
RENEWABLES 
Miguel Centeno Brito

FCUL
Universidade de Lisboa







4



5

Primary energy evolution 
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Global effects on environment 
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Global effects on environment 
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Declining reserves

Ratio reserves/current production
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End of fossil paradigm
• limited reserves 

• consumption increase
• cost increase

• environmental impacts
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The Energy Dilemma
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SOLAR ENERGY
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SOLAR ENERGY APPLICATIONS

Solar radiation = electromagnetic energy

Direct use without transformation
e.g. Ilumination in buildings.

Use in other form by conversion:
• thermal, as heat
• photovoltaic, as electricity



Direct use of solar energy without 
transformation
e.g. Buildings ilumination.

Radiação solar = energia electromagnética
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APLICAÇÕES ENERGIA SOLAR

1 bottle  one 40 to 60 W lamp



32



33

Dessalinization
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Hot water production

Convection flow
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Hot water production

Forced flow
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World market for solar thermal

Installed capacity
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Using the thermal path for 
electricity production
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Electricity production using a thermal machine

Solar concentration

Diameter: 8.5m 
(~57m2)

Focal distance: 4.5m

Concentration factor: 
2500

Fluid (He) temperature: 
650oC

Pressure: 20-150bar

Power: 8.4kW

Focal parabolic
concentrators
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Electricity production using a thermal machine

Solar concentration

Linear parabolic
concentrators
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Electricity production using a thermal machine

Solar concentration

Linear parabolic
concentrators
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Heliostat
towers

Electricity production using a thermal machine

Solar concentration
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Ocupied area: 60 hectares

624 mirrors 120 m2

Total reflective area: 75 000 m2

Fluid temperature: 250oC, 

Rankine cycle

Efficiency: 17%

Storage: 1h

Generation: 24.3GWh/ano

Cost: 35 M€

Electricity production using a thermal machine

Solar concentration

Heliostat
towers
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Using the photovoltaic path for 
electricity production
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Average solar radiation in Portugal:

1500 kWh/m2/ano

Assuming a energy conversion efficiency of 15%: 

225 kWh/m2/ano

Considering electricity consumption in 2010: 

5.0 x1010 kWh/ano

Total area needed to produce 100% electricity 

consumption in 2010: 

220 km2 22m2/person
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Solar PV installed capacity (GW)
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Process flow to make a silicon solar 
cell (dominant PV technology)
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lifetimelOperationa

timepaybackEnergy
yieldEnergy =

 Energy Payback time 

 Energy yield

Typical values for module guaranty is 25 years

PV plants with 40 years have production values around 80% of the  
starting nominal values.

A PV module produces 20 a 50x the energy 
spent in manufacturing!
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V. Fthenakis, E. Alsema, Photovoltaics energy payback times, greenhouse gas emissions and external costs, 
Prog. Photovolt: Res. Appl. 2006; 14:275–280

 Payback time energético
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A.Feltrin, A.Freundlich, Material considerations for TW level deployment of PV, 
Renewable Energy 33 (2008) 180–185

Potential energy limits 
imposed by global silver (Ag) 
reserves for bulk-like silicon 
photovoltaic technologies.
The orange shaded area 
represents limits reached 
using 50 mm-thick Ag ribbons. 
The green shaded area 
represents limits estimated 
using a 2 mm thick Ag 
electrodes and 5% grid 
shadowing.

 Feedstock limitations 
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 Feedstock limitations 
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 Feedstock limitations



Variability in PV systems

Advantages:

Energy production aligned with peak 
consumption

Energy produced where it is used

Disadvantages:

No production at 
night

Needed area



PV electricity cost



62



WIND ENERGY



It is an old technology...



... With an amazing restyling!



Evolution of installed capacity

30%/ano



Wind resource

No Earth rotation

Convergence zone 
at high altitude, 

divergence zone at 
the surface

Convergence zone 
at the surface, 

divergence zone at 
high altitude



Although the
‘excitation’ is NS, 
the resulting wind
is EW.

