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INTEGRATION OF MULTIPLE POWER SOURCQE WITH
OPTIMIZATION OF POWER SOURCE AND LOAD CONDITIONS

TECHMNICALFIELD
{6041} The present disclosure relates to multiple power sources more
particularly relates to a platform for integrating the multiple power source and

optimizing the piower source and load conditions.

BACKGROUND
JLLE A At present multi-input power sysiem use 3 grid power supply and
at least one other renewable source of energy to provide a hybrid/muli-input
power wystem. Further, fow multi-inpat systems integrate different rencwable
powerfenergy sources along with the grid powser source o fulfill the power
requirement ai load. These systems may conmiprise multi-input power converter, a
battery bank and a dynamic voltage restorr.
10393 The multi-input power system at presert may generate DC powed
from the power source for a DC load by using a DC bus. Moreover, these systems
can store surplus power in a battery bank and alse provide AC power to an AC
load by way of an AC bus or to an AC grid. However, these systems do not
conired the multi-input powsr source nor do they control the load.

SLUMMARY

{B4] In an ‘wplerentation of the present disclosure a system for
mtegrating multiple power sources and to opumize power sourse and load
eonditions is diselosed. The system may comprise a plarality of power source.
The systemn may further comprise a D € bus elecirically coupled with the plurality
of power source. Further the systemn may comprise a control unil elecirically
coupled with the D C bus, wherein the conirol unit as at Jeast two side, g first side
and g second side, wherein the fivst side is comnecied to the source side and the
second side connected o a load side.
[BH005] fn another implementation systern for optimization of power at
source and load is disclosed. The systen may comprise a D C bus. Further the D

1



WO 2017/195213 PCT/IN2017/000102

 bus may be coupled to a phurality of power sources, wherein the plurality of
power sources may comprise solar power source, wind power source, battery
inverter source, a fuel cell, and 3 power grid source. The system may further
comprise a conirol unit electrically coupled with the D € bus at source side, and
connected with the load on a load side, wherein the control unit is configured to
control the source and the load.
BRIEF DESCRIPTION OF THE DRAWINGS

{6006} The detailed description is described with reference 1o the
accompanying figures.
[G647] Figure 1, illusirates 2 schematic representation in accordance with
exemplary embodiment of the present disclosure.
{3408} Figure 2a, illustrates a schematic representation for multistage
convertor during starfup in accordance with exemplary embodiment of the present
disclosure.
{3009 Figure 2b, illustrates a schematic representation for multisiage
convertor during normal operatfon in accordance with exemplary embodiment of
the present disclosure.

DETAILED RESCRIPTION OF THE INVENTION
{30346] A systemn for integrating multiple power sources is disclosed. The
system further enables optimization of the power source and the load conditions.
[0D1}] According to the present disclosure the system enables integration
of plurality of power scurces Hke wind, solar, Fuel cell and battery banks to be
integrated on a platform. Further the platform can be configured 1o extract power
from oue or more of the power source from the plurality of power sources, based
on pre-defined parameters. The parameters may be based on reliability of the
power source at the time, or the availability of the power source, or the cost of
power source. For e.g. if the load on the system requires power during the day,
then the system will seek power from solar and wind in order to reduce the cost of
power generation and there availability during the day; similarly if the load
increase during the night, the systern may use power from Wind, and either

battery bank or fuel cell or both.
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{6012} Further according to the present disclosure the system may be able
to controd the load dcting on the system. The systern might segregate the loads
into critical load and non-critical load. The segregation of load into critical or non-
critical maybe based on factors defined by an user or based on bistorical data. The
abifity of the system to imtegrate plurality of power sources on the single platform
and controf the power generation and extract from ecach of the power source and
further cantrol the power distribution to the critical and non-gritical load enables
the system to provide holistic system for opiimizing power generalion, powsr
supply. and power distribution in hybrid power system.

