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PPA7

FOUNDATION PIERS FOR AXIAL SOLAR ARRAYS AND RELATED SYSTEMS AND METHODS

BACKGROUND

[001]

[002]

[003]

[004]

Solar energy is one of the world’s largest source of untapped energy. At sea level, the
usable energy density is approximately 250 watts per square meter. Using a two-
dimensional model to approximate the earth, 250watts/square meter*n*6,371,000
meters? yields about 32,000 terra (trillion) watts of energy that trikes the earth at any
particular moment. Given that the sun will continue to supply this energy for billions of
more years, the survival of human life will ultimately depend on harnessing this
essentially unlimited, clean energy source.

As in any industry, achieving scale is critical to maximizing the competitiveness of solar
relative to other energy sources. This economic reality militates in favor of large-scale
(multi-megawatt to multi-gigawatt) solar power plants over residential solar, although
there is room for both modalities in the market place. Large-scale solar power plants
are predominantly configured as either fixed-tilt or single-axis tracker arrays. Fixed-tilt
arrays are arranged as East-West oriented rows of panels tilted South at an angle
dictated by the latitude of the array site. By contrast, single axis trackers are rows of
solar panels arranged on a rotating North-South axis called a torque tube that sweeps
through an East to West rotation through the course of the day, following the sun’s
progression through the sky. For purposes of this disclosure, both fixed-tilt and single
axis trackers will be referred to collectively as axial solar arrays.

Many large-scale solar projects are funded with so-called power purchase agreements
(PPAs), whereby a customer agrees to purchase the power generated by the array at a
predetermined megawatt hour rate (e.g., $25-35 per megawatt hour at today’s
prevailing rates). Knowing the lifetime of the array (e.g., 35-40 years), a bank or other
investor will be comfortable financing such a project given the predictable stream of
revenue the array will generate over its lifetime.

Excluding land acquisitions costs, overall project costs typically include site preparation
(road building, leveling, grid and water connections etc.), foundation piers, tracker

hardware or fixed-tilt hardware, photovoltaics, inverters and electrical (conduit, wiring,
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trenching, etc.). Inherent in all of these are also labor costs. At today’s prevailing rates,
this totals about $1 per watt of energy. So, building a 100-megawatt solar power plant
today would cost approximately $100,000,000 dollars.

Many of these system component costs have dropped over the past few years, in
particular solar panels and solar mounting hardware, however, one area that has been
mostly overlooked is the cost associated with foundation piers. These structures
physically couple solar trackers or fixed-tilt solar arrays to the earth. Typically, after the
site has been prepped, a grid of H-piles or other structures are driven into the ground at
regular intervals and other components are subsequently attached to those piles. Ina
conventional, large-scale single-axis tracker array, these piers will typically represent 5-7
percent of the cost of installing an array. Despite this relatively small share of the total
array cost, any savings in steel and labor associated with foundation piers will amount to
a significant amount of money over a multi-gigawatt portfolio of solar power plant
projects. This is particular true in the solar power plant business because many of these
deals are locked in years before the installation costs are incurred. Therefore, the
savings will be in addition to profits already factored in the calculations that supported
the PPA. Reducing steel and associated labor costs used in foundation piers is the

object of this application.

DESCRIPTION

[006]

[007]

Contrary to conventional single H or | pile foundations used in most axial solar array
installations, with an A-frame style foundation lateral wind forces tend to pull out the
windward frame member and to compress or buckle the leeward frame member.
Therefore, increasing resistance to pull out and compression in such arrays can allow
installations to go less deep into the ground relative to H and | pile foundations, saving
money in steel and other materials as well as time.

FIG. 1 shows a portion of an axial solar array, in this example, a single axis tracker array
with a plurality of A-frame supports, each terminating in a saddle which in turns
supports a torque tube and bearing collar. Once panels are installed on the torque

tube, the supports need to be able to withstand not only the weight of the materials but
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also the lateral forces caused by wind striking the array. Due to the relatively large
surface area of solar panels on the torque tube, even a single row of panels can
generate relatively large wind forces on the support piers holding up the torque tube.
FIG. 2 shows components of a foundation pier for an axial solar array according to
various embodiments of the invention. The system includes a base pile member that
consists of a tubular section of rounded pipe in a pre-cut length. In various
embodiments, the pile will have a helix formed near the end that is driven into the
ground. The helix may be welded on or otherwise attached to the base pile allowing the
pile to be rotated into the ground with a rotary driver attachment to a piece of standard
equipment or a specialized single-purpose rotary driving machine.

In various embodiments, the end of the pile entering the ground will be open, allowing
the pipe to be driven like a cookie cutter through the earth with minimal resistance.
Typically, with this type of driving, as the pile is rotated in, a plug of dirt will build up
inside of it. In dense soils such as regular clay or sandy/silty clay, the open end of the
pile will work well, striking a balance between ease of driving and providing sufficient
resistance to pull out and compression.

