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(57) ABSTRACT 

A rotational trough reflector Solar-electricity generation 
device includes a trough reflector that rotates around a Sub 
stantially vertical axis. A strip-type photovoltaic (PV) device, 
or other Solar-energy collection element, is fixedly mounted 
along the focal line of the trough reflector. A tracking system 
rotates the trough reflector such that the trough reflector is 
aligned generally parallel to the incident Sunlight (e.g., in a 
generally east-west direction at Sunrise, turning to generally 
north-south at noon, and turning generally west-east at Sun 
set). A disc-shaped support structure is used to distribute the 
reflector's weight over a larger area and to minimize the 
tracking system motor size. Multiple trough reflectors are 
mounted on the disc-shaped support to maximize powergen 
eration. Flat mirrors are disposed at the end of the troughs to 
increase power in “hot” PV sections that are connected in 
S1’S. 
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ROTATIONAL TROUGH REFLECTOR 
ARRAY FOR SOLAR-ELECTRICITY 

GENERATION 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 12/388,500, filed Feb. 18, 2009. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to an 
improvement in Solar-electricity generation, and more par 
ticularly to an improved trough reflector-type solar-electricity 
generation device that is suitable for either residential roof 
top-mounted applications or commercial applications. 

BACKGROUND OF THE INVENTION 

0003. The need for “green” sources of electricity (i.e., 
electricity not produced by petroleum-based products) has 
given rise to many advances in Solar-electricity generation for 
both commercial and residential applications. 
0004 Solar-electricity generation typically involves the 
use of photovoltaic (PV) elements (solar cells) that convert 
sunlight directly into electricity. These solar cells are typi 
cally made using square or quasi-square silicon wafers that 
are doped using established semiconductor fabrication tech 
niques and absorb light irradiation (e.g., Sunlight) in a way 
that creates free electrons, which in turn are caused to flow in 
the presence of a built-in field to create direct current (DC) 
power. The DC power generated by an array including several 
Solar cells is collected on a grid placed on the cells. 
0005 Solar-electricity generation is currently performed 
in both residential and commercial settings. In a typical resi 
dential application, a relatively small array of Solar cells is 
mounted on a house's rooftop, and the generated electricity is 
typically supplied only to that house. In commercial applica 
tions, larger arrays are disposed in Sunlit, otherwise unused 
regions (e.g., deserts), and the resulting large amounts of 
power are conveyed by power lines to businesses and houses 
over power lines. The benefit of mounting Solar arrays on 
residential houses is that the localized generation of power 
reduces losses associated with transmission over long power 
lines, and requires fewer resources (i.e., land, powerlines and 
towers, transformers, etc.) to distribute the generated electric 
ity in comparison to commercially-generated Solar-electric 
ity. However, as set forth below, current solar-electricity gen 
eration devices are typically not economically feasible in 
residential settings. 
0006 Solar-electricity generation devices can generally 
be divided in to two groups: flat panel Solar arrays and con 
centrating-type Solar devices. Flat panel Solar arrays include 
Solar cells that are arranged on large, flat panels and Subjected 
to unfocused direct and diffuse sunlight, whereby the amount 
of sunlight converted to electricity is directly proportional to 
the area of the Solar cells. In contrast, concentrating-type 
Solar devices utilize an optical element that focuses (concen 
trates) mostly direct Sunlight onto a relatively small Solar cell 
located at the focal point (or line) of the optical element. 
0007 Flat panel solar arrays have both advantages and 
disadvantages over concentrating-type Solar devices. An 
advantage of flat panel Solar arrays is that their weight-to-size 
ratio is relatively low, facilitating their use in residential 
applications because they can be mounted on the rooftops of 
most houses without significant modification to the roof Sup 
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port structure. However, flat panel solar arrays have relatively 
low efficiencies (i.e., approximately 15%), which requires 
large areas to be covered in order to provide sufficient 
amounts of electricity to make their use worthwhile. Thus, 
due to the high cost of silicon, current rooftop flat panel Solar 
arrays cost over $5 per Watt, so it can take 25 years for a home 
owner to recoup the investment by the savings on his/her 
electricity bill. Economically, flat panel Solar arrays are not a 
viable investment for a typical homeowner without subsidies. 
0008. By providing an optical element that focuses (con 
centrates) Sunlight onto a solar cell, concentrating-type solar 
arrays avoid the high silicon costs of flat panel Solar arrays, 
and may also exhibit higher efficiency through the use of 
Smaller, higher efficiency solar cells. The amount of concen 
tration varies depending on the type of optical device, and 
ranges from 10x to 100x for trough reflector type devices 
(described in additional detail below) to as high as 600x to 
10,000x using some cassegrain-type Solar devices. However, 
a problem with concentrating-type solar devices in general is 
that the orientation of the optical element must be continu 
ously adjusted using a tracking system throughout the day in 
order to maintain peakefficiency, which requires a substantial 
foundation and motor to Support and position the optical 
element, and this structure must also be engineered to with 
stand wind and storm forces. Moreover, higher efficiency 
(e.g., cassegrain-type) Solar devices require even higher engi 
neering demands on reflector material, reflector geometry, 
and tracking accuracy. Due to the engineering constraints 
imposed by the support/tracking system, concentrating-type 
Solar devices are rarely used in residential settings because 
the rooftop of most houses would require substantial retrofit 
ting to support their Substantial weight. Instead, concentrat 
ing-type solar devices are typically limited to commercial 
settings in which cement or metal foundations are disposed 
on the ground. 
0009 FIGS. 14(A) to 14(C) are simplified perspective 
views showing a conventional trough reflector Solar-electric 
ity generation device 50, which represents one type of con 
ventional concentrating-type solar device. Device 50 gener 
ally includes a trough reflector 51, having a mirrored 
(reflective) surface 52 shaped to reflect solar (light) beams B 
onto a focal line FL, an elongated photoreceptor 53 mounted 
in fixed relation to trough reflector 51 along focal line FL by 
way of supportarms 55, and a tracking system (not shown) for 
Supporting and rotating trough reflector 51 around a horizon 
tal axis X that is parallel to focal line FL. In conventional 
settings, trough reflector 51 is positioned with axis X aligned 
in a north-south direction, and as indicated in FIGS. 14(A) to 
14(C), the tracking system rotates trough reflector 51 in an 
east-to-west direction during the course of the day Such that 
beams B are directed onto mirror surface 52. As mentioned 
above, a problem with this arrangement in a residential set 
ting is that the tracking system (i.e., the Support structure and 
motor needed to rotate trough reflector 51) requires signifi 
cant modifications to an average residential house rooftop. 
On the other hand, if the troughs are made small and are 
packed together side by side, and multiple troughs driven 
from one motor, then there is an engineering difficulty to keep 
the multiple hinges and linkages to pivot together to precisely 
focus Sunlight. 
0010 What is needed is an economically viable residential 
rooftop-mounted Solar-electricity generation system that 
overcomes the problems associated with conventional Solar 
electricity generation systems set forth above. In particular, 
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what is needed is a solar-electricity generation device that 
utilizes less PV material than conventional flat panel solar 
arrays, and avoids the heavy, expensive tracking systems of 
conventional concentrating-type Solar devices. 