8613] Referring to Figure 1 illustrates a system in accordance with the
present disclosure. The system 100 may comprise a plurality of power sources.
The plurality of power scurces may comprise a solar power sowrce 102, 3 wind
power source 184, a battery inverter source 108, a fuel cell source 118, and a gnid
spurce 112, The battery inverier source 108 may further comprise a batiery bank
134 having a plurality of battery units. The plurality of power sources generale
and provide power to the system 188 ’

[3014] 1o an exemplary embodiment of the present disclosure each power
source from the plurality of power sources may be electrically coupled/connected
toa DO bus 116, the D € bus 116 may be of 400 V DT power capacity. The solar
power source 182 may be connected to the I € bus 116 via maximum power
point tracking module (MPPT) 118, Further the MPPT 118 may boost the low
voltage DC power 1o high voltage DC for efficient DC to AC conversion,

[8015] The wind power spurce 184 may be connected to the DC bus 116,
via a first boost convertor 106, Further, the batlery power source 108 may be
conngcted to the DO bus 116 and bhe configured 1o store excess of power
generated or as a dump load. The batiery bank 114 of the battery power source
may be charged when the excess power from the plurslity of power sources i
royted 1o the battery power souece 188, or whern it 45 acting as a dump Eé&i. The
battery bank 114, may be charged wsing a charge equalization to achieve
balancing of battery bank 114 in terms of voltage and charge, wherein each
battery unit from the batiery bank has an Individual Cell Charger (ICC). Further

3
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the battery bank 314 discharges back to the D C bus 116 via a DO ~DC boost
convertor 126, wherein the DCDC boost convertor is unidirectional and boost
voliage from 96 Volts 1o 40{ Volts.
{9016} In the exemplary embodiment the fuel cell 138 may be conmecied
{0 the D C bus 116 via 2 second boost convertor 122, The second boost converter
122 may use DC-DC boost converter topology o boost fuel cell 118 oulpt
voltage from 0-68 VDC 10 400VDC. The boosted power can be used to maimamn
stable bus voltage. Further fuel cell 118 may be connected fo snuiﬁisiage COnVEIioy
124. The multistage convertor 124 may further be connected to balance of plant
components (BoP) 126 and an electric air pre-heater (EAPH) 128
{8817 Referring to Figure 22 and 2b the muliistage convertor 124 may
works 1o two modes, a high voltage DC mode, and a stack power mode. Further
the muitistage converior 124 may work in at least four mede, a start~-up mode, 2
high voltage mode, a stack power tmode, and a dump load mode. Further during
start up, the muoltistage convertor 124 powers up balance of plant of fuel cell via
DC bus and elecwric alr pre-heater via mains as shown in Figure 2{a). During
normal operation multistage convertor 124 has the capability of extracting power
directly from fuel cell and bence feeds power to BoP 126 a5 well as EAPH [28 a5
dump load thus eliminating the need of two conversion stages.

Working Example
{0018} The following write-up iHustrates sn exemplary embodiment i
accordance with the present disclosure. The system agcording to the disclosure
may comprise a [ C bus. The I C bus may be coupled with a plurality of power
sources. The power sowrces may be solar power source, wind powsr source, &
battery inverter source, and a fuef cell. The D € bus may further be connected to 4
power zrid and load side/power reguirement side.
D01 Further gach power source may be given a priovity based on the
cost asaociated for power generation from the respective power source and the
avaijability. For e.g. the cost associated with the solar power may be Rs. 1/Wall,
similarly for the wind power source it may be Rs. 2/watt, for battery mverter it
may be Rs. 3hwati, and for the Fuel cell it may be Rs. #iwatt,

I

4



WO 2017/195213 PCT/IN2017/000102

50201 Further cack power source may have a defined power generation
capacity like the solar power source may have 1000 watt, the wind source may
have 500 watt, the battery invertor may have 2400 wait and the Fuel cell may
have 1200 watt.

[0821] In s cxemplary scenario if the power required at load side 15 1300
watt during day, then as per the present disclosure the st priority would be given
tor solar power source followsd by the wind power source, and then by the battery
POWEE SOUTSE: '

16022} However, during evening time when neither solar powsr or the
wingd power source are not available, the priority would be giver to the batiery
invertor power source and fuel cell power source, then followed by the solar and
the wind power source.

