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Renewable energy 1s energy which comes from natural resources
such as sunlight, wind, rain, tides, and geothermal heat, which are
renewable (naturally replenished).

About 16% of global final energy consumption comes from renewables,

* 10%: traditional biomass, mainly used for heating,
* 3.4% : hydroelectricity
* Around 3%: small hydro, modern biomass, wind, solar, geothermal,

and biofuels. 2008
i Y Coal/pe
o i : 41.0%
About 19% of global electricity coming from Nuclw
o 53.5%:; _
* 16% global electricity coming from hydroelectricity \/
e 3% from new renewables. L

| 20 181 TWh |
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What 1s Biomass?

Biomass 1s any organic matter such as wood, crops, seaweed, animal
wastes, that can be used as an energy source. Biomass is probably our

oldest source of energy after the sun. For thousands of years, people
have burned wood to heat their homes and cook their food.

During a process called photosynthesis, sunlight gives plants the

energy they need to convert water and carbon dioxide into oxygen
and sugars.

water + carbon dioxide + sunlight = glucose + oxygen

6H0 + 6 CO, + radiant energy =—> CH,0, + 60,

These sugars, called carbohydrates (C,(H,0),), supply plants and

the animals that eat plants with energy. Foods rich in carbohydrates
are a good source of energy for the human body! 4
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water + carbon dioxide + sunlight = glucose + oxygen

6H0 + 6 CO, + radiant energy =—> CH,0, + 60,
In the process of photosynthesis, plants convert radiant

energy from the sun into chemical energy in the form of
glucose (or sugar).

CARBON DIOXIDE
RADIANT _
ENERGY g
— ' ks ' OXYGEN
'IFi - =-- 5/

RADIANT ENERGY

WATER

e CARBON
GLUCOSE DIOXIDE

i

glucose + oxygen = water + carbon dioxide + energy

S
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Types of Biomass

» Wood and Agricultural Products
<+ Solid Waste
< Landfill Gas

Bacteria and fungi are not picky eaters. A fungus on a rotting log is converting
cellulose to sugars to feed itself. Although this process is slowed in a landfill, a
substance called methane gas is still produced as the waste decays.

< BioFuels
> Ethanol
> Biodiesel
> Biogas
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Biomass potential in Iran

Iran and World Energy Facts and Figures

dEEEEE__——_
Biomass Potential of Iran &

Vegetal Wastes [l 158 o shiolng ol
Animal Wastes [l 01 Ollgpid
Industrial Sewages [l ;ioiw sls Olbdls
Municipal Sewages Sapin o5l Olbnls
Municipal Wastes ] S sle allj

Iran around 200 Mtoe in 2008
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Maximum Actual Energy Potential

from Urban Residuals
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BioFuels: Iran

Biofuel

Name
|Shiraz Biogas
Power Plant

| Mashhad Biogas
Fower Plant

Biomass

Location Capacity Type

Fars
Frovince

Fars

Frovince

1.1 MW

065 MW

Biogas Power
Plant
Btlﬂgaﬁ pl:l'l."l."E[
Plant
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Notes

The plant uses organic waste as fuel for
production of electricity

The plant uses organic waste as fuel for
production of electricity
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> Ethanol

Ethanol is an alcohol fuel (ethyl alcohol) made by fermenting the sugars and
starches found in plants and then distilling them. Any organic material
containing cellulose, starch, or sugar can be made into ethanol.

New technologies are producing ethanol from cellulose in woody fibers from
trees, grasses, and crop residues.

o Nearly all of the gasoline sold in the U.S. are E10.

o ES8S5 is an alternative fuel.

o There are about seven million flexible fuel vehicles (FFV).
o 6% use E&S.

o More than 2,000 E85 fueling stations in 46 states.

o But unfortunately use of corn ethanol would result in little to no CO2
reductions in the near future. 10
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BioKFuels: U.S. Ethanol production in 2010

U.S. Ethanol Production, 1981-2010

14
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Source: Department of Commerce, U.S. Census Bureau, Foreign Trade Statistics
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Biomass

BioKFuels: World Ethanol Exports, 2010

Million Gallons

World Ethanol Exports, 2010
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Source: National Statistics Compiled by Global Trade Information Services [GTIS)
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BioFuels

> Biodiesel

Biodiesel is a fuel made by chemically reacting alcohol with vegetable oils,
animal fats, or greases, such as recycled restaurant grease. Most biodiesel
today 1s made from soybean oil.

