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Renewable Energy

| « Renewable energy is the term used to
cover those energy flows that occur
naturally and repeatedly in the
environment and can be harnessed for
human benefit.

« The ultimate sources of most of this
energy are the sun, gravity and the
earth’s rotation.
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Nonrenewable Energy

e Nonrenewable energy is energy obtained
from static stores of energy that remain
bound unless released by human
Interaction.

3

Examples: nuclear fuels and fossil fuels (coal,
oll, natural gas). The energy is initially an
Isolated energy potential and external action is
required to initiate the supply of energy for
practical purposes.

Nonrenewable energy supplies are also called
finite supplies.

»
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World Energy Outlook

e Predominance of fossil fuels (about 80%)
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World Primary Energy Demand by Fuel — reference scenario
Source: IEA World Energy Outlook 2009

Global demand grows by 40% between 2007 and 2030,

with coal use rising most in absolute terms

World energy demand expands by 45% between now and 2030 — an average rate of increase
of 1.6% per year — with coal accounting for more than a third of the overall rise
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Primary Energy Consumption
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o ‘? Coal accounted for nearly half of the increase in global energy use over the past decade,
= with the bulk of the growth coming from the power sector in emerging economies

Source: IEA - World energy outlook 2011
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World electricity generation

World electricity generation® from 1971 to 2009
by fuel [TWh)
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**Qther includes geothermal, solar, wind, biofuels and waste, and heat.
Source: IEA (2011) World key energy statistics
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Electricity use
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e without
cit

. Million people without electricity

. Million people without clean cooking facilities
Sub-Saharan Africa
Rest of

developing
Asia

Latin America

1.3 billion people in the world live without electricity
and 2.7 billion live without clean cooking facilities

Source: IEAWEO 2011
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Why Should We Use Renewable

e Non-renewable resources are limited
e Security of Supply
e Increase in the world energy consumption

e Sustainability
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Limited resources

e Technology has improved very much over the last 10 to 15 years
= reserves increased.

e Estimated max for next 100 years. For Western Europe it is
estimated to last for 10 years and for North America about 25

years.
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Security of supply - oll

Reserves-to-production (R/P) ratios

2011 by region History

150 North America
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W Europe & Eurasia
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World proved oil ressrves at the end of 2011 reached 1852.8 billion barrals, sufficient to maeet 54,2 years of global production,
The cont nuing increase in officie Venezuslar reserves pushed the South & Central American R/P ratio asove 100. The large
increase in Middle Esstern production reduced the region's R/P ratio despite an increase in reserves; the region helds 48.1%
of global proved reserves.

Middle east holds 61% of the world oil reserves and
Europe&Eurasia 11% (source: BP, 2012)
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Security of supply — natural
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Reserves-to-production {R/P) ratios
Toas

2011 by region History
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World proved ratural gas resarves at and-2011 wers sufficent f0 meat 62 6 yaars of production. & knge inoeasa in Turkman esarves. pushad the A rabo for Ewopa &
Eurasia o 75.5 years. Middla East stll holds tha largast raserves 136.4% of the world total, compared with 37.8% for Brope & Evrasial and has an AP mtc of cver
150 years

Middle east holds 41% of the world natural gas reserves and
Europe&Eurasia 33% (source: BP 2012)
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Security of supply

e Possible vulnerabillities:

= dependence on the resource in question.
supply and demand problems.
vulnerability and exposure of supply.
= variety of sources of disruption

13
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Crude Qil Prices
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3 Crude Oil Prices since 1861
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Oil supply

Major trade movements 2011
Trade flovws worldwide {million tonnes)
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Natural Gas

Major trade movements 2011
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Natural gas Europe

IEA - Gas Trade Flows in Europe, in Mcm
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Growth In primary energy
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Global energy demand increases by one-third from 2010 to 2035,
with China & India accounting for 50% of the growth

Source: International Energy Agency. World Energy Outlook 2011
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Net oil import dependence in main
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Reference scenario. Source: IEA WEO 2009

Import dependence falls in the United States & OECD Pacific,
but increases in all other importing regions — most markedly in Asia
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Sustainability

e Definition: “Meeting the needs of the
present generation without compromising
the abllity of future generations to meet their
needs." Brundtland-1987

« The world has finite resources and a finite
capacity to absorb the ecological burdens that
humans may put on it was widely discussed by

Vol Vel adVat

Concerns raised from the exponential growth of
human population and the effect of this growth
on the environment.

