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Lecture Objective

Behavioral Objective
After this lecture , the students should be able to :

- Understand the concept and the benefit of renewable energy .

- Know the types of the renewable energy resources and its
applications.

- Explain the types of the solar energy systems and its
applications.

- Know the solar cell types

- Know the types of the solar thermal systems and its
applications.
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Introduction

Energy : Measure of the ability of a body or system to do work or produce a change,
expressed usually in joules or kilowatt hours (kWh). No activity is possible without
energy and its total amount in the universe is fixed. In other words, it cannot be
created or destroyed but can only be changed from one type to another. The two basic
types of energy are (1) Potential: energy associated with the nature, position, or state
(such as chemical energy, electrical energy, nuclear energy). (2) Kinetic: energy
associated with motion (such as a moving car or a spinning wheel).

Power is defined as ability to do work.

work

Power =

time

__ force+displacement

Power = : y
time
Power Forcexvelocity power
The Power of body..... ,>' 8 3
Strong and Fast...... (Big Force and small times..) X
(8« __HIEE - _ | T - el aec ek S
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Introduction

Power Delivery

When we talk about Power what we
mean is “the amount of energy
delivered per second”

1 Joule / 1 Second =1 Watt

It then makes sense that the Power
used by a component can be found
from the product of current through
and voltage across the component;

Power = Voltage x Current
P = VxI
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Introduction

Physical measurement and express of energy

Heat:
British Thermal Unit (Btu): the amount of Power Units Conversion Table
energy to raise 1 pound of water 1 degree ,
Fahrenheit Btu/hour | Watt HP KW
| 0.293 | 0.00039 | 0.00029
1 W= 13/s 2546.10 | 746 | 0.746
1 wh= 3600 J 3413 1000 | 341 1
1 kWwh = 3,600,00 J _ _
Quantity Unit Symbo Name
|
2- The calorie : T— ] Toul
lcal=4.184 J  and 1 kcal = 4184 )  ENergy Nng s°( oule
3- The British thermal unit (Btu): power }fg m®/s* ( i watt
1 Btu = 1055 J. Js)

1 Btu/h=0.294 w
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Introduction

TEMPERATURE

1- The Celsius ( centigrade ) scale
2- The Kelvin scale

0 °C=273.15K
+100°C =373.15K

3- The Fahrenheit scale :
°C =(5/9) (°F- 32)
°F=1.8C+32°

4- The Rankine scale :
(THYR=18(T)K

Scale

measure of the thermal energy.

*» Temperature -
% Measured in degrees [”]using scales.
1. Fahrenheit.|"F]
2. Celsius or centigrade. [°C]

3. Kelvin .["K]
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I'(K) = T(°C) + 273.15 Comparison of |
T(R) = T(°F) + 459.67 temperature
- | scales.
T(R) = LET(K) -
001 273,16 32.02 11 491.69 |}u:?in[
T(F) e I.HT(JC) _|_ 32 of water
AT(K) = AT(°C)
AT(R) = AT(°F)
Comparison of
| K rccl 18rl 1.8°F magnitudes of
| ' various
temperature -273.15 /110 ~459.67 110 Absolute
its. VA ZCTD
Un'ts [\!/, @)

« The reference temperature in the original Kelvin scale was the ice point,
273.15 K, which is the temperature at which water freezes (or ice melts).

* The reference point was changed to a much more precisely reproducible
point, the triple point of water (the state at which all three phases of water
coexist in equilibrium), which is assigned the value 273.16 K.
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Introduction

o o o o

International System of Units (Sl)

Sl Base Units Sl Prefixes
Base (Quantity Name Symbol Factor Name Symbol Numerical Value
Length meter m 1012 tera T 1 000 000 DOO DOO
Mass kilogram kg 109 giga G 1 000 000 000
Time second 3 108 mega M 1 000 000
Electric current ampere A 10° kilo k 1000
Temperature kelvin K 102 hecto h 100
Amount of substance  mole mol 101 deka da 10
Luminous intensity candela cd 10" deci d 0.1
2 :
SI Derived Units h = &
Equivalent i
E ;rcilieei I:lil;uantit'l.r ::;tnze Sy:’rzhnl S? u ;I_IIIS :ﬁ “m;ﬁruu II'.:' ggﬁ ﬂ 001
12 i
Foice s A N - 107 pico p 0.000 000 DOO D0
Pressure pascal Pa N/m? = e s ol Comro et g e it G 8 s gt o s S
Energy joule J N-m
Power watt w J/s
Electric charge coulomb C sA | L. \
Electric potential volt v W/A 4 B =
Electric resistance  ohm 9] V/A o = )

- T W e A Py el
K Ly

Celsius temperature degree Celsius °C
“Unit cogree Celcius & equal in magritucy £ unit lshvin
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Introduction

The Conversion Factors of Jouleto Other Units

Joule Calorie BTU
Joule XX 0.2390 0.000948
Calorie 4.184 XX 0.00397
BTU 1055 252 XX
Foot-pound 1.356 0.3238 0.001285

| Kilowatt-hour | 3.6ED 8.6E5 3412
Megawatt-day 8.64E10 2.06E10 8.19E7
| Electronvolt 1.603E-19 3.83E-20 1.52E-22

