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Resumo

A energia solar € uma das energias renovaveis quesenta maior potencial de
desenvolvimento futuro. Portugal € um dos paisdsutapa com melhores condicfes para a
utilizagdo da energia solar, mas ndo é certamentedas paises que melhor as tém
aproveitado. Interessa, pois, saber porque € quedabndo tem aproveitado a energia solar e
potenciado o seu desenvolvimento de acordo coma &asta disponibilidade. Por outro lado,
a Alemanha tem aproveitado a energia solar combumerutro pais e € actualmente uma das
nacoes lideres neste sector. Através de um estudpacativo dos mercados de energia solar
fotovoltaica e solar termal de Portugal e da Alemaanconcluiu-se que a diferenca de
desenvolvimento entre os dois paises € em grande msultado das diferentes politicas
adoptadas. Ou seja, o desenvolvimento da enerlgindgpende ndo s6 da radiacao solar de
cada pais, mas sobretudo das politicas adoptadasppamover o seu desenvolvimento e
dinamizar os respectivos mercados. De acordo caroradusdes deste estudo comparativo e
tendo em consideracao as futuras tendéncias dar skcenergia solar, foram definidas uma
série de orientacbes estratégicas para o futurendelvimento da industria solar em

Portugal.

Palavras-chave

Energias Renovaveis, Energia Solar, Politicas gDmlvimento, Portugal-Alemanha

JEL Classification:
Q42 - Fontes de Energia Alternativa

Q43 — Politica Governamental



Abstract

Solar energy is one of the renewable energies h@at greater potential for future
development. Portugal is one of the European cmstwith better solar conditions, but is
certainly not one of the countries that has bekimgathe best advantage of it. It is therefore
appropriate to know why Portugal is not using aededbping solar energy in accordance
with its wide availability. On the other hand, Gemy is using solar energy as no other
country and is currently one of the leading nationthis sector. After a comparative study of
the photovoltaic and solar thermal markets in R@atwand Germany, the conclusion is that
the different stage of development between the ¢aontries is largely the result of the
different policies adopted. That is, the developtrsolar energy depends not only on the
solar radiation of each country, but above all be policies adopted to promote its
development and enhance these markets. Accorditigetbndings of this comparative study
and taking in consideration the trends in the sefsrgy sector, a set of strategic guidelines

for the future development of solar industry integal was defined.
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Sumario Executivo

Portugal € um pais com uma forte dependéncia extden combustiveis fosseis, mas €
também um pais dotado com abundantes recursosisajue permitem o desenvolvimento e
aproveitamento das energias renovaveis. Um dogs@waturais mais importantes de
Portugal é a sua elevada exposicdo solar, primgrgke quando comparada com outros
paises europeus situados mais a norte, tal cormraaiiha. No entanto, o desenvolvimento da
energia solar na Alemanha € bastante mais apralondia que em Portugal, tornando-a uma
das Nacdes lideres em termos de implementacdaagéo de sistemas de aproveitamento da
energia solar. A explicacdo das diferencas de #eemento entre Portugal e a Alemanha,
através de uma analise comparativa, sera a badanm@mtal para se chegar a conclusdes

concretas quanto ao real estado do desenvolvindendoergia solar em Portugal.

A dinamizacao das energias renovaveis em Portugaien sobretudo desde o século 21, e 0
pais esta nestes ultimos 3 anos a passar por waaéaforte desenvolvimento da energia
solar. Na origem desta dinamizacao e forte deseimvento, estdo com certeza as influéncias
das politicas energéticas da Unido Europeia sotlfécps energéticas nacionais, os planos
nacionais de Eficiéncia Energética, a legislacdpeefica criada para fomentar o

aproveitamento das energias renovaveis, e a elgimde programas especificos de apoio ao

aproveitamento da energia solar, entre outras sani@ortantes.

Ainda que odrivers do desenvolvimento da energia solar na Alemanfaanssemelhantes

aos de Portugal, a situacdo na Alemanha é subasliaecite diferente. O desenvolvimento das
energias renovaveis na Alemanha tem ocorrido desdmnos 90, pelo que este pais tem ja
muita experiéncia em politicas de apoio as energiasvaveis, e mostra um desenvolvimento
muito profundo do sector da energia solar, sejatenmos de investigacao, produgao ou

iImplementacgédo de sistema solares.

NoO que respeita a energia solar fotovoltaica, andsopaises tém em vigor um sistema de
feed-in sendo que ambos apresentam importantes diferentcésrmos de valores das tarifas,

de prazos, de caracteristicas dos sistemas e daclims. O sistema Alemé&o, pelas suas
caracteristicas e por ser bastante mais experidw@iize o sistema Portugués, parece induzir
mais confianca aos investidores. O reflexo dissdegs® confirmar através da diferenca de

desenvolvimento das industrias solares fotovolsa@#re ambos os paises. No final de 2008

Vi
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a Alemanha tinha uma capacidade instalada de ckrdd4.61 kWp por 1,000 habitantes
enquanto Portugal tinha apenas 5.52 kWp por 1,8004dntes.

No que respeita a energia solar termal, actualmemteambos os paises esta definida a
obrigatoriedade de instalacdo de colectores sdl@memis na constru¢éo de novas habitacoes,
num determinado conjunto de circunstancias. Estigatbriedade é muito importante para a
dinamizacdo do sector, no entanto, ndo devera rsgarada como a Unica medida de
promocao deste tipo de energia. Principalmente lené&nha, que apresenta um forte e
consistente desenvolvimento desde os anos 90, amesa de existir essa obrigatoriedade,
medidas como a implementacdo de programas de a&spiecificos, incentivos fiscais e
subsidios, entre outros, foram fundamentais paextoal estagio de desenvolvimento do
sector. Também neste sector a diferenca entreispdizes € muito significativa. No final de
2008 a Alemanha tinha uma capacidade instaladxiapada de 134 fpor 1,000 habitantes

e Portugal tinha apenas 37 por 1,000 habitantes.

Esta comparacdo entre as duas realidades serveonfara se ter uma imagem do real
desenvolvimento do sector da energia solar em @ares da adequabilidade das politicas e
das medidas adoptadas para fomentar o seu desiemsolg, mas também, juntamente com
uma analise das actuais tendéncias do sector galea, definir uma série de orientacdes

estratégicas para o futuro desenvolvimento da ensofar em Portugal.

Entre outras medidas, que incluem uma aproximagédeterminados aspectos da legislacao
portuguesa a legislacdo alema, inclui-se aindagasséio da definicdo de metas ambiciosas
por parte dos Executivos, do desenvolvimento degramas de implementacdo de
equipamentos de energia solar em instalacoes p8lbdicem instalacdes privadas de grande
dimensdo, da aposta de uma forma harmoniosa naig@todde energia centralizada e
descentralizada, da optimizacdo das relagbes entpesas e universidades no campo da

investigacao e desenvolvimento e do aumento daiedaale deste tipo de fontes energéticas.

A concorréncia de paises tecnologicamente maiscadas ou de paises com baixos custos
produtivos € uma das principais ameacas a afirmacé@m desenvolvimento futuro da

indUstria solar portuguesa. Contudo, se Portugaseguir potenciar os pontos fortes e as
oportunidades, desenvolvendo politicas consistemteserentes, provavelmente conseguira

ser uma referéncia e exemplo para outras nacoeivelalo aproveitamento da energia solar.

vii
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Executive summary

Portugal is strongly dependent on foreign countneshat concerns fossil fuels, but is also a
country with plenty of natural resources, allowitige development and use of renewable
energies. One of the most important natural ressuinc Portugal is its high solar radiation,
especially when compared with the northern Euromeamtries, such as Germany. However,
the development of solar energy in Germany is nmohe advanced than in Portugal, making
it one of the leading nations in terms of implena¢ioh and production of solar energy
systems. The explanation of the development diffiegse between Portugal and Germany,
based on a comparative analysis, will be the esddaatsis to find concrete conclusions about

the actual condition of solar energy developmerartugal.

In Portugal, the renewable energies boosting tdasepmainly in the ZLcentury and, for the
last 3 years, the country has experienced a paicgtrong development in solar energy.
Behind this boosting and strong development anestioe, the influence of European Union
energy policies, the national plans for energycedficy, specific legislation to encourage the
renewable energies use and specific programmessugpsolar energy exploration, among
other important reasons.

Although the drivers of solar energy developmenGermany and Portugal are similar, the
German situation is considerably different. Theeweable energies growth in Germany has
been occurring since the 90s, giving it a wide egmee in policies for renewable energies’
development and showing a much greater advanchkeirstlar energy sector, in terms of

research, production and implementation of solatesys.

Regarding photovoltaic solar energy, both countngge a feed-in tariffs' system in force, but
they present major differences in terms of tanfidues, deadlines, systems features and
limitations. The German system, for its charactiessand for its longer experience, seems to
offer more confidence to investors. The resultho$ tan be confirmed by the development
gap between both countries concerning photovokalar industries. By the end of 2008,
Germany had an installed capacity of about 64.6D lpa&r 1,000 inhabitants, while Portugal
only had 5.52 kWp per 1,000 inhabitants.

viii
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Concerning solar thermal energy, in both countrésl in a particular set of circumstances,
the installation of solar thermal collectors in néwildings is currently mandatory. This
requirement is very important to boost the sedtowever, it should not be seen as the only
measure to promote this type of energy. In Germamarticular, where there is a strong and
consistent development since the 90s, even betwmé requirement, measures like the
implementation of specific support programmes, iteentives and subsidies, among others,
were essential to achieve the current developntage ©f the sector. Also in this sector, there
are significant differences between the two coestrBy the end of 2008, Germany had an
installed capacity of about 134%mper 1,000 inhabitants and Portugal only had 37per
1,000 inhabitants.

This comparison between both realities intendsamby to present an overview of the real
development of solar energy sector in Portugalthedsuitability of the adopted policies and
measures to foster its development, but also, alatiy an analysis of the current trends in

solar sector, to set strategic guidelines for there development of solar energy in Portugal.

Among other measures, which include an approadbodiuguese legislation to Germany's in
certain issues, it is also included the suggesiiosetting ambitious targets by the Executive,
the development of programmes for implementatiosadér energy equipment in public and
large private facilities, the harmonious support centralised and decentralised energy
production, the optimisation of the cooperatiorwlmstn companies and universities in R&D
and the increase of awareness of this type of gresrgrces.

The competition from more technologically advancedntries or from countries with low
production costs is one of the main threats tociesolidation and future development of
Portuguese solar industry. However, if Portugahblide to enhance its strong points and
opportunities, by developing consistent and coltepaticies, it will probably become a

reference and an example for other nations conogsolar energy use.
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Introduction

Scope and objectives

The world energy mix is rapidly changing. Issueshsas energy security, recent trends of
high volatility in oil prices and global concernsgarding climate change and sustainability
have highlighted the importance of renewable eesr¢RE) in the future energy mix. There
are different opinions from different experts irethnergy sector. Some state that RE will
never be a real alternative to fossil energy sauesel to nuclear energy while others argue
that RE should be the basis for the future worlergy strategies, mainly for its importance to
the world sustainability. Recently this discussgmined even more momentum due to the
world economic crisis and also because it has bec@ntop priority of the new

Administration of the United States of America.

In Portugal, a country heavily dependent on exleznargy sources, the government is taking
decisive steps to foster the use of RE, makingafigbe resources available in the country.
With abundant resources in different renewable sasech as wind, ocean, hydro, biomass
and sun, there are bold and innovative plans bt fthe public and private sectors to
develop new RE projects. However, the future dgvelent of RE lies almost entirely on

hydro and wind energy as an alternative to polfufossil fuel energy sources.

Additionally to favourable national political conidins for the development of RE, also the
ambitious targets assumed by the European Unior) (Eelp keep the pace to all member
states. Within the EU, Germany has become over éimexample for other countries. It is
one of the world's top producers of RE and its govent is clearly focused on becoming

less dependent on fossil energy sources and igipigto phase out nuclear power plants.

Given the general overview in the energy sectod, \&aith such different opinions about the
importance of RE in future energy strategies, ttisument aims to assess and analyse the
real importance and role of one of the most avlalamd less used RE in Portugal - solar

energy.

Portugal is one of the countries in Europe withhkigsolar radiation per year, but it does not

take the best advantage of it. In a country thatilshighly dependent on fossil and foreign
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energy resources, and where the endogenous eresgyrces are only partially used, it is
difficult to understand the current low strategigoortance of solar energy, a widely available
resource, in the energy portfolio and its poor dtgwaent as a driver of economic growth in
Portugal. It is therefore interesting to analysevhand why a country like Germany, with

clearly less solar resources than Portugal, isainde worlds top solar sector developers,
while Portugal is still in a starting and uncertaituation in what concerns solar energy

development.

Considering Germany as a best practice due touttemt status and influence in the solar
sector, and comparing policies and measures addptdobth countries and their impact in
this sector's development, it will be clearer wktatategies Portugal should follow in the

future to become an industry reference.

Another objective of this thesis is to clarify reasl and possible consumers about the
importance of solar energy. This research is aroxppity to help promote the usage of
renewable energies sources (RES), and to give H somdribution to increase the awareness

of such important issues, that will for sure deteerthe sustainability of our planet.

In order to address these issues, this documehbevilivided in four different chapters. The
first chapter is a brief introduction to the REitgpncluding its definition and an overview of
its major different types. Also in this first pdinere will be a quick analysis of non-renewable
energies, the so-called "traditional” sources argy, essentially to establish a comparison
between the renewable and non-renewable energidgpabetter understand the differences
and consequences of future energy options. Finallthis first part the importance of the RE
in Portugal will be analysed. The idea is to gelear picture of the particular situation of this

sector in Portugal.

In the second chapter the focus will be on solargynin particular. It will be analysed its
historical importance and the differences of theant major solar technologies available will
be defined. Technical aspects will be addressededisas future and potential innovations.
The aim is to clarify some basic issues relatedh w@lar energy, and to establish a temporal

analysis from the past to the future, underlyingjiticreasing importance of this sector.
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In the third chapter, the particular situation ofes energy development, both in Portugal and
Germany, will be analysed. This analysis will focas the policies adopted by these
countries, and their impact on the sector develapn#ter this analysis, a direct comparison
will be developed in several different areas t@dieidentify what Portugal is doing well and

not so well, comparing to the best practices insenaor.

In the fourth and final chapter, and taking intmsideration all the previous analysis and also
recent trends in the industry and economy in géni@ discussion will be over the strategies
for solar energy in Portugal. The idea is to idgnthe particular issues and areas where
Portugal should put an extra effort to boost thetse

Data collection methodology

In the preparation of this document, both primang aecondary research was used for data
collection. The author spent the winter semeste2G8f8/09 in Germany, under the double
degree programme of both ISCTE Business Schodlisioon, and Pforzheim University, in
Pforzheim. During this period spent in Germany, dlughor faced the reality of one of the
most developed countries in the solar energy aosmfirming the high degree of
implementation of such technologies. In additiauring the semester, the author took courses
where subjects such as climate change, sustatyaleifivironmental policy, EU policies, RE
and German industry were deeply addressed, anddéhb opportunity to talk with teachers,
students and other citizens about solar energy @mm@ny. In Portugal, unstructured
interviews were conducted with several experts he RES area, including a former
responsible for Directorate General for Energy &wblogy (DGEG), the President of the
Renewable Energy Association (APREN), the respémdityr Renewable Energies in the
National Laboratory for Energy and Geology (LNE@&ydhe National Association of Nature
Conservation (QUERCUS).

Secondary data was gathered from national andniaienal reports and data bases, of both
public and private institutions or organisationscls as, for example, DGEG, Ministry of
Economy and Innovation or the Agency for Energy ENE) in Portugal, the Federal
Ministry for the Environmental, Nature Conservatiand Nuclear Safety, The Fraunhofer-
Gesellschaft or the German Solar Industry AssamiatBSW) in Germany, and International

Energy Agency (IEA), Directorate-General for Energgd Transport of the European
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Commission, European Solar Thermal Industry Feaera(ESTIF), or the European

Photovoltaic Industry Association (EPIA), as wedl several other sources that compile data
related to the issue. The legislation of both Ryatiand Germany was also a fundamental
information source. In addition, several newspspenagazines and books were used to
provide the latest developments and informationua®E and specifically about solar

energy. The author also attended the Lisbon Inmmvatnd Renewable Conference in 2008,
and gathered information from this and other foruemsl conferences such as the Lisbon

Energy Forum, or the IV Renewable Energies Confazen
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1. Renewable energies

There are different definitions for the concepRf. In essence, all the definitions are similar
and one can conclude that the term renewable resdwas mainly two different meanings.
Either it means a perpetual resource that is imlarager of long-term availability, or it can
also refer to resources that are harvested in taisable way. In contrast, a non-renewable

resource is the one that will eventually end beeaiudoesn't renew itself.

Typically RES include six different types of energyamely, solar, wind, hydro, ocean,

geothermal and bioenergy.

Solar energy is the radiant light and heat fromsilne that can be harnessed as a clean energy
source of heat and electricity. The sun is the dé®primary source of energy, however only a
minuscule fraction of the available solar energysed. In general, the energy from the sun
can be used in three main ways: passive heat, ypblta@ and solar thermal. Passive heat is
the heat that the earth receives from the sun aftuldsually this is taken into account in the
design of buildings as a way of reducing energysaamption. Photovoltaic (PV) is a word
that derives from two other words: photo (light)dawoltaic (electricity). So PV power
generation uses solar cells to convert light diyeictto electricity. Solar thermal is another
way of using solar energy, and it is based on gl&mrinciple that has been used for long -
the sun heats up water contained in an appropeatzvoir. Nowadays solar thermal can also
be used in a cooling system to create air condiigwith heat absorption systems.

