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(57) Abrégée/Abstract:
A modular emergency power system architecture (200) with a plurality of output power supply lines for feeding power to a
destination, in which the operational status of each output power supply line Is configurable. The architecture comprises a plurality
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(57) Abrege(suite)/Abstract(continued):

of load bars (208, 209) from which power Is delivered to the destination. The load bars (208, 209) are selectively connectable to
send power to or recelve AC power from a mains supply (202) and/or a DC bus (210) via one or more AC/DC power conversion
modules (212, 214). The DC bus (210) Is connected to recelve a secondary (e.g. emergency) power supply (218, 224). The
architecture may provide redundancy and on-the-fly reconfigurability to complement changes In the physical location of critical

components In the destination, e.g. caused by virtualisation, zoning or repair. The architecture Is operable as a stand-alone
uninterruptible power supply (UPS) or as an extended runtime generator for an existing UPS.




w0 20107038152 A1 I J]1 L0 ANV YO0 0 AR A A

CA 02771838 2012-02-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

8 April 2010 (08.04.2010)

(10) International Publication Number

WO 2010/038152 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:

H02J 9/06 (2006.01)

International Application Number:

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

+CLARZO07LIE DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
1 October 2009 (01.10.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Priority Data:

08181745 3 October 2008 (03.10.2008) GB (84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
Applicant (for all designated States except US): GM, KE, LS, MW, MZ, NA, SD, SL, SZ. TZ, UG, ZM,
LEANECO APS [DK/DK]; Jernbanegade 27, DK-6000 ZW), Furasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

Kolding (DK).

Inventor; and

Inventor/Applicant (for US only): MOTH, Klaus [DK/
DK]; c/o LeanEco ApS, Jernbanegade 27, DK-6000

Kolding (DK).

Agent: JOHNSON, Richard, Alan; Mewburn Ellis LLP,

33 Gutter Lane, London EC2V 8AS (GB).

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
—  of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: EMERGENCY POWER SUPPLY APPARATUS

202 200
= )
y. ___ - - - - I
| |
204
: )J 206 2071) v
| |
to essential ~ ‘T ““““““““““““““ T‘ . to critical
loads OC bus loads
- 211 2:.’}4
5\
~i Rectifier Rectifior |_ _/
/4\ Inv/erter Inverter ’——/
215 . 1/ . PCM
208 212 213 209
et //
- _Rectifer Rectifier "
/‘\-——| Inverter ——" .
!
215 { PCM
211
Load bar 1 > NC/OC Load bar 2
222
SC/ 218
| Battery /
220~
BPM
Ve DC/BC
228 / =
Fuel
Cell
2286 d Fuel Cell
Generator
210

FIG. 6

(57) Abstract: A modular emergency power system architecture (200)
with a plurality of output power supply lines for feeding power to a des-
tination, in which the operational status of each output power supply
line 1s configurable. The architecture comprises a plurality of load bars
(208, 209) from which power is delivered to the destination. The load
bars (208, 209) are selectively connectable to send power to or receive
AC power from a mains supply (202) and/or a DC bus (210) via one or
motre AC/DC power conversion modules (212, 214). The DC bus (210)
1s connected to receive a secondary (e.g. emergency) power supply
(218, 224). The architecture may provide redundancy and on-the-tly re-
configurability to complement changes 1n the physical location of criti-
cal components in the destination, €.g. caused by virtualisation, zoning
or repair. The architecture i1s operable as a stand-alone uninterruptible
power supply (UPS) or as an extended runtime generator for an existing

UPS.
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1

EMERGENCY POWER SUPPLY APPARATUS

FIELD OF THE INVENTION

This invention relates to emergency power supplies, e.d.

uninterruptible power supplies (UPSs).

L*]

INVENTION

BACKGROUND TO TH.

Sensitive equipment such as that found in IT data centres

(1.e. computer servers and the like) usually includes critical

elements for which it is important that there is no break in
power supply during operation. Some critical structures may even

be sensitive to ordinarily acceptable variations in power

supplied from a utility (e.g. mains power).

Conventlonally, power is supplied to such sensitive

equipment using an uninterruptible power supply (UPS), which can

guarantee a unbroken energy supply even during an outage in mains

power (described herein as a grid outage). Typically an UPS can

only cover a grid outage for a limited period of time. The time

P

limit may arise if the UPS emergency power is sourced from a

limited energy storage like re-chargeable batteries. The periocd
of time where the UPS can bridge a grid outage 1s denoted the UPS

runtime.

As many business come to rely on the permanent availability

of their IT systems, so the need to provide an emergency power

capability that can address a greater fraction of possible grid

outages at a given location increases. In other words, 1t 1s

F

desirable to increase the length of UPS runtime so that even long

ph=ty

grid outages (the occurrence probability of which may be very

low) can be handled without system downtime.

In addition to critical elements, which require an unbroken

power supply, IT systems may include other loads (e.g. cooling
systems or other support apparatus) which need to operate to

F

ensure safe running of the critical elements. These less

critical but nonetheless urgent elements (referred to herein as

“essential elements”) may cope with a break in the power supply,

but the duration of that break must be kept below a certailn
threshold. If the UPS runtime exceeds that threshold then it is

necessary to include in the UPS functionality an ability to power

the essential elements.
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2

To address the demand for increased runtime, a typical UPS

is fitted with either extended runtime battery storage or with a

generator (often a diesel generator) that kicks in after a

certain grid outage duration and thus limits the maximum grid

outage duration that 1s seen by the UPS.

fers from a

+ )

Increasing battery storage is simple but su:

number of drawbacks. Firstly, above a certain power level the

physical amount of batteries required can grow beyond any
practical level, whereby the solution becomes unpractical,

unreliable and excessively expensive to maintain. Secondly, it

™

can be difficult to power the essential elements because they are

(by definition) not connected to the critical power line.

Providing a diesel generator i1s a more complex solution

o~

that suffers from other types of drawbacks. Firstly, diesel

engines expose emission problems, noise and vibration. Secondly,

the installation can be complex, which makes the cost per kW very

high, especially for small systems/low power.

In practice the solution of increasing battery storage is

often used for low power applications (typically below 10 kW) and

a generator is used for important medium-high power applications

(say 80 kW and up) .

Figs. 1 to 4 illustrate emergency power supply systems
which embody the conventional principles discussed above. 1In
Fig. 1, a UPS 100 is connected on a critical power line 102
between a data centre 106 and either mains power 108 or a diesel
generator 110 depending on the status of an automatic transfer
switch (ATS) 104. Essential loads are connected to the ATS 104

by a non-critical power line 112, which bypasses the UPS 100.

When a grid outage occurs, the UPS 100 i1s arranged to

continue providing power to the critical loads using power from

battery 114 as an input. The ATS 104 is arranged to switch from
the mains power 108 to the generator 110 after a certain grid

outage duration. When the supply from the generator 110 1is

online the essential loads will begin to receive power again and

the UPS 100 can source power from the generator 110 from its
inlet to power the critical loads and recharge the battery 114.

The essential loads suffer a downtime until the generator

—

110 kicks in. The size of the battery 114 1s typically chosen to

cope with most start-up obstacles of the generator 110 such that

the power sources for the UPS 100 do not fail even if several

start attempts or even minor repairs are needed to the generator.
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3

The system shown in Fig. 2 is similar to that shown in Fig.

1, and where appropriate the same reference number 1s used for

like components. In Fig. 2 the generator is implemented an AC

fuel cell generator comprising a fuel cell 116 connected via a

DC/AC converter 118 to the ATS 114. This arrangement may provide

a faster and more reliable generator start-~up, so the battery 114

may be smaller than the Fig. 1 systemn.

The system shown in Fig. 3 is similar to that shown in Fig.

P

2, and where appropriate the same reference number is used for

like components. In this system the UPS 100 will never see a

shortage of battery power (i.e. it is an “infinite battery”
arrangement) because the fuel cell 116 is connected via a DC/DC
converter 120 to the UPS battery input in parallel with the

battery. However, in this system the essential loads are not

supported.

The system of Fig. 4 is a special variant of the Fig. 3
arrangement which is disclosed fully in US 2008/0067872. 1In this

arrangement the UPS 100 contains a bi-directional converter which

allows the UPS 100 to supply the essential loads during a grid

outage by the fuel cell generator.

Fig. 5 shows a typical implementation of double conversion

UPS which is suitable for use i1n the systems shown in Figs. 1 to

3. The UPS 100 consists of a rectifier 122 that converts power

delivered from the ATS 104 (e.g. from the mains 108 or a

generator during mains outage) into DC for supplying a DC bus
126. The DC bus 126 is connected to the critical load line 102

via an inverter 124 that converts power on the DC bus into AC

power having the correct voltage and a frequency that is

independent of what goes on in the grid supply.

The UPS may be distributed over a number of racks within
the data centre. Fach rack may have a UPS module 130 associated
with it, each UPS module 130 containing a rectifier 122 and

inverter 124. The mains power (power from ATS 114) 1is
distributed to the inlets of the UPS modules via a grid AC rail

—

128 and outputs of the UPS modules are all fed into an outlet AC
rall 132 that feeds the critical power line 102.

