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Abstract: Energy presents itself in the XXI century as a necessity of ever-growing value. 
European community reports acknowledge the adverse economic effects of a fossil-fuel 
based economy, directing investment towards renewable energies. While Portugal has 
exceeded European goals in renewable energy penetration, Madeira’s development 
potential still has both a large growth margin and the added incentive of combating 
insularity by decreasing exterior energy importation. As such, this paper establishes a 
situation point of Madeira’s electrical energy production and renewable energy potential, 
serving as a solid base from which to assess future policies and investment. Copyright 
CONTROLO2012 
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1. INTRODUTION 

 
Madeira is an archipelago that comprises the islands 
of Madeira and Porto Santo and is part of Portugal. 
The islands are in the Atlantic Ocean, situated north 
from the Canarian islands. Madeira island has 
267,000 inhabitants and an area of 801Km2 while the 
Porto Santo island has only 42 Km2 and a population 
of nearly 4,500. 
Madeira island’s origin is volcanic which results in a 
small island with very high and steep mountains. The 
highest peak is above 1,800 meters. The Porto Santo 
Island, on the other hand, has a different origin and is 
quite flat with its highest peak of only 402 meters.  

 
 

2. ELECTRICAL ENERGY CONSUMPTION 
 
The current energy scenario for Portugal presents an 
Energy Intensity indicator that is still above 

European average, indicating low energy efficiency 
values (Mendiluce et al, 2009). This, coupled with a 
severe foreign energy dependency of around 80% 
(DGEG, 2010) only aggravates the current 
economical conjecture. To counteract this 
dependency and consequent outward cash-flow, 
investment in domestic, endogenous and renewable 
resources is a natural response, with Portugal 
achieving over 45% (DGEG, 2011) of electric energy 
consumption derived from renewable energy sources 
in the last year. However, despite being subject to the 
same vulnerabilities of the national energy scenario 
situation and an aggravated cost factor in energy 
importation due to insularity, Madeira’s investments 
in renewable energies production amount to 106 MW 
of installed power capacity, which only accounted for 
26% of total electrical production in 2010, as can be 
seen in figure 1(Figueira, 2011).   



     

 
Fig. 1. Installed Renewable Energy Power in      

Madeira by source. 
 
The region has around 132.000 registered electric 
energy consumers (EEM, 2010) in Madeira and 4621 
in the neighbouring island of Porto Santo. Due to the 
unique socioeconomic context of the region, 
electricity sector consumption distribution is atypical 
when compared to European average, (Eurostat, 
2010) with the highest volumes belonging to the 
Households/Agricultural and Commerce/Services 
sectors, with industry only accounting for 9% of the 
total, as can be seen in figure 2 (EEM, 2010).  
 

 
Fig. 2. Total electrical energy consumption    

segmented by sector weight in the Region in 
2010 

 
 

3. ELECTRICAL ENERGY PRODUCTION 
 
Madeira’s electrical energy generation is divided 
between several private entities present throughout 
the energy mix with 89,5MW of installed power 
capacity and a public Electrical Energy operator, 
Empresa de Electricidade da Madeira - EEM’s own 
systems of 263,3MW. In accordance to local 
legislation, the public operator is responsible for 
securing service quality and provisioning security, 
overseeing grid operations and maintenance, as well 
as managing the production transport and distribution 
of all electrical energy. As can be seen in figure 3, 
the total values of electrical energy produced in 2010 
amounted to around 924,94GWh in Madeira and 
36,6GWh in Porto Santo, with the majority of two-
thirds of all power generation coming from EEM’s 
own systems, and the remaining 33% acquired from 
private entities (EEM 2010, 2011).   
 

 
 
Fig. 3. Evolution of total electricity generation in 

Madeira as per production supplier. 
 
