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(57) Abstract: In order to shorten the time for the steam temperature generated in a low temperature heating device to reach satur - 
ated steam temperature, this solar heat collection system is provided with a low temperature heating device which heats supplied wa - 
ter with solar heat to generate steam, a steam separation device which separates the water-steam two-phase fluid generated in the low 
temperature heating device into water and steam, and a high temperature heating device which heats the steam separated in the steam 
separation device with solar heat reflected by multiple heliostats to generate superheated steam, wherein the low temperature heating 
device includes: a first heat collector which has a linearly arranged first heat collecting tube and a first reflective member arranged 
linearly along the longitudinal direction of the first heat collecting tube for reflecting sunlight onto the first heat collecting tube, and 
which heats water flowing through the first heat collecting tube by collecting the light reflected from the first reflective member onto 
the first heat collecting tube; and a second heat collector which comprises a linearly arranged second heat collecting tube and which 
receives light reflected from at least some of the multiple heliostats to heat the water flowing through the second heat collecting tube. 

(57)
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9 SOLAR HEAT COLLECTION SYSTEM AND OPERATION METHOD THEREOF

Technical Field
[0001]

5 The present invention relates to solar heat collection systems collecting solar
heat to generate steam from water and operation methods thereof.

Background Art
[0002]

10 For example, a solar heat collection system used for solar thermal power
plants described in Patent Document 1 is known in the art. Patent Document 1 
describes a configuration of “a solar heat boiler including a low temperature heating 
device that heats water supplied from a water supply pump by solar heat; a steam 
separation device that separates two-phase water-steam fluid generated in the low

15 temperature heating device into water and steam; a high temperature heating device 
that heats the steam separated in the steam separation device by solar heat; and a 
circulating pump that supplies the water separated in the steam separation device to 
the low temperature heating device” (see Abstract).
[0003]

20 In the configuration of Patent Document 1, a low-temperature heating device
of linear light focusing type such as trough type or Fresnel type is used, and a heat 
collecting device of tower type is used as a high temperature heating device. 
According to Patent Document 1, the light focusing and heat collecting device can be 
reduced in size. Thus, the construction cost can be reduced by reducing the height of

25 the tower. Additionally, the light focusing accuracy required for heliostats is in
proportion to the height (distance) of the tower, and thus costs required to maintain 
the light focusing accuracy high, such as costs of adjusting angles during 
construction and operation, can be reduced.

30 Prior Art Documents
Patent Document

[0004]

35 [0005]

Patent Document 1: WO 2013/002054
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9 However, according to the known technology described in Patent Document 1, 

steam cannot be heated by the high temperature heating device until saturated steam 
sufficient to generate superheated steam is obtained (until steam is separated by the 
steam separation device). In other words, although the heliostats are ready to focus

5 sunlight, there is no steam serving as a working medium in the high temperature
heating device, and thus heat collection (heat recovery) is not achieved. This will be 
described below, using TIGS. 6A to 6C.
[0006]

TIGS. 6A to 6C respectively illustrate direct solar radiation under fine 
10 weather (TIG. 6A), a fluid temperature at an outlet of the low-temperature heating

device (TIG. 6B), and a steam flow rate at an outlet of the steam separation device 
(TIG. 6C). As illustrated in TIG. 6A, the direct solar radiation increases as the sun 
rises, and water supplied to a heat transfer tube of the low-temperature heating 
device is heated. This leads to an increase in the fluid temperature at the outlet of the

15 low-temperature heating device as illustrated in TIG. 6B. As illustrated in TIG. 6C, 
steam is not supplied from the steam separation device to the high temperature 
heating device until the fluid temperature at the outlet of the low temperature heating 
device reaches the saturation temperature and thus two-phase water-steam fluid is 
formed. A large number of heliostats, excluding the heliostats preheating toward the

20 high temperature heating device, are held standby until the temperature of the 
supplied water reaches the saturated steam temperature in the low-temperature 
heating device (during A-A’ in TIG. 6B). Consequently, heat cannot be collected in 
the high temperature heating device during A-A’.
[0007]

25 Moreover, according to the above-described known technology, the amount of
heat collected by the low temperature heating device and the amount of heat 
collected by the high temperature heating device are not balanced depending on the 
season. Thus, there is a need for the heliostats to be held standby to balance the 
amounts. This will be described below, using TIGS. 7A, 7B, 8A, and 8B.

