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CONTROL OF POWER GENERATION
SYSTEM HAVING THERMAL ENERGY AND
THERMODYNAMIC ENGINE COMPONENTS

Where solar thermal energy is used solely for thermal
heating, such as space and domestic hot Water heating, the
choice of hoW to use the thermal energy is rather straightfor
Ward: One or the other use is prioritized, and if inadequate

BACKGROUND OF THE INVENTION

thermal energy is available to meet both needs, then an addi
tional energy source, such as natural gas provided by a utility,
is used to provide the energy difference. HoWever, Where the
solar thermal energy may be used to generate electricity

1. Field of the Invention

Aspects of the present invention generally relate to control
systems for a poWer generation system having thermal energy

(solely or in combination With heating demands), the optimal

and thermodynamic engine components.

use of the energy is a function of a number of additional

factors, including the immediate and future cost of electricity
or other energy source, the time of day, the expected heating

2. Background of the Art
Environmental concerns and political and economic forces
have reneWed the interest in all facets of alternative energy.
Many sources of alternative energy, particularly solar energy,

still have tremendous potential for greater adoption. Despite

needs as compared to the electrical needs of the building and
residents, the season of the year and any expected Weather
changes, such as approaching cold fronts, Warm fronts or

the distinct advantages of emitting little or no pollution or

storms.

greenhouse gasses, having an unlimited free energy supply,
and being harnessed With many already proven technologies,
solar energy requires further development of its technologies

tribution systems and combined distributed and grid-tied

Thus, there is a need in the art for distributed energy dis
20

electricity for residences and commercial buildings com

pared With heat and electricity noW produced by burning coal,
natural gas, and oil.

Solar electric generating systems suitable for distributed

return available from the investment in such a system.
25

electric poWer generation or installation on residential or

SUMMARY OF THE INVENTION

commercial buildings typically use photovoltaic semicon
ductor technologies that convert sunlight directly into elec
tricity. Although viable in some applications, existing photo
voltaic solutions are too inef?cient and cost prohibitive to be
broadly adopted as an electric energy source or thermal

30

demand, an electricity demand met by generating electricity
from the thermal energy source using a heat engine, a space
35

Warm months. Because they are limited to producing only one
form of energy, either electricity or heat but not both, neither

solar energy platform can by itself practically address both
electrical and thermal energy needs of residential or commer

40

cial buildings.

purpose may also include Weighing the cost of grid electricity
45

in a combined distributed and grid-tied con?guration. Heat
energy delivered directly from a solar thermal energy collec

at a current and/or at a later time period.

In another aspect the system includes an energy storage,
Wherein a storage medium for the storage of heat may be
heated to a temperature in the range of 200 to 300 degrees
Celsius, and the stored energy may be used at another time to

tor or from solar thermal energy previously stored in a storage
location is supplied to the heat engine, Which in turn drives a

generator to produce electricity. The heat engine may be used

heating demand, and a process heating demand such as
domestic hot Water heating, Wherein the choice of Which of
the demands is met by utiliZing energy from the heat source is
based in part on current and/or contemplated conditions both
internal to and external to the system.
In one aspect, the system is used in conjunction With an
additional energy source, such as grid electricity, such that the
decision of Whether to use the heat source to generate heat
engine-derived electricity or use the heat source for another

Recent advances in heat engine technology have rendered
it feasible to incorporate a heat engine, such as a Stirling
engine, into a solar thermal energy system and thereby use
solar thermal energy to generate electricity in a distributed or

There is provided a system for use in conjunction With a
localiZed demand for electricity and a localiZed demand for
heat, Wherein a thermal energy source is selectively used to
provide energy to one or more demands including a storage

energy source. Similarly scaled solar thermal systems are
used for space and domestic hot Water heating, but have no
provision for electric poWer generation, and cannot reconcile

the disparity betWeen the high demands for thermal energy in
cold months With the high availability of thermal energy in

energy systems Which enable the user to better optimiZe, or

alternatively, enable intelligent selection of the use of the
thermal energy supplied by a solar thermal collector or other
local thermal energy source, and thereby increase the rate of

to make it a cost competitive energy source for heat and

50

ful?ll heating and/or electricity generation demands. Addi

solely to generate the electricity for a structure, such as a

tionally, an electrical storage, such as a battery bank, may also

residence, of?ce or small industrial facility (collectively

be employed in the system, and charged by the electricity
generated by the heat engine, such that the electricity may be

referred to as “building”) at a given moment of time. HoW
ever, as the electrical demand in the building Will ?uctuate
over time, including during a day, during a Week and over a

yearly seasonal cycle, the heat engine may be unable to pro

recovered for local use during a period of higher grid elec
tricity cost or When grid electricity is unavailable, such as
from a storm-caused grid outage, or Where grid connections

vide the entire electrical load at some times, or may be able to

are unavailable.

