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Sun-Earth Geometry

dThe Earth in the Sun System

21 March

* The Earth Turning around the Sun = seasonal changes

* Rotating of the Earth around its axis=2> day & night

11:06 AM Solar energy 3



Sun-Earth Geometry

A The Earth in the Sun system

0=0"°

S S
21 March 21 June 1 September 21 December
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Spring equinox  Summer Solstice  Autumnal Equinox Winter solstice
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Sun-Earth Geometry

JA Position on the Earth Surface

¢- Latitude Angle
v- Longitude Angle
GMT- Greenwich
Mean Times

Lao Time zone =
GMT+7
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Sun-Earth Geometry

JA Position on the Earth Surface

O- Declination Angle

S =23, 45sin L@(284+ n)]

365
n- day number in a year,
n=1-> 1 January

n-=2-> 2 January
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Sun-Earth Geometry

ar 1 ar

QA Position on the Earth Surface (nqnfnﬁoﬁliﬁjgmﬁan NJURWODIV)

o-Solar altitude

¢-Solar azimuth Zenith

0,-Zenith angle
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Sun-Earth Geometry
A Plate on the Earth surface

Normal to plate’s plane

o Zenith Angle
o
SN Normal to Horizontal plane
Incidence N e (Zenith)
angle N

'_,,..,..--""";[3-pIate's tilt angle

W

Solar Altitude
Sun’s Azimuth- ©

y-plate’s azimuth
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Area under the
red curve =
extraterrestrial
solar radiation =
1367 W/m?

Area under the
Blue curve
(green zone) =
solar radiation
reached the
Earth’s surface at
sea level

AM—L

SINx

Solar radiation

Ultraviolet Visible Infrared

(7.0% of total energy) (47.3%) (45.7%)
\ | /
2400 - \ § j é /
= e
= N
D Energy available outside the atmosphere
g AM=0
= 1600 -~ B
>
2 Maximum Energy available at sea level
Q AM=1.5
800 - :
© S
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Wavelength ym

Sky Transmission factor = (Area under green curve)/(Area under red curve)
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Solar radiation on a tilted surface

eiection,. . Rayleigh scattering

diffusion
T\

. Mie scattering

Direct

radiation Diffuse radiation

reflection-
radiation
(Albedo)

Irradiance on a tilted surface =
Direct (beam) + Diffuse + Ground reflected

11:06 AM Solar energy
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Global Solar radiation
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Lao Solar irradiance

13-19
MJ/m?2/day

ox

3.6-5.3
kKWh/m?/day
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Solar energy: thermal application

~Glazing

Solar
water
heating
system

Solar
collector
construction
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Solar energy: thermal application

Heat
Transfer

Absorbers
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Solar energy: Water Heating

v Hot watel

Domestic
Solar Water
heating @

Hot, 2
Return (hot) ot;water tank

Advance (cold)

Passive system
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Solar Energy: Water heating

Domestic
Solar **
Water 1 &t
heating
............. gy

Cold water

Active system (hybrid)
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Solar energy: Water heating

domestic
water

heating
boiler

cold
water
Solar energy

19



Solar Energy: Water heating

Solar O
Water
heating for
Swimming [l sl
pool
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solar energy: Air heater

Solar Drying

gy

21



solar energy: Solar Drying

Active solar dryer Passive solar dryer

Integral (Direct) type & \ ("

L ("
_..{,.....,-... 1

Distributed (Indirect) type

Mixed mode type

11z~



Conversion of solar energy to electricity

e Solar Thermal Power Plant: Indirect

S O Ia r ene rgy to conversion, using traditional heat

engine

using Solar cells

0 50 100 150 200 250 300 350 W/mz2 Ze = 18 TWe
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Trough Solar Thermal Power Plant:

SwdeaowssuaagnacSy gudagouniu (Trough Solar Thermal
Power Plant)

* 400 8939
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Talalaa090sS2UE909(SU 2uDatduNRy (Trough Solar

N

P

1-collector field

2- storage tank

3- Hot water pump
4- Evaporator
5-Screw expander

11:06 AM

@
%ﬁ

Thermal Power Plant)