SUMMARY OF THE INVENTION 

0011. The present invention is directed to solar-energy 
collection (e.g., a Solar-electricity generation) device (appa 
ratus) in which a trough reflector is rotated by a tracking 
system around an axis that is Substantially orthogonal (e.g., 
generally vertical) to an underlying Support Surface, and non 
parallel (e.g., perpendicular) to the focal line defined by the 
trough reflector (i.e., not horizontal as in conventional trough 
reflector Systems), and in which the tracking system aligns the 
trough reflector generally parallel to incident Solar beams 
(e.g., aligned in a generally east-west direction at Sunrise, not 
north/south as in conventional trough reflector systems). By 
using the moderate Solar concentration provided by the 
trough reflector, the amount of PV (or other solar energy 
collection) material required by the Solar-electricity genera 
tion device is reduced roughly ten to one hundred times over 
conventional Solar panel arrays. In addition, by rotating the 
trough reflector around an axis that is perpendicular to the 
focal line, the trough reflector remains in-plane with or in a 
fixed, canted position relative to an underlying Support Sur 
face (e.g., the rooftop of a residential house), thereby greatly 
reducing the engineering demands on the strength of the 
Support structure and the amount of power required to operate 
the tracking system, avoiding the problems associated with 
adapting commercial trough reflector devices, and providing 
an economically viable solar-electricity generation device 
that facilitates residential rooftop implementation. 
0012. According to a specific embodiment of the present 
invention, multiple trough reflectors are mounted onto a disc 
shaped support structure that is rotated by a motor mounted 
on the peripheral edge of the support structure. The weight of 
the trough reflectors is spread by the disc-shaped support 
structure over a large area, thereby facilitating rooftop mount 
ing in residential applications. A relatively Small motor 
coupled to the peripheral edge of the disc-shaped support 
Substrate turns the Support structure using very little power in 
comparison to that needed in conventional trough reflector 
arrangements. PV elements mounted onto each trough reflec 
tor are connected in series using known techniques to provide 
maximum power generation. The low profile of the disc 
shaped support and the in-plane rotation of the trough reflec 
tors reduces the chance of wind and storm damage in com 
parison to conventional trough reflector arrangements. 
0013. According to another specific embodiment of the 
present invention, multiple trough reflectors are mounted 
onto a disc-shaped support structure that is Supported in a 
raised, angled position by a vertical Support shaft that is 
turned by a motor such that the trough reflectors are directed 
to face the Sun. Although raising and tilting the plane defined 
by the trough reflector Support potentially increases wind 
effects over the perpendicular arrangement, the raised 
arrangement may provide better Solar light conversion that 
may be useful in some commercial applications. In one spe 
cific embodiment, a separate drive motor is provided to raise? 
lower the angled position of the trough reflector, thereby 
facilitating, for example, compensation for latitude and the 
resulting non-ideal Zenith angle. 
0014 Inaccordance with another alternative embodiment, 
flat mirrors are disposed at the end of each trough reflector in 
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an array, and “hot” PV cell sections disposed near the end of 
the troughs (i.e., sections that receive light from both the 
trough and end reflectors) are connected in series to a charge 
controller, which is separate from the “normal PV cell sec 
tions, thereby harnessing the increased Voltage and current 
generated by these “hot” PV cell sections to maximize power 
generation. 
0015. According to various alternative embodiments of 
the present invention, the rotational trough reflector array 
may be utilized in conjunction with alternative types of solar 
energy collection elements to collect Solar energy without 
large alterations. That is, in the main disclosed embodiments 
discussed above, photovoltaic devices are disposed on the 
focal lines of the trough reflectors that convert sunlight 
directly into electricity. In an alternative embodiment, the 
rotational trough reflector array is modified to include con 
duits disposed along the focal lines, whereby the arrays per 
forms a concentrated Solar thermal process in which the con 
centrated Sunlight is used to heat up a fluid Such as oil, water, 
orgas, which in turn is converted to electricity, e.g., by way of 
a turbine generator. In another alternative embodiment, ther 
moelectric devices that convertheat directly to electricity are 
disposed along the focal lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. These and other features, aspects and advantages of 
the present invention will become better understood with 
regard to the following description, appended claims, and 
accompanying drawings, where: 
0017 FIG. 1 is a top side perspective view showing a 
Solar-electricity generation apparatus according to a general 
ized embodiment of the present invention: 
0018 FIGS. 2(A) and 2CB) are simplified cross-sectional 
end and side views showing a trough reflector of the apparatus 
of FIG. 1 during operation; 
0019 FIG. 3 is a perspective top view showing the appa 
ratus of FIG. 1 disposed on the rooftop of a residential house: 
0020 FIGS. 4(A), and 4(B) and 4(C) are simplified per 
spective views showing a method for positioning the trough 
reflector of FIG. 1 during operation according to an embodi 
ment of the present invention; 
0021 FIG. 5 is a top side perspective view showing a 
Solar-electricity generation apparatus according to another 
embodiment of the present invention; 
(0022 FIGS. 6(A), and 6(B) and 6(C) are simplified top 
views showing the apparatus of FIG. 5 during operation; 
0023 FIG. 7 is a top side perspective view showing a 
Solar-electricity generation apparatus according to another 
embodiment of the present invention; 
(0024 FIGS. 8(A), and 8(B) and 8(C) are simplified top 
views showing the apparatus of FIG. 7 during operation; 
(0025 FIGS. 9(A), and 9(B) and 9(C) are simplified per 
spective views showing a solar-electricity generation appara 
tus according to another embodiment of the present inven 
tion; 
(0026 FIGS. 10(A) and 10(B) are simplified perspective 
views showing a Solar-electricity generation apparatus with 
tilt mechanism according to another embodiment of the 
present invention; 
0027 FIG. 11 is a typical sun chart diagram illustrating the 
need for the tilt mechanism described with reference to FIGS. 
10(A) and 10(B): 
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0028 FIG. 12 is a simplified top plan view showing a 
Solar-electricity generation apparatus with serially-con 
nected “hot” PV cells according to yet another embodiment 
of the present invention; 
0029 FIG. 13 is a simplified perspective view showing a 
Solar thermal apparatus according to yet another embodiment 
of the present invention; and 
0030 FIGS. 14(A), and 14(B) and 14(C) are simplified 
perspective views showing a conventional trough reflector 
Solar-electricity generation device during operation. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0031. The present invention relates to an improvement in 
Solar-energy collection devices. The following description is 
presented to enable one of ordinary skill in the art to make and 
use the invention as provided in the context of a particular 
application and its requirements. As used herein, directional 
terms such as “vertical and "horizontal are intended to 
provide relative positions for purposes of description, and are 
not intended to designate an absolute frame of reference. 
Various modifications to the preferred embodiment will be 
apparent to those with skill in the art, and the general prin 
ciples defined herein may be applied to other embodiments. 
Therefore, the present invention is not intended to be limited 
to the particular embodiments shown and described, but is to 
be accorded the widest scope consistent with the principles 
and novel features herein disclosed. 