L
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Stratospheric ozone depletion
Greenhouse gas emissions
Global warming

Acid rain

Unsafe drinking water
Hazardous/solid waste disposal

Loss of plant and animal species, and human
health and well-being.

Environmental protection has usually taken the form
of end-of-pipe solutions that often required
considerable money and natural resources affect
iIndustry profit
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Population Growth - Emissions
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CO2 concentrations - forecast

s i e i e e e
Source: Boyle, G. 2004
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CO2 emissions by Region

World* CO; emissions** from 1971 to 2009
by fuel (Mt orf CO5)
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The Greenhouse effect

Some solar radiation is Some of the infrared
reflected by the aimosphere radiation passes through
and surfa the almosphere and Is
lostin space

GREEHHC!UEE G"ASEE

: {7 snmniﬁmimmimdiauunia y
: _. absorbed nnd ra-enﬂmﬂ by the
Solar radiation passes through A Y T gmnhuuw gas molacules. The
the clear atmosphere. R R d direct effect is the warming of the
Incoming solar radiation: gz N e R
343 Walt per m? h ol

mwmmmatmpanm.

Saurces: wnm university college in Canacs, Depament oF peogragin, Linkersiy of Codeed, Seho oF geography; Uniled S2xles Envirgnmenial Protection Agency (EPR), Washingion; Climate change
1886, The ecienca of cimate change, cootibution of woeking qroug 1 1 the seeond aseessment rapor al L insengoven mental panel on climale change, UMER and W0,

wriersity press, 1996,
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Climate change

(d) Temperature change
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Global Warming - Forecast

Click on [LINKS]

to find out more

CHANGE IN SURFACE AIR TEMPERATURE, 2080-2099

MORTH AMERICA

AUSTRALIA &
NEW ZEALAND

0 05 1 1.5 2 25 3 35 4 45 5 55 6 65 7 75
(*C)
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Climate change Il

(e) Sea level rise

] [ | [ | 1 ] ] ] 1 [ | ] A"
1.07 I 502
Scanarics 3
7] — 1B i ]
= =m=aT All SAES envelops - n
08— ====A1F| including land-iza o i
s B2 urcartainty b -
.J\'_I_'II“ 7 — E1 i : [ |
= — EE ~ ] [ ]
£ i Several models . E T -
i all SRES
£ 0.6 anvelops ~ E : -
@ - i R "
L) - Model average a i -
. - all SRES 1 |:1 i
E 0.4 — ervelope B E : :
- 3 " |
g ’ 1 |
7 . o B g
— THIIE
0.2 = = FE 0
[ |
: 1T
- = Bars show tha
0.0 " : I I I | ! I rangea in 2100
produced
2000 2020 2040 2060 2080 2100 sovaral modals
Year
Source: IPCC
Renewable Energy Technology Course 33




Climate Change Scenarios

Likely Scenarios if Climate Change Continues v SELECT CLIMATE IMPACTS

Click on Each for More = THREATENED CULTURES “ REDUCTIONS IN SEA ICE

SR
» INCREASING YIELDS o HEREET E, AVES M ® CHANGING YIELDS
» DECREASED'SNOWPACK INC D DISEASE
# SEVERE STORMS » RECEDING GLACIE

» WATER SHORTAGES ® REDUCED GROWING SEASDNS o UNSUSTAINABLE DEVELOPMENT
= ® POPULATIONS AT RISK
SPECIES EXTINCTION CHANGING RANGE OF DISEASE

o CHANGES IN PRECIPITATION LO5S QF BIODIVERSITY
@ RISING SEA LEVELS o FLOODING

® DROUGHT o CHANGING FORESTS

WHAT YOU CAN DO TO HELP »

Bazed on Climate Change 2007: Climate Change Impactz, Adsptation and Vulnerability, Summary for Policymakers, Infergovernmental Panel on Climate Chang
April 2007

-

Source: National Geographic
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Climate change forecast

From the national geographic

http://www.youtube.com/watch?v=2 ZORIsn2pA&fe

ature=PlayList&p=779E289383DA723E

http://www.youtube.com/watch?v=P-

0 gDXgYeOQO&feature=PlayList&p=779E289383DA7

23E&Index=4

http://www.youtube.com/watch?v=6rdLu7wiZOE&fe

ature=PlayList&p=779E289383DA723E&Index=3

http://www.youtube.com/watch?v=skFrR3g4BRO

http://www.youtube.com/watch?v=7nRf2RTqANQ

http://www.youtube.com/watch?v=08gmaAMKA4cM
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Renewable energy

Source: Boyle, G. 2004
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Hydropower

e |s one of the prevailing energy-producing
technologies.

e It provides about 20% of the world’s
electricity. In the "developing world” the
proportion rises up to 40%.