30 [0008]
TIGS. 7A and 7B illustrate the principles of heat collection by the low 

temperature heating device and the high temperature heating device. As illustrated in 
TIG 7A, the low temperature heating device uses a method in which light reflected 
from a horizontally disposed mirror is focused on a horizontal heat transfer tube

35 disposed above the mirror to heat a working medium in the heat transfer tube. Tor
example, during the culmination of the sun in summer, the mirror disposed horizontal
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9 to the sun faces the sun more directly as the sun approaches to the zenith. This 

enables the light receptive area to be increased, that is, the heat collecting efficiency 
to be maximized. On the other hand, during the culmination of the sun in winter, for 
example, sunlight is obliquely incident on the mirror. This causes the light receptive

5 area to be decreased, and thus the heat collecting efficiency declines.
[0009]

FIG. 7B illustrates the principle of heat collection by the high temperature 
heating device. In this method, sunlight is reflected by a large number of biaxial 
tiltable mirrors called heliostats, and is focused on a heat transfer tube panel called

10 receiver disposed at an upper portion of a tower to heat a working medium in the heat 
transfer tube panel. In the case of the high temperature heating device, as illustrated 
in FIG. 7B, some of the mirrors face the sun more directly as it gets closer to winter, 
and thus the heat collecting efficiencies of some of the heliostats are increased. 
However, considering the individually varying heat collecting efficiencies of all the

15 hundreds to thousands of heliostats in total, the annual fluctuations in the heat 
collecting efficiencies tend to be small.
[0010]

FIGS. 8A and 8B illustrate relationships between latitudes and the heat 
collecting efficiencies of the low temperature heating device and the high

20 temperature heating device. FIG 8A illustrates that the fluctuations in the heat 
collecting efficiencies of both the low temperature heating device and the high 
temperature heating device are small at a low latitude where the orbit of the sun 
during the day is close to the zenith throughout the year. In other words, even though 
the facility scales of the low temperature heating device and the high temperature

25 heating device are determined with reference to a planned point, for example, the 
summer solstice, the fluctuations in the heat collecting efficiencies of the low 
temperature heating device and the high temperature heating device in winter are 
small, and thus the amounts of collected heat, which are in correlation with the heat 
collecting efficiencies, do not significantly decline.

30 [0011]
However, the altitude of the sun decreases in winter at higher latitudes as 

illustrated in FIG 8B, and the heat collecting efficiency of the low temperature 
heating device declines as illustrated in FIG 7A. Consequently, in a case where the 
facility scales of the low temperature heating device and the high temperature

35 heating device are determined with reference to the summer solstice, for example, 
the flow rate of saturated steam in winter declines. Thus, the amount of heat
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9 collected by the high temperature heating device, which can collect as much heat as 

at the summer solstice, needs to be suppressed, and the heliostats need to be held 
standby. As a result, the operating ratio of the facility declines in the known 
technology.

5 [0012]
To solve this problem, saturated steam, which is running short, may be 

complementarity generated by superimposing sunlight collectible by a part of 
non-operating heliostats on the low-temperature heat collecting device. However, the 
inventors of the present application have found out through their research and

10 development work that focusing sunlight collectible by the heliostats onto the
existing low-temperature heat collecting device (linear light focusing heat collector) 
does not lead to efficient heat collection nor an increase in the amount of saturated 
steam.
[0013]

15 This is because of differences in design of the heat collecting devices. That is,
the trough type or Fresnel type low-temperature heat collecting device (linear light 
focusing heat collector) is originally designed to collect heat from light reflected 
from a reflective/focusing member (such as a mirror or a lens) disposed at a 
relatively close distance (focal distance) from a heat collecting tube and focused on

20 the heat collecting tube. By contrast, the high-temperature heat collecting device is 
designed to receive light, reflected from the large number of heliostats disposed 
remote from the heat transfer tube panel (large focal distance), using the heat 
collecting surface of the heat transfer tube panel extending lengthwise and crosswise. 
[0014]

25 More specifically, one of the main factors preventing saturated steam from
being efficiently generated even by focusing sunlight on the linear light focusing 
heat collector using the heliostats is that the focusing pattern of the light from the 
heliostats is difficult to match the shape of the light receptive surface of the linear 
light focusing heat collector.

30 [0015]
Any discussion of documents, acts, materials, devices, articles or the like 

which has been included in the present specification is not to be taken as an 
admission that any or all of these matters form part of the prior art base or were 
common general knowledge in the field relevant to the present disclosure as it

35 existed before the priority date of each of the appended claims.
[00015A]
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9 Throughout this specification the word "comprise", or variations such as 

"comprises" or "comprising", will be understood to imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps, but not the exclusion 
of any other element, integer or step, or group of elements, integers or steps.

5
Summary

[0016]
The present disclosure provides a solar heat collection system which 

includes a solar heat collection system including: a low temperature heating device
10 configured to heat supplied water by using heat of sunlight to generate steam; a 

steam separation device configured to separate two-phase water-steam fluid 
generated in the low temperature heating device into water and steam; and a high 
temperature heating device configured to heat the steam separated in the steam 
separation device by using heat of sunlight reflected by a plurality of heliostats to

15 generate superheated steam. The low temperature heating device includes: a first
heat collector including a first heat collecting tube that is linearly disposed and a first 
reflective member that is linearly disposed in a longitudinal direction of the first heat 
collecting tube, and configured to reflect the sunlight onto the first heat collecting 
tube, the first heat collector being configured to focus light reflected from the first

20 reflective member onto the first heat collecting tube to heat water flowing in the first 
heat collecting tube, and a second heat collector including a second heat collecting 
tube that is linearly disposed, and configured to receive light reflected from at least a 
part of the plurality of heliostats to heat water flowing in the second heat collecting 
tube.