0032 FIG. 1 is a simplified perspective view showing a 
solar-electricity generation device (apparatus) 100, which 
represents one form of solar-energy collection device accord 
ing to a first embodiment of the present invention. Device 100 
generally includes a trough reflector 110, having a mirrored 
(reflective) surface 112 shaped to reflect solar (light) beams B 
onto a focal line FL, a photoreceptor (Solar-energy collection 
element) 120 mounted in fixed relation to trough reflector 110 
along focal line FL, and a tracking system 130 for rotating (or 
pivoting) trough reflector 110 around an axis Z that is non 
parallel focal line FL. That is, as set forth below, trough 
reflector 110 is configured in substantially the same manner 
as in conventional systems, but device 100 differs from con 
ventional systems in that instead of being rotated around an 
axis that is horizontal to the trough reflector's focal line and 
underlying Support Surface (e.g., axis X in FIGS. 14(A) to 
14(C), discussed above), device 100 rotates trough reflector 
110 around axis Z, which is substantially perpendicular to 
focal line FL and underlying support surface S. As set forth 
below, this arrangement greatly facilitates utilizing device 
100 in residential settings, but also provides an improved 
apparatus for commercial Solar-electricity generation as well. 
0033 Referring to the center of FIG. 1, trough reflector 
110 comprises a light weight rigid material (e.g., aluminum, 
plastic, metal, etc.) that Supports reflective surface 112 
thereon. As indicated in FIG. 2(A), reflective surface 112 
comprises a standard mirror material or coating (e.g., silver, 
aluminum, chrome, etc) that is disposed or otherwise forms 
an elongated, curved (e.g., cylindrical parabolic) Surface 
arranged such that incident light beams directed to Surface 
112 are reflected from any point along a cross-sectional 
region of trough reflector 110 onto a focal point FP. As used 
herein, focal line FL describes the loci of the focal points FP 
generated along the entire length of reflective surface 112. In 
an alternative embodiment (not shown), multiple flat mirror 
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facets may be arranged using known techniques in a generally 
cylindrical parabolic shape to generate the reflective Surface 
functions described herein. 

