production schedules usesdggregation techniques (Escriva,
Alvarez, Valencia, 2009).

Electricity prices

The economic crises has affected both the demamgbiaces of electricity. The average
electricity price in Spain for a consumption of @AMWh/year maximum is € 0.0882 per
kWh and for a consumption of 24,000 MWh/year maximis € 0.0761 per kWh. The
evolution of the electricity prices in Spain frofa@ to 2009 is representedrigure 48.
Figure 48 Electricity prices in Spain
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(Source: Eurostat 2009)

2 Commonwealth of Massachusetts — Office of Consuhfilairs and Business Regulation — Division of
Energy ResourcesGUIDE TO MUNICIPAL ELECTRIC AGGREGATION IN MASSAGHITS.
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The components of the price paid for electricitghe Spanish market are the following:
the daily and intra-daily electricity market pricadjustment services charges and
capacity charges. In Spain, the number of custoineysg electricity in the market is

growing because the tariff structure is no longailable.
5.4.3 Regulation

Regulatory reforms have affected large electricimsumers: They are obliged to leave
the cost-based tariff system to enter into a newketdase modéf The large electricity

consumers who have gained the status of privilegetumers can choose either, 1) a
new tariff structure, based on “real time pricingifiere prices vary hour by hour and an
all-inclusive electricity price is paid through ipterm arrangements (contracts), or 2)
negotiate the price of energy, paying separateggremd delivery charges through new,

shorter-term contract arrangements.

5.4.4 Industrial sector

Industry contributes about 35% of Spain’s GDP bug still somewhat dependent up to
foreign investment. The most common sectors arenaaibile, steel, textiles, chemicals
and marine. Industry in Spain is concentrated enNlorthern part of the country, unlike
the Southern region where tourism and agricultueetlze main economical activity. The
heavy industries (iron, steel and derivates) areeotrated in the north and the chemical
industry is based in the country’s Northeast regon the country’s coast side, there is
heavy naval industry, located in Bilbao, El Feraold Cadiz. The oil related industry is
located in Tarragona, Cadiz and Huelva. The autmmdatdustry is one of the biggest in
Spain; it is centered in the Andalucia community,asea that has seen the arrival of

many multinational companies (Fernandez, 2006).

3 Since 2007, large electricity consumers have terénto the market base mechanism.
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5.4.5 NEUTRON s electricity profile

NEUTRON'’s annual production is almost 2.5 milliots of synthetic steel and the
yearly energy consumed is 230 GWh. The price ottetity is an average of €
88.2/MWh and Iberdrola is their supplier througkeal time Spot contract.

The company is participating in several initiativesimprove energy efficiency. Load
management is being implemented and is providingatly good results. The annual

electricity demand of NEUTRON is presented iffigure 49 and the weekly electricity
demand can be seenhigure 50.

Figure49 NEUTRON annual electricity demand 2009 to 2010
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(Source: Modify from NEUTRON operational records)

4 Maximum electricity demand and annual consumpéicnconsidered as a base line for electricity suppl
agreements.
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NEUTRON weekly electricity demand 2008 to200

Figure 50
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(Source: Modify from NEUTRON operational records)

The daily electricity demand shows the flexibiliy the production process to react to

electricity prices. In this case, the prices ottieity increase from 07:00 throughout the

rest of the day and the operation reduces consamptf 6 MW. As can be seen in the

figure below, there is the possibility of optimigithe production schedule to take better
advantage of the electricity prices, especiallyirurthe night shift. Daily electricity

demand and prices are presenteHigure 51
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Figure51 NEUTRON electricity demand and prices, 24 May 2009
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(Source: Modify from NEUTRON operational records)

5.4.6 Electricity sourcing methodology

NEUTRON has been in need of a recommendation dmmwtto improve their electricity
sourcing strategy and demand management pracéhsesescribed, Spain’s electricity
supply has recently changed from a tariff structtwea transitional market. New
opportunities in the generation sector from rendevabectricity could provide important

value for the company.
Step 1: Current conditions

To provide details about the current conditionsilatsée in the country and how the
company is operating, NEUTRON filled out the quastiaire included in the tool. The

result of the survey is described in the followregort:
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Supply

1. Supply structure: Since 2007 to 2008, Spain nodoisgpports cost-based energy for
energy intensive users. All large electricity cangus are obliged to leave the cost-
based tariff. The wholesale market created on Lialgn1998 includes a series of
transactions that are carried out by market agentee daily and intraday market
sessions. Self-generation of electricity is allowd#we deregulation process and the
introduction of competition in the electricity sectprovide incentives, particularly

with renewable energy programs.
2. Price determination: cost-based tariffs are no éorsgipported in Spain.

3. Type of market-based contract: market base prodmitisa tariff structure and spot
prices are the most common sourcing options. Téetrgdity forward market and the

price indexed to a commodity will take some timdéodeveloped.

Self-generation

1. Grid connections: access to the grid ruled by (TB&J Electrical Espafia (REE).

2. Reliability of Supply: there is no special needistall back-up capacity to support
the energy supply. The network is very well managed incentives are provided to

large electricity consumers to sign interruptibbairacts.

3. What type of technology could be used for self-gatien? Fossil fuel technology is
clearly dominating the energy supply. Power gemanas based on the combined gas
cycle technology. However, the Spanish governmergroviding subsidies to RES

technologies.

4. Renewable Energy Incentives: self-generated ebtégtricreated from renewals, is
being promoted by the Spanish government throughntechanisms of both the
“feed-in-tariff” and “premium price system.” Gridperators are obliged to buy the

electricity generated from renewable sources.
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5. Type of self-generation: the two options — onsitd grid connected generation — are
available in Spain. However, connection to the gad provide additional incentives

to generators.

6. Trading of electricity: The day ahead market previdcentives to sell renewable

electricity. Electricity can be exported to Portliddorocco or France.

COz management

1. CO; regulations: Spain is part of European TradingeSoh (ETS). At the moment,
all producers receive the allowances for free hiartisg in 2013, it will be

compulsory to buy them..

Demand

1. Energy efficiency actions provide incentives toueel the cost of electricity. Due to
the current economical condition, providing adaiib production capacity that can
be used to better manage the load and reduce sthefcelectricity is important. The
electric companies provide incentives to energgnsive users to reduce demand

through interruptible contracts.

General questionnaire

This questionnaire will provide information abobetcurrent conditions in the market

and the current supply structure of the company.

Subject: Score
Supply
1. Freedom to select supplier (unbundled service) v
2. Continue as bundled service with tariff struetur X
3. Move to unbundled service v
4. Free access to the electricity market v
5. Self-generation v
6. Cost-based X
7. Market-based v
8. Real time price (spot) v
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9. Flexibility to fix prices in the forward market

10. Flexibility to index the electricity price wihcommodity

11. Allowed to use the grid to interconnect selfigi@tion unit’s
12. Generation units are required to maintain pctdao (back-up)
13. Fossil fuel technology (ex. nat. gas, fuel @it.)

14. Renewable (wind, solar, etc.)

15. Subsidies to promote the investment in RES

16. Incentives to sell electricity from RES

17. On-site generation

18. Self-generation and inject excess into the grid

19. Allow to sell excess electricity in the market

CN N S S xS N xS X x

20. CQ regulations in your country (fees on g@llowances, etc.)

Demand
2

22. Load management practice driven by electrymiiges

|_\

. Energy efficiency actions

23. Load management practice through operatioaxzidility

NN I

24. Interruptible contracts are available

Step 2: Identifying trends

It is important to identify the main factors thatfluence market conditions in the
electricity sector. These trends can be organigtal several topics: policy (regulatory),

economical, social, technological and environme{R&ESTE).

Policy

The liberalization of the electricity market hasdaal full range of options for Spanish
suppliers and consumers. The possibility of chapailsupplier with integrated electricity
generation assets has increased the possibibitiesurce the electricity supply.

The government is providing important incentivesghie renewable electricity business.

Feed-in-tariff programs have been established démpte investments in this sector. The
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country is very well located geographically, esplygi for the production of solar
electricity and wind generation. A summary of threergy policy trends is presented in
Table 25.

Table 25 Energy policy trends Spain

Liberalization of the electricity market is in progress P1
Unbundled service — supply and transmission can be P2
Polic Energy policy and country negotiated separately
regulations Self generation will be allowed (back-up, partial p3
generation, selling excess, etc)
Access to the grid will be available to deliver electricity 7
in different regions P4
Allowed selling of electricity (self generated electricity to P
the market — new business opportunity)

(Source: Trevifio, 2010)

Economic

Importantly, the slowdown of the economy will cre@dditional available capacity. The
influence of natural gas companies on the marketasasing and electricity prices are
becoming more correlated to natural gas priceding§etlectricity will represent a new

business opportunity for large electricity consusner

The spot market is dominant but it is expected ttet forward market and the
commodity index contracts will play an importanteran electricity market. A summary

of the economic future trends is presentedable 26.
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Table 26 Economic trends in Spain

Fossil fuel prices will remain volatile and unpredictable Ecl
Increasing number of support schemes for investment in D Eca
renewable energy sources (RES)
Increasing number of incentives for selling the electricity Eca
from renewable energy sources (RES)
Increasing economic incentives for load management Ecd
practices (load shedding and load shifting) ¢
Electricity purchasing through the market Ec5}
Economic Supply / Demand, RES/
— Nuclear, Fossil fuel price |Electricity prices index to the spot market Ec6}
Electricity prices index to the forward market Ec7
Electricity prices index to a commaodity (exc., nat gas) D Ec8}
Trend to build additional production capacity to improve
load management practices Ec9
The generation and transmission system have
constraints and provide incentives for interruptible Ec10l
contracts

(Source: Trevifio, 2010)

Social

Consumers are more interested in renewables temffiesl and they are willing to pay
more for green electricityTable 27 presents the social trends that are affecting the

company.

Table 27 Social trends in Spain

People are becoming more concerned about the
Social _ Cor?sumer (large enwro_nmen_ta_l changes — posmve attltgde abc'Jlut ) s1
— industrials) preferences |recycling, willingness to pay a higher price for "green

electricity

(Source: Trevifio, 2010)
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Technological

Due to strong financial incentives, the installegacity of renewable generation (wind
and solar) is rapidly increasing. Spain is now afethe fastest growing renewable
markets in the world. With a current share of 9% hational target of 20% in 2020

seems well within reach.

The wind power market has developed impressivelyg;, ¢he solar PV market has grown
even faster with more than a 50% growth rate inldéisé couple of years. Also showing
great promise is the development of new RES tedgms, such as offshore tidal power,

offshore wind farms, thermal solar, biomass, geotiaé units and biogas.

Several research programs have been launched oomgefQ capture in plants but
these technologies are still not available in therssterm. It is expected to become a

more common practice in the future in an effontdduce CQemissions.

Energy efficiency and load management practicebphly dominant roles to reduce the
cost of electricity. New automation technology andnitoring systems — complemented
with various economic incentives — will promote thge of interruptible contracts. A
summary of the technological uncertainties that afiact the company is presented in
Table 28.

