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14/811,644 10/17/2017 9793755 47334 1982
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ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 203 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Paul GARRITY, Rockwall, TX;
Garrity Power Services LLC, Rockwall, TX;
Aaron JUNGREIS, Ra'anana, ISRAEL;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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Receipt date: 12/15/2016 14811644 —~ GAU: 2836

Doc code: IDS Approved for use through 07/31/2016. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.

PTO/SB/08a (03-15)

Application Number 14811644
Filing Date P015-07-28
INFORMATION DISCLOSURE First Named Inventor | GARRITY, Paul
STATEMENT BY APPLICANT .
L Art Unit | 2836
( Not for submission under 37 CFR 1.99) -
Change(s) applied Examiner Name |
to document, Attorney Docket Number ‘ 47334
/CHI/
6/21/2017
U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)_(gmlner Cite Patent Number Kind Issue Date Na".“e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code of cited Document .
Figures Appear
R.L.D/ 1 B067855 B2 P011-11-29 MUMATZ et al Claims 7,13,18-20
/R.L.D/|, 8310202 B2 |po14-08-19  |[NoMURA Claims 8-12,19,20
3 B159178 B2 P012-04-17 SERBAN Claims 1-20
/R.L.D/
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document .
Figures Appear
20140265579 Mumtaz
/R.L.D/ |1 Po142065540- A1 014-09-18 NECSSHE-4=-HHHED— Claims 9,17

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Apblicant of cited where Relevant Ts
Initial* No | Number3 Codez| Code4| Date PP Passages or Relevant
Document .
Figures Appear
R.L.D/ |1 P015012705 UP A 2015-01-19 NF CORP Claims10-12

EFS Web 2.1.17
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Receipt date: 07/28/2015 14811644 ~ GAU: 2836

Doc code: IDS PTOISB/08a (01-10)

- . " . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement {IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number
Filing Date
INFORMATION DISCLOSURE First Named Inventor ‘ GARRITY, Paul
STATEMENT BY APPLICANT At Unit |
( Not for submission under 37 CFR 1.99)
Examiner Name ‘
C_hange(s) aPPiiéC}
to document, Attorney Docket Number |47334
sCHJs
6/21,/2017
U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)_(gmlner Cite Patent Number Kind Issue Date Na“.“e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear
Hirachi
R.L.D/ 1 5384792 A 1995-01-24 “FoaszBattery-Corrtie—
Kagegama
2 5612581 A 1997-03-18 Frajitstrtimited—
R.L.D/
T assitino, Jr. et al.
R.L.D/|3 5745356 A 1998-04-28 Hexide-Heetronies-Corporation—
Jungrcis
R.L.D/ |4 6304006 B1 2001-10-16 FABB-T&B-Fechnotegy-tte—
/R.L.D/ Migt-::oshi et al.
5 6323620 B1 2001-11-27 et
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document .
Figures Appear
1
If you wish to add additional U.S. Published Application citation information please click the Add button. Add
FOREIGN PATENT DOCUMENTS Remove

EFS Web 2.1.17
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
ﬁave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

23589 ire 7550 0611512017 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Hovey Williams LLP Sée‘ljtres Postal Sﬂeirvice with sufficient postage fgr first class mail in an anelope
. . addressed to the Mail Stop ISSUE FEE address above, or being facsimile

10801 Mastin Blvd., Suite 1000 transmitted to the USPTO (571) 273-2885, on the date indicated below.

Overland Park, KS 66210

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/811,644 07/28/2015 Paul GARRITY 47334 1982
TITLE OF INVENTION: UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR MANAGING POWER FLOW IN A GRID-TIED
PHOTOVOLTAIC SYSTEM
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 09/15/2017

| EXAMINER | ART UNIT I CLASS-SUBCLASS |
DEBERADINIS, ROBERT L 2836 307-066000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

1
2 Hovey Williams LLP

CFR 1.363). .
(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached.

(2) The name of a single firm (having as a member a

[J "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an ass%nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Garrity Power Services LLC Rockwall, TX

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual X1 Corporation or other private group entity [ Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

Xl 1ssue Fee [ A check is enclosed.

XI publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.

[ Advance Order - # of Copies ﬂThe director is hereby authorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number 19-(522 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

1 Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

[N Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

[N Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFER 1.4 for signature requirements and certifications.

Authorized Signature /Scott R. Brown/ Date September 13 ) 2017

Scott R. Brown Registration No. 40,535

Typed or printed name

Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

14811644

Filing Date:

28-Jul-2015

Title of Invention:

UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR MANAGING POWER

FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM

First Named Inventor/Applicant Name:

Paul GARRITY

Filer:

Kameron Dale Kelly/Kristie Nord

Attorney Docket Number:

47334

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 2501 1 480 480
Tesla, Inc.
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 480
Tesla, Inc.
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Electronic Acknowledgement Receipt

EFS ID: 30349190

Application Number: 14811644

International Application Number:

Confirmation Number: 1982

Title of Invention: FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM

UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR MANAGING POWER

First Named Inventor/Applicant Name: Paul GARRITY
Customer Number: 23589
Filer: Kameron Dale Kelly/Kristie Nord
Filer Authorized By: Kameron Dale Kelly
Attorney Docket Number: 47334
Receipt Date: 13-SEP-2017
Filing Date: 28-JUL-2015
Time Stamp: 12:50:14
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $480

RAM confirmation Number 091317INTEFSW00010344190522
Deposit Account 190522

Authorized User Kristie Nord

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)

Tesla, Inc.
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y M . . 9
Number Message Digest | Part/.zip| (if appl.)
100526
Issue_Fee_Transmittal_47334
- — = - - no 1
1 Issue Fee Payment (PTO-85B) 957205.PDF
a767fc0dc0179850d3ccebc098d1f215¢577]
bfbe
Warnings:
Information:
30481
2 Fee Worksheet (SB06) fee-info.pdf no 2
85b0ab168dd0bbcb0416944f3b26083ad1
deb77d
Warnings:
Information:
Total Files Size (in bytes){ 131007

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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N THE DNITED STATES PATENT AND TRADEMARK OBHICE

Application of Pocket Noo 47334

GARRITY, Padd, et &l Grrong Art Uit N 2838
Serial Koo 14/811,644 Confimation No. 1982
Filed: huly 28, 2018 Castomey Na, 23589

UNINTERRUPTIBLE POWER SUPPLY Exaniner: DEBERAUINIS, Robert L.
AND METHOD FOR MAMAGING POWER
FLOW IN A GRID-TIED PHOTOVOLTAIC
SYSTEM

Conmnisstoner K Patents
Sl Mop Amendiment

P Box 4350

Alexandria, VA 22313-1458

AMENDMENT AFTER NOTICE OF ALLOWABLY
PURSUHANT PO CEFRLAR

Ensponss to the Examiver’s objection fo Figure 3 statad bn the Notice of Alowability dated

Hune €, 2017, the llowing amendment is respectfdly requested.

Anwendaend o the Drawing boginy on page 2 of tids paper and inchudes the atached
roplacement sheet.
Rewoarks begin on page 3.

An Appeadix ncluding 8 replrocment sheet for the amended drawing and 8 vopy of the

Notice of Allowability i3 inchuded,

Tesla, Inc.
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Seorial Moo 14/811,544 Daooket Mo 47334

Amendments o the Brawingss

The examingy requestad 2 correntivas to Flgure 3 booause “switch 303 indicatss both phas and
sainas foeauinals are shorted togethor when switch is clossd” On the attached replacoment sheet
switch 303 has beeun rodrawn to fix thiy plain error and shows the corvectly drawn swiich
configuration with the positive and negative termiinals of the switch connected to the corresponding

ioads of the Load Port.

Atachment:  Replacoment Sheel

33

Tesla, Inc.
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Serial Mo, 1HE1 L od4 3ocket No.s 47

334

Remarks:

Per the Bxamine’s request in the atlached Notive of Allowability, Applicant hax amended

<o

iguee 3 10 corrnos an obvinus grror. Mo now matter has beon intradused by ruason of this sorrection,

The Compuasionsy s hereby authorized to charge mny payvment due in connsetion with this

Amendment & Depostt Accownt Mo, 180322,

Respoctiully subnitted,

By {Seot R Browny!
Seoft R Broven, Reg. N, 4,333
HOVEY WILLIAMR LLP
G Mastin Bivd., Suite 1000
Overland Park, KR 66210
TOIZSAT 050 F 81364750587
ATTORMNEYS FOR APFPLICANTI®)

2
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Application No. Applicant(s)
14/811,644 GARRITY ET AL.
. I i i AlA (First Inventor to File)
Notice of Allowability E)gE;‘EIE$rDEBERADINIS gggg " Status
Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 1/29/16.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().