In a modular system like this one can 1ndividually

dimension the system to match the demand for power capacity and
add extra UPS modules beyond the needed net power consumption in

—

order to offer redundancy and thus increase of power availability

through fault tolerance.
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For example, in a system where the net power demand is 30

kW, the net power may be covered by three 10 kW UPS modules, but
an additional module may be added to provide N+1 redundancy (the
modules share the load) thereby offering the ability to lose one

module due to a fault without failing to deliver full power to

the critical load.

i g

SUMMARY OF THE INVENTION

At its most general, the invention proposes a modular

emergency power system architecture with a plurality of output

power supply lines for feeding power to a destination, in which

the operational status of each output power supply line is

configurable. The invention may be suitable for any critical

infrastructure e.g. used by a professional knowledge-based

enterprises, but may also be fit for residential applications or

even vehicles for transportation. The destination may be a data

centre, wherein the power 1s used for various IT applications.

In one aspect, the invention may provide emergency power

supply apparatus comprising: a plurality of load bars for
conveying power to a destination; a switch unit for selectively

connecting each load bar to a primary power source; a DC bus

arranged to receive DC power from a secondary power sSource; pPoOwer

conversion means connected between the DC bus and the plurality

of load bars; and a controller i1n communication with the power

conversion means to set a power transfer direction between each

load bar and the DC bus thereby to control an operational state

for each load bar.

Each load bar may represent a power rail from which one or

more applications (i.e. loads) in the destination can draw power.

Each load bar may be switchable by the controller between the

following operational states:
— DC bus
active its power is transferred to the DC bus via the power

4

feed, in which when the primary power source is

converslion means;

- AC export, in which when the primary power source is

inactive power from the DC bus is transferred to the load bar for

export from the apparatus:;

- critical {(no break) AC feed, in which unbroken power from
the DC bus is fed to the destination at all times; and

- urgent (minimal break) AC feed, in which when the primary

power source is active power is fed from it directly to the
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destination, but when the primary power source is inactive power
1s fed from the DC bus to the destination. The switch unit may

be arranged to disconnect the primary power source from all of

the load bar when the primary power source is inactive. If the

inactivity is a “brown out”, i.e. the primary power source is

operating outside of its nominal voltage or frequency window, the
switch unit may be arranged to connect to a load bar that

occuples solely the DC bus feed state, since power conversion
modules in the rectifier state may still operate for the primary
power source even though it may not deliver power in the right

form for powering applications in the destination. This
arrangement may increase runtime.

The operational states described above are derived from a

e

combination of the switch unit status and power conversion means
status. For a first load bar in the urgent (minimal break) AC
feed state, the switch unit connects the first load bar to the
primary power source, so that the primary power source 1is
avallable on that load bar when it is active. If the first load

bar 1s connected to applications 1n the destination, those

applications receive power from the primary power source

directly. If there is a grid outage those applications may
experience a break in power until the load bar can receive power

from another source. Hence the first load bar is not connected
to critical applications.

)

The primary power source may comprise a plurality o:

independent power sources, e.g. a plurality of different mains
supplies. The switch unit may comprise a plurality of switching
elements arranged to permit each independent power source to be

connected to each load bar. With this arrangement, redundancy
can pbe built into the switch unit.

The power conversion means may also be arranged to transfer
power from the first load bar to the DC bus, i.e. a single load
bar occupying the urgent (minimal break) AC feed state may also

be arranged simultaneously to occupy the DC bus feed state when

the primary power source is active. There may be one or more

load bars dedicated to transferring power to the DC bus.

The power conversion means or controller may be arranged
to detect a grid outage and in response arrange for the load bars
occupying the urgent (minimal break) AC feed state to receive

power from the DC bus. Power may be transferred from the DC bus

to the load bars occupying the urgent (minimal break) AC feed
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"erred only

state in a controlled manner such that power 1s trans:

when the power capaclity deliverable by the secondary power source
the threshold level may

is above a threshold level. For example,

be achieved when a long term power source, e.d.

generator or the like, is powered up and online.

In certain circumstances a load bar occupying the urgent
c connection

(minimal break) AC feed state may be switched out o:

with the primary power source and fed from the DC bus even when
For example, this may be done during

fuel cell

there is no grid outage.
periods where the cost of power from the primary power source 1is

high.
In other circumstances the level o3

bus may exceed the power requirement of the destination. This
the power

may be done intentionally. When this happens,
ns may be arranged to export power from a load bar

- power fed from the DC

conversion meg
to the mains, e.g. by connecting a load bar that is sourcing

from the DC bus to the primary power source (when it 1is
There may be one or more load bars

power
active or inactive).

dedicated to exporting power.
For a second load bar in the critical (no break) AC i

feed

state, the switch unit is arranged to isolate the second load bar

from the primary power source, so that the primary power source

is not available on the second load bar even when 1t is active.
"er power from the

The power conversion means 1S arranged to trans:
The second load bar therefore

DC bus to the second load bar.

only sees power from the DC bus and does not necessarily know

where that power is ultimately sourced from.
When the primary power source is active, the DC bus may

receive power therefrom via a load bar occupying the DC bus feed
source is inactive or there are no

state. When the primary power
load bars occupying the DC bus feed state, the DC bus may receive
source. The secondary power

power from the secondary power
source may include a renewable energy source, e.g. photovoltaic
DC bus

cell or the like, arranged to provide DC power to the .
Power from the DC bus may be used to

under certain conditions.
supplement power drawn from the primary power source on a load

bar in the urgent (minimal break) AC feed state. The renewable
Feed a dedicated DC bus connectable to the

energy sources may !

load bars for this purpose.
The destination may be partitioned into a plurality of

Each load bar may be connected to a respective zone.

Z0oNnes.
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Fach load bar may be connectable to a plurality of zones to

provide additional flexibility. The invention can permit the

operational status of a zone to be changed without physical

F

rearrangement of hardware. Thus, 1in one embodiment a first load

bar supplying a first zone may change from the urgent (minimal
break) AC feed state to the critical (no break) AC feed without

having to power down or break power to the applications in the

first zone. This may be achleved by arranging the power

conversion means to provide power capacity on the DC bus to

support the first load bar, and then gradually to switch power

provision to the first load bar from the primary power source to
the DC bus.

This concept may have particular advantages when the

destination comprises a plurality of physical servers where
virtualisation is used. For example, virtualisation may permit

all critical activities to be undertaken in a limited number of

(e.g. one or two) zones. Only these zones need to be fed by load

bars occupying the critical (no break) AC feed state. This can

allow the secondary power source capaclity to be optimised.

Furthermore, the invention may permit different zones 1in the

destination to be assigned critical status (and hence be of use

—

for virtualisation) without rearrangement of physical hardware in

the power supply. The power supply apparatus thus provides

flexibility to facilitate virtualisation in the destination.

The power conversion means may comprise a plurality of
power conversion modules, each power conversion module being
connectable between the DC bus and each load bar and when active

being arranged to occupy a single operating mode at any point in

time. The power transfer function of the power conversion means

may be implemented by assigning an operating mode to one or more

——

of the power conversion modules. The controller may be arranged

to determine which (e.g. how many) power conversion modules
should be active, which load=bar each active power conversion
module should be connected to, and which operating mode each
active power conversion module should occupy. Thus, the

controller may control the operating state of each lcad bar by

suitably configuring the power conversion modules and the switch
unit.

Each active power conversion module may be arranged to

—

occupy one of the followlng operating modes:
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- rectifier mode, in which the power conversion module 1is

connected to one of the load bars to transfer power therefrom to
the DC bus; and

~ inverter mode, in which the power conversion module 1s

connected to one of the load bars to transfer power thereto from
the DC bus.

A plurality of power conversion modules occupying the same

operating mode may be connected to a common load bar. The
controller may be arranged to determine how many power conversion
modules make up the plurality. The determination may be based on

a desirable or required power capacity for the common load bar.

Moreover, the controller may be able to select a redundancy level

_

for the common load bar through control of the number and

operation modes of the plurality of power conversion modules.

Where the destination comprises a plurality of zones, each

zone may be connectable to one or more of the load bars, which in

r—

turn may be supplied by a plurality of power conversion modules.

The capacity and redundancy for each zone may be controllable,
e.g. selectively adjustable. The controllability may be used to
support individual zoning characteristics, such as reduced power
capacity during grid outages (load shedding), reduced cooling

during grid outages, or in response to a specific start up order

(sequencing). The power consumption of a zone or a load bar may

be detected e.g. by the controller. This may be advantageous
when power saving schemes are implemented in the destination,

e.g. to concentrate active applications in a few zones.
Detection of reduced power in the destination may lead to

deactivation of one or more power modules in the apparatus. This

may save the quiescent losses of the power conversion modules

which are shut down.