25 [0017]
Moreover, the present disclosure provides an operation method of a solar heat 

collection system. The solar heat collection system includes a low temperature 
heating device configured to heat supplied water by using heat of sunlight to 
generate steam, a steam separation device configured to separate two-phase

30 water-steam fluid generated in the low temperature heating device into water and 
steam, and a high temperature heating device configured to heat the steam separated 
in the steam separation device by using heat of sunlight reflected by a plurality of 
heliostats to generate superheated steam, the low temperature heating device 
including a first heat collector disposed downstream in a water flow and a second

35 heat collector disposed upstream and being connected with the first heat collector in 
series with each other. The operation method includes: flowing water into the first
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9 heat collector through the second heat collector; reflecting sunlight onto the second 

heat collector by using at least a part of the plurality of heliostats for a predetermined 
period of time; and causing water to bypasses the second heat collector and to flow 
into the first heat collector after the predetermined period of time elapses.

5 [0018]
According to an embodiment of the present invention, the time until the 

temperature of steam generated in the low temperature heating device reaches the 
saturated steam temperature can be reduced. Moreover, according to an embodiment 
of the present invention, the imbalance of the amounts of collected heat between the

10 low temperature heating device and the high temperature heating device caused 
according to the season can be rectified. Objects, configurations, and effects other 
than the above descriptions will become apparent from the following descriptions of 
embodiments.

15 Brief Description of the Drawings
[0019]

FIG. 1 is an entire configuration diagram of a solar heat collection system 
according to an embodiment of the present invention.

FIGS. 2A to 2C illustrate direct solar radiation under fine weather, fluid
20 temperatures at an outlet of a low temperature heating device, and steam flow rates at 

an outlet of a steam separation device, respectively, for comparison between the 
present invention and a known technology.

FIG. 3 illustrates the heat collecting efficiency of the low temperature heating
device.

25 FIGS. 4Ato 4D illustrate modifications of the low-temperature heat collecting
device applicable to the present invention.

FIGS. 5A to 5E illustrate modifications of the low-temperature heat collecting 
device applicable to the present invention.

FIGS. 6A to 6C illustrate a relationship between direct solar radiation under
30 fine weather, the fluid temperature at the outlet of the low temperature heating

device, and the steam flow rate at the outlet of the steam separation device according 
to the known technology.

FIGS. 7A and 7B illustrate principles of heat collection by the low 
temperature heating device and a high temperature heating device.

35
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FIGS. 8A and 8B illustrate relationships between latitudes and the heat 
collecting efficiencies of the low temperature heating device and the high 
temperature heating device.

FIG. 9 is an entire configuration diagram of a solar heat collection 
system according to a second embodiment of the present invention.

Description of the Preferred Embodiments
[0020]
First Embodiment

Embodiments of the present invention will be described below with 
reference to the drawings. FIG 1 is an entire configuration diagram of a solar 
heat collection system according to embodiments of the present invention. This 
solar heat collection system 1 is used to supply superheated steam to a steam 
turbine of a solar thermal power plant. Although not illustrated, the solar 
thermal power plant includes the steam turbine driven by superheated steam 
generated in a high temperature heating device 4 of the solar heat collection 
system 1, a generator that generates electricity using motive power of the steam 
turbine, a condenser that condenses superheated steam supplied to the steam 
turbine into water, and a line for supplying water condensed by the condenser to 
a low temperature heating device 2 of the solar heat collection system 1.
[0021]

In TIG. 1, reference sign 2 denotes the low temperature heating device 
that heats water using solar heat, reference sign 3 denotes a steam separation 
device that separates two-phase water-steam fluid into water and steam, 
reference sign 4 denotes the high temperature heating device that heats steam 
using solar heat, reference sign 5 denotes heliostats, reference sign 6 denotes 
the sun, reference sign 7 denotes sunlight, reference sign 10 denotes a water 
supply pump, reference sign 11 denotes a circulating pump, reference sign 15 
denotes a temperature detector, and reference sign 20 denotes a control device 
(heliostat control device).
[0022]

In the description below, piping that connects components is expressed 
as line 0-0. The “O” represents a reference sign, and, for example, a line 2-3 
represents piping that connects the low temperature heating device 2 and the 
steam separation device 3.
[0023]

As illustrated in TIG. 1, in the solar heat collection system 1, water 
supplied from the water supply pump 10 is sent to the low temperature heating
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device 2 through a line 10-2. In the low temperature heating device 2, water is 
heated using heat of the sunlight 7 to generate two-phase water-steam fluid. The 
generated two-phase water-steam fluid is sent to the steam separation device 3 
through the line 2-3.
[0024]

