
     

 

 

 

 

 

 

 

Building Integrated Micro-generation 

Tariff and Economic analysis applied to installations up to 150 kW 

 

Francisco Maria Horta e Costa Ravara Bello 

 

Extended Summary of the Dissertation for obtaining a master's 
degree in  

Industrial Engineering and Management  

 

Júri 

Presidente: Prof. Paulo Vasconcelos Dias Correia 

Orientador: Prof. Paulo Manuel Cadete Ferrão 

Vogal: Prof. João Marcelino Dias Zambujal de Oliveira 

 

 

November 2009 



2 

 

Abstract 

Building integrated micro-generation technologies are an effective way of promoting energy 

efficiency in decentralized production networks. Whether it is from production or investment 

incentives or trough feed in tariffs it can be affirmed that public legislations will have a significant 

role in the future of new energy generation technologies. In Portugal, the introduction of a new 

energy paradigm based in local energy systems is being promoted trough the publication of 

several legislative documents such as the Decree Law 363/2007 or the National Plan for Action 

on Energy Efficiency (PNAEE). However, some flaws can be identified on the actual legislation, 

namely the lack of an appropriate legislation for installations ranging from 5.75 to 150kW. The 

goal of this work is to analyze different feed in tariff schemes that can be applied to building 

integrated micro-generation systems of such kind. A detailed analysis of the current Portuguese 

legal framing is conducted, as to verify the main characteristics that are responsible for the 

feed-in-tariffs’ unsuccessful application. An overview on feed-in-tariffs schemes applied in 

several countries is presented as to identify the key drivers responsible for the legislations’ 

success.  

In the end, conclusions are made for some characteristics that are considered essential to 

analyze when defining a new feed-in-tariff for Portugal.  

Key Words: Renewable Energies, building-integrated, feed-in-tariffs, payback on investment. 

Introduction  

The development and dissemination of renewable energy technologies represents a unique 

opportunity to reduce emissions of greenhouse gases (GHG) while preserving the environment 

and contributing to a more sustainable future. 

Since most of these technologies allow the use of natural resources within each country to 

produce energy, they also offer opportunities to improve their energy security and accelerate 

their economic and social development. 

The advantages of renewable energy are numerous, either due to their low levels of GHG 

emissions or the possibility of bringing energy to the farthest corners of the world, as with most 

of these technologies can produce energy locally without recurring to a power grid. However, 

most of the technologies based on renewable energy sources also involve a major problem that 

hinders their development and expansion: the investment. Overall, compared to conventional 

energy sources - fossil-fuel - these technologies are not yet economically competitive on its 

own, requiring the allocation of subsidies and support for investment in order to become a 

reality, which should result in a stimulus to the development of activities with high added value 

to the country.  

It is then important to create the necessary conditions to turn investments in renewable energies 

into a competitive option. Feed in tariffs (FITs) are one way to support and subsidize renewable 
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energy and are currently one of the most successful support mechanisms in the world, and 

particularly in the European Union (EU) [1]. In general, these rates provide the systems’ 

connection to the power grid that, in turn, is compromised during a predetermined period, to 

purchase the energy produced at an attractive price, set by law.  

Portugal is no exception and there are currently several law-decrees that set FITs. However, 

apart from hydropower and wind energy that already contributes with a significant part of 

electricity production in Portugal [2], the penetration of renewals in Portugal is still well below 

their potential.  

The purpose of this study is to examine the Portuguese tariff legislation in order to suggest 

possible improvements and at the same time to identify which factors are important to consider 

the possible creation of a new FIT scheme. 

Introduction to feed-in tariffs 

A Feed-in-Tariff is an instrument used to promote investment in renewable energy technologies, 

which have a strategic interest for the country. When proposing a FIT scheme it is necessary to 

consider several aspects such as: the profit margin offered to the investor, the amount of 

technologies and power systems included or the time that the FIT will be applied. However 

while setting technology-specific tariffs (or prices) some key issues will have to be addressed 

considering their influence on the economical, environmental and energetic national paradigms.  