Table 28 Technological trends in Spain

Technology is available to generate electricity at a
competitive cost T
Dominance of technologies to offset CO2 emissions T2
] Electricity generation, (CO2 capture and storage is available)
Technological L
Energy efficiency
New renewable energy technologies (RES) will grow in T4
the market (e.g., RE, nuclear, etc.)
New automation technology will support energy T4
efficiency and load management practices

(Source: Trevifio, 2010)
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Environmental

Starting in 2013, large electricity consumers Wil obliged to buy C@®allowances on
the market. This will increase the cost of generatiramatically. Future cost of G@&
expected to be € 30-40/ton €O'he summary of the environmental uncertaintied an
future trends that may affect the company is prieseimTable 29

Table 29 Environmental trends in Spain

New regulations regarding pollution and the environment
are expected to intensely affect the prices of CO2 and
electricity

El

Environmental Environmental issues
New environmental regulations will not affect the price of D

co2 E2

(Source: Trevifio, 2010)

Step 3: Discovering new options

The methodology considers the integration of curasailable options with the trends in
the external environmental conditions. The follogvBupply and demand diagrams show
the new available options that apply to the eleityrimarket. The electricity supply

options are described Figure 52 and the electricity demand optionsHigure 53,

138



Figure 52

SPAIN

P1P3T1

Supply: Electricity sourcing options for NEUTRON

Electricity Sourcing Options

(P

SUPPLY
On site Grid connected Seling
T2E2 fossil x fassil Excess
generation P4 | generation PS5 | electicity
Back up
g
generation on site Grid connected Selling
renawable X rengwable B)CES5S
Ec2 T3 £1.91| generation [=X] generation P5Ec3| electricity
Cost based Cost based
tariff tariff
BUNDLED F1p2 | UNBUNDLED
l P1EcS
Market based
supply X Ect
BUNDLED
i Ech
Spot prices Spot prices Forwardpr\ce‘/ ﬁgg{rggd\w
BUNDLED P2 UNBUNDLED Ect1Ecy| UNBUNDLED Ecs UNBUNDLED

(Source: Methodology electricity sourcing, Trevifio)

Figure53
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After the methodology is applied, and the countrftgure trends are evaluated,
NEUTRON's current electricity supply and managenmgttons are seen ifable 30,

Table 30 Available options for NEUTRON

SUPPLY
A.- BUY

Bundled Service

1.- Electricity price is market based.

Unbundled Service
1.- Real time price (spot).

2.- Flexibility to fix prices in the forward market.

B.- MAKE
Generation of Electricity
1.- Renewable energy complete supply (grid connected).
2.- Renewable energy and selling excess to the market.

3.- Renewable energy and selling excess with government incentives.

DEMAND
DEMAND RESPONSE

1.- Energy efficiency actions.
2.- Load management practice driven by electricity prices.
3.- Load management practice through operational flexibility.

4.- Interruptible contracts.

(Source: Trevifio, 2010)

Available options summary

Supply

The main available options are related to accessieg electricity market with the

possibility of participating in the spot and forslanarkets.

140



If the company can invest, the option to gener&etecity will be mainly driven by the
self-generation of renewable electricity with gddnnection, since the natural resources
are not necessarily located near the productian $itis is highly dependant up to the

grid infrastructure, connectivity and incentivesyided by the government.

Demand

A prolonged possibility of implementing energy eiincy and load management practice
will have a strong influence on the demand sidedifdahal flexibility from the operation
capacity will bring value by adjusting the prodoctischedule to reduce electricity cost,

while at the same time fulfilling the productiorders.

Interruptible contracts will be available to inceite users to reduce demand during
some periods of the year. This automatically helfik the grid system, better managing

the generation sites without additional infrastanetinvestments.
Step 4: Evaluation and selection

NEUTRON's business strategy will influence the wiag company sources electricity.
The TER analysis includes the actions that the @mps management is willing to take
in executing the suggested sourcing option — aseoaf action that will require defining

levels of priority.

Technology

The company has recently left the bundled serviitk tariff structure. At the moment,
NEUTRON is being supplied with short-term contraamsl any change in demand versus
contracted load is being balanced out in the spatket. The company is planning to
generate electricity to supply their own instala8 by using the grid. The Spanish
government has promoted the use of renewablesrnergie electricity through a variety
of incentives, encouraging the company to inititdeself-generation practices. However,
it has been difficult for management to decide \whigpe of renewables would be most

reliable and cost effective.
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Economic

Since the elimination of the tariff structure, tt@st of electricity has increased. There is
a high level of difficulty in terms of implementirg strategy that can help the company
reduce the cost of electricity. The self-generagooject can bring additional revenues

when excess electricity is sold in the market.

Resources

Long-term agreements can provide a solution inftrevard market without a major
capital investment. This contract could be integplaith those of other large electricity
consumers, providing additional flexibility. Prodivity or efficiency initiatives, with the
same number of employees or even a reduced nurheenmoyees, will have a positive
impact on new sourcing options. The company wilpmart the creation of new
intellectual capitalTable 31represents how NEUTRON, with the aid of the toals ket
their electricity sourcing priorities. The scalefiem 1 to 9, 9 being the most important
factor for the company and 1 representing the least

Table 31 Prioritization of factors for NEUTRON

CATEGORY FACTORS IMLPEC\)/FE::ACI)\EE SCORE DEFINITION OF THE CRITERIA
1 The option has a low level of operational reliability
Operational reliability] 6 2 The option has a medium level of operational reliability
3 The option has a high level of operational reliability
1 The option is based on old technology
Technology [L?/ZTS;I::S:‘ 2 2 The option is based on traditional technology
3 The option is based on new technology developments
1 The option has a high environmental impact
Env:rn?;rangmal 5 2 The suggested option has a low environmental impact
3 The option has not an environmental impacts
1 The net cost of supply might be higher than the current net cost
Net cost 8 2 The net cost of supply might be equal than the current net cost
3 The net cost of supply might be lower than the current net cost
1 High volatility of prices. The option is related to the spot market prices or fossil fuels.
Economics Volatility of prices 7 2 Low volatility of prices. The option is related to the forward market prices
3 Cero volatility of prices. The option is not related to the market
1 The option provide zero increase in the revenues
Revenues 4 2 The option provide low increase in the revenues
3 The option provide high increase in the revenues
1 New employees have to be hired to manage the new option
Human capital 3 2 Same level of employees are required to manage the new option
3 Less employees required to manage the new option
1 The option is high capital intensive and new investments are required
Resources Financial 9 2 The option is low capital intensive and no major investments are required
3 The option is zero capital intensive and no investments are required
) 1 Zero new intellectual capital is generated
Ime(lliiztxzjlwg@?nal 1 2 Low new intellectual capital is generated
3 High new intellectual capital is generated

(Source: Trevifio, 2010)
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The company evaluates the available options anectsethe best supply and demand
management strategy with the help of the tool.aAthilable options are evaluated based

on multi-decision criterion.

The companies’ priorities are set and the evalnatakes placeTable 32 shows the
scores assigned by NEUTRON to each of its availaptens. The evaluation integrates
all of the factors with the specific criteria tfegn go from, 1) low, 2) medium, or 3) high

value.

Table 32 Scores related to each factor for NEUTRON

Sﬁain CATEGORY Technology Economics Resources
= y . . Intellectual
Eﬁ? FACTOR Ope.ral!qnal Technology Env!ronmemal Net cost VolaFlllly of Revenues H””.‘a” Financial capital
reliability | development impact prices capital
] (know-how)
IMPORTANCE 6 2 5 8 7 4 3 9 1
USER AVAILABLE OPTIONS

SUPPLY

TYPE OF SUPPLY
BUY

Bundled Service

Bundled Service - Electricity price is market based ‘ 2 ‘ 2 ‘ 2 ‘ 2 ‘ 2 ‘ 1 ‘ 2 ‘ 3 ‘ 1
Unbundled Service

Real time price (spot) 2 2 2 2 2 1 2 3 2

Flexibility to fix prices in the forward market S S 2 2 2 1

MAKE

Generation of Electricity

Renewable energy complete supply (grid connected) 2 2 2 1 3 1 1 1 1
Renewable energy and selling excess to the market 2 2 2 1 3 3 ! 1 1
R bl d selli ith t

enewable energy and selling excess with governmen 2 2 2 . s s . L .

incentives

DEMAND
DEMAND RESPONSE
Energy efficiency actions.
Load management practice driven by electricity prices

Load management practice through operational flexibility

N|w|w|w
PP~
w|w|N |w
w|w|N N
w [N PN
w|w|k [k
[NEENYENRIN
(AR ENEIN
NN P |w

Interruptible contracts.

(Source: Trevifio, 2010)

Based on the set criterion, the company evaluatedyeavailable option to decide on the
one that better suits their needs. After scoringhezption, NEUTRON will automatically
see a table with the final scores for each of thms#ons; the best supply and demand
management options are highlighted. The final scéoe each option are calculated by
multiplying the company assigned score by the |@¥@mportance; the final score is the
sum of all of the factorgzigure 54 and55 represents the results.
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Figure 54 Results by each available option for NEUTRON

s iain CATEGORY Technology Economics Resources
i‘ﬁ‘:‘ FACTOR Ope.ratiqnal Technology Env?ronmemal Net cost Vola.tility of Revenues H”"?a" Financial Infa":i(tz:ljal
reliability | development impact prices capital TOTAL]
I (know-how)
IMPORTANCE 6 2 5 8 7 4 3 9 1
USER AVAILABLE OPTIONS SCORE SCORE SCORE
SUPPLY
TYPE OF SUPPLY
BUY
Bundled Service
Bundled Service - Electricity price is market based 12 4 10 ‘ 16 ‘ 14 | 4 ‘ 6 ‘ 27 ‘ 1 94

Unbundled Service

Real time price (spot) 12 4 10 16 14 4 6 27 2 95
Flexibility to fix prices in the forward market 18 6 10 16 14 4 9 27 2 106
MAKE
Generation of Electricity
Renewable energy complete supply (grid connected) 12 4 10 8 21 4 3 9 1 72
Renewable energy and selling excess to the market 12 4 10 8 21 12 3 9 1 80
_Renevyable energy and selling excess with government 12 2 10 16 21 12 3 9 1 a8
incentives
DEMAND
DEMAND RESPONSE
Energy efficiency actions. 18 2 15 16 14 4 6 18 3 96
Load management practice driven by electricity prices 18 2 10 16 7 6 18 1 82
Load management practice through operational flexibility 18 2 15 24 14 12 6 9 2 102
Interruptible contracts. 12 2 15 24 21 12 6 27 2 121

(Source: Trevifio, 2010)

Figure55 Graphical results by each available option for NERON
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Recommendation

Begin utilizing a contract with the flexibility téix prices in the forward market. The

option for demand management is to start usingrugpéible contracts with your supplier.
Supply

The company should implement a flexible contrat¢hwhe possibility to fix prices in the
forwards market. The new renewable energy regulatmyovide an incentive to invest in
these technologies. Financial resources, howevay e a significant obstacle

considering the economic slow down in the Spantsmemy.

Demand

The company should continue to add interruptibletiaets to get the financial benefit of
the program. Load management practices can be tosestuce the cost of electricity.
This can be the structure to earn revenues byngellnused electricity in the market.
Additional investment in operational capacity i noder consideration at this moment.
Additional production capacity is not required omaynnot pay back the investment

required for electricity cost reductions.
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5.5 The UK case study

The UK is located in the Northwestern coast of cwnttal Europe. It is an island
country, spanning an archipelago, which includesaGBritain, the Northeastern part of
the island of Ireland and many small islands. Nemthireland is the only part of the UK
with a land border, sharing it with the Republicliefland. Apart from this land border,
the UK is surrounded by the Atlantic Ocean, thetN@ea, the English Channel and the
Irish Sea. Great Britain, the largest island, mkéid to France by the Channel Tunnel. A
map of the UK is presented gure 56.