supply excess electricity at other times. For example, during

In another aspect, the system may be controlled to alWays
prioritiZe the satisfaction of a speci?c demand When solar
thermal energy is available. This may include selecting the
speci?c demand based on time of day, the status of the heat
storage, outside temperature, or other measurable or predict
able values.
In another aspect, the system may be controlled to maxi

cloudy conditions and storms, the solar irradiation on the
collector is disrupted, requiring the use of a non-solar energy
source, Which may include grid-supplied electricity, to meet

55

60

the electric poWer requirements of the building. Furthermore,
it may also be desirable to use the solar thermal energy pro
vided from a solar collector for space and Water heating

applications, thus creating a con?ict betWeen the need for
electricity and the need for space and domestic hot Water

heating.

65

miZe an immediate bene?t based upon the present conditions
of the system. For example, Where the bene?t is selected to be

grid electricity cost savings, the controller determines

US 8,224,495 B2
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Whether to draw grid electricity or to generate electricity, as

(i.e., running the meter backWards). The controller may deter

Well as Whether to use the solar irradiation for storage or local

mine When such a scenario Would be an e?icient use of the

heating needs.

poWer generation system. For example, if all heating and

In another aspect, the system may be controlled to maxi
mize a bene?t, such as electricity savings, calculated to

electrical needs of the building are being met or are not

accrue during future operation. For example, the controller

generate electricity for transmission over the grid. Thus, in

may ?rst calculate the bene?t expected to accrue from hypo
thetical operation of the system in each of one or more unique

controller Whereby electricity generated from the Stirling

desired to be met, the system may run the Stirling engine to
one aspect, the system includes a sWitch under control of a

sequences of one or more sequential con?gurations of the

engine is provided to the grid and not the building. In some
situations, such as during a period of peak e?iciency for the
Stirling engine and a period of loW heat and electricity

system, Where each con?guration is achieved by energizing
the appropriate sWitches, relays, valves, and pumps to cause
thermal and electrical energy to ?oW in paths unique to that

demands, it may be more co st effective and/ or ef?cient to buy

con?guration, and Where calculation of the performance of
the system in each con?guration and the bene?t produced

electricity from a utility company and provide all electricity
generated form the Stirling engine to the grid.

thereby are based upon past, present, or forecast factors. The
controller may then identify Which of these sequences pro
duces the maximum accrual of the bene?t, and may then put

The system further includes the control of the system When
integrated With external energy sources and information
about them, including When such an energy source, such as
the electric utility grid, may act as a sink and thereby receive

the system into the con?guration of operation that is ?rst in
this sequence. As a result, there may be a particular con?gu
ration in this sequence Whose individual contribution to the
accrued bene?t may be less than the individual contribution

produced by some other con?guration that could have been
chosen instead for this place in the sequence, but Whose
inclusion nonetheless produces, by the end of the sequence, a
greater accrual of the bene?t, from having favorably in?u

20

energy produced by the system. The system controller, for
example, may thus accept and act on information regarding
the price of electric poWer sold to as Well as purchased from
an electric utility. Such system inputs may be used by the
controller to optimize operation of the system to maximize

25

electric energy production or the rate of return on investment,

enced the conditions encountered by subsequent con?gura

or to minimize the cost or amount of purchased electric or

tions such that the sum of their individual contributions more

thermal energy, or the amount of greenhouse gas emissions,

than compensates for the choice of the particular con?gura

or in respect of some metric based on combinations thereof.
The factors or information to consider in determining an

tion.
In another aspect, a Stirling engine that also has the capa
bility to operate as a heat pump could enhance the function

30

optimal operation of the system include past, present, and
expected future values of at least ambient temperature, sys
tem temperatures, solar irradiance or other heat availability,

ality of some thermal energy poWer systems, particularly
those installed in buildings having only electric service. An
electric-poWered heat pump draWing heat from solar heated

building heat load, price information from the electric utility,

heat transfer ?uid that is Warm, but not hot enough to heat the
building, Will operate at a much higher theoretical coef?cient
of performance than if draWing heat from the cold outside air
or even the ground. Using the Stirling engine for this addi
tional function thereby increases the utilization of the engine

35

asset.