0034 PV element 120 traverses the length of trough 
reflector 110, and is maintained in a fixed position relative to 
reflective surface 112 by way of a support structure 115. PV 
element 120 is an elongated structure formed by multiple 
pieces of semiconductor (e.g., silicon) connected end-to-end, 
where each piece (strip) of semiconductor is fabricated using 
known techniques in order to convert the incident Sunlight to 
electricity. The multiple semiconductor pieces are coupled by 
way of wires or other conductors (not shown) to adjacent 
pieces in a series arrangement. Although not specific to the 
fundamental concept of the present invention, we will keep 
using the silicon photovoltaic material commonly used to 
build solar panel but will try to harness 10x or more of 
electricity from the same active area. Other PV materials that 
are made from thin film deposition can also be used; and when 
high efficiency elements such as those made from multi 
junction processes becomes economically viable they can 
also be used in this configuration. 
0035. According to another aspect of the invention, PV 
element 120 is precisely positioned along focal line FL by 
way of Support structure 115 using any of a number of pos 
sible approaches. In the embodiment illustrated in FIG. 1, PV 
element 120 is mounted on a metal bar which in turn is 
Suspended by multiple metal arms that are cantilevered out 
from trough reflector 110. In an alternative embodiment (not 
shown), PV element 120 is attached and integrated under a 
transparent Support member (e.g., a large piece of glass or 
other transparent material that shields the parts from the 
weather elements). In yet another alternative embodiment, in 
an embodiment including multiple trough reflectors, PV ele 
ments may be mounted onto the reverse (i.e., nonreflecting) 
Surfaces of adjacent trough reflectors in a manner similar to 
that described, for example, in U.S. Pat. No. 5,180,441, which 
is incorporated herein by reference in its entirety. In yet 
another alternative embodiment, similar to the cassegrain 
architecture, sunlight can be reflected off a secondary reflec 
tive trough mounted near the focus line of the primary trough, 
and through a long opening at the bottom of the primary 
trough. The PV element can then be mounted on the bottom 
tray to ease thermal management. 
0036. As indicated in FIG. 1, in accordance with an 
embodiment of the present invention, PV element 120 is 
disposed such that focal line FL is parallel to underlying 
planar Support Surface S, and axis Z is perpendicular to Sur 
face S (and focal line FL), whereby PV element 120 remains 
in a plane P that is parallel to underlying Support Surface S. 
This arrangement greatly reduces the engineering demands 
on the structural strength and power required by tracking 
system 130 in comparison to commercial trough reflector 
devices, and, as described in additional detail below, provides 
an economically viable solar-electricity generation device 
that facilitates residential rooftop implementation. 
0037. In accordance with an aspect of the present inven 
tion, tracking system 130 detects the position of the sun 
relative to trough reflector 110, and rotates trough reflector 
110 such that trough reflector 110 is generally parallel to the 
projection of the Solar beams onto the plane of the array. 
According to the generalized embodiment shown in FIG. 1, 
tracking system 130 includes a motor 132 that is mechani 
cally coupled to trough reflector 110 (e.g., by way of an axle 
135) Such that mechanical force (e.g., torque) generated by 
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the motor 132 causes trough reflector 110 to rotate around 
axis Z. Tracking system 130 also includes a sensor (not 
shown) that detects the Sun's position, and a processor or 
other mechanism for calculating an optimal rotational angle 0 
of trough reflector 110 around axis Z. Due to the precise, 
mathematical understanding of planetary and orbital mechan 
ics, the tracking can be determined by strictly computational 
means once the system is adequately located. In one embodi 
ment, a set of sensors including GPS and photo cells are used 
with a feedback system to correct any variations in the drive 
train. In other embodiments such a feedback system may not 
be necessary. 
0038. The operational idea is further illustrated with ref 
erence to FIGS. 2(A) and 2CB). Referring to FIG. 2(A), when 
trough reflector 110 is aligned parallel to the sunray's that are 
projected onto device 100, the sun's ray will be reflected off 
the cylindrical parabolic mirror surface 112 and onto PV 
element 120 as a focused line (see FIG. 2(B)). The concept is 
similar to the textbook explanation of how parallel beams of 
light can be reflected and focused on to the focal point FP of 
a parabolic reflector, except that the parallel beams rise from 
below the page in FIG.2(A), and the reflected rays emerge out 
of the page onto focal line FL (which is viewed as a point in 
FIG. 2(A), and is shown in FIG. 2(B)). 
0039. The concentration scheme depicted in FIGS. 2(A) 
and 2CB) provides several advantages over conventional 
approaches. In comparison to convention cassegrain-type 
Solar devices having high concentration ratios (e.g., 600x to 
10,000x), the target ratio of 10x to 100x associated with the 
present invention reduces the engineering demands on reflec 
tor material, reflector geometry, and tracking accuracy. Con 
versely, in comparison to the high silicon costs of conven 
tional flat panel Solar arrays, achieving even a moderate 
concentration ratio (i.e., 25x) is adequate to bring the portion 
of cost of silicon photovoltaic material needed to produced 
PV element 120 to a small fraction of overall cost of device 
100, which serves to greatly reduce costs over conventional 
flat panel Solar arrays. 
0040. The side view shown in FIG. 2(B) further illustrates 
how sunlight directed parallel to focal line FL at a non-zero 
incident angle will still reflect off trough reflector 110 and 
will focus onto PV element 120. A similar manner of concen 
trating parallel beams of light can also be implemented by 
having the beams pass through a cylindrical lens, cylindrical 
Fresnellens, or curved or bent cylindrical Fresnel lens but the 
location of the focal line will move toward the lens with 
increasing incidence angle of the Sunlight due to the refractive 
properties of the lens and would degrade performance relative 
to a reflective system. 
0041 An optional flat mirror 111 may be placed at the end 
trough reflector 110 (see the left side of FIG. 2(B)) to reflect 
light back to PV element 120 to facilitate making a length of 
PV element 120 substantially equal to the length of trough 
reflector 110. In this case the PV elements near the mirror's 
end can be hotter than most of the other elements when the 
incident Solar beam is far from being perpendicular. As 
described in additional detail below with reference to FIG. 12, 
due to the fact that Silicon PV elements when wired in series 
cannot utilize the current generated by a single element in the 
series, PV elements in the hot sections of multiple troughs can 
be grouped together and be wired in a separate circuit. 
0042 FIG.3 is a perspective view depicting solar-electric 

ity generation device 100 disposed on the planar rooftop 
(support surface) 310 of a residential house 300 having an 
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arbitrary pitch angle y. In this embodiment, device 100 is 
mounted with axis Z disposed substantially perpendicular 
planar rooftop 310 such that plane P defined by PV element 
120 remains parallel to the plane defined by rooftop 310 as 
trough reflector 110 rotates around said axis Z. As depicted in 
this figure, a benefit of the present invention is that the sub 
stantially vertical rotational axis Z of device 100 allows track 
ing to take place in the plane of rooftop 310 of a residential 
house for most pitch anglesy. Further, because trough reflec 
tor 110 remains a fixed, short distance from rooftop 310, this 
arrangement minimizes the size and weight of the Support 
structure needed to support and rotate device 100, thereby 
minimizing engineering demands on the foundation (i.e., 
avoiding significant retrofitting or other modification to roof 
top 310). 
0043. Mathematically, as indicated in FIG. 3, for every 
position of the sun there exists one angle 0 (and 180°,+9) 
around which reflector trough 110 rotates, such that the sun’s 
ray will all focus onto PV element 120. FIG.3 also illustrates 
that for any plane P there is a unique normal vector, and the 
incident angle of sunlight is measured off the normal as “d'. 
and the two lines subtend an angle which is simply 90°-d. 
The projection line always exists, and so, no matter where and 
how trough reflector 110 is mounted, as long as PV element 
120 rotates in plane Paround the normal vector (i.e., axis Z), 
trough reflector 110 will eventually be positioned parallel to 
the projection line, and hence PV concentration will be car 
ried out properly. The resulting high efficiency of device 100 
means that, given a sufficient number and size of trough 
reflectors, etc., a typical rooftop 310 provides more than 
enough space to supply all electricity needed by house 300. 
Thus, for every dollar a home owner invests in a system 
including device 100, he or she saves five dollars in electricity 
bill. When scaled up to world population, no land is taken 
away, and only 0.3% of earth's dry surface covered to provide 
electricity for every home. 
0044 FIGS. 4(A) to 4(C) are simplified perspective dia 
grams depicting device 100 in operation during the course of 
a typical day in accordance with an embodiment of the 
present invention. In particular, FIGS. 4(A) to 4(C) illustrate 
the rotation of trough reflector 110 such that PV element 120 
(and focal line FL) remain in plane P. and such that PV 
element 120 (and focal line FL) are aligned parallel to the 
incident Sunlight. As indicated by the Superimposed compass 
points, this rotation process includes aligning trough reflector 
110 in a generally east-west direction during a Sunrise time 
period (depicted in FIG. 4(A)), aligning trough reflector 110 
in a generally north-south direction during a midday time 
period (depicted in FIG. 4(B)), and aligning trough reflector 
110 in a generally east-west direction during a Sunset time 
period (depicted in FIG. 4(C)). This process clearly differs 
from conventional commercial trough arrays that rotate 
around a horizontal axis and remain aligned in a generally 
north-south direction throughout the day. The inventors note 
that some conventional commercial trough arrays are aligned 
in a generally east-west direction (as opposed to north-South, 
as is customary), and adjust the tilt angle of their trough 
reflectors South to north to account for the changing positions 
of the Sun between Summer to winter, i.e., instead of pivoting 
180 degrees east to west from morning to evening. However, 
unlike the architecture in this invention, these east-west 
aligned trough arrays do not rotate their troughs around per 
pendicular axes. Also, in many part of the world the Sun 
moves along an arc in the sky. Thus, even though the angular 
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correction is Small, over the course of a day the east-west 
aligned troughs still have to pivotalong their focal line to keep 
the focused sunlight from drifting off. 
0045 FIG. 5 is a perspective view showing a solar-elec 

