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TIIVISTELMA

Tassa tyossa keskitytaan selvittdmaan energiatootatilannetta Suomessa ja
Kataloniassa ja etenkin mikd on uusiutuvan energi@anenergiantuotannossa.
Liséksi tarkoituksena oli selvittdd miten EUn uilisiasto- ja energiapaketti tulee
vaikuttamaan molempiin.

Ty6 tehtiin vaihtoaikana Terrassassa yhteisty0ssdvdusitat Politecnica de
Catalunya kanssa. Ohjaajina UPC:n puolelta toim®@ators Alvarez ja Nuria

Garrido sekd Lahden ammattikorkeakoulun puoleltha SKostia. Paadasiassa
tyossa keskityttiin tutkimaan internet-lahteita,llasi niistd 10ytyy kaikkein

ajantasaisinta tietoa.

Seka Suomen etta Katalonian taytyy tehda mittaviautoksia energian

tuotannossa ja kulutuksessa saavuttaakseen Eurodp@onin asettamat

tavoitteet. Suomessa energiankulutuksen  kasvun yfi§isdinen on

avainasemassa, jotta uusiutuvan energian osuusaaamstettua 38 % ja jotta
kasvihuonekaasupaastot saadaan vaaditulle tasateen 2020 mennessa. Myods
Kataloniassa energiankulutuksen kasvu on saatavéaene@naan, jotta
kasvihuonekaasupaastdét ja wuusiutuva energia saadeaditulle tasolle.

Muuttamalla lainsaadantéd entista ymparistokeskeisgksi ja kansalaisten
asenteisiin vaikuttamalla, tavoitteet pyritdan sétamaan.

Avainsanat: energian tuotanto, energian kulutusiutuva energia
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ABSTRACT

The aim of this study was to find out what the aiton in energy production in
Finland and in Catalonia is and especially whatdih@ation of renewable energy
in energy production is. In addition, another tangas to find out how EU’s new
climate and energy package will affect to bothhefn.

The study was done during exchange time in Terrass®-operation with the
Universitat Politecnica de Catalunya. The study imagucted by professors from
UPC, Dolors Alvarez and Nuria Garrido, and from tidbniversity of Applied
Sciences, Silja Kostia. The work was done mainlyusyng Internet sources
because there one can find the most updated data.

Both Finland and Catalonia have to make major chsantp their energy

production and consumption in order to meet thégabbns set by the European
Commission. In Finland, the main objective is topsthe growth of energy

consumption and to increase the amount of reneveaddegy to 38 % as well as to
decrease the amount of greenhouse gas emissitims te@manded level by 2020.
In Catalonia, the main objective is also to stop ghowth of energy consumption
so that greenhouse gas emissions and renewablgyendr be on the required

level. By changing the legislation into a more amdre environmentally friendly

direction and by affecting to the citizens’ behayithese aims will hopefully be
achieved.

Key words: energy production, energy consumptienewable energy
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Explanation of termsused in thisthesis
CCS Carbon Capture and Storage
EAA European Environment Agency
ETS Emission Trading System

EU-15 Austria, Belgium, Denmark, Finland, France, Germdaneece, Ireland,
Italy, Luxembourg, the Netherlands, Portugal, Sp&imeden and the United
Kingdom

Final energy consumption measures the consumption of finished energy
products, that is, electricity and heat, and fuslksd for heating the space in
buildings, transport and industrial processesduitaon, it does not include
energy transmission and distribution losses. (8tesi Finland h)

GDP gross domestic product at market prices is the final result of the prddrc
activity of resident producer units. It can be defl in three ways: as the sum of
gross value added of the various institutional@sobr the various industries plus
taxes and less subsidies on products; as the stimabtises of goods and
services by resident institutional units (final samption, gross capital formation,
exports minus imports); as the sum of uses indted economy generation of
income account (compensation of employees, taxgsamuction and imports
less subsidies, gross operating surplus and grossdnmcome) (Statistics Finland

)

GAV gross added value measures the contribution to the economy of each
individual producer, industry or sector

|ER Intensive Energy Efficiency and Renewable Energgnario

IPPC Intergovernmental Panel on Climate Change

KTEP 1 ktep equals 41.86 TJ

PJ petajoule 18 joules

Primary energy consumption refers to the direct use at the source, or sujply
user without transformation, of crude energy, thagnergy that has not been
subjected to any conversion or transformation @m®ce

REE Red Eléctrica Espafiola

REF recycled fuel

RES renewable energy source

TJ terajoule, 1¢ joules



Total energy consumption describes the total use of domestic energy sources
and imported energy. It includes fuels used in g@neroduction and processing,
as well as fuels used directly at the final constimmpe.g. transportation fuels and
fuels used for heating buildings

UNFCCC United Nations Framework Convention on Climate ii¢jea



1 INTRODUCTION

At present, issues related to energy productiomswmption and prize are
discussed a lot. The growing standard of livingtle developing countries
increases energy consumption. At the same timethé post industrialized
countries more energy is needed every year. MotlteoEnergy is still produced
using fossil fuels which cause emissions that haegative environmental
impacts. One of the most important ones is globaarning. The
Intergovernmental Panel on Climate Change (IPCQ pwoved that human
activity has a strong influence on global warmiRgrtunately, awareness among
citizens, decision-makers and business people Wakemed and interest towards

preventing climate change and its impacts has ase

Renewable energy sources have been offered as af plae solution. Bio-energy,

wind power and solar power, for example, are alyeased but they are not
economically competitive to fossil fuels. Despitee t challenges related to
renewable energy sources, the interest towards th@mormous at the moment.
For example, European Union has made a commitnoemmictease the share of
renewable energy up to 20 % of its total energypection. As a member of EU,
Finland and Catalonia have to make changes to¢neirgy production in the near

future to achieve these requirements.

This Bachelor’'s thesis project was made during shelent exchange time in
Catalonia in spring 2009 and therefore the focum i€atalonia, Spain and in
Finland. The aim of this study was to examine hdwsEhew climate and energy
policy will affect Finland and Catalonia. The oldgaevere to find out what the
situation of renewable energy sources in energylymiton in Finland and in
Catalonia is at present, and to list and discusobiigations that both areas have

to meet.



2 ENERGY PRODUCTION AND CONSUMPTION

It is interesting to compare the energy consumpiofinland and Catalonia.
Population and the economical structure are gh#esame in both areas but those
are basically the only consistencies. Table 1 agdrgE 1 present the similarities

and differences of Finland and Catalonia.

TABLE 1. Information boxes of Finland and Catalo(@overnment of Catalonia
2008a; Valtiokonttori 2009; Elinkeinoelaman keskttsl 2008).