40

time of day, and date.
These and other advantages and features of the present
invention Will become apparent to those of ordinary skill in
the art upon reading this disclosure in its entirety.
BRIEF DESCRIPTION OF THE DRAWINGS

In another aspect, additional thermal energy storage tanks

FIG. 1 is a schematic vieW of a system useful for the

are included, Which may be maintained at similar or different

generation of electricity using solar thermal energy in a dis

temperatures. For example, the system may include a ?rst
storage tank and a second storage tank. The ?rst storage tank
may be used to supply ?uid for electric generation, and may

tributed situation;
FIG. 2 is a schematic vieW of a system useful for the
45

be con?gured to store ?uid at a hotter temperature than the

second storage tank. The second storage tank, Which may be

supply heat to a thermal storage;
FIG. 3 is a schematic vieW of a system useful for the

dedicated to loW temperature system components, such as
space heating and domestic hot Water systems, may be main
tained at a loWer temperature than the ?rst tank. In such a

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of ?uid therethrough to

50

tWo-storage-tank system, the ?rst storage tank may be main

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of ?uid therethrough to
supply heat to a heat engine;

tained at about 3000 C. Whereas the second tank may be

FIG. 4 is a schematic vieW of a system useful for the

maintained at about 100° C., in one possible example,
although many other temperatures are possible.
As discussed above, the temperature difference across the

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of ?uid therethrough to
supply heat to a heating demand;

55

Stirling engine causes the Stirling engine to operate and

FIG. 5 is a schematic vieW of a system useful for the

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of ?uid therethrough to
supply heat to a heat engine and a heating demand;

thereby drive an electric generator. Electricity from the gen

erator, in turn, provides electricity for the building electric
needs. The generator may directly produce the proper voltage
and frequency used by the grid, Which in the United States is

60

on a conventional junction box.

Further, by Way of a poWer conditioner, the Stirling engine
poWer generation system may provide electricity to the grid

FIG. 6 is a schematic vieW of a system useful for the

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of ?uid therethrough to
supply heat to a heating demand While simultaneously sup

120 volts at 60 hertz, or may produce electricity in some other
form Which is then converted to the form used by the grid. The
generator may thus be coupled to a building electric system
(grid-tied or distributed), such as through a dedicated breaker
65

plying heat from a thermal storage to a heat engine;
FIG. 7 is a schematic vieW of a system useful for the

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of ?uid therethrough to

US 8,224,495 B2
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supply heat to a heat engine and a thermal storage, the heat

industrial Waste heat, in Ways that are more cost competitive
With conventional forms of energy or Which provide other

being supplied from different portions of a solar collector;

desired bene?ts to the user.

FIG. 8 is a schematic vieW of a system useful for the

FIG. 1 is a schematic diagram of a poWer generation system
100 comprising a heat source, in this speci?c embodiment a
solar thermal energy collector 110 heated by solar irradiance
102 through Which a ?uid (typically an oil) is ?oWed to

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of ?uid therethrough to
supply heat to a heat demand and a thermal storage, the heat

being supplied from different portions of a solar collector;

recover heat from solar irradiance and move that heat, as
captured in such ?uid, to one or more demands for such heat.

FIG. 9 is a schematic vieW of a system useful for the

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of ?uid therethrough to
supply heat to a heat engine and a heating demand, the heat
being supplied from different portions of a solar collector;

These demands include a thermal storage 120, a heat engine

such as Stirling engine 130, and a heating demand 140,
including both a domestic hot Water heating demand 144 and
a space heating demand 146. Stirling engine 130 is opera

FIG. 10 is a schematic vieW of a system useful for the

tively coupled to a generator (not shoWn) to generate electric

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of a ?uid to supply heat

ity as is Well known in the art. The electrical output of Stirling
engine 130 is coupled, via an electrical cable 151, to a control

from a thermal storage to a heat engine;
FIG. 11 is a schematic vieW of a system useful for the

sWitch 150, from Which the electricity generated from Stirling
engine 130 may be directed to one of several demands, in this
case the immediate localiZed electricity needs 156 for light