Wind energy is used to create useful power, sucbledricity, using wind turbines. It has
also been used for centuries to generate power titha electricity, and it is considered as
one of the most promising renewable energy teclymreto mainly because of its efficiency.
"Modern wind turbines extract energy from the wingl tbansferring the momentum of
passing air to rotor blades. The power generati@pehds on the density of the air, wind
speed and turbine size. ...Energy is concentrat¢ol & rotating shaft and converted into
electricity’ (Directorate-General for energy and transporf)7205). There are two different
types of wind farms. The onshore are the wind fapfased on land and the offshore wind

farms are the ones placed on water.
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Usually, hydro energy refers to the productionletgicity using the movement from a mass
of water (gravitational force of falling or runnimvgater), such as a river or a stream, driving
trough a water turbine and generator. In most ¢alsesvater is dammed to be used according
to the power necessities. After being used the wateeturned to its natural course. Normally
hydro refers to large-scale schemes with large damdsstorage reservoirs. However there are
also the small hydro sites that are generally @efias those with installed capacity of less

than 10 Megawatts (MW) and with smaller infrastuues.

"Ocean energy comes from energy flows such as wades, ocean currents, as well as
differences in salinity and temperattréDirectorate-General for Energy and Transport,
2007:16). Oceans cover three quarters of the pkmeet, and that is why ocean energy has a
huge potential in the future. Normally ocean energy be divided in wave power and tidal
power. Wave power is the transport of energy byan@irface waves, and the capture of that
energy to do useful work. Tidal power is generavgdthe natural ebb and flow of tidal
waters. This can be done either by harnessing the rise fafidof the sea level using
barrages, or by drawing energy from tidal currenising turbines in a way comparable to

wind powet (Directorate-General for Energy and Transporf)206).

Geothermal energy is generated from heat stor@berearth, or the collection of absorbed
heat derived from undergroundt Is extracted from the earth's natural heat irydsteam or
liquid form and can be used for electricity and tegl'(Directorate-General for Energy and
Transport, 2007:18). It has been used for centuieesbathing and heating water, and
nowadays it is also used in electricity generatioa power plant that requires water or steam
at a very high temperature, and it can also be tmegeothermal heat pumps that use stable
ground or water temperatures near the earth'scautéacontrol building temperatures above

ground.

Bioenergy is a renewable energy derived from bicklgsources, to be used for heat,
electricity, or vehicle fuel. Bioenergy can be exted from Biomass which is derived from
different types of organic matter like energy ptaand forestry, agricultural or urban waste.
Biomass can be used for biofuels, to replace fdgslk in the transport sector. Both biodiesel
and bioethanol are liquid fuels processed fromcadjtral crops or plants. Biomass can also
be used for biogas which is produced by the proc#sanaerobic digestion of organic

material by anaerobes.
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The most important non-renewable energies aredteakded fossil fuels and also the nuclear
energy. Fossil fuels include gas, oil and coalealaustible resources, and they still represent
the majority of energy consumption all over the MoNuclear energy depends on uranium to
its production, which is also an exhaustible reseuand it represents an important energy
source to the group of countries that have nugbeaver plants. The next graph, shown in
figure 1, developed by the IEA, shows the worldrggegoroduction by source from 1971 to
2006.
Figure 1 - Widrenergy production by source (Mtoé)
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Source: IEA

From the analysis of this graph it is clear that gas and coal have been the major energy
sources during these years, and RE account onlg feery small part of the world's total
production during this period of time. It is alskear that energy production has increased
about twice the values of 1971, being the fos®lduhe great contributors to this production
increase. Obviously, the production increased Isxaine energetic needs of different
countries also increased in a similar proportione ©f the most serious consequences of this
energy consumption based on fossil fuels during pleriod is the increase of Carbon Dioxide
(CO,) emissions, as well as other greenhouse gas (@H&sions, and its effects on climate

change.

! Mtoe - Millions tonnes of oil equivalent
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Figure 2 shows the evolution of world g@missions by fuel type from 1971 to 2006. As
expected, with the increasing evolution of worleéy production, the emissions of £&lso
increased in a similar proportion.

Figure 2 - Worl@O, emissions by fuel (Mt of CO,)
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Source: IEA

Even if energy cannot account for all the GHG emiss around the world, the energy sector
is the major cause of this problem since the bgrmhfossil fuels to produce energy is the
main source of GHG emissions. According to IEA (208t a global level, it is responsible
for over 60% of total emissions. Reducing GHG emarss and consequently mitigating
climate change, will require several specific awsi@and will involve a big change in a wide
range of fields. Naturally the energy sector wilcahave to be included as one of the most
affected. In this domain, a radical change is etqeb@n the production, transformation and

usage of energy sources.

But why should we use RE? Is it the climate chahgeonly reason to do it? Well, it is one of
the most important reasons but not the only onesrddn security and local economic
development are also appointed as typical advasitaigeE over fossil fuels.

RE emit small amounts of GHG and in some cases abak. There is an increasing concern
for the climate change problem, and therefore tfa@ee more and more governments and
populations focused on decreasing GHG emissionredhacing pollution. Promoting the use

2 Mt - Million tonnes
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of RE has been one of the most important measarasltieve it, and legislation is evolving
towards environmental and climate change tacklivging RE will help mitigate pollution
and harmful emissions, and at the same time wilitrdoute to global objectives, and to

comply with current legislation.

Energy issues present a global dimension and hiaget gholitical, social and environmental
implications for producing and consuming countredge and for trading relationships
between them. The production of fossil fuels idiggteven more concentrated in countries
and zones that are highly unstable politically, &me energy necessities are rising more and
more creating big asymmetries and problems betvpeeducing and consuming countries,
menacing the energy security in some countriesdutition, price fluctuations and logistical
difficulties can also arise. Because RE are basedntand natural resources, they are
important to reduce country's dependence on féssié imports and to diversify the energy

mix.

Finally, the last major reason to use and devel@p RE sector is related with economic
development. The RE productiowill boost the development of new technologiesienfield
and create a need for knowledge-based indus{Biebalgs, A., 2007), increasing the
industrial competitiveness of the country and inworg its innovation strategic framework.
Enhancing a country's competitiveness will alsoettgy the conditions to create new jobs and

innovative businesses.

One of the reasons often used to defend the flugdd is their relative costs when compared
with the RE ones. In fact, concerning RE, the dgwelent cost for producers and the final
cost for consumers are generally higher than theeszosts in fossil fuels. The development
of the RE sector has been based on tax inceniivesstment grants, quotas systems, green
certificates, feed-in regulation, amongst othetruraents for its promotion. Nevertheless the
price competitiveness of the RE has been improlonghe last years mainly because there is
also an increasing demand that generates econoimsesle and lowers the production costs.
And if the external costs of fossil fuels, sucheasironmental impact, were fully taken into
account, RE could be more competitive than the epntwnal energy sources. That is why,
often, a comprehensive economic evaluation of RESndt possible, because at a
microeconomic level it does not reflect the facattltonventional energy generation still

causes significantly more environmental damage taergy generation from RES. This
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damage, the so-called external costs, is not yetrporated into electricity prices as required
by the "polluter pays principle".

1.1. Renewable energies in Portugal

Portugal is a country with scarce indigenous endoggil resources, namely, oil, coal and
gas. According to DGEG, Portugal's shortage in priynenergy sources leads to a
significant external dependence (82.9% in 2007)ctvhaccounts for being dependent on

imports of primary sources of fossil origin.

According with the same source, the oil consumptigoresents the highest portion of the
total primary energy in Portugal. In relative ternigepresented 54.0% of the total primary
energy consumption in 2007. Gas represented 150tbe total primary energy as a result of
the previous 10 years intensification of the usafj¢his energy source. Coal consumption
accounted for 11.3 % of the total primary energg2®7. Due to its impact on G@missions

it is foreseen a progressive reduction in the usdgmal for electricity production. In 2007,

RE represented 17.1% of the total primary energgirst 16.3% in 2006

Figure 3 - Evolution of primary eergy consumption in Portugal (Ktoé&)
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% Primary energy is the energy embodied in nat@sburces prior to undergoing any human-made coionsrs
or transformations. Secondary energy is generated the conversion of other energy sources (eegtritity)

* Ktoe - thousand tonnes of oil equivalent
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The energy consumption of the Industry sector wh2% of the total energy consumption,
and it was 36.4% in Transport, 17.1% in Househdl@s2% in Services and 5.1% in other

sectors (which include Agriculture, Fishing, Buiidiand Public Works).

According to the Directorate-General for Energy afansport (2007:9), theEuropean
Union (EU) is a world leader in renewable energydahe sector is already economically
relevant. Renewable energy in the EU has a turnof€r30 billion, providing 350.000 jobs"
However development has been uneven across thea®JRE still represent only a small
share of the EU's total energy mix in primary egesgurces, although a significant part of
the produced electricity already comes from RE.

Eurostat estimates that, in 2010, over 20% of the efectricity will be generated from
renewable sources. This indicator is the ratio betwthe electricity produced from RES and
the gross national electricity consumption, anangasures the contribution of electricity

produced from RES to the national electricity canption.

In Portugal the indicative target set by the RESeetricity European Directiveof 2001 is a
39% share of RES on gross electricity consumptip2®l0, one of the highest percentages
of EU (see annex 2), mainly due to the importarfceydro energy. This target was already
achieved in 2007. However an indicative target 8%4share of RES on gross electricity
consumption was set by the government, which méazatsPortugal still has some effort to
put on RE until 2010, even if this new target i$ mandatory by the EU Directive.

According to the DGEG information, as of the endDEcember 2008, the total installed
capacity for the production of electric energy freemewable sources was 8,1RAN in
Continental Portugdl which represents an incorporation of RES in thesg electricity
consumption of about 43%.

® Directive 2007/71/EC on the promotion of electsigiroduced from renewable energy sources in tteerial
electricity market
® Portuguese territory with the exception of Madeinal Azores islands

11
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Table 1 - Historic evolution of total installed capcity in RE (MW) in Continental Portugal

[ 2001 | 2002 | 2003 [ 2004 | 2005 | 2006 [ 2007 | 2008 |
Hydro 4,263 4,288 4,292 4,561 4,752 4,802 4,805 4,810
wind 114 175 253 537 1,047 1,681 2,108 2,770
Biomass 352 380 360 369 369 381 381 381
Municipal Waste 88 88 88 88 88 88 88 88
Biogas 1.0 1.0 1.0 7.0 8.2 8.2 12.4 12.4
Photovoltaic 1.3 1.5 2.1 2.7 2.9 3.4 14.5 58.5
Waves/tides 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2
| Total| 4819 [ 4934 | 499 | 5565 | 6267 | 6964 [ 7,409 | 8124 |

Source: Directorate-General for Energy and Geol&gytugal (2009)

In 2008, hydro energy represented more than 59%wand energy more than 34% of the

total installed capacity in RES. However both theserces are highly dependent on weather

conditions and that is why the produced energyveam enormously, especially for the hydro

energy where there are significant variations eféhergy produced.

Table 2 - Historic evolution of produced electriciy with RE (GWh) in Continental Portugal

[ 2000 [ 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 |
Hydro 14,240 | 8,09 | 15894 | 10,053 | 5000 | 11,323 | 10,351 | 7,102
Wind 239 341 468 787 1,741 2,892 4,007 5,695
Biomass 1,086 1,208 1,112 1,258 1,350 1,380 1,510 1,527
Municipal Waste 511 518 523 475 545 532 498 441
Biogas 2.2 2.5 2.3 14 31 33 55 67
Photovoltaic 1.6 1.8 2.6 2.9 3.8 4.1 23.6 41.4
Waves/tides 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
| Total| 16,080 [ 10,167 | 18,002 | 12590 | 8671 | 16,164 [ 16,445 | 14,873 |

Source: Directorate-General for Energy and Geol&gytugal (2009)

In fact, comparing the share of installed capaoftyrydro energy in 2008 (~59%) with the
real share of hydro energy produced in that yed8%), it's easy to conclude that the

Portuguese renewable energy portfolio has to becoore stable, through diversification and
increase of the installed capacity.
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2. Solar energy
2.1. Quick facts about solar energy history

"The energy consumed on Earth in a year is supphetthe sun in a single hdu¢Niesing,B.,
2009:12) says solar expert Professor Dr. Elick&V@ber. This makes it clear why the direct
use of solar energy will have such an important pamplay in a global context in the medium
and long terM(Niesing,B., 2009:12).

Even in the past solar energy has played an importde. Ancient Greeks and Romans saw
great benefit in solar energy and they used arctite to make use of the sun’s capacity to
light and heat indoor spaces. Romans and Greekslap®d several techniques to take
advantage of the sun, using materials such as gragsca to hold in the heat of the winter
sun, decreasing the need to burn wood that was wftehort supply.

The PV effect was observed for the first time i18398by Edmond Becquerel, who found that
certain materials produced small amounts of elegwer when exposed to light. However,
the earliest known record of the direct conversibrsolar radiation into mechanical power
belongs to the French Auguste Mouchout, who candmsidered as a visionary because he
anticipated in the ®century some of the problems that Europe and toeld\are facing
now. He questioned the widespread belief that tesiff fuels powering the Industrial
Revolution would never run outlt"would be prudent and wise not to fall asleepareing
this quasi-security he wrote. Eventually industry will no longer find in Europdet
resources to satisfy its prodigious expansion. Geil undoubtedly be used up. What will

industry do then?
But other events were important for the historgalar energy:

- In the beginning of the 3century, Albert Einstein was awarded with the 18&ibel Prize

in physics for his discovery of the law of the phedectric effect;

- The first silicon solar cell capable of genergtanmeasurable electric current was developed
by scientists Gerald Pearson, Daryl Chapin and i@dfuller at Bell Laboratories, in the

1950's. This could be considered as the beginriiotovoltaics as we know it;

13
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- During the 1950s and 60s the space industry haonly feasible user of solar energy, as

satellites and crafts used solar panelling fortalsty;

- In 1973, with the Arab Oil Embargo, oil pricexiaased abruptly and the Western World

leaders became desperate to find means of redodingpendence. During the 1970s, there
was hope that, through massive investment in sigssihd research, solar PV costs could

drop and eventually become competitive with folsls;

- By the 1990s, the reality was that costs of setergy had dropped as predicted, but costs

of fossil fuels had also dropped.

Figure 4 - Evolution of Crude Oil prices
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Somehow, in the past, it seemed evident the direletion between oil prices and the
investment in alternative energy sources. Howerewadays, the increasing concern with
climate change and sustainability could additionalhd definitely help putting alternative

energy sources, such as solar energy, in the gpotli
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2.2. The present

The energy from the sun can be used in severardiit ways:

Table 3 - Different ways of using the energy fromhe sun

Passive Heat:
- The heat received naturally from the sun

Solar Thermal:

- Convert solar radiation into heat |, gqjar Domestic Hot Water Systems

» Combined Hot Water and space heating
or space cooling systems

Photovoltaic: » Grid-connected systems
- Convert sunlight into electricity

» Off-grid systems

» Hybrid systems

Concentrating Solar Power:

- Production of electricity through concentrated technology in a

thermodynamic cycle » Parabolic trough solar

» Solar power tower systems

» Solar dish/engine systems

Source: Developed by the Author

2.2.1. Passive Heat

This is the heat naturally received from the suzmsiBally there are two factors that contribute
to comfort conditions of buildings: its locatiorg@sition, and the quality of materials used
in building construction. Passive heat is very imgat because, besides its insulation and
location, when a building is designed to betterteagpthe solar energy available, it becomes
easier to reach the perfect comfort conditions Vas energy needs. In the summer the
concerns are the opposite. The sun radiation shmilavoided and natural ventilation should

be used to cool down the room temperature.
Passive heat has been used for centuries and ngsviadareflected through the legislation of

different countries, with specific mandatory reguients and conditions in building

construction.
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2.2.2. Solar Thermal

"The basic principle common to all solar thermalteyss is simple: solar radiation is
collected and the resulting heat is conveyed tceeat hransfer medium - usually a fluid but
also air in the case of air collectdrESTIF, 2009). The heated medium is used either
directly (e.g. swimming pools), or indirectly, byeans of a heat exchanger which transfers
the heat to its final destination (e.g. space hgati'Solar thermal can be successfully applied
to a broad range of heat requirements including dstic water heating, space heating, and
drying. New exciting areas of application are beuhgveloped, in particular solar assisted
cooling' (ESTIF, 2009).

Solar domestic hot water systems (SDHW) are tylyicsded in markets where there is little
or no space heating demand. These systems ardicgicdesigned to meet the majority of
the hot water requirements in summer and part emthn the winter, depending on the
weather conditions and the efficiency of the equepta installed. They can include a
supplementary heater (e.g. an integrated electrgae heater), and they can also operate as

pre-heaters.

There are two main different designs of SDHW systerfihermosiphon and Forced
Circulation systems. They differ in the way watécualates between the collector and the

tank.

"Thermosiphon systems use gravity to circulate #egt kransfer medium between collector
and tank. The medium is heated in the collecteesito the top of the tank and cools down,
then flows back to the bottom of the collector. Bstic hot water is taken either directly from
the tank, or indirectly through a heat exchanger thre tank. The main benefit of a
thermosiphon system is that it works without a puangd controllet (ESTIF, 2009). The
main disadvantage is the required layout. With slyistem the tank must be located above or
beside the collector. So, either the tank is fasdeo the collector and both are situated on the
roof, implying considerable architectural impactsl sspecific technical requirements, or the
tank is detached from the collector and is norma$talled indoors, for instance just under
the roof, implying considerable available spacthmattic. The next figure shows a simplified

scheme of a thermosiphon system.
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Figure 5 - Thermosiphon system

—_—J

SourBelarpraxis AG (ESTIF, 2009)

According to ESTIF (2009), in the Forced Circulatisystems the heat transfer fluid is
circulated by a pump, so the tank can be instategvhere. Therefore, integration with other
heating systems is easier. Typically, these systm@mgound in houses, that usually have all
equipment installed in the cellar or in annexedhwihe exception of the collectors), so the
aesthetic and functional impact is lower. Thisfie one of the main advantages of this type
of systems. However, these systems are more contpéex the thermosiphon ones. They

include sensors, a controller and a pump.

Figure &-orced circulation system

1 - Collector

2 - Tank

3 - Heat exchanger
4 - Control unit

5 - Expansion Tank
6 - Back-up heater

7 - Consumer

Source: Solarpraxis AG (ESTIF, 2009)

Multi-family houses, hotels, office buildings, etften use central water heating. In these
situations collective SDHW systems can be install€dese collective systems have a
collector surface bigger than normal systems. Mwsthe collective SDHW systems are

designed as forced-circulation systems.
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Also according to ESTIF (2009), another type oteysis what can be defined as a combined
system. These systems combine the capacity of gimgvidomestic hot water with the
capacity of providing space heating or space cgolifhese systems are typically used in
markets with colder climate. They imply bigger eclior area size and they are more complex
than SDHW systems, so the design must be adaptéigetspecific requirements of each

property.