Biodiesel is most often blended with petroleum diesel in ratios of two percent
(B2), five percent (BY), or 20 percent (B20). It can also be used as neat (pure)
biodiesel (B100).

Compared to diesel, the production and use of soybean biodiesel would result
in little to no CO2 reductions in the near future.

By comparison, the production of and use of biodiesel from recycled waste oils
could reduce CO2 emissions by over 80 percent compared to petroleum diesel.

13
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BIODIESEL-POWERED GARBAGE TRUCK

Image courtesy of NREL
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Family size and medium size biogas systems

WATER HEATER|| ® -é-
LAMP
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Top Ten in Biomass

World top 10 producers (TW-h/fyear)

Country
HE United States
.- Germany
- China
. Brazil
ﬂ% Mo rneay
- European Uniont]
”- Russia
I ® Japan
.|+| Canada
_ India

K& Venezuela

% Year # Biomass ~

200901 |
201087 |
200
:gnng
fznng
2009
200
iznng
200
200
fznng

f4.3
33,460
3.0l
21.354

:uzﬁ]

Country

B== LUnited States
B Cermany
Brazil
L

== Linited Kingdom

B LEL

s Finilani
B+ Canada
== r.|atherands

s P 013NG
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Ve Biomass
ar # -
(GWh)

2009 154 200
2011 31,920
2009 21354
2009 11,321
2006 B9 g 201 B 2o07y

2010 9,281
2009 8,586
2009 7582

200al°! |5 422
2004 4 97F
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Advantages and Disadvantages of Biomass

@ Advantages

It makes sense to use waste materials where we can.
The fuel tends to be cheap.

Less demand on the fossil fuels.

O Disadvantages

Collecting or growing the fuel in sufficient quantities can be difficult.

We burn the biofuel, so it makes greenhouse gases just like fossil fuels
do.

Some waste materials are not available all year round.
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Renewable energy

Geothermal

Biomass
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Geothermal Energy

A/

*¢ Direct use.

= Balneology

= Agriculture

=  Aquaculture

= Residential and district heating

¢ Hydrothermal Power Systems.
* Dry Steam Power Plants
= Flash Steam Power Plants
= Binary-Cycle Power Plants

19
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Geothermal Energy

A/

*¢ Direct use.
= Balneology
= Agriculture
= Aquaculture
= Residential and district heating
¢ Hydrothermal Power Systems.
* Dry Steam Power Plants
* Flash Steam Power Plants
* Binary-Cycle Power Plants
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Native Americans using hot springs at what 1s now Calistoga,
California.

Some tribes considered hot springs to be neutral territory where no
wars were allowed.
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Aquaculture

»Residential and district heating
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Geothermal: Direct heating

Residential and district heating (Industrial)
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Residential and district heating
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Residential and district heating

District Heating
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Geothermal Energy

\/

*¢ Direct use.
= Balneology
= Agriculture
" Aquaculture
= Residential and district heating
¢ Hydrothermal Power Systems.
"= Dry Steam Power Plants
= Flash Steam Power Plants
= Binary-Cycle Power Plants
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Geothermal: Hydrothermal Power Systems

Dry Steam Power Plants
The steam goes directly to a turbine, which drives a generator that

produces electricity. It was first used at Lardarello 1n Italy in 1904, and 1s
still very effective.

Dry Steam Power Plant

Turbine Generator ”Z‘(a

x;,z, - Electricity
— Tl

Condensed
Steam Steam
(Water)
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The Geysers dry steam field, in northern California.

The first geothermal power plants 1n the U.S. were built in 1962 at

30
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Geothermal: Hydrothermal Power Systems

Flash Steam Power Plants

Hydrothermal fluids above 360°F (182°C) can be used 1n flash plants
to make electricity. Fluid is sprayed into a tank held at a much lower

pressure than the fluid, causing some of the fluid to rapidly vaporize,
or "flash.”

% " ; i % " '

*”1}-- - s

e —

Condensed
Steam

(Water)

31
Ali Karimpour Feb 2013

—



Photovoltaic Systems Engineering

Geothermal: Hydrothermal Power Systems

Flash technology was invented in New Zealand

Flash steam plants are the most common, since most reservoirs are hot
water reservoirs.