—> ®

—

< @

6- Batteries
7- recuperator ¢
8- Condenser

9- Cooling tower E

10-Auxiliaries 11- external load
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tulalaaowsaveagnady guliotouniy (Trough Solar
Thermal Power Plant)
9 SEGS plants (California, USA): 354 Mwe. Average gross solar output for all
nine plants at SEGS is around 75 MWe — a capacity factor of 21%
Total of 936,384 mirrors and cover more than 1,600 acres (647.5 ha) il

Absorber
Tube

Focal
Point

Sources: Solargenix Energy, KIC Operating Company, |IEEE, NREL
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‘tuluhamusanuajmt’ﬁn 2uiaEouNNL (Trough Solar
Thermal Power Plant)
2.\)1) C')ocnuccasq Trough solar collector; G%%) 50 ha.

579;0‘)?.ww9 50MWe. Heat storage : molten salt (60% sodium nitrate +
40% potassium nitrate)

A feed-in tariff of €0.27/kWh for the next 25 years
Andasol Solar R . B il
Power Station .

(Spain) -
Europe's first
commercial pa-
rabolic

trough solar
thermal power
plant

(March 2009)

Radiation: 2,200 kWh/m? per year
11:06 AM E2M Introduction to RE 27




tulalaaowsaveagnady guliotouniy (Trough Solar
Thermal Power Plant)

The first three units of Solnova in the foreground, with
the two towers of the PS10 and PS20 solar power
stations in the background

Spain, 150 MW

— 3
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Tower Solar Thermal Power Plant: Principle

Salalanowsauenad srlionase
*1000 8939
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Tower Solar Thermal Power Plant: Principle

L WAINDIWSVLINNNUDV 2EVONODE)

Solar one (1982-88) = Two (1996-99): 10 MW power capacity

http://earthobservatory.nasa.gov/Features/RenewableEnergy/Images/solar two.jpg
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Tower Solar Thermal Power Plant:

PS10: 11 MW, 624 large heliostats (120 square meters each),
Steam turbine at a top Tower height: 115 meter;

(PS20)

11:06 AM E2M Introduction to RE
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Tower Solar Thermal Power Plant:

Capacity : 2 MW in 1983.
An array of 201 mirrors

100 m tower The THEMIS Solar Power tower in the Pyrénées-
Orientales, France.

The coolant entry
temperature was 250 °C
and the exit temperature
450 °C. Vapor pressure
of 50 bar and a
temperature of 430 °C.
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J
E

Tower Solar Thermal Power Plant:

Ulich solar tower power plant (Germany), 1.5 MW

11:06 AM
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Solar Thermal Power Plant;

Capacity : The 11MW PS10 near Seville in Spain.

11:06 AM E2M Introduction to RE




Solar Thermal Power Plant. Disk type

Capacity : 20 kW
-Concentrator : flat

/f; . - __ helio-dish, 9m dia
3 Reflector : 50 m? area

ko Cavity receiver : 65mm
2% dia, 680 mm length
2 coil with 10 mm tube
3 Concentration : 1500

= suns Steam output :

= Engine : 300 cc
Reciprocating

. e

Helio-dish fiel layou
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Yalalaaowssuaasna sy
Solar Thermal Power Plant

0RBVUINRE :8333 Stirling Disk System
*650 8999;
-Capacity <100kW

& @ 5%
(8199910982

(Aacg98929n —~ i

& b
o) iudetngo
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Solar Thermal Power Plant

' rling system,
foot, 82

24
B
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Solar Thermal Power Plant

Advanco/Vanguard 25 kW
dish /Stirling system
installed at Rancho Mirage,
California.