The two-phase water-steam fluid introduced into the steam separation 
device 3 is separated into water and steam in the steam separation device 3. The 
separated saturated steam is sent to the high temperature heating device 4 
through a line 3-4. The saturated steam introduced into the high temperature 
heating device 4 is further heated in the high temperature heating device 4 using 
heat of the sunlight 7 reflected by the heliostats 5 to generate superheated steam. 
The water separated in the steam separation device 3 is sent to the circulating 
pump 11 through a line 3-11. The water pressurized in the circulating pump 11 
is sent to an inlet of the low temperature heating device 2 through a line 11-2. 
[0025]

Next, the high temperature heating device 4 will be described in detail. 
The high temperature heating device 4 is a so-called tower type light focusing 
and heat collector device, and more specifically, includes a tower 9 having a 
predetermined height (approximately 30 m to 100 m) and a heat transfer tube 
panel 8 mounted on top of the tower 9. On the other hand, the large number of 
heliostats oriented in various directions are disposed on the ground surface, and 
a group of heliostats focus sunlight onto the high temperature heating device 4 
(heat transfer tube panel 8) while following the movement of the sun 6 to 
generate superheated steam. The angle of each of the heliostats 5 is controlled 
by the control device 20. In addition, as described later, angles of a part of the 
group of heliostats 5 (reference sign 5a) are controlled by the control device 20 
such that the heliostats 5a can reflect sunlight onto the low temperature heating 
device 2.
[0026]

Next, the low temperature heating device 2 will be described in detail. 
The low temperature heating device 2 is a so-called Fresnel type light focusing 
and heat collector device, and more specifically, includes a large number of flat 
or slightly curved light focusing mirrors 12, of which angles are slightly 
different from each other, and a group of heat transfer tubes 13 horizontally 
disposed in a plane a few meters above such a group of light focusing mirrors 
12. The sunlight 7 is focused by the group of light focusing mirrors 12 for the 
group of heat transfer tubes 13 to heat the water passing through each of the 
heat transfer tubes 13 and thus to generate two-phase water-steam fluid.
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[0027]
In some embodiments, a trough type light focusing and heat collector 

device, including light focusing mirrors extending in a trough shape and heat 
transfer tubes disposed above the inner circumferences of curved surfaces of the 
light focusing mirrors and focusing sunlight onto the heat transfer tubes using 
the light focusing mirrors to heat water passing through the heat transfer tubes 
and thus to generate steam, may be used instead of the low temperature heating 
device 2 including the Fresnel type light focusing and heat collector device. 
[0028]

Next, control of the group of heliostats 5 by the control device 20 will be 
described. The control device 20 receives data from the temperature detector 15 
that detects the steam temperature at an outlet of the low temperature heating 
device 2. For example, during a period (predetermined period) after the solar 
heat collection system 1 starts operating until the steam temperature detected at 
the temperature detector 15 reaches the saturated steam temperature, the control 
device 20 controls the angles of the heliostats 5a disposed closer to the low 
temperature heating device 2 among the group of heliostats 5 such that the 
heliostats 5a face the heat transfer tubes 13 of the low temperature heating 
device 2. This causes the heliostats 5a to reflect and focus the sunlight 7 onto 
the heat transfer tubes 13, resulting in a reduction in time of saturated steam 
generation by the low temperature heating device 2. When the steam 
temperature detected at the temperature detector 15 reaches the saturated steam 
temperature, the control device 20 controls the angles of the heliostats 5a 
directed to the low temperature heating device 2 such that the heliostats 5a face 
the high temperature heating device 4 (return to the original positions).
[0029]

Note that the angles of the heliostats 5a disposed closer to the low 
temperature heating device 2 among the group of heliostats 5 are controlled 
since the efficiency of focusing light onto the heat transfer tubes 13 of the low 
temperature heating device 2 is higher than the case where the angles of the 
heliostats remote from the low temperature heating device 2 are controlled. 
[0030]

In this manner, saturated steam is not supplied to the high temperature 
heating device 4 until saturated steam is generated in the low temperature 
heating device 2, and the high temperature heating device 4 is held standby. 
Thus, all the group of heliostats 5 may not be necessarily used to focus the 
sunlight 7 onto the heat transfer tube panel 8 of the high temperature heating 
device 4. In this embodiment, a part of the heliostats 5a, excluding the
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heliostats 5 required for preheating of the high temperature heating device 4, 
are used to focus the sunlight 7 onto the low temperature heating device 2 to 
reduce the time for saturated steam generation by the low temperature heating 
device 2.
[0031]