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of a ?uid to supply heat
from a thermal storage to a heating demand;
FIG. 12 is a schematic vieW of a system useful for the

20

conditioning demand 154, storage in a storage battery bank

generation of electricity using solar thermal energy in a dis
tributed situation, shoWing the ?oW of a ?uid to supply heat
from a thermal storage to a heat engine and a heating demand;
FIG. 13 is a decision tree shoWing the amount of a bene?t

152, or transmission to the grid 158. SWitch 150 also may
function to alloW grid-based electricity to be used for these
25

produced by every combination of tWo, sequential con?gu
rations of operation, Where the ?rst con?guration is chosen
from among three possible, and the second con?guration is
chosen from among ?ve possible, for the satisfaction of a

heating demand in an example scenario; and

30

FIG. 14 is a schematic of a controller useful for the control

of the system of FIGS. 1 through 12.
35

Aspects of the present invention involve a poWer genera
tion system that integrates forms of alternative energy such as
solar energy, geothermal energy, industrial or commercial
Waste heat; traditional or uninterruptible energy sources such

Stirling engine 130 may be operated as a heat pump, to supply
locally produced heat for use inside the building. A heat pump
receives Work, Which may be electrical or mechanical, and
heat at a loWer temperature, and discharges both the Work and
heat inputs in the form of heat at a higher temperature. In this
case, the supply of heat from the thermal storage 120 or solar
thermal energy collector 110 is directed to the hot side of

component Within Stirling engine 130 to cause the generator
to operate as a motor to rotably drive the thermodynamic

engine component Within Stirling engine 130 in the same
40

direction it operates as an engine, and heat is discharged from
the cold side of Stirling engine 130 at a higher temperature
than that of the supply of heat. The discharged heat is trans

ferred into residential heating demand 140, including both hot
Water heating demand 144 and space heating demand 146, via
heat exchanger 300, instead of into the environment via heat

nection to an electric poWer grid or a natural gas service;

on-site energy stores; space heating and cooling demands;
domestic hot Water heating demands; thermodynamic
engines that may generate electricity; and heat pumps. The
integration involves the control of the system to account for
factors external to the system, Which may include past, his
torical, present, or forecast conditions of time of day, day of

electrical loads, selectively or in aggregate. Additionally,

Stirling engine 130, and electricity is supplied to the electric
generator operably connected to the thermodynamic engine

DETAILED DESCRIPTION OF EMBODIMENTS

as propane or fuel oil stored on site or as provided by con

ing, appliances, etc., space heating demand 146 When pro
vided by an electrically driven heat pump, space cooling or air

rejecter 132.
45

Referring still to FIG. 1, to provide energy from solar
thermal energy collector 110 to heating demand 140, thermal
storage 120, and Stirling engine 130, a ?uid, such as an oil

having high heat capacity and a boiling point exceeding the

Week, calendar day, Weather, solar irradiance, and availability
the system, Which may include past, historical, present, or

expected temperature and pressure conditions to Which it Will
be exposed, is circulated through a series of conduits 112,
valves 114, and check valves 115 to, from, and betWeen

forecast conditions of temperature, pressure, ?oW rate, or

heating demand 140, thermal storage 120, and Stirling engine

poWer generated or consumed by the poWer generation sys

130. To enable the selective transmission of the oil to heating

and price of energy for both sale to as Well as purchase from
a utility or other energy supplier, as Well as factors internal to

50

tem, as Well as energy demands of a building such as a
demand 140, thermal storage 120, and Stirling engine 130,
residence or some other energy user. Control includes deter 55 valves 11411 to 114d are selectively opened or closed and

mining When to drive a thermodynamic heat engine or heat
pump, provide space, process or domestic hot Water heating,

pumps 11911 to 1190 are selectively energiZed under the con
trol of a system controller 160. Check valves 11511 to 115d
prevent back?oW into solar thermal energy collector 110. In

store energy for later use in thermal or electrical storage

forms, draW upon uninterruptible energy sources, or disburse
energy generated Within the system such that one or more

