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(57) ABSTRACT

A system includes a building, a fluid-moving system, and a
turbine system. The fluid-moving system includes one or
more conduits in or coupled to the data center and a pump.
The pump moves fluid through the conduits. The turbine
system includes a turbine and generator. The turbine has a
runner in a flow of fluid in one of the conduits. The generator
produces electricity from rotation of the runner.
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ENERGY RECLAMATION FROM
FLUID-MOVING SYSTEMS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/659,644, filed Oct. 24, 2012, now
U.S. Pat. No. 9,284,850, which is hereby incorporated by
reference herein in its entirety.

BACKGROUND

[0002] A typical commercial or industrial building includes
fluid systems that carry fluids from one place to another
within the building. Examples of fluid systems in buildings
include utility water systems for personal use, process water
systems for industrial use, cooling systems, heating systems,
and wastewater removal systems. The initial and ongoing
costs of installing and operating fluid systems may add sub-
stantial cost and complexity to the building and its operation.
In addition, in many buildings, fluid systems may be rela-
tively inefficient in that a substantial amount of energy (for
example, thermal, kinetic, and potential energy) is wasted.
[0003] Commercial and industrial buildings often include
components and systems to provide back-up power to elec-
trical systems in the event of a failure of components or
systems in a primary electrical power system. Providing full
redundancy of electrical power may, however, be costly both
in terms of capital costs (in that in may require a large number
of'expensive switchboard, UPSs, and PDUs, for example) and
in terms of costs of operation and maintenance. In addition,
some facilities do not provide redundant power for cooling
systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 illustrates one embodiment of a data center
including a turbine system for reclaiming energy from a cool-
ing system in the data center.

[0005] FIG. 2 is a detail view of a turbine system including
a runner in a conduit of the fluid-moving system.

[0006] FIG. 3 is a schematic diagram illustrating one
embodiment of a data center building with fluid-flow energy
reclamation systems.

[0007] FIG. 4 illustrates one embodiment of a turbine sys-
tem having a sealed generator unit installed in a fluid conduit.
[0008] FIG. 5 illustrates one embodiment of an energy
recovery system with a turbine system having a stator ring.
[0009] FIG. 61is cross sectional view of one embodiment of
aturbine system having a generator mounted on the periphery
of a pipe.

[0010] FIG. 7 is a cross sectional view illustrating a gen-
erator that can be driven by a turbine.

[0011] FIG. 8illustrates an embodiment of a turbine system
that includes counter-rotating runners.

[0012] FIG. 9 illustrates a system with a variable flow
mechanism for a turbine of an energy recovery system.
[0013] FIG. 10 illustrates generating power from a flow of
fluid in a building.

[0014] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments thereof
are shown by way of example in the drawings and will herein
be described in detail. It should be understood, however, that
the drawings and detailed description thereto are not intended
to limit the invention to the particular form disclosed, but on
the contrary, the intention is to cover all modifications,
equivalents and alternatives falling within the spirit and scope
of the present invention as defined by the appended claims.
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The headings used herein are for organizational purposes
only and are not meant to be used to limit the scope of the
description or the claims. As used throughout this application,
the word “may” is used in a permissive sense (i.e., meaning
having the potential to), rather than the mandatory sense (i.e.,

meaning must). Similarly, the words “include,” “including,”
and “includes” mean including, but not limited to.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] Systems and methods for reclaiming or recovering
energy from moving fluids are disclosed. According to one
embodiment, a data center includes a computing room, com-
puting devices in the computing room, a fluid-moving sys-
tem, a turbine system, and an electrical energy storage device.
The fluid-moving system includes one or more conduits in or
coupled to the data center and a pump. The pump moves fluid
through the conduits. The turbine system includes a turbine
and generator. The turbine has a runner in a flow of fluid in one
of'the conduits. The generator produces electricity from rota-
tion of the runner. An electrical energy storage device may
store electrical energy produced by the generator. The elec-
trical energy storage device can supply electrical power to the
liquid-moving system, the computing devices, or both.
[0016] According to one embodiment, a system includes a
building, a fluid-moving system, and a turbine system. The
fluid-moving system includes one or more conduits in or
coupled to the data center and a pump. The pump moves
liquid through the conduits. The turbine system includes a
turbine and generator. The turbine has a runner in a flow of
liquid in one of the conduits. The generator produces elec-
tricity from rotation of the runner.