These systems are still rarely found in southeumtrtes, where the climate is warmer, but
they have a lot of potential because they have#pacity to supply space heating in winter,

air-conditioning in summer and domestic hot walteoighout the year.

Sustainability, maturity, resource and technologgilability, reliability and low maintenance
costs are the most important reasons appointeldaose a solar thermal system. Solar energy
replaces fossil fuels, increasing energy securitgt decreasing dependence from foreign
countries, and helps reduce energy bill and GHGsgions. Solar thermal has been used for
long all over the world, so it is already a matteehnology. The sun is a resource for
everyone and there are multiple choices of equipsndrne lifetime of these systems is over
20 years requiring low maintenance. Finally and alery important is the price of these
systems. They have been decreasing more and meretimwe, and the payback times are

already below the system'’s lifetime.

2.2.3. Photovoltaic

"Photovoltaic systems use cells to convert solarataxh into electricity. The cell consists of
one or two layers of a semiconducting material. Wheght shines on the cell it creates an
electric field across the layers, causing electyidio flow. The greater the intensity of the
light, the greater the flow of electricity"i$EPIA, 2009). A PV system does not need bright
sunlight in order to operatelt"can also generate electricity on cloudy days.elio the
reflection of sunlight, slightly cloudy days careewesult in higher energy yields than days
with a completely cloudless SK¥EPIA, 2009).

Silicon is the most common semiconductor matersgduin PV cells. This element is most

commonly found in sand. Also according to EPIA (200The most important parts of a PV
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system are the cells which form the basic builditogks of the unit, collecting the sun's light,
the modules which bring together large numbersetisanto a unit, and, in some situations,

the inverters used to convert the electricity gatea into a form suitable for everyday Use

EPIA (2009) also refers thathe performance of a solar cell is measured in tewh its
efficiency at turning sunlight into electricity.tfpical commercial solar cell has an efficiency
of 15%'. This means that about 15% of the sunlight sigkihe cell generates electricity.
"Improving solar cells efficiencies while holdingwdo the cost per cell is an important goal
for the PV industry

Niesing, B. (2009:12), refers thaDhe of the problems faced by the photovoltaic itrgius
that high-purity silicon, the basis of about 90 gt of the world's solar cells production, is
getting scarcé However there are already alternative$hih-film solar cells made of
amorphous silicon, copper indium gallium selenideesen cadmium telluride present a
possible solution. These solar cells require lithe no silicon, but they also have a
significantly lower energy yield(Niesing, B., 2009:12). According to EPIA (20097},hin-
film modules are constructed by depositing extrgrti@h layers of photosensitive materials
onto a low-cost backing such as glass, stainlessl sir plasti€. Other possibilities include
flexible cells that arebBased on a similar production process to thin-fikells, when the
active material is deposited in a thin plastic, el can be flexible. This opens the range of
application, especially for buildings integratioroffs-tiles) and end-consumer application
Another possibility is the use of metallurgical less pure silicon also known asdlirty
silicon” (Niesing, B., 2009:12).

The PV technology can be used in several typeplications: grid-connected systems, off-

grid systems and hybrid systems.

According to EPIA (2008:18),Grid-connected is the most popular type of solardystem
for homes and businesses in the developed worldné&ion to the local electricity network
allows any excess power produced to be sold tautitiey. Electricity is then imported from
the network outside daylight hours. An inverteused to convert the DC power produced by
the system to AC power for running normal electriequipment Grid-connected systems
allows the development of a structure where privgdeerators can produce and fed the

electricity into the public grid, selling it to thgrid operators, called feed-in system. In a feed-
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in system, usually there are pre-defined tariffscgpper unit produced and fed into the grid)
for the different energy sources. This is a systeften adopted for the promotion of
renewable energy sources, through the definitiomigh tariffs for those energy sources,

encouraging customers to produce renewable energy.

Figure 7 - Grid-connected domestic system

1. Photovoltaic modules

2. Inverter DC/AC

3. Feed-in electricity meter
4. Consumption meter

Source: EPIA

Off-grid systems are use@vhere no mains electricity is available. In thisseathe system is
connected to a battery via a charge controller sT$iiore the electricity generated for future
use and act as the main power supply. An invedarle used to provide AC power, enabling
the use of normal electrical appliances. Typicdlgrfd applications are repeater stations for
mobile phones, electrification for remote areas @mtain huts) or rural electrification in
developing countriés(EPIA, 2008:18). The main advantage of the oftiggystems are its

competitive costgersusthe high cost of developing new infrastructures.

A Hybrid system is the combination of the grid-ceated systems or the off-grid systems
with another source of power, renewable or nonweide. These systems are used to ensure

a consistent supply of electricity.

The use of PV cells is becoming more frequent imsconer goods of all types, from simple
devices as calculators, to professional sun romfsafitomobiles. A particular way of using
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PV cells and panels is with the concentration pbataic technology. This technology is a
practical application from space research, and been used for years in satellites and
spacecrafts, where there is a need to obtain thémmen power with the minimum surface.
This technology uses very expensive materials toieae higher efficiencies, including
various alternative means to optimise the outpdt@mncentrate sunlight such as mirrors and
lenses. Another particular way of using PV pansldy its integration in the facades of
buildings. This is called Building Integrated Phaitiaic (BIPV).

The main advantages of a PV system are similar $olar thermal system: sustainability,
resource and technology availability, reliabilitpdalow maintenance costs. A PV system
replaces fossil fuel consumption, reducing enerdly bnergy dependence from foreign
countries and GHG emissions. Moreover, for thigetgptechnology the fuel is free and there
are diverse technical solutions, with long lifetiar@d requiring low maintenance. In addition,
no noise is produced, the modules can be recyciddtaan bring electricity to remote rural
areas. The prices are decreasing with time, andhiheze is a feed-in system it can be very

profitable for consumers.

2.2.4. Concentrating Solar Power

Another way of producing electricity from solar egye is through concentrated technology,
"using solar radiation as a high-temperature enegpurce to produce electricity in a
thermodynamic cycle. The need for concentratingrsalrises because solar radiation
reaches the Earth’s surface with a density (kfyAmat is adequate for heating systems but
not for an efficient thermodynamic cycle for prokhgcelectricity. This means the density has
to be increased, and the incoming solar radiati@meentrated by using mirrors or lenses

(European Commission, 2007:7).
The main concepts used in Concentrating Solar P@@&P) technologies are parabolic

troughs, solar towers, or dish/engine systems, hwhiry according to the concentration

devices, energy conversion methods, storage opgioti®ther design variables.
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Figure 8 - Parabolic trough solar, solar power towesystems and solar dish/engine systems
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The parabolic curved solar reflectors concentriagestun's rays to warm up the heat transfer
fluid, flowing through the absorber tube, to veighhtemperatures, producing steam in the
heat exchanger. The steam is then used to germeatr in the turbines. The solar collectors

track the sun continuously to optimise this process

Solar Power Tower systems use heliostats (mirrghsgh follow the apparent motion of the
sun, re-directing and focusing the sunlight ongingle receiver placed on top of a tower. The
steam produced with the high temperatures of tnd,fls then used to generate power in the

turbines.

"In solar dish/engine systems, parabolic dishesw&pthe solar radiation and transfer it to a
Stirling engine — an engine which uses externat Bearces to expand and contract a fluid —

placed in the focus of the parabolic digguropean Commission, 2007:9)

The main advantage of these power plants is tleafuél is free. Other advantage of these
type of thermoelectric centraliseslystems is that they are very flexible, meanirag this not
difficult to change the technology used to produgectricity. As it is based in a
thermodynamic cycle, solar energy can be replacedther energy sources. The main
disadvantage is the high investment needed to mmak such power plants, mainly
comparing them with traditional fossil fuel powefamts. As the materials used are

technologically very advanced and unique, theyarg expensive. However in the long-run,

" Centralised energy systems - high output prodndgog. power plants). Decentralised energy systdms
output production (e.g. microgeneration)
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considering the fact that the fuel is free and phabable decrease of the equipment costs,
there are reasons to be optimistic about thesaddoties. Another important disadvantage is
the storage capacity of these power plants. Witltoge of no solar radiation it is important to

develop advanced storage systems to assure ateomgisoduction of electricity.
2.3. The future

The next figure shows the physical solar energem@l in comparison with the fossil fuel
energy sources and the annual world energy consompt

Figure The physical potential of solar energy

nual solar
oy radiation

UrANILm reserves
"‘ itural gas reserves

ail reserves

coal reserves

annual world
energy consumption

soer Eco Solar Equipment (2009)

Solar energy has an enormous potential and it i® tian enough to cover the annual world
energy consumption, however only a derisory paritofpotential is used. If science and
technology continue to evolve as in the past, aldng into consideration the limited

capacity of fossil fuel reserves, it is sound tg gt in the long term solar energy will play
an important role in the energy mix. Companies agsgarch institutes know it, and that is
why new products and new technological innovatiaesbecoming more and more common

in solar market.

For instance, the company Solar Roadways, the dpeelof structurally engineered solar

panels that are driven upon, developed a produetravthe concept is to replace all current
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petroleum based asphalt roads, parking lots anéways with solar road panels that collect
and store solar energy to be used by homes anddssgs. Each individual panel consists of
three basic layers including a road surface lagerelectronics layer and a base plate layer,
which provides all the necessary conditions fordasirable use. Solar Roadways is planning

a 21 year lifetime for each panel and announces dffi¢bency (Green Car Congress, 2009).

In Portugal, a country where tiles are an importaistorical patrimony and often used in
architectural projects, an innovative project isngedeveloped. The objective is basically to
transform an ordinary ceramic tile in a mini sgdanel. This technology is based on PV thin-
film, with lower efficiency, but drastically redugy the production costs. This project is still
in research, but there is high probability of ggjti into industrialisation and

commercialisation. In the end the important is & g compromise between the feasibility

and efficiency of the product and the aesthetiabeffinal solution (Rosa, A., 2009).

In solar thermal technologies, the integration SDEN§tems directly in the buildings facades
and roofs, the implementation of collective SDHWSsteyns with efficient energy
management, space cooling systems and thermalyestergge systems, are only some of the
fields were technology is expected to rapidly eeolvhe simultaneous production of heat,
cold and electricity using solar thermal and PVeipected to be a reality in the future
(Vasconcelos, S., 2009). Also the technology usedig solar thermal power plants is

expected to evolve in order to rapidly decreasectists of such installations.
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3. Solar Energy in Portugal and Germany

3.1. Solar Energy in Portugal

The strongest development of the Portuguese sokngg markets has only occurred in the
21% century. In the 90's these markets were only stppdy isolated actions and activities

carried out by private investors, associationsomsamers.

In 2001 two events, together with EU recommendatiochanged the course of RE
development. First, the Energy Efficiency and Eredams Energies (E4) programme
promoted by the Government, set on paper numesrgsts and assumed the initiative of a
group of multiple and diverse actions for RE andrgg efficiency. This programme helped
to create a new dynamic pace in the sector, chgrigmway Portugal looks and assesses its
endogenous energy resources, establishing objectiveh as doubling the electric installed
capacity from RES, satisfying a significant partleé domestic and industrial hot water needs
through solar thermal and promoting passive s@elnriologies. The second important event
was the Forum of Renewable Energies in Portugahpted by several public and private
organisations and institutions. This forum conttdal to identify opportunities and
development perspectives to increase the importaricRE and their future role. The
participants were divided in different groups aduog to different RES, and they had to
analyse the current situation of that particularse of energy and to propose a set of specific

measures and incentives.

Also the influence of EU's recommendations on tagonal political framework of the state
members has been decisive, and Portugal is notxeepton on this topic. In 2001 the
European Parliament and the Council of the EuropEamn adopted the Directive
2001/77/EC, with the purpose of increasing the oution of RES to electricity production
in the internal electricity market and creating asib for a future Community framework
thereof. The importance of promoting electricityoguced from RES was already a high
priority for EU as outlined in the White Paper oeriRwable Energy Sources, for different
reasons such as security and diversification ofggnsupply, environmental protection and

social and economic cohesion.
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The following years showed a dynamic country conicgy RE, with the development of
several specific plans and programmes, constamtaiitzn of the legal framework, increased
discussion, interest of the public opinion and amass. Currentlytie renewable policy

framework in Portugal constitutes a comprehensiokcp mix, completed with a monitoring
system. However, administrative barriers are ofteimdering a further development,
especially for hydropower and solar technolofjiéSuropean Renewable Energy Council,

Portugal review, 2008)

One of the most polemic energy issues in Portigydia nuclear power. There are no nuclear
power plants in Portugal, but several specialist$ jgoliticians support that this would be a
balanced and secure option for the future, thatldvqaromote the Portuguese energy
independence. Others support that Portugal doesieed nuclear power because there are

environmental, security and safety risks with thpsion.

3.1.1. Photovoltaic in Portugal

Since the beginning of the 2icentury, the PV industry in Portugal has gainedremo
importance mainly due to the EU influence on thergy policies of the different state
members. According to EPIA, the solar PV market lbeesn booming over the last years and
the forecasts are even more optimistic. The EU nisagor player in the global market as it
contributes with around 50% of the global cumukatmapacity. However the Portuguese
development has been slower comparing to othertdearike Spain or Germany. One of the

reasons appointed is the complexity associatedtivéiPortuguese legal framework.

A feed-in mechanism, through two different framek#rthe Independent Power Producer
law (IPP) and the simplified regime for electricipyoduction through micro-production, is
the main instrument for the promotion of RES intBgal.

The definition of small energy producer has bedabdished for long in the Portuguese legal
framework. In 1944 it was included in the Law N@02, of December 26, as a reality to be
taken into account in the legal framework. Thisid&bn of small energy producer changed
mainly with the oil crisis, which had the merit bighlighting the finite character of some

energy sources, and the necessity of diversifyimd) using all types of energy sources. The

Decree-Law No. 189/88 (IPP) has set the norms erathivity of electric energy production
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by the different types of economic agents of thiegbe and public sector, only including

technical and safety restrictions.

Until the end of 2000 the cumulative PV installeabacity for electricity generation in
Portugal was only about 1 MW. The domestic seabffrdrid systems) represented 52% of
the total, the service sector (SOS systems, moleieork transmitters, car parking machines
and others) represented 20%, grid connected sgstEmnesented 26% and the remaining 2%
were related with R&D installations.

Figure 10 elv PV installed in 1984-2000
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Later, the Decree-Law No. 339-C/2001 introduced esathanges, with the objective of
establishing different remunerations according he technology and exploration type,
highlighting the PV as one of the renewable enexgyrces with the most potential in the
medium range. One of the goals of this Decree wasdate the necessary conditions for the

development and implementation of exemplary prsjesing this kind of technology.

In 2002, the Decree-Law No. 68/2002 introduced itiiero-production as an activity of
generating electricity at low voltage, with the gibdity of delivering electricity to the public
electricity grid. This Decree produced a reducefdadat and the Government designed a new

programme for the promotion of micro-production.
First, through the Decree-Law No. 33-A/2005, whiobdifies the system of feed-in tariffs,

establishing a new calculation system. The forniatacalculating feed-in tariffs takes into

account the technology, the environmental aspeatdtze inflation rate through the index of
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prices to the consumer. There are also some miniamdmaximum tariffs, according to load
variations on the grid. In 2007 the Decree-Law N@5/2007 introduced new tariffs,
considered new types of installation and simplifiegnsing procedures. Among all eligible
technologies, PV benefits from the highest feethniffs, which depend on the power at the
interconnection point and whether systems are imgldhtegrated or not. Under this decree,
the feed-in tariff is guaranteed for 15 years o&R4h/MW (whatever is reached first) and
varies according to the installed power and typsystem (BIPV or non-BIPV). The national
limit for PV is 150 MW and for BIPV is 50 MW. Thedsernment has these limits as a goal
to achieve until 2010, as part of the nationaltega for energy. Currently the traditional IPP
framework for PV is suspended because the liceimstdllations reached the limits defined.
According to IEA-PVPS, in 2008 the Feed-in tarifé®ged from €0.354/kWh to €0.469/kWh
for BIPV, and from €0.317 to €0.447 for non-BIP\¢p&nding on the installed power.

Secondly, and most important for decentralisattbe, Decree-Law No. 363/2007 approved
the simplified regime for electricity productionrdugh micro-production. This revolutionary
Decree entered into force in 2008 and introducedsparency and simplicity to all this
process. This decree establishes the micro-pramucégistration system (SRM) that is an
electronic platform where producers and the Exgeushare information. This decree also
defines two payment regimes. The general reginapied to most of the facilities with a
maximum capacity of 5.75 kW and the second one stexial regime, is only applied to
renewable energy sources, and the access to itesgfor individual producers, the existence
of solar thermal collectors in the place of constiomp and, for condominiums, the
implementation of energy audits and correction i measures identified. In the special
regime, for individual producers the feed-in capads limited to 50% of the contracted
capacity with the distributor, with a maximum o68.kW. In the case of condominiums the

limit is 3.68 kW regardless the contracted capacity

All the producers that do not have access to tlkeeiapregime are considered for the general
regime. In that case, the feed-in tariff is the saas the selling price of electricity in that
particular installation. For the special regimed atonsidering PV, the feed-in tariff is
€0.650/kWh, for the first 5 years (excluding thetallation year). After these five years and
for 10 more years, the feed-in tariff will be theecapplicable to the equivalent installations in

the 1st day of January of the year of installattbrthose equivalent equipments. After these
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15 years (5 years + 10 years) the feed-in tarilif ba that defined for the general regime (see
figure 11).