The control device 20 receives data from a temperature detector 16 that 
detects the steam temperature at an outlet of the high temperature heating 
device 4. For example, after the solar heat collection system 1 starts operating 
and the steam temperature detected at the temperature detector 16 reaches a 
predetermined temperature (for example, 550°C), the predetermined 
temperature can be maintained without directing all the heliostats 5 to the high 
temperature heating device 4 in a case where the flow rate of saturated steam 
from the low temperature heating device 2 does not reach the rated flow, 
depending on the number of heliostats 5 or solar radiation conditions.
[0032]

Accordingly, the angles of, for example, the heliostats 5a that are held 
standby and do not face the high temperature heating device 4 among the group 
of heliostats 5 are controlled such that the heliostats 5a face the heat transfer 
tubes 13 of the low temperature heating device 2. This causes the heliostats 5a 
to reflect and focus the sunlight 7 onto the heat transfer tubes 13, resulting in an 
increase in the flow rate of saturated steam generated in the low temperature 
heating device 2.
[0033]

When the steam temperature detected at the temperature detector 16 falls 
below a predetermined temperature (for example, 550°C), the control device 20 
controls the angles of the heliostats 5a directed to the low temperature heating 
device 2 such that the heliostats 5a face the high temperature heating device 4. 
[0034]

Thus, in this embodiment, excluding the heliostats 5a for maintaining the 
steam temperature at the outlet of the high temperature heating device 4, a part 
of the heliostats 5 are used to focus the sunlight 7 onto the low temperature 
heating device 2 to increase the flow rate of saturated steam from the low 
temperature heating device 2.
[0035]

Next, advantageous effects of the present invention will be described by 
comparing with a known technology. FIGS. 2A to 2C illustrate direct solar 
radiation under fine weather, fluid temperatures at the outlet of the low 
temperature heating device, and steam flow rates at an outlet of the steam
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separation device, respectively, for comparison between the present invention 
and the known technology. FIG. 3 illustrates the heat collecting efficiency of the 
low temperature heating device.
[0036]

As illustrated in FIG. 2B, the time required for the fluid temperature at 
the outlet of the low temperature heating device 2 to reach the saturated steam 
temperature is reduced from A-A’ to A-B due to the heat collection using the 
heliostats 5a. Although conditions vary depending on the number of heliostats 
5a to be used, the scale of power generation, or other factors, the utilization 
ratio of the heliostats increases by 5% to 8% points by designing the system to 
reduce the time required for saturated steam generation by 20 to 30 minutes in a 
case where there are 8 hours of sunlight per day.
[0037]

FIG. 3 illustrates the heat collecting efficiency of the low temperature 
heating device 2 according to the present invention. The facility scales of the 
low temperature heating device 2 and the high temperature heating device 4 are 
determined with reference to, for example, the summer solstice, and the 
heliostats 5 a held standby are divided into a group for heating the low 
temperature heating device 2 and a group for heating the high temperature 
heating device 4 in accordance with the flow rate of saturated steam increased 
by heating the low temperature heating device 2. This leads to an increase in the 
heat collecting efficiency of the low temperature heating device 2 by about 1.05 
to 1.10 times at the spring equinox and by about 1.40 to 1.45 times in winter. In 
other words, according to the present invention, utilization of the heliostats 5a 
held standby enables efficient heat collection even in a case where the system is 
installed at high latitudes.
[0038]

Next, various modifications of the low temperature heating device 
applicable to the present invention will be described with reference to the 
drawings. FIGS. 4A to 4D and FIGS. 5A to 5E illustrate modifications of the 
low-temperature heat collecting device applicable to the present invention. A 
low temperature heating device 2a illustrated in FIG. 4A has a configuration in 
which light reflected by the heliostats 5a is focused onto a heat transfer tube 13 
identical to a horizontally disposed heat transfer tube. As long as the 
horizontally disposed heat transfer tube can collect the light reflected by the 
heliostats 5a in this manner, no additional heat transfer tube is provided. A low 
temperature heating device 2b illustrated in FIG. 4B includes a heat transfer 
tube 13 disposed downstream of a horizontally disposed heat transfer tube and
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capable of collecting light reflected by the heliostats 5a. A low temperature 
heating device 2c illustrated in FIG. 4C includes a heat transfer tube disposed 
upstream of a horizontally disposed heat transfer tube and capable of collecting 
light reflected by the heliostats 5a. As can be seen from FIGS. 4A to 4C, light 
reflected by the heliostats 5a may be focused onto any spot in the low 
temperature heating device 2 as long as the working medium passes through the 
spot. Additionally, as in a low temperature heating device 2d illustrated in FIG. 
4D, two or more heat transfer tubes 13 serve as objects that collect light 
reflected from the heliostats 5a, in some cases.
[0039]