[0017] According to one embodiment, a method of gener-
ating power includes placing a turbine system in a flow of
liquid in a conduit passing through a building, generating
electricity from a flow of the liquid through or across at least
a portion of a runner of the turbine system, and transmitting
electrical power from the turbine system to an electrical
energy storage device.

[0018] As used herein, a “conduit” means a pipe, cylinder,
tube, or channel, or combination of such elements, that can be
used to convey a fluid from one location to another. A conduit
may have any cross section, including square, rectangular,
circular, ovate, or irregular. A conduit may have a uniform
cross sectional area over its length or a varying cross sectional
area over its length. A conduit may, for example, include a
converging section in which the cross sectional area of the
conduit decreases, a diverging section in which the cross
sectional area of the conduit increases, or both.

[0019] Asusedherein, “fluid-moving system” means a sys-
tem that provides or moves fluid to, or removes fluid from,
one or more systems or components. A fluid in a fluid-moving
system may be a liquid, a gas, or a combination thereof.
[0020] As used herein, “hydrokinetic” power generation
means generating power by harnessing kinetic energy of
moving water.

[0021] Asused herein, a “pump” means a system or device
that can move fluid.

[0022] As used herein, a “runner” means an element, or
combination of elements, of a turbine that moves in response
to fluid flow. Examples of a runner include a rotor, a propeller,
a waterwheel, or a screw.

[0023] As used herein, a “turbine” means a device or sys-
tem that produces rotary motion from a moving fluid.
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Examples of turbine types include a blade turbine, helix tur-
bine, bladeless turbine, and statorless turbine. A turbine may
be shrouded or unshrouded.

[0024] As used herein, a “turbine system” means a system
that includes one or more turbines.

[0025] As used herein, a “screening system’ means a sys-
tem, device, or element that can block or catch objects in a
flow of fluid while allowing a flow of fluid through. Examples
of screening devices include a mesh, a grate, a grid, or a
screen.

[0026] As used herein, “air moving device” includes any
device, element, system, or combination thereof that can
move air. Examples of air moving devices include fans, blow-
ers, and compressed air systems.

[0027] As used herein, “computing” includes any opera-
tions that can be performed by a computer, such as computa-
tion, data storage, data retrieval, or communications.

[0028] As used herein, “computing device” includes any of
various devices in which computing operations can be carried
out, such as computer systems or components thereof. One
example of a computing device is a rack-mounted server. As
used herein, the term computing device is not limited to just
those integrated circuits referred to in the art as a computer,
but broadly refers to a processor, a server, a microcontroller,
a microcomputer, a programmable logic controller (PL.C), an
application specific integrated circuit, and other program-
mable circuits, and these terms are used interchangeably
herein. Some examples of computing devices include e-com-
merce servers, network devices, telecommunications equip-
ment, medical equipment, electrical power management and
control devices, and professional audio equipment (digital,
analog, or combinations thereof). In various embodiments,
memory may include, but is not limited to, a computer-read-
able medium, such as a random access memory (RAM).
Alternatively, a compact disc-read only memory (CD-ROM),
a magneto-optical disk (MOD), and/or a digital versatile disc
(DVD) may also beused. Also, additional input channels may
include computer peripherals associated with an operator
interface such as a mouse and a keyboard. Alternatively, other
computer peripherals may also be used that may include, for
example, a scanner. Furthermore, in the some embodiments,
additional output channels may include an operator interface
monitor and/or a printer.

[0029] Asusedherein, “data center” includes any facility or
portion of a facility in which computer operations are carried
out. A data center may include servers dedicated to specific
functions or serving multiple functions. Examples of com-
puter operations include information processing, communi-
cations, simulations, and operational control.

[0030] As used herein, “mechanical cooling” means cool-
ing of air by a process that involves doing mechanical work on
at least one fluid, such as occurs in vapor-compression refrig-
eration systems.

[0031] As used herein, a “module” is a component or a
combination of components physically coupled to one
another. A module may include functional elements and sys-
tems, such as computer systems, circuit boards, racks, blow-
ers, ducts, and power distribution units, as well as structural
elements, such a base, frame, housing, or container.