Finland Catalonia
Location Scandinavia South-Europe
Surface area
(km2) 338 000 32 000
Coast line (km) 1100 580
Po!:u.lluhon 5,3 72
(millions)
Inhabitants
/km2 17 224
Land use (%)
-forests 69 59
-agricultural use 8 32,5
-waters 10 0,5
-swamp areas 5 -
-built land 3 4,7
-sand and
beaches 2,9
Climate cold winters, mild winters,
mild summers, warm and dry

raining moderately summers

during all seasons
Economy GDP, % GAV, %
-service sector 65 66
-industry 26 22
-agriculture 3 1
-construction 6 11
GDP /
inhabitant, € 22 580 7 CRl
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FIGURE 1. Finland’s and Catalonia’s locations capm(Europa).
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2.1 Energy production and consumption in Finland

Energy maintenance in Finland is quite distribut&étde range of the energy
sources is wide, and energy is purchased betwedneinnternational markets.
Energy purchace has to be distributed since Finlsndnuch dependent on
imported energy. This is the only way to ensurd #@rergy purchace is secured
and balanced. In 2007, approximately 32% of enevgy produced by domestic
energy sources (mainly wood, peat and hydro poed) 68% was produced by
foreign energy sources (Tilastokesk2@08a). In Finland, the responsibility of
energy production is mainly on state owned enemypanies (e.g. Fortum plc),
on municipal energy companies and on private, mastl energy companies
owned by the industry (e.g. Pohjolan Voima, Tealiden Voima). The
production of energy is based on so-called stangaveer thought. In addition to
the standard power, a so-called adjustment powaipeasates seasonal, weekly
and diary changes (Hellgrén, Heikkinen, Suomaladfala 1999, 57-58).



Electricity maintenance is divided into the prodoct of electricity, the
transmission of electricity and the distributionth@ consumers. Organizations in
electricity maintenance are divided into power camps owned by the state, to
private power companies and to the industry’s olatecity production as well
as to a so-called electricity plant of distributiofhe power companies sell the
produced energy directly to the industry or to éhectricity plant of distribution.
Municipalities’ energy plants produce heat eitheraacombined heat and power
production or as a separate heat production. Ndyntia¢re is a combined heat
and power production plant in the biggest citigstie small cities and in the
country side the production and distribution of thisataken care of by regional
heat plants. Industry, however, produces its reguenergy mostly by itself. In
Finland, the electricity markets are free, peogle buy their electricity from any
supplier of electricity they want. (Hellgrén, Heikdinen, Suomalainen & Kala
1999, 58-59.)

The trend in the consumption of energy has beerasing in Finland for a long
time. From 1970 to 2007 the consumption of energy rown approximately
700 petajoules, PJ (Figure 2). This is becausbeofdvel of the standard of living
has grown after industrialization and urbanizatibime increase has been rapid but
there are also some years when the consumptiondiagrown. For example, in
2005, the industry needed less energy than in ZDI08. was partially because of
the forest industry’s strike (Statistics Finlandd@D). Furthermore, winter 2005
was exceptionally warm which reduced the need aitihg, and therefore the
consumption of energy was lower. The same kind afhwwinter was also in
2007. However, in the long run it is obvious thairenand more energy has been

consumed. (Statistics Finland 2008c.)
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FIGURE 2. Total energy consumption in Finland inQ9- 2007 (Statistics
Finland 2008d).

Statistics Finland (2008c) has reported that in720@ total energy consumption
in Finland was 1 470 petajoules. In 2007, mostiofaRd’s energy was produced
by fossil fuels. In total, approximately 75% of egyewas produced by fossil fuels
and 25% using renewable energy (Figure 3). In amditFigure 3 includes
recycled fuels (REF) and waste fuels, hydrogen aseidiel, biogas, solar energy,
energy produced by heat-pumps, other bioenergy ttemdeaction heat from the
industry. The amount of energy produced by nonifdasls versus fossil fuels
has been quite the same in the 2000's. From 1&@0share of renewable energy
has, however, increased from 18% to the present (&&tistics Finland 2008e).
The final energy consumption between the differgedtors was the following;
industry 51%, traffic 16% and others (e.g. spacdihg) 33% of all the produced
energy in 2006. The high share of industry’s congiion of energy is explained
by the texture of the Finnish industry. There isnpy of forest and paper industry
which consumes a lot of energy. Also the heatingowidings, especially in

winter, requires a lot of energy.
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FIGURE 3. Total Energy Consumption by Sources id722(5tatistics Finland
2008f).

2.2 Energy production and consumption in Catalonia

Catalonia’s energy maintenance is not as distribate Finland’s. The range of
energy sources is narrower, but as in Finland,teofcenergy is produced by
foreign energy sources or imported from other aoioous communities of Spain
or from abroad. Energy is imported to Cataloniaalse it can produce less
energy than it consumes. According to the Insitattafd d’Energia (2008a)
primary energy production was 451 petajoules, wdeereéhe final energy
consumption was 677 petajoules in 2007. The mogbitant sources of imported
energy are France and Aragon (one of the autonommusnunities of Spain). 3
620 GWh of energy was imported from France and @ GwWh from Aragonia.
However, energy was also exported to Valencia amdiofra, 3 080 GWh and 260
GWh, respectively. (Red Eléctrica de Espafia 2007.)

In Catalonia, electricity is largely produced iretbonventional ways by nuclear
energy, hydro power and thermal power (fossil fumlsvaste). There are also
combined cycle power plants, which combine gasitertand steam turbine in
order to produce electricity. The produced elettirics sold to the market under



the control of the operator of the market. Howewetan be also sold directly to
large consumers or to selected consumers througbneact between the two
parties. In addition to conventional ways to pragwectricity, the amount of
renewable energy and cogeneration has increasedeXample, the combined
heat and power plants have been one of the mostiaped in Catalonia in the
recent years, mainly to generate electricity fer tidustry with high requirements
such as cost-effective production in the place afisamption. (Instut Catala
d’Energia 2008b.)

The transport and distribution of electricity atgl@conomic system are regulated
by the State Government. The high voltage linesnaaeaged by Red Eléctrica
Espafola (REE), constituted by the Government &edcbmpanies producing
electricity. The lines in medium and low voltage,anowever, property of each
electric distribution company whose main activiiieslude the construction of the
distribution facilities to provide electricity ahé peak of consumption, to ensure
maintenance and to manage the operations. To etiseirprinciple of the free
market, the law ensures that all consumers and etexsk have a right to the
access all of these distribution networks. Theritstion networks are designed
so that, when a sudden interruption of power supplginy point in the network
happens, it is possible to receive electricity franother production center. Since
the demand of electricity is not always uniform,imscertain moments there is
bigger demand than normally, these centers arey @ackspond to the increases

in the consumption level. (Institut Catala d’EnergD08c.)

As in Finland, also in Catalonia energy consumpti@s increased during the
years (Figure 4). In 2007, Catalonia’s share wag¥%9of the total energy
consumption of Spain (Instituto Nacional de Estiehs 2009, 6). That is
explained by the high rate of industrialization.cAing to the Insitut Catala
d’Energia (2008a), the final energy consumption %&8 petajoules (16 173ktep)
in 2007. In Figure 6, the shares of energy souaoéstheir percentages are shown.
Among the oil products, automotive fuel (gas-oidagasoline) had the largest
representation, followed by kerosene and petroleake. Electricity was mostly
produced by nuclear power, combined cycle and carggion which formed more

than 80% of the production. Furthermore, renewaplergy biomass (including



forestal biomass, agricultural and livestock, ba$éuand biogas) had the greatest

share with 0.9% of 1% in the final energy consuompin Catalonia. In total the

share of fossil fuels was approximately 99% andsiare of renewable energy

was around 1%. The amount of energy produced hyfossil fuels versus fossil

fuels has been quite the same from 1990 to 200&.tfEmd has been, however,

decreasing but has now turned to rise. The finatgghconsumption between the

different sectors was divided as follows in 200@nsport 40%, industry 31.5%
and others 28.5% (domestic 14%, services 11%, pyin®a5%). (Instituto
Nacional de Estadistica 2007; Institut Catala digrae2008a.)
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FIGURE 4. Final energy consumption in Catalonid®90 — 2007 (Institut Catala

d’Energia 2008d).
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FIGURE 5. Final energy consumption in Cataloni2®7 (Institut Catala

d’Energia 2008a).