F

The plurality of power conversion modules connected to the

common load bar may be connected in parallel 1n a load sharing
manner, e.g. using droop control or the like. FEach power

conversion module may comprise a bi-directional converter or a

rectifier element and an inverter element. When occupying the

rectifier mode, each power conversion module may function as an

output voltage controlled rectifier. When occupying the 1nverter

mode, each power conversion module may function as either an

output voltage controlled inverter or as an output current

controlled inverter. If the power conversion module 1s connected

in the inverter mode to a load bar occupying the AC export state,
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the power conversion module preferably functions as an output

current controlled inverter.
The controller may be arranged to synchronise the AC

1}

signals from a plurality of the power conversion modules

connected in inverter mode to a common load bar.
The load bar to which each power conversion module is

connected and/or the operating mode of each power conversion

module may selectively adjustable, e.g. via instructions from the

controller. For example, the bi-directional converter may be

changed from the rectifier mode to the inverter mode depending on

the operating state of the load bar to which it is connected or
to which it is to be connected. The bi-directional converter may

be a current limiter arranged to run down its output before mode

switching. Where a plurality of power conversion modules are

attached to a common load bar in a load sharing manner, the loss

of power cause by running down one of the power conversion
modules can be compensated by the remaining modules.
The apparatus may be arranged to detect the status of the

primary power source and to control the operational states of the
load bars based on the detected status. In one embodiment, the
switch unit may be arranged to detect the status of the primary
power source and to communicate the detected status To the power

conversion modules connected to a lcocad bar that i1s connected by

the switch unit to the primary power source, whereby the
operating modes of the power conversion modules are selectable

based on the communicated detected status. This arrangement may

and

permit activation of power conversion modules occupylng the

inverter mode connected to a load bar occupylng the urgent
(minimal break) AC feed state if the primary power source becomes

inactive, e.g. delivers no power or operating outside of its

nominal window of voltage and frequency. In other words, the

power conversion means is dynamically controlled to provide the

necessary power transfer for the load bars based on their

respective operational states.

In one embodiment, each power conversion module connected
to a load bar occupying the urgent (minimal break) state may be
arranged to determine whether or not power from the primary power

source is present on the load bar, and if no power from the

primary power source is detected, to operate in the inverter
mode. Thus, the power conversion modules may select their

operating mode autonomously. Alternatively, the power conversion
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10

module may be arranged to monitor its own powéer deliver (in

P

rectifier mode) since this goes to zero if the primary power

source becomes 1lnactive.
The primary power source may be an AC source, e.g. mains
power from a utility. In one embodiment, the switch unit may

apply a detection signal to a power signal from the primary power
source, and the power conversion modules may be arranged to

recognize the detection signal to determine whether or not power

from the primary power source is present on the load bar. 1In

another embodiment, the power conversion modules connected to a

load bar occupying the urgent (minimal break) state may be

i 1]

arranged to operate in the inverter mode to move the frequency o:

the load bar above the frequency of the power signal from the

primary power source, and the power conversion modules may be

arranged to detect the fregquency on the load bar to determine

whether or not power from the primary power source is present on

the load bar. Alternatively, the primary power source may be a

DC source. 1In this case the load bars may carry DC power and the

power conversion means may be arranged to perform suitable DC/DC
conversion between them and the DC bus.

The secondary power source may include a internal or

external DC generator, such as a fuel cell generator or

photovoltaic cell or microturbine. The secondary power source

may include a bridge power module arranged to maintain the

voltage of the DC bus in the event of a power outage at the

primary power source. The bridge power module is preferably

arranged to maintain the DC bus voltage at level to feed
adequately the load bars operating in the critical (no break) AC

feed state for the time it takes to activate other (e.g. more

permanent) power sources, e€.g. a DC generator. The bridge power

module may 1nclude a supercapacitor or battery. The bridge power

module may also serve as a limiter of the load step dynamics seen

by other (slower) modules in the secondary power source e.g. a

fuel cell, as the bridge power module may cover for rapid changes

in power demand. The bridge module may be charged from the DC
bus. The bridge module may be charged by other modules in the

secondary power source, e.g. via the DC bus.

Power may be provided to the DC bus from a plurality of

sources according to a priority protocol, e.g. under the control

F

of the controller. The priority protocol may be arranged to

ensure that only one of the sources providing substantially all
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of the power to the DC bus when the voltage of the DC bus lies in

a predetermined (preferably user programmable) range. The

"

priority protocol may be effected automatically. For example,

one or more power control modules operating in the rectifier
mode, the DC generator and the bridge power module may be
arranged to provide power to the DC bus autonomously according to
a three level priority protocol. Priority protocol of more than

three levels may be implemented. In one embodiment, the delivery
voltage of the power control modules is set to be greater than

the delivery voltage of the DC generator, which in turn is set to

be greater than the delivery voltage of the bridge power module,

whereby the source of power transferred to the DC bus is

automatically selected based on the voltage of the DC bus. An

external DC source may be connected to the DC bus, e.g. from the

DC bus of a parallel apparatus. If the voltage of the DC bus is

higher than the preset output voltage of the power conversion

modules set to fed it, those power conversion modules will stop
producing current. The priority protocol may be adjustable on-

F

the-fly. This may be advantageous if the secondary power source

include renewable energy sources whose power output may be

variable. When such energy source are active, it may be

desirable for them to dominate the power supply, even taking
priority over the primary power source. The control unit may
cause the renewable energy source to deliver an output voltage

greater than that derived from the primary power source, so that
power on the DC bus 1s dominated by the renewable energy source.
The controller may be arranged to adjust the availability

e

oL power on a load bar that is fed from the DC bus. The

controller may be arranged to measure the power drawn from each

DC bus-fed load bar and determine based on the power drawn and a

current maximum power avallability for that load bar (i.e. the

number and capacity of power conversion modules connected in an
inverter mode between the DC bus and load bar) whether the

current number of connected power conversion modules should be
increased or decreased. In one embodiment, the controller is

arranged to set an availlability frame associated with a load bar.

The availability frame may correspond to a drawn power level

range. If the drawn power exceeds the range, the controller may

increase capacity to maintain the availability. If the drawn

power 1s less then the range, the controller may reduce capacity
to still meet the required availability. The availability frame
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for a DC bus—-fed load bar may be calculated by the controller

based on the current number of power conversion modules supplying

that load bar.
The switch unit may be arranged to detect the status of the

primary power source and disconnect the load bars from the

primary power source 1f the primary power source 1s inactive.

The configurability of the apparatus of the invention

enables 1t to perform the functions of both an extended run

generator (l1.e. back up power source for a UPS) and as a UPS in

its own right. Moreover, the apparatus may be switchable between

the two states without loss of power at the destination. An

pu—

advantage of this on-the-fly reconfiguration is that it

facilitates repair or replacement of UPS components. It also

gh—

allows post—-installation testing of a power conversion module on

an urgent load bar before engaging 1t onto a critical load bar.

Accordingly, in another aspect, the invention provides an

extended run generator for providing back up power to a

conventional uninterruptible power supply for critical loads in a

F

destination in the event of a grid outage, the generator

comprising apparatus as described above having a first load bar

occupying the urgent (minimal break) AC feed state connected to

the conventilonal uninterruptible power supply (conventional UPS).

The conventional UPS thus receives the power on that power bar.

In the event of a grid outage (1.e. loss of power from the

primary power source), the controller may be arranged to activate

the secondary power source 1n the generator and configure the

power conversion means to transfer power from the DC bus to the

first load bar. Meanwhile, the switch unit may disconnect the

first load bar from the primary power source. When the secondary

power source is online, the conventional UPS can source power

from the first load bar once again. During the window between

grid outage and bringing the secondary power source online, the

conventional UPS may provide power to the destination from an

Mgt

B

the secondary power source of

Hh

inbuilt bridge power module.
the extended run generator has a bridge power module, e.q.
supercapacitor or the like, the window between grid outage and
bringing the secondary power source online may be short, thereby
saving the back up power capacity required in the conventional
UPsS.

The conventional UPS may be connected to critical
applications in the destination. The generator incorporating the
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apparatus of the invention may has a second load bar occupying

the urgent (minimal break) AC feed state which bypasses the
uninterruptible power supply to connect directly to urgent (i.e.
important, but non critical) loads in the destination. When
there is a grid outage, the urgent loads in the destination see a
break in power that 1s present on the second load bar. However,

when the second power source is online, the controller may be

arranged to configure the power conversion means to transfer

power from the DC bus to the second load bar to provide power to
the urgent loads. The controller may be arranged to delay

switching power from the DC bus to the second load bar, e.g.

until a DC generator in the secondary power source is online

(1.e. fully operational).

If the conventional UPS needs repair, the extended run

generator may be reconfigured on-the-fly as a UPS. Thus, the

controller may be arranged to reconfigure the power conversion
means to cause the second load bar additionally to occupy the DC

bus feed state and then the first load bar to occupy the critical

(no break) state, to permit removal or testing of the

uninterruptible power supply. In other words, the second load

bar is arranged to feed the DC bus from the primary power source

and the power conversion means is configured to deliver power

from the DC bus to the first load bar. When the power

transferable from the DC bus exceeds a predetermined level (i.e.

the power capacity and availability switched into the first load

pbar from the DC bus is above a set threshold) the switch unit may

disconnect the first load bar from the primary power source so

that 1t receives power only from the DC bus. If there is a grid

outage, a power transfer failure from the second load bar to the

DC bus may cause the secondary power source to be activated.

- This may occur using the priority protocol outlined above. The

fer a break in power supply and

N

DC bus voltage may thus not su:

hence the first load bar may continue to supply power without a

break.