[0032] As used herein, “rack computing systems” means a
computing system that includes one or more computing
devices mounted in a rack.

Jul. 7,2016

[0033] As used herein, “reserve power” means power that
can be supplied to an electrical load upon the failure of, or as
a substitute for, primary power to the load.

[0034] As used herein, “room” means a room or a space of
abuilding. As used herein, “computer room” means a room of
a building in which computing devices, such as rack-mounted
servers, are operated.

[0035] As used herein, a “space” means a space, area or
volume.
[0036] Invariousembodiments, a system includes aturbine

system that generates electricity from fluid moved by a fluid-
moving system. In some embodiments, a turbine system may
reclaim energy that has been added to fluid by components in
the fluid-moving system (for example, by a pump that moves
fluid through the fluid-moving system.) FIG. 1 illustrates one
embodiment of a data center including a turbine system for
reclaiming energy from a cooling system in the data center.
FIG. 2 is a detail view of a turbine system including a runner
in a conduit of the fluid-moving system shown in FIG. 1. Data
center 100 includes building 102, cooling system 104, com-
puting room 105, and energy reclamation system 106.

[0037] Cooling system 104 may remove heat from data
center 100. Cooling system 104 includes computer room air
conditioning unit 108, cooling tower system 110, and cooling
system controller 111. Computer room air conditioning unit
108 may move air through computing room 105 to remove
heat from electrical systems operating in the computing
room. Cooling tower system 110 may remove heat from
computer room air conditioning unit 108 and reject heat to
outside air.

[0038] Computer room air conditioning unit 108 includes
heat exchangers, air moving device 118, supply duct 120, and
return duct 122. Air moving device 118 may move air across
heat exchangers in computer room air conditioning unit 108
and circulate air through computing room 105.

[0039] Cooling tower system 110 includes pump 130 and
cooling tower 134. Water from pump 130 is carried to heat
exchangers in computer room air conditioning unit 108 by
way of line 140. Heated water from computer room air con-
ditioning unit 108 is carried to cooling tower 134 by way of
cooling tower supply line 142. Water from cooling tower 134
may be returned to pump by way of cooling tower return line
144. Water from cooling tower 134 may also be expelled from
building 102 by way of discharge line 146. Valve 148 may be
used to control the flow of water between discharge line 146
and suction line 150. Elements of cooling tower system 110
form a may include a closed loop that includes pump 130,
heat exchangers in computer room air conditioning unit 108,
and cooling tower 134.

[0040] Energy reclamation system 106 includes turbine
system 160 and electrical energy storage system 162. Turbine
system 160 includes turbine 164, generator 166, and turbine
system controller 167. Turbine 164 is installed in conduit 165
of cooling tower return line 144. Turbine 164 includes runner
168 and turbine shaft 170. Turbine shaft 170 may extend into
passage in conduit 165. Turbine system 160 may include one
or more seals to contain water in line at the point of entry into
conduit 165. Runner 164 may rotation on turbine shaft 170.
Runner 168 may rotate in response to water passing through
conduit 165.

[0041] Generator 166 may be coupled to turbine 160 by
way of a drive system. The drive system may include ele-
ments that link shaft 170 to an input shaft in generator 166.
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[0042] Elements linking a rotor to a generator may include,
for example, one or more sheaves coupled to one another by
way a belt or chain.

[0043] Insomeembodiments, elements of the drive system
are selected to control a ratio for rotation of a rotor shaft
relative to a generator shaft. For example, a sheave and belt
system may be used to establish a 10:1 ratio between an input
shaft of generator 166 and turbine shaft 170. In certain
embodiments, a turbine system includes a gearbox for con-
trolling a ratio between rotation of a rotor and a generator
shaft.

[0044] In some embodiments, turbine system 160 is oper-
ated to generate electricity from water moving through cool-
ing tower system 110. For example, as water moves through
conduit 165, runner 168 may turn. Rotation of runner 168
may drive generator 166 to produce electricity. Electrical
energy produced by rotation of the turbine may be stored in
electrical energy storage system 162.