3 RENEWABLE ENERGY

3.1 Renewable energy in Finland

Finland is one of the top countries with Sweden &atvia to produce and
consume the most renewable energy. One of the tay@sof Finland is that we
have possibilities to use different kinds of renblgaenergy sources. These
sources can be, for example, bioenergy, hydro p@amdrwind power. In 2005,
Sweden was the first, Latvia, the second and Fihidee third in the share of
renewable energy in energy consumption. AccordiogEU’s calculations,
Sweden’s renewable energy use was 39.8%, Latvia®¥@ and Finland’s 28.5%.
From Figure 6, it can be seen how the shares @wable energy sources have
been growing in Finland from the 1970’'s. (MotiveD8a; EUbusiness.com 2008.)

F.
400
mnn o lllllll____. W Other bicfuek
Fecovered fuek
P (bio-fraction)

Heat pumps

e B food fuek wsein
industry and enargy
production
Black liquor and ather

100 concent ated fquars

M Smalkzcale combustion
of road

. B Hydra pouer

LELLLL IS LS ESELES LS S
FIGURE 6. The share of renewable energy sourc&970-2007 (Statistics
Finland 20089).

The most important renewable energy sources irafthbre bioenergy and hydro
power. Together they form 97% of Finland’'s renewal#nergy sources
(bioenergy 83% and hydro power 14% in 2007). Tls¢ oéthe renewable energy

(others) as presented in Figure 8, come from heatps (2.8%), recycled fuels
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(REF) bio-fraction (1.3 %), biogas (0.5 %), windy®y (0.2%) and other biofuels
(0.2 %).

H Rebewable energy by
sourcesin 2007

m black ligeurs and other
concentrated liqueurs

m wood fuels used in industry
and energy production

M small scale combustion of
wood

W hydro power

W others

FIGURE 7. Renewable energy sources in 2007 (M@&d@oa).

Bioenergy includes wood based fuels, biomass fromasts and fields, biogas,
biofuels and the bio-fraction of recycled fuels (BEThe use of bioenergy can be
basically divided into two parts; bioenergy used small scale combustion

(private houses etc.) and bioenergy used in hehpawer plants and industry’s
own energy production. It is natural that bioenehgg such a major part among
the renewables because there are a lot of forestdamest industry in Finland

and, therefore, a lot of wood-based fuels. Aboub%vof bioenergy is wood and
wood based waste broth from the wood refining itigusihe rest, 2.5%, come
from bio-fraction of recycled waste, biogas, biom&®m forests and fields and
from biofuels. The biggest user of the wood enesgwood refining industry,

which exploits wood fuels and wood-based wastehbiratim its own processes in
energy production. Also the by-products that camiaeufactured to traffic fuels

come from forest industry. This technique is depebb very intensively at the
moment. Small scale combustion is also importanEimland since there is a
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fireside place in many private houses which is usetleat the houses. (Motiva
2008b.)

Besides wood fuels, hydro power is one of the aldes/s to produce energy. In
2008, 4% of Finland’s energy production was produd®/ hydro power.
Finland’s first hydro power plant was taken int@ uis 1929 in Imatrankoski, and
it is still the biggest hydro power source. Almaditthe main rivers in Finland
have been harnessed. There are over 200 hydro paesets in Finland. The
biggest plants are in the north, where over a tiathe electricity is produced in
the hydro power plants in Kemijoki, Oulujoki angbki. In the south of Finland
the main hydro power plants are located in VuoKgmijoki and Kokemaenjoki.
The hydro resources in Finland are estimated dt T®/h/a. 12.6 TWh/a are built
and 6.5 TWh/a are protected or not built. Yetsitnlikely that a lot more hydro
power would be taken into use because of enviroteheeasons. Unharnessed
rivers are protected by laws and, thus, the amotiginergy produced in hydro
power plants cannot be increased significantly inlafad. Old plants are,
however, renovated and made more efficient (Ldhtoma, Virolainen 2006, 15,
24-25; Motiva 2008b.)

The share of wind power in energy production is/\anall, but it has grown very
fast during the last years. According to VTT TecahiResearch Institute of
Finland (2008), in 2008 electricity produced by @vipower was almost 300
GWh, which is approximately 0.3% of the annual eonption of energy. Even
though the amount of energy produced by wind pawesmall, wind energy is

one of the most promising renewable energy teclyiedo

3.2 Renewable energy in Catalonia

The share of renewable energy in energy producdod consumption is
remarkably smaller in Catalonia than in Finland2007, the share of renewable
energy in the final energy consumption was only%d.4n the final energy
consumption, the most important renewable energyrceo was biomass

(agricultural, forestal and biodiesel). Also sdla@rmal energy had a small role as
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RES. Within biomass biofuels have undergone thgdsgchange. In 2001, there
were no biofuels consumed, but in 2007, its shacedrown from 0 PJ to 4.2 PJ.
In energy production the range of renewable ensmyces is, however, wider
than it seems according to the final energy congiomtatistics. In addition, also
hydro power, wind power and solar photovoltaic ggewere produced. Their
shares were, nevertheless, so small that in tred &nergy consumption they
cannot be notified. Even though renewable energyaduced now (2000’s) more
than in 1990’s, its share in the final energy cam#ion has decreased from 2.2%
to 1.4%. This is because energy consumption hasased during the years and
this demand has had to be satisfied with fossilsfuEhere has simply not been
enough capacity and money to answer the demand mgitewable energy.
(Institut Catala d’Energia 2008a; Institut Catalartergia 2008d, 6.)

M Renewable energy in
2007

M Biofuels

W Biomass

M Solar power

M Biogas

M Renewable waste

FIGURE 8. Renewable energy in Catalonia in 200%t{t Catala d’Energia
2008d, 6).
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3.3 Potential renewable energy sources in Europe

3.3.1 Hydro power

In Finland and in Catalonia, hydro power has anartgnt role in renewable
energy production. As mentioned earlier, the maidré» power plants in Finland
are located in the north, in the waters of KemijdRulujoki and lijoki. In the
south of Finland, the main hydro power plants areVuoksi, Kymijoki and
Kokemaenjoki. In Catalonia, the main hydro poweangd are in the north, in
Moralets, Tabescan and Estany Gento. In central@at there is a hydro power
plant in Canellas and in the south, in Mequinenmhia Ribarroja. Hydro power
Is based on the movement of water between twordiftewater levels. Water is
running down through a turbine which rotates a gmoe, which in turn,

transforms the energy of the water into electric{tyehto, Luoma, Virolainen
2006, 15, 24-25; Red Eléctrica de Espafia 2007;wd&D08c; Energiateollisuus
2009a.)

FIGURE 9. Hydro power plant in lijoki in the nortth Finland (Pohjolan Voima
Qy).

Hydro power is divided into three sizes, micro faudic (<IMW), mini hydraulic
(1-10 MW) and great hydraulic (>10 MW). All hydraower is considered as

renewable energy in the EU Directive on the Proamotof Electricity from
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Renewable Sources. However, in Spain, from thetpaofirview of support for
renewable energy, embodied in the special regimly, those power plants that
are less than 50 MW, for example mini hydraulicnpda are considered eligible.

(Energias renovables para todos, 6.)

