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(54) Title: SOLAR COOLING, HEATING AND POWER SYSTEM

a

FIG. 1

(57) Abstract: A solar energy driven power generation system includes a solar energy receiver configured to collect solar energy. A
vapor generator is operably connected to the solar energy receiver. A vapor turbine is operably connected to the vapor generator and
is configured to be driven by a flow of vapor from the vapor generator. An electrical power generator is operably connected to the
vapor turbine and driven thereby. A thermal conditioning system is operably connected to the vapor turbine and is driven by a flow
of output vapor or hot liquid from the vapor turbine. A method of power generation includes collecting solar thermal energy and
generating vapor utilizing the solar thermal energy. A vapor turbine is driven by the vapor and electrical power is produced via the
rotation of the vapor turbine. Output vapor from the vapor turbine is utilized to drive a thermal conditioning system.
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SOLAR COOLING, HEATING AND POWER SYSTEM

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to solar energy systems. More
specifically, the subject disclosure relates to solar energy driven systems for cooling, heating
and electrical power generation.

[0002] Solar energy-driven systems are known that, for example, produce electrical
power, or that heat water for heating of a structure, for example a dwelling. These systems,
however, do not provide high utilization of the solar thermal energy and corresponding
system performance. The unutilized thermal energy is lost as, for example, excess heat. The
art would well-receive an improved solar energy driven system providing increased

utilization of the solar thermal energy.

BRIEF DESCRIPTION OF THE INVENTION

[0003] According to one aspect of the invention, a solar energy driven electrical
power generation, cooling and heating system includes a solar energy receiver configured to
collect solar thermal energy. A vapor generator is operably connected to the solar energy
receiver. A vapor turbine is operably connected to the vapor generator and is configured to be
driven by a flow of vapor from the vapor generator. An electrical power generator is operably
connected to the vapor turbine and driven thereby. A thermal conditioning system is operably
connected to the vapor turbine and is driven by a flow of output vapor from the vapor turbine.
The thermal conditioning system can provide both cooling and/or heating to externally
connected loads.

[0004] According to another aspect of the invention, a method of power generation
includes collecting solar thermal energy and generating vapor utilizing the solar thermal
energy. A vapor turbine is driven by the vapor and electrical power is produced via the
rotation of the vapor turbine. Output vapor from the vapor turbine is utilized to drive a
thermal conditioning system.

[0005] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.



WO 2012/177379 PCT/US2012/040690

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0007] FIG. 1 is a schematic of an embodiment of a solar cooling, heating and power
system;

[0008] FIG. 2 is a schematic of another embodiment of a solar cooling, heating and
power system; and

[0009] FIG. 3 is a schematic of yet another embodiment of a solar cooling, heating
and power system.

[0010] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Shown in FIG. 1 is a schematic illustration of an improved solar energy driven
cooling, heating and power system 10. The system 10 includes a solar energy concentrator 12
to concentrate and direct solar energy to a receiver 14. In some embodiments, as shown in
FIG. 1, the concentrator 12 includes a trough 16 which may be a mirrored parabolic shape to
concentrate and direct the solar radiation toward the receiver 14. In some embodiments, the
receiver 14 is suspended over a concave portion of the concentrator 12 by a plurality of
connecting rods 18.

[0012] The receiver 14 includes a thermal receiver tube or heat pipe 24 arranged
along the length 22 of the receiver assembly 14. In an alternate embodiment, the receiver
assembly 14 includes an array of photovoltaic cells 20 arranged along a length 22 of the
receiver assembly 14. In some embodiments, the photovoltaic cells 20 are located between
the concentrator 12 and the thermal receiver tube 24, but other arrangements, such as the
photovoltaic cells 20 located next to the thermal receiver tube 24 are contemplated within the
scope of the present disclosure. In other arrangements, the photovoltaic cells 20 are located
on the concentrator surface 12.

[0013] The solar thermal energy directed at the thermal receiver tube 24 by the
concentrator 12 produces vapor, for example, steam in the thermal receiver tube 24. In some
embodiments, the vapor produced is at between 120 and 300 degrees Celsius. In other

embodiments, the vapor produced is between about 180 and 220 degrees Celsius. The vapor
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is at a suitable pressure to then be utilized to drive a vapor turbine 26. The vapor turbine 26
drives a generator 28 to produce electrical power. In one embodiment, solar radiation is also
collected by the photovoltaic cells 20 to produce electrical power. Electrical power generated
by the electrical generator 28 and/or photovoltaic cells 20, can be transmitted to an electrical
grid 30 or other, specific end use.

[0014] Referring again to FIG. 1, vapor is provided at sufficiently high pressure to
drive the vapor turbine 26. The supply pressure will depend on the particular vapor turbine
26 used. The vapor turbine 26 serves to reduce the pressure of the vapor in the process of
driving the electrical generator 28. The low pressure output vapor from the vapor turbine 26
is then routed, or cascaded, to a thermal conditioning system 32. The thermal conditioning
system 32 may be a double effect absorption chiller where sufficient thermal quality input is
available or a single-effect absorption chiller or the low stage of a double effect chiller,
depending on the pressure and temperature of the output vapor from the vapor turbine 26.
Other thermally activated technologies such as adsorption chillers or desiccant systems can
also be used in the low pressure side of the system downstream of the vapor turbine 26.