In the special regime, the tariff is only valid fitre first 10 MW registered at national level,
and for each additional 10 MW registered the feethriff is reduced in 5% (currently the
tariff is already 0.6175€/kWh). This estimationtafiff reduction can also be seen in figure
11. For instance, in year 6 it is expected thatténéf will be 0.41€/kWh, meaning that the
estimated registered demand will be between 90 1@t MW. This also means that the
sooner the equipment is installed the better, sihedfirst ones to register are the ones that
will have the best tariff. Additionally the feed-glectricity sold is limited to 2.4 MWh per
year and per installed kW.

Figure 11 - Tariffs evolution in the special regimeassuming that the annual limit is reached
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Finally it is important to refer that the nationfaed-in capacity registered in the special
regime is limited to 10 MW in 2008, when this dexrenters into force, and it will be
increased 20% annually and successively. This mestghe limit will be 12 MW in 2009,
14.4 MW in 2010 and so on.

According to the Ministry of Economy and Innovatithe target defined until 2015 is to have

75,000 homes producing electricity with RES, with estimated installed capacity of 165

MW (Ministry of Economics and Innovation, 2008). dditionally to this decree there are
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other measures implemented to boost the PV induséiyely financial and tax incentives. It
is defined a VAT reduction rate from 20% to 12%renewable equipment, an income tax
reduction of 30% of the costs of those equipmepttoua limit of € 796, and an exemption of

income tax payment for micro production up to €0B,@er year.

Also Portugal's sunny climate is a main driver $otar energy development. Sunshine in
mainland Portugal varies between 1,800 and 3,1Qf@shper year and the total radiation
varies from 140 to 170 kcal/dm These climate conditions favour the photovoltaic
conversion, with production outputs of 1,000 toOD,%Wh per year and per installed kWp
(Ministry of Economics and Innovation, 2007).

As seen before in figure 10, in the end of 2000 Rhe cumulative installed capacity for
electricity generation in Continental Portugal wady about 1 MW. In 2008 this value

increased to 58.5 MW (see annex 5), with 41.4 GWélextricity produced.

Figure 12 - New PV installed capacity in 2001608’ - on-grid systems (MWp)

55.0
50.0 A DL 68/02 DL 33-A/05 DL 225/07 DL 363/07
44.0

o [ e |
DL 189/88
0o |
35.0
Eeen]

30.0
25.0
20.0
15.0 A 11.1
10.0 A

501 o3 02 0.6 0.6 0.2 05

0.0

2001 2002 2003 2004 2005 2006 2007 2008

Source: Developed by the Author based on DireateGxneral for Energy and Geology, Portugal (2009)

In fact, the installed PV from 2001 to 2006 wasyvkw, and only in 2007 and 2008 the
market showed a booming trend. However one shosgdsome caution analysing this trend

8 Continental Portugal

® During all this analysis, for both Portugal andr@any, only will be considered on-grid systems. Bmse
countries off-grid systems represent only smalt pathe total installed capacity and the real fegiare difficult
to obtain
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because it includes the new big PV power statior8arpa and Moura, which account for the
majority of the installed capacity of both years.

In 2006 the market structure changed from off-giydtems to a structure strongly based in
on-grid systems. This is due to the fact that theyed systems increased enormously while
the off-grid systems slightly increased its cumukatinstalled capacity. In 2008 the on-grid
systems represented over 95% of the total instalbeeer (Paes, P.,S.,2009).

Portugal has been promoting big PV power stationtheé south zone of the country called
Alentejo. The Moura PV plant, with 45.6 MWp of iaBed power, is one of the largest
centralised PV plants. It is situated in east #dgn one of the areas of Portugal with highest
levels of solar radiation but also with high deiegtion. This project is important because it
also contributed to the development of the PV panedustry, once a solar panel
manufacturing facility was installed in this zofidae Serpa PV plant has 11 MWp of installed
capacity. The power station's annual electricityagation is sufficient to supply 8.000 homes
and farms in the region. According to the MinistdfyEconomics and Innovation (2007), in
the Serpa PV plantttie use of the "PowerLight PowerTracker Systemtpampanying the
apparent movement of the sun, increases the sgsédficiency by permitting more than 200
kKWp to be controlled by a single motor/actuatorhwé rated power of only 0.5 RW
Recently, in Ferreira do Alentejo, also in Alenteggmmew PV power plant was installed with a
12 MWp of installed capacity. Other important padjercludes the "Edificio Solar XXI", an
energy efficient building in Portugal. This is aNHTI (now called LNEG) project that
associates an environmental optimisation strateijly the use of active and passive solar
systems. The building has 96 of PV panels, with an installed power of 12 kWp @odid
avoid 8t of CQ.

In the beginning of 2009, the installed solar indak production capacity in Portugal was
more than 120 MW/year in components of crystaliieon, thin film and concentration PV.
This production is mainly to export: 90% of the 2®dlion euros turnover of 2008 is from

exports. It is expected a 500 million euros turmdee 2009. (Vasconcelos, S., 2009).
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3.1.2. Solar Thermal in Portugal

The Cabinet Resolution N0.169/2005 that defined Nagional Strategy for Energy was
considered a truly fundamental document becauseoristitutes an important factor to
increase the competitiveness of the Portuguesedaoprbesides being a critical pillar for the

national sustainable development.

In this Resolution it is assumed that higher energgsumption growth rates have been
registered in the buildings and transportation @sctnot only because the behaviour of
citizens is less disciplined than the behavioucafhpanies, but also because there is a lack of
coherent and consensual energy and regional plganpolicies. So a change in the
consumption habits and patterns was needed, wghirtiplementation of policies that
encourage the society to choose for the best enangyenvironmental options, through
suitable economic instruments and through the oeteinent of access to information and

education.

According to the Forum of Renewable Energies inal, held in 2001, Portugal is one of
the European countries with the best conditionsttier solar thermal market, however it is
still a market with a small dimension compared wather countries. One of the major
conclusions of this event was that there is hugent@l for market growth and there was a
feasible target of achieving 2,800,006 of installed solar thermal collectors in 2010. The
Forum also concluded that there is real potendgiaktie implementation of 250,000%tyear,

developing the necessary conditions to create 2)8@0jobs in this sector.

The major difficulties identified at that time ihe development of this sector were the high
initial investment, the poor credibility of thesechnologies, low awareness, constraints
concerning building construction and lack of créglinformation about the sector.

Later, in 2004, the revised objectives of the paogme "Agua Quente Solar para Portufjal
(AQSpP), like predicted in the E4 Programme, wagtuded in the National Programme for
Climate Change (PNAC). These objectives aimed tmter a market of 150,000%nof
installed solar thermal collectors every year @edito 13,000 ffor 2005 and 2006), with

1% Splar Hot Water for Portugal
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the purpose of having an installed and operatirgp af 1,000,000 fof solar thermal
collectors until 2010. In 2006, facing the bad Hessaf the measures implemented the goals
were revised once again. The new goal was to h@0e0Q0 M of installed solar thermal
collectors every year during the period of 2007208 a consequence of the new legislation
for buildings in 2006/2007.

Eight years have passed since the E4 programmé andow clear that the different targets

defined for this period were unrealistic and theasuges adopted were insufficient.

Figure 13 - Solar thermal cumulatie area in operation - 2008 (1,000
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In 2002 there was an estimated cumulative instalea of solar thermal panels of 300,000
m?, of which approximately 120,000°were inoperative. The estimated cumulative instll
area at the end of 2008 was 390,000amd the target of 1,000,000’ eems impossible to
achieve until the end of 2010.

Until 2006 the most important measures definednimoarage the use of solar thermal were
related with tax reductions and grants up to 40%heftotal eligible cost, with a maximum
limit, available under the programme of incentif@sthe modernisation of the economy - the
PRIME programme. Also the certification of both #guipments and the installers played an
important role in increasing the credibility of thector. The development of the AQSpP as an
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observatory for solar thermal, aimed to providedibde information to promote and
encourage this sector.

The 2008 National Plan for Energy Efficiency (PNAES€ets different targets to be achieved
until 2015. The new plan estimates that 1 out ofolldings will have solar thermal. To
achieve this target several measures have beetogede Besides the increasing awareness
of this type of technology, which naturally contribs to market growth, there are specific
programmes to boost the market: the "Renove - Sbéamico™ defines support to the
renewal of the existent solar thermal collectorsilevother programmes define IRS tax
incentives of up to 30% of the investment in thevreguipment installed. There are also
specific programmes for specific segments suclbadaminiums, pools, and social housing,

and it is mandatory to install solar thermal in nawldings.

The Decree-Law 80/2006, Rules for the thermal festiehaviours of Buildings (RCCTE),
which establishes the rules to be observed in thé& design of all housing buildings and
service buildings without central air conditionirig,a very important law to promote solar
thermal. This Rule exists in Portugal since 199@ iawas the first legal instrument to impose
requirements of thermal comfort, either for heatimgoling or ventilation systems to
guarantee air quality inside the buildings and atis§y the needs of hot water without
spending too much energy. However these Rules Ihese changing since their creation and
according to this last change the installation ofas thermal collectors is mandatory
whenever there is appropriate sun exposure. Thisuiment is applied to new buildings and
to existing ones subject to major rehabilitatioteimentions and other specific conditions.
Currently all the houses need an energy certiicatiefore being sold or rented. This can be
considered as another bureaucratic administratisecegure to owners, however it is
beneficial not only because it can highlight patangains in energy consumption but also
because it can be used in IRS.

Another important instrument to promote solar tharm Portugal is in fact the previously
mentioned Decree-Law No. 363/2007. Although it iected to PV sector, in the special
regime, the access to it by individual producerguies the existence of solar thermal

collectors in the place of consumption (see poihtld. As PV market is booming due to this

11 Renew - Solar Thermal
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new legislation, it is likely that solar thermallMalso be positively affected by this Decree. In
the PNAEE it is defined that the impact of this Becover the solar thermal will be of £ m

for every kW installed.

Even if the original goals were unrealistic and theasures adopted were insufficient, it is
clear that the market is growing. In 2008 the madew more than 70% comparing with
2007, probably due to the effects of the implemioraof the new RCCTE and the
implementation of the Decree-Law No. 363/2007. @anmg 2008 with 2006 the market has

tripled the installed area of solar thermal cobbest

Figure 14 - Installed new solar thermal collector gea in 2003-2008 (1.000 fin
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Recently in March 2009, not only as a measure émpte the solar thermal market, but also
as a measure to boost the national economy thrtuglsevere world crisis, the Ministry of
Economy and Innovation developed an incentive @aogne for solar thermal. With this
programme the Government contributes with 50% ef @bquisition price of solar thermal
collectors, up to a limit of approximately € 1,640us a 30% income tax reduction of the

remaining value, with a limit of € 796.
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3.2. Solar energy in Germany

In what concerns RE, Germany is one of the mostldeed countries in the World, and this

sector has already achieved a capital importanteeitserman economical panorama.

Electricity generation is based primarily on coatlauclear energy, with growing shares of
natural gas and renewable sourcés.2002, Germany adopted a law phasing out nuclear
energy. Under this law, each reactor is assigndtked amount of electricity it is allowed to
generate. Once the electricity is produced the eeSpe unit has to be switched "off
(European Renewable Energy Council, Germany re\2Q8)

Germany is really trying to achieve an intelligemtergy supply, ensuring that it is used
efficiently. They have created an organisationatieddhat favours the promotion of RES. For
statistical reasons, the German Environmental Ntiyisn collaboration with the Federal
Ministry of Economics and the Federal Agricultukdihistry, "has set up the Working Group
on Renewable Energies - Statistics (AGEE-Stagnsure that all statistics and data relating
to renewable energies are part of a comprehensiyeto-date and coordinated system
(Federal Ministry for the Environment, Nature Cansgion and Nuclear Safety, 2008). It is

an independent specialist body which includes déggesm various and different Institutions.

In line with the climate change concerns, Germaay &lso developed very efficient control

systems over pollution and energy efficiency. Thegstantly analyse the emissions avoided
via the use of RES, amongst other important datayedl as fossil fuels saved via the use of
RES. This kind of approach introduces transparear@y objectivity to these analyses and

eventually has a positive effect on public opingod in the demand side of the RE markets.

In addition to these organisational issues, them@arGovernment also supports RES through
research and development, and offers a wide rarigmeasures to encourage market
development. Quotas, subsidies, reduced loansgaanteed feed-in tariffs are some of the
attractive schemes adopted to promote RES. Acaprtbnthe Federal Ministry for the
Environment, Nature Conservation and Nuclear Saf2008), with the adoption of these
instruments, the Government incurs in costs as fmamicroeconomic viewpoint RE are still
more expensive than conventional energy sourceseier the Government defends that the

beneficial effects of the promotion of RE overcotime implicit costs. They believe that these
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actions have a very positive influence on innovgtitmrnover and value-added in Germany,
coupled with the creation of new jobs. Some Govema research projects estimates
indicate that around 245,000 jobs in Germany wdirgbatable to RE sector in 2007, and
over 50,000 to the solar energy sector. For 2020eths a potential of around 400,000
employees in the renewables sector.

3.2.1. Photovoltaic in Germany

Regarding the promotion of RE in the production eéctricity, Germany has been
implementing several important measures for a jmrgpd of time.

The promotion of renewable electricity in the 8@as dominated by substantial R&D
programmes of the Federal Ministry for Research &achnology. In the end of the 80's a
market stimulation programme was introduced whalred for the installation of 250 MW of

wind power, creating the necessary conditions lier development and introduction of the
Electricity Feed-in Act in 1991 (Held, &t a.l 2007).

According to the same source, this Act defined thatelectricity utilities which operate a
system for general supply were obliged to purchiseelectricity generated from RE in their
supply area and pay a percentage of the averagwitas electricity retail prices as feed-in
tariffs, depending on the energy source. This Aesppposed a cap on the share of electricity
from RES to prevent very uneven burdens for redignd operators. It was also defined a
voluntary commitment in favour of RE and the praitut of combined heat and power. So
the Federal Government encouraged the electriciilitias to enter into voluntary
commitments for additional measures to increas@itbportion of electricity generation from

RE and from the production of combined heat andgrow

In the early 90's a grants programme called 1,@@@srprogramme was the first step to a
larger programme based on loans called 100,000s rpadigramme. This programme was
effective between 1999 and 2003, and it was dedigmd&oost the German PV industry with
the target of installing PV on 100,000 roofs wifipeoximately 300 MW, and also not falling
behind the level of Japanese development. So tlas @eveloped as a major support
programme, as well as to attract private investnmembanufacturing and application of PV

systems.
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"The measure was implemented as low-interest |datsatere provided by the states-owned
bank Kreditanstalt fur Wiederaufbau (KfW) for trenstruction and extension of photovoltaic
power systems with a capacity of 1 kW or roBesides fulfilling all the established targets,
this programme Has successfully harnessed the fascination for &@¥inology and 'it has
met with a good reception from economically higl;eecologically-conscious segments of
the population, who wanted to make a personal douion to environmental and climate
protection’ (REACT - Case study 8, 2004).

However, part of this programme success was also tduthe guaranteed feed-in-tariffs
defined in the 2000 Renewable Energy Sources AE6{B). This Act replaced the Electricity
Feed-in Act, implementing some EU's recommendatiand brought substantial differences
that stimulated industry even mordJrider the new EEG, feed-in prices were no longer
linked to electricity retail prices, but fixed f@0 years. The cap on the share of electricity
from RES was abolished. Instead, the total amofifeéeal-in reimbursements was distributed
evenly among all high voltage grid operators andiadty among all electricity consumers
there'(Held, A, et a.l 2007). Also it introduced the features of degmssf tariffs supporting

technology learning, decreasing the tariffs of mestallations accordingly.

According to the Federal Ministry for the EnvironmheNature Conservation and Nuclear
Safety (2004), initially the compensation to bedp&r electricity generated from solar
radiation was at least 50.62 cent per kWh and dsgre was at least 5% annually. This EEG
was very effective - from 2000 to 2004 the volunieskectricity generated from RE more
than doubled and brought about a nine-fold increaselectricity from PV systems in

Germany.

In 2004 the EEG was amended. The new 2004 EEGdedla detailed target for the share of
renewables in electricity production of at least5%2 in 2010 and at least 20% in 2020,
underlining the importance of long-term stabilifytle German RES energy policy. The EEG
amendment also assists the implementation of newdigkttives. Furthermore, the tariffs
were adjusted to better reflect the cost situatbmenewable technologies. For PV, tariffs

12 Erneuerbare Energien-Gesetz"
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rose in order to compensate the end of the 100,063 programme. PV tariffs were also
differentiated according to the application.

Figure 15 - New PV installed capacity in 1991-2008on-grid systems (MWp)
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Source: Federal Ministry for the Environment, Nat@onservation and Nuclear Safety (2008;2009),wahke
energy sources in figures, page 17, and DevelopwieRenewable Energies in Germany in 2008, as ail Ap

2009, page 21. Note: Data for the year 2008 isipiaval.

This graph illustrates the booming of PV since 198hd the influence of particular
Government measures. If the 1,000 roofs programmeséectricity feed-in act were residual
contributions to the final cumulative installed aajty of electricity generation in 2008 of
5,311 MWp (see annex 5) that generated around 4000 of electricity, the 100,000 roofs
programme combined with the 2000 EEG clearly mdr& beginning of a successful
Government RES energy policy.

In 2006 there was a decrease in PV installed cgpacmparing it with the previous year,
essentially because the demand surpassed the sampplgome companies stocked out their

equipments.

Recently, a new EEG was implemented. Accordingeadeial Ministry for the Environment,

Nature Conservation and Nuclear Safety (2008), rtaer 2009 EEG introduced several
changes and adaptations to the new developmenisreddn the RES area and also to EU's
recommendations, and inclusively aimed to increéaseshare of RES in electricity supply to

at least 30 per cent by the year 2020 and to comtisly increase that share thereafter.
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This 2009 EEG also brought considerable differemedariffs and degression schemes. The
tariffs were updated to the current conditions ld markets. A tariff was introduced for a
maximum capacity of 30 kW where the installatioreigor or a third party is using the
electricity himself in the immediate vicinity of énproducing installation. The bonuses for
building integrated facilities (facade facilitiegere abolished. The degression in the 2004
EEG ranged from 5 to 6.5%. In the 2009 EEG it vafiem 8 to 10%, depending on the
capacity, the year and the type of installationmAre detailed analysis of the 2009 EEG
tariffs and degression is listed below.