The UK has a strong economic, cultural, militargiestific and political influence in the
region. It is an EU Member State, a permanent membthe UN Security Council and
iIs a member of the Commonwealth of Nations, G8, ,G2ATO, OEC, as well as the
WTO.

Figure 56 Map of the UK
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5.5.1 Economic overview

The UK’s economy is made up of the economies ofl&myy Scotland, Wales and
Northern Ireland. Based on market exchange ratelgytthe UK is the sixth largest

economy in the world and the third largest in Eeagfter Germany and France.

The UK, a leading trading power and financial cenie one of the trillion dollar

economies of Western Europe. The UK has large awlral gas and oil resources;
however, its oil and natural gas reserves are miagliand the country became a net
importer of energy in 2005. Services, particulabgnking, insurance and business
services account for the largest proportion of G@RiJe industry continues to decline in

importance®

The UK has a small coal reserve in addition to ifigant, yet continuously declining
natural gas and oil reserves. Over 400 million tohgroven coal reserves have been
identified in the UK.

5.5.2 Power system

The electricity transmission networks in Great &rit are owned by National Grid
Electricity Transmission (NGET) in England and W&al&cottish Power Transmission
Limited (SPTL) in South and central Scotland andtésh Hydro Electric Transmission
Limited (SHETL) in the North of Scotland.

The UK transmission system broadly comprises althef circuits operating at 400kV,
275kV and 132kV, although the majority of the latitein Scotland where transmission
also includes 132kV networks. The fully interconteelctransmission system not only
provides for a consistently high quality of supblyt also allows for the efficient bulk
transfer of power from remote generation to demeenters. As a requirement of The
British Electricity Trading and Transmission Arr&ments (BETTAY® Great Britain’s

system operator of the national grid (NGproduces the Great Britain Seven-Year

> Index Mundi detail information about the macroemmit activity in the UK.

“° Energy Act 2004. BETTA was introduced to includm®and grid into the NG.

" National Grid: Report to the Gas & Electricity Nkats Authority GB Transmission System Performance
Report, 2007 — 2008.
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Statement annually, containing a wide range ofri@eh and non-technical information

relating to the GB Transmission System. The maphef UK Power System is exhibited
in Figure 57.

Figure 57 The UK’s power system
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Generation capacity

The electricity price in the UK is primarily drivesy fossil fuel prices, since about 76%
of the electricity supplied is generated from gaedf or fuel fired power plant§. The
breakdown of how the electricity is supplied by mauin the UK is shown ifigure 58
Figure 58 The UK’s electricity supply
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The total UK electricity generated in 2008 was fdygd00 TWh The UK electricity
demand has increased by almost 50% during thlagears and was characterized by a
sharp decline in the share of industrial consunmpfrom about 50% in 1960 to 28% in

2008°° The industrial electricity consumption in the UKnche seen iRigure 59,

“8 The Institute of Physics; also seeww.iop.org
“9 Department for Business, Enterprise & RegulatoefoRn (BERR).

* Department of Energy and Climate Change, DigetttoEnergy Statistics, 2008; also see
http://www.decc.gov.uk/en/content/cms/statistiegistics.aspx
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Figure 59

Industrial electricity consumption in the UK
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Electricity network

The UK has 72.4 million kilowatts of installed efec capacity, about 80% of which is
thermal, 18% nuclear and 2% hydropower. The cougérnyerated 355.8 billion kilowatt
hours (bkwh) of electricity in 2000, making it thigrd-largest electricity production in

Europe (behind Germany and France).

In 2001, only 37.2% of the UK’s electricity geneéoatwas coal fired. The remainder was

generated with natural gas (31.5%) and primarytedéty sources, such as nuclear and

hydroelectricity (25.8%j"

*L GENI: UK report.
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Network companies are responsible for the maintesaoperation and expansion of the
electricity networks. The high voltage network e tUK is managed by the transmission
network owner (TNO), while the medium and low vgkanetwork is administered by

different distribution network operators, or DNOréBcker, Driesen, Belmans, 2006).

The TNO operates a 400KV and 250KV network of syppdm major generation outlets
to strategically located “grid supply points.”

Electricity players

Producers

Most electricity is generated at large power stetioconnected to the national
transmission network. However, electricity can digogenerated in smaller scale power
stations, which are connected to the regional ifligion networks? The competitive
electricity generation market can be shown in tis¢ridution of the generated electricity
in Figure 60.

Figure 60 Electricity producers in the UK
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Distributors

°2 AEPUK; also see, http://www.aepuk.com/about-eleitystructure-of-the-industry/
%3 The Office of Gas and Electricity Markets.

151



There are 14 licensed DNOs, each responsible fdist@ibution services area. Those
DNOs are owned by seven different groups and tasrealso four independent network

operators who own and operate smaller networks ddwggkin the DNO network¥.

Domestic, as well as most commercial consumers,thay electricity from suppliers
who pay the DNO’s for transporting their customesigctricity along their networks.
Suppliers pass these costs on to consumers. Distnbcosts account for about 20% of

electricity bills.

Electricity distribution networks are monopoliechase there is only one owner/operator
for each area. The economic regulator of GreataBra electricity market (OFGEM)
administers a price control regime, ensuring thatient distributors earn a fair return
after capital and operating costs while limitinge thmounts that customers can be

charged.

Suppliers

In the UK, the electricity market is consideredo® competitive because the number of
suppliers and the flexibility in the electricity muly contracts provide incentive to have
electricity prices in the spot and forwards markehe sophistication of the market
provides additional options where the electricignde indexed to a commodity like
natural gas. It is common to find products in tharket related to the electricity prices
indexed to the coal prices, G@r renewable electricity. The suppliers have arsjr
interest in the renewable electricity market, sittoe authority has placed a challenging

20% renewable electricity target by 2020.

> National Grid — DNO.; also see,
http://www.nationalgrid.com/uk/Electricity/AboutH#icity/DistributionCompanies/
%5 EC - The Support of Electricity from Renewable yeSources Report, 2008.
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Consumers

Large electricity consumers are starting to beconme interested in self-generation.
Managers of companies have recognized ownershipegg a physical hedge against
electricity price fluctuations, not excluding thegsibility of using self-supply to improve
reliability. The main reason is that this marketusture has provided them with an

opportunity to sell electricity on the market iretieof to an identified end-user.
Electricity prices

The final price of electricity for an industrial mi@ins other components apart from the
price of energy, such as balancing cost and digtab. The average electricity price in
the UK for a consumption of 2,000 MWh/year maximis€ 0.1249 per kWh and for a
consumption of 24,000 MWh/year maximum is € 0.0980 kwWh. In the UK, large
electricity consumers pay more for electricity tharany other EU country. A chart with

the historic prices in the UK is presentedrigure 61.

Figure 61 Electricity prices in the UK

Electricity Prices
UK
1150
1100 -
2 1050 -
= 1000 A
Ll
950
QEID T T T T
2007 15 2007 25 2008 15 200825 2009 15 2009 25

(Source: Eurostat 2009, page 24)

The final price paid by consumers in the UK is coisgd of the unit price of electricity,
which is typically 70% of the final price, while éhpass-through charges involved

constitute the other 30% of the final price paideTunit price refers to the price per unit
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of energy and the pass-through charges — the ltaistite electricity industry incurs while

delivering energy.

A renewable obligation (RO) is the main supportesoh for renewable electricity
projects in the UK. The RO accounts for approxirya®8o of the total electricity price.
With the introduction of the Climate Change Levy 2001, and its exemption for
renewable energy resources (such as solar and wermkwable energy sources),

alternative energy sources are beginning to gaireratientiorr?

5.5.3 Regulation

The liberalization of the electricity market in th¥K has changed the way the electricity sector is
organized. The government has privatized all ofgleeration and transmission assets and has
created market conditions that are being regulatethe Office of Gas and Electricity Markets
(OFGEM). The UK'’s electricity market is considettedbe a fully competitive one with more that

20 companies involved in the electricity supply.

In the case of the UK, electricity is being puradhby an intermediary (i.e., supplier) and for the
first time consumers can be active players in tlaekat and have a “buy and sell” status. The
trading of electricity is made under BETTA and wéamtib operation in April 2005, covering

Great Britain’s electricity grid.

5.5.4 Industrial sector

The main industries in the UK are machine toolgjustrial equipment, scientific
equipment, shipbuilding, aircraft, motor vehiclesectronic machinery, computers,
processed metals, chemical products, coal minilhgroeduction, paper, food processing,

textiles, clothing and other consumer goods.

Energy consumption is highest in the energy, gabkwater industries, which in 2007
accounted for 28.7% of all energy used from fois#ls. The manufacturing, transport
and communication industries accounted for a furftte9% and 14.7%, respectively, of

energy generated from fossil fuéls.

%0 EC — Renewables Obligation — Introduction of a lagadnechanism and specific support to wave and
tidal stream generation.
" UK Energy Consumption Report 2001 — DTI.
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5.5.5 PROTON' s electricity profile

PROTON has an annual production of 1.5 millionsstaf products. The yearly
electricity consumption is 284 GWh with a maximuenthnd of 22 MW. The price of
electricity is € 0.1249/KWh and the current supplie providing electricity with a
contract in the forward market. The company is wuagkwith an intensive load
management program. The prices of electricity aesented in the day-ahead market and
the production schedule for the following day isjuated accordingly.Figure 62
provides details about the prices of electricityl #me electricity demant.

Figure 62 PROTON's weekly electricity demand
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PROTON daily demand profile and the electricitycprican be seen fRigure 63. The
company intensifies the production process duriveg riight shift from 20:00 to 04:00.

8 Maximum electricity demand and annual consumpéinconsidered to be a base line for electricity
supply agreements.
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The electricity prices increase by 100% during dag shift. The only equipment that

remains in production is the furnace that has &@4-operation.

Figure 63 PROTON daily electricity demand and prices
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5.5.6 Electricity sourcing methodology

PROTON is a company based in the UK that is lookngtudy a new electricity supply

and demand strategy.

Recently, the government has incorporated a newvensehthat provides economic
incentives for electricity generation from a renélasource. The renewable electricity
certificate provides additional incentives for eétexty generation. These new changes in
the regulatory framework and the high volatility tfe fuel market have motivated

PROTON to consider a change in their electricityrsmg strategy.

Step 1: Current conditions

To provide details about the current conditionsilatsée in the country and how the company is
operating, PROTON filled out the questionnaire uideld in the tool. The result of the survey is

described in the following report:
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Supply

1.

Supply structure: No tariff structure exists in tb& anymore. Bilateral contracts
between generators and trading of electricity tbloa series of markets that operate

on a rolling half hourly basis.
Self-generation is considered to be a way to h¢ldgerice of electricity.

Type of market-based contract: contracts are indldwea large extent on market
prices and often also include a link to gas forwandes. As a result, industrial prices

are usually more volatile in the UK than in other&pean countries.

Self-generation

1.

Grid connections: to promote competition in therggeand supply sectors, network

access and connection are available.