Certified copies:
a)[J Al b)[Some *c)[] None of the:
1. [] Certified copies of the priotity documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [XI CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

X including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date 6/6/17.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 7/28/15.12/15/16

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170606

Tesla, Inc.
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Application/Control Number: 14/811,644 Page 2
Art Unit: 2836

The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.
DETAILED ACTION
Drawings

Figure 3 is objected to because switch 303 indicates both plus and minus

terminals are shorted together when switch is closed.
Conclusion

The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

YU et al. 20140218985 disclose a system that manages a supplemental energy
source connected to a power grid, includes dc power port (28,30) and alternating
current port power port coupled to the bi-directional converter(22).

MOON 20110175451 discloses a power storage apparatus, method of operating
the same, and power storage.

Allowable Subject Matter

Claims 1-20 allowed.

The following is an examiner’s statement of reasons for allowance: the prior art of
record does not disclose or suggest, inter alia, a first alternating current power port as
claimed.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably

Tesla, Inc.
Ex - 1002
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Application/Control Number: 14/811,644 Page 3
Art Unit: 2836

accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Any inquiry concerning this communication should be directed to Robert L.
DeBeradinis whose number is (571) 272-2049. The Examiner can normally be reached
Monday-Friday from 8:30 am to 5:00 pm.

If attempts to reach the Examiner by telephone are unsuccessful, the Examiner's
supervisor, Jared Fureman can be reached on (571) 272-2391.

RLD

JUNE 6, 2017

/ROBERT DEBERADINIS/

Primary Examiner, Art Unit 2836

Tesla, Inc.
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Notice of References Cited

Application/Control No.

Reexamination

Applicant(s)/Patent Under

14/811,644 GARRITY ET AL.
Examiner Art Unit
ROBERT DEBERADINIS 2836 Page 1 of 1

U.S. PATENT DOCUMENTS

Counts?olgg—?\lztm,\éirzi; Code MM[?31$YY Name CPC Classification US Classification

A | US-2011/0175451 A1 07-2011 MOON; CHONG-SOP H02J9/062 307/66
B | US-2014/0218985 A1 08-2014 Yu; Dachuan HO02M7/537 363/97
c | US-

D | US-

E | US-

F | US-

G | US-

H | US-

| us-

J | Us-

K | US-

L | US-

M | US-

FOREIGN PATENT DOCUMENTS
Counts?olgg—ilttm'\tl)i:’]z:; Code MM[?aYniYY Country Name CPC Classification

N

(@]

P

Q

R

S

T

NON-PATENT DOCUMENTS
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U

\Y

W

X

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

Notice of References Cited

Part of Paper No. 20170606
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Electronic Acknowledgement Receipt

EFS ID: 30153080
Application Number: 14811644
International Application Number:
Confirmation Number: 1982

Title of Invention:

UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR MANAGING POWER

FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM

First Named Inventor/Applicant Name:

Paul GARRITY

Customer Number:

23589

Filer:

Scott R. Brown/Vasuki Selvan

Filer Authorized By:

Scott R. Brown

Attorney Docket Number: 47334
Receipt Date: 22-AUG-2017
Filing Date: 28-JUL-2015
Time Stamp: 17:40:44

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B}ttes)l Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
1692880
1 944560_1.PDF yes 4
bed725eabb9aB46c6d605c0209985f6b043)
Tesla, Inc.
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Multipart Description/PDF files in .zip description
Document Description Start End
Amendment after Notice of Allowance (Rule 312) 1 3
Drawings-only black and white line drawings 4 4
Warnings:
Information:
122622
2 Transmittal Letter 944496_1.PDF no 4
ebe85d4fd6ab3023cd735c9f609745f0bedd
c177
Warnings:
Information:
Total Files Size (in bytes){ 1815502

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
23589 7590 06/15/2017
Hovey Williams LLP DEBERADINIS, ROBERT L
10801 Mastin Blvd., Suite 1000
Overland Park, KS 66210 I ART UNIT PAPER NUMBER |
2836
DATE MAILED: 06/15/2017
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. [ CONFIRMATION NO.
14/811,644 07/28/2015 Paul GARRITY 47334 1982

TITLE OF INVENTION: UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR MANAGING POWER FLOW IN A GRID-TIED
PHOTOVOLTAIC SYSTEM

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $480 $0 $0 $480 09/15/2017

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

L. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

23589 e 7590 06/1512017 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Hovey Williams LLP States Postal Service with sufficient postage for first class mail in an envelope
y ddr d the Mail Si ISSUEpFEEg dd b being facsi Fi
. . addressed to the Mail Sto address above, or being facsimile
10801 Mastin Blvd., Suite 1000 transmitted to the USPTO (571) 273-2885. on the date indicated below.

Overland Park, KS 66210

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/811,644 07/28/2015 Paul GARRITY 47334 1982
TITLE OF INVENTION: UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR MANAGING POWER FLOW IN A GRID-TIED
PHOTOVOLTAIC SYSTEM
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 09/15/2017

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
DEBERADINIS, ROBERT L 2836 307-066000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). : 1
(1) The names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. [  CONFIRMATION NO. |
14/811.,644 07/28/2015 Paul GARRITY 47334 1982
23589 7590 06/15/2017 I DXAMINER |
Hovey Williams LLP DEBERADINIS, ROBERT L
10801 Mastin Blvd., Suite 1000
Overland Park, KS 66210 I ART UNIT PAPER NUMBER |

2836

DATE MAILED: 06/15/2017

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3of 3
PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/811,644 GARRITY ET AL.
. I i i AlA (First Inventor to File)
Notice of Allowability E)gE;‘EIE$rDEBERADINIS gggg " Status
Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 1/29/16.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().

Certified copies:
a)[J Al b)[Some *c)[] None of the:
1. [] Certified copies of the priotity documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [XI CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

X including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date 6/6/17.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 7/28/15.12/15/16

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170606
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Application/Control Number: 14/811,644 Page 2
Art Unit: 2836

The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.
DETAILED ACTION
Drawings

Figure 3 is objected to because switch 303 indicates both plus and minus

terminals are shorted together when switch is closed.
Conclusion

The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

YU et al. 20140218985 disclose a system that manages a supplemental energy
source connected to a power grid, includes dc power port (28,30) and alternating
current port power port coupled to the bi-directional converter(22).

MOON 20110175451 discloses a power storage apparatus, method of operating
the same, and power storage.

Allowable Subject Matter

Claims 1-20 allowed.

The following is an examiner’s statement of reasons for allowance: the prior art of
record does not disclose or suggest, inter alia, a first alternating current power port as
claimed.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably

Tesla, Inc.
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Application/Control Number: 14/811,644 Page 3
Art Unit: 2836

accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Any inquiry concerning this communication should be directed to Robert L.
DeBeradinis whose number is (571) 272-2049. The Examiner can normally be reached
Monday-Friday from 8:30 am to 5:00 pm.

If attempts to reach the Examiner by telephone are unsuccessful, the Examiner's
supervisor, Jared Fureman can be reached on (571) 272-2391.

RLD

JUNE 6, 2017

/ROBERT DEBERADINIS/

Primary Examiner, Art Unit 2836

Tesla, Inc.
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Notice of References Cited

Application/Control No.

Reexamination

Applicant(s)/Patent Under

14/811,644 GARRITY ET AL.
Examiner Art Unit
ROBERT DEBERADINIS 2836 Page 1 of 1

U.S. PATENT DOCUMENTS

Counts?olgg—?\lztm,\éirzi; Code MM[?31$YY Name CPC Classification US Classification

A | US-2011/0175451 A1 07-2011 MOON; CHONG-SOP H02J9/062 307/66
B | US-2014/0218985 A1 08-2014 Yu; Dachuan HO02M7/537 363/97
c | US-

D | US-

E | US-

F | US-

G | US-

H | US-

| us-

J | Us-

K | US-

L | US-

M | US-

FOREIGN PATENT DOCUMENTS
Counts?olgg—ilttm'\tl)i:’]z:; Code MM[?aYniYY Country Name CPC Classification

N

(@]

P

Q

R

S

T

NON-PATENT DOCUMENTS
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U

\Y

W

X

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

Notice of References Cited

Part of Paper No. 20170606
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ;4511644 GARRITY ET AL.
H““H““ ““‘ m“ H“H“““ “‘“ “‘ “‘ B o

ROBERT DEBERADINIS 2836
CPC
Symbol Type Version
Ho2J 062 F 2013-01-01
Ho2J 007 | 2013-01-01
HO2J 35 | 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE

Total Claims Allowed:
20

(Assistant Examiner) (Date)
/ROBERT DEBERADINIS/
Primary Examiner.Art Unit 2836 6/6/17 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3