Hydroelectric Dam




Fraction of Electricity
Production from
Hydroelectric

B 80 to 100%
W 60 to 80%
W 40 to60%
W 2010 0%
W 0w20%

Very little or
no data
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Hydropower Potential by Region

Source: Global Energy Network Institute




Hydropower potential,
?rross hypothetlcal capability

h/yéar)

50

J 50 - 100
= 100 - 200

e
*T"_Jf._/ B 200 - 2300

Source; 2012 UNEP/GRID-Arendal

Renewable Energy Technology Course 41



Solar Energy

M e | he amount of solar energy incident

on the earth every year is:

« Equivalent to 160 times the energy stored
In the world’s proven reserves of fossil

fuels

« Equivalent to more than 15 000 times the
world's annual use of fossil and nuclear
fuels and hydropower
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Solar energy

e [hree different technologies contribute
to the capture and application of solar
energy. solar photovoltaics (PV) and
concentrating solar power (CSP) to
provide electricity, and solar
collectors to provide directly usable
heat (or cooling).

= _———
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&=l Solar Energy
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Solar energy irradiation on the earth
every year

Source: Global Energy Network Institute




Solar Thermal

~ I Solar energy can be used directly for
different purposes such as:

« Space or water heating at relative low
temperatures by absoption in solar
collectors.

Passive heating in buildings designed to
take advantage of solar energy.

Generation of electricity by concentrating
the solar energy in parabolic mirrors that
heat up the water to several thousand C

LS

L
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P~ Solar heating and cooling
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Photovoltaics

e Photovoltaics (PV)
convert directly the
solar energy into
electricity in a solid-
state device made
I from silicon.

1 o It is based on the
photovoltaic effect.
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Solar Energy
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Wind Energy

e Wind energy offers the
potential to generate
substantial amounts of
electricity without the
pollution problems of
most conventional
forms of energy

Renewable Energy Technology Course
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Wind Energy

Mean Annual Production of 1.5 MW Variable Speed Wind Turbines (HH = 80 m)
in Full Load Hours [FLH]

Meteorological data: ECMWF, ERA-15, 1979-1992

G. Czisch 2000
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Mean Annual Production 1979 -1992
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Wind Energy Iin Europe

3 s The wind capacity

" . The EU's total installed

power capacity was
895’878 MW, with wind
power increasing its
share to 10.5% (93,957
MW).

Installed (2011) would,
In a normal yeatr,
produce 204 TWh of
electricity, representing
6.3% of electricity
consumption

Wind Resources at 50 (45) m Above Ground Level
Colour Sheltered  Openplain At a sea coas
terrain
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Wind Energy Potential
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Mean Annual Offshore Production of 1.5 MW Variable Speed Wind Turbines (HH = 80 m)
in Full Load Hours [FLH]
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Biomass

! o Biomass is one of the
major world fuel
sources, especially in
the third world, wher it
provides 40% of the
W requirements.
£ | » Biomass is also
&= importantin some of
the forest-rich part of
the industrial nations.

Renewable Energy Technology Course 60




Biomass — CO, Neutral

e Biomass is considered CO, neutral

i i Source: ONRL
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Biomass Conversion

Direct Combustion
r—m==-—=- b |
Thermal Gasification ——  Various :
Conversion _ _ 1 Gaseous and !
Liguefaction 4>: Liquid Fuels, :
Pyrolysis ——» ~ larsand

| Charcoal
. Lo o o o o o o o
Biomass
. I ___________
Anaerobic Methane |
Processes R
Biological
Conversion
F o mmmmmoo
Fermentation —» Ethanol
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Biofuels - Ethanol

Glabal Fusl Ethanol Praduction
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Chart of global Fuel ethonal production
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1957 15548 1949 2000

Corn ethanol (USA)

