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IntroductionIntroduction
� Renewable energy - generally defined as energy that comes

from resources which are continually replenished on a human
timescale such as sunlight, wind, rain, tides, waves and
geothermal heat.

� About 16% of global energy consumption comes from renewable
resources, with 10% from biomass, mainly used for heating, and
3.4% from hydroelectricity. New renewables (small hydro,
modern biomass, wind, solar, geothermal, and biofuels)
accounted for another 3% and are growing rapidly.

� The share of renewables in electricity generation is around 19%,
with 16% of electricity coming from hydroelectricity and 3%
from new renewables.



Renewable Energy ConsumptionRenewable Energy Consumption



Wind power



Wind power
� Wind power - Wind power is proportional to the third power of the wind

velocity.
� Further insufficiencies, such as rotor blade friction and drag, gearbox

losses, generator and converter losses, reduce the power delivered by a
wind turbine.



Wind potential of the landscape



Achievable efficiencies



Wind power
� Speed and pressure of wind current before and behind the wind turbine



Main components
� 1 – rotor with rotor head,
� 2 – rotor brake,
� 3 – gearbox,
� 4 – coupling,
� 5 – generator,
� 6 – gondola yaw power unit,
� 7 – gondola yaw brake,
� 8 – gondola bearing,
� 9 – wind speed and direction sensor,
� 10 – modular tower,
� 11 – reinforced concrete foundation,
� 12 – junction box – power cabling and

control cabling,
� 13 – electric connection



Wiring diagram
� Asynchronous generator connected to a rotor



Wiring diagram
� Multipolar synchronous generator driven directly by a turbine



Solar energySolar energy
� How much energy is available?

� Above the atmosphere, we get 1400 W/m2 of radiated power from the sun
� At the ground, this number is smaller due to scattering and absorption in the atmosphere

about 63%, or ~850 W/m2 with no clouds



Average Insolation

� The amount of light received by a horizontal
surface (in W/m2) averaged over the year (day
& night) is called the insolation

� We can make a guess based on the facts that on
average:
� half the incident light reaches the ground
� half the time it is day
� the sun isn’t always overhead, so that the effective

area of a horizontal surface is half it’s actual area

� So 1/8 of the incident sunlight is typically
available at the ground
� 171 W/m2 on average



Orientation Comparison



Solar energy
� Solar power is the conversion of sunlight into electricity, either directly

using photovoltaics (PV), or indirectly using concentrated solar power
(CSP). Concentrated solar power systems use lenses or mirrors and
tracking systems to focus a large area of sunlight into a small beam.
Photovoltaics convert light into electric current using the photoelectric
effect.

Solar Thermal: ~30% efficient; cost-competitive;
requires direct sun; heats fluid in pipes that then

boils water to drive steam turbine

Solar hot water: up to 50% efficient;
usually keep conventional backup

Photovoltaic (PV): direct electricity; 15% efficient



Solar energy
� Solar tower 10 MW



Photovoltaic (PV) SchemePhotovoltaic (PV) Scheme
� Highly purified silicon (Si) from sand is “doped” with intentional impurities at controlled

concentrations to produce a p-n junction
� A photon incident on the p-n junction liberates an electron

� photon disappears, any excess energy goes into kinetic energy of electron (heat)
� electric field sweeps electron across the junction, constituting a current
� more photons → more electrons → more current → more power

� Characteristic voltage is 0.58 V
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Photovoltaic types

�� SingleSingle--crystal siliconcrystal silicon
� 15–18% efficient, typically
� expensive to make (grown as big

crystal)
�� PolyPoly--crystalline siliconcrystalline silicon

� 12–16% efficient, slowly improving
� cheaper to make (cast in ingots)

�� Amorphous silicon (nonAmorphous silicon (non--crystalline)crystalline)
� 4–8% efficient
� cheapest per Watt
� called “thin film”, easily deposited on a

wide range of surface types



Silicon Photovoltaic Budget

� Only 77% of solar spectrum is absorbed by silicon
� Of this, ~30% is used as electrical energy
� Net effect is 23% maximum efficiency



Typical I-V curves



Biomass
� Biomass - biological material derived from living, or recently living

organisms.
� Biomass can either be used directly via combustion to produce heat, or

indirectly after converting it to various forms of biofuel.
� Conversion to biofuel can be achieved by thermal, chemical, and
biochemical methods.

� Under the EU energy directive, biomass is an eligible source of renewable
energy. However, this is a controverisal classification. The European
Environment Agency Scientific Committee (agency of the European Union
devoted to the monitoring of the European environment) stated in its
published opinion in 2011 that the assumption that biomass is carbon
neutral is a ‘serious accounting error’ and that using biomass can result
in increased carbon emissions and thereby accelerate global warming.



Methods of biomass conversion to
energy



Geothermal energy
� Enhanced geothermal system

1:Reservoir 2:Pump house 3:Heat
exchanger 4:Turbine hall
5:Production well 6:Injection well
7:Hot water to district heating
8:Porous sediments 9:Observation
well 10:Crystalline bedrock



Geothermal energy



Tidal power



Wave power



Fuel cells



Comparison of Fuel Cell Technologies