U.S. Patent and Trademark Office

Part of Paper No. 20170606
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14811644 GARRITY ET AL.
ROBERT DEBERADINIS 2836
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
307 66 Hfof2]J 77007
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:
20
(Assistant Examiner) (Date)
/ROBERT DEBERADINIS/
Primary Examiner.Art Unit 2836 6/6/17 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3

U.S. Patent and Trademark Office

Part of Paper No. 20170606
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 14511644 GARRITY ET AL.
H““H““ “W m“ H“H“““ “‘“ “‘ “‘ o o
ROBERT DEBERADINIS 2836
X Claims renumbered in the same order as presented by applicant O CPA O T O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17
2 18
3 19
4 20
5
6
7
8
9
10
11
12
13
14
15
16
NONE
Total Claims Allowed:
20
(Assistant Examiner) (Date)
/ROBERT DEBERADINIS/
Primary Examiner.Art Unit 2836 6/6/17 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3

U.S. Patent and Trademark Office

Part of Paper No. 20170606
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Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

BIB DATA SHEET
CONFIRMATION NO. 1982

SERIAL NUMBER FILINSAQI'rE 371(c) CLASS GROUP ART UNIT ATTORNE(Y).DOCKET
14/811,644 07/28/2015 307 2836 47334
RULE
APPLICANTS
Garrity Power Services LLC, Rockwall, TX;
INVENTORS

Paul GARRITY, Rockwall, TX;
Aaron JUNGREIS, Ra'anana, ISRAEL;

** CONTINUING DATA
*%k FOREIGN APPLICATIONS dededededededekdeodk dedkddod ko kkd kdk ok kok
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY **

08/11/2015
Foreign Priorty claimed O ves Mo STATEOR | SHEETS | TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met (d Yes LINo | [ Netafter COUNTRY |DRAWINGS | CLAIMS CLAIMS
Verified and /ROBERT L
DEBERADINIS/ X 12 20 3
Acknowledged Examiner's Signature Initials
ADDRESS

Hovey Williams LLP

10801 Mastin Blvd., Suite 1000
Overland Park, KS 66210
UNITED STATES

TITLE

UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR MANAGING POWER FLOW IN A GRID-TIED
PHOTOVOLTAIC SYSTEM

|0 All Fees |
FEES: Authority has been aiven in P |0 1.16 Fees (Filing) |
FILING FEE . Authority has been given in Paper - -
RECEIVED INo.  tocharge/credit DEPOSIT ACCOUNT  |[H1:17 Fees (Processing Ext. of time)
800  |No________forfollowing: 0 1.18 Fees (Issue)
U Other
Q Credit |
BIB (Rev. 05/07).
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Receipt date:
Doc code: IDS

07/28/2015

Doc description: Information Disclosure Statement (IDS) Filed

14811644 — GAU: 2836

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

First Named Inventor |GARRITY, Paul

Art Unit

Examiner Name |

Attorney Docket Number

|47334

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document -
Figures Appear
R.L.D/ |, 5384792 A |1995:01-24 |Yuasa Battery Co., Lid.
2 5612581 A 1997-03-18 Fujitsu Limited
R.L.D/
R.L.D/|3 5745356 A 1998-04-28 Exide Electronics Corporation
R.L.D/ (4 6304006 B1 2001-10-16 ABB T&D Technology Ltd.
/R.L.D/ . .
5 6323620 B1 2001-11-27 Hitachi, Ltd.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
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eceipt date: 07/28/2015 14811644 -~ Gay: 283
Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | GARRITY, Paul
STATEMENT BY APPLICANT |

( Not for submission under 37 CFR 1.99)
Examiner Name |

Attorney Docket Number |47334

Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
1 [
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
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Examiner| Cite S - . )
i (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . ; -
publisher, city and/or country where published.
1 [

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add
EXAMINER SIGNATURE
Examiner Signature |/ROBERT 1. DEBERADINIS/ Date Considered |06/06/2017

*EXAMINER: Initial if reference considered, whether or not citation is in confoermance with MPEP 609. Draw line through a
citation if nhot in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ® Applicant is to place a check mark here if
English language translation is attached.
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eceipt date: 07/28/2015 14811644 -~ Gay: 283

Application Number

Filing Date

INFORMATION DISCLOSURE First Named Inventor | GARRITY, Paul

STATEMENT BY APPLICANT At Un
rt Unit |

( Not for submission under 37 CFR 1.99)
Examiner Name |

Attorney Docket Number |47334

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}(2).

[] See attached certification statement.
[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d} for the
form of the signature.

Signature /Scott R. Brown/ Date (YYYY-MM-DD) 2015-07-28

Name/Print Scott R. Brown Registration Number 40535

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 14350, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 07/28/2015 14811644 -~ GRU: 2836

Privacy Act Statement

The Privacy Act of 1874 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information sclicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Receipt date: 12/15/201¢ 14811644 -~ GRU: 2836

Doc code: IDS PTO/SB/08a (03-15)

s . . . Approved for use through 07/31/2016. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 14811644
Filing Date P015-07-28
INFORMATION DISCLOSURE First Named Inventor | [GARRITY, Paul
STATEMENT BY APPLICANT At Uni
nit |2836

( Not for submission under 37 CFR 1.99)

Examiner Name |

Aftorney Docket Number | 47334

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date : Relevant Passages or Relevant
Initial No Code? of cited Document -
Figures Appear
R.L.D/ 1 BO67855 B2 P011-11-29 MUMATZ et al Claims 7,13,18-20
/R.L.D/| 5 5310202 B2 |po140s-19  |jNomURA Claims 8-12,19,20
3 8159178 B2 P012-04-17 SERBAN Claims 1-20
/R.L.DJ
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
/R.L.D/|4 0142065579 A1 P014-09-18 ENECSYS LIMITED Claims 9,17

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
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Name of Patentee or Pages,Columns Lines
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aceipt date: 12/15/2016 14811644 ~ GAU: 283
Application Number 14811644

Filing Date 2015-07-28

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | GARRITY, Paul
Art Unit | 2836

Examiner Name |
Attorney Docket Number |47334

XSLENT ENERGY :

/r.1.p/|2 010036974 0 A2 20100801 |FECANOFRAES | o | Claims 1417
PANASONIC :

/R.L.D/|3  |p793345 P A 20141022 (B SesoRATION Claims1-20

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o - . )
Initials* | No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS

publisher, city and/or country where published.

SERBAN, Emanuel and SERBAN, Helmine; A Control Strategy for a Distributed Power Generation Microgrid
R.L.D/ |1 Ppplication with Voltage and Current Controlled Source Converter, IEEE Transactions on Power Electronics; Vol. 25
12); December 2010; U.S.

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE
Examiner Signature |VROBERT L DEBERADINIS/ Date Considered | 06/06/2017

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. % Applicant is to place a check mark here if|
English language translation is attached.
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eceipt date: 12/15/2016 14811644 - GAU: 283

Application Number 14811644
Filing Date 2015-07-28
INFORMATION DISCLOSURE First Named Inventor | GARRITY, Paul
STATEMENT BY APPLICANT At Un
nit | 2836

( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number |47334

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e){1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Scott R. Brown/ Date (YYYY-MM-DD) 2016-12-15

Name/Print Scott R. Brown Registration Number )40535

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to cbtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 12/15/201¢ 14811644 -~ GRU: 2836

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 53532a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/811,644 07/28/2015 Paul GARRITY 47334
CONFIRMATION NO. 1982
23589 PUBLICATION NOTICE

Hovey Williams LLP

10801 Mastin Bivd., Suite 1000 N AT A
00! 88932

Overland Park, KS 66210 00000

Title:UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR MANAGING POWER FLOW IN A GRID-TIED
PHOTOVOLTAIC SYSTEM

Publication No.US-2017-0033597-A1
Publication Date:02/02/2017

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (571) 272-3150 or (800) 972-6382,
by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http:/pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1

Tesla, Inc.
Ex - 1002
Page 42 of 245



Doc code: IDS PTO/SB/08a (03-15)

C . . . Approved for use through 07/31/2016. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 14811644
Filing Date P015-07-28
INFORMATION DISCLOSURE First Named Inventor | GARRITY, Paul
STATEMENT BY APPLICANT AU
nit | 2836

( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number | 47334

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code!’ of cited Document )
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1 BO67855 B2 P311-11-29 MUMATZ et al Claims 7,13,18-20
2 p810202 B2 P014-08-19 NOMURA Claims 8-12,19,20
3 B159178 B2 P012-04-17 SERBAN Claims 1-20
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 20142065579 A1 P014-09-18 FNECSYS LIMITED Claims 9,17

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
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Power storage system and operation method therefor
JP2015012705

Patent Assignee
NF

Inventor
AIZONO TAKEO

Intemational Patent Classification
HO01M-010/44 H02J-003/00 H02J-003/32 H02J-003/38 HO2J-
007/34

CPC Code
Y02P-080/11

« Publication Information

JP2015012705 A 2015-01-19 [JP2015012705]