[0045] In some embodiments, turbine system controller
167 controls operation of turbine system 160 to generate
electricity from moving liquid in cooling tower system 110.
In one embodiment, turbine system controller 167 includes a
programmable logic controller. Turbine system controller
167 may control, for example, whether turbine system 160 is
onor off, a rate of charging of energy storage device, or a gear
ratio between runner 168 and an input shaft of generator 166.
In certain embodiments, turbine system controller 167 con-
trols the release of water from a reservoir at a higher elevation
than turbine 164 (such as a reservoir in cooling tower 134).
[0046] In some embodiments, electrical energy generated
from a turbine coupled to a liquid moving system is used to
provide electrical power for operating components of a cool-
ing system. For example, electrical energy storage system
162 may be used to supply power to cooling system controller
111 or to air moving device 118. In some embodiments,
electrical energy storage system 162 serves as a back-up
electrical power system for cooling system 104. In one
embodiment, electrical energy storage system 162 includes
an uninterruptible power supply.

[0047] Computing room 105 includes rack computing sys-
tems 180 and data center power distribution system 182.
Power distribution system 182 may draw power from electri-
cal energy storage system 162 and supply electrical power to
computing devices in rack computing systems 180. In some
embodiments, power distribution system 182 uses power gen-
erated by energy reclamation system 106 as a reserve power.
For example, power system may draw from turbine-generated
power only inthe event of a failure of a primary power system.
In one embodiment, power distribution system 182 includes
an automatic transfer switch that switches power from a pri-
mary power system to electrical energy storage system 162 in
response to a failure in the primary power system.

[0048] In certain embodiments, a system draws from tur-
bine-generated power based on varying loads in the data
center. For example, power distribution system 182 may draw
from electrical energy storage system 162 when loads in the
data center exceed a predetermined threshold (for example,
during peak operating times).

[0049] In some embodiments, electrical energy reclaimed
from fluid in a fluid-moving system by a turbine system is
used to provide electrical power for electrical systems in a
building. In some embodiments, electrical energy generated
from a turbine air system is used to provide electrical power
for operating components ofa data center cooling system. For
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example, electrical energy storage system 162 may be used to
supply power to an air moving device, or components of air
handling unit or chilled water sub-system. In one embodi-
ment, electrical energy reclaimed from fluid by a turbine in a
fluid-moving system is supplied to a pump for the fluid-
moving system. In some embodiments, electrical energy stor-
age system 162 serves as a back-up electrical power system
for a cooling system. In one embodiment, electrical energy
storage device 162 includes an uninterruptible power supply.

[0050] In FIGS. 1 and 2, turbine 164 is shown for illustra-
tive purposes as a propeller-type horizontal-axis turbine. A
turbine system may nevertheless be, in various embodiments,
of any suitable type for operating in moving fluid. A turbine
may have a horizontal-axis, vertical-axis, or other axis align-
ment. The flow arrangement of a turbine may axial, radial, or
a combination thereof. Examples of runners for a turbine
include a set of blades, a propeller, or a screw. Blades of a
turbine may be straight, helical, or other shape. Turbines may
be reaction-type or impulse-type.

[0051] InFIG.1, an energy reclamation system is shown in
a data center. An energy reclamation system with a fluid flow
reclamation turbine may nevertheless, in various embodi-
ments, be included in various other types of buildings.
Examples of buildings that may have a system for harnessing
energy from moving liquids include an office building, a
factory, a medical care facility, aresidence, or a sports facility.
In one embodiment, an energy reclamation system with a
fluid flow reclamation turbine is included in an industrial
facility. Energy reclaimed from a fluid-moving system in a
building may be used immediately or store for later use.
Energy reclaimed from a fluid-moving system may be used to
supply electrical power to any of various electrical systems in
abuilding. Examples of electrical systems that may use power
from a turbine in a fluid-moving system include robotic
devices, industrial machines, hospital equipment, office
equipment, and telecommunication systems.

[0052] In FIG. 1, a fluid flow turbine system is shown for
illustrative purposes harnessing energy from a fluid loop of a
chilled water system. A fluid-flow turbine system may nev-
ertheless, in various embodiments, harness energy from other
fluid-moving systems in or connected to a building. In one
embodiment, a fluid-flow turbine harnesses energy con-
densed steam that has been delivered to a building. In one
embodiment, a turbine harnesses energy from an evaporative
cooling system. In certain embodiments, a turbine harnesses
energy from a pressurized gas system.