16623] I vet another scenario if the combined power of the plurality of
POWEE SOUTCES at a given moment & pot sufficient to meet the Joad requirement,
the system then might segregate the load imto eritical load and non-critical load,

s

thereby managing the load side.
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We Claim:

1A sysiem comprising:
a plurality of power source, wherein the plurality of power are distinet
from each other;
a D C bus electrically coupled with the plurality of power source, wherein
the D C bus is further connested to a source side; and
4 control unit clectrically coupled with {he D C bus, wherein the sontrol
onit as at least two side, a first side and 2 second side, wherein the first side is
connected o the source side and the seeond side connected to a load side.
2. The system as claimed in claim 1, whersin the control unil 1s configured to
controd the source side and the load side,
3. The systemn as claimed in claim 1, wherein the load side further comprises &
plurality of critical Joads and a plurality of non-critical loads.
4. The system as claimed in claim 1, wherein the plurality of power source
further comprises at least one of solar power source, wind’power soure,

battery inverter source, or a fuel ceil,
o 3

Y

The system as claimed in claim 4, whergin the solar power source is
electrically coupled with the D C bus via maximum power point tracking
muodule (MPPT)

6. The system as claimed in claim 4, wherein the wind power source is
electrically soupled with the D C bus via first boost convertor to convert low
B C voltage 1o high I C veliage.

7. The system as claimed i claim 4, wherein the battery inverier source is
charged via the D € bus using a charge equalization to achigve balancing of
battery bank, in the battery inverter source, in terms of voltage and charge,
wherein each battery cell from the battery bank has an Individual Cell Charger
aco).

8. The systém as claimed in claim 7, wherein the battery inverter discharges back

fo the D C bus via 2 DC ~DC boost convertor, wherein the DC-DC boost

convertor is unidirectional and boost voltage from 96 Volts 1 400 Volis,

&
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9. The systern as claimed in claim 4, wherein the fuel cell is connected to the D
C bus via at least one of second boost convertor, BoP raultistage converior, or
electric air pre-heater (EAPH)Y multistage convertor.

0. The system as claimed in claim 9, wherein the BoP muliistage convertor
works in at least two modes, a high voltage DC mode, and a stack power
mode.

V1. The system as clammed in claim 9, wherein the EAPH multistage convertor
works in at least four mode, a start-up mode, a high voliage mode, a stack

power mode, and a dump load mode.

12.A system for optimization of power at source and load, the system
cOmprising:

a D C bus;

a plurality of power sources electrically coupled with the D C bus, wherein
the plurality of power sources comprises solar power source, wind power source,
battery inverter source, a fuel cell, and a power grid source; and

a control unit electrically coupled with the I C bus at source side, and
connected with the load on a load side, wherein the control unit is configured to
control the source and the load.

3. The system of claim 12, wherein the load is segregated into critical load and
non-critical load.

14, The system of claim 13, wherein the control unit is configured to distribute the
power to the critical load and the non-critical load based on availability of the
SOUFCE.

15. The system of claim 12, wherein the confrol unit is further configured to
priogitize generation of power from the plurality of power source based on
pre-defined parameters.

16. The system of claim I35, wherein the pre-defined parameter comprises of

reliability, cost and availabibity.
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17. The system as ciaimeti in olaim 12, wherein the solar power source is
| electrically coupled with the D C bus vis maximum power point tracking
module (MPPT).

18 The system as claimed in claim 12, wherein the wind power source i3
electrically coupled with the D C bus via first boost convertor to convert low
D € voltage to high D C voliage.

19. The system as ¢laimed i claim 12, wherein the battery inverter source is
charged via the D C bus using 3 charge equalization to achieve balancing of
battery bank, in the battery inverter source, in terms of voliage and charge,
wherzin each battery cell from the battery hank hat an Individual Cell Charger
(1)

21 The system as claimed in ¢laim 19, wherein the battery inverter discharges
back 1o the DC bus via a DC -DC hoost converior, wherein the DC-DC hoost
convertor i3 unidirectional and boost voltage from 96 Volis 10400 Volts.

21. The system as claimed in ¢laim 12, wherein the fuel cell is connected to the D
C bus via at least one of second boost cohvertor, BoP multistage convertor, or
electric air pre-heater (EAFH) multistage convertor.

22. The system as claimed in claim 21, wherein the BoP multistage convertor
works in at least two modes, 4 high voltage DC mode, and a stack power

ide.

23, The system as claimed in claim 21, wheremn the EAPH multistage convertor
works in at least fouwr mode, a start-up mode, a high voltage mode, a stack

power moile, and a dump load mode.
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