Reliability of Supply: according to the TNO, theewall reliability of supply for the
GB Transmission System during 2008 to 2009 was%9.9

What type of technology is used in self-generatibo8sil fuel technology is the most
common in UK. More than 80% of the UK’s energy aeamgtion comes from fossil

fuel technology.

Renewable Energy Incentives: for the large eletyriconsumers willing to generate
electricity, the British Government provides indees for RES usage (e.g., green
certificates). An option for electricity supply cpanies to meet their obligation are
the renewals obligation certificates (ROCs) — ty jgabuy-out fund contribution
equals € 43.17 MWh in 2008 to 2009, which increasesh year with the retail price
index (RPI).

Type of self-generation: companies in the UK hawe apportunity to decide if they
want to self generate on-site or connect to the. ggonnecting to the grid may result
in a new business opportunity by selling the exesssgy produced but transmission

cost should be considered.
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6. Trading of electricity: the trading of electricitis made under BETTA, an
organization that began operating in April 2005 anders Great Britain’s electricity

grid.

CO: management

1. CO; regulations: the UK as part of European Tradinge8ee (ETS) must report
CO, emissions. Other regulations for carbon pricing tie carbon tax (Climate

Change Levy) or the “cap and trade” carbon emisstoading scheme.

Demand

1. What types of measures are used to manage demavsd2ffective options for
saving electricity among major industrial userghe UK are limited since they
are usually already highly energy efficient andenftmeet high international
benchmarks regarding power intensity. Aside fromf-generation, large
electricity consumers still use load managementegtuce and change power
consumption. The decision about which practice ppliad depends on the
company’s strategy. It is also possible to havenéerruptible contract with one

supplier.
General questionnaire

This questionnaire will provide information abotetcurrent conditions in the market and the

current supply structure of the company.

Subject: Score
Supply

1. Freedom to select supplier (unbundled service) v

2. Continue as bundled service with tariff struetur X

3. Move to unbundled service v

4. Free access to the electricity market v

5. Self-generation v

6. Cost-based X

7. Market-based v
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8. Real time price (spot)

9. Flexibility to fix prices in the forward market

10. Flexibility to index the electricity price witncommodity
11. Allowed to use the grid to interconnect selfigi@tion unit’s
12. Generation units are required to maintain pctido (back-up)
13. Fossil fuel technology (ex., nat. gas, fuel @it.)

14. Renewable (wind, solar, etc.)

15. Subsidies to promote the investment in RES

16. Incentives to sell electricity from RES

17. On-site generation

18. Self-generation and inject excess into the grid

19. Allow to sell excess electricity in the market

N N N N Y EENE N N NN

20. CQ regulations in your country (fees on g@llowances, etc.)
Demand

21. Energy efficiency actions
22. Load management practice driven by electryuiiges

23. Load management practice through operatioazidility

NIENEENEN

24. Interruptible contracts are available

Step 2: Identifying trends

It is important to try and identify the main facddhat influence market conditions in the
electricity sector. These trends can be organizaeddveral topics: policy (regulatory),

economical, social, technological and environme(R&STE).

Policy

The UK has a fully competitive supply industry @nehds indicate that more competitors
will join the market. Self-generation will represean good opportunity, especially from
renewable electricity sources due to the EU ET®amamrice and because fossil fuel
prices are considered to be volatile. A summarthefenergy policy trends affecting the

company can be seen in figurable 33
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Table 33 Energy policy trends in the UK

Liberalization of the electricity market is in progress P1
Unbundled service — supply and transmission can be P2
Polic Energy policy and country |negotiated separately
regulations Self generation will be allowed (back-up, partial pal
generation, selling excess, etc)
Access to the grid will be available to deliver electricity "
in different regions P4
Allowed selling of electricity (self generated electricity to P
the market — new business opportunity)

(Source: Trevifio, 2010)

Economic

It is estimated that by 2020, average electriciiggs will be 12% higher for domestic
customers and 34% higher for non-domestic consutheé®soportionally, the EU ETS
carbon price on the wholesale electricity pricel wie until about 2015. This is due to
the high targets in C{reduction set by the EU.

Interruptible contracts will become more attractared this initiative will provide a good

solution in maintaining a reliable supply in the UK

A fully competitive supply market offers a varietf contracts to large electricity
consumers and additional flexibility is expectegtovide additional value to consumers
based on the profile of demand. A summary of thenemic trends is presented in the
Table 34.

9 TDI 2009, Department of Trade and Industry
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Table 34

Economic trends in the UK

Economic

Supply / Demand, RES/
Nuclear, Fossil fuel price

Fossil fuel prices will remain volatile and unpredictable

Increasing number of support schemes for investment in
renewable energy sources (RES)

Increasing number of incentives for selling the electricity
from renewable energy sources (RES)

Increasing economic incentives for load management
practices (load shedding and load shifting)

Electricity purchasing through the market

Electricity prices index to the spot market

Electricity prices index to the forward market

Electricity prices index to a commodity (exc., nat gas)

Trend to build additional production capacity to improve
load management practices

The generation and transmission system have
constraints and provide incentives for interruptible
contracts

Ecl]
Ec2)
Ec3
Ec4
Ec5
Ecé
EcT]
Ec8
Ec9
Ec10

(Source: Trevifio, 2010)

Social

In the UK, people are concerned about the enviranirbet an important program for the

development of renewable electricity has not bedagrated. The level of renewable

electricity should increase in the coming years.rélawareness campaigns will be in

place.Table 35represents the social trends that are affectiagdmpany.

Table 35 Social trends in the UK
People are becoming more concerned about the
Social Consumer (large environmental changes — positive attitude about s

industrials) preferences

recycling, willingness to pay a higher price for "green”
electricity

(Source: Trevifio, 2010)

Technological

The target in UK for the usage of renewals by 2@@1R011 is set at 10.4%, increasing to
15.4% for 2015 to 2016 (OFGEM, 2009 pp 23). Thentoy intends to generate 20% of

its electricity from renewable sources by 2020.
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Table 36represents the future trends that may affect thepemy.

Table 36 Technological trends in the UK

Technology is available to generate electricity at a
competitive cost ik
Dominance of technologies to offset CO2 emissions 12
) Electricity generation, (CO2 capture and storage is available)
Technological -
Energy efficiency
New renewable energy technologies (RES) will grow in T3
the market (e.g., RE, nuclear, etc.)
New automation technology will support energy 4
efficiency and load management practices

(Source: Trevifio, 2010)

Environmental

The UK committed to an 18% cut of the total carloboxide emissions by 2020, based
on 2008 levels. After 2013, large electricity com&us will be obliged to buy allowances
for each tone of CPemitted. UK energy policy goals are oriented tardase carbon

dioxide emissions in 60% by about 2050. Based emibthodology, the trends that may

affect the company in the future are showit able 37.

Table 37 Environmental trends in the UK

(Source: Trevifio, 2010)

Step 3: Discovering new options

The methodology considers the integration of theeru available options and the trends
in the external environmental conditions. The faiflog supply and demand diagrams
show the new available options that will apply te telectricity market. The supply
electricity options are described Figure 64 and the demand electricity options are

exhibited inFigure 65.
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Figure 64 Supply: Electricity sourcing options for PROTRON
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Figure 65 Demand: Electricity sourcing options for PROTON
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Evaluating the company’s current situation and theare trends of the country,
PROTON's current options for electricity supply addmand management options are

shown onTable 38.

Table 38 Available options for PROTON

SUPPLY
A.- BUY

Unbundled Service

1.- Real time price (spot).
2.- Flexibility to fix prices in the forward market.

3.- Flexibility to index the electricity price with a commaodity (ex. Nat Gas)

B.- MAKE
Generation of Electricity
1.- Renewable energy partial supply (on side).
2.- Renewable energy complete supply (grid connected).

2.- Renewable energy and selling excess to the market.

DEMAND
DEMAND RESPONSE
1.- Energy efficiency actions.

2.- Load management practice driven by electricity prices
3.- Load management practice through operational flexibility

4.- Interruptible contracts.

(Source: Trevifio, 2010)
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Available options summary

Supply

The main available option is to continue to indbg tost of electricity to the price of

natural gas.

If the company has no difficulty with a investmetiie options to generate electricity will
be driven mainly by self-generation with all of ttiéferent renewable electricity options,
depending on the location of the natural resouft® current economic incentives for
renewable electricity provide opportunities in aucty with high wind potential, both

on- and off-shore.

Demand

Load management programs can be coordinated whitr @lectricity consumers in the

country. Load aggregation provides additional vaheeconsumers.

Interruptible contracts will be available to inceige the users to reduce demand during
some critical periods of the year. Also, load aggt®n in the interruptible contracts

increases the value of the initiative because hmigeenand could be added.

Step 4: Evaluation and selection

PROTON's business strategy will influence the whg tompany sources electricity.
The company will have to define its strategy inenthifferent dimensions related to the

three main categories: technology, economics asmlrees.

Technology

PROTON supplies its electricity in the forward metrkand could implement load
aggregation for all of its sites. The company idlimg to add self-generation units in
several locations to reduce its dependency on takeh volatility. Renewable energy
projects will have significant subsidies in the dkerm. The company is very
environmentally oriented — self-generation by usiaigewals has been a relevant activity

in the company to hedge electricity prices and alfeet CQ prices while reducing net
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costs and increasing revenues. However, given tmpoitance of addressing
environmental issues, green technologies have hatyraficant development in this
country and the UK government has been introducieg policies and penalties to

reduce the impact of GHG emissions.

Economic

PROTON has been affected in the past years by dmgingy prices and the volatility of
the fossil fuel prices. The current agreement masiged important energy savings to the
company, due to load management practices andisgalectricity prices in the forward
market. Additional revenues could be achieved layeasing the number of sites in the

existing power supply agreement through load aggrewq.

Resources

Taking into account that the new regulations incgzg investment in renewable energy
generation, the company is interested in developimpgrtnership with a financial entity
or a supplier to install generation capacity. atities could be implemented with the
same number of employees, or even with a redueéf] dtie to increased productivity or
efficiency that will have a positive impact on agtieg any new sourcing option. The
company will support the creation of new intelledtgapital, especially in the field of
renewable electricity. Management sees value inctieation of intellectual property.

Table 39 exhibits how PROTON has set its electricity sougcpriorities with the tool.