The advantages of hydro power are that water castdraged to reservoirs and
then used during the demand peaks. The technaisgly is long known and used,
and, therefore, reliable with high efficiency. lonse areas it may also work as a
flood controller. In addition, hydro power does pobduce waste products which
would affect to air quality, or cause acid raing¢ls as sulfur dioxide (Sfpor
nitrogenous oxides (NQ In addition greenhouse gases are not formeadhgiie
production. It also reduces the use of other fifssil fuels). Emissions are
formed mainly during the construction phase. &l a local energy source and,
therefore, there is no need to transport fuel ® glant by cars. However, the
production of hydro electricity is dependent on thkea conditions. If there is no
rain, or runoff from a snow pack, there may beck laf water reservoir later on.
Environmental effects reach from nature and aninmalsumans. For example, the
creation of a reservoir affects to wildlife habitg.g. fish streams) but also
humans may have to move elsewhere. Landscape chanlge after building a
hydro power plant and the beauty of the naturepgisars. (U.S. Department of
Energy 2005, Energias renovables para todos, 32,13.

The main financial costs of hydro power come framiding up a plant. However,
after the plant is built, the operating and maiatere costs are low because of the

long period of the using time. (IEAHydro 2005.)

3.3.2 Bioenergy

Bioenergy has a major role in the Finnish energydpction. In 2006, it formed

84% of the total renewable energy consumption,irepresented also one fourth
of the total energy consumption. In Catalonia, beygy is also an important
source of renewable energy, and in 2006, it reptesleapproximately 90% of the

total renewable energy consumption. In the Europggaion area, the share of
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biomass in the total energy consumption is arouttd (European Commission
2009a). On a global aspect, it forms about 14%hefgroduced energy. In the
developing countries, the use of biomass (wood raadure), forms about one
third of the energy production. (Institut Catal&dérgia 2008a; Motiva 2008b;
Tekes Bioteknologia Info.)

Bioenergy includes the biomass from forests andcaldmre, biogas, biofuels and
the municipal solid waste. In Finland, the most ami@nt source of bioenergy is
wood fuels and wood-based waste products from tigeistry. In Catalonia,
renewable municipal solid waste formed the biggekare of biomass,
approximately half of it. The energy from the bi@sas mainly received by
burning, by digestion in an anoxic space with tbsuit of biogas, or preparing
ethanol which can substitute the use of gasolinethErmore, products such as
bio-degradable plastic, perfumes, chemicals and ghn be made from biomass,
and new products are developed all the time. Tloblem with biomass is that
even though it is a renewable energy source aneftre diminishes the use of
fossil fuels and carbon dioxide emissions, the potidn of certain biomass, for
example sugar cane, requires large land areas wioigll be used for growing

food. (Tekes Bioteknologia Info.)

FIGURE 10. Biogas plant in the province of Llei@atalonia (Ministry of the
Environment, Conservation, Agriculture and ConsuRretection of the State of
North Rhine Westpahlia Germany).
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3.3.3 Wind power

Wind is available everywhere in the world. The msesitable places for wind
power are inland’s open places, coasts and se&urbpe, there is a lot of wind
power in Denmark, Spain, Portugal and in Germarmy.dxample, in 2007, 21%
of Denmark’s electricity was produced by wind powehereas in Finland only
0.2% of electricity was produced by wind power @02 (Motiva 2008d). In
Catalonia, the amount of electricity produced bydvwenergy was also very small,
only 0.36% in 2003 (Institut Catala d’Energia 2008&he most suitable
conditions for wind energy in Finland are on thethoand east coast. At the end
of 2007, there were 119 operating turbines with dapacity of 144 MW (VTT
Technical Research Centre of Finland 2009). In IGaia, the best places are in
the north east and in the south of Catalonia (leid#). (Generalitat de Catalunya
2006a; EWEA 2008a.)

19.8-21.6
216-23.83 B.0-65
B 23.3-253  B.5-70
253-270 70-75
B 270-28.8 75-80
28.8-30.6 8.0-85
I 206-323 85-90
B 523-8343 00-95
| ] >34.3 >8.5

FIGURE 11. Wind resource map. (Generalitat de @atel 2006b, 49).

The first wind farm in Catalonia was installed i88% in Garriguella. It was
actually the first wind farm in Spain. The farm waswever closed in 1988. In

Table 2 all the wind farms in Catalonia are presénAt the beginning of 2009,
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the wind farms in Catalonia represented 2.5% ofirgtalled wind power in

Spain. (Asociacion Empresarial Edlica 2007).

TABLE 2. Wind farms in Catalonia (Asociacion Empagal Edlica 2007).

Power, Number of
Wind park Province MW turbines

Serra del Talla Tarragona 49,5 33
El Motarro Tarragona 2,64 2
Les Forques Tarragona 4 2
Serra de Vilobi Lleida 40,5 27
Serra de Rubié I Barcelona 25,5 17
Serra de Rubié | Barcelona 495 33
Les Calobres Tarragona 12,75 17
Les Colladetes Tarragona 36,63 18 + 36
Mas de la Potra Tarragona 2,6 2
Trucafort Tarragona 30,85 66 + 25
Collet deis Feixos Tarragona 7,92 6
Pebesa (Baix Ebre) Tarragona 4,05 27
Tortosa (Coll

d"Alba) Tarragona 29,9 23
Les Comes Tarragona 3 2
Ecovent CAT Il y IlI Tarragona 48,1 37
TOTAL 347,44

The function of a wind turbine is simple; the wibldws and sets the blades of a
turbine in motion generating power that can be eod into electricity. To start
the production, a wind turbine needs at least 3wisl speed. Between 4 — 13
m/s wind speed, the power of the power plant isatiy depended on the wind
speed. From 14 m/s to 25 m/s wind power, the pamtduces constant power. If
the wind speed is more than 25 m/s, there is adfisitrain and breaking down.
The problem with wind power is that wind is not éatale all the time, or wind
speed might be too weak or too strong. Since liaisl to storage electricity, the
produced electricity has to be consumed simultasigo&o, if there is no wind,
the required electricity has to be produced by lagoénergy source. In addition,
in the northern cold circumstances during the wjnpgoblems which require

technical resolves may occur. However, wind eneg part of, for example, a
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heating or cooling system is a good solution. (Selruulivoimayhdistys ry;
Ymparistoenergia; Energiateollisuus 2009b.)

FIGURE 12. Wind park Serra de Rubi6 (GeneralitaCdéalunya e).

The biggest financial costs are related to the rzaturing and installing a wind
power plant. The wind turbine itself, the grid cention and the foundation form
about 90% of the financial costs. The rest comemfrfor example, land rent,
electric installations, consultancy and controlteys. When comparing the costs
of wind energy onshore and offshore, it is abouoS®ore expensive offshore.
However, since the wind speed is higher offshdre,diectricity production there
is also better and a part of the financial costs @ffset. At the moment, wind
energy capacity in offshore accounts only 1% oftttal installed capacity in the
world. (EWEA 2009b, 9-11.)