Following flash steam plant is in East Mesa, California.

32
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Geothermal: Hydrothermal Power Systems

Binary-Cycle Power Plants
Most geothermal areas contain moderate-temperature water (below
400°F or 204°C). Moderate-temperature water 1s by far the more

common geothermal resource, and most geothermal power plants 1n the
future will be binary-cycle plants.

Binary Power Plant Heat Exchanger

» Binary liquid in

Binary vapor out < from condenser

to turbine w

transfer 5?—{

Hot geothermal Geothermal water

water in from out to injection well
production well 33
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Binary-Cycle Power Plants

Binary Cycle Power Plant
: --!'-U'rl-:!in.é | — ':::'-"_(-'__;e,'_r_'n_erator' _‘__./':"

7  Electricity
—a . .

S~ Binary Liq-uid -~

Cooled
Water
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Binary plant is at Soda Lake, Nevada.

Binary technology allows the use of lower temperature reservoirs,
thus increasing the number of reservoirs that can be used.

35
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Geothermal Power Plants

Geothermal Power Plants
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Geothermal in World

Installed Capacity, Electricity Generation
and Direct Use of Geothermal Energy, 2007

Gross Electricity

Installed Capacity Generation Direct Use
Regions aail Cuad Cusyh B 21yl g3 @Bl a3(ATw) @bl
(MW) (TWh) (T7/Year)
North America 3174 24.2 634474 Gladh (5(5367
S. & Cent. America ° 2.9 103104 (3838 § S)5pe s(aapel
Europe & Eurasia 1208 10.0 446018 LunTyg) g L)l
Africa ° 1.0 36720 (5)81
Asia Pacific 982 23.7 833043 Qwgild) g LuwT

Total World . 61.8 2053359 olgs J5
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Geothermal Potential of Iran

p MNeogens-quatemary ignecus rocks
@ Deogene-guatemary active volcanos
@ Silent volcanos
=~ Major faults
™= Miner faults
™ Probably faults

Major contrary faults
Miner contrary faults
™ Antic line axis
Dents of centeral part
® Thermal spring in general
@ Town
D Snggested areas for geothermal
potential (SUMNA)
G Suggested areas (Enel)

-Hutrest known geothermal regions

Areas suggestion by SUNA:
1- Taftan-Bazman
2- Natbandan
3- Ferdows-Tabas Areas suggestion by Enel:
4- Takahb 1- Sabalan
5- Khur-Biabanak 2- Khoy - Makou
6- Esfshan-Mahalat 3- Damavand
7- Ramsar 4. Sahand
8- Bandar Abbas - Minab
9- Bushehr - Eazeroun
10- Lar - Bastak
38
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Geothermal

Name Location Capacity Type Notes
Meshkinshahr Geothermal | Ardabil 250 MW Geothermal It is Iran's first geothermal
Power Plant Province Power Plant electnicity generation station

39
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Measurements are in TW-h/year (terawatt-hours per year) Country Moot s Geothermal
(GWh)®!

Rank # Country  Year ¢ Geothermal® — —
- B United States 2013 70 = United States 2009 15,200 |

B cuiopesn Union™ 2010 |56 =M Fhilippines 2008 10,187 f'
G| ® Japan 2011 2.89 W donesia 2008 7,882
5 mm Russia 12010 (047 il New Zealand 2011 5,770

—
7 Germany 2011 .[].!ZIEI I I ltaly 2010 5,358
1 Bl China 2011

n

- : Iceland 2009 4,553
10 = Spain 2011 1=
B = India 2011 ® Japan _2&1]7 3,027
4 §+Q Canada 2011 e El Salvador 2008 1,443
3 Brazil 2011 B Kenya 2008 1,120
8 i MOy 4011 = Costa Rica 2008 1,075

40
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Advantages and Disadvantages of Geothermal

@ Advantages

Does not produce any pollution, and no contribute to the greenhouse effect.
The power stations do not take up much room, so there 1s not much impact on
the environment.

No fuel 1s needed.

Once you've built a geothermal power station, the energy 1s almost free.