The scale is from 1 to 9, 9 being the most impdrtaator for the company and 1 being

the least important.
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Table 39 Prioritization of factors for PROTON

CATEGORY FACTORS LEVEL OF IMPORTANCE| SCORE DEFINITION OF THE CRITERIA
1 The option has a low level of operational reliability
Orpjir:t::ﬁg/al 6 2 The option has a medium level of operational reliability
3 The option has a high level of operational reliability
1 The option is based on old technology
Technology (;:g?:;llnogz[ 4 2 The option is based on traditional technology
3 The option is based on new technology developments
1 The option has a high environmental impact
Env::;{r:ce:ntal 5 2 The suggested option has a low environmental impact
3 The option has not an environmental impacts
1 The net cost of supply might be higher than the current net cost
Net cost 8 2 The net cost of supply might be equal than the current net cost
3 The net cost of supply might be lower than the current net cost
1 High volatility of prices. The option is related to the spot market prices or fossil fuels
Economics Volatility of prices 7 2 Low volatility of prices. The option is related to the forward market prices
3 Cero volatility of prices. The option is not related to the market
1 The option provide zero increase in the revenues
Revenues 9 2 The option provide low increase in the revenues
3 The option provide high increase in the revenues
1 New employees have to be hired to manage the new option
Human capital 2 2 Same level of employees are required to manage the new option
3 Less employees required to manage the new option
1 The option is high capital intensive and new investments are required
Resources Financial 3 2 The option is low capital intensive and no major investments are required
3 The option is zero capital intensive and no investments are required
_ 1 Zero new intellectual capital is generated
Int(e(lLizt:V?':gz?ltal 1 2 Low new intellectual capital is generated
3 High new intellectual capital is generated

(Source: Trevifio, 2010)

The company evaluates the available options arettsethe best strategy for supply and
demand management with the help of the tool. Adlilable options are evaluated based
on multi-decision criterion, a technique used ttefioptions and alternatives in order to
obtain the best opportunity on which the company lease its new supply strategy. The
company’s priorities are set and the evaluatioredaBlaceTable 40 shows the scores
assigned by NEUTRON to each of its available optiofhe evaluation have all the

factors with the specific criteria that can go frdlh low, 2) medium, or 3) high value.
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Table 40 Scores related to each factor for PROTON

United Kinadom CATEGORY Technology Economics Resources
N > | . . - Intellectual
FACTOR Or?e?i:l::ﬁtr;/ al (L?/i?gs::gzt Env:;:gzjmal Net cost ;/fo:ﬁgg Revenues t:‘:pmitz T Financial capital
A m‘ (know-how)

IMPORTANCE 6 4 5 8 7 9 2 3 1

USER AVAILABLE OPTIONS SCORE SCORE SCORE
SUPPLY
TYPE OF SUPPLY
BUY
Unbundled Service
Real time price (spot) 2 1 2 2 2 1 2 2 1
Flexibility to fix prices in the forward market 2 1 2 2 2 1 2 2 1
Flexibility to index the electricity price with a commodity (ex. P 1 2 3 1 1 P P 1
Nat Gas)
MAKE
Generation of Electricity
Renewable energy partial supply 2 3 g 1 3 1 1 2 2
Renewable energy complete supply (grid connected) 2 3 3 1 3 2 1 2 2
Renewable energy and selling excess to the market 2 3 g 2 3 3 2 2 2
DEMAND
DEMAND RESPONSE

Energy efficiency actions. 3 1 g 2 2 1 2 3 2
Load management practice driven by electricity prices 3 1 3 3 3 3 2 3 1
Load management practice through operational flexibility 2 1 g g 2 2 2 1 1
Interruptible contracts. 1 1 3 3 2 3 2 3 1

(Source: Trevifio, 2010)

Based on the set criteria, the company evaluatedyeawailable option to decide on the

one that best suits its needs. After scoring eatiom, PROTON will automatically see a

table with the final scores for each option andhighest ranked options for supply and
demand management are highlighted. The final sdoresach option are calculated by

multiplying the score assigned by the company $yetvel of importance; the final score

Is the sum of all of the factorBigure 66 and67 represents the results of the evaluation;
the highest rated options are highlighted.
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Figure 66

Results by each available option for PROTON

" . CATEGORY Technology Economics Resources
United Kingdom
k el Operational | Technology | Environmental Volatility Human | _. . Imelle»clual
> =] FACTOR reliabili development impact Net cost of prices Revenues capital Financial capital TOTAL
A ‘\ v P P P P (know-how)
IMPORTANCE 6 4 5 8 7 9 2 3 1
USER AVAILABLE OPTIONS SCORE SCORE SCORE

SUPPLY

TYPE OF SUPPLY

BUY
Unbundled Service

Real time price (spot) 12 4 10 16 14 9 4 6 1 76
Flexibility to fix prices in the forward market 12 4 10 16 14 9 4 6 1 76
Flexibility to index the electricity price with a commodity (ex.
Nat Gas) 12 4 10 24 7 9 4 6 1 7
MAKE
of Electricity
Renewable energy partial supply 12 12 15 8 21 9 2 6 2 87
Renewable energy complete supply (grid connected) 12 12 15 8 21 18 2 6 2 96
Renewable energy and selling excess to the market 12 12 15 16 21 27 4 6 2 115

DEMAND
DEMAND RESPONSE

Energy efficiency actions. 18 4 15 16 14 9 4 9 2 91
Load management practice driven by electricity prices 18 4 15 24 21 27 4 9 1 123
Load management practice through operational flexibility 12 4 15 24 14 18 4 3 1 95
Interruptible contracts. 6 4 15 24 14 27 4 9 1 104

(Source: Trevifio, 2010)

Figure 67

Importance of each option according to Multiple Deci

sion Criteria Analysis

Graphical results by each available option for PRON'
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(Source: Trevifio, 2010)
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Recommendation

After evaluating the available options with the siolered factors, the highest rated
option on the supply side is to develop a self-gath@en project with renewable

electricity, allowing the flexibility to sell thexeess capacity to the market. From the
demand side, the recommendation is to continueat® hthe load management practice

driven by electricity prices.
Supply

The company should implement a renewable energgtesty and sell the excess

electricity to the market. The new regulation fenewable energy provides an incentive
to invest in these technologies — financial aid lsaraccessed with government incentives
provided by the renewable obligation certificateattare given for each KWh generated

from a renewable source.

A long-term agreement with a supplier can helpinarice the new generation capacity.
The market provides additional incentives, singe ¢lcess electricity generated by the

new assets could be sold to the market.

Demand

In the UK load management and interruptible practan be extended to other sites.
Electricity consumption could be adjusted in r@atito the electricity prices in the
market, the production capacity and the self-gdimraapacity. These initiatives clearly
provide to PROTON an increase in the value of th@many’s electricity sourcing with
the possibility of having additional revenues foe business.
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5.6 Conclusion

The methodology has been tested in three differentigurations of the electricity sector
related to the level of liberalization with a widenge of external factors such as: policy,

economic, social, technological and environmental.

Current supply conditions were indentified by waiiig the standard questionnaires,
trends in the market were evaluated and the discay®f new available options have

been integrated as possible solutions for largetretdy consumers.

The evaluation and selection of the best availapteon was achieved through the usage
of the questionnaire where the business criterseisand the prioritization of the factors
and the scores of the new available options aextl. All these elements have proven

that the methodology can accept a wide range @freat and internal conditions.

The methodology could be utilized in other courstrié-or example, Mexico has changed
its regulatory framework since 1992 and self sug@geration is now allowed. Recently
new green electricity projects have been develogpgch as EURUS in the state of
Oaxaca. This wind project (250 MW) generates aglover electricity to large electricity

consumers by using the national grid from Oaxadheaest of the country.

Finally, the case studies helped me to identifyitemithl functionality required to
improve the effectiveness of the methodology. $hggested changes are presented in
Chapter 6.
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Chapter 6. Improvements to the Electricity Sourcing
Methodology

6.1 Introduction

In general terms, the value of the methodology praven by the fact that it provided
solutions to the electricity consumers in a wayt ttiey could reduce both electricity
costs and selection time, as well as being abléotmulate an electricity sourcing
strategy that can be incorporated to managemeustigeathus fulfilling the need for a

reliable electricity supply at a competitive cost.

This chapter incorporates new elements to identlfine, analyze and implement an
electricity sourcing strategy. This process, faaraple, can be coordinated by a sourcing
council that highlights and rules the electricityuscing strategy with various players

within the organization.

The goal of this chapter is to offer a practicaldguto write better contracts to aid in
becoming more competitive and versatile in the e&etricity environment. A point that
needs to be stressed is that the relationship supipliers plays an important role in a
long-term and sustainable business relation, as difganization adapts electricity

sourcing to the new power environment.

6.2 What has been learned

The development of the energy sector in Europedhasnged during the past decade,
moving from vertically-integrated utilities that qwided all services through their
generation, transmission and distribution netwot&sa liberalized market where more

competition and options for consumers have conteptay.

Traditionally, the supply was characterized by hgva secure source of electricity from
a single supplier without any opportunity to divgrdhe supply and price structure. In
recent years, the number of independent suppliassbleen introducing and increasing

competition into the supply sector. The new suppbrket structure now provides the
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end-users with a wide range of options to imprdwartcompetitiveness, increase supply

options and reduce transaction costs.

New regulations will bring additional business oppoities to the marketplace.
However, additional complexity in energy supplygiirees have to be addressed through
a methodology supporting the understanding of @gn dynamics, supply and demand

factors and new technologies to mitigate climatengfe.

The proposed methodology helps to identify the wngl electricity price that has been
greatly affected by unstable GCand fuel prices. Consequently, large electricity
consumers today face two challenges. The first sdidress the question of whether their
position allows them to change geographical locateccording to how the electricity
price is formed. The second is whether integratingenergy sourcing strategy will help

them optimize the electricity supply in a reliabled cost-effective way.

The methodology also provides support to identiwnclimate change regulations.
Climate change policies are designed to promotedédwelopment of clean technologies
while, at the same time, new market regulations mmetivate on-site generators to
participate in large projects. Involvement in aitids from load management to partial
generation of full vertical integration should beabzed to identify the best available

option.

Load management practices, such as productionnghiéind peak hour generation are
typical of low-scale projects with a small investmhduring the regulated and transitional
period of market restructuring. Full ownership riegs higher investment and involves a
greater risk. In addition to the investment neettelduild or acquire a generation facility,
human capital is also required to manage the negrabpn. The new business will

assume additional risk as the process of adopfitigeonew strategy is created.
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6.3 Analysis of the existing methodology and extensions

The electricity sourcing methodology has been testethree countries with different
market conditions; it has shown consistent resutighlighting current electricity

sourcing actions that energy intensive users dlewimg in each market. The results of
the case studies demonstrated the need to adédmmedgation and credit line availability

in the methodology as shown in Figug@

Figure 68 New conditions applied to the electricity sourcmgthodology
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Tariff structure Elexible contracts Trading
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Generation | § Back up
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: Ea
(@)}
Market-based | 2 | | | Spot
g | Spot |—| Forward F Eorward
S Indexed
-
Cost-based | Bundle |—| Unbundled |
| Creditline |
Monopolistic Transitional Competitive

(Source: Trevifio, 2010)
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6.3.1 Additional steps to improve the methodology

The main recommendations are intended to improgertathodology in its functionality

in two dimensions. The first suggestion is to add/ rsteps in the methodology to better
define the original objective of the new strategy & control and monitor the selected
strategy’s performance. The second recommendagtaies to the additional analysis
required to evaluate strategy performance in practand add new links to the

organization’s decisions (as shown nexFEigure 69).

