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Grid Connected RE (PV & CSP)

Advances in Technology & Market 
Trends

Solar Energy

Solar Thermal            Solar Photovoltaic

(Near Infrared Radiation)           (Visible Light Radiation: Photon)
About 50%                                   About 50%

Technologies 

allow us to harvest solar energy
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Basic Structure of a Photovoltaic Cells

Solar Photovoltaics - I

Light carries energy into cell , Cells convert sunlight energy into electric current. 
Photovoltaic cells do not store energy

Solar Photovoltaics - II

Types of Photovoltaic Cells

�Semiconductors are used for the construction of
photovoltaic cells. The most commonly used material is silicon. 

�Several forms of silicon used are : 
single-crystalline 
multi-crystalline  
Amorphous (thin film)

�Other materials used are :  
polycrystalline thin films such as
copper indium diselenide, cadmium
telluride and gallium arsenide

�Multijunction PV cells
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Photovoltaic Modules and Arrays

Solar Photovoltaics - III

Solar Photovoltaics - IV

Conversion efficiencies of Photovoltaic Cells
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Solar Photovoltaics - V

Source : www.nanomarkets.net

Thin film Technology Merits & Drawbacks

Typical PV System 
connected to Low-Voltage Local Grid

Masters, G. M, ‘Renewable and Efficient Electric Power Systems’, Wiley Interscience, 2004, Fig. 9.20., page 522.
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Types PV System - I

Grid-Tie

Most modern SMALL (hundreds of watts to a few 
KW), MEDIUM (tens to hundreds of KW) and 
LARGE (MW) scale PV systems are grid-
connected, meaning electrical energy is directed 
into the power grid.  

Small and Medium scale PV systems are normally 
connected to the local low voltage municipal grid 
at 110VAC / 230VAC

Large scale PV systems are connected to the grid 
at 11kV, 33kV, etc.

Grid application systems do not need large 
batteries. 

Types PV System - II

Off-Grid

Many PV systems are used to energize remote 
homes, facilities, and devices. An example of an 
off-grid system includes a remote solar home. 

Military communication units with supplemental 
solar and wind are also off-grid.

Monitoring or communications devices are off-
grid.

Energy is gathered from solar modules and is 
directed into energy storage devices for use 
when needed. These systems often supply the 
entire amount of energy required. 
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Types PV System - III

Building-Integrated Photovoltaics
(BIPV)

Solar products can be used as an attractive 
building material. In some cases, they can 
replace conventional building materials, for 
example, roofing tiles can be replaced by solar 
cell laminates.

U.S. PV DEMAND PERCENTAGE BY APPLICATION, 2009–2012

PV System Demand Trends

Source : The Solarserver , Forum for Solar Energy
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MW Scale PV Project Deployment in the 
World outside India 
Projects Completed

October 200818Parque Solar Bonillo  

October 200820El Bonillo Solar Park  

September 200820Planta solar fotovoltaico Calasparra

September 200820Huerta Solar Almaraz

August 200823.2Planta fotovoltaica de Lucainena de las Torres

September 200830Merida/Don Alvaro Solar Park

Completed 200931.8Planta Solar Dulcinea

October 200834Arnedo Solar Plant

200850Puertollano Photovoltaic Park

September 200860Olmedilla Photovoltaic Park

Month and Year of 
Completion

Capacity (MW)Name of Plant

Germany

December 200840Waldpolenz Solar Park

200942 Finsterwalde Solar Park 

200945Kothen Solar Park 

200953Lieberose Photovoltaic Park 

Month and Year of 
Completion

Capacity (MW)Name of Plant

-14.02Nellis Solar Power Plant 

October 200925DeSoto Next Generation Solar Energy Center 

Month and Year of 
Completion

Capacity (MW)Name of Plant

Spain

USA

MW Scale PV Project Deployment in the 
World outside India 

Projects Under Construction and Proposed

Other 
Countries

USA

completion date 201010Kennedy Space Center, Florida

Scheduled to be completed in 201280KCRD Solar Farm 

Proposed230AV Solar ranch One 

Proposed250High Plains Ranch  

Proposed550Topaz Solar Farm 

Proposed600Rancho Cielo Solar Farm 

Proposed1,200Sterling Solar Generating Facility 

StatusCapacity (MW)Name of Plant

Under construction20Sarnia, OntarioCanada 

Under construction20.1Cádiz solar power plantSpain 

Under construction30Sevetin Solar FarmCzech Republic 

Under construction35Nová Ves Solar ParkCzech Republic 

Proposed154Mildura Solar concentrator 
power stationAustralia 

StatusCapacity (MW)Name of PlantCountry
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MW Scale PV Project Deployment in India

Titan Energy20092 2 West 
Bengal

3

Photon 
Energy, 

Sun Technic, 
BHEL

20096 6  (Installed)
+ 3  (Under 

Construction )

Karnatak
a

2

Azure Power, 
a US owned 
Independent 

Power 
Producer 

(IPP)

20091 2 Punjab1

Installed ByCommissio
ned in Year

Commissi-
ned

Capacity

Total Power 
Plant Capacity 

(MW)

StateSr
No

Concentrator Photovoltaics (CPV)-I

Strategy

To reduce cost,
substitute the
expensive 
semiconductor
material with a cheap
optical system and
low-cost mechanics
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Concentrator Photovoltaics (CPV)-II

Optics for Concentration of Solar Radiation

Concentrator Photovoltaics (CPV)-III

CPV MODULES

SolFocus (CPV) System
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Concentrator Photovoltaics (CPV)-IV

CPV as a Promising PV technology for Future

�CPV – Latest Emerging PV technology
�Uses Space quality solar cell with high efficiency and optical 

lenses for concentration ( High Concentration Ratios: 200-1000)
�Very High Efficiency ( 25-30%), higher energy output 

compared to PV (~ 12 -15%)
�3 MW sanctioned in Puertallano, Spain by ISFOC. Partly 

commissioned and under construction. First CPV project in the
world.