« Priority Detalls
2013JP-0136612 2013-06-28

Erd S T

Fampat family
JP2015012705 A 2015-01-19

[JP2015012705)

Abstract:

(JP2015012705)

PROBLEM TO BE SOLVED: To effectively reduce a contract
electric power charge and a use electric power charge by
achieving a desired peak shift and a peak cut if the peak of a
use amount of power appears in any period. SOLUTION: An
operating method of a power storage system performs both
peak cut control, in which a lithium-ion battery 11 is discharged
to reduce use electric energy so that the use electric energy
does not exceed a peak value, and peak shift control, in which
the lithium-ion battery 11 is charged in a time zone having low
use power energy and discharged in a time zone having high
use power energy to level the use electric energy. In this case,
either one of a peak cut preference mode in which the peak cut
control is performed preferentially or a peak shift preference
mode in which the peak shift control is performed preferentially
can be set on a daily basis.
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(JP2015012705)

LEGAL DETAILS FOR JP2015012705

Actual or expected expiration date=2033-06-28

Legal state=ALIVE

Status=PENDING

Event publication date=2013-06-28
Event code=JP/APP
Event indicator=Pos
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Application details
Application country=JP
JP2013136612

Application date=2013-06-28

Standardized application number=2013JP-0136612

Event publication date=2015-01-19
Event code=JP/A

Event indicator=Pos

Event type=Examination events
Published application

Publication country=JP

Publication number=JP2015012705
Publication stage Code=A
Publication date=2015-01-19

Standardized publication number=JP2015012705

Event publication date=2016-06-23
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© QUESTEL 10

Effective date of the event=2016-06-23

JAPANESE INTERMEDIATE CODE: A621.
Clalms
(JP2015012705)

Claims machine translated from Japanese

1. In order not to exceed the peak value which the use electric energy of load sets, the accumulator discharging, contro! of peak
cutting which makes the aforementioned use electric energy decrease below the aforementioned peak value and,

The aforementioned accumulator is charged in the time zone where the aforementioned use electric energy is low, the
aforementioned accumulator discharging in the time zone where the aforementioned use electric energy is high, being operational
system of the electrical storage system which does with the control of the peak shift which makes the particular use electric energy
level,

Preferring the control of the aforementioned peak cutting, preferring the control of peak cutting preferential mode and the
aforementioned peak shift which it does, operational system of the electrical storage system which features that it sets either of the
peak shift preferential mode which it does, day.

2. With the aforementioned peak cutting preferential mode, discharge of the aforementioned accumulator is done when the
aforementioned use electric energy exceeds the aforementioned peak value, aiming toward full charge when the aforementioned
use electric energy does not exceed the aforementioned peak value, operational system of the electrical storage system of the
claim 1 statement which features that it does the charge of the aforementioned accumulator.

3. With charge of the aforementioned accumulator which aims toward the aforementioned full charge, operational system of the
electrical storage system of the claim 2 statement which features that constant-potential charge of the aforementioned
accumulator is done at upper limit of battery volutage.

4. With the aforementioned peak shift preferential mode, operational system of the electrical storage system of the claim 1
statement which features that the learning function which adjusts the charging and quantity every of time of the aforementioned
accumulator according to the aforementioned use electric energy is had.

5. Operational system of the electrical storage system of the claim 1 statement which features that with the aforementioned peak
shift preferential mode, it has the control table in order to do the being full coulomb every of fixed time and the control of peak shift
of 1 days which can set the discharge quantity, with control of peak shift on the basis of being full coulomb or the discharge
quantity which is registered to the aforementioned control table, the aforementioned accumulator it charges or it discharges.

6. Operational system of the electrical storage system of the claim 5 statement which features that it revises the error of the
electric battery remaining amount by with the aforementioned control! table which is used with the aforementioned peak shift
preferential mode, being full and it has the time zone of the setting prohibition which cannot set the coulomb or discharge quantity,
aiming toward full charge in the time zone of the aforementioned setting prohibition, it charges the aforementioned accumulator.
7. One is selected automatically from midst of the plural aforementioned control tables on the basis of the information which with
the aforementioned peak shift preferential mode, it is possible, acquires from outside information and the like of weather forecast
to register the plural aforementioned control tables vis-a-vis identical day, operational system of the electrical storage system of
the claim 5 statement which features that contro! of peak shift is executed.

8. In order not to exceed the peak value which the use electric energy of load sets, the accumulator discharging, control of peak
cutting which makes the aforementioned use electric energy decrease below the aforementioned peak value and,

The aforementioned accumulator is charged in the time zone where the aforementioned use electric energy is low, the
aforementioned accumulator discharging in the time zone where the aforementioned use electric energy is high, being operational
system of the electrical storage system which does with the control of the peak shift which makes the particular use electric energy
level,

For when having a power failure, the user sets the keeping electric energy which keeps the fixed electric energy making provision
converts to the battery volutage value which corresponds to the particular keeping electric energy, with this battery volutage value
and the discharge lower limit voltage value in the usual use range of the electric battery which considers the deterioration of the
electric battery compares, when it reaches to the voltage value whose each voltage of the aforementioned accumulator is large,
operational system of the electrical storage system which features that discharge of control of aforementioned peak cutting and
control of the aforementioned peak shift is stopped.

8. Receiving the electric power supply from electric power system, the accumulatar which supplies the electric power which it
charges, discharges in load and,

The control means which control charging and of the aforementioned accumulator having,

In order not to exceed the peak value which the use electric energy of the aforementioned load sets, the aforementioned
accumulator discharging, control of peak cutting which makes the aforementioned use electric energy decrease below the
aforementioned peak value and,

The aforementioned accumulator is charged in the time zone where the aforementioned use electric energy is low, the
aforementioned accumulator discharging in the time zone where the aforementioned use electric energy is high, being the
electrical storage system which it makes the constitution which makes with the control of the peak shift do which makes the
particular use electric energy level with the aforementioned control means,

Preferring the control of the aforementioned peak cutting, preferring the control of peak cutting preferential mode and the
aforementioned peak shift which it does, either of the peak shift preferential mode which it does, the electrical storage system
which features that the setting expedient which is set day is had.
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10. With the aforementioned peak cutting preferential mode, discharge of the aforementioned accumulator is made to do when the
aforementioned use electric energy exceeds the aforementioned peak value, aiming toward full charge when the aforementioned
use electric energy does not exceed the aforementioned peak value, in order to make the charge of the aforementioned
accumulator do, the electrical storage system of the claim 9 statement which features that it forms the aforementioned contro!
means.

11. With charge of the aforementioned accumulator which aims toward the aforementioned full charge, in order to make the
constant-potential charge of the aforementioned accumulator do at upper limit of battery volutage, the electrical storage system of
the claim 10 statement which features that the aforementioned control means are formed.

12. With the aforementioned peak shift preferential mode, the electrical storage system of the claim 9 statement which features
that the learning function expedient which adjusts the charging and quantity every of time of the aforementioned accumulator
according to the aforementioned use electric energy, is provided for the aforementioned control means.

13. The electrical storage system of the claim 9 statement which features that it makes the constitution which with the
aforementioned peak shift preferential mode, has the control table in order to do the being full coulomb every of fixed time and the
control of peak shift of 1 days which can set the discharge quantity, with control of peak shift on the basis of being full coulomb or
the discharge quantity which is registered to the aforementioned control table, the aforementioned accumulator it charges or
discharges.

14. The electrical storage system of the claim 13 statement which features that it makes the constitution which revises the error of
the electric battery remaining amount by with the aforementioned control table using with the aforementioned peak shift
preferential mode, being full and it has the time zone of the setting prohibition which cannot set the coulomb or discharge quantity,
aiming toward full charge in the time zone of the aforementioned setting prohibition, it charges the aforementioned accumulator.
15. The electrical storage system of the claim 13 statement which features that it makes the constitution which selects one
automatically from midst of the plural aforementioned contro! tables on the basis of the information which with the aforementioned
peak shift preferential mode, it is possible, acquires from outside information and the like of weather forecast to register the plural
aforementioned control tables vis-a-vis identical day, executes the control of peak shift.

16. In order not to exceed the peak value which the use electric energy of load sets, the accumulator discharging, control of peak
cutting which makes the aforementioned use electric energy decrease below the aforementioned peak value and,

The aforementioned accumulator is charged in the time zone where the aforementioned use electric energy is low, the
aforementioned accumulator discharging in the time zone where the aforementioned use electric energy is high, being the
electrical storage system which it makes the constitution which makes with the control of the peak shift do which makes the
particular use electric energy level,

For when having a power failure, the user sets the keeping electric energy which keeps the fixed electric energy making provision
converts to the battery volutage value which corresponds to the particular keeping electric energy, with this battery volutage value
and the discharge lower limit voltage value in the usual use range of the electric battery which considers the deterioration of the
electric battery compares, when it reaches to the voltage value whose each voltage of the aforementioned accumulator is large,
the electrical storage system which features that it makes the constitution which stops the discharge of control of aforementioned
peak cutting and control of the aforementioned peak shift.