Environmental: On the environmental dimension, the benefits of promoting building integrated 

micro-generation technologies are direct as these technologies focus mainly on renewals and 

by so reduce the green house gases emissions per kWh converted. About one third of global 

carbon emissions (1.8 billion tons) resulted from heating, cooling and powering commercial and 

residential buildings in 2005 [3]. Portugal is obliged by the Kyoto Protocol de reduce significantly 

the carbon emissions and building integrated micro-generations technologies can contribute to 

the pursuit of the goals imposed.  

Energetic: As said previously in this work, the promotion of decentralized energy has several 

benefits that can be achieved with the integration of micro-generation technologies in buildings. 

As many other EU countries Portugal is very dependent on the supply of fossil fuels. Being a big 

part of that fuel imported from political instable areas it is critical for Portugal to become more 

independent on energy issues.  

Economical: This dimension is probably the most important one as it is essential to create 

infrastructures able to create value and take advantage of this market. Portugal is already an 

import based country and the opportunity given by this reality should not be given away. It is 

essential to invest in an internal supply of these technologies, whether it is from the production 

of integral products like photovoltaic modules or with the production of components for those 

products. For example, Martifer, a Portuguese company dedicated to energy and construction, 
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is strongly investing in the development, production and commercialization of renewable energy 

technologies. Being more known for their participation on the wind energy market, the company 

is also present in the photovoltaic’s area and is currently building a photovoltaic modules factory 

in the north of Portugal. Initiatives and investments like these are very important to turn this 

market in added value structure for Portugal instead of being another reason for importation.  

Building Integrated Micro-generation 

Micro-generation can be defined as energy generation such as that produced by small scale 

wind turbines or photovoltaic systems installed on or around buildings [1]. The term is applied 

equally for the generation of energy – heat or electricity – by individual buildings or small groups 

of buildings. Micro-generation technologies also include micro-CHP, solar thermal, 

photovoltaics, fuel cells and micro-hydro systems, among others.  

Several studies have already been made on the field of micro-generation systems, both in 

stand-alone and grid collected configurations, as well as with single and multiple technologies. 

Particularly, when referring to micro-wind power generation, examples can be found in M.T. 

Iqbal [4], who conducted a study to analyze the feasibility of a zero energy home in Canada, 

using mainly wind turbines as generation technology. In this study, the author points out the 

importance of suiting wind speed and energy demand and also concludes that this type of 

system is still quite expensive, representing about 30% of a typical house cost in Newfoundland, 

Canada. Another example can be found in the UK, where Bahaj et al. [4] present a study about 

the influence of the wind turbines output in electricity consumption in different places of the UK 

and conclude that in many cases the payback period of the system is lower than its lifecycle, 

becoming a potential valid investment option. Two key factors for the feasibility of these 

systems are appointed: i) Localization: In an urban environment it is very important to find the 

best local to install the system. Doubling the height of the system – and by so increasing the 

wind speed - the payback periods decrease dramatically; ii) Remuneration Tariffs – without a 

good tariff the systems are not likely to be economically viable. 

Focusing on PV, a recent study by Bahaj et al.[5], analyze the photovoltaics added value in low-

energy social houses in the UK, referring the importance of increasing energy awareness, in 

order to educate society and to achieve long term energy savings. In the same study the author 

also talks about the indirect benefits of PV systems and enhances that at a certain level, when 

combined with occupier perception and behavior, these systems can result in a demand 

reduction. In the paper’s conclusions, the importance of matching the energy demand to the 

supply is highly rated, referring to it as a key factor to the future of this technology. The same 

author also conducted a number of other studies about building integrated photovoltaics 

(BiPVs), concluding about its direct and indirect benefits [6] or studying the design and 

integration of these systems into buildings. Likewise, Ruther et al. [8]conduct an analysis on the 
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influence of matching the demand to the energy supply from the sun. As stated, there’s a big 

matching potential if the demand peaks occur in the sunnier and hotter hours. The authors set 

of the use of photovoltaic centrals to reduce significantly the summer demand peaks in regions 

where the load reflects commercial customers demand for midday air conditioning and prevent 

eventual supply shortages.  