tricity generation device (apparatus) 100A according to a 
specific embodiment of the present invention. Similar to the 
embodiments described above, device 100A generally 
includes a trough reflector 110, having a mirrored (reflective) 
surface 112 shaped to reflect solar (light) beams Bonto a focal 
line FL, and a photoreceptor 120 mounted in fixed relation to 
trough reflector 110 along focal line FL. However, device 
100A differs from the earlier embodiments in that it includes 
a tracking system 130A having a circular (e.g., disk-shaped) 
base structure 135A for rotatably supporting trough reflector 
110, and a peripherally positioned drive system 132A for 
rotating trough reflector 110 relative to the underlying Sup 
port surface SA. 
0046 According to an aspect of the disclosed embodi 
ment, circular base structure 135A facilitates utilizing device 
100A in residential settings by distributing the weight of 
trough reflector 110 over a larger area. In the disclosed 
embodiment, circular base structure 135A includes a fixed 
base 136A that is fixedly mounted onto support surface SA, 
and a movable support 137 that rotates on fixed base 136 by 
way of a track (not shown) such that trough reflector 110 
rotates around vertical axis Z. Although shown as a Solid disk, 
those skilled in the art will recognize that a hollow (annular) 
structure may be used to reduce weight, further facilitating 
the installation of device 100A onto a residential house with 
out requiring modifications to the rooftop Support structure. 
0047. In accordance with another aspect of the present 
embodiment, trough reflector 110 has a longitudinal length L 
measured parallel to focal line FL, and base structure 135A 
has a peripheral edge E defining a diameter D that is that is 
greater than or equal to longitudinal length L. By making the 
diameter of base structure 135A as wide as possible, the 
weight of device 100A may be distributed over a larger por 
tion of underlying Support Surface SA, thereby reducing engi 
neering requirements and further facilitating residential roof 
top installation. This is further supported by the fact that any 
rotation affects all troughs on a circular structure equally, 
whereas through a long torsional linkage the trough sections 
away from the driving gear may not focus properly due to 
wind loading or gravity. 
0048. In accordance with yet another aspect of the present 
embodiment, peripherally positioned drive system 132A 
includes a motor 133A and a gear 134A (or other linking 
mechanism) that is coupled to a corresponding gear/structure 
disposed on peripheral edge E of movable support 137. This 
arrangement provides a solar parabolic trough reflector 
design that is Small in size, uses only one motor 133A to rotate 
movable support (circular disc) 137 that may have a several 
meter-square surface area, and can be mounted on Slanted 
residential roofbecause the rotation is kept within the plane of 
the roof. 

0049 Referring to FIGS. 6(A) to 6(C), which show device 
100A during operation, tracking system 130A may also 
include a sensor or feedback system (not shown) that detect a 
position of the sun relative to trough reflector 110, and cause 
drive system 132A (e.g., motor 133A and gear 134A, see FIG. 
5) to apply torque to peripheral edge E of movable support 
137 such that trough reflector 110 is rotated into a position in 
which the focal line FL is parallel to solar beams B generated 
by the Sun in the manner described above. Because engineer 
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ing requirements to withstand wind and gravity on a rotating 
platform is kept to a minimum, and because the motor is not 
required to rotate at high speeds, this arrangement minimizes 
the torque required by motor 133A that is needed to rotate 
trough reflector 110 around vertical axis Z, thereby reducing 
the cost of tracking system 130A. Moreover, this arrangement 
may be extended to turn several circular disks simultaneously 
using a single motor, further extending the efficiency of the 
overall system. 
0050 FIG. 7 is a top side perspective view showing a 
solar-electricity generation device 100B according to another 
specific embodiment of the present invention. Similar to 
device 100A (described above), device 100B utilizes a track 
ing system 130B having a circular base structure 135B and a 
peripherally positioned drive system 132B for rotating circu 
lar base structure 135B relative to an underlying support 
surface around an axis Z. However, device 100B differs from 
previous embodiments in that, in addition to a centrally 
disposed trough reflector 110 B-1 similar to that used in 
device 100A, device 100B includes one or more additional 
(second) trough reflectors 110 B-2 that are fixedly coupled to 
circular base structure 135B, where the focal lines FL2 of 
each additional trough reflectors 110 B-2 is parallel to the 
focal line FB1 of trough reflector 110 B-1. According to this 
embodiment, the multiple trough reflectors 110 B-1 and 
110 B-2 are rotated by a single small motor 133B mounted on 
the peripheral edge circular base structure 135B using very 
little power in comparison to that needed in conventional 
trough reflector arrangements. The weight of trough reflec 
tors 110 B-1 and 110 B-2 is thus spread by circular base struc 
ture 135B over a large area, further facilitating rooftop 
mounting. The low profile and in-plane rotation of the trough 
reflectors reduces the chance of wind and storm damage in 
comparison to conventional trough reflector arrangements. 
Referring to FIGS. 8(A) to 8(C), device 100B is rotated in 
operation similar to the embodiments described above, but all 
focal lines FL1 and FL2 are aligned parallel to the projections 
of Solar beams onto the rotating disc B. 
0051. In accordance with a residential embodiment of the 
invention, each trough reflector has a width of 4-inches and is 
a few feet long, depending on where they are mounted on a 
rotating disc which is in turn mounted onto a rooftop, with 
circular base structure 135B being approximately six feet in 
diameter. The specific dimensions are chosen only to keep the 
overall thickness to be within a few inches above the rooftop. 
The dish rotates to focus sun's ray but the rotation stays in the 
plane of the Substrate, and need not rise out of plane so 
mechanical requirement is much reduced than conventional 
solar arrays. By referring to the rooftop as substrate, the 
inventors wish to emphasize that devices produced in accor 
dance with the present invention do not require a substantial 
foundation to withstand wind and storm; second, the concen 
trators need not take away inhabitable space; third, packing 
density is almost 1:1, just like ordinary rooftop Solar panels. 
0.052 Rough calculations for a device meeting the above 
specifications that a 8.8 KW system made with rotating 
trough arrays of the present invention can be set up on a 
rooftop and takes up only 59 meter. This system will supply 
53 KWHrper day, and, at $0.1 per KWHr, will save the owner 
S1920 per year. The inventors currently estimate that the 
material cost of such a system to be approximately $5,000, 
with the component costs broken down into the following: 

