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World population, CO, emission

World’s Energy Situation
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Development of world energy
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Electricity Capacity 2548 (2005)

IPP, 8,000 MW (30%)

AWn, 15,795 MW (60%

SPP, 1,596 MW (8%)

uniheazeanfou 640 MW (2%)

s 26,431 MW



Electricity by Fuel
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Electricity Capacity
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Peak Load (EGAT)
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Load Consumptions
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energy consumption, reserves
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energy consumption, reserves
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Energy and resource
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Depletion time of primary resource

¥ Total resources O Feserves
. 37
Uranium
131
169
Coal | (7 / 5019
7,
1]
Matural Gas l
150
] 42
il
53

0 500 1000 1500 2000 2500
Depletion time [year]



World Energy Consumption
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Per-capital energy consumption worldwide
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Energy Use In Germany
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Greenhouse Effect
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Global average temperature

% Trend in global average surface temperature
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BIAL A0

How it happened. And can it happen again?
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Oil Crisis 1973
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Wind Energy Production

Wind Power Global Capacity and Annual Additions, 2005-2015
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Grid connection
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Wind Power Technology

NTK 1500/64

Nordtank Windkraftanlagen GmbH

Technische Daten: NM 1500/64

Blitzfangstange

\ Scheiben
Blitzfangstange &Y = Maschinen bremse —_— Rotorblatt
A auseindeckung Beleuchtung Steuerpult
glahnen Wartungskran A auptwell
emometer
Kupplung
rator == (| Hauptiager
ato p— p A
tabgabe /,—"f‘
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‘ n -
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Nennleistung: 1500 kW
Durchmesser: 64,0 m
Nabenhdhe: 68 / 80 m
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Characteristics

I + & -k i
it | II |
o1 2 3 4 85 & 7 B 8B 10 1112 13 14 15 16 17 18 19 20 21 22
Wind spesd (mis)

Basis. Air density: 1225 kg & m?, Turbudence 0%

SOUND LEVEL:

Sound Level LW 99.9 dB(A)
{imission-relevant Sound level
calculated at 10 m/s in 10 m height)

Minimum clearance to centre of mast bhase

hub height: 60 m
Mixed area 45 dB(A): 205 m
Residential area 40 dBlA): 325m

Exclusively residential area 35 dB(A): 485 m



Production Technology
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Wind technology
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Transportation
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Transportation
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Wind Power Plants
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Wind Power Plants
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Wind Power Plants

: =
(S Tyt

T ——

I b

33



Wind Power Plants
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Radiation in Germany and Thailand
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What iIs Solar Energy?

Originates with the

radiation (visible
light, infrared,

thermonuclear fusion
reactions occurringin = 7w 7 e T =

the sun. L

Represents the entire =7
electromagnetic e /

i
1

ultraviolet, x-rays, P —
and radio waves).

Wavelength [nm]

1,000 1,7m 1,4 1,500 1,800 z



Advantages and Disadvantages

« Advantages

» All chemical and radioactive polluting byproducts of the
thermonuclear reactions remain behind on the sun, while
only pure radiant energy reaches the Earth.

» Energy reaching the earth is incredible. By one
calculation, 30 days of sunshine striking the Earth have
the energy equivalent of the total of all the planet’s fossil
fuels, both used and unused!

« Disadvantages
 Sun does not shine consistently.

 Solar energy Is a diffuse source. To harness It, we must
concentrate it into an amount and form that we can use,
such as heat and electricity.

« Addressed by approaching the problem through:
1) collection, 2) conversion, 3) storage.



Solar Thermal Power




Concentrating solar technologies:
basic layout schemes
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Concentrating Solar Thermal Power: System Examples

parabolic trough (PSA) solar tower (SNL)

linear Fresnel (SPG, MAN) parabolic dish (SBP)



Principle of a Concentrating Solar Thermal Power Plant

Concentrating
Solar Collector
Field

Thermal
Energy
Storage

A\ 4

Solar [

Heat lFueI Electricity

A 4

N

[

Power Cycle

»

Process Heat

e concentrated,
storable solar thermal
energy as fuel saver

* firm capacity,
power on demand via
storage or hybrid operation

« additional process heat for
cooling, drying, seawater
desalination, etc.