In another level, the micro-CHP systems have also great potential for residential applications. In 

particular, a survey on the market and technological perspective is presented in d’Accadia et 

al.[9], and an energetic analysis of cogeneration application is performed with reference to 

domestic household appliances. It also identifies three different technologies on which micro-

CHP systems are based - fuel cells, stirling engines and internal combustion engines – referring 

that the future of these systems in domestic applications will be heavily driven by technology 

advance as well as external factors such as policies and electricity/gas prices. In a different 

view, Jens Matics et al. [9] focus on the importance of managing the energy supply for a micro-

CHP installation which has to mediate between energy cost minimization and user comfort 

aspects. That management is carried out by computational intelligence and can also provide 

excellent results on the systems performance. On the other side of the equation, Li Chao-Zhen 

et al. [11] present a study about the influence of energy demands on the feasibility of BCHP 

systems – building cold heat and power. Twenty five cases with different Heat-Electricity (HER) 

and Cooling-Electricity Ratios (CER) are calculated based on the energy demands of a hotel in 

Shanghai. As pointed out, CER have a large influence on the feasibility of such systems, many 

times decreasing its performance values. In fact they say that the advantages of BCHP systems 

compared with conventional energy supply system are mainly from the cogeneration of heat 

and electricity. Also about the feasibility of a micro-CHP system for residential purposes, 

Evgueniy Entchev et al.[12], analyze its building integration, micro-generation system design 

issues and performance characteristics. In this case two identical houses are used to compare 

the differences of using, or not, a micro-CHP system to supply both electrical and thermal load, 

and led to the conclusion that with the new system higher efficiencies were obtained. 

After conducting a research on the literature referenced, one can find that the key issues for a 

promise future are very similar between the different technologies. Consumers’ awareness and 

behavior will have to change and new options have to be tested. A lot has yet to be developed 

and studies to be made, thus, one can never deny that technology and fuel prices as well as 

public policies will be essential to the successful development of this new energy generation. 

As demonstrated in this chapter, micro-generation technologies have many advantages and 

many possibilities of use. However, one major obstacle to the adoption of these technologies is 

the retail price of electricity generated from renewable sources, which is typically more 

expensive than the retail price of electricity generated from fossil fuels. Well suited feed in tariffs 

are essential to turn investments in these technologies viable options to consumers. Without 

these remunerations the success and development of this concept will be very difficult.  
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The Portuguese Legislation 

The regulation of electricity generation from renewable energy sources is set in Portugal, by 

three basic Decree-Laws. The papers are quite different from each other, either in terms of the 

tariff value, technologies covered or the power range available. The Decree-Law 363/2007 of 

November 2
nd 

[13], which regulates the activity of micro-generation, is known by “Renováveis na 

Hora” and is mainly characterized by the existence of two quite different regimes, general and 

subsidized, in which the first allows users to connect systems up to 5.75 kW of power while the 

other defines 3.68 kW as the maximum power of connection. Still at low voltage, the figure of 

the “Producer-Consumer” (PC), created by Decree-Law 68/2002 of March 25
th 

[14], is 

characterized by the requirement to consume at least half of the energy produced, never 

exceeding the power connection of 150kW. In this regulation only micro-Combined Heat and 

Power (MCHP) and photovoltaic energy systems are considered. Finally, the figure of the 

Independent Power Producer (IPP) is governed by the Decree-Law 225/2007 of May 31
st
 [15].  

This law makes a distinction between systems of small and large scale, however, is geared 

towards the large scale ones. It is under this legislation that the wind turbines that exist all over 

the country are registered and carry out their operation. Te next presents a summary of the 

main features of each one of the Decree-Laws. 

 

Decree-Law 

 

Technologies Supported 

Power 
Range 

(kW) 

Period of 
application 

(years) 

 

Others 

 

 

68/2002 – “Producer 
Consumer” 

 

 

MCHP; Photovoltaics; Fuel Cells. 

 

 

<150 

 

 

              12 

Low feed in tariffs 
for photovoltaics 

At least 50% for 
own consumption 

Small number of 
systems licensed 

 

225/2007 – 
“Independent Power 

Producer” 

 

Solar Photovoltaic and thermo-
electric; Biomass; Biogas; Wind 

Energy; Hydro 

 

< 5; 

>5<150; 
>150 

 

 

15 – 20 

Directed to large 
scale systems 

Long and complex, 
licensing process 

 

 

363/2007 – 
“Renováveis na 

Hora” 

 

 

Wind; Solar Photovoltaic; Hydro; 
MCHP 

 

<3,68 

>3,68<5,75 

 

 

20 

Two different 
regimes 

High tariff values 
for photovoltaics 

Capacity 
Decreasing tariffs 

Table 1: Summary of the Decree-Laws that regulate the exploration of renewable energy 

technologies in Portugal 

After conducting a deeper analysis on these three Decree-Laws, several aspects were 

considered essential to the success or failure of the decrees mentioned, namely: 
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• There’s a gap on the regulatory framework, not presenting valid options for systems 

from 3, 68 to 150 kW.  