The increase in private investment in Renewable 
Energies derives from national legislation that 
enables special feed-in tariffs for the sale of 
electricity produced from these sources. This 
incentive proved particularly successful in regards to 
wind power in the region, as acquired wind-based 
electricity from private entities suffered a 500% 
increase from 2008 to 2010 (figure 4).   
 

 
Fig. 4. Total acquired electrical energy by source in 

Madeira, 2010. 
 
The maximum peak power for 2010 was registered 
on the 5th of January for Madeira and on the 16th of 
August for Porto Santo, achieving 164MW and 
7,9MW respectively (EEM, 2011). The temporal 
offset between the two is largely due to differences in 
seasonal activities, namely as Porto Santo receives a 
large increase in population during the summer 
months, almost doubling it’s energy consumption 
when compared to the Winter months. In Madeira, 
due to the resulting dynamics of major socio-
economical activities present such as Tourism, 
maximum peak power date tends to situate close to 
new year’s eve, influenced by rises in commerce, 
population and public lighting. Although Madeira’s 
power consumption diagram is, in absolute terms, 
less variable throughout the year than Porto Santo’s, 
there is a significant variation in Renewable energy 
capacity and penetration, mainly due to the 
differences in availability of hydrological resources; 
whereas in the Winter and Spring months 
hydroelectricity production is maximum, this 
production is almost non-existent in the Summer 
months, as seen in figure 5. This decrease is 
somewhat compensated by increased wind power 



     

grid penetration, which accounted for 7,5% of all 
electrical energy production in 2010 (EEM, 2011).  
 

Fig. 5. Load diagrams for Madeira divided by energy 
source for the Summer and Winter months of 
2010. 

 
Understanding the load diagrams and seasonal 
consumption patterns of both islands and their year-
long diversity is key in capitalizing on local 
resources more effectively, allowing for a more 
efficient management of implemented renewable 
energies that can maintain a quality of service and 
counteract their intermittent nature.    
 
 
3.1 Thermal Power Plants. 
 
Although renewable energies have achieved 
considerable integration in Madeira’s Energy mix, it 
is still predominantly dominated by conventional 
thermal power plants that represent 74% of all 
produced electricity in 2010 with a total of 248,9MW 
installed power (EEM, 2010). There are currently 
two conventional thermoelectric power plants 
operating in Madeira: privately managed Central 
Termoeléctrica do Caniçal and EEM’s own Central 
Termoeléctrica da Vitória, where the majority of said 
power originates. Commissioned in 1979, it was 
initially composed of 6 electrogenic groups 
amounting to 45MW and latter expanded in 1989 to 
15 groups and 117MW. These electrogenic groups 
were manufactured by Wärtsilä (former New Sulzer 
Diesel), models 16ZV40 and 16ZV40S, capable of 
running on both diesel and fuel oil, with the latter 
being utilized  primarily and averaging an annual 
plant consumption of 130000 tonnes (EEM, 2008).  
Recently the plant suffered a third expansion with 
three more 17,1MW groups being added, as well as a 
4,6MW steam turbine for increased energy 
conversion efficiency from combined cycle 
operation. The engines used to power the new 
electrogenic groups are Wärtsilä’s 18V50DF, which 
have duel fuel capacity, running on either fuel oil or 
Natural Gas, bringing overall benefits in regards to 
the environmental and economical aspects of 
electrical energy production, as well as contributing 
to increase provisioning security by diversifying 
primary energy sources (Vice-Presidency, 2009). 
The total electricity production from Central Vitória 
dropped to 490GWh in 2010, signifying a 20% 
decrease from 2008. 
The other thermal power plant present in Madeira 
presents a similar system, with three 12MW 
ZAV40S engines, running primarily on fuel oil but 

also with diesel capability. This 36MW plant 
provided 194.85GWh of electricity in 2010 as well as 
steam production from cogeneration techniques 
(Abreu, 2005), as seen in figure 6. 
 

 

Fig. 6. Total thermoelectric production in Madeira 
divided by power plant from 2006 to 2010. 