P

When there 1s a grid outage the parts of the power

conversion means that were previously feeding the DC Bus while

the grid was present may become available to work in an inverter

mode to feed the second load bar (as soon as the secondary power

source 1s ready to do so). The apparatus thus provides extended

runtime power for the urgent (minimal break) AC feed load bar
with no additional hardware. , o




10

15

20

23

30

35

40

CA 02771838 2012-02-22
WO 2010/038152 PCT/IB2009/007118

14

The apparatus of the invention may thus be incorporated

into an uninterruptible power supply (UPS) for providing unbroken

power to critical loads in a destination in the event of a mains

outage. The UPS may comprising apparatus as described above

having a first load bar connected via the switch unit to the

mains and occupying the DC bus feed state, and a second load bar

occupyling the critical (no break) AC feed state connected to the
critical loads.

The first load bar or a third load bar may be connected to
urgent loads 1n the destination and configured to occupy the

urgent (minimal break) AC feed state.

Other aspects of the invention may include a method of

reconfiguring the apparatus, a method of implementing the

priority protocol and computer program products having executable

instructions thereon which when executed by a computer perform
those methods.

BRI

(=l
]
)

BESCRIPTION OF THE DRAWINGS

g

Examples of the invention are discussed below with

reference to the accompanying drawings, in which:

—

Fig. 1 1s a schematic view of a conventional emergency

power supply system, and is discussed above;
Fig. 2 1s a schematic view of another conventional

emergency power supply system, and 1s discussed above;

pr—.
S

Fig. 3 is a schematic view of yet another conventional

emergency power supply system, and is discussed above;

v

Fig. 4 is a schematic view of yet another conventional

emergency power supply system, and is discussed above;

yor-——

Fig. 5 is a schematic view of a conventional double

conversion UPS;

Fig. 6 is a schematic view of emergency power supply

apparatus that i1s an embodiment of the invention;

Fig. 7 is a schematic view of an emergency power supply

Y

system having an extended run generator that is an embodiment o:

the invention in a normal configuration;

gritoge

Fig. 8 is a schematic view of the emergency power supply

system shown in Fig. 7 in a grid outage configuration;

Flg. 9 is a schematic view of an emergency power supply
system having an uninterruptible power supply that is an

embodiment of the 1nvention in a normal configuration;
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Fig. 10 is a schematic view of the emergency power supply

system shown in Fig. 9 in a grid outage configuration;

Fig. 1l 1s a flow chart showing steps for reconfiguring an

extended run generator as an uninterruptible power supply;

Fig. 12 1is a schematic view of a modular emergency power

supply system that is an embodiment of the invention arranged to
supply a destination partitioned into zones;

Fig. 13 is a diagram illustrating the priority protocol for
power supply to the DC bus;

Fig. 14 is a schematic view of a master switch unit
connectable to more than two load bars; and

F

Fig. 15 is a schematic view of the connectivity between a

DC bus and more than two load bars.

L~

DETAILED DESCRIPTION; FURTHER OPTIONS AND PREFERENC S

Fig. 6 shows emergency power supply apparatus 200 that is a

—

first embodiment of the invention. The apparatus comprises a

master switch unit 204 connected to a primary power source 202,

which may be mains power supply from a utility. The switch unit

has a first switch 206 for selectively connecting the primary

power source 202 to a first load bus 208 (load bar 1) and a

second switch connected in parallel with the first switch 206 for

selectively connecting the primary power source 202 to a second
load bus 209 (load bar 2). The load buses 208, 209 (hereinafter
load bars) may thus be individually connected to or disconnected

from the primary power source by the switch unit 204. The master

switch unit 204 may be a piece of dedicated apparatus (e.g. a
plug-in module) as discussed in the embodiments below, or may be

incorporated as part of a rack or backplane system in which the
apparatus 1s installed.

The load bars 208, 209 may each be connected to one or more
applications requilring power in a destination (not shown). For

gramy

example, one of the load bar may be connected to supply power to

“essential” loads, which are applications that need to operate in
the destination for it to function properly but that can

experience a break in power supply. Another of the load bars may
be connected to supply power to “critical” loads, which are
applications that need to operate in the destination for it to

function properly but that are sensitive and cannot experience a
break in power supply.



10

15

20

25

30

35

40

CA 02771838 2012-02-22
WO 2010/038152 PCT/IB2009/007118

16

Load bars which supply power to essential loads may source

thelir power directly from the primary power source, e.g. via the

relevant switch in the switch unit. For example, 1f the first

load bar 208 in Fig. 6 was to supply power to essential loads

when the primary power source was active, first switch 206 would

be closed. In contrast, load bars which supply power to critical

loads do not source their power directly from the primary power
source to ensure that any unexpected breaks e.g. due to a grid

outage 1s not seen by the critical loads. Thus, if the second
load bar 209 in Fig. 6 was to supply power to critical loads when

the primary power source was active, first switch 207 would be

open.

e

Instead of receiving power directly from the primary pOwer

source, a load bar which supplies power to one or more critical

loads sources its power from a DC bus 210 having a voltage that

1s maintained above a threshold level by power from other sources

(discussed below). The power 1s transferred from the DC bus 210
to the load bar by a power conversion means, which in this
embodiment includes a power conversion module (PCM) 212 operating

as an inverter (performing DC to AC conversion).

The power conversion means in Fig. 6 comprises a pair of
PCMs 212, 214. Each PCM 212, 214 is connectable to each of the
load bars 208, 209 as either a rectifier or a inverter. In this

embodiment this functionality is provided by separate rectifier
and 1lnverter components 211, 213 in each PCM and a signal path

with switching elements 215 for selectively connecting one of the

i

rectifier or inverter components 211, 213 to one of the load bars
208, 209.
The DC bus 210 may receive power from a number of sources.

For example, 1f the primary power source 202 is active, power may

pe transfer from a load bar that is sourcing from the primary

power source 202 by the power conversion means, which in this

example may include a PCM 214 operating as a rectifier (performed

AC to DC conversion). The load bar feeding the DC bus may be

dedicated to that purpose, i.e. it need not also feed loads in

the destination. This may be useful, e.g. for charging

components in the bridge power module (see below) or simply to
maintain the DC bus 210 at a given voltage when the grid is
active.

Referring to Fig. 6, if the primary power source 202 is

active and switch 206 is closed, AC power from the primary power
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source is present on the first load bar 208. In this case,

rectifier 216 in PCM 214 may source the first load bar 208 to

)

provide DC power to the DC bus 210. If the primary power source

202 1s not active, or the power conversion means is not arranged

to transfer power from a load bar to the DC bus 210, the DC bus

may receive power from a secondary power source connected

directly to the DC bus. The secondary power source may comprise

a plurality of elements. As shown in Fig. 6. 1t may include a

bridge power module (BPM) 218. The BPM may be optional in

arrangements which do not require a load bar occupying the

critical (no break) AC feed state. For example, 1f the apparatus

18 arranged to operate as an extended run generator it may not

need a BPM. However, a BPM may be useful in an extended run

generator mode, e.g. to cover for rapid variations in the load

demand on the DC load bus. The BPM 218 may be a short term power

supply, e.g. arranged to mailntailn a voltage level for seconds or

minutes. In this embodiment the BPM 218 comprises a

supercapacitor or battery 220 for outputting DC power and a DC/DC

converter 222 for converting the output DC power to a suitable

ltevel for the DC bus 210. The secondary power source may ailso

include a fuel cell generator module 224. The fuel cell

generator module 224 may be a longer term power supply, €.d.

arranged to maintain a voltage level for minutes, hours or even

days. In this embodiment the fuel cell generator module 224

comprises a fuel cell 226 for outputting DC power and a DC/DC

converter 228 for converting the output DC power to a suitable

level for the DC bus 210. An operating protocol for the

different possible sources of power for the DC bus 210 is

discussed below with reference to Fig. 13.

p—

It can be seen in Fig. 6 that the operating states of the

first and second locad bars 208, 209 depend on the configuration

of the switch unit 204 and the power conversion means (in this
embodiment provided by the PCMs 212, 214). A controller (not
shown) may be provided to configure the apparatus, e.g. by
setting which load bar 208, 209 the PCMs 212, 214 connect to and
in which direction they transfer power and by setting the switch
state of the switch unit 204.

There are two PCMs in Fig. 6. Other embodiments may have

more than two PCMs that are each connectable the load bars by

means of a built-in switch mechanism. Each PCM may be

gt

connectable to any of the load bars. In practice each PCM is
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only connected to one load bar at any point in time. Each active

PCM may be able to occupy one of two operating modes to convert

power in one of two directions respectively. In an inverter mode

the PCM may act as an inverter (DC/AC); in a rectifier more the

PCM may act as a rectifier. The PCM comprises either a bi-

directional converter which can switch between the modes or two

individual modules that are each unidirectional, one being an

inverter and the other a rectifier, in which only one of the
individual modules is operational at any point whilst the PCM is
active.

Where the PCM comprises a bi-directional converter, it also

includes a switch mechanism operable to switch between the

rectifier mode and inverter mode. The switch mechanism may only
be operated when the converter is “in-active”, i.e. normally not
during operation.