Description
(JP2015012705)

(Description machine translated from Japanese)

TECHNICAL FIELD

{0001] This invention by the fact that peak cutting and peak shift are done, regards the electrical storage system and its
operational system which assure the decrease of contract demand fee and use electricity rates.

BACKGROUND ART

(0002] As an operational system of the electrical storage system, in prerequisite, charging and the electric battery to only summer,
the thought of doing peak cutting has been shown the fact that peak of the use electric energy of load appears in specific period of
summer in patent literature 1.

But this, making the operation of the system stop completely at period other than summer, has assured the decrease of
operational cost, the period when it does not have the necessity to do peak cutting the system being able to utilize is not
effectively.

[0003] The nighttime electric power whose electric charges are cheap is charged, this discharging in the daytime when peak
appears, the system which actualizes peak cutting is shown in patent literature 2,3. In patent literature 2, although charge time is
set to the time zone of nighttime electric power, by the fact that discharge duration is set to the time zone of daytime, doing peak
cutting in daytime, it decreases contract demand fee, it does the decrease of use electricity rates with the peak shift which at the
same time utilizes nighttime electric power.

In addition in patent literature 3, doing discharge when it exceeds the peak value which the use electric energy sets you hold down
peak, you actualize the decrease of contract demand fee and use electricity rates the electric power which is consumed in
nighttime by accumulating electricity.

{0004] But, with these systems it designates that occurs in only the daytime when peak of the use electric energy electric
generation is high as prerequisite.

In addition, the electric battery which has accumulated electricity has designated that it is sufficient capacity as prerequisite,
capacity of the electric battery is gone in the midst of discharging, the fact that or capacity of the electric battery changes at
deterioration and temperature, is not considered.

[0005) When charge or discharge is done in the time zone which sets in advance and on midst of schedule driving which this in
advance is set peak value, the use electric energy exceeds, doing discharge, the system which actualizes peak shift and peak
cutting is shown in patent literature 4.
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But with this system, you collect pattern of the use electric energy over fixed period and drawing up the schedule data which
becomes necessary driving plan from the analysis, if you do not set, it is not possible to do schedule driving of desire.

In addition, when peak outside supposition occurs, discharge is done, but as for the electric power which is stored in the electric
battery it has become prerequisite, not to become insufficient, there is no capacity of the electric battery, it cannot correspond to or
capacity of the electric battery changing at deterioration and temperature.

Patent 4607533rd number bill

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] With the object facility of the retail store and the like which does 24 hour businesses, not only daytime of summer, there are
times when peak of electrical amount used appears in the time zone of evening and nighttime.

Because of this, the electric power which it charges simply in the time zone of nighttime fee, accumulates electricity with the
system which discharges in daytime, there is a topic which cannot do effective peak cutting.

[0008] In addition recently, the electrical storage system which uses the lithium ion electric battery as a accumulator has started
spreading.

As for the lithium ion electric battery when it compares with the lead batterycell and the like, price is high as still, only the electric
battery of minimum requirement capacity when it cannot install is many.

In addition, the electric energy where it can charge and per unit time with temperature changes largely, repeats and because the
electric energy decreases with the deterioration with utilization, there is a topic that it is difficult to grasp the electric energy which
really it can charge and.

[0009] Furthermore, the entire country which possesses the many store in the object facility which has been developed, utilization
pattern of electric power it differs to every store meteorological condition, depending upon the residence and office environment
and the cleaning time zone etc around.

Because of that, under schedule driving to do peak cutting and peak shift, drawing up the aforementioned schedule data in every
store, you must set to the system, great job time and cost occurs.

[0010] You considered this invention to the above-mentioned problematical point, assuming, that peak of electrical amount used
appeared in some period, actualizing the peak shift and peak cutting of desire, it designates the electrical storage system which
can decrease contract demand fee and use electricity rates effectively and that its operational system is offered as purpose then.
TECHNICAL SOLUTION

[0011] Operational system of the electrical storage system in this inventing in order not to exceed the peak value which the use
electric energy of load sets, the accumulator discharging, charges the aforementioned accumulator in the time zone whose control
and the aforementioned use electric energy of peak cutting which makes the aforementioned use electric energy decrease below
the aforementioned peak value are low, peak cutting preferential mode and the aforementioned peak shift which discharging,
being operational system of the electrical storage system which does with the control of the peak shift which makes the particular
use electric energy level, preferring the control of the aforementioned peak cutting, do the aforementioned accumulator in the time
zone where the aforementioned use electric energy is highPreferring control, it features that it sets either of the peak shift
preferential mode which it does, day.

[0012] In addition, receiving the electric power supply from electric power system, it charges the electrical storage system in this
inventing, it has with the control means which control charging and of the accumulator and the aforementioned accumulator which
supply the electric power which discharges in load, in order not to exceed the peak value which the use electric energy of the
aforementioned load sets, the aforementioned accumulator discharging, it charges the aforementioned accumulator in the time
zone whose control and the aforementioned use electric energy of peak cutting which makes the aforementioned use electric
energy decrease below the aforementioned peak value are low, the aforementioned accumulator discharging in the time zone
where the aforementioned use electric energy is high, particularControl of the peak shift which makes the use electric energy level
being the electrical storage system which is made the constitution which is made to do with the aforementioned control means,
preferring the control of the aforementioned peak cutting, preferring the control of peak cutting preferential mode and the
aforementioned peak shift which it does, either of the peak shift preferential mode which it does, it features that the setting
expedient which is set day is had.

ADVANTAGEOUS EFFECTS

[0013] According to the invention of claim 1,8, because peak cutting being needed is limited to the period when summer and the
like is limited, at the period when peak of the use electric energy of load appears setting peak cutting preferential mode, although it
actualizes the decrease of contract demand fee securely, at the period when peak does not appear setting peak shift preferential
mode, it assures levelling the use electric energy which nighttime electric power the maximum is utilized, actualizes the decrease
of use electricity rates securely.

Because of this, like the store and the like where for example peak of the use electric energy occurs in the time zone of nighttime
fee, assuming, that peak of electrical amount used appeared in some period, actualizing the peak shift and peak cutting of desire,
it is possible to decrease with contract demand fee and use electricity rates effectively.

[0014] According to the invention of claim 2,10, with peak cutting preferential! mode, when the use electric energy exceeds peak
value, doing the tracking control load, the accumulator it discharges, in the interval of the peak where the use electric energy does
not exceed peak value, aiming toward full charge, it charges the accumulator.

Because this charge is done regardless of day and night, for example being the time zone of daytime, making use of the interval of
peak, until the accumulator becomes full charge, it is possible to do charge efficiently.

{0015) According to the invention of claim 3,11, with peak cutting preferential mode, at upper limit of battery volutage when
charging fully which is difficult to receive deterioration and the influence of temperature, aiming toward the upper limit voltage of
the accumulator in the interval of peak, it charges.

Because of this, peak cutting which utilizes active battery capacity to the maximum regardless of to the deterioration of the
accumulator and the decrease of the battery capacity which accompanies temperature decrease, can be actualized.
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[0016] According to the invention of claim 4,12, with peak shift preferential mode, following to the charging and quantity which is
set to every time with default, schedule driving which charges and the accumulator is done, while executing this schedule driving,
adjusts the charging and quantity which is set to the case where for example the use electric energy of load exceeds peak value,
automatically.
Because of this, being peak shift preferential mode, as you can control the fact that the use electric energy exceeds peak value,
collecting the pattern of the use electric energy with the automatic adjustment of the charging and quantity, it makes the time
which you analyze unnecessary, it becomes possible to simplify the setting of the charging and quantity substantially.
In other words, it does schedule driving making use of the operational planned data of the typical specific store and the like, when
exceeding peak, it is possible to remove the job of data acquisition and analysis every of store due to the learning function which
corrects this operational planned data automatically.
[0017] According to the invention of claim 5,13, with peak shift preferential mode, the accumulator it becomes possible on the
basis of the being full coulomb or the discharge quantity every of fixed time which is registered to the control table, to do the
control of the peak shift which it charges or discharges, or at 1 day unit.
In addition, it is maximum of mean power 30 minutes as for contract demand as one example it is possible to do the control of
peak cutting in order to decrease contract demand, but this fixed time by matching 30 minutes which become calculation standard
of contract demand, accurately.
[0018] According to the invention of claim 6,14, in the time zone of the setting prohibition which is registered to the control table,
aiming toward full charge, it is possible, revises the error of the electric battery remaining amount, to charge the accumulator,
effectively without wastefulness by discharging the accumulator from state of full charge, to utilize the accumulator, it is possible.
[0019] Plural is registered from midst of the control table which, it selects one control table of specification according to the
invention of claim 7,15, with the information which is acquired from outside, identical day vis-a-vis, it selects the appropriate contro!
table which responds to the meteorological condition such as weather and air temperature by charging or discharges, or that on
the basis of the control table which is selected, the accumulator, and the sudden event etc such as entertainments of area by the
fact that control of peak shift is done on the basis of this control table, it is possible to do effective peak cutting.
[0020] According to the invention of claim 8,16, when voltage of the accumulator, either battery volutage value and the discharge
lower limit voltage values which correspond to the keeping electric energy reaches to large voltage value, when having a power
failure when the fixed electric energy which it has by preventing the discharge of the accumulator which is due to the control of
peak cutting and the control of peak shift, is kept securely simultaneously, it is possible to control the deterioration of the electric
battery with being less than discharge lower limit voltage value.
DESCRIPTION OF DRAWINGS
1. Itis the block schematic of the electrical storage system which shows one execution example of this invention.