 
 

4. PRESENT AND FUTURE OF RENEWABLE 
ENERGY IN THE REGION OF MADEIRA 

 
Despite an already considerable renewable energy 
production, most of the grid’s electricity still derives 
from conventional thermal power plants and hence 
subject to the volatility intrinsic to oil-indexed fuel 
prices. Local government has already announced a 
region-wide energy plan that furthers investment in 
renewable energy sources, seeking to counteract the 
aggravated costs of insularity in energy importation 
with domestic resources. This will promote a stable 
economic growth platform. However, even if 
different sources can amount to an increase in 
provisioning security and efficiency benefits due to 
synergies, the intermittent nature of these sources 
limits the levels of penetration that they can achieve. 
Energy quality parameters like frequency or voltage 
levels can be jeopardized from these variations due to 
the small-scale and isolated nature of the electrical 
grid. As such, future scenarios predict an increase of 
up to 80MW in hydropower, 150MW in wind power 
and 20MW in solar-photovoltaic power until 2020, 
but expect developments in energy storage and 
control systems as a way to secure renewable energy 
grid integration. The Region has hydropower plants 
with an installed capacity of 50MW, an installed 
wind energy capacity of 54MW and 12MW installed 
capacity of solar power (Figueira, 2011, Mendes, 
2003). As can be seen in figure 7 the leading 
renewable energy production is hydric followed by 
wind power and starting in 2009 it is possible to see 
some solar power production.  
The European goal for renewable energy use by 2020 
is 20%.  Madeira’s goal for renewable energy use by 
2010 was to achieve 20%, 30% by 2017 and 50% by 
2020 (Soares, 2011). Table 1 shows that Madeira is 
well ahead of its set goals, since, in 2012 Madeira 
exceeded it´s set goal by 5.8%. 
 
Table 1: Renewable energy use of Madeira since 

2007 (Vice-Presidency, 2012). 

 



     

 

Fig. 7. Renewable electrical energy production in 
Madeira. 

 
4.1 Renewable Energy Incentives in Portugal for 
Micro and Mini Producers 

 

In April of 2008 renewable energy incentives were 
created for Micro producers (on-grid installations of 
up to 3,68kW) and started with a fixed special feed-
in tariff of 0,65€/kWh during the first 5 years of 
operation. After the 5th year, the special feed-in tariff 
would decrease 5% every year until the special feed-
in tariff met up with the electricity cost, and from 
there on, the sale cost would be the same as the 
consumed cost. At the time the electricity cost was at 
0,11€/kWh. The solar micro producers benefited 
100% from the special feed-in tariff, while the wind 
micro producers benefited 70%, and the hydro, 
cogeneration and biomass micro producers benefited 
30% from the fixed special feed-in tariff. In 2008 and 
2009 there were also fiscal incentives for 
homeowners where one could deduct from the IRS 
up to 777€ in 2008 and 796€ in 2009 and benefit 
from a reduced VAT tax on all new renewable 
energy equipment acquired. The owners of any house 
certified with an A or A+ in energy efficiency, could 
deduct from the IRS an extra 59,10€. Companies also 
had fiscal incentives in which they could deduct 25% 
of the total renewable energy investment cost along 4 
years (national budget law of 2008 and 2009). 

In 2010, the laws of the incentives were changed and 
were given 15 years of fixed special feed-in tariff 
divided in two phases. The first phase consists of 8 
years at a fixed special feed-in tariff and the second 
phase consists of 7 years at a fixed special feed-in 
tariff with a 57% reduction. The fixed special feed-in 
tariff of the new law started out at 0,40€/kWh during 
the first 8 years and 0,22€/kWh during the following 
7 years. The following years after that, the electric 
company would buy the energy produced at the same 
cost as the electricity consumed. At the time the 
electricity cost was at 0,13€/kWh. In 2010 only the 
IRS limit for fiscal incentives on all renewable 
energy equipment  increased to 803€ (national 
budget law of 2010). 