Although only two load bars and two PCMs are illustrated in

Flg. 6, 1t may be appreciated that the system is fully scalable,

and any number of load bars may be used. For full functionality

it is desirable to have at least the same number of PCMs as load

bars. However, it may be preferable to have many more PCMs than

load bars to permit flexibility in configuration and to provide

redundancy where redquired. This may be achieved by furnishing a
single system with many PCMs and/or setting several systems in
parallel. In particular, the invention may permit a PCM to be

p—

installed and initialised by a test on one of the load bars that

does not carry a critical load. Based on a successful test they

may be re-allocated to a critical load bar. This procedure can

be carried out whilst the system is operational and with only one
installation operation, i.e. it is not necessary physically to
reinstall the PCM when it is re—allocated to another load bar.

Similarly, individual PCMs can be disengaged under full control

and subsequently be replaced or repaired without any change to

the nominal system. This substantially reduces the probability of

faults and human errors.
The fuel cell generator module 224 that feeds the DC bus
210 could practically be any kind of known generator technology

providing a DC output power.

f—
—

The BPM 218 has a energy capacity that is capable of

bridging the gap 1n between loss of the grid and the time where

the fuel cell generator is ready to supply full power, e.g. after
a start-up sequence. To meet the demand for power capacity and/or
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redundancy a plurality of BPMs may be applied similar to

paralleling PCMs. The BPM may be based on re-chargeable batteries

or more likely ultra capacitors (to offer a battery-free system)

and may include a DC/DC converter to ensure that the output DC

power meets the DC power protocol. The BPM may be charged with

power from the primary power source 202 such that it is always

ready to help maintain the DC bus voltage. For example, the BPM

may be charged via a dedicated load bar from the switch unit 204
or via any active load bar.

The BPM 218 kicks 1n when the rectifier 216 fails to
support the DC bus 210, but it is replaced by either the fuel

cell generator 224 as soon as it is capable of producing

sufficient power following the start-up procedure or the

rectifier 216 if the primary power source 202 returns again

before the DC bus 210 has received power from the fuel cell

generator 224.

All of the modules discussed above (connected in parallel

at DC or AC outlets) are stackable by means of known Droop

control or P-control (a “soft” I-V-characteristic) principles.
This permits the modules to share the load on the bus.

The apparatus may include a control unit (not shown in Fig.

6) arranged to configure the apparatus, e.g. to control settings

of the switch unit 204 and the active PCMs. The control unit may

set an operatlonal state for each of the load bars through its

control of the switch unit 204 and by setting operating modes of

the PCMs. An example 1n which the control unit changes the

system function from an extended run generator into a combined

UPS and extended run generator by controlling only the switch

unit and PCMs 1s described below with reference to Fig. 11. No

physical alteration of hardware is required to achieve that
change in function.
The control unit’s main function is to set the

iy

configuration of the system. Broadly speaking this is achieved

by disengaging PCMs from their current load bar and connecting
them to another destination. In this way, it is possible to:

~ change the operational state of one or more load bars,

e.g. to change the overall function or setup of the apparatus,

e.g. 1n the event of a grid outage;

- move power capacity from one load bar to another line

(e.g. to 1ncrease or decrease the number of PCMs feeding a

critical load bar or sourcing from an essential load bar), e.g.
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to cover a PCM failure or to permit power down and removal of PCM

e.g. for testing or repair;

- change the redundancy protection for each load bar, e.g.
to re—-establish a redundancy on an critical load bus in the event

'l

of a PCM failure;

- regaln system availability for the critical line in case

of faults in one or more of the modules at that power line (in

one example this may be achieved by sacrificing redundancy on a

less important load bar).

The control unit may include a user interface arranged to

permit a user to input instructions for reconfiguration. For

safety, 1f the control unit receives a request for system

reconfiguration e.g. from the user interface, it may be arranged

to calculate the present availability of the system and evaluate

the consequential availability after reconfiguration before

allowing the system configuration to change. The control unit

may check the consequential availability against a set of rules

for redundancy set for the system by the user to check that the

reconfiguration 1s permissible.

-

One important benefit of the flexible configurability of

the apparatus of the invention is the ability to test a PCM on a

load bar for “essentlial” loads before switching into a load bar

g

for “critical” loads. Such testing may be under the control of

the control unit.

The control unit may reconfigure the apparatus for further

reasons, including any one or more of:

- load shedding, i.e. diverting power away from “essential”

load bars during a grid outage to save energy and hence obtain an
even longer runtime;
- peak shaving, i.e. initiating the secondary power source

to effect on-site power generation whenever the electricity price

is high;

- power saving, 1l.e. reducing power consumption at

traditionally low—-traffic hours;

~ power regulation, 1.e. transferring automatically to

1slanding (isolation from primary power source) or initiating the

—
—

secondary power source to effect on-site power generation in

response to a transmission system operator (TSO) request (e.g. to

achieve a grid-balancing effect).

In configurations where on-site power generation occurs,

e.g. during a grid outage or during peak shaving or power
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regulation, if excess power is generating a load bar may be

connected to export power from the apparatus.

The apparatus shown in Fig. 6 may function as an extended
run generator or as an uninterruptible power supply with built-in

extended run generator. The configurations of the apparatus when

performing these functions is described below with reference to

Figs. 7 to 10.
Figs. 7 and 8 shows a schematic view of an emergency power

supply system 300 having an extended run generator provided by

apparatus similar to that shown in Fig. 6. 1In Fig. 7 the system

1s in a first configuration corresponding to the grid being up

(1.e. the primary power source being active). 1In Fig. 8 the

system 1s in a second configuration corresponding to a grid

outage (no power from the primary power source). In this system,

-

the apparatus of the invention may act as a replacement of a

traditional diesel backup generator, i.e. to supply a data centre

with electrical power through an uninterruptible power supply
system.
The system 300 comprises a switch unit 304 attached to the

primary power source 302 (e.g. mains AC power from a utility).
The switch unit 304 splits the mains power into two parallel load
bars 308, 309, each having a corresponding switch 306, 307 to

selectively connect it to the mains. In the extended run

generator configuration with the mains active, both load bars
308, 309 are connected to the primary power source 302.

A first load bar 308 is connected to deliver power to a

conventional UPS 312, which in turn feeds critical applications

€.g. computer servers 310 at the destination. A second load bar
309 1s connected directly to essential (but non-critical)

applications e.g. cooling systems 311 at the destination.

In this embodiment five power conversion modules (PCMs)

314, each of which comprises a bi-directional converter, provide

the power conversion means function. FEach PCM 314 has a first

signal line 316 that is connectable via switch 320 to the first
load bar 308 and a second signal line 318 that is connectable via
a switch 322 to the second load bar 309. If further load bars
are present, the PCMs 314 may be provided with additional signal

N

lines and switches accordingly. The switches are arranged so

that at most one switch is closed at any time, i.e. so that each

PCM 1s never connected to more than one load bar.
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In Fig. 7 the PCMs 314 are all inactive, i.e. in standby
mode.

Each PCM 314 is also connected to a DC bus 324 by a DC
signal line 326. The DC bus 324 is connected to a secondary
power source 328, which in this embodiment comprises a

—

combination of three elements connected in parallel: (i) a

plurality of supercapacitors 332, (ii) a plurality of fuel cells

330 and (iii) a plurality of photo-voltaic cells 334. The fuel

Cells 330 may be implemented as a traditional diesel generator

adapted to output DC power. The supercapacitors 332 are an

P

example of a bridge power module (BPM) and they may be optional,

depending on how quickly the secondary power source needs to come

online. The supercapacitors can also serve to filter any fast
load steps (i.e. rapid rise in power demand on the DC bus), which
may protect the fuel cells against high slope variations. The

basic function of a BPM is to reduce the outage duration to

maintain power while starting the fuel cells. This will reduce
the outage duration and thus limit the ocutage conseqguences at the

second load bar and reduce the amount of energy storage

(typically batteries) that is needed for the external UPS.

The reduction of UPS runtime may allow the UPS to

completely eliminate lead acid batteries by replacing them with
better battery technology or even a super capacitor storage.
If the grid is active (as it is in Fig. 7), no power

transfer is required to or from the DC bus, hence the switches
320, 322 are all open. The secondary power source may be
inactive in this arrangement.

P

The key function of the system shown in Figs. 7 and 8 is to

limit the grid outage duration seen by the UPS so that the UPS
can handle any outage duration despite its limited battery

storage capacity. This is similar to the arrangement discussed

with reference to Fig. 2 above.

If there is a grid outage, a control unit (not shown)

instructs the system to adopt the configuration shown in Fig. 8.

The difference between Figs. 7 and 8 is that the switches 306,
307 in the switch unit 304 are open to isolate the load bars 308,

309 from the primary power source. In other words the system is

operating in an islanding state. In addition the secondary power

source 328 1s activated, so that DC power (1n this example from
the supercapacitors 332 and the fuel cells 330) is provided to

the DC bus 324. 1In practice the supercapacitors 332 are arranged
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to deliver DC power in the immediate aftermath of the grid outage

for a period during which the fuel cells 330 are initialised and

brought online. The fuel cells 330 may be arranged to offer DC

power delivery over a much longer time scale than the

supercapacitors 332. The photo-voltaic cells 334 may act as a

supplement to either or both of the fuel cells 330 and the

F

supercapacitors 332. In some embodiments the priority of the

photovoltalc cells may be adjustable, so that in certain

circumstances they dominate power to the DC bus. In such cases,

power from the DC bus may be used to supplement power from the
primary power source, e.g. by load sharing among PCMs delivering
power to the DC bus.