[0015] The system 10 may include a wide range of ratings and capacities for
electrical power generation and cooling capacity or refrigeration tons (RT) of cooling
provided. For example, a system 10 with a field or array of concentrators 12, used for a large
building, group of buildings or a district, may be rated at scales up to 1 Megawatt (MWe) and
2000-2500 Refrigeration Tons (RT) or larger. A smaller system 10, for a single building or
for supplemental use may be rated at scales of 275 kWe and 500-700 RT. Further, still
smaller systems 10 may be utilized for residential home use. Systems 10 are fully scalable
within the availability of turbine units 26 and thermal conditioning systems 32 and with a
ratio of electrical power to cooling power in similar relative proportions to maximize
utilization of available input solar resources. It is to be appreciated that the ratings provided
herein are merely exemplary and other combinations of ratings may be arrived at depending
upon the specifications of a particular system 10. The examples provided are expected to
have an overall thermal utilization of between 70% and 95% effectiveness when sized and
integrated appropriately.

[0016] The system 10 described herein cascades the collected solar thermal energy, in
the form of vapor, from the thermal receiver tube 24 through the vapor turbine 26 and
through the thermal conditioning system 32. In the water based system shown in FIG. 1,
vapor or water output from the thermal conditioning system 32 is passed through a condenser

and cooler 41 to return the fluid to a sufficiently cooled liquid state, is pressurized by a pump
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42 and is then returned to the thermal receiver tube 24 for reheating thus closing the
thermodynamic cycle. Such a system 10 results in a much higher utilization of the solar
thermal energy than systems of the prior art. For example, a system utilizing only a turbine
26 to electrical generator 28 may have half to one third of the thermal resource utilization of
the present invention.

[0017] In another embodiment, shown in FIG. 2, the thermal receiver tube 24 utilizes
a flow of thermal heat transfer fluid such as a high temperature oil to absorb solar energy and
transport this energy to a primary side 51 of a separate vapor generator 50. The high
temperature thermal transfer fluid is utilized by the vapor generator 50 to provide vapor at a
secondary side 52 of the vapor generator which is then routed to the vapor turbine 26 as
previously described with regard to FIG. 1.

[0018] In a primary-secondary system, such as shown in FIG. 2, thermodynamic
cycle closure of the secondary or water side of the cycle is accomplished in the same manner
as described above with regard to FIG. 1, with the water passing through cooler or condenser
41 and pump 42 to return to the vapor generator 50. In this case, the thermal transfer fluid on
the primary side 51 need only be cooled sufficiently in cooler 54 to allow suitable inlet
temperature to transfer pump 53. Other arrangements for preheating and post-cooling
working fluids are also anticipated to allow further systems integration while conforming to
the basic principles taught here.

[0019] In an alternate embodiment, shown in FIG. 3, the vapor turbine 26 is used to
drive a mechanical refrigerant compressor 56 associated with an alternate thermal
conditioning system 58. This configuration can be used in addition to or instead of the vapor
turbine 26 to electrical generator 28 system of FIG. 1 or FIG. 2 and can also be followed by
the thermal conditioning system 32 as previously described.

[0020] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:
1. A solar energy driven power generation system comprising:
a solar energy receiver configured to collect solar thermal energy;
a vapor generator operably connected to the solar energy receiver;
a vapor turbine operably connected to the vapor generator, and configured to
be driven by a flow of vapor from the vapor generator;
an electrical power generator operably connected to the vapor turbine and
driven thereby; and
a thermal conditioning system operably connected to the vapor turbine and
driven by a flow of output vapor or hot liquid from the vapor turbine.
2. The system of Claim 1, wherein the vapor generator is a heat pipe.
3. The system of Claim 1, further comprising a plurality of photovoltaic cells
operably connected to the solar energy receiver to generate electrical power.
4. The system of Claim 1, wherein the thermal conditioning system is an absorption
chiller.
5. The system of Claim 1, wherein the thermal conditioning system is an adsorption
chiller.
6. The system of Claim 1, wherein the thermal conditioning system is a vapor
driven vapor compression chiller.
7. The system of Claim 1, wherein the thermal conditioning system is a desiccant
system.
8. The system of Claim 1, wherein the receiver comprises a trough having a
mirrored parabolic shape.
9. The system of Claim 8, wherein the receiver is disposed over a concave portion
of the trough.
10. The system of Claim 1, wherein vapor is produced by the vapor generator at
between about 120 degrees and about 300 degrees Celsius.
11. The system of Claim 10, wherein vapor is produced by the vapor generator at
between about 180 degrees and about 220 degrees Celsius.
12. The system of Claim 1, wherein the electrical power generator is operably
connected to an electricity grid.
13. A method of power generation comprising:
collecting solar thermal energys;

generating vapor utilizing the solar thermal energy;



WO 2012/177379 PCT/US2012/040690

driving one of a vapor turbine or Rankine Cycle prime mover with the vapor;
producing electrical power via rotation of the vapor turbine and drive of an
electrical generator; and
utilizing output vapor or hot liquid from the vapor turbine to drive an air
conditioning system.
14. The method of Claim 13, further comprising recycling fluid output from the air
conditioning system into vapor via the solar thermal energy.
15. The method of Claim 13, further comprising generating vapor at a temperature
between about 120 degrees and about 300 degrees Celsius.
16. The method of Claim 15, further comprising generating vapor at a temperature
between about 180 degrees and about 220 degrees Celsius.
17. The method of Claim 13, wherein generating vapor utilizing the solar thermal
energy comprises:
circulating fluid through a thermal receiver tube; and
directing solar thermal energy on to the thermal receiver tube.
18. The method of Claim 13, further comprising:
directing solar thermal energy on to an array of photovoltaic cells; and
generating electrical power via the array of photovoltaic cells.
19. The method of Claim 13, further comprising routing the electrical power to an

electricity grid.
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