Figure 69 Improvements to the proposed methodology

K K Risk management Environment .
| Sourcing council | (credit line) intelligence Company business Monitoring

criteria

A
Step-0 Step- 1 Step-2 Step-3 Step-4 Step-5
Sourcing Analyze Identify Discovering Evaluation Monitoring
council Situation trends new options & selection

D New steps in the Load aggregation
methodology

(Source: Trevifio, 2010)
Step 0 - Sourcing council

The creation of a sourcing council is suggestedrder to integrate the organization’s
key players and decision makers that have thetyhiti set the main criteria for

developing an electricity sourcing strategy.
Step 5 - Monitoring

The implementation of a monitoring mechanism casisashe organization to keep track
of the new strategy’s performance. The monitorihgusd be extended to the external
environmental conditions that could affect the pearfance of the selected electricity
sourcing strategy. The new flow diagram incorpaatee new steps in the methodology

and the additional functionality is presentedrigure 70.
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Figure70 Extended methodology flow diagram
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6.3.2 External environment intelligence

The evaluation of external environmental conditigtasys a very important part in the
formulation of a new electricity sourcing strategyhe integration of an external
environment intelligence module can help keep tratkchanges in the critical topics
related to policy, economics, social, technologiaatl environmental and supports the

decision making process.
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6.3.3 Risk management

An important part of the new competitive electgamarket is related to the flexibility of
sourcing electricity on market-based mechanismgh sas forward agreements and
financial derivatives that might provide additiorfédxibility. Additionally, these new
schemes require financial support to structure femg agreements. The availability of
credit lines has become a very important aspecsugiply options, especially during
economic crises when the ratings, such as thoseedsby Standard & Poor’s, are
affecting the credit line of large electricity comsers.

6.3.4 Load aggregation

The possibility to aggregate load from the same gamy in other locations around a
country (or region), or to establish new partngrshiwith other large electricity

consumers, brings added value to the electricity@ng strategy. The main benefit is
related to increasing the size of electricity canption in kWh. On the one hand,

suppliers wishing to increase the size of theirkeashare may be willing to reduce the
cost per kWh. But, on the other hand, the total alein (kW) charge would be

significantly reduced by adding the demand of aktper consumers into a single
aggregated load. Simply by coordinating all of ith@ependent site demands — and trying
to avoid having the maximum demand at the same Soiestantial savings can be
created.

6.4 Improvements to the methodology for internalizing the

company strategy

Based on the experience learned from the caseestutiiere are several changes that can
be implemented in the methodology in order to hamee coherence in the analysis of
the external and internal conditions such as: fir@rflexibility to contract in the forward
market, load aggregation studies, external envientnintelligence techniques, scoring
the company business criteria and the implememtati@ monitoring process that allows

to keep track of technological changes in time.
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6.4.1 Credit line availability for market-based products

Houston-based Enron has changed the way of doisghdéss by not only providing
physical delivery but by also providing energy $e#g. The use of futures, swaps,
options, financial derivatives, collars, over theuster options and other contractual
forms provide important flexibility in electricityourcing (Handfield 2004).

Nevertheless, credit lines have become an importactor in the decision making
process for a new electricity sourcing strategyahcial entities have incorporated new
rules to select and consider customers. Most ofnthe market-based products are on
tight credit lines. Commitments in the forward metrkave to be backed up. The cost of
credit lines may affect the cost of the market-bagmducts. For the above reasons, a
complete financial assessment has to be incorgbnate the process of selecting the best
energy sourcing alternative.

In order to add credit availability to the methaulyt, a new economic option needs to be
added — Ecl11, which asks the user if the compasy trais expected to have, credit
availability. If the user agrees with this conditjothe options for a forward market
contract and a contract indexed to a commodity bélavailable to the usérefer to
Table 41).

Table 41 Economic trends after the addition of Ec11
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(Source: Trevifio, 2010)

The new electricity sourcing diagram describes dtdition of the credit line criteria,
which will affect the available options related torward contracts and commodity
indexed products. The new decision tree of thetiébéty sourcing options is presented in
Figure 71.
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Figure 71 Supply: Electricity sourcing options — includingedit line — Ecl
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(Source: Trevifio, 2010)

6.4.2 Load aggregation and management of volatile sites

The new rules in the electricity market facilitéite possibility of aggregating the load of
several industrial sites from a country, or regiafth one single supplier. This brings
interesting opportunities with regard to reducirge tcost of electricityFigure 72
describes the integration of three large elecyricbhnsumers integrated into one single
demand. As an example shown in the chart, conirdérthe maximum total demand has
been achieved at 04:00 hrs (28 MW). On the one Jhdwedoverall combined demand is
maintained in a range from 22 to 28 MW during theey.dOn the other hand, the
independent demand for each location has varie¢ wauch in terms of changes,

particularly in the case of the site 2 and site 3.
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The flexibility to coordinate the demand from ditet locations is recognized as a value
for both the consumer and the supplier. Lower al@tt cost and efficiency of the power
system is achieved.

Figure72 Load aggregation profile
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(Source: Trevifio, 2010)

6.4.3 External environment intelligence

The external environment intelligence can be incoafped into the second step of the
process (Identify Trends) to better assess thedutends in the PESTE analysis in some
key fundamental parts of the electricity sectorisTprocess can be considered to be the
generation of electricity, transmission and disttibn, market-based products, £énd
load management capabilities. The technology igilice and innovation strategy
modef° (Rohrbeck, et al 2006) helps to identify trendsniarket conditions.

%0 “The Technology Radar — An Instrument of Technglagelligence and Innovation Strategy.” Deutsche
Telekom Laboratories, 2006.
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Table 42 describes the external environment intelligence@ss that will then be used to
generate technology radars, following the steps fidentification, selection, assessment,
and dissemination in an organization, as will bevahin the next section. Additionally,

the relative importance of low, medium, and highbisught to the present addition as

described in chapter 4.

Table 42 External environment intelligence process

e Technology trends
identified

impact

» Based on expert

implementation
scenarios

Identification Selection Assessment Dissemination
» Key innovation
trends with high  Potential

» Outcome of
technology
monitoring

group input » Cross-impact .
following common analysis VST B8] LT
criteria

(Source: Modified from Rohrbeck 2006)

The effect this trend has on the five dimensionscdbed in the PESTE model will
provide an indication about the sensitivity of cpas that some electricity-related
technologies and sectors experierféigure 73 describes the critical areas being affected
in the coming five years. As described in the feguhe CQ effect in electricity sourcing
will have a high level of significance in the decis making process. The result of the
external environment intelligence will provide vahle information to be considered in

the questionnaire of electricity sourcing stratéspep 2).
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Figure 73 Dimensions of PESTE and weighted Trends in thetritiitg Market
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(Source: Maodified from Deutsche Telekom LaboragrH06)

6.4.4 Scoring the company business criteria

In order to facilitate the definition of the busasecriteria related to the new sourcing
options, the main criteria explained in Technologgpnomics and Resources (TER) and
its sub-dimensions in a radar mdtdehre incorporated. This model facilitates the
integration of the scores related to the importanade company business modeigure

74 describes the radar integrating the business ieritard the level of importance of the

business model.

®1 Modified from “The Technology Radar — An Instrurhef Technology Intelligence and Innovation
Strategy.” Deutsche Telekom Laboratories, 2006.

182



Figure 74 Company business criteria model
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Once the “effects” are identified in relation toethvailable options, it is then time to
proceed to incorporating the results in tffestep of the methodology. The scores will be
placed in the related table and the assessmehe@vailable options will be provided, as
presented i able 43 from the case of The UK.
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Table 43 Scores related to each factor

United Kinadom CATEGORY Technology Economics Resources
N > | . . - Intellectual
FACTOR Or?e?i:l::ﬁtr;/ al (L?;Tgs::gzt Env:::gzjmal Net cost ;/fo:ﬁgg Revenues t:‘:pmitz T Financial capital
V/- .‘ (know-how)

IMPORTANCE 6 4 5 8 7 9 2 3 1

USER AVAILABLE OPTIONS SCORE SCORE SCORE
SUPPLY
TYPE OF SUPPLY
BUY
Unbundled Service
Real time price (spot) 2 1 2 2 2 1 2 2 1
Flexibility to fix prices in the forward market 2 1 2 2 2 1 2 2 1
Flexibility to index the electricity price with a commodity (ex. P 1 2 3 1 1 P P 1
Nat Gas)
MAKE
Generation of Electricity
Renewable energy partial supply 2 3 g 1 3 1 1 2 2
Renewable energy complete supply (grid connected) 2 3 3 1 3 2 1 2 2
Renewable energy and selling excess to the market 2 3 g 2 3 3 2 2 2
DEMAND
DEMAND RESPONSE

Energy efficiency actions. 3 1 g 2 2 1 2 3 2
Load management practice driven by electricity prices 3 1 3 3 3 3 2 3 1
Load management practice through operational flexibility 2 1 g g 2 2 2 1 1
Interruptible contracts. 1 1 3 3 2 3 2 3 1

(Source: Trevifio, 2010)

6.4.5 Monitoring

The monitoring process has been incorporated iretbetricity sourcing methodology,
since it is important to keep track of changeshim énergy markets, the technologies that
are available to generate electricity and the dyoaiine demand side optiorfisigure 75
exemplifies the evolution of the technologies otiere (say, a ten-year period), and
keeps track of the evolution of time. Some of tleehhologies are ready to be

implemented and these will be considered as neviaia options.

The monitoring process should also consider therdetg of the performance of the
selected strategy. The organization should mairdaghose look at the savings that the

new strategy has generated.

184



Figure 75 Tracking technologies
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This tracking process will help electricity consumedentify changes over time and
could generate an early warning system informirg gburcing council, or the overall
organization, to assess the electricity sourcingtegy. It is recommended that the
electricity sourcing conditions be revisited eveiix months to a year — a timeframe
allowing the user better control over the evolutminchanges and giving him time to
prepare for those changes with his supplier. Ndymd#he electricity markets have a
seasonal behavior (winter and summer) and thisldhadso be taken into consideration

in order to estimate the real annual saving oféh@ sourcing strategy.
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6.4.6 Conclusions

The improvements to the methodology suggestedisrctiapter provide extensions to the
methodology used for the case studies in The Ukerelthe electricity market operates

In a competitive environment.

Credit line availability is an important part ofethprocess for selection of the best
electricity sourcing option. On the other hana tlexibility to add several consumes to
a single electricity contract has to be integratethe electricity sourcing methodology,

since this has become a common practice in develoekets.

Additionally, an important part of the methodologgs been adapted by adding the
development of external environmental intelligenc&he proposed evaluation of the
technological trends improves the way we can amah@v the trends in the market can
affect the electricity sourcing options. Companiasa dynamic transitional electric

environment need to adapt and develop projectsaicenelectricity and power to become

competitive edges.

The changes in the company business criteria mpdalide a direct link of the
electricity sourcing options and the company bussneriteria facilitating the decision

making process in the selection of the best aviailaption.
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Chapter 7. General Conclusion and Future Research

7.1 Introduction

This final chapter provides the general conclusiod a summary of the dissertation with
an overview of the main factors that affect theceleity sourcing in Europe and my
projected research plan. The main contributionsdm®cribed with its direct effect on
practical and research activities. Further rede#s suggested on different topics that

can contribute to facilitate the development irs thuibject.

7.2 General conclusion

The liberalization of the electricity sector in Bpe has increased the complexity of
sourcing and procurement of electricity. First 8f there are regulatory changes in the
sector promoted by the liberalization reforms, datgn of the industry and micro-
strategic-management at the firm level. Secondligrd is a new wave sourcing options,
towards unbundling service that brings new sourobpgortunities, that implies an
increase in the number of suppliers and the flégjttio self-supply electricity with more
electricity sourcing options as new apparent sdbusiness opportunities. Thirdly, the
electricity cost has been very much affected byfassil fuel price volatility and new
environmental regulation incorporated in the newdpean emission trading scheme —
regulation that introduced a new market for emissights and which has directly
affected electricity consumers since the cost isspd on to the end-user in various

contracting schemes and conditions.