0 Disadvantages

Not many places where you can build a geothermal power station.
You need hot rocks of a suitable type, at a depth where we can drill down to
them.

Sometimes a geothermal site may "run out of steam", perhaps for decades.
Hazardous gases and minerals may come up from underground, and can be
difficult to safely dispose of.
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Renewable Energy(Wind)

The Babylonians and
Chinese were using

—

Geotherma

£

‘

RS &3 R wind power to pump
1 water for irrigating
Biomass crops 4,000 years

ago, and sailing boats

were around long42
before that.
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Installed wind energy capacity worldwide

World Total Installed Capacity (MW)
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Vertical-axis and horizontal-axis wind turbines
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horizontal-axis wind turbines components
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S| ow-Speed
248l Shaft

Gear Box

Generator
Anemometer

Controller

Yaw Drive i : _' s N
-8 Wind Vane
Yaw Motor @
High-Speed
Bladesl Tower o= Shaft
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Wind Turbine

< The wind first encounters the rotor on this upwind horizontal-axis
turbine, causing it to spin. The low-speed shaft transfers energy to the
gearbox, which steps up in speed and spins the high-speed shaft. The
high-speed shaft causes the generator to spin, producing electricity.

+ the yaw-actuation mechanism, which is used to turn the nacelle so that
the rotor faces into the wind

p
0
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Wind Farms
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Offshore Wind Turbines

[

Onshore |
Wind
" Turbine

Monopile -
Foundation Tripod
Depth = Fixed Bottom
0-30 m Depth - |
2080 m Floating

Structure Depth
40-900 m
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Top Ten in Wind Energy
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Measurements are in TW-h/year (terawatt-hours per year) Wind
Country Year # o ¥
- = (GWh)
Rank # Country Year # Wind Power
o B United States 2009 ! 170,800
B cvropean Union' 12010 1491
2 B United States 2011 119.7 W Germany 2011 146,500
1 Bl china 2011|732 _— Shain 2010 ¥°) 42,976
7 W Germany 2011 465 Bl China 2009 25,000
10 — SPain 2011 424 == India 2009 15,300
6 | [N013 2011 126 | BN Fortugal 201079 19,024
4 B+l Canada 2011 197 T 2010 8.449
9 ® Japan 2011 4.35
| a | S Denmark 2009 6,721
3 Brazil 2011 (2.7
' ' Australia 201 6,432
8 = Norway 2011 1.29 . :
f - 2 [eitation needed)
5 mmm Russia 2010 0.004 Turkey 2010 5,832
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Wind

See also. Wind power in fran

Name Location |Capacity Type Operational Notes

Binalood wind | Fazawi 28.2 MY Cnshore 2003 The wind fanm uses 43 units of BB0 KW -h

farm Khorasan wyind farm Currently being upgraded to 93 turbine units
Province with a total capacity of 61.2 MWh

tanjil and Gilan Province  [100.8 MW |Tnshore 19094 The wind farm uses 171 units of

Fudbar Wind wind farm 300-660 14-h turbines; It was the first wind

Farm farm in lran

Jarandag wind | Qazvin Province | B0 MW Eeing studied

farm
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Map of Iran Wind Potential at 80m Above
the Ground Level

[ %)

m =9 0m's =3

m <85m's = <4.5mis

= <f (0 m's = <4 (m's

= <7.5mfs = <3.0m's

O <70mfs O <20m's

= <065 mfs = <1.0m's 51
= <6.0m's 5 -mfs

= <55 mis Ali Karimpour Feb 2013



Photovoltaic Systems Engineering

Advantages and disadvantages of wind energy

@ Advantages

Wind 1s free, wind farms need no fuel.

Produces no waste or greenhouse gases.

The land beneath can usually still be used for farming.
Wind farms can be tourist attractions.

A good method of supplying energy to remote areas.

O Disadvantages

The wind 1s not always predictable - some days have no wind.

Suitable areas for wind farms are often near the coast, where land 1s expensive.
Some people feel that covering the landscape with these towers 1s unsightly.
Can kill birds - migrating flocks tend to like strong winds.

Can affect television reception if you live nearby.

Can be noisy. S
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Amount of Solar Energy
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1.Amount of Solar energy falling on Earth in one vear.
2. Present solar energy use.

3. Natural gas reserves.

4. Coal reserves of coal

5. Oil reserves.

w6 6. Uranium reserves.