0053 1. Silicon PV, at $0.20 per Watt, S1720 
0054 2. Converter box to and from 110 VAC, S500 
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0055 3. Motor and tracking System, S1000 
0056 4. Aluminum, 200 Kg, at $2.70 per Kg., $540 
0057 5. Stainless Steel or other reflective material, 75 
Kg at $4 per lb, S662 

0058 6. Steel structures, 180 Kg at S1000 perton, S180 
0059 7. Water sprinkler system surveillance electron 
ics, S500. 

0060 Thus, the total S5120 for a system that lasts 25 years. 
Additionally, service for 25 years at $200 per year, $5000. 
Assuming the above numbers are realistic, the present inven 
tion provides a PV system that reclaims the required invest 
ment plus service in five years and three months. Lastly, the 
inventors note that the rotating trough array Scheme of the 
present invention can be scaled up to the world population of 
6 billion people, assuming that the previous calculation are 
for a family of four people and including electricity to charge 
two future electric vehicles. The land area needed to provide 
same for the world's population comes to only three square 
miles for every thousand sq. miles of land within the 45 
degree North and South latitude. If the disc is implemented in 
a commercial Solar-electric farm, size can be much enlarged 
to optimize for its specific requirements. 
0061 FIGS. 9(A), and 9(B) and 9(C) are simplified top 
side perspective views showing a solar-electricity generation 
device 100C according to another specific embodiment of the 
present invention. Similar to device 100B (described above), 
device 100C utilizes a tracking system having a circular Sup 
port structure 137C that supports multiple trough reflectors 
110C in a parallel arrangement, and a centrally positioned 
drive system 132C for rotating circular support structure 
137C relative to an underlying support surface 105C around 
an axis Z defined by a support/drive shaft 135C. Device 100C 
differs from previous embodiments in that circular support 
structure 137C is disposed in a raised, angled position by 
support/drive shaft 135C such that the plane defined by disc 
shaped support structure 137C defines an angle 0 with refer 
ence to axis Z, whereby support structure 137C is turned by a 
motor (drive system 132C) such that trough reflectors 110C 
are collectively directed to face east, north and west through 
out the day, as depicted in FIGS. 9(A), and 9(B) and 9(C). 
Note that trough reflectors 110C are aligned within circular 
support structure 137C such that the focal line of each trough 
reflector 110C is maintained at angle 0 as circular support 
structure 137C is rotated around axis Z. Although raising and 
tilting the plane defined by circular support structure 137C 
potentially increases wind effects over the perpendicular 
arrangement described above with reference to FIGS. 5-8, the 
raised arrangement utilized by Solar-electricity generation 
device 100C may provide better solar light conversion that 
may be useful is some commercial applications. 
0062 FIGS. 10(A) and 10(B) are simplified top side per 
spective views showing a Solar-electricity generation device 
100D according to another specific embodiment of the 
present invention. Similar to device 100C (described above), 
device 100D rotates multiple trough reflectors 110D around a 
vertical axis Z., but additionally the trough array includes a tilt 
mechanism 140 (indicated by horizontal bar 142 and simpli 
fied actuator 145) that facilitates tilt adjustment to a predeter 
mined angle around a horizontal axis X so as to compensate 
for latitude and the resulting non-ideal Zenith angle (see Sun 
chart in FIG. 11). For example, tilt mechanism 140 facilitates 
adjusting trough reflectors 110D between an approximately 
45° tilt angle 01 (shown FIG. 10(A)) and an approximately 
90° tilt angle 02 (shown FIG.10(B)). Once the tilt angle is set 
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by tilt mechanism 140 for a particular latitude and time of 
year, device 100D operates as described above (i.e., rotated 
around vertical axis Z during the course of a day). The advan 
tage of providing tilt mechanism 140 is to save on build 
material when troughs operate in high-latitude regions. 
Anemometers and possibly other networked sensors are used 
to determine climate conditions. When the wind speed is 
stronger than a predetermined amount, tilt mechanism oper 
ates to lower the trough array to horizontal position, where 
trough reflectors 110D can continue to track and collect solar 
energy, albeit at a reduced efficiency. This feature provides an 
advantage over a two-axis tracking arrangement because the 
tilt angle is fixed at either the full-tilt angle, or horizontal. The 
ability to tilt also allows an otherwise horizontal array to get 
rid of accumulated Snow, which is frequent seen in many 
high-latitude regions of the world. 
0063 FIG. 12 is a simplified top view showing a solar 
electricity generation device 100E according to another spe 
cific embodiment of the present invention. Device 100E 
includes multiple trough reflectors 110E disposed on a circu 
lar base as described above, where each trough reflectors 
110E includes a flat mirror 111E disposed at the end of each 
trough where the radiation would otherwise be reflected and 
bounced up and away from the PV cells. As described above, 
the disposition of a flat mirror 111E produce a “hot” regions 
inside each trough reflector 110E adjacent its associated mir 
ror 111E due to the concentration of radiation from two 
directions: radiation reflected from the curved trough reflec 
tor mirror Surface, and an additional amount that reflected a 
second time from flat mirrors 111E. If PV material extended 
through both this “hot” region and the “regular region of 
each trough reflector 110E (i.e., the “hot” PV material was 
connected in series with the “regular PV material), the “hot” 
PV material will contribute to slightly higher voltage, but the 
current output is confined by other lower-producing “regular 
PV material. The array properties of the trough reflectors are 
utilized by the inventors understanding that all of the “hot” 
PV material will see not only an increased amount of solar 
radiation, but an equal amount of increase of Solar radiation. 
Therefore, inaccordance with the present embodiment, maxi 