Furthermore, as illustrated in FIGS. 5A to 5E, the heat transfer tube of 
the low temperature heating device may have a configuration similar to the 
configuration of, for example, the heat transfer tube panel for the high 
temperature heating device 4. A low temperature heating device 2e illustrated in 
FIG. 5A includes a heat transfer tube panel 25 between two horizontally 
disposed heat transfer tubes, and light reflected by the heliostats 5a is focused 
onto the heat transfer tube panel 25. A low temperature heating device 2f 
illustrated in FIG. 5B includes a heat transfer tube panel 25 downstream of a 
horizontally disposed heat transfer tube, and light reflected by the heliostats 5a 
is focused onto the heat transfer tube panel 25. A low temperature heating 
device 2g illustrated in FIG. 5C includes a heat transfer tube panel 25 upstream 
of a horizontally disposed heat transfer tube by contrast to the case of the low 
temperature heating device 2f.
[0040]

A low temperature heating device 2h illustrated in FIG. 5D includes a 
heat transfer tube 13 and a heat transfer tube panel 25 in series, and light 
reflected from the heliostats 5a is focused onto the heat transfer tube 13 and the 
heat transfer tube panel 25. FIG. 5E illustrates a configuration in which light 
reflected from the heliostats 5a is focused onto a heat transfer tube panel 25 
connected in parallel with a horizontally disposed heat transfer tube. Various 
low temperature heating devices described above may be adopted as 
appropriate.
[0041]
Second Embodiment

Next, a second embodiment of the present invention will be described. 
FIG. 9 is a schematic configuration diagram of a solar heat collection system 
according to the second embodiment of the present invention. The same 
components as those in the first embodiment will be denoted by the same
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reference signs, and detailed descriptions thereof will be omitted. As illustrated 
in FIG. 9, a solar heat collection system 100 according to the second 
embodiment includes a saturated steam generation system in which light 
focusing mirrors 12 receive sunlight 7, the light focusing mirrors 12 reflect and 
focus the light onto heat collecting tubes 13, and water in the heat collecting 
tubes 13 is circulated by a circulating pump 11 to increase the temperature of 
water in a steam drum (steam separation device) 3; and a superheated steam 
generation system in which saturated steam generated in the steam drum 3 is led 
to a superheater (heat transfer tube panel) 8 of a tower 9, and then the 
superheater 8 is irradiated with the sunlight 7 received and reflected by 
heliostats 5 to generate superheated steam.
[0042]

In this embodiment, the saturated steam generation system includes a 
first linear light focusing heat collector (first heat collector) 51 and a second 
linear light focusing heat collector (second heat collector) 52 as a low 
temperature heating device.
[0043]

The first linear light focusing heat collector 51 includes the multiple 
linearly disposed double vacuum-tube type heat collecting tubes (first heat 
collecting tube) 13 and the multiple light focusing mirrors (first reflective 
member) 12 disposed linearly in the longitudinal direction of the respective 
double vacuum tube type heat collecting tubes 13 (hereinafter referred to as 
heat collecting tubes 13) and reflecting sunlight onto the heat collecting tubes 
13, and is configured to heat water flowing in each of the heat collecting tubes 
13 by focusing light reflected from each of the light focusing mirrors 12 onto 
each of the heat collecting tubes 13. The multiple heat collecting tubes 13 are 
disposed in a plane a few meters above the group of light focusing mirrors 12. 
The number of heat collecting tubes 13 and the number of light focusing mirrors 
12 may be determined as appropriate according to the specifications.
[0044]

The second linear light focusing heat collector 52 includes multiple 
double vacuum tube type heat collecting tubes (second heat collecting tube) 30. 
The multiple double vacuum tube type heat collecting tubes 30 (hereinafter, 
referred to as heat collecting tubes 30) are vertically disposed in a plane (panel 
shape) while each of the heat collecting tubes 30 is horizontally disposed. The 
heat collecting tubes 30 are connected in series, the multiple heat collecting 
tubes 30 disposed in a plane receive light reflected from heliostats 5a held 
standby, and then water flowing in the heat collecting tubes 30 is heated. Herein,
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the number of heat collecting tubes 30 may be determined as appropriate 
according to the specifications. Double vacuum tube type of heat collecting 
tubes having a tube outer diameter of 70 mm and a glass tube outer diameter of 
125 mm, for example, are applicable to the heat collecting tubes 13 and the heat 
collecting tubes 30.
[0045]

The second linear light focusing heat collector 52 is installed in a space 
between the tower 9 and the heliostats 5. In this embodiment, the second linear 
light focusing heat collector 52 is mounted on a support structure of the tower 9 
with consideration of the focal distance from the heliostats 5. However, the 
second linear light focusing heat collector 52 may be mounted on an additional 
support structure disposed in the space between the tower 9 and the heliostats 5. 
[0046]

Additionally, in this embodiment, an auxiliary mirror (second reflective 
member) 55 is disposed on the rear side of the heat collecting tubes 30 (opposite 
the side on which the heliostats 5 are arranged) to increase the light focusing 
efficiency by secondarily reflecting the reflected light escaping through gaps 
between the heat collecting tubes 30. However, the auxiliary mirror may not be 
necessarily included.
[0047]