Table 4 - Installations exclusively attached to oon top of a building or noise protection wall

Share of capacity 2009 EEG (ct./ kWh)
Up to 30 kW 43.01
30 kW - 100 kw 40.91
Over 100 kW 39.58
Over 1000 kw 33.00

Source: Federal Ministry for the Environment, Nat@onservation and Nuclear Safety (2008)

Table 5 - Fee payable when electricity produced used within building/facility
Share of capacity 2009 EEG (ct./ kWh)
Up to 30 kW 25.01

Source: Federal Ministry for the Environment, Nat@onservation and Nuclear Safety (2008)

Degression:
- With a maximum capacity of 100 kW: 8% in 2010 &3d from 2011 onwards
- With a capacity of over 100 kW: 10% in 2010 afd ®om 2011 onwards

Table 6 - Fee for freestanding facilities
Share of capacity 2009 EEG (ct./ kWh)

Irrespective share of capacity 31.94

Source: Federal Ministry for the Environment, Nat@onservation and Nuclear Safety (2008)

Degressions
- 10% in 2010 and 9% from 2011 onwards
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In addition to the previous schemes, degressida e either increased by 1 % point in the
following calendar year when the capacity reacheserthan 1500 MW in 2009, 1700 MW in
2010 and 1900 MW in 2011, or decreased by 1 % poittie following calendar year when
the capacity remains below 1000 MW in 2009, 1100 MVZ010 and 1200 MW in 2011.

According to the Bundesverband Solarwirtschaft @0fhe German PV industry has
approximately 10,000 companies, of which around a4&0producers of cells, modules and
other components. In the past 10 years the reducfi@osts of PV installations was around
35%, and it is expected a decrease of around 85#teofosts for the period 1999-2020. In
2008, this industry employed 48,000 people and s$hés to final customers were
approximately €7 Billion. By the end of 2008, aalobf 500,000 solar power systems had
been installed on German roofs and the multi farhibpises, public and social buildings,
farms, commercial plants with equipments of 10-E@fp represented the biggest share of the

market.

3.2.2. Solar Thermal in Germany

According to the Federal Ministry for the EnvironmheNature Conservation and Nuclear
Safety (2008), the demand for heat in Germany sreaus: heat generation alone accounts
for more than half of the total energy consumedarmany. At present only 6.6 percent of
heat generation comes from RE. The rest is obtamed fossil energy sources such as gas,
oil and coal. Contrary to the strong supports git@®V market, the Government has been

more conservative regarding solar thermal.

The first use of solar thermal technology for hgttduction occurred after the oil crisis of
70's. The increasing prices of fossil fuels creaedopportunity for the less known and
common energy sources. However solar thermal hesr mequired a stable development. In
the beginning of the 90's the heating sector wasche market that was mainly dependent on
local initiatives of associations or crafts pedp(®EACT - Case study 3, 2004). However a
major increase in usage did not occur until the B@'s, when effective federal and state

subsidy programmes were established.
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In 1995 the Federal Government introduced for ths fime a marginal financial support
scheme by subsidies for the period of 1995-1998.989, the Market Incentive Program for
RE was funded in connection with the ecological ieborm. The Market Incentive Program
was a subsidy programme and the subsidies weretipaidgh federal agencies (REACT -
Case study 3, 2004). Although the programme wascooceived exclusively for solar

thermal energy, the majority of its support wentHis sector.
The next figure shows the evolution of the new istharmal collectors installed area (1,000
m?) by year, from 1991 until 2008, including refereado the major measures such as the

first marginal financial support and the marketinitve programme.

Figure 16 - Installed new solar themal collector area in 1991-2008 (1,000
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Source: Federal Ministry for the Environment, Natgonservation and nuclear safety (2008;2009),wable
energy sources in figures, page 18 and DevelopwieRenewable Energies in Germany in 2008, as atl Apr

2009, page 9. Note: Data for the year 2008 is pional.

This analysis shows a clear connection between paoigrammes adopted by the Federal
Government and the upward trend of solar thermatggninstalled area. In fact, after the first
marginal financial support of the Federal Governttba market grew more than in the first
years of the 90's. After the application of the kearincentive programme, in 1999, the
market grew even more. In 2008 the estimated sthlarmal cumulative installed area
operating in Germany was about 11,000,060(see annex 6), equivalent to 7,700 NW/of

installed capacity.

3 To convert area into capacity, a conversion faofdr.7KW,/m? was used (IEA 95)
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Since the adoption of these programmeke "market has shown a great dependence on
subsidies, as shown by the economic slump of 2002, less than expected subsidy funding
was available With the improvement of the situation in 2003, andincrease in subsidies,
the market grew up agdifREACT - Case study 3, 2004).

However there are more than just subsidies to &itmihe market. There have been special
initiatives supported by a federally sponsored fation - "Solar-na-klar”, that raised
significant public interest for solar thermal ajgpices. Another initiative was the marketing
campaign - "Initiative Solarwadrme Plus”, mainly centrating on informing local crafts
people. Additionally there are some specialised dymages concerned with solar thermal

energy.

Another important stimulus for the development alfas thermal energy market has been the
quality and technological issues. The quality miducts and services, qualification, technical
features and reliable and efficient technologieseviportant drivers in the beginning of the
market growth, but nowadays they are mainly a ntargassue since they are common and
necessary criteria for the success of this engtos. In addition, since 2004 all appliances
have to ensure some efficiency standards as armiiom for public subsidies, which have to
be fulfilled by all manufacturers (REACT - Casedsti8, 2004).

Even if the market incentive programme has noheast increased the share of RE to the
desired extent, it has nevertheless been very ssitteAccording to the Federal Ministry for
the Environment, Nature Conservation and Nucle&t$£2008; 2009), since its launch the
programme has provided financial support amountmg912 million Euro, which has
triggered investments of 7,700 million Euro (asviaty 2008). During 2008 this programme
received a total of 170,204 applications for supfmrsolar collectors.

Although the Federal Government developed seveeasnres to stimulate the solar thermal
market, the measures adopted for the PV market weweh more intense. So, the
dramatically rising interest in PV-roofs as an r&tive to solar thermal roofs, with better
economical conditions and expected return on imvest, was in fact one of the major

obstacles for a further development of solar thémnargy in Germany. To overcome these
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obstacles and to develop a stable and clear statistanework, on the*Lof January 2009 the
Renewable Energies Heat Act came into force.

The Heat Act stipulates that by 2020, 14% of Gelwyisaneat must come from RE. This act is
based on three main aspects: the obligation toreisewables, financial support and heat
grids.

According to the Federal Ministry for the EnvironmheNature Conservation and Nuclear
Safety (2008), all owners of newly erected budginmust use RE, whether private
individuals, the state or businesses. All formsesfewables, or combinations of them, can be
used. Those who do not wish to use RE can take ctimate change mitigation measures
such as improving the insulation of their buildingdbtaining heat from district heating
systems or using heat from combined heat and pgereration. Regarding the financial
support, the use of RE will continue to be finaligisupported. The government will inject
more money into the existing market incentive pangme, increasing funding for this
support instrument to as much as 500 million €year, introducing better planning certainty

for investors. Finally this Act makes it easier lieat grids to be extended.

This Act regards several RE, obviously includingasthermal. Building owners can cover a
certain proportion of their heat needs from solaergy. The Act stipulates the size of the
collector in relation to the type of building. Inlailding containing no more than two
dwellings the collector size must be at least 094mr nf of heated floor space. For
buildings with more than two dwellings the collecioust be at least 0.03’mer nf of heated

floor space. Owners of all other types of buildimgtably non-residential buildings, must

cover at least 15 percent of their heat needsif tipt to use solar radiation.

According to the Bundesverband Solarwirtschaft @0he German solar thermal industry
has approximately 5,000 companies, of which ardl@@lare producers of collectors, storage
units and components. Between 1990 and 2008 thé reskiction of solar thermal

installations was around 40% and a decrease oindr66% of the costs for the period of
1990 to 2020 is expected. In 2008, the sales tal fustomers were approximately €1.7

billion.
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3.3. Comparing Portugal with Germany

In this chapter a comparative analysis betweeruBaliand Germany will be performed, with
special emphasis on the concrete differences batiweth countries and in factors that could
eventually help to understand those differencess €¢omparison will summarise the course
and policies adopted by both countries in ordecdnclude about the real impact of each
policy on the solar energy development. Being Geyrane of the strongest countries in the
world concerning solar energy development, the ide@ consider it as a best practice for
industry in order to allow, in the last chapter tfis dissertation, to achieve some
considerations and proposals for the future dewveéop of solar industry in Portugal, taking
into account not only the successful case of Geymlamt also Portugal's specific conditions

as well as current and future industry trends.

In absolute terms the cumulative installed capacftfPV energy in Portugal at the end of
2008, has been achieved by Germany in 1999, evienebine implementation of the EEG in

2000. Does this mean that Portugal is 10 yearsndeBermany? Well, the question is not so
simple, since Germany is a much larger and morelpap country than Portugal, with a very
strong economy and a highly developed industrigebdherefore making it ungrateful to

compare the development of both countries. On therchand, Portugal has much more
natural conditions for installation of solar enesygtems. The next figure illustrates well the
differences in solar radiation between these twntees:

Figure 17 - Solar Radiation in Europe
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Source: Portal das Energlanovaveis
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One of the first conclusions to be drawn from b# data analysed so far, is that Germany
since the 90's has shown a great dynamism on thmagtion of RE and on solar energy in
particular. Measures such as the implementatiadheoElectricity Feed-in Act in 1991 and the
1,000 roofs programme were the starting point fouly revolutionary policy concerning PV
solar energy. In Portugal during the 90's the sgem@&s substantially different. To get an
idea of the difference between the two countrie0d00, Portugal had a cumulative installed
capacity of around 1 MWp to about 100 MWp in Gergnarhis means that Germany had a
cumulative installed capacity 100 times higher tfortugal, when German population is

only about 8 times high&t

It was precisely in 2000 that the revolutionary EE&ne into force in Germany, which
definitely boosted the implementation of RE in tb@untry, including PV solar energy. The
annual growth since 2000 has been much higherith&ortugal (far above 100 times) and
only in 2007 the Portuguese installed capacity mecagain 100 times lower than the German
one. However, in that year the cumulative instaltagpacity in these countries already
differed more than 260 times, as a result of thhengt PV development in Germany in
previous years following the successful policieplemented. In other words, from 2000 to
2007 the installed capacity in Germany and Portdgatrged more than it had so far. It is
expected that in the future, also following theorafulation of the legal framework and due to
the several measures implemented by the Portugg@asnment, this difference decreases.
In fact in 2008, this cumulative difference decexh$ about 91 times (cumulative installed
capacity of 58.5 MWp in Portugal against a cumutainstalled capacity of 5,311 MWp in

Germany).

In 2007 the cumulative installed capacity per 1,00@bitants in Portugal was 1.37 kWp and
46.36 kWp in Germany. In 2008 this value rose @wR25%Wp in Portugal, representing an
increase of about 4 times (mostly as a result ef dbnstruction of PV power stations in
Alentejo). In the case of Germany for 2008, thevmional data appoints to 64.61 kWp,

representing an increase of about 1.4 times.

14 According to Eurostat, in 2008 the population oftBgal was approximately of 10.6 million peoplelahe
population of Germany was approximately of 82.2ionl people. Even if there are variations throughbe
years, in this analysis these will be the figuresduin several energy ratios for comparison puipose
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One first big difference between both countriesthe complexity of the general legal

framework for PV. In Germany, under one only a€l0@ EEG), all the situations are covered
from the smallest installations to the biggestisptawer plants. In addition, the tariffs and the
degressions are clear and previously defined, ngakieasy to understand and to interpret all
possible solutions. Unlike the German situationPartugal the legal framework is far more
complex. Even if the main instrument for promotiRgS is a feed-in system for all the

situations, there are two different frameworks e traditional IPP for higher installed rated
power and the micro-production scheme, for lowastated rated power installations - that
make the understanding of each scheme and the eoraptarity of both schemes much more

complex.

In the traditional IPP, is difficult to determinget tariffs and all the conditions required,
basically because they depend on several variardscomplex formulas. Also the limits
defined for the IPP framework at a national leve w, lacking ambition, and that is why
the licensing of new installations is currently peisded. This suspension compromises the
future development of PV in Portugal. In Portudaé tariff is subsidized for 15 years or

21GWh/MW, while in Germany the tariff is fixed f@0 years without a cap.

The micro-production scheme is easier to understao@ever it contains many limitations
that eventually will confuse the interested ageRisgarding the dates of implementation of
micro-production, only in 2008 Portugal truly adegtthe feed-in system with competitive
conditions for micro-production, while Germany halseady been using successfully this

instrument since 2000. The current systems diffesoime crucial issues.

The Portuguese law guarantees a subsidised tarifi period of 15 years after installation,
however for the micro-production case it will deage from the sixth year on, being estimated
that in the 12 year the tariff is equivalent to the general regitariff, assuming that the
annual limits are constantly achieved. In otherdsoit is expected that for 12 years the tariff
is higher than the electricity distributor's prite Germany the initial tariff is guaranteed for a

period of 20 years.

Figure 19 represents an estimate based on thent@ssumption of a theoretical comparison

of feed-in tariffs in Portugal and Germany, overesiod of 20 years, for a system installed on
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a house's roof in 2008 and beginning to producetridéy in 2009°. This estimate takes into
account the premises of tariffs reduction includethe official documents of the Portuguese

Government, where it is assumed that the maximumextion power is achieved annually.

Figure 18 - Feed-in tariffs comparison between Pouigal and Germany
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From this comparison's analysis one concludesthtigatariff is more favourable in Portugal

for the first 5 years after installation, while kdixed. However, at the end of the sixth year,
when it starts to be defined by variable factarfeicomes unfavourable in comparison with
German tariff in that year. In the sixth year, gstimated tariff in Portugal will be 41 cents
per kWh, while in Germany it will be 43.01 cents g&Vh, as this is the fixed value in 2009

for this type of installation and for a period dd 2ears. However, it should be taken into
account that this situation can be substantialtiedint and more favourable for Portuguese
installations, if the registration estimates ardanthe maximum limits defined.

The truth is that the tariff's term is critical foe success of this mechanism. So, the implied
stability in the 20 years term of fixed tariff, inded in German system, also leads to a stable
investment climate, promoting the micro-producemifidence for the installation of more

technologically advanced systems. On the other hidradso creates the suitable conditions

'3 n the case of Portugal it was considered thé iarforce for PV during all 2008 and in the beging of 2009
of 65 cents per kWh. However, currently the tarifforce for PV is already 61.75 cents per kWh.

48



Solar energy in Portugal

for the strong development of the industry, promgtihe investors' confidence to invest more
in R&D.

For example, in the purely theoretical field, if wensider the above mentioned tariffs and an
installation producing 5,000 kWh per year for 2@nge also assuming that there is no cost
with equipment maintenance and a discount rate%f ®e will have the following total

discounted cash flows (not including the investmergquipment) for Portugal and Germany

according to current legislation (see annex 10):

> Portugal discounted Cash-flow = € 24,002
Y Germany discounted Cash-flow = € 31,994

Theoretically, the situation in Germany will be radavourable than in Portugal due to the
difference of total discounted cash flows. Howevar,comparison at this level is not

straightforward for the reasons given below.

Considering the average prices of the equipmenPortugal and Germany, the average
investment will be lower in Germany when compae®ortugal. However, it is also true that
for the production of 5,000 kWh the equipment stolé more efficient or with greater
production capacity in Germany due to worse cooddi of solar radiation and it will
therefore involve a greater investment. On the rot@nd, in accordance with current
legislation in Portugal, there is the possibilityat the consumer also has to install solar
thermal collectors. In this case, the investmenirfstallation in Portugal will certainly be far
more costly than the installation for the productmf the same electricity in Germany. It is
also known that, financially, the sooner we receive financial benefits, the better is for
project profitability. Accordingly, considering thdahe first five years of investment in
Portugal are paid with a tariff much higher thanGarmany, in terms of project finance the

situation may be more favourable in Portugal.

The conclusion from such a comparison is not thatibvestment will be more profitable in
Portugal than in Germany, or vice versa. Both sgstand the characteristics of the countries
have comparative advantages, being the Portugyssens more supportive of a high tariffs
scheme in the initial period, while the German eystis more supportive of a long term

scheme. However, when compared with the Portugsiestem, the German system seems to
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be more consistent and financially credible to ¢basumer, for different reasons other than
the longer-term perspective.

The limits for application of subsidised tariffeeasubstantially different in the two countries.
The German system is segmented into different pgtior electricity production through
solar energy and the limit included in the mostawptirable situation is set for equipments up
to 30 kW. In the Portuguese case, and for the rpooduction, besides having a substantially
lower limit in most situations (3.68 kW), there adso an annual production limit of 2.4
MWh/year for each kW installed. Thus, in theorye #innual limit of electricity production
through solar energy, by earning subsidised tariffs each micro-producer, is 8,832
kWh/yeart® in Portugal. Moreover, the tariff will be graduatieduced by 5% whenever 10
MW registrations are reached. That is, for everyMMY of additional power registered the
tariff will be reduced by 5%. Portuguese market &@s another limit that is 10 MW from
which the subsidised tariff will not be paid. Thimit will increase 20% every year. In 2009,
as this is the second year since the entry intefof the decree, this limit is already 12 MW.
In practice, in 2009 the first 10 MW registeredviié paid with the maximum tariff at that
time, from 10 MW to 12 MW it will be paid with th@aximum tariff less 5% of its value and
from 12 MW on (annual limit for payment of subsetistariff in 2009) it will be paid with the

general tariff without subsidies.

The German system is defined by a degression syamtehthere is no limit set for not having
subsidised tariffs. These degressions vary from t8%40% depending on the maximum
capacity of the different systems and the yeawuiestjon. However there are limits to increase
or reduce the degressions. For example, if thenalticapacity achieves 1,500 MW in 2009,
the foreseen degression will be increased by 1%veler, if this capacity in 2009 remains
below 1,000 MW then the degression will be redubgdl1%. These limits are different
depending on the years.