mum power is harnessed from the entire trough array by 
separating the PV material disposed on the focal line of each 
trough reflector 110E into a “hot” (first) PV section 120-1 
located the hot Zones adjacent flat mirrors 111E, and “regu 
lar' (second) PV sections 120-2 that are located in trough 
reflectors 110E away from the “hot” region. Further, as indi 
cated by the dashed lines in FIG. 12, the “hot” PV section 
120-1 of each trough reflector 110E are connected in series 
such that a circuit is formed that is separate from the other 
“regular PV sections 120-2. In one specific embodiment, 
one or more Maximum Power-Point Tracking charge control 
lers 150 are used to bias the separate circuits at different 
Voltages and thus extract maximum power from each. 
0064 FIG. 13 is a simplified perspective view showing a 
solar thermal device 100F according to another specific 
embodiment of the present invention. Device 100F includes 
multiple trough reflectors 110F disposed on a circular base as 
described above, but utilizeathermally efficient receiver tube 
120F disposed along the troughs’ focal lines and arranged to 
circulate a thermal transfer fluid, such as synthetic thermal 
oil, along the focal line of each reflector trough 110F. Heated 
to approximately 400° C. by the concentrated Sun's rays, this 
oil is then pumped through a series of heat exchangers to 
produce Superheated Steam. The steam is converted to elec 
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trical energy in a conventional steam turbine generator, which 
can either be part of a conventional steam cycle or integrated 
into a combined steam and gas turbine cycle. The arrange 
ment shown in FIG. 13 may be modified to include the tilt 
mechanism described above with reference to FIGS. 10(A) 
and 10(B), and is not limited to circular trough arrangements 
(i.e., troughs of equal length may be used). Solar thermal 
operation has an advantage of not needing to make special 
arrangement at the two ends of the troughs, where solar illu 
minations are subjected to changes based on what angle the 
Sun's rays arrive. 
0065. Although the present invention has been described 
with respect to certain specific embodiments, it will be clear 
to those skilled in the art that the inventive features of the 
present invention are applicable to other embodiments as 
well, all of which are intended to fall within the scope of the 
present invention. For example, although the present inven 
tion is described above with specific reference to photovoltaic 
and Solar thermal arrangements, other types of Solar-energy 
collection elements may be utilized as well. Such as a ther 
moelectric material (e.g., a thermocouple) that is disposed on 
the focal line of the trough arrangements described herein to 
receive concentrated Sunlight, and to covert the resulting heat 
directly into electricity. In addition, optical elements like 
prisms and wedges that use reflection and/or total internal 
reflection to concentrate light into a linear or rectangular area 
can also be used instead of a trough reflector. In this case the 
photovoltaic cells are positioned off the long ends of the 
concentrating optical element where the light is being con 
centrated. Further, off-axis conic or aspheric reflector shapes 
may also be used to form a trough-like reflector. In this case 
the photovoltaic cells will still be positioned off the aligned 
parallel to the trough but will be positioned and tilted around 
the long axis of the trough. Referring to FIG. 1, the rotational 
axis Z is perpendicular to the focal line FL. However, this 
invention can be used in a system like that shown in FIGS. 
10(A) and 10(B), where the rotational axis can be anywhere in 
the plane formed by the previous Z, and FL. In this general 
configuration, the trough will be rotated to an angular position 
where the incident solar beams run parallel to (but not nec 
essarily in) this plane that is formed by the new and the 
previous Z, and also FL. This configuration is useful because 
large commercial trough arrays may be constructed to have 
the troughs inclined to compensate for latitude, and for ease 
of cleaning. Yet these trough arrays can be rotated on a hori 
Zontal platform which is not parallel to the plane formed by 
the multiple focal lines. 

1. An apparatus for Solar-energy collection comprising: 
a first trough reflector having a reflective Surface defining a 

first focal line; 
a first Solar-energy collection element disposed on the first 

focal line; and 
means for rotating the first trough reflector around an axis, 

wherein the axis is non-parallel to the focal line. 
2. The apparatus of claim 1, further comprising a Support 

structure connected to the first trough reflector and to the first 
Solar-energy collection element such that the first Solar-en 
ergy collection element is maintained in a fixed position 
relative to the first trough reflector. 

3. The apparatus of claim 2, wherein the support structure 
comprises one of a transparent Support member and a plural 
ity of Support arms extending between the first trough reflec 
tor and the first Solar-energy collection element. 
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4. The apparatus of claim 1, wherein said axis is disposed 
substantially perpendicular to the first focal line such that the 
Solar-energy collection element remains in a predetermined 
plane that is perpendicular to the axis when said first trough 
reflector rotates around said axis. 

5. The apparatus of claim 1, wherein said means comprises 
a tracking system including means for detecting a position of 
the Sun relative to trough reflector, and means for rotating the 
trough reflector such that the first focal line is parallel to solar 
beams generated by the Sun that are directed onto the trough 
reflector. 

6. The apparatus of claim 1, wherein said tracking system 
including means for controlling a rotational position of the 
trough reflector such that: 

during a Sunrise time period, the focal line is aligned in a 
first generally east-west direction, 

during a midday time period, the focal line is aligned in a 
generally north-South direction, and 

during a Sunset time period, the focal line is aligned in a 
second generally east-west direction. 