The first linear light focusing heat collector 51 and the second linear 
light focusing heat collector 52 are connected in series via two three-way valves 
31 and 32 serving as flow channel switching mechanisms. The second linear 
light focusing heat collector 52 is disposed upstream in a water flow, and the 
first linear light focusing heat collector 51 is disposed downstream. More 
specifically, an inlet of the heat collecting tubes 30 is connected with an outlet 
of a circulating pump 11 via the three-way valve 31. Moreover, an outlet of the 
heat collecting tubes 30 is connected with an inlet of the heat collecting tubes 
13 via the three-way valve 32. Furthermore, the three-way valve 31 and the 
three-way valve 32 are connected with each other via the ends of the remaining 
ports using piping. Additionally, a steam drum water thermometer 33 that 
measures the water temperature inside the steam drum 3 is disposed in the 
steam drum 3, and open and close signals based on the gauge reading of the 
steam drum water thermometer 33 are input to the two three-way valves 31 and 
32.
[0048]

Operations of the solar heat collection system according to the second 
embodiment configured as above will now be described. When the solar heat
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collection system starts after sunrise, the saturated steam generation system 
starts first. Until the gage reading of the steam drum water thermometer 33 
reaches a target temperature (for example, 300°C), the three-way valve 31 is 
open in a direction that allows water serving as in-tube fluid to flow in a 
direction of an arrow A in FIG. 9 from the outlet of the circulating pump 11 
toward the inlet of the heat collecting tubes 30, and the three-way valve 32 is 
open in a direction that allows water serving as the in-tube fluid to flow from 
the outlet of the heat collecting tubes 30 toward the inlet of the heat collecting 
tubes 13. Consequently, there is no flow of fluid between the three-way valves 
31 and 32 (first flow channel).
[0049]

When the circulating pump 11 is driven in this state, water sent out from 
the circulating pump 11 sequentially flows into the three-way valve 31, the heat 
collecting tubes 30, the three-way valve 32, the heat collecting tubes 13, and the 
steam drum 3, and then returns to the circulating pump 11. At this moment, the 
heat collecting tubes 30 are irradiated with reflected light 34 from the heliostats 
5a on standby to increase the temperature of water inside the heat collecting 
tubes 30. The hot water is led to the heat collecting tubes 13, and the 
temperature of the hot water is further increased by light reflected from the light 
focusing mirrors 12 irradiated with the sunlight 7.
[0050]

After the gauge reading of the steam drum water thermometer 33 reaches 
the target temperature, saturated steam inside the steam drum 3 is ready to be 
supplied to the superheater 8. At the stage where the superheater 8 is irradiated 
with light reflected by the heliostats 5, the irradiation by the heliostats 5a held 
standby is switched from the heat collecting tubes 30 to the superheater 8 to 
generate superheated steam. Subsequently, the three-way valves 31 and 32 are 
switched to separate the fluid in the heat collecting tubes 13 and the fluid in the 
heat collecting tubes 30. In other words, the hot water sent out from the 
circulating pump 11 directly flows into the heat collecting tubes 13 in a 
direction of an arrow B in FIG. 9 through the piping connecting the three-way 
valve 31 and the downstream three-way valve 32 without passing through the 
heat collecting tubes 30.
[0051]

As described above, according to the second embodiment, the amount of 
heat collected by the entire low temperature heating device (linear light 
focusing heat collector) at startup of the solar heat collection system is
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increased, and thus saturated steam can be generated in the steam drum 3 faster 
than was previously possible. This results in a reduction in startup time.
[0052]

Moreover, the multiple heat collecting tubes 30 are disposed in an 
orthogonal plane between the tower 9 and the heliostats 5, and thus the heat 
collecting tubes 30 can be efficiently irradiated with light reflected from the 
heliostats 5a held standby, and in addition, the entire heat collecting tubes 30 
can be efficiently irradiated with light reflected from the heliostats 5a held 
standby. This facilitates formation of a uniform heating state and control of 
local increases in temperature such as hot spots.
[0053]

As described above, in accordance with the solar heat collection system 
1 according to embodiments of the present invention, water supplied to the low 
temperature heating device 2 can be heated using light reflected from the light 
focusing mirrors 12 of the low temperature heating device 2 and light reflected 
from the heliostats 5 a held standby. This leads to a reduction in time required to 
generate saturated steam in the low temperature heating device 2. The operating 
ratio of the solar heat collection system 1 is thus improved. Moreover, even at 
high latitudes, utilization of the heliostats 5a held standby rectifies the 
imbalance of the amounts of collected heat between the low temperature heating 
device 2 and the high temperature heating device 4 caused according to the 
seasons, and thus prevents a reduction in light focusing efficiency.
[0054]