In certain types of soil, for example, cobble or mixed dirt and gravel, driving an open-
ended pile may be more problematic. In these conditions, having a tip on the end of the
pile may make driving easier as the tip will break through and/or displace small rocks
and gravel allowing the pile to continue to be rotated in. FIG. 2 shows one such tip that
could be used in these types of soils. In various embodiments, to accommodate the tip,
the open end of the pile nearest the helix may be threaded, allowing it to be easily spun
on. In other embodiments, the tip may be attached with a bolt, screw, or other
mechanical fastener.

The tip may take difference shapes depending on the type of soil encountered. Because
the tip is consumed in the driving process, that is, it is left in the hole (L.I.T.H) after the
pile is driven, relatively simple and/or inexpensive tip designs may be preferred over a
rock bit or other known more expensive drill bit tip. Generally speaking, the tip will not

be able to easily grind through solid rock as well as a special-purpose rock bit, but it
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should be able to cut more effectively through gravel and cobble than the open end of
the pile. Although the tip may take on any of a plurality of known shapes, the conical
shape shown in FIG. 2 has the advantage that it focuses all the driving force on a
relatively small area (i.e., the tip of the cone), and provides a ramped surface to help
push minor obstructions (e.g., small rocks, coble, etc.) out of the way of the pile.

As shown, the free or above-ground end of the pile, that is the end opposite to the helix,
may have one or more notches or other shapes formed in it to allow it to receive the
rotary driving tool. Also, this same end may be configured to receive another section of
base pile, labeled as an extensionin FIG. 2. In various embodiments, the extension may
be attached to the free end of the pile to be driven, either before driving or after the
base pile has been partially driven into the ground. This may be useful in very loose
soils where a deeper pile depth is required to achieve the necessary resistance to lateral
forces causing axial pull-out and compression.

Referring now to FIG. 3, this figure shows an portion of an axial solar array at an interim
installation point. For ease of illustration, the height of the piers is reduced. Typically
they will project four or five feet above the ground with as many as 6-12 feet buried
below. The piers, in this case H-beams, are set out across the array field at the location
where they will be driven. Then, the pile driving rig goes down every row in the array
attempting to drive each H-pile to the desired depth. If the desired depth cannot be
achieved, that is, the pile hits a rock or submerged structure and will not go down
further (i.e., a refusal occurs), the installation point is marked and the rig is moved to
the next installation spot. Typically a flag, stick or other marker is put in the ground at
the refusal site so that that next installation team can find it. This continues until an
attempt has been made to drive every pier in the array. After pile driving is complete, a
drill and grout crew comes to the array site and installs the piles at each rejection point
using drilling or a combination of drilling and grouting. Having an extra crew to deal
with refusals increases installation costs and installation time required to build the

array.
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Referring now to FIG. 4, this figure shows an installation of a base pile for an axial solar
array according to various embodiments of the invention. As discussed above, in
various embodiments a rotary drive is used to spin the base pile into the ground. In this
case, a rotary drive unit has been attached to an excavator, however, in various other
embodiments, a special-purpose driver or other equipment may be used.

In the example of FIG. 4, a base pile has been rotated into the ground until a refusal has
occurred preventing it from reaching the desired depth. This is detected by an operator
when continued rotation fails to drive the pile further into the earth. An audible noise
may also indicate a refusal depending on the depth at which it occurs. Once refusal
happens, the rotary driver may be uncoupled from the machine and an impact drill used
inits place. Invarious embodiments, the drill may be attached to the same machine
used to drive the piles. In other embodiments, a different machine may be used.

At this point, a rock drill may be inserted into the open end of the base pile and driven
through the pile, that is, inside the rounded pipe making up the base pile. In various
embodiments, because of earth plugging in the pile, it will be necessary to remove dirt
from the pile as the drill bit is driven in. In various embodiments, this is accomplished
with an auger-like pattern of threads on the drill shaft that will pull the dirt plug out of
the pile as the drill rotates in.

In various embodiments, the drill will use percussion as well as rotation to break
through the rock to create a cavity to continue driving the pile into. In various
embodiments, after the drill has rotated in sufficiently deep, the drill is withdrawn and
the pile is either driven with impact or again rotated until it becomes embedded in the
submerged rock. In various embodiments, and as shown in greater detail in FIG. 9, the
drill bit may make an opening that is equivalent to or even slightly larger than the
outside diameter of the base pile. In various embodiments, it may not be necessary to
drive the pile to the original optimal depth (assuming no rock) if the pile is able to be
anchored in the rock or bedrock. In various embodiments, after drilling, the pile may
only be driven until the helix reaches the rock. The distance between the helix and the

end of the pile may be optimized to insure that at least six inches of the pile may be



[018]

[019]

PPA7

embedded in the rock. Any portion of the pile remaining above ground may be cut off
with a saw or grinder to be even with the adjacent pile and any other piles on the same
row. Also, though not shown, it may be necessary or desirable to shoot pressurized
ground down the pile shaft after drilling. This is greatly facilitated by removal of the dirt
plug by the drill bit and shaft.