�More than 20 MWp production line in Pipe Line 
�Also holds promise for cost reductions in the very near future
�No commercial deployment as yet   

Solar Thermal (CSP)

Parabolic trough Central Tower

Solar Chimney Parabolic Dish Compact Linear Fresnel

CSP 
Technologies
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Flat Plate Solar Collector

Parabolic Trough Technology

Parabolic Trough CSP Plant 
Mojave desert,  Kramer Junction, 
California, USA



12

Parabolic Trough Technology 
with Storage-I

Parabolic Trough Technology with 
Storage-II

Source: Photon International 12-2009

Solar Millennium AG’s Andasol 1 and 2 projects in Andalusia, Spain have a 
generating capacity of 50 MW each and include 7.5 hours of molten-salt storage
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Central Tower Technology

PS10 Central Tower CSP plant 
Seville Southern Spain

Central Tower Technology with 
Storage
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Dish Stirling Technology

25 kW Dish Stirling System
US 4-95 Mark II Engine 
(4 cylinders of 95 cc displacement
Working fluid: Hydrogen (2900psi)

Paraboloid collector consisting of 
82 spherically curved glass mirrors each 
3 ft.x 4 ft. Area = 944 sq. ft ~  88 sq.m. 
O/P = 25 kW at 1000 W/sq.m insolation
Efficiency = 28%

Compact Linear Fresnel
Reflector (CLFR) Technology

Designed to produce  saturated steam at 
150-350 C with less than 1Ha/MW land 
use
Suitable for integration into
combined cycle recovery boilers

CLFR demonstration plant in Spain



15

Solar Chimney

Leonardo da Vinci designed such a power tower . Sunlight heats trapped air 
(Green house effect) - hot air rises up and drives turbines
Efficiency:         ~ 1.5% , Requires very tall tower ,Cost reasonable
Experimental plant in Spain

Solar Chimney

Leonardo da Vinci designed such a power tower . Sunlight heats trapped air 
(Green house effect) - hot air rises up and drives turbines
Efficiency:  ~ 1.5% , Requires very tall tower ,Cost reasonable
Experimental plant in Spain
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MW Scale CSP Project Deployment in the 
World outside India 
Projects Completed-I

Solar 
Tower

Parabolic 
Trough

-1Keahole Solar PowerUSA 

-1Saguaro Solar Power StationUSA 

July 200950Alvarado 1Spain 

May 200950Energia Solar De PuertollanoSpain 

June 200764Nevada Solar OneUSA

Andasol 1  2008
Andasol 2 2009100Andasol solar power stationSpain 

9 Plants during 1983 to 1991354Solar Energy Generating SystemsUSA 

Month and Year of CompletionCapacity 
(MW)

Name of PlantCountry

-1.4THEMIS Solar Power TowerFrance

December 20081.5Jülich Solar TowerGermany

August 20095Sierra SunTowerUSA

Europe's first
commercial solar tower11PS10 solar power tower Spain 

April 200920PS20 solar power towerSpain 

Month and Year of 
Completion

Capacity 
(MW)

Name of PlantCountry

MW Scale CSP Project Deployment in the 
World outside India 

Projects Completed-II

Linear 
Fresnel

April 20091.4Puerto Errado 1Spain 

-2Liddell Power Station Solar Steam 
GeneratorAustralia

-5Kimberlina Solar Thermal Energy PlantUSA

Month and Year of 
Completion

Capacity 
(MW)

Name of PlantCountry
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MW Scale Parabolic Trough Project 
Deployment in Spain 

Projects Under Construction

100Helios 1+2

1001Termosol 1+2

100Aste 1A, 1B

100Valle Solar Power Station

100Solaben 1, 2

100Helioenergy 1, 2

100Palma del Rio 1, 2

100Andasol 3–4

150Extresol 1-3

150Solnova 1, 3, 4

Capacity 
(MW)

Name of Plant

MW Scale CSP Project Deployment in USA 
Projects Announced-I

200Power TowerBrightSource PPA7 

200Power TowerBrightSource PPA5 

290Parabolic TroughAgua Caliente Solar 
Project 

300Fresnel Reflector Unnamed 

440Power TowerIvanpah Solar Power 
Facility 

484Parabolic TroughSolar Millenium
Palen

553Parabolic TroughMojave Solar Park 

750Stirling EngineSES Solar Two 

850Stirling EngineSES Solar One 

968Parabolic TroughSolar Millenium
Blythe 

Capacity 
(MW)

TechnologyName of Plant
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MW Scale Parabolic Trough Project 
Deployment in Spain 
Projects Announced-II

50Parabolic TroughIbersol Almería

0.08Dish SterlingAznalcollar TH 

10Linear FresnelGotasol

20Power TowerAlmaden Plant 

50Power TowerAlcázar Solar Thermal Power Project 

50Power TowerAZ 20 

50Parabolic TroughIbersol Valdecaballeros 1–2 

50Parabolic TroughIbersol Badajoz Fuente de Cantos 

50Parabolic Trough with heat storageManchasol 2 

200Parabolic Trough with heat storageAndasol 4–7 

Capacity (MW)TechnologyName of Plant

CSP Worldwide Market Development Trends

Source: Photon International 12-2009
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Thank you