• As for the Decree Law 363/2007, the general regime’s framing can be questioned, as 

there weren’t any systems registered under it until the present moment. On other hand, 

the subsidized regime had some very positive results, regarding the number of licensed 

systems, proving the usefulness of its managing and licensing process.  

• The Producer-Consumer regime in spite of admitting solar photovoltaic systems has 

proven to be a very weak instrument to promote these kinds of investments, mainly to 

the systems obligation in consuming at least 50% of its produced energy, turning the 

investments impossible to payback in the products life period. However, this decree-law 

presents a good investment opportunity to MCHP systems, as it delivers payback on 

investment periods of 3-5 years.  

• As said, the IPP framework targets both small and large scale systems; however, in 

none of them it presents a satisfactory FIT, sufficient to turn investments in competitive 

options. Adding to this handicap, the managing and licensing is too long and complex, 

strongly designed to support few, but large systems.  

As a result of this analysis it is possible to find a motivation for the legislations’ review or even to 

the creation of a new tariff scheme covering more technologies in order to gather the conditions 

necessary to attract investors interested in systems on the power range mentioned above.     

European Legislation 

Identified the handicaps of the Portuguese legal framework it is necessary to understand and 

analyze different regulations and FITs presented in other countries. This research will provide a 

wider view of the micro-production legal paradigm in order to conclude what changes are 

needed to make the Portuguese law more effective.    

Countries such as Germany and Spain are the leading figures with regard to the FITs legislation 

[16]. However, beyond these two countries, France and Italy have also registered a large 

increase with respect to the total capacity of systems installed in buildings, namely photovoltaic 

panels [17]. This is due to the recent amendment of existing legislation on them.  

Table 2 presents a summary of the main features of each country’s legislations, as well as the 

key issues, considered to have a very strong role on their success or failure.  
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Country Main Features 

 
Germany[18] 

• First country, successfully adopting FITs; 

• Specific tariff values for each technology and system power; 

• Parallel schemes, like the “100.000 roof program”, provide 
investment subsidies, complementing the FIT. 

 
 

Spain[19][20] 

• Very high FITs values, according the country’s sun output;  

• Very fast licensing and registering process; 

• Specific decree-law for solar power; 

• With the legislation, the Spanish government accomplished its 
capacity goals, and widely developed its solar industry.  

 
France[21] 

• Tariff revision annually, according to inflation;  

• Very high FIT values; 

• Poor results, mainly due to its long and heavy licensing process.  
 

Italy[22] 
• Very simple scheme, providing both small and medium scale 

systems, good investment opportunities; 

• Focus on building integrated systems.  
Table 2: Summary of the main features presented on each countries regulations 

The following graph shows the evolution of the total installed capacity from 2006 until the 

present moment in each of the referred countries. It can be seen here the steady growth 

provided by the German regulation, and a significant increase in installed capacity in France 

and Italy. In Spain it is visible its large growth since the entry in force of its decree-law in 2007, 

which has achieved in this period the proposed goals for 2010.  

In conclusion it is also important to summarize the features that the Portuguese legal framing 

can obtain from the analysis of other tariff schemes. The German scheme showed the 

importance of having alternative programs and rates to boost investment; the Spanish one 

reinforces the idea that a robust and stable rate is essential to making renewable energies valid 

options for new investments. 

 

Chart 1: Evolution of the solar photovoltaic installed capacity in each of the countries 
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A different learning can be drawn from the French example, focusing on the importance of 

turning the licensing and registration process to an added value to the scheme. Finally, due to 

its similarity to Portugal, it is imperative to look at the Italian tariff scheme and withdraw its 

strengths, namely the existence of rewarding tariffs for medium scale systems and its 

differentiation regarding the level of integration in buildings. 