Foot-pound

0.7375
0.3238
178.2
XX
2.6E6
6.24E10

1.18E-19

Kilowatt-hour

2.77718E-07

1.16279E-06

0.000293

3.84615E-07

XX

24000

4.45E-26

Megawatt-day

1.15741E-11
4.85437¢-11
1.221E-08
1.60256E-11
4.16667E-05

XX

1.85E-30

Electronvolt

0.2383E+18

2.61097E+19
6.57895E+21
8.47458E+18

2.24719E+25

5.40541E+29

XX
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Introduction

How is heat transferred?

Y Conduction

; Metal coffee cup

W Convection

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Forms of Heat Transfer

Convection Conduction Radiation
Transfer of energy Transfer of energy by
involving fluid molecular interactions |+ neattransfer between two surfaces by
motion emission and later absorption of
A ' I electromagnetic radiation
T—; q A&_@ T q requires no physical medium .
1 B Stefen-Bollzmann Equatior
heat transfer [ ~ k
coefficient = h L i i
T 1. q=Aoce(ly' =Ty
where 7 = Stefen-Bofzmann's constart, 5 6601 0% Wim K4
T -TC 5= emissivity, (variesfom 010 1) dimensionless
Newton’s Law q=kA 5 P
Q = hA AT L T, = temperature of surface 1, Absolute

Fourier’s Law T, = temperature of surface 2 Absalute
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ENERGY TRANSFER BY HEAT

Heat: The form of energy that is

transferred between two Hiea i
systems (or a system and its 25°0°

surroundings) by virtue of a No heat Heat Heat
temperature difference. transfer Bl thidis

S}-‘alcm boundary

Closed Heal
system
(m = constant) Work
FIGURE 2-14
FIGURE 2-13 " ; ;i
; Temperature difference is the driving
Energy can cross the boundaries ; , <
force for heat transfer. The larger the

of a closed system in the form -~ : :
temperature difference, the higher is

of heat and work. . .
the rate of heat transfer.
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0 (k] /ke -) Heat transfer

e (S R :
m 7 per unit mass
_ Amount of heat transfer
0 =0 At (k]) when heat transfer rate
IS constant
(k2 , Amount of heat transfer
Q0= | Odt (kJ) when heat transfer rate

1, changes with time

Sw1 | Energy is
thermal | recognized

o0

' i i -
Surrounding ai encrey | as heat ;3?:
"

transfer only %

as it crosses ! o

the system 0 | Adiabatic ba

0 | oo )

boundary. sysiem ?g

=i

System
N boundary

Fl

2]
thermal
energy

.._
-,
ks

le:

"ﬁ::i{' N I bt W W S T ‘.I'r'-é?:
During an adiabatic process, a system 15
exchanges no heat with its surroundings.

iy
!‘
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ENERGY TRANSFER BY WORK

 Work: The energy transfer associated with a force acting through a distance.

U A rising piston, a rotating shaft, and an electric wire crossing the
system boundaries are all associated with work interactions

« Formal sign convention: Heat transfer to a system and work done by a
system are positive; heat transfer from a system and work done on a system

are negative.

« Alternative to sign convention is to use the subscripts in and out to indicate

direction. This is the primary approach in this text.

il H (kI /ke) Work done
m /=7 per unit mass

W

Power is the
work done per
unit time (kW)
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Energy Categories

Energy can be broken down into two distinct categories
e Non-renewable :- comes from fossil fuels (coal, oil, natural gas) and

uranium.

 Renewable —Renewable energy is the energy which is generated
from natural sources i.e. sun, wind, rain, tides and can be generated

again and again as and when required.
Non-Renewable  Renewable
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Wave

, Tidal
Solar Radiation Geothermal / ' and
— > o 1 Marine
ﬁ Current o
_ j Nuclear | Cpqa
. 3 e Energy 21{7%
/D"’ec'f Solar Stored Solar Energy
Energy | (Renewable -
(Photovoltaic and Biomass) (Non
Thermal) Renewable — Fossil Indirect
Solar
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R.E. Energy Resources

Infrared
radiation

'

Reflected
to space ﬂ_ Sensible
50000 ) heating
T 40000 Latent heat
" and potential
From Solar 120000 ey
Sun radiation Abzorbed on
Earth 300
are Y Kinetic energy
! 100
*=| Photon
processes
30
E;?; Geothermal »| Heat
From 3
Gravitation
tary —e . -
;‘ﬂ;nuemﬂ bl s Tidal motion

Solar water heaters
Solar buildings

Solar dryers

Ocean thermal energy

Hydropower

WWind and wave turbines

Biomass and biofuels
Phatovoltaics

Geothermal heat
Geothermal power

Tidal range power
Tidal current power

Figure [.2 Natural energy currents on earth, showing renewable energy system. Note
the great range of energy flux (1:10°) and the dominance of solar radiation

and heat. Units terawatts (10'? wW).
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Global Drivers
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PRICE
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Environmental damage due to fossil
fuels

Fossil fuels are hydrocarbons containing traces of nitrogen, sulfur
and other elements.