[0053] FIG. 3 is a schematic diagram illustrating one
embodiment of a data center building with fluid-flow energy
reclamation systems. System 200 includes building 202, data
center 204, cooling system energy reclamation system 206,
and condensate energy reclamation system 210.

[0054] Data center 204 includes computing room 212, elec-
trical power distribution system 214, rack computing systems
216, and CRAC unit 218. CRAC unit 218 may be operated to
remove heat from computing devices 220 operating in racks
222.

[0055] CRAC unit 268 may be coupled to computing room
262 by supply duct 226 and return duct 228. Cooling air may
flow from air handling sub-system 224 through supply duct
226 into plenum 229. From plenum 229, cooling air may pass
through into computing room 212. Cooling air may pass
through racks 222. After the air is heated by electrical systems
in racks 222, the air may pass through return duct 228. Air
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may be recirculated through one or more air handling sub-
systems or discharged from the system through exhaust vent
230.

[0056] CRAC unit 218 includes fan 232, filter 234, return
air dampers, outside air vent 238, and outside air dampers.
Fan232is coupled to VFD 240. VFD 240 is coupled to control
unit 242. Return air vents may receive air returning from data
center room through return duct. Outside air vent 238 may
receive outside air. VFD 240 may receive control signals from
control unit 242 and subsequently modulate a rotational
velocity of fan 232. In certain embodiments, an outside air
damper, return air damper, exhaust damper, or combinations
thereof, are modulated via a control system to modulate air
flow.

[0057] CRAC unit 218 includes chilled water subsystem
246. Chilled water subsystem 246 may be coupled in heat
transfer communication with air handling sub-system 224.
Chilled water sub-system 246 includes coils 248 and valve
250. Valve 250 is coupled to control unit 242. Valve 250 may
be opened and closed by signals from control unit 242. The
position of valve 250 may be used to regulate the use of
chilled water to cool air in air handling sub-system 224. In one
embodiment, a common chilled water subsystem provides
chilled water to two more air handling sub-systems. In certain
embodiments, each of two or more air handling sub-systems
is cooled by a dedicated chilled water subsystem.

[0058] Chilled water subsystem 246 is coupled to a chilled
water heat removal system 252. In the embodiment shown in
FIG. 1, chilled water heat removal system 252 is a cooling
tower system. Examples of chilled water heat removal sys-
tems that may be included in other embodiments include a
service water subsystem or an air-conditioning refrigerant
sub-system.

[0059] Control unit 242 may be programmed to control
devices in handling sub-systems 224 and/or chilled water
sub-systems 246. Control unit 242 may be coupled to fan 232,
return air dampers, outside air dampers, and exhaust dampers.
Control unit 242 may be in data communication with tem-
perature sensors and pressure sensors. Devices in air handling
sub-system 224 and chilled water sub-system 252 may be
controlled automatically, manually, or a combination thereof.
[0060] Electrical power system 214 may include one or
more transformer, generators, switchgear apparatus, and pri-
mary power systems. Each of primary power systems may
include a UPS and one or more floor power distribution units
(“PDUs”).

[0061] Electrical systems in rack computing systems 216
may each receive power from one or more of primary power
systems. In one embodiment, each of the primary power
systems corresponds to, and provides power to, the servers in
one room in a data center. In one embodiment, each of the
primary power systems corresponds to, and provides power
to, one rack system in a data center.

[0062] Electrical power system 214 may be coupled to a
utility feed. In certain embodiments, the utility feed is at a
voltage of about 13.5 kilovolts or 12.8 kilovolts at a frequency
of'about 60 Hz. A UPS may provide uninterrupted power to
rack computing systems 216 in the event of a power failure
upstream from the UPS.

[0063] Electrical power system 214 may include a reserve
power system. The reserve power system may provide reserve
power for any or all of the electrical systems supplied by one
or more primary power systems. In some embodiments, a
reserve power system is powered up at all times during opera-
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tion of a data center. The reserve power system may be pas-
sive until a failure of one or more components of the primary
power system for one or more of the electrical systems in the
system, at which time the reserve power system may become
active.