3.3.4 Solar power

Sun radiates light to the Earth all the time. Dgrone hour, the surface of the
Earth receives more solar radiation than what thele'mankind consumes in one
year. The most suitable circumstances to utilizarsenergy are at the equator

because the amount of radiation is biggest theoe.dxample, in the Sahara
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Desert the yearly solar radiation is 2 500 kWhand in Israel it is 2 000
kWh/mflyear (Apricus Solar Co. Ltd 2008). In Finland, #maount of radiation, 1
000 kWh/nflyear, is approximately the same than in Centrabpe, but changes
during the seasons are bigger. In the south ofaRthl 90% of solar radiation is
received between March and September. In additidven moving to the north,
the chances in radiation grow. In Catalonia, therage radiation, 1 450
kWh/nmflyear, is a little bit bigger than in Finland (Gesl#at de Catalunya

2006a). As in Finland, also in Catalonia the shafresolar power (thermal or

photovoltaic) is very small. (Apricus Solar Co. L20D08; Energiateollisuus
2009c.)

FIGURE 13. Solar panels in Barcelona in Plaza Fadtaica (Elisa Oksanen
2009).
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FIGURE 14. Solar panels in Barcelona in Plaza Fataica (Elisa Oksanen
2009).

Solar power can be utilized in two ways, with passor active techniques.
lImasto.org (2009a) determines that using the passechnique, houses are
located and built so that they collect as much @ssiple solar radiation inside,
and keep it there for as long as possible. For @l@mvindows are located facing
south, and insulation of heat in walls and windagiggjood enough. Normally
these techniques are included in the energy sderttgniques, and their potential
in Finland is approximately half of the heat congtion of the houses. That
means about 10% of the total energy consumptidfintand. On contrary to the
passive techniques, active techniques require gne3glar radiation can be
converted into electricity by solar panels or imteat by solar captures. Heat-
pumps and solar captures are the most used to t@olar energy to heat houses
and tap water. At the moment, solar power is masslyd in small units, such as
in private houses as a part of the heating systerause solar technology is not
developed enough to use in large applications odymtion. Only about 15% of
solar radiation can be converted into electricityhvsolar panels and about 25-

35% to heat with solar captures (Motiva 2008e).
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For consumers the biggest financial costs naturetipne from buying a solar
energy system or solar panels. For example, corapamiFinland announced that
solar panels can cost hundreds of euros and thiewiistem can cost more than a
thousand euros depending on the capacity. In Gataldhe prices of solar
systems and panels are approximately the sameheéAintoment, solar power
production to grid is expensive since the effickeme not good enough, but in
small applications, such as in summer cottages;ait be a good choice.
(SolarShop Bergman Oy 2007; Illmasto.org 2008a; Woti 2008e;
Stlverkkokauppa 2008; Sunwind 2009; ClimaCity S.L.)

3.3.5 Hydrogen power

Hydrogen is one of the most promising fuels for filkeire. Biological hydrogen
production, for example the production of hydrogemm biomass by micro-
organisms, is a common phenomenon. In swamps ardoges installations,
hydrogen is produced from biomass under anoxiaugigtances. However, this
hydrogen is consumed as soon as it is produced difianogenic bacteria, and
methane is the end-product which becomes availdtilerefore, hydrogen is
currently produced using non-renewable technologiesh as steam reformation
of natural gas, petroleum refining, or the gastfara of coal. These techniques
produce emission. A cleaner way to produce hydrogegnlectrolysis. In this
method, water is separated into hydrogen and oxydewever, it consumes a lot
of energy so if required the energy is producedby-renewable fuels, it is not
environmentally friendly. If the required energyi®duced, for example, by solar
power or wind power, K production is sustainable. (The Solar Biofuels
Consortium 2008; Biohydrogen Biological hydrogenduction (BWP) I1.)

At the moment hydrogen is mostly used in gas t@wdiand in gas engines to
produce energy. The technique is nothing new, big an emissionfree way to
produce energy. In the future, the most promisimy W use hydrogen are fuel
cells. A fuel cell is an electrochemical devicetttransforms a fuel's chemical
energy straight into electricity and heat, so itpisssible to use it both for

electricity and heat production. Also in the fututemight be possible to use fuel
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cells instead of a combustion engine. Then carsldvptoduce water instead of
harmful emissions. (Mikkola 2002, 3-4; Hydrogen EjyyeCenter 2009.)

The problem with hydrogen power is transfer. Beealgdrogen is a gas it is
harder to transfer than liquid fuels. The most us@g to transfer hydrogen is in
pressured pipes or tanks. Hydrogen can be transftbinto a liquid in very low
temperature (-253°C). However, this requires aofotnergy, and the tanks must
be very well isolated so that the hydrogen will mi@nsform back into gas.
Hydrogen can also be bound to a liquid compound,efeample to methanol
(CHsOH), from which it can be separated just before Urs¢éhis way, the transfer
and storage would be much easier. The problem asjeber, that this way
hydrogen energy amount per one kilogram decreabss la addition, there is no
available infrastructure for hydrogen distributitd consumers, so it would
require chances to the whole energy system. (M&ROI02, 3.)

4 THE CLIMATE AND ENERGY PACKAGE OF THE EU

The Kyoto protocol (1997) was the first internaibragreement which was
legally binding and set quantitative targets to smioins. It supplemented the
United Nations Framework Convention on Climate @®al1992) whose target
was to stabilize greenhouse gases to the levelenthey cannot negatively affect
the climate system. The Kyoto protocol obligatesdpean Union (EU-15) to
reduce its greenhouse gas emissions by 8% of t@ éfission level in 2008-
2012. This reduction obligation is divided betwesery member state in the EU.
Finland has agreed to stabilize its emissions & 1890 level in 2008-2012.
Contrary to Finland, Spain can increase it emissidyy 15%. (Valtion
ymparistohallinto 2008a; llmasto.org 2009b.)

The United Nation’s Framework Convention on Clim&bkange obligates the
participants to report the steps they have takexézute the contract regularly. In
addition, the Kyoto protocol obligates the partaoips to report their annual
greenhouse gas emissions and the progress to imeeebjectives of the protocol.

The European Commission and the European Environgkgency (EEA) gather
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a report of the member states’ information and setalthe Secretariat of United
Nations Framework Convention on Climate Change,KONC). The first season
of the Kyoto protocol ends in 2012. Negotiationsréach a new international
agreement to stop the climate change and reduenlgrese gas emissions are
going on. The negotiations started in Bali in Debem2007 and they will
hopefully end in Copenhagen in December 2009. (®falymparistéhallinto
2008a.)

Meanwhile EU is taking the leader’s role in thehfigagainst global warming. It
has set to itself ambitious targets in this straggluropean Commission approved
the so-called “20-20-20” deal in December 2008.tTdeal sets the following
targets for 2020:

e cutting greenhouse gases by at least 20% of thé E@ls (30% if other
developed countries commit to comparable cuts #fterKyoto protocol
ends).

* increasing the share of renewable energy (windarsdliomass, etc) to
20% of the total energy consumption (currently 8.%%d to increase the
amount of biofuels in traffic to 10%.

e cutting energy consumption by 20% of the projecBa20 levels by
improving energy efficiency.

(European Commission 2008b.)

The Climate and Energy Package of the EU is a légeslation package. It
includes four legislation proposals: the renewatmission trading system (ETS),
the agreement of burden sharing between the memiberglirective on carbon
capture and storage (CCS) and the directive onnanle energy sources (RES).
The obligations and the objectives to every mendbate should be equal. The
package is likely to come into effect by 2011 at thatest. (Valtion
ymparistdhallinto 2009b.)