7. The apparatus of claim 1, 
wherein the first trough reflector has a longitudinal length 

measured parallel to the focal line, 
wherein said means comprises a circular base structure 

including means for rotating relative to an underlying 
Support Surface around said axis, and having a peripheral 
edge defining a diameter that is greater than or equal to 
the longitudinal length of said first trough reflector, and 

wherein the first trough reflector is fixedly mounted on the 
circular base structure such that rotation of the circular 
base structure relative to said underlying Support Surface 
produces rotation of the first trough reflector around said 
aX1S. 

8. The apparatus of claim 7, wherein said means comprises 
a tracking system including: 

a drive system coupled to the peripheral edge of the circular 
base structure, 

means for detecting a position of the Sun relative to trough 
reflector, and 

means for causing the drive system to apply torque to the 
peripheral edge of the circular base structure such that 
the trough reflector is rotated into a position in which the 
first focal line is parallel to solar beams generated by the 
Sun that are directed onto the trough reflector. 

9. The apparatus of claim 7, further comprising one or more 
second trough reflectors fixedly coupled to said circular base 
structure, each of said one or more second trough reflectors 
including an associated focal line, wherein the associated 
focal lines of the one or more second trough reflectors are 
parallel to the focal line of the first trough reflector. 

10. The apparatus of claim 1, further comprising one or 
more second trough reflectors fixedly coupled to said first 
trough reflector, each of said one or more second trough 
reflectors including an associated focal line, wherein the asso 
ciated focal lines of the one or more second trough reflectors 
are parallel to the first focal line of the first trough reflector. 

11. The apparatus of claim 10, wherein said one or more 
second trough reflectors and said first trough reflector are 
disposed in a raised and tilted position Such that a plane 
defined by said one or more second trough reflectors and said 
first trough reflector defines an angle with reference to said 
aX1S. 
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12. The apparatus of claim 11, further comprising a tilt 
mechanism for selectively controlling said raised and tilted 
position. 

13. The apparatus of claim 10, 
wherein each of said one or more second trough reflectors 

and said first trough reflector further comprises an asso 
ciated flat mirror disposed adjacent to an end thereof, 

wherein each of said one or more second trough reflectors 
and said first trough reflector includes a first photovol 
taic section disposed on its focal line adjacent to said 
associated flat mirror, and a second photovoltaic section 
disposed on its focal line away from said associated flat 
mirror, and 

wherein the first photovoltaic sections of each of said one 
or more second trough reflectors and said first trough 
reflector are connected in series. 

14. The apparatus of claim 10, 
wherein the Solar-energy collection element comprises a 

thermally efficient receiver tube disposed on the focal 
lines of said one or more second trough reflectors and 
said first trough reflector, and 

wherein the apparatus further comprises means for circu 
lating a thermal transfer fluid through the thermally effi 
cient receiver tube. 

15. The apparatus of claim 10, wherein the solar-energy 
collection element comprises one of a photovoltaic material, 
athermally efficient receiver tube, and a thermoelectric mate 
rial. 

16. A method for generating solar-electricity using a first 
trough reflector, wherein the first trough reflector defines a 
first focal line, the method comprising: 

disposing the first trough reflector on a planar Support 
Surface Such that the first focal line defines an angle 
relative to the planar Support Surface; and 

rotating the first trough reflector around an axis that is 
Substantially perpendicular to the planar Support Sur 
face, whereby the first focal line remains disposed at said 
angle relative to said planar Surface while said first 
trough reflector rotates around said axis. 

17. The method of claim 16, further comprising fixedly 
mounting a first photovoltaic element to the first trough 
reflector such that the first photovoltaic element is disposed 
along the first focal line, whereby rotation of the first trough 
reflector causes said first photovoltaic element to rotate 
around the axis while remaining within the plane. 

18. The method of claim 16, further comprising: 
detecting a position of the Sun relative to trough reflector, 

and 
rotating the trough reflector such that the first focal line is 

parallel to Solar beams generated by the Sun that are 
directed onto the trough reflector. 

19. The method of claim 18, wherein said rotating the 
trough reflector comprises: 
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during a Sunrise time period, aligning the focal line in a first 
generally east-west direction, 

during a midday time period, aligning the focal line in a 
generally north-South direction, and 

during a Sunset time period, aligning the focal line in a 
second generally east-west direction. 

20. The method of claim 16, wherein disposing the first 
trough reflector on the planar Support Surface comprises dis 
posing the first trough reflector on a roof of a residential 
house. 

21. The method of claim 16, wherein disposing the first 
trough reflector on the planar Support Surface comprises dis 
posing the first trough reflector on a circular base structure 
mounted on the planar Support Surface, wherein the circular 
base structure includes a peripheral edge defining a diameter 
that is greater than or equal to a longitudinal length of said 
first trough reflector, and 

wherein rotating the first trough reflector comprises apply 
ing a force to the peripheral edge of the circular base 
structure such that the circular base structure rotates 
relative to the planar Support Surface around said axis. 

22. The method of claim 21, further comprising fixedly 
connecting one or more second trough reflectors to said cir 
cular base structure, each of said one or more second trough 
reflectors including an associated focal line, wherein the asso 
ciated focal lines of the one or more second trough reflectors 
are parallel to the focal line of the first trough reflector. 

23. The method of claim 22, further comprising fixedly 
connecting one or more second trough reflectors to said first 
trough reflector, each of said one or more second trough 
reflectors including an associated focal line, wherein the asso 
ciated focal lines of the one or more second trough reflectors 
are parallel to the focal line of the first trough reflector such 
that rotating the first trough reflector around the axis causes 
said associated focal lines to remain disposed within the 
plane. 

24. A method for generating Solar-electricity using a trough 
reflector, wherein the trough reflector defines a focal line, the 
method comprising: 

mounting the trough reflector onto a planar Support Surface 
Such that the focal line defines a predetermined angle 
relative to the Support Surface, and 

rotating the trough reflector around an axis that is substan 
tially perpendicular to the Support Surface Such that: 
during a Sunrise time period, the focal line is aligned in 

a first generally east-west direction, 
during a midday time period, the focal line is aligned in 

a generally north-south direction, and 
during a Sunset time period, the is aligned in a second 

generally east-west direction. 
25. The method of claim 24, wherein mounting the trough 

reflector comprises mounting the trough reflector on a rooftop 
Surface of a residential house. 

c c c c c 