[0064] Control unit 242 is in data communication with
temperature sensors, pressure sensors, or both. In certain
embodiments, a control unit includes at least one program-
mable logic controller. The PLC may, among other things,
regulate air moving devices and open and close valves or
dampers in cooling air systems based upon command signals
from an operator to move air flow through a data center as
necessary for the prevailing operational conditions. Alterna-
tively, the PL.C may modulate valves and dampers between
fully open and fully closed positions to modulate airflow.
[0065] A control system may include temperature measure-
ment devices that are, in one embodiment, thermocouples.
Alternatively, the temperature measurement devices include,
but are not limited to, resistance temperature detectors
(RTDs) and any device that facilitate cooling operation as
described herein. For example, a thermocouple may be posi-
tioned within mixing plenum to facilitate measuring a tem-
perature of the air the mixing plenum.

[0066] Cooling system energy reclamation system 206 and
condensate energy reclamation system 210 each include tur-
bine systems 260. Each of turbine systems 260 includes tur-
bine 262, generator 264, screen device 266, and turbine
bypass 268. Each of cooling system energy reclamation sys-
tem 206 and condensate energy reclamation system 210 may
reclaim energy from fluid through turbine system 260. Elec-
trical power from generators 264 from the operation of tur-
bines 262 may be transmitted to electrical energy storage
device 270. Energy reclamation control unit 272 may be
operated to control electrical energy storage device 270, gen-
erators 264, and the control of flow through turbines 262. For
example, in one embodiment, energy reclamation control unit
272 operates valves 276 on bypass 268.

[0067] Coolingsystem energy reclamation system 206 may
harness energy from liquid moving through chilled water heat
removal system 252. Water may be pumped by pump 282
through chilled water sub-system 246 and cooling tower 284.
Valves may be opened to allow water from cooling tower 284
to flow through turbine system 260 of cooling system energy
reclamation system 206. In some embodiments, water pass-
ing out of turbine system 260 of cooling system energy rec-
lamation system 206 may be discharged from the system (for
example into a drain).

[0068] Condensate energy reclamation system 210 may
harness energy captured in condensate reservoir 300. Water in
condensate reservoir 300 may be collected from condensa-
tion of steam provided from a steam utility. Valves may be
opened to allow water from condensate reservoir 300 to flow
through turbine system 260 of condensate energy reclamation
system 210. In some embodiments, water passing out of
turbine system 260 of condensate energy reclamation system
210 may be discharged from condensate energy reclamation
system 210.

[0069] In some embodiments, a system includes a genera-
tor that is sealed within fluid flow in a conduit. FIG. 4 illus-
trates one embodiment of a turbine system having a sealed
generator unit installed in a fluid conduit. System 320
includes turbine system 322 in conduit 324. Turbine system
322 may be mounted in conduit 324. Turbine system 322
includes runner 326 and generator unit 328. Generator unit
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328 may be in a sealed housing within a fluid flow in conduit
324. Electrical power produced in generator unit 328 from
rotation of runner 326 may be transmitted through insulated
electrical lines 330. Turbine system 322 may include valves
for directing fluid through dual bypass 332.

[0070] In some embodiments, a turbine system includes a
helical runner. In various embodiments, the shaft of a helical
runner may be oriented in-line with the direction of flow,
perpendicular to the direction of flow, or any other suitable
angle.

[0071] FIG. 5 illustrates one embodiment of an energy
recovery system with a turbine system having a stator ring.
System 340 includes turbine system 342. Turbine system 342
receives fluid flow passing through pipe 343. The fluid-mov-
ing system in which pipe 343 is included may be similar to
that described above relative to FIG. 1.

[0072] Turbine system 342 includes turbine 344 and tur-
bine control unit 346. Turbine 344 includes rotor 350 and
stator ring 352. Rotor 350 includes blades 354 and magnetic
elements 356. Turbine control unit 346 includes control unit
347 and energy storage device 348. Energy storage device
348 may include an uninterruptible power supply.

[0073] As rotor 350 spins in response to liquid moving
through turbine 342, motion of magnetic elements 356 rela-
tive to stator ring 352 may induce electrical current in stator
ring 352. Energy generated by turbine 352 may be stored in
energy storage device 348.