FIGs. 5 — 7 show the details of the rock drill and related processes. As seenin FIG. 5, the
bit and shaft travel down the inner diameter of the pile until the bit emerges from the
far end. Threads on the shaft, seenin FIG. 6, pull any dirt plug up and out of the pile.
Once the bit emerges from the underground end of the pile, it immediately engages
rock. Rotation and percussion cause the bit to break-up the rock. In some
embodiments, the drill may be used to create a cavity all the way down to the original
desired depth, that is not just the known distance between the pile end and the helix. If
the rock is solid bedrock, the drill will simply create a deep cavity within the rock, part of
which will remain empty or be filled with grout. Otherwise, if the rock is simply a small
to medium-size boulder, the drill bit will break-up the rock possibly causing it to
crumble. When driving is resumed, if the rock is solid bedrock or a large boulder, the
pile will drive into the rock until the helix reaches the rock at which point another
refusal will occur. Otherwise, if the rock was successfully crumbled, the pile will
continue to rotate until the desired depth is achieved.

FIG. 7 shows a variety of different drill tips that may be used with various embodiments
of the invention. The first bit is a cross rock bit. It consists of four raised chisel-type
blades oriented in a cross pattern. This type of bit is typically made of steel with the
blades coated with titanium or made from hardened steel or carbide. The next bit
shown in FIG. 7 is percussion type hammer bit. The hammer bit is not sharp and does
not use cutting as its primary mechanism. Rather, a series of hardened carbide buttons
are embedded in the face of the bit. During rotation, a shank beats against an anvil or
strike surface inside the bit head causing the buttons to crush the rock they come into

contact with while rotation sweeps the debris out of the way so that the next impact
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will again strike hard rock. Compressed air or other pneumatic or hydraulic techniques
may be used to generate the hammering action of the drill.

The third bit shown in FIG. 7 is known as a tri-cone bit. The tri-cone bit consists of three
rotating cone-shaped wheels attached to a stationary head via a bearing connection.
Each cone is covered in carbine cutting teeth. As the drill shaft is rotated, the cutting
teeth on each cone break through the rock. Downward pressure on the drill bit
facilitates the cutting. Such bits are commonly used in water, gas and oil exploration
and extraction.

As discussed herein, in certain situations where drilling is required, it may be desirable
to drill a cavity that has a slightly larger outside diameter than the base pile. To that
end, referring now to FIG. 8, this figure shows a drill bit that is capable of drilling a larger
diameter hole than the pipe it is inserted in. The bit shown in FIG. 8 is a hammer bit
with a number of individual carbide buttons embedded in the cutting surface. During
drilling, the drill shank bangs into the drill head transferring the impact into the rock via
the embedded buttons. Rotation sweeps the debris out of the way so that subsequent
impacts strike rock and not the debris.

As drawn, this bit may be particularly well suited to the various embodiments of the
invention because it includes one or more deployable features (i.e., wings in) that
expand the cutting diameter of the bit once the bit is free of the pile. When the bit and
shaft are inserted into the pile, the one or more wings are recessed flush with the
outside diameter of the bit. This can be done mechanically or by an operator
compressing them from behind as the bit is inserted into the pile. When the bit
emerges from the other end the wings extend, either under spring action via another
deployment mechanism, thereby increasing the cutting diameter of the bit. In various
embodiments, additional carbide buttons may be formed on the cutting surface of the
wings (e.g., the surface that is normal to the direction of drilling). In various
embodiments, if the wings are spring loaded, the resistance from the rock will tend to
keep them out, that is in the cutting orientation. Once the desired depth has been

achieved and the bit and shaft are drawn back into the pile, pressure against the back fo
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the one or more wings from the mouth of the pile will push them back in to the
recessed position, reducing the outside diameter of the bit, allowing it to be drawn up
and out of the pile.

FIG. 9 is a flow chart detailing the steps of a method for installing a foundation pier for
an axial solar array according to various embodiments of the invention. The method
begins with driving the base pile into the ground using a rotary driver. As shown, the
base pile includes a helix near the bottom end. As discussed above, rotary drivers are
known in the art as either purpose-built machines or attachments for conventional
equipment (e.g., excavator, backhoe, tractor, etc.). According to the method, If the pile
is able to be driven to the desired depth, then this step is repeated with the next pile,
either adjacent to the first or at the next driving point in the array.