The Vanguard concentrator
is approximately 11 meters
in diameter and made of
366 mirror facets, each facet
measures 18 by 24 inches.
The engine used is a United
Stirling AB (USAB) Model 4-
95 Mark Il driving a
commercial 480 volt/ac
60-Hz alternator.
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Solar Thermal Power Plant

oChimney STPP
LWAINDWSVEIINDV 2uTONODV
wsz0 Ll tuaan 0.15 $/kWh

eﬂmossn\tmeenoaemmu‘to%g

Hohungy

NELIDIMNINIIMNIDU29Y

AR AN A T )
¥ e )
- 12 5 e o
1 5 :
¥ ) ]
= .
»

rcre ™ - o 1 .
NPV eﬂmog‘immgmﬁncmsenenaenuagmcon
LD IYIsuL2atUguUNag gNaou
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Photovoltaic : Direct conversion of solar energy
to electricity

sun light

Negative electrode

n-type silicon
(phosphorus
doped)

et

Junction
region

Positive
electrode p-type silicon (Boron

doped)
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Photovoltaic principle:

Principle of Photovoltaic electricity generation

Electrical l°(a)d | /‘é/ Sun

Photovoltaic cell

I OC current flow

Phosphorous-doped (N-type)

Boron-doped (P-type)
siiicon layer -~ 250 : m

« When sunlight strikes the solar cell it “knocks loose” electrons, which
generates a flow of DC current

11:06 AM Solar energy
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Solar Cell - Panel (Module) - Array

Cell

W Iy ]I
NS SPES G588 BESE
V7774777387778 1177

III T T
| IOS8 SEEE S80S 580N,

OO0 0008 FI58 ESOT,

V7 117 T

WI177 7774777 RTITT

Module *©
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PV panel‘'s Performace factor

Performance factor ideal 100 %

Diffrerence to the module lable 4,5 %

Dirt on the module 2,0 %

Module temperature 3,0 %
shading 2,0 %

Mismatching and DC-losses 3,5 %

MPP-tracking error 1,5 %

Inverter losses 6,9 %

AC-losses, meter 2,0 %

Performance factor real 75 %
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Photovoltaic electricity generation- estimates

Daily Solar irradiance, MJ/sq.m/day 13 19
kWh/sq.m/day 3.6 5.3
Annual irradiance, kWh/sq.m/year 1,318 1,926
Overall Conversion efficiency % 10% 10%
Annual electricity production, kWhe/sq.mlyear 135 184
Electricity consumption in Laos (2010) |GWh 2,441.00 2,441.00
PV area required: Consumption sg.m 18,081,481.48| 13,266,304.35
Square Size mxm 4252 x 4252 3642 x 3642
km x km 4.25x4.25 3.64 x 3.64




Principle of Solar PV Application

>
energy }'@* energy
inversion & use

conditioning

energy
distribution

energy
conversion
(Source: Courtesy of energy
Florida Energy Center) storage
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Stand alone system

4 =28 $ /= Charge

= =88 conftroller

=L === ‘ % —

= ___-e

_======q_‘ _

= M Appliances
-------- l—

Panels
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Stand alone system: applications

Welcote | Seanal Catang

-t i




Stand alone system: applications
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Grid conncted PV system

1. PY array
2. DC connection box

3. Panels cables
4. Inverter

5. Watts Meters
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Grid-conncted Solar home

Thin-film a-Si PV array Inverter and power
distribution panels

Solar energy
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Grid-connected systems

Feed in Public grid
contract

meter

PV i | Uy -
generaror Function control / meter

inverter
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Grid-conncted PV power plant

Crystalline silicon array in flat roof mounting
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Grid-conncted PV power plant

Nellis Solar Power Plant at Nellis Air Force Base in the USA.
These panels track the sun in one axis.

11:06 AM Solar energy
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19 MW solar park in Germany
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Grid-conncted PV power plant
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Photovoltaic wall at MNACTEC Terrassa in Spain
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Hybrid grid system

PV-Module

InnEneen
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Wind generator

Combiner

AC Appliance

Battery

]

Inverter
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Hybrid grid system:

T Solar Generator

Oummy Load Gavar w
Transformer o

Micro hydropower (80kW)
+ PV (100kW)
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Hybrid system:

Mini hydro (110kW)
+ PV(40kW)

+ Capacitor (+40 kW)

(PV + MicroHydro + Capacitors)
2007-2010

Intake

PV 40kW
Spillway

T MH 110KW (Head 32m)
Capacitors 240KkW x3lsec




Other Applications
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Other Matters

Solar Cell Production
2001 —2010

(data source: PY Mews 20094, 20105, 2011 &)
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Other Matters

Efficiency (%)
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Other Matters

Photovoltaic worldwide, GWp
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