3 3 2 7. World energy consumption in one year.
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Solar energy technologies:
* Solar heating,
* Solar photovoltaic,

* Solar thermal electricity

e Solar architect

55
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Solar Heating
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Solar water heating (SWH) or solar hot water (SHW)

SWH has been widely used in Greece, Turkey, Israel Australia, Japan,
Austria and China.
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Solar Photovoltaic
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Solar Thermal Electricity
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Solar thermal energy (STE) 1s a technology for harnessing solar
energy for thermal energy (heat). Solar thermal collectors are
classified by the United States Energy Information Administration as
low-, medium-, or high-temperature collectors. Low-temperature
collectors are flat plates generally used to heat swimming pools.
Medium-temperature collectors are also usually flat plates but are
used for heating water or air for residential and commercial use.
High-temperature collectors concentrate sunlight using mirrors or
lenses and are generally used for electric power production. STE i1s

different from and much more efficient than photovoltaics , which
converts solar energy directly into electricity.
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In passive solar building design, windows, walls, and floors are made
to collect, store, and distribute solar energy in the form of heat in the
winter and reject solar heat in the summer. This 1s called passive solar

design or climatic design because, unlike active solar heating systems,
it doesn't involve the use of mechanical and electrical devices.

Summer
H Sun

Distribution

Absorber
Thermal

59
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Top Ten in Solar
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Measurements are in TWY-hfyear (terawatt-hours per year) Solar
Country ¥ Year ¥ [10]
nk = Country ¥ Year 5 Solart - ! | |
B coopean Linianl] 2010 231 _ +@, South Korea _EDDQ 2945
7 W Germany 2011 190 | ] Mexiggle/ten reeded] 2011 i9
10 == Gpain 2011 |7.28 W= United States 2008 B¥1 gog
9 L& HHe i B | |EBH= United Kingdom |2006 B! |3
1 |l chi 2011 |3 — : 2 |
| Chins | | = Spain 2010 B9 17 276
2 B= |nited States 2011 |1.81 | - i
- I - Australia 2011 844
B = India 2011 |1 .“ | |
4 B+l Canada 2011 |0.43 |Bell Canada Pai e
a EIENDWW 2011 003z h Czech Hepublic 12010 ‘B1&8.7
3 B&Y Brazi 2011 (00002 | | e Finland 2008 |6
3 | - Russia |2010 |0 B B Ireland 12007 |5 (z001)
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German Installed Capacity

[

1) Solar power on the path to becoming a key pillar of sustainable energy supply in Germany

in MWp

12.000
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6.000
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0

18000 -
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100 4, 178 78 296, 435 439 :

16000 - e

4000 - e e

BI006 -

Development of installed photovoltaic capacity
A ~ | 17.193

| gtal installed

—— Newly installed

TR """"1’.‘1’“5‘"5'-'- -'-:-_:'- “EmrEd BT ‘3"' B e —

2000

2001

Source: Bundesnetzagentur, BSW-5Solar 4/201

2002 2003 2004 2005 2006 2007 2008 2009 2010

3% of total electricity in 2011 and some market analysts expect

this could reach 25 percent by 2050. 61
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Iran Solar Radiation Potential
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Solar

With about 300 clear sunny days a year and an average of 2,200 kilowatt-hour solar radiation per
square meter, Iran has a great potential to tap solar energy.

Name Location Capacity Type Notes
YVazd solar |Yazd 467 MY Integrated Solar  |Yazd solar thermal power plant is the world's
thermal Combined Cyele [ first integrated solar combined cycle power
povwer plant station using natural gas and solar energy. It

i= the largest solar power plant in the Middle
East and the eighth largest in the world.

Shiraz solar | Shiraz 280 KN Concentrating Shiraz solar power plant is lran's first Solar
povwer plant solar power powwer station; Currently being upgraded to
500 KWW-h
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Advantages and Disadvantages of Solar Energy
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@ Advantages
Solar energy 1s free - it needs no fuel and produces no waste or pollution.

In sunny countries, solar power can be used where there 1s no easy way
to get electricity to a remote place.

*Handy for low-power uses such as solar powered garden lights and
battery chargers, or for helping your home energy bills.

0 Disadvantages

Doesn't work at night.