In the embodiment shown, all of the PCMs 314 are activated
in the inverter mode to convert and deliver power from the DC bus
324 to either the first load bar 308 or the second load bar 309.
Switch 320 is closed in PCMs A, B and C to enable them to provide
AC power through signal line 316 to the first load bar 308. This
power 1s seen by the UPS 312. Switch 322 is closed in PCMs D and
5 to enable them to provide AC power through signal line 318 to

b d

the second load bar 309. This power is seen by the cooling
applications 311. The control unit may be arranged to delay

closing switches 322 on PCMs 322 to focus the initial power

deliver to the first load bar, thereby minimising {(and perhaps
even reducing to zero) the break in power seen by the UPS 312 and
hence enabling its internal battery capacity to be reduced.

Although all five PCMs are active in Fig. 8, in fact PCMs C

and E operate as redundant PCMs on the first and second load bars

respectively (indicated by the dotted arrows).
When the grid (primary power source 302) becomes active
again, the system may be arranged to switch back to the

configuration shown in Fig. 7, e.g. by closing the switches 306,

307 in the switch unit 304. and opening the switches 320, 322 as

appropriate. Before reconnection the PCMs may be synchronised

with the primary power source (see below).

.

Figs. 9 and 10 shows a schematic view of an emergency power

supply system 340 having a UPS provided by apparatus similar to

that shown in Fig. 6. In Fig. 9 the system is in a first

configuration corresponding to the grid being up (i.e. the

primary power source being active). In Fig. 10 the system is in

a second configuration corresponding to a grid outage (no power

1)

from the primary power source). In this system, the apparatus o
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the invention may act as a replacement of a traditional

uninterruptible power supply System with built-in extended run

generator. Even during a grid outage, the system offers a full

no—-break supply for some load bars (occupying a critical (no

break) feed state and supplying critical applications) and a
short break for other load lines (occupying an urgent (minimal

break) feed state and supplying essential applications).
Components illustrated in Figs. 9 and 10 having the same

function as in Figs. 7 and 8 are given the same reference

numbers.

Fig. 9 shows the system configuration when the grid
(primary power source 302) is active. The switch unit 304 is

configured so that switch 307 is open to isolate the first load

bar 308 from the primary power source 302 but switch 306 is

closed such that power from the primary power source 302 is

present on the second load bar 309.

The first load bar 308 is connected directly to the servers

310, which are critical applications in the destination.

Accordingly it the first load bar 308 must occupy the critical

(no break) AC feed state. This is achieved by configuring the

power conversion means so that the first load bar 308 always

sources power from the DC bus 324. The system is configured to

guarantee power provision to the DC bus 324 irrespective of
whether the grid is up or out, as described below.

In this embodiment, the second load bar 309 performed two

functions when the grid is up (i.e. when the primary power source

302 1s active). 1In other embodiments these two functions may be

performed independently by separate load bars. The first

function is to transfer power to the DC bus 324 from the grid.

This 1s achieved by suitably configuring the power conversion
means. In this embodiment, two PCMs 314 (PCMs D and E in Fig. 9)

are activated in their rectifier mode and are connected to the
second load bar 309 via signal line 318 by closing switch 322.
The second function is to supply power directly to cooling
applications 311 in the destination. These applications are

important for correct operation of the destination, but can cope

with a small break in power: they are thus “essential”
applications. Thus, in this embodiment the second load bat 309
occuples both a DC bus feed state and an urgent (minimal break)
AC feed state.
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The first load bar 308 receives power from three PCMs 314
(PCMs A, B and C in Fig. 9) that are activated in the inverter

mode to convert and deliver power from the DC bus 324. Switch

320 is closed in PCMs A, B and C to enable them to provide AC
first load bar 308. This 1is

the power that is seen by the server applications 310.

4

5 power through signal line 316 to the

Similarly to Fig. 8, although all five PCMs are active in

Fig. 9, in fact PCMs C and E operate as redundant PCMs on the

first and second load bars respectively (indicated by the dotted
10 AYXrows) .
As shown in Fig. 9, power is provided to the DC bus 324

solely from the second load bar 309 when the primary power source

302 1s active. The secondary power source is inactive. However,

1n certain circumstances, e.g. to perform peak shaving, the
15 secondary power source 328 may be activated whilst the primary

power source 1is still active. When the secondary power source
328 1s on line, power provision to the DC bus 324 may be

transferred to 1t by powering down the PCMs 314 operating in the

rectifier mode, e.g. by reducing their output voltage so that the

20 output voltage of the secondary power source 328 dominates. In
this way the second load bar may stop operating in the DC bus

feed state. However, it continues to operate in the urgent

(minimal break) AC feed state.

If there i1s a grid outage, a control unit (not shown)

25 instructs the system to adopt the configuration shown in Fig. 10.
The key difference between Figs. 9 and 10 is that the DC bus 324
is now fed by the secondary power source 328. In practice, a

drop 1in voltage provided from the second load bar 309 to the DC
bus 324 via the PCMs 314 in the rectifier mode will be detected,

30 which will cause activation of the secondary power source 328.
The PCMs 314 may detect the drop in voltage and send instruction

e.g. via a control unit to the secondary power source 328, or the

control unit may perform both detection and activation steps. As

mentioned above, the supercapacitors 332 are arranged to deliver

35 DC power 1n the immediate aftermath of the grid outage for g
period during which the fuel cells 330 are initialised and
brought online. The fuel cells 330 may be arranged to offer DC

power delivery over a much longer time scale than the

supercapacitors 332. The photo-voltaic cells 334 may act as a
40 supplement to either or both of the fuel cells 330 and the
supercapaciltors 332. As above, the photovoltaic cells may be
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arranged to dominate power delivery to the DC bus, e.g. to

supplement power from the primary power source.
The configuration of the PCMs 314 (A, B and C) feeding the
first load bar 308 does not change between Figs. 9 and 10. In

fact the first load bar 308 does not experience any substantial

loss i1n power because it 1s sourced from the DC bus 324, whose

voltage 1is maintained through activation of the secondary power

source 328 as described above.

Meanwhile, the grid outage causes a loss of power on the

second load bar 309. This loss of power will be experienced by

the cooling applications 311. However, once the secondary power

source 328 1s fully online (e.g. after the fuel cells 330 become

operational) the PCMs 314 (D and E) that were operating in the

rectifier mode are switched to operate in the inverter mode

whereby they transfer power from the DC bus 324 to the second
load bar 309, which is then used to power the cooling
applications 311. The break in power experienced by the cooling

P

applications 311 is therefore short, e.g. the length of time from

grid outage until the fuel cells 330 become operational. This 1is

typically a few seconds.

—, gh—

An advantage of the invention 1s the ability of the system

shown 1in Fig. 7 to change into the system shown in Fig. 9 or wvice
versa wilithout requiring substantial physical adjustment or

reconnection of hardware or power down of the destination.

The steps involved in changing between the systems are
shown 1n Fig. 11. Thus, for the extended run generator mode 350
shown in Fig. 7, the load bars 308, 309 (reférred to as ACl and
AC2 respectively in Fig. 11) are both connected to the primary

power source 302 (grid) 352. To begin the change to UPS mode,
the control unit selects and activates one or more PCMs 314 in

the rectifier mode and closes switch 322 for those PCMs so that

they source the second load bar 309 via signal line 318. This

causes the second load bar 309 to occupy the DC feed state in

addition to its existing function of feeding the essential loads.

After this step is complete, the DC bus 324 is provided with an
operatlional voltage from the second load bar 309. The next step

in the change to UPS mode is the control unit selecting and

activating one or more PCMs 314 in the inverter mode and closing
switch 320 for those PCMs so that they supply the first load bar
308 with power from the DC bus 324 via signal line 316. Finally,

the first load bar 308 is disconnected from the primary power
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source by opening switch 307 in the switch unit 304. The first

load bar 308 then sources its power solely from the DC bus and

hence occupies the critical (no break)

1s then in the UPS mode 360.

AC feed state. The system

The PCMs 314 described above comprise bi-directional

converters. In other embodiments they may comprises a rectifier-

inverter pair. Alternatively, each PCM may be uni-directional.

However, as long as enough PCMs are provided to permit

configurable power transfer in both directions to or from each

load bar and the DC bus, the system ma

the 1nvention.

'y confer the benefits of

-

The operational states of the load bars 308, 309 in the two
modes discussed above are summarised in the following table:

(Figs. 7 and 8)

Extended Run Generator mode

—e —_— —_— o

First

load bar | Urgent (minimal break) AC feed

(308)

UPS mode
(Figs. 9 and 10)

Ly - - ——— - . . —— Y

Critical (no break) AC feed

Second

load bar | Urgent (minimal break) AC feed

(309)

DC

Urgent (minimal break) AC feed

pus feed (when grid active)

A load bar occupying the urgent (minimal break) AC feed

state 1s powered both under normal grid conditions and under

l1slanding, but there may be short interrupts when re~configuring

the system after a grid outage. 1In the extended run generator

mode, the critical applications in the destination are protected

by an external UPS. For essential applications these short

interrupts may be acceptable. The interrupt duration depends on

the time to replace the grid (either using a bridge power module

(which takes less than a second, e.g. a :

become operational) or a fuel cell

seconds to minutes to come online).

geners

few milliseconds, to

tor (which can take

The systems described above are symmetrical, i.e. the roles

of the first load bar and second load bar may be switched.

