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1 • INTRODUCTION.

2 • SOLAR PHOTOVOLTAIC POWER SYSTEM.

3 • SOLAR THERMAL POWER SYSTEM. 

4 • WIND POWER SYSTEM.

5 • ENERGY STORAGE SYSTEMS.

6 • STAND-ALONE SYSTEM.

7 • GRID-CONNECTED SYSTEM.
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Solar Tower systems

In this plant, the solar energy is collected by

thousands of sun-tracking mirrors, called

heliostats, that reflect the sun’s energy to a

single receiver atop a centrally located tower.

The enormous amount of energy focused on

the receiver is used to generate high

temperature to melt a salt.

The hot molten salt is stored in a storage tank,

and is used, when needed, to generate steam

and drive the turbine generator.



Dr : Mohamed Ahmed EbrahimNovember 16

Solar Tower systems

After generating the steam, the used molten salt

at low temperature is returned to the cold salt

storage tank. From here it is pumped to the

receiver tower to get heated again for the next

thermal cycle.

The usable energy extracted during such a

thermal cycle depends on the working

temperatures.
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Solar Tower systems

Solar thermal power plant schematic for generating electricity
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Solar Tower systems

 The most important feature of the Solar Tower

design is its innovative energy collection and the

storage system.

 It uses a salt that has excellent heat retention and

heat transfer properties.

 The heated salt can be used immediately to

generate steam and electric power. Or, it can be

stored for use during cloudy periods or after the

sun goes down to meet the evening load demand

on the utility grid.
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Solar Tower systems

The salt selected for this purpose is sodium and

potassium nitrate which works as a single phase

liquid, and is colorless and odorless. In addition to

having the needed thermal properties up to the

operating temperature, it is inexpensive and safe.
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Solar Tower systems

 Because of this unique energy storage feature, the

power generation is decoupled from the energy

collection.

 For electrical utility, this storage capability is crucial

in that the energy is collected when available, and

is used to generate high-value electricity when it is

most needed.



Dr : Mohamed Ahmed EbrahimNovember 16

Solar Tower systems

 A major benefit of this scheme is that it

incorporates the thermal energy storage for

duration in hours with no degradation in

performance, or longer with some degradation.

 This feature makes the technology capable of

producing high-value electricity for meeting

peak demands.

 Moreover, compared to the solar photovoltaic,

the solar thermal system is economical, as it

eliminates the costly semiconductor cells.
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 An experimental 10 MWe power plant using this

technology has been built and commissioned in

1996 by the Department of Energy in partnership

with the Solar II Consortium of private investors

led by the Southern California Edison, the second

largest electrical utility company in the U.S.A.

 It is connected to the grid, and has enough

capacity to power 10,000 homes.

 The plant is designed to operate commercially for

25 to 30 years.

Practical Case Study
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Practical Case Study
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 The operating experience to date indicates the

overall plant capacity factor of 20 percent, and

the overall thermal to electrical conversion

efficiency of 16 percent. It is estimated that 23

percent overall efficiency can be achieved in a

commercial plant design using this technology.

technical design features of the Solar II power plant
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Design features of the Solar II power plant
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Operating features of the Solar II power plant
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Commercial Solar Tower Power Plants

 Based on the Solar II power plant operating

experience, the design studies made by the

National Renewable Energy Laboratory for the

U.S. Department of Energy have estimated the

performance parameters that are achievable for a

100 MWe commercial plant.
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Comparison of 10 Mwe Solar II and 100 Mwe Prototype Design
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Major Conclusions of the studies to date

 First plants as large as 100–200 MWe are

possible to design and build based on the

demonstrated technology to date. Future plants

could be larger.

 The plant capacity factors up to 65 percent are

possible, including outage.

 Fifteen percent annual average solar-to-electric

conversion efficiency is achievable.

 The energy storage feature of the technology

makes possible to meet the peak demand on the

utility lines.



Dr : Mohamed Ahmed EbrahimNovember 16

Major Conclusions of the studies to date

 Leveled energy cost is estimated to be 6 to 7 cents

per kWh.

 A 100 MWe plant with a capacity factor of 40

percent requires 1.5 square miles of land.

 The capital cost of $2,000 per kWe capacity for first

few commercial plants and less for future plants.

 A comparable combined cycle gas turbine plant

would cost $1,000 kWe, which includes no fuel cost.

 Solar-fossil hybrids are the next step in

development of this technology.
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Parabolic Dish

 The parabolic dish tracks the sun to focus heat,

which drives a sterling heat engine-generator unit.

 This technology has applications in relatively small

capacity (tens of kW) due the size of available

engines and wind loads on the dish collectors.

 Because of their small size, it is more modular

than other solar thermal power systems, and can

be assembled in a few hundred kW to few MW

capacities.

 This technology is particularly attractive for small

stand-alone remote applications.
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The useful energy



Dr : Mohamed Ahmed EbrahimNovember 16