60

the system of FIG. 1, the valves are shut-off valves, Wherein
the valve can block the passage of ?uid therethrough. In other

bene?ts are achieved. Such bene?ts include maximizing elec

con?gurations, the valves may be three Way valves, Which

tric energy production or the rate of return on investment, or
minimizing the cost or amount of purchased electric or ther

may be proportional valves, Which direct controllable por

mal energy, or the amount of greenhouse gas emissions gen
erated. With the advancements set forth herein, the poWer
generation system may thus more ef?ciently use forms of
alternative energy such as solar energy, geothermal energy, or

direct the ?uid ?oW to one of tWo selectable outlets, or they

tions of the ?uid ?oW to each of their tWo outlets. Other ?uid
65

handling components may be incorporated, such as venting

valves, expansion tanks, ?lters, and pressure relieve valves,
that are required for safe and proper operation of any ?uid

US 8,224,495 B2
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system. To enable ?uid ?oW, pumps 11911 to 1190 are pro
vided, to maintain circulation of the ?uid or oil as appropriate.

to hot Water heating demand 144 or space heating demand
146. Water valve 182 is provided to selectively route the
heated Water to space heating demand 146 though ?oW line
187, or to hot Water heating demand 144 through ?oW line

The cold side of Stirling engine 130 is coupled to heat rej ecter
132, Which circulates a cooling ?uid through the cold side of
Stirling engine 130 to maintain an appropriate temperature
difference betWeen the hot and cold sides of Stirling engine

188. After passing through heating demands 144 or 146, the
Water returns via Water return 184 to heat exchanger 142. It
may be possible to operate a single device as either a heating
demand or a cooling demand, and to sWitch betWeen the tWo,
as directed by a controller Thus, for example, a bank of

130. The temperature difference across a thermodynamic or

heat engine, in this example a Stirling engine, may impact
performance, Where greater temperature differences favor

ably impact performance. Particular thermodynamic engine

radiator coils may be operated With hot Water to provide space

arrangements operate advantageously on heat delivered to the
hot side at What is considered medium temperature, in the
range of approximately 100° C. to 3000 C. Heat provided to
the hot side in this temperature range may advantageously be
solar energy, geothermal energy, or industrial Waste heat.
Thermal storage 120 is speci?cally con?gured to obtain or
extract heat from the ?uid ?oWing therethrough, and release

heating in Winter, and operated With cold Water to provide

that heat as needed at a later time. Realization of thermal

valves 114a and 1140 are closed, valves 11419 and 114d are
open, pumps 119a and 1190 are energiZed, and pump 11919 is

space cooling in summer.
Referring noW to FIG. 5, a ?oW of ?uid in FIG. 1 to supply
heat from solar thermal energy collector 110 to Stirling
engine 130 is shoWn by arroWs 172, and a separate ?oW of

?uid to supply heat from thermal storage 120 to heating
demand 140 is shoWn by arroWs 174. In this con?guration,

storage 120 may be in the form of the ?uid itself, a ?uid

storage in Which a heat exchanger exchanges heat betWeen

20

the oil and a different ?uid Within thermal storage 120, a solid
thermal mass, such as rock, Which is heated by the oil, or may

include a phase change material. In each instance, heat from
the oil circulating through solar thermal energy collector 110
is captured in thermal storage 120 for later release. Thermal
storage 120 is preferably located beloW ground and sur
rounded by insulation to maximiZe the heat retaining capa
bility thereof. Thermal storage 120 may be a single storage, or

25

solar thermal energy collector 110. The ?uid ?oWing over the

30

ture storage for Stirling engine 130 and a loWer temperature
storage for heating demand 140.
Referring noW to FIG. 2, the ?oW of ?uid in the system of
FIG. 1 needed to supply heat from solar thermal energy col
lector 110 to thermal storage 120 is shoWn by arroWs 174. In
this con?guration, valves 114a and 1140 are closed, valves
11419 and 114d are open, and pump 11919 is energiZed to draW
?uid out of the bottom of thermal storage 120. The ?uid ?oWs
from solar thermal energy collector 110, through check valve

Referring noW to FIG. 6, a ?oW of ?uid in FIG. 1 to supply

heat from thermal storage 120 to Stirling engine 130 is shoWn
by arroWs 172, and a separate ?oW of ?uidto supply heat from
solar thermal energy collector 110 to heating demand 140 is
shoWn by arroWs 174. In this con?guration, valves 114a and