Furthermore, the systems described above demonstrate the

principles using one critical load and one essential load line.

In fact the invention can support multiple critical load lines

and multiple essential load lines.
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The load bars 308, 309 may be l-phase AC or 3-phase AC. 1In
another embodiment, the primary power source may be DC and the

load bar may carry DC. In this embodiment, each power conversion

module may be a bi-directional DC/DC converter.

—

The plurality of the systems discussed above may be used in

a modular architecture, wherein the system modules are connected
to each other either in parallel or in series or in a combination

of parallel and series coupling. This may be particularly useful

1f the data centre is segregated into a number of zones. Each

zone may have individual requirements for e.g. availability
target and energy cost optimisation.
The modular architecture may permit control over how the

resources oI the system can be allocated between zones, e.g. to

enable redundancy to be transferred from one zone to another, or

to enable power capacity to be transferred from one zone to

o

- the module architecture is the

another. A further advantage o:

system’s ability to reconfigure itself on-the-fly in case of e.q.

a faulty module. For example, the reconfiguration may be to re-

L

establish redundancy or power capacity. In another example the

reconfiguration may be to respond to dynamically changing loads.

Fig. 12 illustrates an example of the principles of zoning.

In Fig. 12 three subsystems 404 similar to the systems discussed

above are connected to the mains power 400 via feed lines 402.

Bach of the subsystems is arranged to provide power on two

configurable load bars 412, 414. A destination 406 is

partitioned into three zones 408, each zone having an input feed

o~

line 410 associated with it. Fach of the input feed lines 410 is

connected to two load bars from different subsystems.

Zoning becomes especially advantageous in cases where the
servers are operated by a virtual server operating system that
allows prioritizing the services/applications and placing them in

different zones (i.e. on specific server hardware locations).

This makes it possible to group applications according to

priority and to place them in zones, where energy optimisation

and availability can be individually set. This feature strongly

supports virtualisation of servers, including the use of

virtualisation to optimise energy cost according to data centre

service/traffic load. It also allows to preset different schemes

and priorities for operation during grid outages (like load
shedding).
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As mentioned above, the systems of the invention may offer

secondary function that can either reduce the energy cost or to

obtain revenue from making the secondary power source capacity
avallable to the grid. For example, during periods of time where

electricity price is high the system may be forced into the

islanding state. Alternatively, the secondary power source may

F

be activated even if the grid 1s also active, e.g. by having the

generator modules take over the power supply from the rectifiers.

This may be done by setting the generator output voltages at a

higher voltage than the nominal DC bus voltage set for the

rectifiers such that the rectifiers stop sourcing, or simply by

disengaging a part of the rectifiers such that the bus voltage

drops as soon as the rectifiers cannot sustain the load on the DC

bus.

If the secondary power source generates more power that the

loads consume the direction of some of the rectifiers may be
changed so that they can export power into the grid.
The power conversion modules discussed above may each be

provided as a physically separate component engagable with the

apparatus. Each module may be provided with one or more
connector plugs arranged to mate with corresponding features on
the DC bus and/or each load bar. The modular architecture may

fully support the PlugAndPlay principle.

Another advantage of the apparatus i1s that the switches

need only be dimensioned for the local power level, i.e. the

switch unit carries only the power of one rack, a PCM only

carries the power of one module.

=

Fig. 13 is a schematic view of a prioritised source

selection scheme for the DC bus used in the apparatus according
to the invention. In this embodiment the source selection scheme

is arranged to ensure that power is provided to the DC bus from

one of the following source in the following order of preference:

(1) rectifiers sourcing from the primary power source; (ii) fuel
cells; (i1i) bridge power module. Thus, the secondary power
source 1s arranged to transfer power to the DC bus whenever the

i

bus needs more energy that is offered by the rectifiers (which

gheum

could be zero in case of an outage). The BPM kicks out as soon

as the fuel cells have started to produce nominal power thereby
elevating the voltage to the level preset for the fuel cell DC/DC

converters. The preset output voltage, which dictates the
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ot

priority of a given source, may be individually programmable to

permit the priority scheme to be adijustable.
The prioritised source selection scheme is implemented by

segregating the DC Bus voltage into specific voltage ranges as

shown in Fig. 13, such that the rectifiers are set to deliver VR
to the DC bus, the fuel cells is set to deliver VFC < VR to the
DC bus and the BPM is set to deliver VBPM < VFC to the DC bus. In

g

this way, the built-in voltage control of any source will reduce

its output power (current) to zero whenever the bus voltage 1s

higher than its own voltage (according to its built-in I-V-
characteristics). Consequently, the units with the highest

el

output voltage class will take over the whole supply of power.

In case a source cannot fulfil the total power demand, the

voltage will drop to the next level priority class and elements

from this class will add the amount of power needed to cope with

the demand (i.e. a kind of load sharing).

A sOft output I-V-characteristics will support the

paralleling of several outputs on the DC bus (using a classic
Droop or P-control principle).
The prioritised source selection scheme may be implemented

in other ways. For example, each source may provide a certain

output voltage and the outputs may be feed through a serial diode

thereby creating a wired-OR function, where the source with the
highest voltage set point takes it all. Alternatively, a voltage
measurement circuit may be provided which programmes the output

p——

current limiter of each converter depending on the DC bus

voltage. 1In a further alternative, the prioritised source
selection scheme may be implement by centralised module control,

e.g. via the control unit, to dictate operation to each module.

According to the prioritised source selection scheme the

output power based on the actual DC Bus voltage can be

autonomously controlled. In particular, the fuel cells and RPM

may operate autonomously based on the actual DC Bus voltage to

start or stop and to control the output power during operation.

P pa—

One aspect of the controllability of the invention may be

provided by the switch unit which selectively connects the load
bars to the primary power source. The switch unit may
automatically monitor the status of the primary power source and

P

disconnect the load bars therefrom in case of detecting a grid

outage (e.g. zero voltage from primary power source).

3

Furthermore the switch unit may assist with synchronisation of
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the AC signals output by PCMs operating as inverters. For

example, the switch unit may monitor an AC supply from the
primary power source and generate a synchronisation signal

therefrom. If there is a grid outage, the switch unit may create

independently a master synchronisation signal. When the grid
becomes actlive again, the switch unit may adapt the master

synchronisation signal (e.g. by moving its phase) to prepare for
re—~connecting to the grid.
Conventional synchronisation techniques may be used to

implement the above functions. However, synchronisation may not

be essential to the operation of the invention.
The control unit mentioned above may be a centralised

configuration module arranged to communicate directions to each
other module via a CAN bus or the like. The PCMs may be arranged

to operate autonomously within a given state, i.e. the

configuration module may instruct operation in rectifier mode or

inverter mode and control which load bar is sourced or served,

priy.

but the active control of the module in the state 1s controlled

by a individual control unit.

All modules may communicate with the configuration module

to provide information about the system status and operation.

The configuration module may thus store information about

avallability status, system diagnostics and fault prediction.

The apparatus may include a user interface arranged to

v
B
—

ormation

permit input of instructions to and extraction of in:

from the configuration module. The user interface may be a

standard console like a PC, on which the configuration module is

accessible electronically e.g. via a WEB interface. The user

interface may offer functions such as

- monitoring of key parameters

F

- alerts i1in case of faults

- statistics, storage and presentation of log data,

analyses etc.

- defining the system and setting the specific system

requirements (like initialising different zones and their

availilability/priority)

- lnitialising and enabling different dynamic functions

such as on-the-fly reconfiguration, fault response, energy-

related functions (such as peak shaving, or other energy saving

functions)



10

15

20

25

30

35

40

CA 02771838 2012-02-22
WO 2010/038152 PCT/IB2009/007118

32

N

— the performance of tests (test of modules, test run of

power sources).

ghven.

The PCMs can by themselves detect if the primary power

source 1is available or not on the load bars. Their individual

control units may determine the module configuration from that

detection e.g. based on a system configuration set by the

configuration module.

In one embodiment the PCMs may be arranged to detect if the
primary power source is available on a load bar by connecting to

that load bar in the inverter mode but with an output frequency

P

set higher than the frequency of the primary power source whereby

1)

the PCM acts to move the fregquency higher than the frequency of

g

the primary power source. If the primary power source is present,

it will force the frequency on the load bar to be identical to

it. If it is not present, the frequency will slide to a value

outside the normal frequency range. By detecting a frequency on

Che load bar all modules may detect from the frequency if the

primary power source is present or not.

In another embodiment, the switch unit may detect if the
primary power source 1s active (e.g. present above a nominal
condition). The result may be provided via the communication bus
to all modules inside the apparatus. The result may also include

information on which state the switch unit is in.