The present invention is not limited to the above-described embodiments, 
and includes various modifications. For example, the details of the 
above-described embodiments are for the purpose of intelligibly describing the 
present invention, and are not intended to limit the invention to those with all 
the configurations described above.
[0055]

For example, the three-way valves 31 and 32 are described only as an 
example combination of the flow channel switching mechanisms. Alternatively, 
for example, multiple flow rate adjustment valves may be disposed on a flow 
channel passing through the heat collecting tubes 30 and on a flow channel 
bypassing the heat collecting tubes 30.
[0056]

In this case, the flow rate of fluid (water) to be heated flowing in the heat 
collecting tubes 30 can be adjusted while the whole amount of fluid to be heated 
is flowing in the heat collecting tubes 13 by controlling the opening of each of
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the flow rate adjustment valves. This enables adjustment of operation in which, 
for example, the whole amount of fluid to be heated flows into the heat 
collecting tubes 13 and the heat collecting tubes 30 immediately after the solar 
heat collection system 100 starts up, and in which the flow rate of the fluid to be

5 heated flowing in the heat collecting tubes 30 is gradually reduced with the 
passage of time after startup.

Reference Numerals
[0057]

10 1 Solar heat collection system
2 Low temperature heating device
3 Steam separation device/steam drum
4 High temperature heating device
5 Heliostat

15 5a Heliostat on standby
6 Sun
7 Sunlight
8 Heat transfer tube panel/superheater
9 Tower

20 10 Water supply pump
11 Circulating pump
12 Light focusing mirror
13 Heat transfer tube/heat collecting tube 
15 Temperature detector

25 20 Control device (heliostat control device)
30 Double vacuum tube type heat collecting tube (second heat collecting tube) 
31, 32 Three-way valve (flow channel switching mechanism)
55 Auxiliary mirror (second reflective member)
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THE CLAIMS DEFINING THE INVENTION AREAS FOLLOWS:-
1. A solar heat collection system comprising:

a low temperature heating device configured to heat supplied water by using 
heat of sunlight to generate steam;

a steam separation device configured to separate two-phase water-steam fluid 
generated in the low temperature heating device into water and steam; and

a high temperature heating device configured to heat the steam separated in 
the steam separation device by using heat of sunlight reflected by a plurality of 
heliostats to generate superheated steam, wherein

the low temperature heating device includes:
a first heat collector including a first heat collecting tube that is

linearly disposed and a first reflective member that is linearly disposed in a 
longitudinal direction of the first heat collecting tube and configured to 
reflect the sunlight onto the first heat collecting tube, the first heat collector 
being configured to focus light reflected from the first reflective member 
onto the first heat collecting tube to heat water flowing in the first heat 
collecting tube; and

a second heat collector including a second heat collecting tube that 
is linearly disposed, and configured to receive light reflected from at least a 
part of the plurality of heliostats to heat water flowing in the second heat 
collecting tube,
the first heat collector is disposed downstream in a water flow, the second 

heat collector is disposed upstream, and the first heat collector and the second heat 
collector are connected in series with each other, and

the low temperature heating device further includes a flow channel switching 
mechanism configured to switch a flow channel of water between a first flow 
channel along which the water flows into the first heat collector through the second 
heat collector and a second flow channel along which the water bypasses the second 
heat collector and flows into the first heat collector.

2. The solar heat collection system according to claim 1 further comprising: 
a heliostat control device configured to control angles of the plurality of

heliostats, wherein
the heliostat control device controls the angle of each of the plurality of 

heliostats such that the sunlight is reflected onto the high temperature heating device 
and such that the sunlight is reflected onto the second heat collector for a 
predetermined period of time.
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3. The solar heat collection system according to claim 2, wherein
the flow channel switching mechanism switches the flow channel to the first 

flow channel for the predetermined period of time, and switches the flow channel 
from the first flow channel to the second flow channel after the predetermined 
period of time elapses.

4. The solar heat collection system according to claim 3, wherein
the predetermined period of time is a period of time until the water supplied 

to the low temperature heating device reaches a saturated steam temperature.

5. An operation method of a solar heat collection system, the solar heat 
collection system including a low temperature heating device configured to heat 
supplied water by using heat of sunlight to generate steam, a steam separation device 
configured to separate two-phase water-steam fluid generated in the low temperature 
heating device into water and steam, and a high temperature heating device 
configured to heat the steam separated in the steam separation device by using heat 
of sunlight reflected by a plurality of heliostats to generate superheated steam, the 
low temperature heating device including a first heat collector disposed downstream 
in a water flow and a second heat collector disposed upstream and being connected 
with the first heat collector in series with each other, the operation method 
comprising:

flowing water into the first heat collector through the second heat collector; 
reflecting sunlight onto the second heat collector by using at least a part of

the plurality of heliostats for a predetermined period of time; and
causing water to bypass the second heat collector and to flow into the first

heat collector after the predetermined period of time elapses.
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