Thermal Storage:
Molten Salt Storage technology for solar tower plants

-y e « preferred use for plant layout with
| lm\; molten salt
il

scommercial systems with nitrate salts
i 3 |- hot-cold tank design
TN | e thermal capacity proportional to AT

 investment cost ~ 10-20 $/kWh

* risk of liquid salt freezing

* increased effort concerning trace
heating, pumps, valves, gaskets etc.

* higher operation temperature limited
by salt decomposition




Characteristics:

PV - CSP

Solar Radiation Type
Plant Size
Installation
Capacity:

Backup:

Proven lifespan

Yearly production (2004)

Electricity cost today

Direct + diffuse

Watt - MW

everywhere (roofs etc.)
700 — 2000 full load hours
Extern

> 20 years

2500 GWh

0,25 - 0,50 €/kWh

Direct

10 MW - n 100 MW

Unused, flat land

2000 — 7000 full load hours
Intern (fossil / storage )
> 20 years

800 GWh

0,13 - 0,20 €/kWh




Photovoltaic: PV




PV Technology Classification

Silicon Crystalline Technology Thin Film
Technology
Mono Crystalline PV Cells Amorphous
Silicon PV Cells
Multi Crystalline PV Cells Poly

Crystalline PV Cells
( Non-Silicon based)

Module efficiencies 10-16% under STC




Radiation (Wh/nt d)

Solar radiation in Thailand
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|_oad Profile in Thailand
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PV Trends

Figure: 16

Solar PV Global Capacity, by Country and Region, 2006-2016
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Trend of PV module cost
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Use of PV system

Sunlight
(photons)
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P/N junction
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PV cells, module and arrays
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System component: PV Generator
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Orientation of PV

0 Horizontal




Application of PV system

« 1 Autonomous or Stand-alone
« 2 Grid-connected
« 3 Hybrid system
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Autonomous or Stand-alone

PV generator

S

D Bus DO Bus

o

Charge regulator

==

Deep discharge

protection

T

Battery

DC consumer

e -

AC consumer
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Grid-connected
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Hybrid system

DC Bus DC Bus

PV generator Charge regulator DDP DC consumer

1
T

Battery

Inverter

Back-up generator Rectifier AC consumer
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PV application
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PV application
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Classification of Hybrid systems
for rural electrification

= O
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13}
@ q Sc-)lar Thermal 0o E 0 - Inter-
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E . . — ol /
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5 [[] Storage Needs = £ Network _ ~
Q D ° ’ e
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PV-Diesel Hybrid System

DC-coupled hybrid system
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System component: Battery

Volt/Cell
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Cycle life of the Battery

Depth of discharge [%]

100

60

20

Industrial b atteries
i

Consumer

(starter)
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0
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2000 3000
Cycle life [cycles]
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System component:
Diesel Generator
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System component: Inverter

Efficiency in %

Inverter

O 10 20 30 40 50 60 70 80 90 100%
Power in % of the nominal power [ P/Pnom |

Source: SMA



Island Gird 1 Phase

Range

State of Charge

Battery State

Start Battery Charging Deactivate Wind Power Plant

With Generator
Partially deactivate
Consumers

Activate
Dumpload

Deactivate all
 Consumers

Deactivate
Sunny Island




Island grid system




Hybrid system

Battery Bank Py
-
o N  AL-Bus 3400V
w ﬂ System Loads
* FEADH \
System Control
Wind Generator

ligzel Generator

69



Island Gird 1 Phase

Wasserturbine
10 kW

3~/1400 V
50Hz

Sunny Island
13,5 kW

Batterie
1400 Ah

Verbraucher

20 kW
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Island Gird 1 Phase

Windgenerator 2,5 kW

Diesel generator

Verbraucher
1 3 : 4 ’
Ko
¢ tl 3~/400V
eoa e 50 / 60 HZ
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Island Gird 1 Phase