The Renewal of the EU ETS starts in 2013 when i@l tperiod of emission
trading starts. EU ETS covers about 10 000 incalstactories in the EU. These
industrial activities are included in Annex | ofktiirective IPPC. They are, for

example, power plants and other energy intensigresimies which produce almost
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half of the CQ emissions in the EU area. The emission tradintgesyss divided
into two parts, which both have their own targetsi¢crease the emissions. In the
emission trading sector the aim is to decreaseghé of emit year by year so that
power plants’ and energy-intensive industries’ emiss would be 21% below
2005 levels by 2020. For sectors not covered byERS (e.g. farming, wastes,
households and transport, excluding aviation, whidhjoin the ETS in 2012),
emissions have to be cut to 10% below the 2009ddwe 2020 through binding
national targets (with higher reductions for riclseuntries and limited increases
for the poorest ones). Every member state hashatogdecide how they decrease
emissions by themselves. However, the European Gssion guards strictly that
the member states progress to meet the 2020 abhgafEuropean Commission
2008b; Valtion ymparistohallinto 2008b.)

Carbon capture and storage (CCS) is seen as amtanptechnology since fossile
fuels have an important role in energy productiond long time. The European
Council has lined that there will be new regulasida the CCS technology. The
promotion of the safe use of the CCS technologmesgdceventually remove most
carbon emissions from fossil fuels used in powenegation and industry.
(European Commission 2008b; Valtion ymparistohailid008b.)

Renewable energy should produce 20% of all theggnefr the EU by 2020. The
targets are nationally varying from 10% for Malta 49 % for Sweden.
Furthermore, at least 10% of transport fuel in eagtintry must be renewable
(biofuels, hydrogen, electricity produced by renblsaenergy sources, etc.) and
biofuels must meet the criteria. The reductionsndd have to be done in the
member states’ own area because the emissionsecaadbced by supporting
renewable energy production and use everywhereumode. By investing there
where renewable energy sources can be used theefifedively, the total costs
can be decreased. (European Commission 2008b;oNalimparistéhallinto
2008b.)

National targets are calculated from the 2005 dtes. Finland’s renewable
energy target is 38% (28.5% in 2005) and Spairrgetais 20% (8.7% in 2005)
for renewable energy. Catalonia’s targets are tatled based on Spain’s targets.
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Targets for the share of renewable energy are ledécl from final energy

consumption. This share is 4-5 percentage unitselnigompared to the share in
the total energy consumption, which causes a litliiference between the
different statistics (e.g. Eurostat and Statistiigland). Renewable energy
consumption includes the direct use of the reneegaf®.g. biofuels) plus the part
of electricity and heat that is produced from thaewables (e.g. wind, hydro).
The renewable energy sources’ share includes aiswibdtion losses for

electricity and heat and the consumption of thesésfin the process of producing

electricity and heat. (European Commission 2008c.)

4.1 Obligations to Finland

EU’s new climate and energy package sets ambitargets to Finland. The share
of renewable energy has to be increased to 38% (iQker than in 2005) of the
total energy consumption by 2020. Even though thiget looks high, the
obligation is actually a little bit smaller tharetaverage aim of the member states
(11.5% higher than in 2005). Finland’s target idithe bit smaller than the
average target because Finland already has a hayle &f renewable energy in
the energy consumption (28.5% in 2005 accordingumstat). National targets
to decrease CQOemissions are only in non-ETS emissions. Finlam@g is to
decrease its non-ETS G@missions 16% by 2020. The amount of the emissions
in a sector outside the emission trading systemldvierefore be maximum 29.7
Mt COz-eqv. in 2020. There are also aims to increaseskeof biofuels in traffic
and to improve energy efficiency. The target witbfleels is, however, the same
to every member state and the plan to improve greffigiency is only objective.
(Government of Finland 2008, 16, 26-27.)

The Government's Long-term Climate and Energy 8tatreport to the
Parliament (8 November 2008) describes, based on the Europeam@sion’s
obligations to Finland, two scenarios (baseline abgbctive) and what actions
these scenarios require to meet the obligatiorZ0B{. The targets in the baseline
scenario and in the objective scenario are predent& 3. The baseline scenario

is based on the thought that Finland’s greenhoaseegiissions will grow in the
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future since no big changes to Finland’s climatd anergy policy have been
made. Because the targets will not be accomplishedway in the baseline
scenario, the objective scenario of the Long-terim&te and Energy Strategy
sets targets to fulfil Finland’s obligations. It ¢dear that the climate and the
energy policy actions will be needed to meet thigabons mentioned in the
objective scenario in order to meet the targetsbygethe EU. (Government of
Finland 2008, 36.)

TABLE 3. Finland’s targets for energy consumptigneenhouse gas emissions
and renewable energy for 2020 and the currenttgitug Government of Finland
2008).

Situation in

Finland 2006 Baseline | Objective
Primary energy consumption, TWh 421 479 430
Final energy consumption, TWh 313 347 310
Electricity consumption, TWh 89,8 103 89
Greenhouse gas emissions, Mt CO2 eqv. 80,9 88 -
-emissions in ETS, Mt CO2 eqv. 45,7 53 -
-emissions in non-ETS, Mt CO?2 eqv. 35,2 35 29,7
Renewable energy

final consumption, TWh 93 109 118
-share, % 28 30,5 38

4.1.1 Aims to different renewable energy sources

To meet the 38% share of renewable energy in enmggumption, Finland has
to increase the use of renewable energy sourceS)(RIad to emphasize energy
efficiency and energy saving. The targets with wbaded energy, heat pumps,
biobased oil, bricets, solar power in heating, bergy from agriculture, biofuels
in traffic, wind power, hydro power and wastes piesented in the Strategy. Also
peat could be used to prepare biofuels if the E2amopCommission approves it.
Tariff systems can also be used to increase the afiseenewable energy.
Increasing the use of renewable energy is not, iexyeheep. Different sources
need different level of support (political and firegal) and this need of support is

also estimated in the Strategy. Some targets xmmele in solar and wind power,
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are ambitious and need high level of support tedraparable with other (mainly
fossil) fuels and in order to be taken into largese. On the contrary, other
sources, for example hydro power, do not need supgoall. However, the
increase potential of these sources is not nedwsedo those which are on high
level of support sources. Table 4 shows the cusgaation, the targets and the
level of support that the Government of Finland foasd the best to accomplish
Finland’s obligations. (Government of Finland 2008, 36-41, 43.)

TABLE 4. Targets to renewable energy sources (Gowent of Finland 2008).

Renewable Situation in 2006, Targets, Level of

energy source TWh TWh support

By-products from

forest industry 70 60 Medium
Forest chips 7,2 21 Medium
Heat pumps 2,4 5 Medium
Small scale use of wood 13,6 13 Medium
Solar power and

wind power 0,1 6 Strong

Bioenergy from

agriculture

and bricets 0,1 3 Medium
Biofuels in traffic 0 6 Strong

Hydro power 11,3 14 No need
Wastes 1,9 3 No need

Solar power, wind power and biofuels are classifiedneed strong level of
support because the technology is expensive, anchéthanism of producing the
energy is complicated. In addition, for examplelvgolar power, the efficiency of
the technology is too low to produce energy in dagpplications. Furthermore,
the aim to increase the use of solar power, windigpoand biofuels is big.

Bioenergy is, on the other hand, classified in ¢théegory of medium level of

support. That is because the target to increaseisheof bioenergy is not big,
excluding forest chips. In addition, the technolagyvell known and widely used
already. Even though the target to increase theoti$erest chips is greatest, it

demands only medium level of support since the@acity to increase its use,
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and the technology is also familiar. The use opbyducts from the industry and
the small scale use of wood, the targets decraase sther renewable energy
sources are aimed to increase a lot. On the otvat,thydro power and wastes are
classified to the category no need of support beeaof their functioning
mechanism while producing energy is well known, #mel aim to increase their

use is low. (Government of Finland 2008, 36-41.)