Also in this field the German system seems to beematiractive to investors. Despite the fact
that degressions currently are higher than in #st, the tariff set in the®lyear is never in
guestion for 20 years. These degressions are qplied to the reference tariffs of new

equipments installed, not affecting installatiom®ady in production. This measure serves

163,68 kW x 2.4 MWh = 8,832 kWh/year
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only to apply the concept of technology learningjuating yearly the market to the expected
technological development, encouraging continuowsiyiciency improvements and cost

reductions for new plants.

Table 7 - Summary of the main features of PV markein Portugal and Germany

Criteria

Portugal

Germany

Sector development:

- Strongest sector development since 2006

- Strong and consistent growth since 1999

Important legislation:

- Decree-Law 189/88

- Decree-Law 68/2002
- Decree-Law 225/2007
- Decree-Law 363/2007

- Electricity Feed Act 1991 (StrEG)

- Renewable Energy Sources Act 2000 (EEG)
- Renewable Energy Sources Act 2004 (EEG)
- Renewable Energy Sources Act 2009 (EEG)

Type of current system:

- Feed-in system (IPP and micro-production)

- Feed-in system (unique framework)

Main characteristics of the
system:

IPP

- Tariff is subsidised for 15 years or 21GWh/MW
Micro-Production (special regime)

- Tariff is fixed for the first 5 years (excluding the
installation year)

- Tariff will decrease 5% for each block of 10 MW
of new installations

- The capacity limit for the equipments is 3.68kW,
and the yearly production is limited to 2.4 MWh for
each kW

- The yearly limit to access the subsidised tariff is
limited to 12MW in 2009. This limit will increase
20% each year

- Tariff is subsidised for 20 years

- Tariff is fixed for 20 years

- Tariff degressions for new installations range
from 8% to 10%

- The capacity limit for the equipments is 30kW, in
the worst case

Current Feed-in tariffs
(As of July 2009)

IPP

- From € 0.3170/kWh to € 0.4690/kWh depending
on the share capacity and the type of installation
(Approximate values based on 2008 tariffs
appointed by IEA-PVPS)

Micro-Production (special regime)

- Tariff of an installation with a limit of 3.68kW :
€0.6175/kWh

- From € 0.2501/kWh to € 0.4301/kWh depending
on the share capacity and the type of installation

- Tariff of an installation on the top of a building
with a limit of 30kW : € 0.4301/kWh

- Tax deductions

- Tax deductions

Electricity prices charged
to final consumers
without taxes

(source: Eurostat)

Main additional support - Soft loans - Soft loans
mechanisms - Investment incentives - Investment incentives
- Subsidies - Subsidies
Cumulative installed arid - Year 2000: 1IMWp - Year 2000: 100MWp
connected capacity: 9 - Year 2007: 14.5MWp - Year 2007: 3,811MWp
pacity: - Year 2008: 58.5MWp - Year 2008: 5,311MWp
Cumulative installed grid ) . . ) . .
connected capacit er - Year 2007: 1.37kWp/per 1,000 inhabitants - Year 2007: 46.36kWp/per 1,000 inhabitants
Capita pacity p - Year 2008: 5.52kWp/per 1,000 inhabitants - Year 2008: 64.61kWp/per 1,000 inhabitants
Contribution to electricity - Year 2007: 23.6 GWh - Year 2007: 3,075 GWh
generation: - Year 2008: 41.4 GWh - Year 2008: 4,000 GWh
- Year 2007 - Year 2007

Medium size holdholds: € 0.1420/kWh
Medium size industries: € 0.0860/kWh
- Year 2008

Medium size holdholds: € 0.1410/kWh
Medium size industries: € 0.0895/kWh

Medium size holdholds: € 0.1433/kWh
Medium size industries: € 0.0946/kWh
- Year 2008

Medium size holdholds: € 0.1299/kWh
Medium size industries: € 0.0929/kWh

Source: Developed by the Author
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The Portuguese system is different because itaseisit to the national production. Indeed,
despite the fact that the licensing and registnatbnew installations is much simplified by
the online SRM, the limitation of power registeigghointed out as one of the problems of the
Portuguese micro-production system. Due to thistliemy interested party is led to run for
obtaining the maximum subsidised tariff. The opgrof a tender was set on a monthly basis
for the allocation of licences for micro-productiomith a limit of 2 MW. When this limit is
reached the online system is closed, allowing ncemegistrations. QUERCUS criticises this
system arguing that it favours corporate entitieg have many online computers to perform
the registrations, damaging domestic consumers khdwe less capacity to register their
installations within the limits. For example, inG®there were tenders that lasted no more

than 2 hours until all available power was regeder

But a successful policy to promote the use of REluding solar PV, does not work only with
micro-production laws. For a real dynamization loéde markets there has to be a well-
balanced policy mix, and here both Germany andugattare good examples of this practice.
Tax deductions on RES investments, soft loans,stmvent incentives, and subsidies are part
of the several additional instruments used by lmathntries. In the case of Germany there
were even parallel and specific programmes for rsél# such as the 100,000 roofs

programme.

Regarding solar thermal energy the difference wretbgpment between Portugal and Germany

is also very significant.

As a result of the huge demand for heat in Germarket, since the 90's, specific
programmes have been developed for promoting tidsistry. However, in Portugal the

concerted development of solar thermal only toaicelin the 2% century.

In 2002 Portugal had a ratio of 17 of solar collectors installed per 1,000 inhabisamthile
in Germany this ratio was of 57.8mer 1,000 inhabitants. In 2007 those figures asee to
28.6nf per 1,000 inhabitants in Portugal and 116.4rr 1,000 inhabitants in Germany. In
2008 and as a result of the recent measures adbptée Portuguese government, 86,860m
of new solar panels were installed, which is theydat ever installed area in Portugal,

therefore it is expected that this number will gase further over the next years. As a result
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of this increase, in 2008, the ratio of solar tharicollectors installed per 1,000 inhabitants

also increased to 36.8mn Germany this ration increased to 1338 m

In Portugal, since the development of the PNAC0O04£2and its revision in 2006, a series of
measures have been defined to promote endogeneugiesy which include solar thermal

energy. The RCCTE is a major instrument for thergoon of solar thermal and the Decree-
Law 363/07 on micro-production of electricity hadscahelped to boost the solar thermal
market. More recently the PNAEE has establisheatrat@ measures to achieve the defined
goals. However, it is the mix between current la@enefits and incentives to purchase such
equipments along with the specific programmes ti@ type of technology that make all the

difference. Moreover, that has also been the ssamieGerman policy in this field.

One of the most visible programmes in Portugal,cwhs in force up to the end of 2009, is
the turn key system entitled "Programa solar téoni609"’. This programme includes a
series of benefits and incentives for solar therraakrgy, such as a support by the
Government of up to 50% of the equipment acquisitost, tax incentives associated with
the investment by consumers, loans on favourahimsteamong other conditions. The
programme has a high potential not only for thee#®at conditions offered to the
consumers, but also for its simplicity and for lgeimidely promoted in the media, having
even an exclusively dedicated site (see annex Qi programme comes as a measure to
boost solar thermal market when the world is beitngngly affected by the current crisis. In
the first four months of the programme implemeotati40,000 rhwere installed. However,
this programme is being criticised because onlyubhes some types of housing and some
institutions and sports associations, and becduseciudes some installers in the industry.
Other programmes like "Renove — Solar Térmico™ag important for the development of

these markets, but it is the mix of all these axithat will make the difference in the future.

Germany has been promoting the development of gwdamal energy for a long time, mainly
as a result of the huge heat demand in the couBinge the 90's, government has developed
specific support programmes to the sector. The nsighificant programme of this
governmental policy was the market incentive progre implemented since 1999, which

decisively boosted the solar thermal sector.

72009 solar thermal programme
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To get an idea of the difference in implementawdrsolar thermal energy between the two
countries, in absolute terms the cumulative totehaf operating solar collectors installed in
Portugal at the end of 2008 (390,000mas been reached in Germany in 1991. In 1999 the
annual installed area of Germany for that year @@0nhf) was already higher than the
cumulative total area of solar thermal collectorstalled in Portugal at the end of 2008. As in
the PV sector, it will be ungrateful to comparesthdgwo realities in countries with very
different dimensions, however one can agree tregetitomparisons serve mainly to give an
idea of the development stage of a country withseoratural conditions than Portugal, even
more when it is known that in Portugal the systamtalled and to be installed will be mostly
thermosiphon systems, requiring lower investmennmared with the forced circulation
systems, much used in Germany. The conclusiomatsntural resources alone do not justify

the development of RE and the policies adopted hdwy role in this development.

One important issue when analysing the developwiestlar energy as a whole, is a possible
gap in the development of PV solar energy compauiitig the solar thermal as a result of the
different policies adopted. In Portugal a balanetveen both was achieved, by establishing a
system of tariffs that substantially improved thg@ected return on investment in PV solar
energy and therefore its attractiveness, but alssolar thermal energy through the micro-
production law that require, in some cases, thiliiasion of solar thermal collectors. Current
legislation regarding thermal conditions of new $@a construction also includes the
requirement for installation of solar thermal cotte's, promoting the dynamism of the sector,

as well as the specific support programmes likeotiecurrently in force for 2009.

In Germany, the incentive systems for both secoedifferent and, although there is already
a major development of solar thermal energy, tieie perception that something more can
be done to promote this sector, taking especially account the huge demand for heat. The
Renewable Energies Heat Act appears as an insttuimg@nomote RE technologies for heat

production, where solar thermal is included, antisof its measures are already foreseen in

Portuguese law.

Another important issue for the credibility andiffation of solar energy is related with the
inherent quality in the sector. Both for solar P¥ smlar thermal, the implicit quality of

equipment and installers is essential. In Portugaently, there was still a negative idea of
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solar thermal in particular as its credibility wasgatively affected by the poor quality of
services provided. Currently, this type of techgglohas gained credibility through
certification of equipment and installers, so thepscion by consumers on these solutions has
fallen. However, the concern with certification hmeggun earlier in Germany than in Portugal,
which can also be a reason for the different stage®velopment. Some argue that this may
indeed be a justification for differences betweethbcountries, along with the fact that, in
Portugal, sales companies are making prices hig/em in other countries, which also

discourages further investment

Table 8 - Summary of the main features of Solar Thenal market in Portugal and Germany

Criteria Portugal Germany

- Consistent growth since 2002. Strongest growth |- Strong and consistent growth since 1992 with

Sector development: since 2006 some slumps in 2002 and 2007

- Decree-Law 80/2006 (RCCTE)

Important legislation: - Decree-Law 363/2007

- Renewable Energy Heat Act 2008 (EEW)

- PNAC 2004
Important specific and - PNAC 2006 - First Marginal Financial support (1995)
general programmes: - PNAEE 2008 - Market Incentive Program (since 1999)

- Incentive programme of 2009

- Tax deductions - Tax deductions
Main additional support - Soft loans - Soft loans
mechanisms: - Investment incentives - Investment incentives
- Subsidies - Subsidies

- Year 2000: 3,284,000 m®

Total estimated - Year 2000: Not availabzle - Year 2007: 9,568,000 m>
- : . 2
cumulative installed Year 2007: 303,200 m2 - Year 2008: 11,000,000 m
capacity: - Year 2008: 390,000 m Note: The data for 2008 is provisional and refers

Note: Only considered equipments in operation  [only to equipments in operation. Data for 2007
includes inoperative equipments

Total estimated
cumulative installed
capacity per capita:

- Year 2007: 28.6m2/per 1,000 inhabitants - Year 2007: 116.4m2/per 1,000 inhabitants
- Year 2008: 36.8m2/per 1,000 inhabitants - Year 2008: 133.8m2/per 1,000 inhabitants

Source: Developed by the Author

A final issue is related with cultural and educa#ibdifferences of both populations. Germany
has been a revolutionary country in terms of edonaand environmental policy, so this

feature is naturally reflected in the developmdrihe use of RES. This typical feature of the
northern European countries has been reflected lmng time in Germany, being more recent
in southern countries like Portugal. Hence thera igreater sensitivity to solar energy, in

Germany when compared to Portugal. This sensitigdgnbined with a number of other
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factors, is reflected in the education and cultfreitizens, increasing their predisposition to
use these energy sources as well as to other issaésd to sustainability and climate change.
This conclusion was empirically confirmed by thetidar through the contact with German

citizens and institutions, during his stay in Genyéor an academic semester.

Even in what concerns urbanism, the situationssatestantially different, not only for the
mentioned predisposition and sensitivity of inhabis and licensing authorities, but also for
the urban features of the countries. Germany wasilyeaffected by the devastation of the
World War Il and, having most of its cities destdyand it was geographically divided to be
reunited again later. The existing architecturenisstly post-war, so the inclusion of solar
energy equipments, either on roofs or in facadebudiflings, is not very controversial. In
Portugal the situation is very different. The Pguese Architecture includes many old and
historic buildings, making it more difficult and thihigher costs the inclusion of RE systems
such as solar energy. On the other hand, bothtacttiiand licensing authorities, in an effort
to preserve the architectural heritage or purelyréasons of urban aesthetics, have been
reluctant to install solar panels in buildings. g one of the major challenges of solar

thermal development in Portugal.
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4. Strategies for Solar Energy in Portugal

4.1. Strategic framework

Taking into account all the analysis developedaspthe goal for this last chapter is to briefly
summarise the main features of the Portuguese sweket, using a PESTELanalysis, in

order to clearly and objectively identify the arefas future improvement and establish,
whenever possible, a set of concrete proposalshfmse areas that could most benefit the

development of solar energy in Portugal.

As seen throughout this document, in political tefitmere are several reasons supporting the
development of solar energy in Portugal. On onedhaoncerning RES, there is a strong
influence of the policies proposed by EU on natiopalicies. On the other hand, this
influence has been well adapted to the Portuguaseefvork, mainly since the 2tentury
and there is now a major commitment by the Govemrinwith the development and
promotion of RE, although with great distinctiontween the different technologies. This
commitment is also reflected in an appropriateqyoinix, directed to different situations. For
solar energy in particular, the goals and measadepted could be more ambitious and
challenging in order to explore to the most thewdghopotential of this energy source. The
current government has absolute majority in padiamwhich allows great political stability
on conducting national policies. However, 2009rniseaceptional year in Portugal because 3
elections are scheduled, namely to the Europeahafant, Legislative and Municipal
elections, which may change the current politicargiew and will certainly influence the

decision making process for 2009.

In economic and social terms, some subjects sHmikighlighted. The development of solar
energy is still in an embryonic stage, represenéinginority percentage of the energy mix
and with a reduced importance in national econarowever, the development of isolated
projects such as solar photovoltaic power plantalamtejo, are important sources of foreign
investment in Portugal, which if well explored mhgve a significant impact in the local
economy. In the economic sphere the present Stuaiparticularly worrying for all sectors

due to the global crisis. Also the fact that Poaluigas a low GDP per capita compared to

8 PESTEL analysis - Political, Economic, Social, Aealogical, Environmental and Legal
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other EU countries along with major differencestire income distribution, especially
between the country’s interior and coast, not eatiuce the economic capacity of Portuguese
consumers but also create greater difficulties iarket segmentation. However, the
Government and companies’ effort to promote solergy has increased the visibility of
these technologies, even if that visibility stilesn't have the necessary correspondence to the
amount of equipments installed. That visibility H#een achieved, among other factors, by

increasing advertising and social events, suchreseptations, forums and conferences.

Taking into account the strong dynamics of techgiclal developments and the development
potential of the global solar industry, in Portutied R&D spendings are still small compared
to other markets. It is true that there are som®R&ojects that became marketable products,

but these are the exception rather than the rule.

Portugal can be considered a privileged countrandigg RE since, contrary to what can be
thought, it has a great availability of resourcHse conditions for solar energy development
in Portugal are very good and this becomes evere rmoportant when knowing that the
development of solar energy is a strong assummtia@nergy efficiency and climate change
mitigation’s plans, both on national and Europeawel. I. e., not only Portugal has the
opportunity to develop the exploration of a reseutftat it is widely available, but by doing
that it will also make a strong contribution to thigccess of energy efficiency and climate

change mitigation’s plans.

Regarding legislation, the situation is also fawatle to solar energy development. The legal
framework is stable and comprehensive, not onlg eessult of the new law regulating micro-

production and feed-in system, but also by the @amgntation of other regulations, such as
RCCTE that promote energy efficiency and the usRbf Besides current regulations, there
are still other incentives for solar energy usel &x incentives are one of the most important
ones. However, this situation can still improve.n@ared to other countries the Portuguese
legislation, considered complex and often buredisgreould be improved in different issues.

The suspension of the IPP framework underminefutinee development of PV.
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The following table summarises the main featurethefsolar market in Portugal:

Table 9 - PESTEL analysis of Portuguese solar marke

Solar Energy in Portugal

Political

- Strong EU policy influence
- Strong national Governme
commitment;

- Appropriate policy mix, but
lacking ambitious objectives
- Political stability at the
moment, but with elections i
20009.

Economic

- Still low importance in the
nbverall energy mix and in thg

Economy in general,

- Important FDt® sector, with
- 3 big projects in Alentejo;

- World Global crisis.

n

Social
- Low GDP per capita;

> - High differences in income
distribution;
- High awareness, but with 1
correspondent equipments
implementation ;
- Increasing advertising and

social events.

Technological
- Low Government and

private research spending,
taking in consideration the
market dynamics;

- Few successful R&D

projects.

Environmental

- Plenty of natural resources
- Solar as an important drive
for the EU and national
energy efficiency and climat
change mitigation

programmes success.

Legal
;- Comprehensive legal

rframework;

- Feed-in system;

- Several tax incentives;

- Licensing and complexity
problems;

- IPP currently suspended

Source: Developed by the Author

After analysing all these data, there is no dobht,toverall, the overview is favourable to

solar energy development in Portugal, however tiestill much to do to make it one of the

most important sectors of the Portuguese economy.