In yet another embodiment, an AC signal (“pilot signal”) at

a given frequency (with or without digital coding to allow for a
lower amplitude and more reliable detection) may be applied to

the output from the primary power source by the switch unit. The
modules inside the apparatus can recognize the pilot signal and
thus detect, whether or not the grid is connected to the load

bar. This latter method does not detect if the grid above a

nominal value or not; it merely checks if the load bar is

connected to the primary power source or not.

Fig. 14 is a schematic view of a switch unit arranged to
selectively connect more than two load bars 504 to a primary
power source, in this case grid 500. The switch unit comprises a
plurality of signal lines 50l1a, 501b, 501c, 501d, each of which
connect the grid 500 independently to a respective load bar 504
via respective switches 502a, 502b, 502c¢, 502d. The load bars
004 each have output signal lines 506 for connecting the load

bars 504 to a destination.
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Fig. 15 shows the connectivity between the load bars 504
and a DC bus 508 in an arrangement where there are more than two

load bars. Each load bar 504 is selectively connectable to the
DC bus 508 by a respective signal line 509a, 509b,"509c, 509d via
one or more power conversion modules 512a, 512Db, S512¢c, 512d. A
switch 510a, 510b, 510c, 5104 is provided on each signal line

between the load bar 504 and the power conversion modules 512a,

512b, 512c, 512d. The secondary power source 514 1is connected to
the DC bus 508 via a separate signal line 516.



10

15

20

29

30

35

40

CA 02771838 2012-02-22

WO 2010/038152 PCT/IB2009/007118
34
CLAIMS
1. bmergency power supply apparatus comprising:

a plurality of load bars for conveying power to a
destination;

a switch unit for selectively connecting each load bar to a

primary power source;

a DC bus arranged to receive DC power from a secondary
power source;

power conversion means connected between the DC bus and the
load bars; and

N

plurality o:
a controller in communication with the power conversion

means to set a power transfer direction between each load bar and

the DC bus thereby to control an operational state for each load

bar.

2 . Apparatus according to claim 1, wherein each load bar

1s switchable by the controller between the following operational

states:

- DC bus feed, in which when the primary power source is

active its power is transferred to the DC bus via the power
conversion means;
- AC export, in which when the primary power source is

inactive power from the DC bus is transferred to the load bar for

export from the apparatus;

- critical (no break) AC feed, in which unbroken power from

the DC bus 1s fed to the destination at all times; and

- urgent (minimal break) AC feed, in which when the primary

power source is active power is fed from it directly to the

destination, but when the primary power source is inactive power

1s fed from the DC bus to the destination.

3. Apparatus according to claim 2, wherein a load bar

occupying the urgent (minimal break) AC feed state is arranged
simultaneously to occupy the DC bus feed state or the AC export
state when the primary power source is active or inactive
respectively.

4. Apparatus according to claim 2 or 3, wherein the power

conversion means comprises a plurality of power conversion

modules, each power conversion module being connectable between
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the DC bus and each load bar and when active being arranged to

occupy a single operating mode at any point in time.

5. Apparatus according to claim 4, wherein each active

power conversion module is arranged to occupy one of the
following operating modes:

- rectifier mode, in which the power conversion module is

connected to one of the load bars to transfer power therefrom to
the DC bus; and

- 1lnverter mode, in which the power conversion module is

p—

connected to one of the load bars to transfer power thereto from
the DC bus.

6. Apparatus according to claim 5, wherein a plurality of

power conversion modules are connected to a common load bar, and

wherein each of the active power conversion modules connected to
that common load bar occupy the same operating mode.

7. Apparatus according to claim 6, wherein the plurality
Of power conversion modules connected to the common load bar are

connected in parallel in a load sharing manner, e.g. using Droop
control or the like.

8. Apparatus according to any one of claims 4 to 7,
wherein each power conversion module is a bi-directional

converter or comprises a rectifier element and an inverter
element.

9. Apparatus according to any one of claims 4 to 8,

wherein the load bar to which each power conversion module is

connected and/or the operating mode of each power conversion
module is selectively adjustable.

10. Apparatus according to any preceding claim arranged to

e

detect the status of the primary power source, wherein the

operational states of the load bars are controlled based on the
detected status.

11. Apparatus according to claim 4, wherein the switch
unit is arranged to detect the status of the primary power source

and to communicate the detected status to the power conversion
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modules connected to a load bar that is connected by the switch

H

unit to the primary power source, whereby the operating modes o:

¢

the power conversion modules are selectable based on the

communicated detected status.

1Z2. Apparatus according to claim 4, wherein each power

conversion module connected to a load bar occupying the urgent
(minimal break) state is arranged to determine whether or not

power from the primary power source is present on the load bar,

and 1f no power from the primary power source is detected, to
operate 1n the inverter mode.

13. Apparatus according to any preceding claim, wherein

the primary power source is an AC source, e.g. mains power from a
utility.

14. Apparatus according to claim 12, wherein the primary
power source 1is an AC source and either:

the switch unit applied a detection signal to a power

signal from the primary power source, and the power conversion
modules are arranged to recognize the detection signal to

determine whether or not power from the primary power source is
present on the load bar; or

the power conversion modules connected to a load bar
occupyilng the urgent (minimal break) state are arranged to

P

operate in the inverter mode to move the frequency of the load

.

bar above the frequency of the power signal from the primary

power source, and the power conversion modules are arranged to

detect the frequency on the load bar to determine whether or not

power from the primary power source is present on the load bar.

15. Apparatus according to any preceding claim, wherein
the secondary power source includes a DC generator, such an a

fuel cell generator or photovoltaic cell.

16. Apparatus according to claim 15, wherein the secondary

power source includes a bridge power module arranged to maintain

the voltage of the DC bus in the event of a power outage at the

primary pPOwWer source.
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17. Apparatus according to claim 16, wherein the bridge
power module includes a supercapacitor or battery.

18. Apparatus according to claim 16 or 17, wherein one or

more power control modules operating in the rectifier mode, the
DC generator and the bridge power module is arranged to provide
power to the DC bus autonomously according to a priority

protocol.

19. Apparatus according to claim 18, wherein the delivery

F

voltage of the power control modules is set to be greater than

the delivery voltage of the DC generator, which in turn is set to

FI

be greater than the delivery voltage of the bridge power module,

whereby the source of power transferred to the DC bus is
automatically selected based on the voltage of the DC bus.

20. Apparatus according to any preceding claim, wherein

the destination is partitioned into a plurality of zones and each

load bar is connectable to each zone, whereby the power capacity
and/or availability at each zone is selectively controllable.

2l. Apparatus according to any preceding claim, wherein

P

the switch unit is arranged to detect the status of the primary

power source and disconnect the load bars from the primary power

source 1f the primary power source is inactive.

22. An extended run generator for providing back up power

Lo an uninterruptible power supply for critical loads in a
destination in the event of a mains outage, the generator
comprising apparatus according to claim 2 having a first load bar

occupying the urgent (minimal break) AC feed state connected to

the uninterruptible power supply.

23. A
wherein the apparatus has a second load bar occupying the urgent
(minimal break) AC feed state which bypasses the uninterruptible

[ -

n exXtended run generator according to claim 22,

power supply to connect directly to urgent loads in the
destination.

24. An extended run generator according to claim 23,

wherein the controller is arranged to reconfigure the power
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conversion means to cause the second load bar additionally to
Occupy the DC bus feed state and then to permit the first load

bar to occupy the critical (no break) state, to allow removal or
testing of the uninterruptible power supply.

25. An uninterruptible power supply (UPS) for providing
unbroken power to critical loads in a destination in the event o

'}

-

a mains outage, the UPS comprising apparatus according to claim 2
having a first load bar connected via the switch unit to the
mains and occupying the DC bus feed state, and a second load bar

occupying the critical (no break) AC feed state connected to the
critical loads.

26. A UPS according to claim 25, wherein the first load
bar is connected to urgent loads in the destination and is

configured to occupy also the urgent (minimal break) AC feed
state.

21. A method of testing and initialising a power
conversion module in emergency power supply apparatus according
to claim 5, the method comprising:

connecting the power conversion module between the DC bus

and a first load bar which occupies the urgent (minimal break) AC
feed state;

activating the power conversion module in the rectifier
mode to deliver power from the first load bar to the DC bus;

checking if the power conversion module operates normally;
wherein

¥ p—

1f operation is normal the method includes:

deactivating the power conversion module:

reconfiguring it to connect the DC bus and a second

load bar which occupies the critical (no break) AC feed state;
and

after reconfiguring, activating the power conversion
module in the inverter mode to deliver power from the DC bus to
the second load bar.

28. A method of reconfiguring an emergency power supply
apparatus according to claim 4, the method comprising:

deactivating an active power conversion module connected
between a first load bar and the DC bus:
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after deactivation, disconnecting the power conversion

module from the first load bar and connecting it to a second load
bar;

activating the power conversion module in a mode determined

based on the operational state of the second load bar.

29. A method according to claim 28, wherein activating and

deactivating the power conversion module comprising raising and
lowering its output current.

30. A method according to claim 29, wherein the power

conversion module operates as a rectifier or an inverter, and
ralsing and lowering its output current comprises raising and
lowering its set output voltage respectively.
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