4.1.2 The main directive methods to meet the obligatib@©, reductions

The Government of Finland has planned differentsuess with which Finland is

supposed to achieve EU’s obligations. The aim is to

“meet the objectives set for renewable energy thhouts own

measures, without the flexibility mechanisms betweember states
as planned for in the Directive. If necessary, &imd can utilize

flexibility mechanisms either as a buyer or seld#pending on the
costs of increasing renewable energy in Finland andother

member countries(Government of Finland 2008, 37.)

Research, new innovations and developments aremaoriant role but they

themselves cannot bring fast enough solutions écetiergy problem (decreasing
consumption and emissions). Furthermore, educatiwhcounseling have their
roles also but it is very hard to affect peopleghévior quickly. (Government of

Finland 2008, 53.)

One of the planned methods is energy taxations. tdyng the more not
environmentally friendly energy sources, the constion can be channeled to a
more environmentally friendly source. It is noowever, simple task to do. If
energy taxation is raised on fossil fuels, it caupeoblems, such as increased
costs to many energy companies and this affectsctinsumers eventually. It
could be more reasonable to decrease the taxdtibre @nvironmentally friendly
energy sources (renewable energy sources). By dttiisg the government,

however, loses tax money. The question of energgtitan is not easy to solve. It
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is good for everybody if legislators have enoughbrage to make even dramatic
changes. Together with energy taxation also diffiekends of tariff systems have
been planned for increasing the share of renewadegy in energy production
and consumption. Many member states of the EU la&ready their own tariff
systems, but Finland does not yet have one. Ikébylthat it will come later on.
Tariff system will probably be a cost-effective dei tariff system, operating on

market terms as far as possible. (Government d&k@h2008, 55-57.)

The government of Finland also plans to improvergnefficiency largely. This

goal comes from the EU'’s level since it has seidewange of directives in order
to decrease energy consumption. Making power geaerand distribution and

electronical devices more energy efficient, and caore fuel efficient, helps to
decrease energy consumption and therefore alsoe@¥sions. Sticker norms to
the energy efficiency of buildings’, emission basgdhicle taxation and

improvements to public transport systems are at®m smportant factors in the
battle of decreasing energy consumption. (Govermroérrinland 2008, 58-63,

66-70.)

4.2 Obligations to Catalonia

EU’s target to the share of renewable energy inrSiga20% of the total energy
consumption by 2020. Catalonia’s objectives areutated based on Spain’s
obligations. Catalonia has its own energy plan, Tatalan Energy Plan, with
which plans to achieve the targets. The Plan costéour different sections;
energetic efficiency, infrastructure, R+D+| and eemble energy. (Government
of Catalonia, 2007b.)

As mentioned earlier, Catalonia’s emission reductbjectives are calculated on
the basis of Spain’s Kyoto Protocol target (+15%emEU’s burden sharing), as
well as the commitments under the EU Emission figgdbystem (ETS) for the
sectors concerned. Since -20% greenhouse gas ensisiirget to the sectors
covered by the emission trading system is sharédtive whole European Union,

there is a specific national target only to non-E$&ctor. This target is
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represented in Table 5 together with the renewabérgy target. (Generalitat de
Catalunya 2008c, 29.)

TABLE 5. Catalonia’s greenhouse gas emissions amggts for the future
(Generalitat de Catalunya 2008c).

Catalonia

Greenhouse gas emissions in 2005, Mt CO, eqy. 59,2
-emissions in ETS, Mt CO, eqv. 20
-emissions in non-ETS, Mt CO, eqyv. 39,2
Target for non-ETS emissions by 2012, Mt CO, eqv. 36,5
Renewable energy in 2005 0,9
Target for renewable energy by 2015, % 11
-increase, % 10,1

The emissions from non-ETS form approximately 6@% atalonia’s greenhouse
gas emissions. The rest, 34%, come from emissemting system sector. This
sector includes about 186 plants in Catalonia. plents are related to the
following industrial sectors: power generation, Ifusombustion, ceramics,
cement, steel, lime and gypsum, paper, glass, @i refining. These plants
have to declare and verify their emissions each. y@eneralitat de Catalunya
2008¢c, 27, 28, 66.)

The Plan for renewable energy sets two differer@anados with their own
objectives. The Base scenario includes that the&tsiin remains on the current
trends of economic growth, energy and technologiegkelopment. The Intensive
energy efficiency and renewable energy (IER) sdersats an objective of 11%
renewable energy in the total primary energy cormion by 2015 (Figure 15).
Moreover, it considers that approximately the ¥igaf the renewable energy
will come from hydro energy, bio fuels and wind ege(Figure 16). (Generalitat
de Catalunya 2006a, 208-211; Government of Cat@@dd7b.)
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FIGURE 15. Estimated evolution of renewable enénggase and IER scenario
(Generalitat de Catalunya 2006a, 210).

4.2.1 Aims to different renewable energy sources

The Energy Plan of Catalonia sets targets to Qataln order to meet the
obligations on renewable energy and greenhousdmdsable 6 these targets are

presented.

TABLE 6. Targets to renewable energy sources (Gditerde Catalunya 2006a).

Aims to renewable Situation in Target for 2015

energy sources 2003 Base IER
Hydroelectric power 2320 MW 2371 MW 2475 MW
Biomass 289,6 kiep 616,7 ktep 1527 ktep
Wind power 86,7 MW 1300 MW 3500 MW
Solar power 2,2 MW 26,4 MW 150 MW

In Figure 16, the shares of different renewablerggnesources by 2015 are
presented if the Intensive energy efficiency anteveable energy (IER) scenario
can be accomplished. In this case, the sharesoafidsis and wind power would
increase a lot whereas the share of hydroeleabiepwould increase only a little

bit. Overall, its share among the renewable ensmyces would decrease. The
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estimated increases of wind power and biomass laoers in Figure 17 and
Figure 18. In the area of solar power, both theeBa®nario and the IER scenario
predict increase. The IER scenario estimates, hewyenuch greater increase. In
the Base scenario, the area of thermal solar poa@tures would be 400 006*m
and the power would be 26.4 MW by 2015. In the E€lenario, the numbers are
much higher. It predicts that the area of solatwas would be 1 250 000%rand

the installed power would be 100 MW. (Generaliat@htalunya 2006a, 217-218,
220-221, 225, 231, 236, 256.)

Solar térmica 2,9% H

Solar i
fotovoltaica 03%

Solar
termoelactrica 0,4%

‘Residus 6 7%

ki hbirpbirtteretepbre

| (Edlica257%

3

\\_,*)

i
i |
|
i
]

| Mhtpasi

Biogas ?.0%!
i Hidroelactrica 17,9%
i IBiocombustibles 287%

Biomassa 104%

FIGURE 16. Shares of renewable energy sources by BOIER scenario
(Generalitat de Catalunya 2006a, 211).



33

3.500 —

3.000

2,500

2000

1.500

Polench eblica instal-lada

1.020

2 & & 38 5 B
E ® ® ® & &

M Esceran Basa [ Escanar IER

2008
20
2om
oz
a3
a4
2015

FIGURE 17. Evolution of wind power in two scenatid®V (Generalitat de
Catalunya 2006a).