Dieselgenerator Bffentl. Netz

Verbraucher

o~
"y

3-/400V
50/60 Hz

10 kW
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NPV Sizing

Ppmsz _ Ees -1 STC
E glob ) Q
Pooar = peak power of the PV array under STC [kW, ]
E,; = real electric output energy of the system [kWh/a]
Iy = incident solar radiation under STC [1 kW/m?]
Ea.; = annual global solar radiation [kKWh/m?a]
¢ = quality factor of the system
Component/System Q
PV module (Crystalline) 0.85...0.95
PV array 0.80...0.90
PV gystem (Grid-connected) 0.60...0.75
PV gystem (Stand-alone) 0.10...0.40
Hybrid system (PV/Diesel) 0.40...0.60




Battery capacity Cs [kWh]

1000 v
/
51 p
100 — = ;
Ppeak 4) 144
\ / *hybnd ~
10 b /Mt ....................... SWS/
P
/ e
1 gﬁ*n 4,
/
0,1
0,01 0,1 1 10

Peak power Ppea [kWp]

100

NBattery
Sizing

Cg =
= daily mean energy consumption [kWh/d]
= number of autonomy days [d]

_ LT,
Cp =
DOD - Dy =16~ Ty 1
battery capacity [kWh]

maximum depth of discharge [decimal]

= derate for temperature [decimal]

= efficiency of power conversion [decimal]
= efficiency of wiring [decimal]

= efficiency of battery [decimal]



NPV

NPV cost by Annuity

Method

wpy. i o
(7+i)' -1

annuity [currency]
net present value [currency]
fictitious interest [1]

7 = planmng horizon [a]
n=23% n=10 n=15 n=20 n=25
i=5 23.10 12.95 9.63 3.02 7.10
i=8 25.05 14.90 11.68 10.19 9.37
i=10 26.38 16.27 13.15 11.75 11.02
i=20 33.44 23.85 21.39 20.54 20.21




Example PV sizing
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Simulation
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Simulation Software

o www.nrel.gov/homer

You are logged in
as

boonyang

[ Log QOut ] [ Prnﬁle]



http://www.nrel.gov/homer

Homer

—_—
' File Wiew Inputs Outputs ‘Window Help

Dl B BE 7

Equipment to congider Add/Remave. ..
AOCTEAD ™ ﬂ
Primary Load
= 2.5 Mwhd
@—‘ 207 ki peak 4+
Thki Diesel Battery
. >
@_’ Corrverter
150k Diesel
A
Resources Other
J “wind resource 55' E conomics
ﬂ Diezel &) Generator contral
i"‘ Emizziong

Constraints

Document

Author |Tom Lambert

Wates || This model analyzes the conditions under A
which it makes sense to add wind turbines ar
ﬂ a battery bank to a diesel power system.

The gystem comprises bwo diesel generators,
2150 ki and a 79 kW, The wind turbine
under congideration iz a 50 kw madel.

| considered a range of diesel fuel prices and
wind speeds. The optimal system type graph
shows that for high wind speeds and high

fuel prices, wind power does make sense.

(I you choose "Mo. of A0C 15/80:" as the
superimposed varable, you can see that
HOMER recommends as many az three wind 2

LCalculate

Sensitivity Fezults  Optimization Results l

Sensitivity variables

‘wind Speed [mfs] |5 ~ | Diesel Price ($/L)|0.2 A

Double click on a system below for simulation results.

Simulations: 0 of 430
Sensitivities: 0 of 28

Progress:
Status:

™ Categorized

Expart

»’L CB tﬁ‘@ =7 15/50| D75 | D150 | Batt. | Conw. | Disp. Initi_al Tatal COE | Ren. | Diesel ‘ 075 | D150
(ki) | ki) [kiw] | Strgw | Capital HPC [§M4wih)| Frac. L] [hrz] | [hrg]