40

and 1190 are energiZed, and pump 11919 is energiZed to pump
?uid into the bottom of thermal storage 120. The ?uid ?oWing
over the path indicated by arroWs 172 ?oWs from thermal

1140 are open, valves 11419 and 114d are closed, pumps 119a

115b, valve 114b, and into thermal storage 120. After ?oWing

storage 120, through valve 114a, and into the hot side of
Stirling engine 130. After heat exchange With the Stirling

therein, the ?uid then ?oWs through pump 119b, check valve

Stirling engine 130 is shoWn by arroWs 172. In this con?gu
ration, valves 114a, 114b, 1140, and 114d are closed, and
pump 11911 is energiZed. The ?uid ?oWs from solar thermal
energy collector 110, through check valve 115a, and into the
hot side of Stirling engine 130. After heat exchange With the
Stirling engine 130 hot side to heat the Working ?uid of
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exchanger 142, the ?uid then ?oWs through pump 1190,
collector 110. Heat exchange With heating demands 144 and
146 is as described in paragraph [0040].
55

Referring noW to FIG. 7, an additional embodiment of

system 100 is shoWn, Wherein solar thermal energy collector
110 of FIG. 1 further includes more than one ?uidly isolatable
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back to solar thermal energy collector 110. Heat exchanger

186 in the direction of arroWs 180 to provide the heated Water

valve 1140, and thence back to thermal storage 120. The ?uid
?oWing over the path indicated by arroWs 174 ?oWs from
solar thermal energy collector 1 1 0. through check valve 1 15b.
and into heat exchanger 142. After heat exchange With heat
check valve 115d, and thence back to solar thermal energy

142. After heat exchange With heat exchanger 142, the ?uid
then ?oWs through pump 11%, check valve 115d, and thence

142 exchanges heat betWeen the ?uid (oil) circulating
through conduits 1 12 and Water circulating through feed lines

engine 130 hot side to heat the Working ?uid of Stirling

engine 130, the ?uid (oil) then ?oWs through pump 119a,

Stirling engine 130, the ?uid (oil) then ?oWs through pump
119a, check valve 1150, and thence back to solar thermal
energy collector 110.
Referring noW to FIG. 4, the ?oW of ?uid in FIG. 1 to
supply heat from solar thermal energy collector 110 to heat
ing demand 140 is shoWn by arroWs 174. In this con?guration,
valves 114a, 114b, 1140, and 114d are closed, and pump 11%
is energiZed. The ?uid ?oWs from solar thermal energy col
lector 1 1 0, through check valve 1 15b, and into heat exchanger

path indicated by arroWs 174 ?oWs from thermal storage 120,
through valve 114b, and into heat exchanger 142. After heat
exchange With heat exchanger 142, the ?uid then ?oWs
through pump 119c, valve 114d, pump 119b, and thence back
to thermal storage 120. Heat exchange With heating demands
144 and 146 is as described in paragraph [0040].
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through thermal storage 120 and heating a thermal mass held
115d, and thence back to solar thermal energy collector 110.
Referring noW to FIG. 3, the ?oW of ?uid in FIG. 1 to
supply heat from solar thermal energy collector 110 to

Working ?uid of Stirling engine 130, the ?uid (oil) then ?oWs
through pump 119a, check valve 1150, and thence back to

may be segmented into tWo or more distinct storages, such

that different parts of the storage may be maintained or opti
miZed to different temperatures, for example a high tempera

energiZed to pump ?uid into the bottom of thermal storage
120. The ?uid ?oWing over the path indicated by arroWs 172
?oWs from solar thermal energy collector 110, through check
valve 115a, and into the hot side of Stirling engine 130. After
heat exchange With the Stirling engine 130 hot side to heat the

portion, in this case ?rst portion 222 and second portion 224.
A ?oW of ?uid to supply heat from portion 222 of solar
thermal energy collector 110 to Stirling engine 130 is shoWn
by arroWs 172, and a separate ?oW of ?uidto supply heat from
portion 224 of solar thermal energy collector 110 to thermal
storage 120 is shoWn by arroWs 174. In this con?guration,
valves 114a and 1140 are closed, valves 11419 and 114d are
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open, pump 11911 is energiZed, and pump 11919 is energiZed to
draW ?uid out of the bottom of thermal storage 120. The ?uid
?oWing over the path indicated by arroWs 172 ?oWs from