In recent years, the adopted policies have kickéd @rowth that is expected to be more

0]

pronounced in the future, essentially because i@y created the suitable conditions for a

strong demand for this type of technology. Accogdio ESTIF, that is precisely the first step
to the creation of a virtuous circle where the gitowill become self-sustained. The strong
demand will lead to the creation of a bigger markétere production costs will necessarily
be lower as a result of the economies of scaleeaelli These conditions will encourage

installers and producers as a result of both tbeeasing demand and the raising awareness of

Y EDI - Foreign Direct Investment
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solar energy. Conditions will become even moreaative, for consumers and producers,
allowing increased competition and competitivenesghis industry leading to an ever

growing market.

Figure 19 - Self-perpetuating cycle of imbalance (@intry with Growing Market)

7

Large
market
High
awaremness

High
Motivated Welziglehelel
installers )

Economies
of scale

Falling
costs

Source: EST2807)

So, what is the role of RES and solar energy inugat? RES will not be alone the resolution
to all implicit issues in climate change or in 8exurity of energy supply. But they will be for
sure an important part of the problem's solutidme problem will have to be solved through
the adoption of energy efficiency measures in farts, industry, families' options, etc.,
along with energy mix diversification in each caynaccording to their internal resources
and global goals. Solar energy will be part of gisbal solution and it will have its role. In
Portugal, from a logic and rational point of vieswolar energy should play a major role, given
its high potential. In order to explore its potahtnore efficiently there will have to be more
technological investment in this sector. To havailability for a greater investment in
technology, companies must increase sales and uesegreducing unit costs gradually, and
the Government will have to create the suitableddmns for that. The Germany case has
shown that this is possible in a country with fewetural conditions for this industry

development. Today, RES and solar energy in Gernrapyesent an important part of

60



Solar energy in Portugal

German industry, creating strong local economied ianustrial clusters that consistently

foster their development.

RES and solar energy are already part of the presehthey will play a key role worldwide
in the future. These markets have all it takes dostrong development: demand, growth
perspectives, available resources, interested tonggsattractiveness, innovation, lots of
advantages and few disadvantages, possibility oémtealised production and even more they
contribute to key goals for our planet's sustailitgbiSome experts argue that the solution to
change the energetic paradigm will come from madical solutions such as "clean coal" or
nuclear fusion power plants, which may well be tiBat when will we have access to such
technology? And for what price? We can't affordose more time. We must act and act now.
According to a recent study called "The impact efiawable energy policy on economic
growth and employment in the European Union" cdroat for the Directorate-General for
Energy and Transport of the European Commissiortugal is in the top ten of the countries
that would most benefit from a strengthening of Rieficy, either in employment or GDP
(Duarte L., 2009). These conclusions highlight emeare the urgency of the development of
RES in Portugal. The RES exist and should be wmadiamong RES, solar energy has huge

potential.

4.2. Strategic guidelines

4.2.1. Political/Environmental

In a recent promotion action of RES in Portugak tortuguese Government invited 90
students from 16 different countries to visit samhéhe most emblematic projects in Portugal.
Following this event a book entitled "Uma nova amEnergia - Energias Renovaveis em
Portugaf™ (Conceicéio, Jet al, 2009) was published, which presents the opinioseweral

experts and of some of the students invited, wébards to RES in general and the
Portuguese case in particular. In this publicatitse, Minister of Economy and Innovation
writes that one major goal of the government ismake Portugal a leader in new
energy/environment industries. In order to achitis goal the strategy is to focus on the

comparative advantages of the country and in thgogpiate mix of current policies and

20 A new era in energy - Renewable energies in Pattug
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technologies, strongly based on the developmentired and hydro energy. According to the
same source, the aim is to reach 2020 with a tdobmes' portfolio of installed electric

capacity where solar energy, biomass and wavessept only 8% of the total.

While the general idea of making Portugal a leader a specific area such as
energy/environment seems to be theoretically ap@i@for solar energy development in
Portugal, the goal for 2020 of only 8% of installeléctric capacity for a technologies set,
among which solar energy is included, seems toldszlg a limited target. Indeed, with the
definition of such goals, it seems that the ex@eutioes not aspire more than just create flag
projects in solar which, although important to kdoibe sector, are only part of a coherent
strategy for solar energy promotion and will notdeeisive for the suitable development of
industry according to the existing resources indbentry. For a real exploitation of existing
resources an ambitious policy will be needed, aitibitious and bold goals, to eventually be
able to help revolutionise these markets. After #dedting of ambitious targets, the
government has to develop a greater effort in ty@lementation of measures, because often
good plans transform themselves in bad measureslynmbecause there is a flaw in

implementation.

For this purpose, and as it is already implemeitte@ermany, it will be necessary a very
efficient, flexible and "on real time" organisatiohthe monitoring systems for the success of
measures and goals set, otherwise those measuresbecaa barrier to the industry
development. If the defined target is quickly agkm, then what in the beginning can be seen
as an incentive will soon become an obstacle t@ee mynamic development of the industry,
because it can fail to have the previous suppod iacentives, diverting the investors'
interest. For example, in Decree-Law 363/2007, dieénition of limits from which the
subsidised tariffs stop being paid can effectivalst as a brake on micro-production
development. The current suspension of the traditidPP is another example of how the
definition of conservative limits can act as a lerdé&r PV development. In a sector where
resources are so abundant, which has investorseestitand unquestionable benefits, there

should not be any limit to the industry development

Another current problem of solar energy sector®amntugal, and in all countries that have a
significant solar market in general, is that thrggiowth and development is dependent on the

State intervention. Besides feed-in systems, whele the purchase and installation of PV
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systems real investment projects, there is a sefiether measures and incentives to promote
thermal and PV solar energy. This Government'svetgion is absolutely essential for the
initial development of these industries. Howevartie medium and long term a strategy for
the progressive operation of free markets mustdbi@ed, under the threat of these becoming
completely artificial and even more volatile thanrent markets of fossil fuels. For example,
as observed in German solar thermal market, in 20@%e was an economic slump as a
result of less availability of subsidy funding. Beesituations occur when markets are very
dependent on State intervention and should be redited for a real competitiveness. The
State intervention will have as last goal to makent autonomous, flexible and consistent
markets, so they can, in a near future and wherpitbéuction costs decrease to acceptable
levels, work normallyl.e., a strategic framework will have to be definedapdwhen the
support policies for these markets are set, tonatlee elimination of those supports, in a

progressive way and without significant impacts.

For this to happen, the way people assess solagyenaist change. Ultimately, the purchase
of solar equipments should be viewed not as arsinvent project, but like the installation of
essential equipment to each house, as occurs widr materials and normal equipment in a
house, such as walls, windows, doors, etc. For plgnt is not usual, when building a new
house, to perform an economic study to consideirtstallation of single or double glazing
windows. Theoretically, any person would prefer ldeuglazing windows that will be much
more comfortable and efficient at all levels. Butem taking this decision, no one prepares an
economic study to check if the price differencenssn these two types of windows is paid
for itself through the inherent benefits of doulglazing. People make these decisions in a
perfectly natural and automatic way, because thaye halready internalised that these
windows are better than the others. In solar engrglgould be the sameg., people should
gradually let go this purely economical vision hesm, in fact, solar energy must be essential
to each house.

Current Portuguese legislation already foreseesinbtallation of solar energy in new
buildings, but there is still a lot to do in thigea. As it is already being developed in other
countries, one of the measures that can help tte¢ nod only to develop and stimulate solar
energy markets, but also to generalise the useucdfi £quipments, contributing to the
necessary change of minds, would be the mass latgial of solar energies in properties

under State responsibility. The State is currengigponsible for a series of properties like
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schools, universities, public buildings, hospitalsort complexes, land properties, etc., where
the development of mass actions for solar energiesduction would make all sense for
several reasons such as energy efficiency, increaseergy production by RES, potential
savings and indirect support to the developmenhes$e sectors. The State, besides being a
major energy consumer, is responsible for a nundfefacilities where there are large
available areas for solar panels installation andere, in general, there are energy

inefficiencies.

But companies can also develop similar programifilesre are cases of business groups that
are owners of large facilities, like warehouse®pgiing centres, office buildings, etc., which,
besides having plenty of free space on the roots,aés0 big energy consumers, so inner
energy production would be a significant measunetiuce costs. This is a far more common
measure in U.S. companies like Wal-Mart and Goolid, in Portugal it is starting to be
developed by business groups like Sonae.

Finally, and taking into account the suggestiorth& highly regarded consulting company
McKinsey it must be mentioned that the State shauddinly adopt policies that reward the
energy production rather than installed capacityges 'subsidizing capacity rewards power
installations regardless of their cost-efficieneyhile subsidizing production will effectively
create incentives to constantly reduce costs, prtdo efficiency and technology
developmerit(Lorenz, P.,et al 2008). In Portugal this measure will make monessefor
facilities with large installed capacity, since 8maller ones the production is indeed already

being rewarded through the feed-in system.

In the field of policies for sustainable developmedimate change and environmental
protection, the EU has been a benchmark to thedwBt) is being very dynamic promoting a
series of concrete measures that enabled its ¢esimtrreach their current development stage.
There are still many divergences but there are commgoals and the paths to follow,
although differentiated among nations, will all ceathe same destination. As confirmed
throughout this document, in the Portuguese cagelEU has had a strong influence not only
regarding RE and solar energy in particular, bso alith regard to energy efficiency, energy
security and environmental protection. The commaergy policy represents a major

challenge for the EU, and its main drivers are aply the energy security issue and
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environment protection, but also ensure that, whaaintaining or increasing the

competitiveness of the European companies (sexa)ne

Assuring that Portugal will positively be influemtéy EU measures, the current course of
policies internally adopted should therefore be tkdp order to promote the sector
development. It is still necessary that, despite @avernment change occurring during 2009,

the new executive carries out its mandate withrdetetion and ambition regarding RE.

4.2.2. Economic

The majority of the world economies are currendlgifg a difficult time. What has begun as
a financial crisis in USA, has become one of thggést financial and economic crisis
worldwide, affecting almost all industries, incladi RES. The financing difficulty has
increased, due to the reduction of financing abditst and to the increase of financing costs.
Moreover the capital cost has also increased,the minimum rate that investors are ready to
accept to invest in solar energy projects has aszé and this turns unfeasible some projects
that in other circumstances would be feasible. Hareaccording to Ernst & Young (2009),
in several European countries, although FDI hagnst@d in 2008, the machinery and
equipment field has seen a 19% increase in FDOhtnvies due to a large number of projects
for wind turbines, solar components and fuel cslligply. The existence, for longer than the
financial and economic crisis, of an energy/enviment crisis, which requires an urgent shift
in the energy consumption and production habitsdwode, can be an explanation for this

increase.

These data show that even with an unfavourablatgity there is room for growth in solar
industry, reason why agents involved in these niarkbould carry on their development
policies. In the development of RE, Portugal cchéde the comparative economic advantage
that it is searching for a long time. Being a snegibnomy compared to others, especially in
this technological age in which qualified humanorgses are absolutely essential, it will
make sense to concentrate resources and direbtmg o a limited number of industries, in
order to create suitable conditions to develop tusparative advantage. If this action is
focused in a sector like RES, with a guaranteedréuand where Portugal has the necessary

natural resources, the probability of successhelhuge.
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One issue that also raises different opinions giggrsolar energy exploitation is related with
promotion of a centralised or decentralised pradactSome experts believe that the large
solar power plants involve State supports, whictvefe directed to small producers would
produce more positive effects, not only becausyg theuld help to change minds and raise
awareness among populations, but also because déhergreat losses and waste in large
power plants, mainly in distribution grids. Thossdes would be much lower if production
was decentralised. These power plants need a kmeg while in micro-production the

building roofs could be used, avoiding the spacst&vand the environment change in the

place where these plants would be installed.

However others defend the centralised energy ptamycmainly with the thermoelectric
solar plants because they think that these solaepplants can bring many advantages. One
of the advantages pointed out for solar thermahtplas that the technology for energy
production used in these plants is similar to theent technology used in fossil fuel power
plants, so there are already many years of accueau&xperience. On the other hand, as the
plant technology is similar to other plants, thdégoaargues that those plants, if necessary,
could be adapted to work with another type of fidbreover, they believe that the heat
generated by those plants is easily accumulategktme.

Both have advantages and disadvantages, but takiogaccount the economic, industrial,
social and climate features of Portugal, both msdwese in the near future, since the solar
energy potential in Portugal is huge and shouldutlg exploited in many different ways.
Mainly due to energy efficiency and the societyisolvement, the focus should be on
decentralised production, but a balance betweenitactural conservation and the massive
installation of solar panels should be found ineorb make these processes simpler, flexible
and clearer. Micro-production has a huge growtrepil and has great relevance to small
and medium-sized companies operating in solar greggtor. In addition, micro-production
avoids waste (energy, space and resources), regtatleting energies for clean energies and

is more suitable for a source of energy that isahotiys available.

The centralised production could also have a vakd, mainly at macro goals level. Even if
the case of PV power plant in Moura (Amareleja)aiggely considered as only one flag
project with no substantial structural benefitsg tbentralised energy production is an

important contribution to the mass production oérgy from renewable sources, which can
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be important for the development of local economigsaring in mind that the best weather
conditions and land availability for the instalti of these plants are located in the interior
centre and southern of Portugal, and at a time wihese areas are more and more deserted,
both socially and environmentally, the implememtatof such projects can help develop local
economies, promoting employment and the creatiotedinological and industrial clusters,
boosting the development and prosperity of thesasarPortugal needs to attract more
investments like these. However, it has to be easthrat the implementation of these plants
is more than another flag project and has to becameal benefit to the national industrial
value chain, in terms of R&D and equipment prodactin addition, those projects are in fact
flag projects that help promote solar energy iratlynand increase its awareness, and help

promote the image of Portugal as a sustainabletpoun

A good example of a country that has largely magkeaf the inherent advantages of RES and
specifically of its solar energy potential is Spakecording to Publico (2009) in Andaluzia, a
neighbouring zone, whose weather conditions arelagirto the south of Portugal, in July
2009, the largest solar thermal power plant in gareith 50 MW power was inaugurated. In
addition to this power plant, 9 other solar thernpalwer plants are still projected to
Andaluzia. As soon as all these projects are rupriims Spanish area will have 648 MW of
solar thermal power plants, which will prevent tbmission of 435,660 tons of GO

equivalent to removing 174,264 vehicles from ciatiain.

Another issue that should be developed is the ptiomof synergies with CPL® countries.
This group of countries, besides having a greaurall proximity to Portugal, have natural
resources, sun, large available areas, which arotiregs are essential for RES development
and solar energy in particular. These countriesesgmt huge markets with fantastic business
opportunities at all levels, such as equipment petdn, installation, research or solar energy
exploitation. The potential is huge and recent neaveal, for example, that one group of 12
companies, among which are 10 German companiesudying the feasibility of a giant
project in Sahara desert to produce solar thermeidgy for Europe and Northern Africa. If
achieved, this giant project would involve investrtseof around 400 thousand million Euro.
These units could produce 15% of annual energywnead in Europe (Krippahl, C., 2009).

Although Portugal can not aspire to projects wiils magnitude, this news confirms the solar

2L CPLP - Community of Portuguese Language Countrigsrtugal, Brazil, Angola, Mozambique, Cape Verde,
Guinea-Bissau, Sdo Tomé and Principe and East Timor
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power plants potential, its great potential impaat energy revolution, the interest of a
country like Germany in this type of developmend &ime opportunities that the cooperation

with other countries can generate (see annex 9).

4.2.3. Social

To fight climate change and increase security gipsy there will have to be a strong
contribution and accountability of all economy sest However, if in sectors such as
transport or industry it may be easy to find regiiole among public or private companies,
associations, etc., in the residential sector tteantability is much more difficult. We all

belong to this sector and the probability of “freging®"

is very high. For real changes in
citizens' attitudes, a change in behaviours andisiras to occur. Besides raising awareness,
training and education, always essential for thasnges to happen, solar energy, both PV

and solar thermal, could have a crucial role inegdhg this goal.

Solar thermal is already a mature technology, Vatter costs and therefore more accessible
to a greater percentage of the Portuguese populdtarthermore, campaigns such as the
ongoing until the end of 2009, allow even more gesluction in equipment purchasing. In
addition, for new housing, in certain circumstandhks installation of solar thermal collectors
is required by the current law. Therefore, it ipested that the penetration rate will increase
to significantly higher values than it has beerfaso Thus, this technology shows a very high
growth potential, helping to change behaviours emdds concerning energy and climate
change approach. Regarding PV, and to micro-pramtuch particular, some experts also
argue that it may have a key role in changing miaoid behaviours for two main reasons.
First, because the new law allows any citizen tamenergy producer, and sell that energy to
the distribution grid at an attractive price, makimim an entrepreneur with a business that
can be both profitable and sustainable for the gila®n the other hand, knowing that in
Portugal there is a limit on selling energy to gniel by a subsidised tariff, the micro-producer
will tend to optimise his own energy consumptionrgugh energy efficiency measures) to

reduce his costs and increase his business pritifitats a whole.

2 The Free-riding problem in this context refersttose people who don't change their actions towamlslems
such as pollution, that is harmful to the environtrend to air quality (public good), waiting thdhers can do it
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The government can have an important role helplmgnge behaviours and increasing the
awareness of solar energy, firstly by informing addcating the citizens. Greece has become
the second largest solar thermal market in EU ysingpng other measures, this approach of

informing and educating citizens about the benefitsolar thermal.

So, the impact that solar energy can have on tleggnrevolution in Portugal may be
underestimated, if only based on efficiency andavriitial analyses of the different available
technologies. Among all RE, solar energy is thesedb to the citizens and the one that can
more quickly help change mind sets. This conclusathough empirical, can be supported
by studies like the one presented by Cetelem (2@08)edit company, about the Portuguese
market for RE. This study, based on telephone vigess with individuals from 25 to 64
years old, has concluded, among other issues, sthlat energy is the RE with greater
spontaneous awareness, followed by wind and hydeogg. The spontaneous awareness of
solar energy is 67.3% and its overall awarenesgdeashed values of 97.5%, which clearly
shows its proximity to the Portuguese citizens.