Otherwise, if a refusal occurs, driving is stopped. In various embodiments, the rotary
driver will be uncoupled from the base pile so that a drill bit and shaft can be driven
through the pile to reach the sub-surface obstruction. In other embodiments, drilling
may be performed while the pile is still coupled to the rotary driver. The particular drill
bit chosen may be selected based on historical drilling information for the specific site or
region where the array is being installed.

As the drill is activated within the pile, any dirt plugged up on the pile will be ejected by
coil formed on the drill shaft. Once the drill bit exits the bottom of the pipe, it will
engage the submerged rock, busting through the rock until the drill reaches the
maximum depth. In various embodiments, the drill is then withdrawn and driving
resumes. Invarious embodiments, the rotary driver will be hooked back up to the top
of the pile so that it can be driven down at least to the point where the helix strikes the
rock. As discussed above, in various embodiments, pressurized grout may be pumped
into the cavity either when drilling is complete or after driving resumes. By addressing
refusals in line, that is during the ordinary driving process, costs and installation time
should be reduced relative to bringing in a separate drill and grout crew after the all the

remaining piles are driven to handle the pile refusals.
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CLAIM SET 1:
1. Afoundation system for an axial solar array comprising:
first and second hollow base piles;
at least one helix formed proximate to a first end of each of the first and second
base piles; and
a saddle interconnecting a second end of each of the first and second base piles to
form an A-frame support structure.

2. The system according to claim 1, further comprising first and second hollow extension
piles configured to attach to the second end of each first and second base piles to
increase a length thereof, prior to attaching the saddle.

3. The system of claim 1, further comprising a rotary driver for driving each of the first and
second base piles into the ground.

4. The system according to claim 1, further comprising a detachable drill bit portion
coupled to the first end of each of the first and second base piles.

5. The system according to claim 1, further comprising an rotary impact driver.

6. The system of claim 5, further comprising a rock drill bit connected to a drill shaft, the
drill bit and shaft dimensioned to fit inside an open end of either the first or second base
piles and to extend to through an opposing end thereof, to drill through any obstruction
preventing driving of the first or second base piles when driven by the rotary driver.

7. The system of claim 6, wherein the drill bit comprises at least one deployable portion
that enables the bit to have a first diameter at a first position and a second relatively
larger diameter at a second position.

8. The system of claim 7, wherein the deployable portion is spring loaded so as to fit inside
either of the first or second base piles when in the first position and to expand to the
second position when exiting either of the first or second base piles.

9. A method of installing a foundation for an axial solar array comprising:

driving a first base pile into the ground with a mechanical driver until the pier

encounters a rigid surface;
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disconnecting the mechanical driver and inserting a drill bit and shaft into an open
end of the first base pile;

driving the drill bit through base pile and into the rigid surface to create a recess;

removing the drill bit and shaft from the pier;

reattaching the mechanical driver; and

resume driving the base pile until a desired depth is achieved.
The method of claim 9, further comprising shooting grout into the recess via the pile.
The method of claim 9, wherein the first base pile comprises a hollow round metal
tube.
The method of claim 9, wherein the first base pile comprises a helix portion formed

proximate to an end of the first base pile driven into the ground.

. The method of claim 9, wherein inserting a drill bit and shaft into the first base bile

comprises placing the drill bit into a first position having an outside diameter smaller
than an inside diameter of the pile to fit it into the pile and pushing the drill bit through
the pile until it comes out the other end whereupon the drill bit deploys to second
position having a diameter larger than an outside diameter of the base pile.
The method of claim 9, further comprising pulling the drill bit back into the base pile
causing it to return to the first position.
A system comprising:

first and second base pile members;

a helix formed on a first end of each of the first and second base pile members;

first and second drill bit tips detachably coupled to the first and second base pile
members at the first end; and

a saddle interconnecting second ends of first and second base pile members
remaining above ground after driving.
The system according to claim 15, further comprising a rotary drive machine for
simultaneously driving each of the first and second base pile members adjacent to one

another to form an A-frame structure with the saddle.
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17. The system according to claim 15, further comprising first and second extension
members configured to selectively couple to a second end of respective first and second
base pile members.

18. A machine for installing a foundation for an axial solar array comprising:

a main body portion;

a pair of parallel rotary drivers attached to the main body portion for simultaneously
driving a pair of adjacent base pile members; and

a percussion drill unit attached to the main body portion, for driving a drill bit and
drill shaft through a partially driven base pile if a refusal occurs during driving.

19. The machine according to claim 18, further comprising:

a propulsion system for moving the main body portion; and
a steering system for orienting the main body portion.

20. The machine according to claim 18, further comprising a container holding a plurality of
base piles.

21. The machine according to claim 20, further comprising a feeder mechanism connected

to the container for feeding base piles to the pair of parallel rotary drivers.
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