[0074] In some embodiments, fluid flow to a turbine is
controlled to promote electricity generation. In one embodi-
ment, fluid is channeled through a passage having a decreas-
ing cross sectional area such that the velocity of fluid is higher
when it passes through a turbine. For example, conduit 360
converges to neck 362. The intake of turbine is at a reduced
cross section part of conduit 360, in this case, neck 362. The
velocity of fluid flowing through conduit 360 at neck 362 may
be higher than the velocity of the fluid upstream from the
intake of turbine 344.

[0075] In some embodiments, a runner of turbine includes
magnetic elements that drive a motor mounted external to the
flow of a fluid. FIG. 6 is cross sectional view of one embodi-
ment of a turbine system having a generator mounted on the
periphery of a pipe. Turbine system 380 includes runner 382
and generator 384. Runner 382 is mounted for rotation in flow
within pipe 386. Runner 382 includes magnetic elements 388.
As runner 382 rotates in response to a flow of fluid through
pipe 386, the motion of magnetic elements 388 relative to
generator 384 may induce rotation of rotor 390 of generator
384. FIG. 7 is a cross sectional view of generator 384 taken
along lines 7-7 of FIG. 6. Rotor 390 includes magnets 392.
Rotor 390 rotates about shaft 394. Electricity induced in coils
396 from rotation of rotor 390 may be transmitted via output
lines 398.

[0076] Energy produced by generator 384 may be stored in
an electrical storage device, such as described above relative
to FIG. 1.

[0077] FIG. 8illustrates an embodiment of a turbine system
that includes counter-rotating runners. Turbine system 400
includes outer runner 402 and inner runner 404. Outer runner
402 and inner runner 404 may rotate in opposite directions in
response to flow through turbine system 400. Outer runner
402, inner runner 404, or both, may be coupled to a generator
to produce electricity. Electrical energy produced by genera-
tor 384 may be stored in an electrical storage device, such as
described above relative to FIG. 1.
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[0078] In some embodiments, a system includes a mecha-
nism for varying flow through a turbine in a liquid-moving
system. FIG. 9 illustrates a system with a variable flow
mechanism for a turbine. System 420 includes liquid-moving
system 422, turbine system 424, flow control mechanism 426,
and energy recovery control unit 428. Flow control mecha-
nism 426 is coupled to energy recovery control unit 428. Flow
control mechanism 426 includes movable vanes 430. Flow
control mechanism 426 may be controlled by energy recovery
control unit 428 to alter flow to the intake of turbine system
424. For example, flow control mechanism 426 may be oper-
ated to divert a flow of liquid into turbine system 424, to
increase liquid velocity at the inlet of turbine system 424, or
both. In some embodiments, a flow control mechanism for a
turbine includes a variable nozzle.
[0079] Insome embodiments, energy recovery control unit
428 operates flow control mechanism 426 to optimize gen-
eration of electricity by turbine system 424. As an example,
energy recovery control unit 428 may operate flow control
mechanism 426 to vary the flow of liquid to turbine system
424 based on a flow rate through liquid-moving system 422.
In certain embodiments, energy recovery control unit 428
operates flow control mechanism 426 to vary the flow to
turbine system 424 based on a variable frequency drive for an
air moving device generating air flow to a turbine system. In
one embodiment, flow control mechanism 426 may be oper-
ated based on the frequency of a variable frequency drive for
a pump moving liquid through turbine system 424.
[0080] FIG. 10 illustrates generating power from flow of
fluid in a building. At 500, a turbine system is placed in a flow
of liquid in a liquid-moving system in a building. In some
embodiments, the liquid is water. In some embodiments, the
liquid moving system includes a reservoir that is at a higher
elevation than a runner for the turbine system.
[0081] At 502, electricity is generated from flow of the
water through or across a runner of the turbine system. The
turbine may be oriented, positioned, or both, to promote
motion of the runner.
[0082] At 504, electrical power from the turbine system is
transmitted from the generator. In some embodiments, the
electrical power is transmitted to an electrical storage device.
The electrical energy storage device may include, in one
embodiment, an uninterruptable power supply. In some
embodiments, the electrical power is immediately consumed
by one or more electrical systems in the building. In some
embodiments, a turbine system provides electrical power to
electrical loads in a data center. In certain embodiments, a
turbine system is used to provide supplemental or back-up
power computing devices in a data center. In certain embodi-
ments, a turbine system is used to provide back-up power to
cooling systems the data center.
[0083] Although the embodiments above have been
described in considerable detail, numerous variations and
modifications will become apparent to those skilled in the art
once the above disclosure is fully appreciated. It is intended
that the following claims be interpreted to embrace all such
variations and modifications.
1. A data center, comprising:
a computing room;
a plurality of computing devices in the computing room;
a fluid-moving system, comprising:
one or more conduits in or coupled to the data center,
wherein the one or more conduits are configured to
convey liquid from one location to another; and
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a pump configured to move fluid through at least one of
the one or more conduits;