2. Itis the block schematic which shows a more detailed constitution of the ditto and the bidirectional invertor.
3. ltis the block diagram which shows the functional constitution of the ditto and the control controller.
4. It is the explanation drawing which shows the constitution of the ditto and the control table.

5. The ditto, (A) is the figure of the use electrical of load and load curve which shows one example related to with time, (B) is the
graph which shows one example related to with battery volutage and time.

6. Itis the explanation drawing which shows the constitution of the ditto and the preferential mode set table.

7. The ditto, (A) is the figure of the use electrical of load and load curve which shows another example related to with time, (B) (A)
with load curve, is the explanation drawing which shows the state of charging and with peak cutting preferential mode, (C) is the
graph which shows another example related to with battery volutage and time.

8. Itis the flowchart which shows the procedure of the control means in the ditto and systematic connected type mode.
9. Itis the flowchart which shows the procedure of control of the ditto and the peak cutting priority.
10. Itis the flowchart which shows the procedure of control of the ditto and the peak shift priority.

11. At the front and back which applies the ditto and learning function, (A) is the figure of the use electrical of load and load curve
which shows the relationship with time, (B) is the graph which shows the example related to with battery capacity and time.

12. ltis the flowchart which shows the ditto and learning function procedure.

DESCRIPTION OF EMBODIMENTS

[0022] Below, while referring to the attachment plan concerning the electrical storage system and the operational system in this
inventing, you explain the desirable one execution example in detail. .

[0023] Figure 1 has shown the entire constitution of electrical storage system 1 outline.

In the same figure, as for 2 electric power system, as for 3 it is the object facility which receiving eiectricity has been done from
electric power system 2.

The object facility 3 referred to here, for example the retail store of 24 hour businesses, the building and the apartment and the
small-scale factory of small-to-medium-sized type, the public facilities of the gasoline station and the school etc are included,
through receiving electricity 0.4 inside object facility 3, the electronic equipment 5 which is load and electrical storage system 1 is
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connected in parallel.

In addition, converter as an electric current detector 7 is connected to the supply of electricity road 6 which from receiving
electricity 0.4 supplies alternating current power to electronic equipment 5.

Electronic equipment 5§ may be general load, for example illumination equipment and air conditioning equipment, the refrigerator
and the electric pot, the POS terminal, broadcast equipment and the automatic opening and closing door, the invertor for the
elevator, it is the boiler feed pump and the motor etc for drive of [rihuta] for automobile.

[0024] Connected system doing in electric power system, 2 the electrical storage system 1 which is driven electric battery pack
has designated 8 and bidirectional invertor 9 as the main component.

As for electric battery pack 8, N in electric battery module 11A-11N and each electric battery module 11A-11N which connect in
series the slave BMU who is arranged 1 units at a time (battery control unit: It is constituted Battery Management Unit) by with 12A
-12N and the master BMU13 1 each slave BMU12A-12N is managed generalize.

The electric battery module 11A-11N which builds in the electric battery cell where plural is connected in series, collecting these,
forms lithium ion electric battery as a accumulator 11.

For example as for electric battery pack 8 the electric battery module 11A-11N 14 is built in, for example as for each electric
battery module 11A-11N 8 electric battery cells are built in, in this case electric battery pack 8 becomes 112 serial group electric
batteries.

Voltage from of each electric battery module 11A-11N and information of temperature respectively are taken in by the slave
BMU12A-12N who, corresponds for example CAN (Controller Area Network) through the means of communication like
communication, are forwarded in common master BMU13. In addition master BMU13 as the normality or abnormality of each
electric battery module 11A-11N is judged on the basis of the information of voltage and the temperature which are received from
each slave BMU12A-12N, has become the constitution which forwards these items of information to the later mentioned control
controller 17.

Furthermore, it measures the voltage from of electric battery module 11A-11N and the information of temperature, in every electric
battery cell which is built in.

[0025] Bidirectional invertor 9 is formed one or the piural semiconductor switching elements (not to illustrate) the DC/AC invertor
by with the control controller 17 which controls 16 where the bidirectional power conversion which it has is possible and DC/AC
invertor 16 as the invertor.

DC/AC invertor 16 supply of electricity road is connected with 6 and lithium ion electric battery, 11 receives the charge control
signal from of control controller, 17 converts alternating current power from of supply of electricity road 6 to direct current power, in
addition receiving the controlling the discharge signal from of control controller 17, it is something which converts direct current
power from of lithium ion electric battery 11 to alternating current power.

In addition contro! controller 17 taking in the information of electric current to load and the electric current of alternating current
side of the DC/AC invertor 16 which is measured with bidirectional invertor 9 and the information of voltage from the systematic
electric power 2 which is detected to the functional other things where you mention earlier, with converter 7, forms the charge
control signal and the controlling the discharge signal to DC/AC invertor, 16 has the function which does the control of peak cutting
and the peak shift etc which it mentions later.

Concerning the concrete constitution of control controlier 17, about after you exptain.

[0026] Figure 2 is something which shows the internal configuration of bidirectional invertor 9 in detail.

In the same figure, bidirectional invertor 9, the aforementioned DC/AC invertor other than 16 and control controller 17, switch
21,22 and the rush current prevention circuit 23 and noise filter has 24,25 and control power source 26.

As for switch 21,22, each of them with the opening and closing expedient which it opens and closes operates due to the relay
control signal from of control controlier 17, lithium ion electric battery switch 21 is inserted is connected by the direct current
railroad track with 11 and DC/AC invertor 16, DC/AC invertor switch 22 is inserted is connected to the interchange railroad track
with 16 and supply of electricity road 6.

In addition, the rush current prevention circuit 23 and noise filter 24 switch is inserted is connected by the direct current railroad
track with 21 and DC/AC invertor 16, DC/AC invertor another noise filter 25 is inserted is connected to the interchange railroad
track with 16 and switch 22.

Control power source 26, receiving the direct current power from of lithium ion electric battery 11 or the alternating current power
from of electric power system 2, not only the normal time of electric power system 2, is something which supplies appropriate
operating voltage to control controller 17 even when having a power failure.

[0027) with the above-mentioned constitution, when switch 21,22 is closed together, the charge contro! signal or the controlling
the discharge signal from control controller 17 it can give to DC/AC invertor 16, lithium ion electric battery 11 and electric power
system 2 or with electronic equipment 5, exchange of electric power becomes possible.

This time noise filter 24,25 controls the noise component which it occurs in the aforementioned direct current railroad track and the
interchange railroad track respectively, the rush current prevention circuit 23 controls the steep electric current change which it
occurs in the direct current railroad track.

In addition with the signal from of converter 7 when it judges that control controller 17, that it is abnormal for example master
BMU 13 either of electric battery module 11A-11N that it judges when, lithium ion electric battery 11 in order to separate from
bidirectional invertor 9 safely, forwards the relay control signal which puts switch 21 in opening state, opposite current does vis-a-
vis electric power system 2, forwarding the relay control signal which puts switch 22 in opening state, it prevents opposite current.
[0028) Contro! controller with of 17 and master BMU 13 outside two-way communication is possible is connected with means of
communication 27.

External means of communication 27 for example are CAN communication, control controller 17 receives the voltage of the
electric battery cell and the information of temperature from master, BMU13 the case where abnormality is detected conversely
transmits the command which stops processing vis-a-vis master BMU13.

[0029] Figure 3 is something which shows the functional constitution of especially control controller 17.
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In the same figure, control controller 17 is formed control means such as CPU and input/output interface by with entry possible
memory expedient such as 31 and flash memory and hard disk drive 32, control means 31, although electric current information
from of converter 7 and electric current of alternating current side of DC/AC invertor 16 and information of voltage are acquired,
output the charge control signal and the controlling the discharge signal in DC/AC invertor, 16 possess the function which in
addition outputs the indicatory control signal to indicator 33.