Very expensive to build solar power stations, although the cost 1s coming
down as technology improves.

Can be unreliable unless you're 1n a very sunny climate. 64
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Top Ten in Hydro Electricity
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| Hydro

Measurements are in TW-hiyvear (terawatt-hours per yvear)
Country Year = b

Rank = Country |Hydroelectricity [ 1 - - T
"1 - i -EE'H ' - China 20049 548 955
| BB curopean Union®) |307.7 |l Canada 2009 363,241
4 B+l Canada 3726 B United States z00a B¥1 272,100
_2 E Linited States _325.1 I — LT anng 14 162,270
P NSRS e | oy 2009 126,077
G = |ndia 131 ' ' '

= = == India 2009 |[104,439
2 B Morway 119.6 - -

= ' @ Japan 2007 HE, 350
2] @ .Japan a2.h | . !
7 — Germarny 18.2 | B B France 2008 62,841

, _ . | | .
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Advantages and disadvantages of Hydro Electricity
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@ Advantages

Once the dam 1s built, the energy is virtually free.

No waste or pollution produced.

Much more reliable than wind, solar or wave power.

Water can be stored above the dam ready to cope with peaks in demand.
Hydro-electric power stations can increase to full power very quickly,
unlike other power stations.

Electricity can be generated constantly.

0 Disadvantages

The dams are very expensive to build. However, many dams are ....

Building a large dam will flood a very large area upstream, causing ...
Finding a suitable site can be difficult - the impact on residents and the
environment may be unacceptable.

Water quality and quantity downstream can be affected, which can havg7 an
impact on plant life. Ali Karimpour Feb 2013
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World top 10 renewable electricity producers (TW-hfyear)

Country |Year

B Lnited States

Brazil

i+ Canada

m Flussia

.I-
i|= RTE
s Indiz

. Gerrnany

@ Japan

E&R enezuela

- European Unian EEDIIIEI '
- China :EEIEIEI
| ;EDDB
2009
:.:-'_DEIQH
:EDDEI
2009
:EEIEIEI
:ED'II:I
2008
E.EEIEIEI-

q87.2

576.9
4243

40498
a74.4

1651
1262
121.8

101.7

984
85.8

5490
272.1
387.1

3632
163.2

125.0
104.4
19,694

752

558

40.2
0.3
1.374

2o

0.007
0977
14.7

26.500

1.754

5 gl)
1543
131,354

;uzpl

| 33.460

(0.508

12.000
0.002

01408

0.017

Totall!l Hydroelectricity |\ Wind Power Biomass Solar®! |Geothermal™

15.2

0.48

0.027
3027
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Top Ten in Renewable Energy
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World top 10 renewable electricity producers

Measurements are in TWY-hiyvear (terawatt-hours per year), equal to 1 billion Kilowatt-hours per year

Rank Country Year Total " Hydroelectricity | Wind Power™! |Biomass andWaste-Sular[S]'Genthermal[ﬁl:
:‘I - China 2011 .TEIT.-'J .EET.‘I ITE.E 534 3 | |
| - Eurapeah n'_fm'ﬂnm :EEI“IEI:EEIEI.H :EEIT.T .149.1 :;123.3 523.1 :.E.E
52 IE United States iEIII*I*I IEEIII.*I .325.1 .11 9.7 :EE.T 1 81 .17".III
:3 .Elrazil :EIII“I“I -459.2 -424.3 -2.7-'1 -32.2 EIZI.IIIIIIIIIE |
:4 .|*| Canada .EIII“I“I IEEIEI.“I IETE.E .19.?' :5.4 EIII.43
.5 .- Russia :2D1Df1EE.E .153.3 .III.IZIIII4 EE D E.I:I.dT
EE .r_'-lndia 2011 .152 .131 .EE .4 1 |
.T .- Germany 2011 .12?'.3 .'IE.E .45.5 .43.5 ;'IEI.III EIII.IIIB

5|= Moy :EIII“I“I .121.4 :119.5 .1.29 III48 ;III.IIIE |
;EI | ® Japan iEIII*I*I .115.4 .82.5 .4.35 :23.1 :S.BEI 52.89
-1III Z Spain :EIII“I“I -ET.EI -EIII.S -42.4 59.12 5T-’.EE |
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