1.200
1000

§ o
BOD

400

3

200

oo 2015

M Biocarourants [ Residus renovables [ Blogas Blomazsa forastal | agncola

FIGURE 18. Estimated evolution and production ainbass in IER scenario
(Generalitat de Catalunya 2006a).

4.2.2 The main directive methods to meet the obligatib8©, reductions

The Government of Catalonia has prepared a plaletoease the GGemissions
in Catalonia. This plan is called the FrameworknPlar Climate Change
Mitigation in Catalonia 2008-2012. The plan co-@tes with the Catalan Energy
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Plan 2006-2015 which also fights the climate chafde central objective of the
Framework Plan for Climate Change Mitigation in &ahia 2008-2012 is to
promote the investments as well as legal technfoancial, incentive, support
and co-operation programs with the public and pesectors in order to achieve
a reduction target. Its aim is also to promote rb@uction of emissions from
production processes, and to encourage the udeedlternative fuels. The plan
contains numerous action points to meet this aihe ihain focus is, however,
divided into three programs. (Generalitat de Caigd2008c, 40.)

Program 1 concentrates on reducing the emissiam fliffuse source sectors
(non-ETS sectors). The main focus is on agricultaomstruction and the use of
dwelling, service sector, wastes, transport anetliag, industries not covered by
ETS, and on reducing fluorinated gas emission®rbgram 2, the main focus is
to support the industries covered by the emissiadirig system. The aim is to
reduce domestic greenhouses gases, and to encdimagedustry to use the
flexibility mechanisms of the emission trading gyst Since sometimes it is
difficult to locate the emissions of a certain anééiving, the 3rd program aims to
cross-cutting action to mitigate climate changesTtheans that the government’s
agencies have to set an example to the public,tangroduce and distribute
information about the issue. In addition, the gedb increase public awareness in
the issues that are related to global warming.nfyo make cultural change is
not easy but if awareness is arisen, changes camndme. More specific
information and all the action points can be fodram the report Framework
Plan for Climate Change Mitigation in Catalonia 8#D12. (Generalitat de
Catalunya 2008c, 42-83.)

4.3 Finland’s and Catalonia’s distance to EU’s obligas

Both Finland and Catalonia have to do major chamgehleir energy production
and consumption habits to achieve the targets omssen reduction and
renewable energy. The current situation and thgetarare presented in Figures 20
and 21. The aim is to achieve the targets piecpibge in a linearic way. Both

sides have the same target to increase the shase@fable energy by 10%. The
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difference is, however, that Catalonia’s targesés for 2012 (greenhouse gas
emissions) and 2015 (renewable energy) and Findatafgets are for 2020.
Despite the difference in time, Catalonia’s targete in line with EU’'s and
Spain’s targets to comply the Kyoto Protocol. (Gah&at de Catalunya 2006¢, 7;
Valtion ymparistohallinto 2008b.)
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FIGURE 19. Catalonia’s and Finland’s greenhouseegaissions and targets in

non-ETS sector.
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FIGURE 20. Catalonia’s and Finland’s renewable gyeituation and targets.

It is clear that Finland’'s and Catalonia’s emissiautside the emission trading
system were greater than are accepted by 202Caffeinland 2012 (Catalonia).
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Since the emissions are greater than that, unie k@ be bought from other
participants, or use the flexible mechanisms. Botiland and Catalonia will face
difficulties to the achieve targets since bothtaémissions have been increasing
during the years, and it seems like that treniagyto continue without dramatic
actions. Finland’s natural resources make it pt¢ssib increase the use of
renewable energy, especially bioenergy. It requirkewever, changes to
supporting and directing systems so that they amremenvironmentally
concentrated than at present. Catalonia has algmwriomities to increase
especially the amount of wind and bioenergy. Reagthe targets is hard, if even
possible. Even though there is will and ambitiossneo reach targets, reality
fights back. The targets can be too hard to achmaause financial expenses
might be too high. Whether Finland and Catalonith be willing to use enough
money and that way reach the targets in time,beilseen.

5 CONCLUSIONS

Energy consumption in Finland and in Cataloniaiheseased a lot during the last
few decades. This is a natural path since the atdnaf living has grown and the
way of life has changed more and more towards copsan. However, the trend
to consume and especially the consumption of fdasils cannot continue like
this. There have already been severe environmesffatts because of the
increased energy production and consumption. Lyckilany quarters have now
admitted this problem, and actions have been takenexample, the European
Commission has set strict obligations to its mems@tes to decrease their
harmful emissions. As a part of EU, Finland andaf@atia have to make their
own part in this agreement. The share of renewalézgy in energy production
has to be increased, and greenhouse gas emissivaddbe decreased. Finland
is already in a good path in the use of renewabbrgy sources, thanks to its
natural resources. On the contrary, in Catalon& uke of renewable energy
sources is minor. Despite the difference in theresur situation, both have to
increase the use of renewable energy by approxiynéite same amount, 10%.
Greenhouse gases have to be decreased by 16% iseth&r outside of the

emission trading system (ETS) in Finland by 2028@taf®nia, on the other hand,
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has to reduce its non-ETS emissions by 8.5% by 28&®rding to its own
Framework Plan for Climate Change Mitigation in &ahia 2008-2012
(approved by European Commission). Despite the wil$ clear that both parties
will face problems with their targets. Reaching tidigations demands several

actions starting from single consumer’s behaviangor political decisions.

This project enlargened my knowledge about Finlamdiergy situation and gave
me whole new information about the energy situatoiCatalonia. In addition,
the energy and climate package of the EU and thssen trading system
became more understandable to me. EU’s establidbmega complex, and it
requires more to understand them than what oneachreve just with quick
glance. Earlier | have not realized how much enagysumption has grown in
Finland during the last four decades. Harmful erorss have also grown in the
meantime even though major improvements have besterno minimize them.
On the contrary to energy consumption, | already ddairly good impression of
Finland’s diverse energy sources and the use efwable energy. What | did not
know was the energy situation in Catalonia, and tioav little renewable energy
Is used there. | think that the climate and en@agkage of the EU bring very big
challenges to Finland and Catalonia. It will beemesting to see how both of them
will achieve the obligations, or if the obligationdll be achieved at all. | am also
wondering how the European Commission will feel agdct if one or more
member states cannot reach their obligations. lldvooet be surprised if there
were punishments. However, | am sure that thosenwilhelp the member states

to work harder to achieve the targets.

It was not always easy to find information for thsoject. | faced difficulties

when | was trying to find information about Catalmand its energy situation.
The most of the time the information was in Catadaim Castilian. Castilian was
easier to understand but with Catalan, understgnginblems were bigger and
online translators were used a lot of times. Myitsiin Universitat Politecnica de
Catalunya (UPC) were, however, very helpful, andhéd problems they helped.
On contrary to Catalonia, information about Finlamas fairly easy to find and,
of course, there was no language problems. | walde liked to find more

updated information about renewable energy in ©atal Of course there was
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information available, but it was mostly from ye303. There were also some
updated statistics from previous years, but moeeipe information was missing.

This is, though, partially because of language lermks.

Since Catalonia has planned to enlarge especiallpiomass and wind power
production in order to reach its targets, it mighta good opportunity to Finnish
companies, to offer their knowledge and skills t@atalonia. Finnish companies
that are concentrated to renewable energy techpdiage excellent knowledge,
and therefore there might be suitable co-opergbiajects there. It would be a
good idea to investigate in the situation at they Weast.
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