Furthermore control means 31 read out the program which is housed in memory expedient 32, follow to this program, the peak
shift control means have become the constitution which executes 34 which become power control function of electrical storage
system 1 and peak cutting control means 35.

Other than the storage region of such program, control table 37 and voltage electrical setting table it can provide the storage
region which houses 38 and preferential mode set table 39 respectively in memory expedient 32.

[0030] As for peak shift control means 34, the use electric energy of load is low, the nighttime electric power whose electric
generation is cheap (18 o'clock at the time of the -6} lithium ion electric battery 11 it accumulates electricity, this the use electric
energy of load is high, in the time zone of the daytime when electric generation is high discharging in electronic equipment 5, it is
something which makes control of the peak kind of shift which makes the use electric energy level, saves the electric generation of
the balance amount, DC/AC invertor do 16.

Here, also the effect of peak cutting can obtain lithium ion electric battery 11 in the time zone of the daytime when the use electric
energy of load becomes peak by discharging.

[0031] With control of the peak shift with peak shift control means 34, schedule driving which is based on the control table 37
which beforehand is set to memory expedient 32 is done.

Concrete, peak shift contral means 34 do the indication in the charging and function which in order to charge or to discharge, or,
provides lithium ion electric battery 11 for control means 31 at the electric energy which is appointed to the time zone which is
appointed on the basis of the information of control table 37, forward the charge control signal or the controlling the discharge
signal in DC/AC invertor 16:

[0032] Figure 4 is something which illustrates the constitution of control table 37.

As for control table 37, 1 days (from 0 o'clock 24 o'clock) it is something which is set to every being full coulomb of lithium ion
electric battery 11 and the time division which can decide the discharge quantity.

As one example, tims division of the control table 37 here is 30 minutes, per hour from 0 minutes to 30 minutes, from 30 minutes
with each time division to 60 minutes, the electric energy which it charges or discharges, or, is set to the 0.1kW mark in the range
of 0-2.5kWh. In addition, in control table 37, 3 hours it provides for example the time zone of the setting prohibition which cannot
set the user with operation from outside.

Default value of setting prohibition for example is set with the time zone at the time of the 2-5, variable that value it is possible after
that, outside it does not illustrate with the operation input from operation expedient, according to need to do.

The time zone of this setting prohibition is used with the error revision expedient 41 which it mentions later.

Furthermore, when error revision is not done, the time zone of setting prohibition is not provided and also the [te] is good.

[0033] For example peak shift control means 34, with control of the peak shift which is mentioned, are output of DC/AC invertor 16,
charging and of lithium ion electric battery 11 is done with the input/output of 5kW, in order the electric energy where lithium ion
electric battery 11 is set to control table 37 on the basis of the electric current of alternating current side of DC/AC invertor 16 and
the information of voltage, to make input/output stop at the point in time when it charges or discharges, or, operation of DC/AC
invertor 16 is controlled.

Furthermore, the discharge electric ability which is set to control table 37 is output of alternating current side of DC/AC invertor 16,
charge electric ability is output of direct current side of DC/AC invertor 16.

[0034] In addition, with control of the peak shift with peak shift control means 34, from various voltage specifications which are
remembered in voltage electrical setting table 38, upper limit and the lower limit value of battery volutage of lithium ion electric
battery 11 are read, until when battery volutage reaches to upper limit, the discharge electric ability which is set to control table 37
"0.0" discharge starting other than becomes, processing is discontinued, when battery volutage reaches to the lower limit value,
until the charge electric ability which is set to contro! table 37 "0.0" becomes start of charge other than processing is discontinued.
[0035] Voltage electrical setting table 38, the occasion where peak shift control means 34 and peak cutting control means 35
control DC/AC invertor 16, is something which it houses remembers necessary electrical specification and voltage specification.
With this execution example as an electrical specification, peak cutting value Wt (the unit: kW) And keeping electric energy Wkp
{unit: kWh) And so on to be remembered, as a voltage specification, charge limited voltage Vmax (the unit: V) And, discharge
limited voltage Vmin (unit: V) And, charge upper limit voltage Vhit (unit: V) And, discharge lower limit voltage VIit (unit: V) And,
electrical keeping voltage Vkp (unit: V) And so on is remembered.

Among these, as for peak cutting value Wt and keeping electric energy Wkp, at the value which the user sets, you can acquire
electrical keeping voltage Vkp by réferring to the table which displays the electric battery quality which is beforehand registered
from value of keeping electric energy Wkp. In addition, charge limited voltage Vmax, discharge limited voltage Vmin, charge upper
limit voltage Vhit and discharge lower limit voltage Vit are set as the value which is specific to lithium ion electric battery 11.
[0036] As for charge limited voltage Vmax and discharge limited voltage Vmin, for example SOC of lithium ion electric battery 11
(State of Charge) 100% it corresponds to 0% respectively, as for charge upper limit voltage Vhit and discharge lower limit voltage
VIit, for example SOC 90% corresponds to 10% respectively.

In order to control the deterioration of lithium ion electric battery 11, charging and is done between charge upper limit voltage Vhit
and discharge lower limit voltage VIit. Keeping electric energy Wkp without using with control of peak cutting and contro! of peak
shift making provision for at the time of disaster, is the electric energy which you keep, for example the user sets the electric
energy of the minimum which is necessary for the nighttime illumination and the like when having a power failure as keeping
electric energy Wkp.

[0037) Figure 5(A) is something which shows one example related to with use electric energy and time of load.

With schedule driving which is based on the control table 37 which shows in Figure 3, between the time of the 18-21 which is the

Tesla, Inc.
Ex - 1002
Page 65 of 245



PCT/US2016/044206 14.10.2016

© QUESTEL 16
time zone of nighttime electric power, from control means 31 forwarding the charge control signal to DC/AC invertor 16, it charges
lithium ion electric battery 11, 11 where it is the time zone of daytime:30 at the time of the -15 between the time zones of the half,
from control means 31 forwarding the controlling the discharge signal to DC/AC invertor 16, lithium ion electric battery 11 it
discharges.

Figure with example of 4 and figure 5(A), lithium ion electric battery 11 the time zone which discharges, coinciding with the peak of
the use electric energy of load, is set by the control of peak shift, also the effect as peak cutting is obtained.

Furthermore, wt+5 which is shown in figure 5(A) 5kW) is the electrical peak value which is added output of DC/AC invertor 16 (as
one example in peak cutting value Wt.

[0038} In addition as for figure 5(B), one example related to with voltage and time of the lithium ion electric battery 11 in the time of
control of peak shift has been shown.

As shown in this figure, battery volutage is managed with values of the one whose electrical keeping voltage Vkp and the
discharge lower limit voltage VIIt which are value and the lower limit value of the charge upper limit voltage Vhlit which is upper limit
are large.

[0038] Season (12 months) and the weather (it clears up in memory expedient, 32 cloudiness and the rain) reflects, the storage
region which for example can register =36 the control table 37 of pattern of 12 month x3 types is guaranteed.

In addition, control means 31 to build in the clocking expedient which counts day and time, in order to allot 1 control tables each 37
of pattern of specification vis-a-vis each day of calendar which is based on this clocking expedient, the control table allotment
information which date and pattern of control table 37 relation is attached, to preferential mode set table 39 beforehand having set
and remembering.

Vis-a-vis each day of calendar, it is possible also, to allot plural control tables 37, in this case for example for example the control
means means of communication of 31 which have not been illustrated and outside (it acquires the information of weather forecast
the Ethernet (registered trade mark) communication) of making use, it selects suitable control table 31 automatically due to
weather.

Because of this for example as for peak shift control means 34, count of the day and time with clocking expedient is time of
specification, when it reaches at 6 o'clock, selecting the control table 37 of pattern of the specification which is allotted, in that day
from of preferential mode set table 39, it starts the control of peak shift.

[0040] Preferential mode set table 39 in addition, either of control of peak cutting with the peak cutting control means 35 which, it
controls and mentions later and of the peak shift with peak shift control means 34 vis-a-vis each day of calendar, preferring that is
provided the preferential mode which you say whether it makes do as the setting expedient which it makes setting possible.

In this case, count of the day and time with clocking expedient reaches to the time of specification, when preferential mode of peak
shift is set to preferential mode set table 39 in that day, control of the peak shift with peak shift control means 34, taking
precedence over the control of peak cutting with peak cutting control means 35, is done, when preferential mode of peak cutting is
set to preferential mode set table 39 conversely in that day, control of peak cutting with peak cutting control means 35, taking
precedence over the control of the peak shift with peak shift control means 34, is done.