Total Annual
Loss: $4.35
trillion

%37.4 %20.0"

Petroleum
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significant contribution to the CO2 emitted to the
combustion '

\

c carbon dioxide(CO,) laughing 925 (N,0)
. ]

;'" i ﬂ]ﬁne (GJ}

r

reflection H’i; §

deforestation energy consumption
Causes of anthropogenic greenhouse

‘sphere Is attributed to fossil fuel

Margnal
A Major Impact of | Emuissions
Pollutant Rate
Thus Pollutant
(kg/MWh)
SOy Acid ramn 1.48
NOy Smog, asthma 0.5
CO Global climate 606.8
- change
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Ozone Layer Depletion

I Ozone is a good absorber of g s Jeds (s sal) Cadall ¢pa 48 & (95 9Y) A8k
solar ultraviolet radiation, (Blaall AT Guadd ) O A8l o2y
and depletion of upper =
atmosphere ozone results in
Increased surface levels of
UV radiation.

I Increased levels of UV at
the surface enhance global
warming, but more
Importantly, can result to S
Increased human skin
cancer and plant damage.
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A Greenhouse...

Sunlight at| = 0.5 mm mostly
passes through the glass

I Re-emitted radiant energy
from the ~300 K interior is at |

@0.5 mm -
I The glass is nontransparent tc gl
this infrared wavelength, so 4 A
| gth, 4l kol
re-emitted energy cannot il daddly
radiate away 2 cs) andl
4aall fSay Y
I The greenhouse warms up b e il O
s A

—— : by . TH E G E ' -': )
N e N REENHOUSE EFFE f .
-. o c=eing| L
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I Increased energy efficiency. This is simplest and

most cost-effective.

I Substitution of natural gas for coal and oil (short
term, limited supplies)..

I Safe nuclear power (fission).

1 Alternative renewable energy: OTEC, wind, solar
thermal, solar photovoltaic, biofuels.

I Hydrogen transportation fuel (needs research).
I Other alternatives???

= . B i m : A=
* {f | G| s ﬂ
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COAL UTILISATION TODAY

Coal Energy: Electrical Energy:

o £ S S U T

TR R LT Y Wl LT

.'hka

Coal Transport of Coal

AL L o~ — >~ B
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Benefits of Renewable Energy Use

Renewable energy provides substantial benefits
for our climate, our health, and our economy.
Each source of renewable energy has unique
benefits and cost.
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Applications and Potential of Solar

Solar Thermal

Distributed
(low-temperature)

Generation,
on-site or near
point of use

Photovoltaics-PVv
Transportation

Centralized

Residential &

Generation, _
large users or Commercial
utilities Buildings

Concentrating Solar
Power-CSP
(high-temperature)

Industrial

Solar Thermal and Solar Electricity
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PHOTOVOLTAICS

Direct Conversion Of
Sunlight Into Electricity
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PV Applications

PV can be applied in any environment
Snhow
Sea
Desert

Space

Some of the most typical are shown in the next slides
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PV INn show

=) e T e s
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PV In Alaska

L
A
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PV in sea
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PV In desert

o & ol

nrati PV

-

e

NS oEE=1]
‘JJ i m Y
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PV In space

-. _r‘_
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PV on Mars

e
=

-
-

..'H“\‘--
1R ECE
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SOLAR THERMAL

SYSTEMS <

Solar Drying, Solar Hot
Water Heating Systems,
Solar Space Heating and =
Cooling, Solar
Desalination, Solar
Refrigeration, Solar Heat
Pump, Solar Pumping,
Daylighting

/.

///////

¥

NS

—
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Applications of Solar Thermal system

Heating

1 Pool and Spa
Heating

I Process Water
Heating

1 Air Conditioning
“Reheat”
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Solar Thermal Collector Detalls

Collector housing
Matenal : aluminum ( ionized process )

r
Thickness . 1.2mm Cove

Material : Tempered glass
and low irony
Thickness . 4 to Smm

Insulation
Material : glass fiber
Thickness | 35mm

Absarber plate
A. Copper tubes
Bottom p[atﬁ Ciameter . 9.75mm
Material ; steel Thickness : 0.35mm

Thickness : D.4mm B Copper Fins
Thickness : 0.2mm

J
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Solar Cooling Technologies

DRIVEN SYSTEM

REFRIGERATION
CYCLE

B

.

-.._x . - i — | . — t
' e o ey o
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HOMEWORK ASSIGNMENT )

1- What Is renewable Energy and its types ?

2- Why is renewable energy important?

3- What is solar electricity?

4- What Technologies Generate Solar Electricity?

5- Draw diagram for house connected with PV system .
6- How a PV system works

8- What Is the Solar Cooling System?
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"SOLAR™

Solar Direct - Solutions that make life green! R EC T
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