Additionally, new aggressive environmental targedase promoted the development of
renewable electricity projects. EU Member Statew mocourage investment in trading
of renewable electricity. This has created impdrtéinancial incentives for large

electricity consumers to consider self-generationigets where they can participate in
different stages of project development, from cargdion to operation and to trading of

electricity.

187



The evolution of the electricity sector from monbgiic to transitional and competitive
markets has provided more alternatives than ang before and thus adds flexibility for
large electricity consumers. This research was tabeueloping a methodology at the
company level, to define electricity sourcing sttaés. The proposed methodology can
help identify currently available options and trend the market to better prepare a
strategy for electricity sourcing. It will help @agizations to better manage their

electricity sourcing and to better control thegadficity costs.

Additionally, this dissertation analyzes the newulations in the electricity sector that
allow large electricity consumers to participatehe market through different alternative
linkages along the supply chain to increase thell@i vertical integration that can

provide more competitive advantages and new busiopportunities. The management
will need to adapt to the new business model. Aaliil human capital, as well as

physical and intellectual assets may all need tmberporated.

A fundamental part of the strategy development @sscis related to the tracking of
trends in the external environment. Changes in plodtical, economical, social,

technological and environmental conditions influertbe outcomes of any electricity
sourcing strategy. Monitoring these factors wikifdate the success and adaptation of

the electricity sourcing strategy.

This research provides a framework to deepen krdyeleabout the electricity sector in
Europe as was described in the case studies ie ttwantries with different supply
structures. The methodology can be utilized by gnsuppliers and energy consumers to

test scenarios and identify new electricity sougadptions.

The complexity of sourcing electricity in the nelvdralized market has motivated me to
find a solution to create an electricity sourciigategy through a systematic approach.
The research in the electricity market, strateggmidation techniques, and decision
making process have provided all the elementsHerdevelopment of the methodology
tool that has been tested and improved. This relsezan be extended and adapted to

other regions with similarities in the liberalizati of the electricity sector.
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7.2 Summary of the dissertation project

Chapter 1 provides a general introduction to theopean electricity markets, and
delineates the objectives of the study. Chaptezstiibes the electricity market and both
the development of the liberalization process difects of the fuel and climate change

across Europe.

Following Farjoun (2002), in Chapter 3 the stratégynulation process is described and
linked to alternatives for electricity sourcing thie firm level. It also addresses the
PESTE study at various levels in Europe’s energyoseThe main references are from
Barney (2001), Genoud and Finger (2002), Handfi@@04), Hogan (2007), lbarra
(2007), Kessides (2003), and Joskow (2006).

A new proposed methodology is then presented inp@na4. The main concepts
developed involved contributions from Coopers andeV(2004), EC (2007) and EIA
(2007). The testing process takes place in Chdptera set of three countries: Croatia,

Spain, and the UK, economies that presently facews stages of liberalization.

Improvements to the methodology were maid in Chaptevhere the results from the
case studies suggested changes in the electriciiguement for the forward market
through credit lines and load aggregation. Advamamitoring and tracking techniques
were suggested to improve the capabilities to iflentrends in the external

environmental conditions of the electricity sector.

No additional changes in the methodology are requiafter the disaster (2011) in
Fukoshima, Japan since fossil fuel technologied @ohtinue to be dominant in the

generation mix.
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7.3 Main contributions

Throughout the dissertation, the research workgnates the contributions. First, the
objective was to generate a practical frameworlldeply understand regulatory change

and market alternatives in Europe.

In the past, the sourcing analysis was focused Ign&nunderstand cost behavior and
profit maximization. The main contribution is toopide a methodology that establishes
an interconnection between the regulation of thextdtity sector and the buy-make
decision making process. The dissertation alsatedea framework to identify and

analyze scenarios about the best electricity sngraption.

The developed methodology was integrated into atoeWthat can be used to create, test
and monitor the effect of changes in external anidrnal conditions. The methodology
was tested in three countries with different regurlastructures — Croatia (monopolistic),
Spain (transitional) and the UK (competitive). Teealuation and results have been
validated with large electricity consumers in ea€lthe countries. The recommendations

provided by the methodology were considered inrthesiness plans.

Additionally the research can assist supply marsagerearning about the electricity
supply market and electricity sourcing by incorgim@g a set of questionnaires to identify

the electricity sourcing options and calculations.

The methodology can be applied for a wide rangesagnarios from basic decision
making to more complex analysis like the technolaggar techniques that could

facilitate the work to identify trends in the extal environmental conditions.

The research project was related to the electrisgigtor in Europe focusing on large
electricity consumers. Other parts of the world experimenting diverse policy issues,
such as connectivity in the USA, or energy poolslardic economy or Canada-US trade
in electricity that are not emphasized here. Howethe theoretical framework, and then
the proposed methodology could easily be adaptestiter regions and companies in

alternative sourcing conditions.
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7.4 Future research

Further research can be focused in the major clsatihge the sector might experience in
the regulatory framework, trends of the electricggneration, and the dilemma to

whether to buy or make electricity to source energgds.

Future analysis can address topics such as: refanchsegulation in the electricity sector
and regulatory reforms to promote green electriddgw regulation in the electricity
sector will have a direct effect in the way elestyi is generated, delivered and
consumed. Also, further studies could analyzentiges to promote green electricity

and their effects for large electricity consumers.

Another area for research is vertical integratiod enarket power in electricity markets.
This is an important topic to promote competitivdvantage. Depending upon the
complexity of the power supply and the level oftieal integration, further research can

be extended to study how to manage an organizaiitin this framework.

7.5 Final thought

The present doctoral research project has giveramepportunity to both become a
knowledgeable investigator of the sector, and &sbe aware of the fact that a project
such as this is a platform to conduct further regeand consulting in the near future.
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ANNEX 1

Questionnaire: Energy market structure

The aim of this questionnaire is to obtain your feeback on liberalization process in your country. This would help then me to better understand the
factors affecting different electricity market structure in EU countries and to understand how liberalization porocess has been progressing under
different circumstances within Europe.

The whole questionnaire is divided into three topics, as they follow:
Part 1: The first part of the questionnaire is related to the regulatory framework in energy sector for particular country;
Part 2: The second part to the organization of generation activity; and
Part 3: The third part to the electricity supply market.

The gathered info should provide a general picture about the electricity market for the country of interest, and help me to recognize what would be
or what are barriers or opportunities for large industrials in power sourcing domain. The company's representative is expected to answer on set of
questions, that are defined either as yes-no questions or as multiple answer questions. Only minority of questions require more detail
explanantions to be answered.

Before you start filling up the form, please state the data related to your company:

Country:
Company's name:

Contact email address:

Choose on of proposed functions that describe your position on the energy market. Multiple answers possible.
a) Regulator
b) Supplier
c) Generator
d) Trader
e) Consumer
f) Other:

Questions

Part 1: Objective - To understand the Regulatory Framework of the country

1 Do you recognize any institution in your country as Energy Regulator?
Yes
No

1]

2 Do you recognize any institution in your country as Transmission System Operator?
Yes State:
No

1]

3 Do you recognize any institution in your country as Market Operator?

Yes State:
No

1]

4 How could you characterize Generation and Supply se  ctors in your country:
Bundled - generation and supply activities managed by Vertical Utility (private or state owned)
Generation sector theoretically unbundled, but in practice mainly managed by Vertical Utility (private or state owned)
Supply sector theoretically unbundled, but in practice mainly managed by Vertical Utility (private or state owned)
Unbundled - full competion in generation and supply sectors
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Part 2: Objective - To gain an overall picture about generation sector in your country

5 Please describe the situation in generation sector in your country:
Monopoly - state or private owned company
Oligopoly - One big player and few small generators
Competitive - Many independent power producers, having operations on equal basis
Other. State:

6 Do large industrial users as self-generators have t  he possibility to connect their facilility to the g rid?

Yes
No (go to 10)

7 If so, can they sell generated electricity?
Yes
No (go to 10)

8 Could you choose the answer which describes the way how generated power by large industrials has been
(multiple answers are possible):

To the State or Private owned, dominant supplier

On Wholesale Market

On Retail Market

As part of RE Promotion mechanisms

Other State:

sold

9 Sold - generated power is priced as (multiple answe s are possible):

Fixed - cost based price
Floating - market based price
According to the RE Mechanims, state the type of the mechanism:

Other, state:
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Part 3: Objective - To gain an overall picture on power supply in your country

10 How could you describe supply sector in the country where you source power:

Monopoly - state or private owned vertical utility
Oligopoly - One dominant state-owned supplier
Oligopoly - one dominant private-owned supplier

Competitive environment - Many suppliers
Other, state:

11 Does anyone in the country have possibility to choo se power supplier:

Privileged consumers State conditions:
Anyone (housholds, commercials, industrials, etc.)
None

12 Could you please choose which of proposed character istics describe the contract structure for power su
Length of the contract:

Long- term contract

Short-term contract
Price structure:

Tariff structure - bundled payment

Unbundled - separately charges for energy and delivery
Price determination

Cost based

Market based

Can large users negotiate the contract conditions, either energy price or delivery charges or payment conditions:
Anyone Which of these three factors:

pply ? Multiple answers possible

Priviledged users - Only under specific conditions:

None
Is Aggregated contract available:

Yes

Only under the specific conditions State conditions:

No
Call on interruptibility is possible to be set as a part of supply contract:
Yes

Only under the specific conditions State conditions:

No
Can large users re-negotiate or adjust the initial contract on supply, whenever it is required or necessary:
Yes

Only under the specific conditions State conditions:

No

13 Can a large industrial gain the status of "The Agen  t of the market" and be in position to re-sell elec tricity:

Anyone
Only under the specific conditions State conditions:
None
14 If they act as Agent of the market, do they have th e possibility to import or export power ? Multiple answers possible
Yes, both
Import is allowed under the specific regime State conditions:
Export is allowed under the specific regime State conditions:

None of activities is allowed

211




ANNEX 2

Questionnaire: Sourcing Options

The purpose of this questionnaire is to collect data, relevant to provide an explicit and comprehensible picture on sourcing strategies, used by large
customers to source power in current market conditions. This would help me to better understand how liberalization process has affected the sourcing
habit of energy intensive users.

The whole questionnaire consists of three parts according to three market structures:
Part 1: Pre-competitive Market structure,
Part 2: Transitional Market structures, and
Part 3: Competitive Market structure,

which could be found since the process of liberalization started.

Before filling out the questionnaire, the company's representative is kindly asked to chose the appropriate market structure, specific for the country
where does the company source its needs. Based on selected market structure, the representative is expected to answer on set of questions, that are
defined either as yes-no questions or as multiple answer questions. Only minority of questions require more detail explanantions to be answered.
Before you start filling up the form, please state the data related to your company.

Country:

Company's name:

Contact email address:

Questions

Part 1: Objective - To provide information on supply options used by large industrials in PRE-COMPETITIVE MARKET STRUCTURE

1 Could you state how does the company source electri city?
Under the tariff structure
Self generating (go to 12)

2 What is the structure of the price:

Peak tariff (go to 4)
Flat tariff price
Other tariffs (go to 4) State:
3 Can the company switch from flat to peak tariff str ucture?
Yes
No
4 Mark the level of interruptions or reliability of s upply:
Low (highly reliable supply)
Medium
High (not reliable supply)
5 Which of the following best describes how does the company manage its demand?
Doing nothing (energy efficiency actions)
Interruptable contract (go to 8)

Load management activities ( changing demand curve) (go to 8)
Self-generating (go to 10)

6 Does the company have an operational flexibility to change the consumption pattern?
Yes
No (go to 8)
7 Can you arrange interruptible contract?
Yes
No
8 Is it feasible for the company to generate electric ity ?
Yes
No (finish)
9 If the company decides to generate electricity, is it allowed to sell generated electricity?

