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The Greenhouse Effect
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The mechanism of the climate change:

The concentration of the greenhouse gases in Earths atmosphere

increases ",

The amount of the absorbed infrared radiation in the atmosphere
Increases

The atmosphere warms the Earth surface

-

Earth’s energy budget changes (balance between the energy Earth
receives from the sun and looses to the space)

-

Earth warms up



Carbon dioxide emissions and atmospheric concentration (1750-2020)
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How can we fight the climate change
and reduce carbon emissions?



Towards carbon neutral society

* Greenhouse gas emissions must be reduced by choosing
environmentally friendly energy and electricity production methods
and cutting down the emission of the traffic

e Carbons sinks must be increased. This can be done by for example
increasing the amount of forests and vegetation.

* Use of CCS (Carbon Capture and Storage) technologies in industrial
processes



Carbons sinks must be increased
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Lifecycle emissions of Greenhouse gases

* When comparing different thes of electricity Broductiqn methods the
lifecycle emissions of greenhouse gases must be taken into account

* The use of all low emissions eIectricityProduction methods (under 100g
CO2-equivalent/kWh) together is an efficient way to cut down greenhouse
gas emissions.

* The currently used low emission methods are solar energy, hydropower,
wind power and nuclear power.

. Fu.'&ure technologies? Fusion power plants, Hydrogen economy, Smart
grids...
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How the low emission energy can be
produced today?



Solar energy

* Solar cells convert light to electricity, solar collectors gather heat.
When solar cells are connected in series a solar panel is formed. This
vields a higher current.

* Solar energy is pollution free and renewable.

* Unlimited capacity: the Sun emits the Earth the amount of energy
that the humanity need in one year during only one hour



Solar energy

* Some challenges:

The solar radiation is
unevenly distributed on
Earth surface and therefore
the use of solar energy has
limitations e.g. in northern
Europe.

l.e. in Finland the energy is
mostly needed during the
winter time, when there is
less sunlight available.

Solar radiation on Earth

T. Vanhanen, Valot paalle, bear and penquin ink, 2016



Hydro power

* In Hydro power plant the potential energy of water is converted to
kinetic energy by controlling the stream of water. The kinetic energy is
converted to electricity by a turbine and a generator.

* No greenhouse emissions, but the plants cause local environmental
effects (dams, artificial lakes, fish populations etc.)

* Challenges: Requires falling or fast-running water, so the capacity is
limited.



Wind power

* The kinetic energy of the wind moves to rotor. The movement of the
rotor is converted into electricity with a generator.

* No greenhouse emissions, but the wind power plant causes minor
local impacts (noise etc.)

* Challenges : Wind power is variable renewable energy, so power-
management techniques are used to match supply and demand.
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Nuclear power

* The Nuclear power plant functions similar as a thermal power plant,
but the water used to move the turbine and generator is heated with
nuclear reaction.

* The reaction used today is nuclear fission, where a nucleus of an
atom splits into to smaller atomes.
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Nuclear power: nuclear fission

* Benefits: pollution free ——

-

fission product
* Challenges: Q

* Nuclear repository —

* The risk of a nuclear
and radiation accidents
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Todays technologies are not enough

Exajoules

600

500

400

w
o
o

200

100

Source: BP Statistical Review of World Energy. Population data from World Bank.

25,000

20,000

15,000

10,000

5,000

les per capita

Exajou

mm Renewables
mm Hydro
Nuclear
Gas
Qil
= Coal
—Per Capita



How the low emission energy can be
produced tomorrow?

The global warming can only be
prevented with tomorrow’s
technologies.



Nuclear power: fusion reaction
* Two or more light nuclei form a new nuclei

* Benefits:

e Pollution free
* Availability of the raw material, deuterium, in
Sea water

* High yield of energy

Q ‘He + 3.5 MeV
* Challenges: n + 14.1 MeV
* At the moment it takes more energy to run the
reactions than the reaction produces Proton J



Hydrogen economy




Smart grids



STAYING BIG OR GETTING SMALLER
Expected structural changes in the energy system made possible by the increased use of digital tools
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Things to consider about energy:

 How the energy needed is produced? Fossil fuels, sustainable energy, new
innovations?

* Can the energy be collected somehow?

E.g. You can not use solar energy for heating of the houses during dark, cold
winters because the sun does not shine enough.

The energy produced to the Power grid must be used simultaneously when
it is produced. So it can not be produced beforehand during the summer at
the moment - Smart battery technologies?

e Can CCS be used?



* Discuss with your group and start gathering scientific information about
different ways to produce to energy needed to heat and provide electricity
for your building.

 Mark down the references that you found! You need to add them to your
report in order to justify your choice of energy production method.

* Based on the information you find, choose together the best energy
production method for your project. The method can be combination of
several methods and it can also be a tomorrow’s method.

* Build your energy solution on connect it to power grid. You may have to
build also the power grid.
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