Up to this point, the focus of this work was in underlining the importance of obtaining balanced, 

robust and attractive FITs to attract as many investors as possible, allowing the country and all 

its inhabitants to enjoy the benefits inherent in them. However, the direct benefits obtained by 

the investments in renewable energy, such as the reduction of GHG emissions, reducing energy 

imports and decentralization of power, are not sufficient to justify the amount paid by the 

government to subsidize the tariffs. Therefore, It is imperative that the country achieve as much 

added value as possible from this new market, instead of making it one more reason to import.  

As stated at the beginning of the document, the influence of a tariff on national paradigm can be 

summarized in three areas: the environment, energy and the economy. Since the first two can 

get direct benefits, however, the economic paradigm will have to undergo some changes to get 

the most of this new energy reality. Increased investments in renewable energy will increase the 

flow of products, integral and / or modular services (transport, installation, maintenance), create 

revenue and the corresponding taxes and will also provide the creation of new jobs. Knowing 

the opportunities that will emerge, it is imperative to create the infrastructures and expertise that 

will allow producing and providing most of the products and services that will be part of the 

value chain. Again, it is necessary to take account of and attention to examples of other 

countries that have achieved the creation of a new domestic and export markets such as Spain 

and Germany. 

Conclusions and Future Work 

With this work it was possible to make a careful analysis of the various aspects involved in the 

FIT creation and development , its advantages and disadvantages, which technologies should 

be included and what the key factors that determine its success.  

After reviewing the Portuguese legislation several flaws \were identified in its constitution, 

namely the lack of adequate legislation for the systems with power between 5.75 and 150kW, 

and that the registration and licensing  process needs to be revised  due to its influential role in 

the future development of these technologies;  

In European legislation there can be defined two different groups of countries, a more mature 

one where renewals are already well integrated, like Germany or Spain, and the second, who 

includes Italy and France, where the upcoming of new tariffs presents an opportunity to boost 

the technology integration.  
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Thus, on the verge of creating a future in tariff in Portugal the rates charged by the Group 2 

above should be taken as an example, since the Portuguese situation is similar to these 

countries in terms of renewable energy systems integration.  

This tariff should be targeted for systems with power mentioned above (5, 75-150kW) and must 

take into account the following aspects:  

1. The tariff value should provide a  competitive payback on investment in order to entice 

as many customers as possible;  

2. For all the systems, new and existing systems, the tariffs should be revised according to 

inflation, and additionally for new systems, the rate regression should take into account 

the price evolution of each technology;  

3. The tariff application time should be well defined and long enough to provide a 

competitive return on investment rate and offer the highest possible security to the 

investor;  

4. In addition to tariffs there must be other mechanisms in place to support investment, 

either from grants or the creation of favourable credit conditions.  

5. The registration and licensing process should be as short and simple as possible, in 

order to function as another advantage of the system rather than become an obstacle.  

The formulation and implementation of a tariff is something that requires a large investment by 

the state, although in many cases the costs of purchasing energy to micro-producers will be 

supported by the other users of the power grid, so it is very important to analyze what’s the  

FIT’s impact on the country. Either in terms of economic, energetic or environmental policy it’s 

essential to understand what are the positive and negative aspects of a feed in tariff, in order to 

understand whether if it is a lasting, positive and secure investment for the country or if it’s just 

an instrument used to achieve the objectives defined by both country and the Kyoto Protocol. 

This is an extremely important analysis that will be critical when assessing the influence of this 

tariff influence for the country. It is not enough to provide the conditions for consumers to 

increasingly invest in renewable energy, but it is also essential to provide the conditions for the 

country to obtain the greatest possible value of this new opportunity. The conditions referred to 

are not directed only to the development of Portuguese brands and products, but must act on all 

value chains phases like: the creation and subsidization of new research and development 

(R&D) projects, the creation of companies aimed at the exploitation of raw materials, 

component production and/or assembly. The services component is the one that is more mature 

in Portugal, having already a few companies that provide specialized services for transportation, 

maintenance and installation of renewable energy systems, however, this is only a small share 

of the pie.  

The analysis on the resources and investments required to fulfil the objectives mentioned above 

is considered of great importance and interest, however it is no longer within this papers 

framework, suggesting its preparation for a possible future work. 
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