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World’s Energy Situation 
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Development of world energy 
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Electricity Capacity 2548 (2005) 
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Electricity by Fuel 
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Peak Load (EGAT) 
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11 May 2559  22:28 . 
29,619 MW 

23 Feb. 2560  19:09 . 
26,240 MW 
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Energy and resource 
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Energy and resource 
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Energy and resource 
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Depletion time of primary resource 
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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 
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New York Blackout 
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Oil Crisis 1973 
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Wind Energy Production 
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Grid connection 
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Wind Power Technology 
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Characteristics 
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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 
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Wind Power Plants 
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Radiation in Germany and Thailand  

 



 

What is Solar Energy? 

• Originates with the 

thermonuclear fusion 

reactions occurring in 

the sun. 

• Represents the entire 

electromagnetic 

radiation (visible 

light, infrared, 

ultraviolet, x-rays, 

and radio waves). 



 

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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C: 100, T: ~ 500° C 
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Concentrating Solar Thermal Power: System Examples 

parabolic trough (PSA) solar tower (SNL) 

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

up to 550 °C 

 

Steam Turbines 

up to 1000 °C 

 

Gas Turbines, 

Engines 

 
(high temperature 

Chemical processes, 

e.g. Hydrogen)  



 

• firm capacity, 

  power on demand via 

storage or hybrid operation  

• additional process heat for 

  cooling, drying, seawater 

  desalination, etc. 

Fuel 

 

Power Cycle 

 Process Heat 

Electricity 

Concentrating 

Solar Collector 

Field 

Solar 

Heat 

Thermal 

Energy 

Storage 

• concentrated,   

  storable solar thermal 

  energy as fuel saver  

Principle of a Concentrating Solar Thermal Power Plant 



 

Thermal Storage:  

Molten Salt Storage technology for solar tower plants 

• preferred use for plant layout with 

  molten salt  

•commercial systems with nitrate salts  

• hot-cold tank design 

• thermal capacity proportional to ΔT 

• 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 



 Solar Radiation Type  Direct + diffuse 
 

Plant Size   Watt - MW 
 

Installation    everywhere (roofs etc.) 
 

Capacity:    700 – 2000 full load hours 
 

Backup:    Extern  
 

Proven lifespan   > 20 years    

 

Yearly production (2004)  2500 GWh  
 

Electricity cost today   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 

Characteristics:  

PV - CSP 
PV CSP 



 

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 
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Solar radiation in Thailand 
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Load Profile in Thailand 

MW 

Time 
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PV Trends 
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Trend of PV module cost 

2020? 
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Use of PV system 
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PV cells, module and arrays 
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System component: PV Generator 
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Application of PV system 

• 1 Autonomous or Stand-alone 

• 2 Grid-connected  

• 3 Hybrid system 
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Autonomous or Stand-alone 

Deep discharge 
protection 
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Grid-connected 
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Hybrid system 
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PV application 
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PV application 
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Classification of Hybrid systems 
for rural electrification  

Source: Kleinkauf 
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PV-Diesel Hybrid System 

DC-coupled hybrid system 

DC-AC coupled hybrid system 

AC-coupled hybrid system 
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I-V curve 
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System component: Battery 

Battery 
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Cycle life of the Battery  
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System component: 
Diesel Generator 

Diesel Generator 
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System component: Inverter 

Inverter 

Source:  SMA 
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Island Gird 1 Phase 
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Island grid system 

Source:  SMA 
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Hybrid system 
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Island Gird 1 Phase 
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Island Gird 1 Phase 
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Island Gird 1 Phase 



 

PV Sizing 



 

Battery 

Sizing 



 

PV cost by Annuity 

Method 



 

Example PV sizing 

Load Profile

0

0.5

1

1.5

2

2.5

3

1 3 5 7 9 11 13 15 17 19 21 23

P
o

w
e

r(
k

W
)

14 kW/h/d, Radiation in Thailand = 5 kW/h/m2/d, Q factor = 0.6 

PVpeak  = 14 x 1 kW/m2 / 5 kW/h/m2/d * 0.6 

 =  4.6 kW 

Battery  =  4.6 x 10 

 = 46 kW 

Gen  = ? 



 

Simulation 

- Confirm the design 
-  System outlook 



 

Simulation Software 

• www.nrel.gov/homer 

 

http://www.nrel.gov/homer


 

Homer 



 

Homer 



 

Homer 



 

Homer 
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    Photovoltaic in the World      

Thank you for your kind attention 
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