a turbine system, comprising:

a turbine comprising one or more runners in a flow of
fluid in at least one of the conduits; and

a generator configured to produce electricity from rota-
tion of at least one of the runners in the flow of liquid.

2. The system of claim 1, wherein the fluid-moving system
comprises a liquid reservoir, wherein the liquid reservoir is at
a higher elevation than the turbine.

3. The system of claim 1, wherein the fluid-moving system
is part of a cooling system for the building.

4. The system of claim 1, further comprising an electrical
energy storage device coupled to the generator and config-
ured to store electrical energy produced by the generator,
wherein the electrical energy storage device is configured to
supply electrical power to the liquid-moving system and/or at
least one of the computing devices, wherein the electrical
energy storage device is configured to supply back-up power
produced by the turbine system to the fluid-moving system or
at least one of the computing devices.

5. A system, comprising:

a building;

a fluid-moving system configured to provide energy to a

fluid, comprising:

one or more conduits at least partially in the building,
wherein the one or more conduits are configured to
convey fluid from one location to another; and

a pump configured to move fluid through at least one of
the one or more conduits; and

a turbine system configured to reclaim a portion of the

energy provided to the fluid by the fluid-moving system,

comprising:

a turbine comprising one or more runners in a flow of
fluid in at least one of the conduits; and

a generator configured to produce electricity from rota-
tion of at least one of the runners.

6. The system of claim 5, further comprising an electrical
energy storage device coupled to the generator and config-
ured to store electrical energy produced by the generator,
wherein the electrical energy storage device is configured to
supply electrical power produced by the turbine system to one
or more electrical systems in the building.

7. The system of claim 5, wherein the liquid-moving sys-
tem comprises a liquid reservoir, wherein the liquid reservoir
is at a higher elevation than the turbine.
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8. The system of claim 5, wherein the fluid-moving system
is part of a cooling system for the building.

9. The system of claim 8, wherein the fluid-moving system
comprises a cooling tower, wherein the cooling tower is at a
higher elevation than the turbine.

10. The system of claim 8, wherein the turbine system is
configured to supply electrical power to components of the
cooling system.

11. The system of claim 5, wherein the-moving system is
configured to move water condensed from utility steam,
wherein the turbine system is configured to produce electric-
ity from the flow the water condensed from the steam in the
fluid-moving system.

12. The system of claim 5, wherein the turbine system is
configured to supply electrical power to the pump of the
fluid-moving system.

13. The system of claim 5, wherein the turbine system is
configured to supply back-up electrical power to components
in the building.

14. The system of claim 5, further comprising a data center
in the building, wherein the data center comprises a plurality
of computing devices, wherein the turbine system is config-
ured to supply electrical power to at least one of the comput-
ing devices.

15. The system of claim 5, wherein the turbine system is
configured to supplement electrical power from one or more
other electrical power sources.

16. The system of claim 5, wherein the fluid-moving sys-
tem comprises a bypass line configured to bypass the turbine
system.

17. The system of claim 5, wherein the system comprises a
variable flow device, wherein the variable flow device is
configured to vary the size of a passage in the conduit to alter
the flow of fluid at the intake of the turbine.

18. The system of claim 5, wherein the turbine comprises a
counter-rotating set of two or more runners.

19. The system of claim 5, wherein the turbine system
comprises a runner-driven generator on the periphery of one
of the conduits.

20. The system of claim 5, further comprising a protective
screen device in at least one of the conduits, wherein the
protective screen device is upstream from at least one of the
runners of the turbine.

21.-27. (canceled)