& 75 180 CC $70000 $1.0ME743 0087 0.00 282154 15840 814

75 180 LF $70,000  $1.016748 0087 000 282154 1540 814

75180 24 25 CC $131.000  $1.033987 0083 000 274533 2535 6369

7180 24 F0 CC $136.000 $1.046129 0030 000 274563 2588 B.369

75180 24 75 CC $141,000  $1.052407 0030 000 2745689 2583 6369

CB CB ] . 7 180 24 100 CC $146.000 $1.088636 003 000 274563 25383 E.363
[’3 CQ BE 7180 24 180 CC $156,000  $1.07.243 0032 000 2745689 2583 6369
b CB ] 7 180 24 25 LF $131.000  $1.076.523 0032 000 273350 1852 7476
&3 C}} 1 (2] w180 24 50 LF $136.000 $1.083343 0093 000 278376 1854 7478
CB CB ] . 7B 180 24 200 CC $166.000  $1.083733 0033 000 274563 2A33 E.363
7180 24 75 LF $141.000  $1.089621 0033 000 278376 1854 7470

75 180 24 100 LF $146,000  $1.032.833 0034 000 273376 1824 7478

7180 48 25 CC $167.000  $1.097144 0034 000 274381 2719 B245

75 180 48 50 CC $172000  $1703314 0035 000 274338 2712 B245

CB CB ] . 7w 180 24 180 LF $156.000  $1108456 0035 000 273376 1854 7478
[’3 CQ | 78180 g 75 CC $177.000  $1703532 0095 000 274338 2712 B245
CB CB =E 7 180 43 100 CC $182000  $1115870 003 000 274338 2712 B245
C}} C}} iz 75180 24 20D LF $166,000  $1121.013 003 000 278376 1854 7478
‘ainE 7 180 43 180 CC $192000  $17128427 0087 000 274338 2712 B24A
&3 C}} 7180 48 5 OLF $167.000  $1137162 0087 000 278303 1857 7470




Homer

Simulation Results

System Architecture: 1 AQDC 1550 50 kW Inverter
75 ki 7EKW Diesel 50 kw! Rectifier R e
150 k3 150k Diesel  Cucle Charging Lewvelized COE: % 0110/ h

24 Surrette 4S5 25P

Cost | Electrical | A0C 15450 | 75k Diesel | 160Kkw Diesel | Battery | Emissions | Hourly Data |
Capital + Fepl.: $ 36567 yr Q&M + Fuel: 63,8395 01 Total Annualized: $ 100, 4632 0r

waficd
TSk Diszc| IR
150kw Dieze| I

B attery B
Converter Il

Iritial Annualized Annualized Ariual Arniual T otal
Cormponernt Capital Capital R eplacement O &bk Fuel Aonualized

[£] [Fwr] [F/ur) [Eur] (£ 0r] [F-ur]
A0C 15480 ZE5.000 20,730 o . 000 o 26,730
TRk Diesel 20,000 2347 1.434 297 16017 20,096
150k Dieszel 40000 2129 2.570 F.a2e 33,323 45,359
E attery 26000 2.816 1.195 Fz20 o 4,721
Corrverter 20,000 2347 o 200 o 2.547
T otals 407,000 31.363 5.1498 14 555 49,340 100,463

kL Beport HTrL Report Help Close




Homer

Simulation Results

Syztem Architecture: 1 A0C 15450 50 kM Invrerter
75 ki TERW Diesel 50 kW Rectifier Total NPC: $1.-84.253
150 k' 150k Diesel Cycle Charging Lewvelized COE: F 0110/ h

24 Surrette 4AE525F
Cost  Electrical | A0C 16/60 | 75k Diesel | 150k Diesel | Battery | Emissions | Hourly Data |

Annual electrical energy production Bannual electric loads served
wWwrind turbine: 102,430 kharh [11%] A primary load zerved: 912501 kwh
TEEMW Diezel: 259,333 kR [223]
150k Diesel: BEEY 207 kSR [B1%E]
Total production: 918,970 K'wh Total load served: 912,501 Kkwh
Fenswable fraction: 0111 E mceszs electricity: 131.7 kE»wh [0
Lnret electric: load: 0 k»wh [0
Capacity zhortage: 0 kwh [O=]
Monthhy Average Electric Production
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(v AL Primarny Load
= AOC 15450
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== [ Excess Electricity
= |rverter Power
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= [ Battery State of Charge
[~ Battery Energy Cost
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Photovoltaic in the World
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