In 2011, the fiscal incentive limit stayed the same but 
only those who had a low income could deduct this 
amount (national budget law of 2011). In this same 
year, incentives for Mini producers (on-grid 
installations of up to 250kW) were created. The fixed 
special feed-in tariff started at 0,25€/kWh during the 
first 15 years of operation for a 20kW production 

installation and for the higher power installations 
(from 21kW to 250kW) the fixed special feed-in 
tariff has to undergo an auction process. Every year 
the special feed-in tariff is lowered for new Micro 
and Mini producers. 

At present, the fixed special feed-in tariff for micro 
producers is at 0,32€/kWh for the first 8 years and 
0,19€/kWh for the following 7 years and all fiscal 
incentives were removed (national budget law of 
2012). The fixed special feed-in tariff for mini 
producers is at 0,21€/kWh and the electricity cost is 
at 0,14€/kWh. 

In the Autonomous Region of Madeira, the 
predominant renewable energy among the micro 
producer installations is solar energy. 

 
 
4.2 Solar Energy Potential in the Autonomous 

Region of Madeira 
 

Most parts of Madeira receive on average 300 days 
of sunshine a year, which makes the Island a 
promising location for solar energy utilization. The 
daily average solar energy incident over the Island of 
Madeira varies from 4 to 5 kWh/m2 with the 
sunshine hours ranging from 1800 to 2600 per year 
(Vázquez et al, 2008). The technical potential of 
solar energy in the Island of Madeira is very big and 
as an example, there is a photovoltaic park located in 
Caniçal. This park has an area of 170km2, an 
installed power capacity of 6MW and it produces 
12GWh of solar energy per year. With this energy, it 
is possible to provide electricity to 3200 households 
per year in Madeira(Soares, 2011). 

The equipment related to solar energy production has 
the highest investment cost when compared to any 
other equipment related to renewable energies, but it 
has the benefit of having the lowest operational cost 
(minimum maintenance and repair required).  

Up to now, Madeira has an installed solar power 
capacity of 10MW worth of solar energy distribuited 
as follows: 

• 2MW installed in Porto Santo; 

• 6MW installed in Caniçal; 

• 2MW installed in Paúl da Serra. 

In the upcoming years and by 2020, another 7MW of 
solar power will be added to the installation in Paúl 
da Serra (Soares, 2011) and 3MW will come from 
Micro and Mini solar installations. 

Figure 8 shows the number of Micro producer 
installations that were activated since 2008. The 
larger increase in the number of micro producer 
installations was registered during the year 2010.   

 



     

 

 
Fig. 8: Number of Micro Producer installations since 

2008 (EEM, 2010). 
 

 
Figure 9 shows the map of the Region of Madeira, 
which includes the island of Madeira, the island of 
Porto Santo, and their various solar radiation levels. 
The highest annual global radiation is in the 
mountainous zones of the Island of Madeira and in 
the whole Island of Porto Santo. 

 

 
Fig. 10: Energy Production from Micro Producers 

since 2008 (EEM, 2010). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 shows the energy produced by micro 
producers since 2008. The most energy was produced 
in 2010.  There is no registered data from mini 
producers up to date. 

 

5. CONCLUSIONS 
 

In spite of recent investments in renewable energy, 
Madeira has a significant external dependency as far 
as energy production is concerned.  
Madeira’s location and natural conditions favor the 
development of the renewable sector. The local and 
national governments were responsible for the 
elaboration of the feed-in tariffs and fiscal incentives 
that helped the initial development for these areas. 
The current economic situation does not allow for 
forecasting and it is unsure that this support for 
renewable energy will be maintained, but it is 
essential, for an isolated region such as Madeira, for 
this area to grow and that more independency 
regarding external supplies is achieved. 
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Fig.9: Solar Radiation in the Autonomous Region of Madeira (Vázquez et al, 2008). 
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