Figure 20 - Spontaneous awareness of different RES
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However, when analysing the percentage of the refgrds universe that actually have solar
energy equipment, only 4.4% of respondents stay llave PV panels, and only 1.1% have
solar thermal collectors, so there is a clear gapvéen solar energy awareness and its
implementation, which is a reason why there shdaddan effort at a commercial level to

make the penetration of these equipments clogdetoreputation.
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Among the reasons that can explain this gap ish@naonclusion of this study. The two main
motivations for the choice of a shop/brand of REipepent are the guarantee of technical
assistance and the quality of available equipmBEmtse results suggest that, like in the past,
there is great concern about the quality of RE mment, and solar equipment in particular,
which is why the certification is absolutely essa@nto increase consumers' confidence. As
already seen, this was pointed out as one of thsores for the weak development of the

Portuguese solar industry compared to other castri

Also, at a marketing level an effort should be madpecially by companies. Interestingly,
contrary to what happens to other markets, in [gatfithe state and industrial associations
are the major responsible ones for the promotiosatdr energy. Indeed, rarely is seen an
advertisement from private companies in the mestighe companies themselves should also
be responsible for the poor promotion of solar gnem a country where utilities dominate
the energy market and have privileged relationshvgh the residential, commercial and
industrial customers, small and medium-sized con@sashould be commercially aggressive
in order to compete with utilities. For the smaidamedium-sized companies, the hypothesis
of some partnerships with utilities should be cdased in order to access to their commercial
networks. Utilities should consider partnershipsiagy of not losing this "moving train".

If we consider that every citizen has a home witpecific energy consumption, uses public
transports or his own transport, walks or cyclesrks in a small or large company, takes
professional decisions that have impact in enerfificiency and climate change, is a
consumer of different products, and so on, it cardsily concluded that the common citizen
is the basis for all decisions. So, the positivanges we need depend on us and we are those
who decide about the future in terms of energy emdronment. Solar energy, having great
proximity to the common citizen, could have a maontagious effect on other areas. This
potential contagious effect of solar energy shduédexplored to the most, and therefore

Government must be very ambitious when definingaals.

4.2.4. Technological

Regarding R&D, there has been a very positive dmwoluin recent years in Portugal.
According to the Ministry of Science, Technologydafigher Education (2008), from 2005
to 2007, R&D expenses have increased more thaniBO%al terms, setting up a value of
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1,920 million euros in 2007. For the first time time Portuguese history, in 2007, R&D
expenses in the companies sector exceeded othiutinas expenses (Government, Higher
Education and Private Non-profit Institutions). Tt@mmpanies sector represents about 1,010
million euros in R&D expenses, immediately followky the Higher Education sector with
about 586 million euros. The R&D expense in thergyesector was the one that most
increased from 2005 to 2007, a rise of about 8@githe previous value, but still represents a
low percentage of the total, about 4%, well beldeo sectors like financial and insurance
services, IT and communication services. Concersiolgr energy, according to the IEA-
PVPS annual reportfundamental research activities are carried outairozen public and
university R&D units and address mainly thin filechnologies, crystalline silicon ribbon
and organic cells. Applied research, demonstrataord dissemination are performed in
several institutions such as public research ingti$, energy agencies, utilities and private
research instituté's(Paes, P.,S., 2009). Even if there are some Ré&ivides, only a few

R&D projects resulted in commercial products.

Taking into account the sector's potential in Ryatand the recent global trends in R&D, this
is clearly an area where solar industry in Portwged grow considerably. The Government
has made a recognised effort in the developmeRi&d) areas and solar industry should take
advantage of this current trend and learn fromsystems of other successful countries, like
Germany, to deepen its activities of R&D and prdomotof innovation and technological

development. One of the most interesting measar@ésnplement is to promote cooperation
between sectors, especially between companies anarsities, as it often happens in

Germany. In a small country like Portugal, where tlwo sectors that spend more money for
R&D are precisely the companies and universitiesmnakes all sense that they share
knowledge and information, which not only will bgilenefits to both, but will also increase
the probability of success. The example mentionedchapter 2.3, about solar tiles, is
precisely a case of success resulting from patipgdetween companies and universities,
among others. It should also be more explored éhationship between Portuguese and
foreign institutions and companies, using the fiat Portugal is, in Europe, the ideal

laboratory for the study of technological developisén solar energy.

Concerning the sectors to be developed through R&B,PV solar energy is the one that
shows better development potential as it is still iis infancy, particularly thin-film

technologies, which still show relatively low efBacy levels, with a still uncertain
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durability, but with great possibilities for inndw@n. This is indeed the IBM prediction,

presented in its study "Next Five in Five", whene & innovations that will change our lives
over the next 5 years are identified (Rodrigues,2009), and where solar energy and thin-
film technology is identified as a possible revaatin the way energy is produced. The
storage solutions for produced energy, are alssettioat will become increasingly important

for solar.

4.2.5. Legal

Regarding legislation, both for energy efficiened&RES, Portugal has already implemented
a series of mechanisms at the level of the world peactices, as it has been widely discussed

in the previous chapters, however there are ssliés that can be improved.

A unique legal framework for the traditional IPPdaior micro-production, like the one that

exists in Germany, should be considered in theréuamendments to the feed-in system.
Also, a simplification of the tariffs definition wdd be an advantage, especially for the
traditional IPP, where the calculation of the faris complex. The tariffs should be clear and
previously defined, making it easy to understand minterpret all possible solutions. It

should exist much more complementarity betweenett®2frameworks. The introduction of

longer-term stability, increasing the duration absidised tariffs, should also be considered
for IPP. The defined limits for PV under the IPBnfrework should be renegotiated to allow
the full development of this industry. As seen jpvasly, the strong impact that solar energy
has in society could eventually justify the limicrease for PV in detriment of other energy

sources.

In the micro-production the possibility of introdng longer-term stability should be
considered, to increase investors' confidence. ntpkito consideration the limits defined,
there is only guarantee of fixed tariff for thesfi years (excluding the installation year) and
10 years of variable subsidised tariff. Among aetgrof hypotheses that could help boost the
market, the extension of the fixed tariff should dznsidered, for example, for the first 15
years regardless the defined limits or/and subsithie tariffs for more 5 years, making it a
total of 20 years of subsidised tariff, as it isGermany. The elimination of annual limits
should be considered, both for production and tegisn, because they can limit the total

capacity of electricity production through micreeguction, besides implying also limitations
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and difficulties in units' registration system. Agiessions system should be considered,
which works based on a technology learning concieygtead of limiting the capacity to
reduce subsidised tariffs. The SRM should be reddfito work in a more reliable and
continuous way and to provide the same registraipgortunities regardless of the prospects’

size and resources.

In the solar thermal sector the actions that haenldeveloped to encourage the market are
essentially isolate and are under a number of offlans for energy efficiency and
sustainability. The fact that they are essentiglbfate measures and without a sustained long
term plan, could eventually make its understandass clear by consumers, following the
constant change of measures developed, besidesigndiem more short-term measures,
introducing also uncertainty in the sector. Forregke, although the programme developed
by Government for implementation in 2009 is an #goé program to promote solar energy
in terms of incentives and communication (not nsaely understanding), as it is a short-term
one (finishes at the end of 2009) and it is onhgctied to some situations, it will always have
a limited impact. The truth is that in this indystdespite being recognised by consumers,
there is still very little deep knowledge of it, @ purchasing decisions will take longer than
for equivalent equipment but with greater penatratin addition, also the installers claim
that programme raised enormous doubts and issumg &low it works. Considering the
current financial and economic crisis and the mgogstions and doubts both from the
installers and consumers, these types of progranuoekl eventually have the opposite
outcome because they bring confusion and distotbdhe markets. The programmes should
be more comprehensive for installers and consuntasigned to all sectors, last longer
periods (as in Germany), and involve the maximuaygis as possible, to have the maximum

impact.

Although there is already a good framework for sakeermal energy in new buildings, it
would also be necessary to create a general frarkavad only for new buildings but also for
all existing buildings. The basic idea would be gtemotion of solar thermal energy in a
sustained and consistent way in all sectors froenrésidential, industrial, to the State itself,

with a flexible view of medium/long-term.
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Conclusion

There is huge potential for solar energy in Portuglais sector is still in its infancy, however
if Portugal could learn from the experience of does like Germany, it would probably have
more success in the road ahead. The idea is ta antakes and to adapt and optimise
successful measures adopted by reference countoiespidly develop this industry and

recover the time lost in the past.

In Portugal, the renewable energies boosting téakepmainly in the 21st century and, for the
last 3 years, the country has experienced a pefisttong development in solar energy. This
strong development is due to the influence of EeaopUnion energy policies, the national
plans for energy efficiency, specific legislatiamdncourage the renewable energies use and

specific programmes supporting solar energy, anodingr important reasons.

In Germany, the growth of renewable energies has loecurring since the 90s, giving it a
wide experience in policies for renewable energleselopment and showing a much greater
advance in the solar energy sector comparing iPdéotugal, in the fields of research,

production and implementation.

The obvious conclusion is that the developmenhefdolar sector is much more than just the
wide availability of solar radiation. The developmeolicies adopted by each country are
essential. Different legal frameworks, governmeetednination and even cultural and

educational differences between countries are gaste of aspects that can determine the

success of the solar energy in each country.

Overall, the overview is favourable to solar enedgyelopment in Portugal, however there is
still much to do to make it one of the most impottsectors of the Portuguese economy. For
a real exploitation of existing resources an arabgipolicy will be needed, with ambitious
and bold goals. After the setting of ambitious ¢&sgthe government has to develop a greater
effort in the implementation of measures. The gorent can have an important role helping
change behaviours and increasing the awarenesslaf energy, firstly by informing and

educating the citizens
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Measures such as the mass installation of solaggregiuipments in properties under state
responsibility, the promotion of both centralisew alecentralised production, the promotion
of synergies with CPLP countries and the promotiboooperation between companies and
universities for R&D, are just some of the measuhes can make the difference. Also, at a

marketing level an effort should be made especkatigompanies.

Regarding the Portuguese legislation, a uniqud fegaework for the traditional IPP and for
micro-production, a simplification of the tariffeefinition, the introduction of longer-term
stability, the elimination of annual limits bothrfproduction and registration, or, regarding
solar thermal, the development of a general frankewot only for new buildings but also for

all existing buildings could be positive changegiplement.

In this industry there are several threats to dmwrsisuch as the increasing competition
between different countries, regardless of beingentechnological based or more low costs
based, or even the increasing competition betwéésraeht technologies. However, Portugal
should focus on its opportunities to overcome thmetition and transform the solar energy

In a prosperous sector.

The wide natural resources availability comparedhwother competitors, the inherent
flexibility of a small country, the influence of EfJpolicies in RES, the strong Government
commitment, the appropriate policy mix and leganiework, and the close relations of
Portugal with CPLP countries, are only some ofrd@sons that bring optimism for the future

of solar energy in Portugal.
However, governments, politicians, companies, coress and the society in general should

not lose any more time. Portugal should define #mis targets and use innovation to make
the difference and become itself a reference irsthar industry.
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Ministry of Economy and Innovation (200 Decreto-Lei n. ° 225/2002007-05-31,
available in http://dre.pt/pdf1sdip/2007/05/105@BB3638.pdf

Ministry of Economy and Innovation (200 Dgecreto-Lei n. ° 363/2002007-11-02,
available in http://dre.pt/pdflsdip/2007/11/2110®©0807984.pdf
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- Documents concerning German Legislationig English)

Electricity Feed-in Act 1991, available in http:¥wv.loy-energie.de/gesetze/feed-law.htm

Federal Ministry for the Environment, Nature Consé¢ion and Nuclear Safety (200@)ct on
granting priority to Renewable Energy Sourc&D00 Renewable Energy Sources Act,
available in http://www.bmu.def/files/pdfs/allgemiipplication/pdf/res-act.pdf

Federal Ministry for the Environment, Nature Cons¢ion and Nuclear Safety (2004)he
main features of the Act on granting priority tcmesvable energy source2004 Renewable
Energy Sources Act, available_in http://www.bmufites/english/renewable energy/downloa
ds/application/pdf/eeqg_gesetz_merkmale_en.pdf

Federal Ministry for the Environment, Nature Cons¢gion and Nuclear Safety (2008),
Payment provisions in the future EEG for the ye@0%2 as adopted by the German
Bundestag Parliamentary Decision from June 6, 200BEG, available in

http://www.bmu.de/files/pdfs/allgemein/applicatipdf/eeqg_verguetungsregelungen_en.pdf

Federal Ministry for the Environment, Nature Consgion and Nuclear Safety (200&¢t
Revising the Legislation on Renewable Energy Seuioethe Electricity Sector and
Amending Related Provisigrnsanslation, available in
http://www.bmu.de/files/pdfs/allgemein/applicatipdf/eeqg_2009 en.pdf

Federal Ministry for the Environment, Nature Cons¢ion and Nuclear Safety (2008)he
Renewable Energies Heat Act in brigfailable in
http://www.bmu.de/files/pdfs/allgemein/applicatipdf/ee_waermegesetz_fragen_en.pdf

Federal Ministry for the Environment, Nature Consgion and Nuclear Safety (2008jeat
from renewable energies - what will the new Actiewa$?

- European Legislation {n English)

European Parliament and the Council of the Europi@aan (2001) Directive 2001/77/E®f
of 27 September 2001,
available in http://eur-lex.europa.eu/pri/en/oj/@@801/I 283/ 28320011027en00330040.pdf

- Forums and Conferences

Lisbon Energy Forum, http://www.lisbonenergy.com/

Lisbon Innovation and Renewable Conference,
http://www.cotecportugal.pt/index.php?option=comntemt&task=view&id=710&ltemid=72

&lang=pt

IV Renewable Energies Conference, http://video®.safC5dt1iZQUunnZ3zVK|5w
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Annex 1 - Examples of different types of renewablenergies

Photovoltaic Panels Old Windmill in Portugal
(Picture: Author) (Picture: Francisco Colago)

Modern Wind Farms Agucadoura Wave Farm in Portugal
(Picture: Ministry of Economy and Innovation) (Picture: Pelamis wave power)

Industrial Geothermal plant in Azores Algueva Dam
(Picture: Arena) (Picture: Author)

82



Solar energy in Portugal

Annex 2 -Electricity generated from renewable energy sourceis the European Union

Figure | - Electricity generated from RES in 20%0 ¢f gross electricity consumption)
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_ HO-315 5
I =15 -7a 5
[ patanct availakie &

Source: Eurostat
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Annex 3 - Examples of different solar systems

Solar collectors - Lisbon roof Building integrated PV
(Picture: Jodo F. Saraiva) (Picture: Solar Fabrik)
el L A Ty
’ oy

CSP - Solar power tower - PS10 Photovoltaic System
(Picture: Abengoa Solar) (Picture: Author)

Solar Vehicle
(Picture: North American Solar Challenge)
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Annex 4 - Important solar projects in Portugal

Solar XXI Building
(Pictures: INETI)

Moura PV power plant - Amareleja
(Picture:Author)
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Serpa PV power plant
(Picture:INETI)

Ferreira do Alentejo PV power plant
(Picture:Inés Almeida)
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Annex 5 - Photovoltaic cumulative installed capacytin Portugal and Germany

Figure Il - PV cumulative installed capacity foeetricity generation in Portugal (MWp)
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Source: DGEG

Figure Ill - PV cumulative installed capacity fdeetricity generation in Germany (MWp)
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Source: Federal Ministry for the Environment, Nat@onservation and Nuclear Safety
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Annex 6 - Solar Thermal cumulative installed arean Portugal and Germany

Figure IV - Solar Thermal cumulative installed aime&ortugal (1,000 f) - equipments in operation
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Figure V - Solar Thermal cumulative installed are@&ermany (1,000 f) - includes inoperative
equipments
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Source: Federal Ministry for the Environment, iNatConservation and Nuclear Safety
Note: Data for 2008 is provisional and is the @afrthe 2007 cumulative installed area and the 2608
installed area. According to the sam@ree, in 2008 only 11,000,000 mere in operation.
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Annex 7 - Examples of the promotion of the Incentig programme for solar thermal in
Portugal

A ENERGIA SOLAR
QUANDO NASCE

A ENERGIA SOLAR
QUANDO NASCE
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Annex 8 - Drivers for a common energy policy in Euope

Common
energy

Policy

UBce: Developed by the Author
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Annex 9 - Sahara's relative solar potential

Source: Spiegel Online (2009), Photo Gallery: SBlaergy from Africa,
http://www.spiegel.de/fotostrecke/fotostrecke-43460tml

Just to have an idea of the magnitude of such patenthe left square represents the area
required to produce the world's electricity neefdhat particular area was covered with solar

thermal power plants. The middle square is the agqaired to meet the EU 25 countries

demand, and the one on the right corresponds tm&w®r's energy demand.
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Annex 10 - Details of the comparison of discountechsh-flows for Portugal and Germany

Estimated Tariffs (€)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
[Portugal 0.6500] 0.6500] 0.6500] 0.6500] 0.6500| 0.4100] 0.3500] 0.2900f 0.2300] 0.1800| 0.1300] 0.1000f 0.1000f 0.1000] 0.1000] 0.1000| 0.1000f 0.1000f 0.1000| 0.1000
|Germany 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301] 0.4301

Energy produced and fed (kWh)
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
[Portugal 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
[Germany 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000

Yearly Cash-flow (Tariff X kwWh)
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

|Portuga| 3,250 3,250 3,250 3,250 3,250 2,050 1,750 1,450 1,150 900 650 500 500 500 500 500 500 500 500 500
|Germany 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151 2,151
Discount rate

[Portugal | 3% |

|Germany | 3% |

Yearly Discounted Cash Flows
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

[Portugal 3,155.34| 3,063.44| 2,974.21]| 2,887.58] 2,803.48| 1,716.84) 1,422.91| 1,144.64| 881.38] 669.68] 469.57| 350.69] 340.48| 330.56] 320.93| 311.58] 302.51| 293.70] 285.14| 276.84
|Germany 2,087.86] 2,027.05] 1,968.01] 1,910.69] 1,855.04| 1,801.01) 1,748.55| 1,697.62| 1,648.18] 1,600.17| 1,553.57| 1,508.32] 1,464.39] 1,421.73] 1,380.32| 1,340.12| 1,301.09] 1,263.19] 1,226.40| 1,190.68
Sum of the Discounted Cash Flows

[Portugal | 24,002|

|Germany | 31,094|
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