« USA Production cost = 1.09
$/gallon

*Energy Balance -> 1 unit fossil

fuel energy produces 1.3 units of
energy from ethanol

» Greenhouse gases -> 22% less :9y
than gasoline (Ibs/gallon)
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il

2004 2005 2008 2007

Source: BP Staticstical Review

Sugarcane ethanol (Brazil)

2003

* Brazil Production cost = 0.87
$/gallon

e Energy Balance -> 1 unit fossil fuel
energy produces 8 units of energy
from ethanol

» Greenhouse gases -> 56% less
than gasoline (Ibs/gallon)



Bioethanol in Sweden

e Ethanol from wheat - Agroetanol (Norrkoping)

« The plant produces annually 50 million liters of ethanol
iIntended for gasoline replacement and 45 000 tonnes of
protein feed (DDGS).

The steam and electrical power needed to operate the
plant both originate from renewable sources. The steam,
which is primarily used for destillation and drying of feed, is
produced in the bio-fuelled power plant close by.

L3

e Cellulosic Ethanol - SEKAB (Ornskoldsvik)

= It has a capacity of 300-400 litres of ethanol per 24 hours.

Current raw material used in the development process is
wood chips from pine trees, but other raw materials such
as bagasse from sugarcane, wheat and corn stover,
energy grass and recycled waste are also of future interest
for the project.

13




Biodiesel

| @ Energy balance of biodiesel production
from canola oil -> 1 unit fossil fuel
energy produces 2.5 units of energy
from biodiesel

e Greenhouse gases -> 68% less than
gasoline (lbs/gallon)
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Biomass Potential
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Biomass in Europe

Primary biomass

102 315 kioe Targets 2020

Import 5 854 kioe |:> S S =  Export 2 690 ktoe

Gross inland consumption
105 228 ktoe p | 220 Mioe
. . Losses
Biomass in npuLto \_> psses
2008 electricity and
CHP Bioelectricity 20 Mtoe
34 912 kioe :>: 9274koe | T (227 000 GWh)
Input to DH
4Moe

Biofuels —_— 32 Mioe

10 598 ktoe
> SOMioe
> 8Mwoe

Source: European Biomass Association 2011
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Geothermal Energy

e Geothermal energy
results from heat stored In
rock by th earth’s natural
heat flow.

e Geothermal energy can
be directly used In
Industrial processes,
space heating, domestic
and leisure applications
and electricity production.

¢ Suitable for base load
generation

Source: Boyle, G. 2004
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Geothermal Energy

Worldwide Geothermal Temperature Levels
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Depth of the layer with AT=170K
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Source: Global Energy Network Institute
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Tidal Energy

e Tidal energy is the result of the interaction
of the gravitational pull of the moon and, to
a lesser extent, the sun, on the seas.

e Tidal energy traditionally involves erecting
a dam across the opening to a tidal basin.
The dam includes a sluice that is opened
to allow the tide to flow into the basin; the
sluice is then closed,

and as the sea level | ____
drops.

Tide going out
—

Turbine &

Source: Boyle, G. 2004 73
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Source: IPG, 2004
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Wave Energy

e Ocean waves are generated by wind passing
ove stretches of water.

e The total power of waves breaking on the
world's coastlines is estimated at 2to 3

million megawatts. In favorable locations,

wave energy density can average 65

megawaitts per mile of coastline.

buoy
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OTEC

OTEC, or ocean thermal energy conversion, is an energy
technology that converts solar radiation to electric power.

OTEC systems use the ocean's natural thermal gradient (the
fact that the ocean's layers of water have different
temperatures) to drive a power-producing cycle. As long as the
temperature between the warm surface water and the cold
deep water differs by about 20°C (36°F), an OTEC system can
produce a significant amount of power.

warm water inlets

The oceans are thus a vast renewable
resource, with the potential to help us
produce billions of watts of electric power.

mooring

Each day, the oceans absorb enough heat s
from the sun to equal the thermal energy Sanemidon
contained in 250 billion barrels of oil. Sgoe

cold water |

Source: Boyle, G. 2004



Sea Surface Temperature

Seq Surface Temperature [C) S5T analvsis for ODZ 6 AUG 03
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Hydrogen

e Although itis not a renewable energy, hydrogen is an energy

carrier that an be produced from it and has gained relevance in
the past years.

—Z

electricy generation
- water vapor

="y 1

transportation

primary sNergy snergy
energy carrler consuming
SQUIces sectors
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