Wind resource

With Earth rotation (including Coriolis effect)



How much energy is there in the wind



Wind speed distribuition
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The efficiency decreases with wind speed because power 
is limited to the generator rated power



Faster air flow - less pressure on wing

Slower air flow - greater pressure on wing

Net Force

The blade is like the aile in a plane. Pressure difference 
induces a force

How wind drives the rotor



Wind turbine efficiency
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no turbine can capture 
more than 16/27 
(59.3%) of the kinetic 
energy in wind. 

Practical utility-scale 
wind turbines achieve at 
peak 75% to 80% of 
the Betz limit



What’s the energy density in a wind farm

Wake effect – one turbine affects the performance of downwind turbines



Why bigger wind generators? 



Why bigger wind generators? 

• The available power increase with v3 and medium speed increase with height, meaning that 

higher turbines produce more than lower ones

• The wind speed difference between the top and bottom of the rotor is lower the higher the turbine 

is placed

• Turbulence decreases with height, so a better wind pattern distribuiton is obtained. 



Offshore wind farms

• higher costs (2-3x) 

• higher electricity production (2x)

Distance to shore 30km 50km 70km

Foundations 35-40% 45-50% 40-50%

Instalation 9-13% 11-19% 10-23%

Network connection 30-70% 44-83% 60-115%

Other expenses 7-24% 7-24% 7-24%

Total 81-147% 107-176% 117-212%

Aditional costs for off-shore wind parks in 
Germany







Vertical axis wind generators

Omni-direccional

Lower efficiency

Not as high, so less wind available

Good in built environments



Wind variability makes it not completely predicatable in both 

production and demand response
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0.37      Northern Russia and Western Siberia            

0.38      Southern Morocco            

0.28      Kazakhstan            

0.30      Good Wind Sites within EU and Norway            

0.36      Mauritania            

0.33      Combination: 1/3 e) and each 1/8 a), b), c) and d)            

0.47      Electric Demand within EU and Norway            



Strengths

❑ No emissions during operational life

❑ No fuel consumption

❑ Low cost

❑ Fast deployment

❑ No water use

Challenges

❑ Mechanical & aerodynamic noise

❑ Birds and bats mortality

❑ Landscape visual impact

❑ Land use
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Hydro
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HYDRO ENERGY
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e.g. Alto Rabagão

Área 2200ha; 

Head 130m; 

Annual generation115 ×106 kWh
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TYPES OF HYDRO SYSTEMS
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Hydro consumption (million tones oil equivalent)
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POSITIVE IMPACTS

 Energy cost (low levelized cost)

 Energy security (and dispatchable) 

 Enables coupling with wind power (1MW pumping/ 3.5MW wind power)

 Use of water for drinking and agriculture and flood control

 No emissions (no fuel, no water use) during operation
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NEGATIVE IMPACTS

 Modification of landscape and ecosystems

 Methane emissions

 Population displacement

 Possible disease transmission

 (Accidents: Banqiao, 170,000 dead 1975)



OCEAN
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WAVE ENERGY
On shore
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WAVE ENERGY
Near shore
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WAVE ENERGY
Floating
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WAVE ENERGY
Floating
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WAVE ENERGY

Energy density?

Pelamis

750kW

700 tons (including 350 ton ballast)

Then ~500kg/kW

Offshore wind

Turbine + foundation

3MW weights about 500 tons

Then ~170 kg/kW

Difficult to imagine it might be viable. 

Offshore wind would be much easier.

Electricity transport might be cost prohibitive. Potential decreases 

near shore…
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Portuguese coast: 500km @ 40 kW/m

25% efficiency -> 5GW = 0.5 kW/person (but no more surfing…)
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Geothermal
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Bioenergy

























Fuel energy ratio



Environmental impacts

❑ Land and water use

❑ Food vs fuel competition

❑ Use of pesticides and herbicides

❑ Loss of biodiversity 

❑ Decrease of soil fertility

❑ Emissions associated to deforestation 

Strengths

❑ Biofuel storage

❑ Versatility 

(heating, electricity, transport)
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What is
the best
renewable
energy?
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THANK  YOU
Miguel Centeno Brito