Yes
No (go to 18)
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9a Could you choose the answer which describes the way how generated power could be sold (multiple answer s are possible):
To the State or Private owned, dominant supplier
As part of RE Promotion mechanisms
Other State:

10 Which of the following best describes the way gener ation unit is used:

Only in peak hours (cost reduction) (go to 11)
Back-up to improve reliability of supply (go to 11)

11 Please provide some data concerning the power unit:
KWh Installed capacity
% Power output vs. Company's demand
12 Please select the type of fuel used for power gener  ation:
RES (go to 15)
Fossil fuel (go to 13)
13 As the company uses fossil fuel for power generatio n, which of the following actions describes the way how is the CO , cost managed?

using CO, allowances (go to 14)
through CO, capture projects (go to 16)
In the country there are not regulations on CO, emissions (go to 16)

14 The company is allocated with CO , allowances using one of two proposed methods:
Free allocation (go to 16)
Purchasing allowances (go to 16)

15 Does the company use some subsidies to generate pow  er using RES?

Yes
No

[

16 Does the company sell the produced electricity?

Yes
No (go to 18)

(1]

17 How does the company sell or could sell the powerg  enerated?

The company has an arrangement with the Government (fossil or renewable based).
The company sells RE according to the RES promotion regime.

They can not sell the power at all.

[T

18 Could you state why the company does not sell orca  n not sell generated power?
Grid connection is not allowed

Government is not interested to purchase the power

Profitability reasons (low price)

Power purchase is a new option appeared recently

[L11]

Part 2: Objective - To provide information on supply options used by large industrials in TRANSITIONAL MARKET STRUCTURE

1 Could you state how does the company source electri city?
Vertical Utility

Any other supplier than vertical Utility
Self-generating (go to 10)

2 Could you please select the contract structure:

Bundled contract

Unbundled contract with fixed energy price (go to 5)

Unbundled contract with variable energy price (go to 5)

3 As the company pays all-included electricity price, could you please state type of tariff structure us ed?
Flat tariff

Peak tariff (go to 5)

Real time pricing (market based tariff) (go to 5)

4 Does the company have the right to switch the contr  act structure and negotiate the price of energy?
Yes
No

5 Mark the level of reliability of your current suppl y option:

Low
Medium
High
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6 Which of the following best describes the energy co st reduction strategy taken by your company (mulpip le answers possible):

Doing nothing

Load management actions

Interruptible contracts

Contracts on adjustement

Aggregated load contracts

Cross market contracts

Indexed contracts

Contracts based on fixed quantity and floating energy price
Self-generation (go to 8)

7 Does the company have operational flexibility to ch ange load pattern?

Yes
No (go to 9)

8 If the company generates electricity (back-up or ma in supply option), could you please provide some da ta concerning to the power unit?
kwh Installed capacity
% Power output vs. Company's demand

9 Which of the following best describes the way gener ation unit is used:

Self-supply
Only in peak hours
Back-up to improve reliability of supply

10 Please select the type of fuel used for power gener  ation:
Renewable energy sources (RES)
Fossil fuel (go to 12)
11 Does the company use some subsidies to generate pow  er using RES?
Yes (go to 14)
No (go to 14)
12 As the company uses fossil fuel for power generatio n, which of the following actions describes the way how is the CO , cost managed?
using CO, allowances
through CO, capture projects (go to 14)
In the country there are not regulations on CO, emissions (go to 14)
13 The company is allocated with CO2 allowances using one of two proposed methods:
Free allocation
Purchasing allowances
14 Does the company sell the produced electricity?

Yes
No (go to 16)

15 How does the company sell or could sell the power g enerated?
The company has an arrangement with the Government (fossil or renewable based)
The company sells RE according to the RES promotion regime.
To wholesale market

16 Could you state why the company does not sellorca  n not sell generated power?
Grid connection is not allowed (finish)
Market power (finish)
Profitability reasons (finish)

Part 3: Objective - To provide information on supply options used by large industrials in COMPETITIVE MARKET STRUCTURE

1 Could you state how does the company supply electri city?

Intermediarry (supplier)
Market (go to 4)
Self-generating (go to 6)

2 Could you please select the contract structure arra nged?

Bundled contract: tariff structure (real timing pricing) (go to 5)
Unbundled contract

3 Chosse types of supply contracts you have been usin [*B
Interuptible supply contract (go to 5)
long-term contracts with the price indexed to the price of other commodity (go to 5) Commodity:

Contract on adjustement (go to 5)
Re-negotiable supply contracts (go to 5)
Fixed-price supply contract (go to 5)
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4 Which is the type of market used?
Spot

Forward

Wholesale

5 Which of the following best describes the energy co st reduction strategy taken by your company?:
[ ] Back up generation (go to 6)

Energy efficiency actions (go to 12)

Load management (reducing and shedding the load) (go to 12)

Futures(go to 12)

Contract with fixed price and quantities (go to 12)

Contracts with fixed quantuties but floating prices (go to 12)

Cross market contracts(go to 12)

interuptible contracts (go to 12)

Indexed contracts , state the name of commodities:

Load agregation contracts (go to 12)
Forward contracts (go to 12)

6 Which of the following best describes the reason fo r generation unit use:
To improve reliability of supply
To manage the price of power
7 As the company generates electricity, could you ple ase provide some data concerning the power unit?
Kwh Installed capacity
% Power output vs demand
8 Please select the type of fuel used for power gener  ation:
Renewable energy sources (RES)
Fossil fuel (go to 10)

9 Does company use some subsidies to generate power u  sing RES?

Yes (goto 12) Sate:
No (go to 12)

10 As the company uses fossil fuel for power generatio n, could you state the way how does it manage CO
The company is allocated by CO, allowances
The company pays fee for CO2 emissio, calculated on national basis (go to 12)

In the country there are not regulations on CO, emissions (go to 12)
The company implemented CO, capture projects (go to 12)

11 The company is allocated by CO2 allowances through:
Free allocation
Purchasing allowances

12 In the case, you are generating electricity, are yo  u allowed to sell generated power?
Yes

No (go to 14)

13 How does /How might the company sell electricity?
The company sells RE according to the RES promotion regime State:

2 emissions cost?

To the Government based on the special regime
On retail market
On wholesale market

14 If the company does not sell power, could you state reasons?
Grid connection is not allowed (in the casse of self-generators) (Finish)
Price of generated power is not competitive (Finish)
"Agent of the market" status is not available yet (Finish)

(go to 12)
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ANNEX 3

ELECTRICITY SOURCING OPTIONS
REGULATED MARKET

$EPFL/ Luis Trevifio
:Managing power needs for the energy intensive industry inthe EU
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ELECTRICITY SOURCING OPTIONS
TRANSITIONAL MARKET

funn ennn raan el

DIFFERENCES

- Load aggregation

- Market price of power
-Generated power can be
sold to the market

+ Contract service

. (Unbundled)

:TRANSITIONAL vs. REGULATED

{EPFL/ Luis Trevino !
: Managing power needs for the energy intensive industry inthe EU :
itowards a methodology for developing an energy sourcing strategy, :
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ELECTRICITY SOURCING OPTIONS
COMPETITIVE MARKET

‘DIFFERENCES

i- Market price

Hedge power
“Contract for differences
*Contract for adjustment

market
-Buy and sell_{third parties) .

|COMPETITIVE vs. TRANSITIONAL |

enerated power can be sold to the

i EPFL/ Luis Trevifio
i Managing power needs for the energy intensive industry inthe EU
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BETTA
BIH
CCGT
CCS
CDM
CER
CEEPR
CGo,
CSEM
DNO
EASAC
EC

EDP
EER
EFET
ELECTRA
ELECTRON
EMCC
EPRI
ERU
ETSO
EU

EUA

EU ETS
EUROSTAT
EU 27
EWEA
GDP
GENI
GHG

ACRONYMS

British Electricity Trading Transmission Arrgements
Bosnia and Herzegovina

Combined Cycle Gas Turbine

CQ Capture and Storage

Clean Development Mechanism

Certificate of Emission Reductions

MIT Center for Energy and Environmental BoResearch
Green House Gas

Center for the Study of Energy Markets, Ursitgrof California
Distribution Network Operator

European Academies Science Advisory Council
European Commission

Energias de Portugal, S.A.

Emerging Energy Research

European Federation of Energy Traders

EU Electrical Engineering Industry

Electricity Consumer in Croatia

European Monitoring Center on Change

Electric Power Research Institute

Emission Reduction Unit

European Transmission System Operator
European Union

European Unit Allowance

European C{Emission Trading Scheme

EU Statistical Information Service

European Union 27 Member States

European Wind Energy Association

Gross Domestic Product

Global Energy Network Institute

Green House Gases
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GWh
GW

G8

G20
HEP
HEP OPS
HEP DSO
HEP TSO
HERA
HR

HT

IEA
IEEE
IGCC
ISO

Ji

KW
KWh

LT
MCDA
MO

MS

MVA
MWh
MW
NAP
NATO
NEUTRON
NG
NGET
NREL

Gigawatt hour

Gigawatt

The Group of Eight

The Group of Twenty

Hrvatska Elektroprivreda
HEP-Operator prijenosnog sustava d.o.0.
HEP Distribution System Operator
HEP Transmission System Operator

Croatian Energy Regulatory Agency

Croatia

High Tension

International Energy Agency

Institute of Electrical and Electronics Engine

Integrated Gasification Combined Cycle
Independent System Operator

Joint Implementation

Kilowatt

Kilowatt hour

Low Tension

Multi Criteria Decision Aid

Market Operator

Member States

Megavolt Ampere

Megawatt hour

Megawatt

National Allocation Plan

North Atlantic Treaty Organization
Electricity Consumer in Spain
National Grid

National Grid Electricity Transmission

National Renewable Energy Laboratory
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OECD
OFGEN
PESTE
PROTON
PV

RBV

RE
RES
R&D
RO
ROC
SCP
SLO
SHETL
SPTL
SSP
TER
TCE
TNO
TSO
TWh
UCTE
UEI
UKERC
UN
UNEP
UNFCCC
WBCSD
WTO

Organization for Economic Co-operation and &epment
Regulator for the Gas and Electricity Infrasture and Supply Ind.
Policy Economical Social Technological angitemmental Model
Electricity Consumer in the UK

Photovoltaic

Resource Base View

Renewable Energy

Renewable Energy Source

Research and Development

Renewable Obligation

Renewable Obligation Certificate

Structure Conduct Performance

Slovenia

Scottish Hydro Electric Transmission Limited

Scottish Power Transmission limited

Strategy Structure Performance

Technological Economical and Resources Model
Transaction Cost Economics

Transmission Network Owner

Transmission System Operator

Terawatt hour

Union for the Co-ordination of TransmissionEéctricity
Union of Electricity Industry

UK Energy Research Centre

United Nations

United Nations Environment Program

United Nations Framework Convention on Cten@hange
World Business Council for Sustainable Depeient

World Trade Organization
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