[0041) Furthermore, setting the control table 37 of pattern of specification day does peak cutting in only severe heat day of
summer season when for example peak is easy to come out and while the tray going to bed, other days are in order to answer the
needs that it does peak shift.

Because of this, the day when it has the necessity to do peak cutting doing the control of peak cutting, decreases contract demand
fee securely, does the control of peak shift in other days and, it is possible to reduce electric generation substantially by utilizing
cheap nighttime electric power.

[0042] Figure 6 is something which illustrates the constitution of preferential mode set table 39.

With preferential mode set table 39, information of the priority mode set which date and preferential mode and each field of pattern
number of the control table 37 which corresponds to each weather relation is attached, is respectively provided in every date.

With the example which is shown in this Figure 6, as for January 1st with peak shift preferential mode, in case of the fair weather
control table 37 of pattern of number 1 is set, in case of the rainy weather control table 37 of pattern of number 2 is set, in case of
cloudiness control table 37 of pattern of number 3 is set.

In addition, as for March 3rd with peak shift preferential mode, in case of the fair weather control table 37 of pattern of number 7 is
set, in case of the rainy weather control table 37 of pattern of number 8 is set, in case of cloudiness control table 37 of pattern of
number 9 is set.

When peak cutting preferential mode is set, pattern of control table 37 is not set.

The preferential mode set table 39 which shows in Figure 6 is one example to the last, in order for example to make the memory
capacity of memory expedient decrease 32 to the utmost, field of preferential mode is abbreviated, whether or not value is written
to the field of pattern number of control table 37, it is possible to make control means recognize 31 whether each of them of peak
shift preferential mode and peak cutting preferential mode is set by.

[0043] As for peak cutting control means 35, the maximum use electric energy of load (maximum of electric power for average
demand every of 30 minutes} decreasing, it is something which makes control of the peak kind of shift which decreases the
contract rate of the electric power company, DC/AC invertor do 16.

If with control of the aforementioned peak shift, discharge duration of lithium ion electric battery 11, coinciding to the peak of the
use electric energy of load, it is set, it is not necessary to do the control of peak cutting, but when you can do the electrical use
outside supposition, peak cutting control means 35 in order for the use electric energy of load not to exceed peak cutting value Wt,
lithium ion electric battery 11 discharging, do the control of peak cutting which cuts the use electric energy of load below peak
cutting value Wt with the tracking control load.

[0044] Figure 7(A) has shown another example related to with use electric energy and time of load.

Here, in case of control of peak shift lithium ion electric battery 11 other than the time zone of the daytime when it discharges, the
time zone where the use electric energy of load exceeds peak cutting value Wt exists even in the time zone of the nighttime when
lithium ion electric battery 11 is charged.
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On the one hand, control of peak cutting taking precedence, until with the peak cutting preferential mode which is done, in the time
zone where the use electric energy of load exceeds peak cutting value Wt, equal to the addition electrical value amount which
exceeds peak cutting value Wt discharges, lithium ion electric battery 11 in the time zone where the use electric energy of load
does not exceed peak cutting value Wt, reaches to the upper limit of battery volutage, aiming toward full charge, in order fixed
voltage to charge lithium ion electric battery 11, to do the indication in the charging and function which peak cutting control means
35 prepare for control means 31, in DC/AC invertor 16 the charge control signal or the controlling the discharge signallt forwards.
[0045] Figure 7(B), in connection with between the use electric energy and time of the kind of load which is shown in figure 7(A),
has shown the state of charging and of lithium ion electric battery 11.

In addition figure 7(C) figure 7(A), has shown the relationship between battery volutage and the time which correspond to (B). For
example as for upper limit of the battery volutage here it is 400V, it has reached the value which corresponds to the charge upper
fimit voltage Vhit of lithium ion electric battery 11.

Furthermore, when the use electric energy of load exceeds electrical peak value Wit+5, output of DC/AC invertor 16 becomes
insufficient, it is not possible to make the use electric energy of load below peak cutting value Wt. This time as for peak cutting
control means 35, after the use electric energy of load is less than peak cutting value Wt, peak equal to the addition electrical
value amount which cannot be cut, makes the discharge of lithium ion electric battery continue 11 with tracking control load.
[0046] For the second time, it returns to Figure 3, peak shift control means 34 error revision expedient have with 41 and learning
function expedient 42.

As for error revision expedient 41, with the primary factor of measurement error of voltage electric current and electric battery
temperature and fluctuation etc of efficiency of DC/AC invertor 16, following to the control of peak shift, doing charging and of
lithium ion electric battery 11, considering the fact that it is times when among nights it does not become full charge, in the time
zone of setting prohibition of the peak shift in the aforementioned control table 37, forwarding the charge control signal to DC/AC
invertor 16, it is something which everyday makes lithium ion electric battery charge 11 to charge upper limit voltage Vhit. Because
of this, with control of the peak shift with peak shift control means 34, from state of full charge to discharge at sufficient capacity it
is possible lithium ion electric battery 11 to the time zone of the daytime when electric charges are high.

In addition, in the time zone of setting prohibition of peak shift, it makes lithium ion electric battery charge 11 with the input of SkW
where error revision expedient 41 is suitable to the output of DC/AC converter 16 when it reaches to the charge upper limit voltage
Vhit which battery volutage houses in voltage electrical setting table 38, it has become the constitution which makes that charge
stop.

[0047] Learning function expedient 42 decreases the execution of control of peak cutting, for example with the function which
tunes the control table 37 where with only control of peak shift can actualize peak cutting automatically, concretely, it is specified
with identical time division 3 days continuing, the use electric energy of load exceeding peak cutting value Wt, when peak cutting
was done, adding the addition electric energy which exceeds peak cutting value Wt, to the discharge electric ability of the time
zone to which control table 37 corresponds, it is something which you adjust.

Depending upon the addition adjustment of this discharge electric ability, until total value of discharge electric ability of 1 days
effective accumulation of electricity capacity of lithium ion electric battery 11 (from charge upper limit voltage Vhit becomes
electrical keeping voltage Vkp, when capacity) it exceeds, the fact that accumulation of electricity capacity is insufficient in
indicator 33 is indicated, just the electric energy which becomes insufficient reduces the value of keeping electric energy Wkp
automatically.

When the resuit which it reduces becomes with 0, peak shift error is indicated in indicator 33, discharge is discontinued at the point
in time when it reaches to discharge lower limit voltage VIit.

[0048] Next, the action is explained concerning the above-mentioned constitution.

Power source is thrown to electrical storage system 1, from control power source 26 operating voltage is supplied to control
controller 17 and after transiting in stand by, when the starting button which is not illustrated is operated, it moves to the
systematic connected type mode which is operating condition.

[0049] As for Figure 8, procedure of the control means 31 in systematic connected type mode has been shown.

In the same figure, contro! means 31, when it reaches at 6 where count of the day and time which is read from clocking expedient
is one example of time of specification o'clock, read the information of priority mode set of the specification which includes the date
which agrees to the calendar which is based on clocking expedient, from preferential mode set table 39, (step S1). And, control
means 31 to step S2 move, the preferential mode which if is included in the information of priority mode set of specification is peak
cutting preferential mode, moving to step S3, the control do which prefers peak cutting with peak cutting control means 35 peak
cutting preferential mode it makes, it is not and is peak shift preferential mode, moving to step S4, the control do which prefers the
peak shift with peak shift control means 34 it makes.

If systematic connected type mode continues this consecutive procedure, everyday it is done in time of specification.

[0050] Systematic connected type mode, electric power from of electric power system 2 is supplied here, it is in a state where
electrical storage system 1 can do charging and.

Self sustaining mode is in a state where electric power is not supplied from electric power system 2 by power failure, it judges,
changes systematic connected type mode and self sustaining mode automatically whether or not electric power is supplied from
electric power system 2 by the signal from of converter 7.

With self sustaining mode, it does not do the control of peak cutting and the contro! of peak shift, bidirectional invertor 9 supplies
necessary electric power vis-a-vis electronic equipment 5 by doing the fixed variable voltage control of supply of electricity road 6.
[0051] As for electrical storage system 1, it is not possible to execute the control of peak shift and the control of peak cutting
simultaneously.

Because of that with this execution example, the user be able to select either peak cutting preferential mode and peak shift
preferential mode, the power contro! which by the fact that it has the preferential mode set kind of table 39 which at the same time
can set that preferential mode day, depends on electrical storage system 1 and differs becomes possible.

[0052] With the control which prefers peak cutting of step S3, only control of peak cutting is done, peak shift is not controlled.
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In addition, also the error revision function due to error revision expedient 41 and the learning function due to learning function
expedient 42 it does not execute.

When peak cutting control means 35 read charge upper limit voltage Vhit and peak cutting value Wt from voltage electrical setting
table 38 and the use electric energy of load inside object facility 3 exceeds peak cutting value Wt, control of peak cutting which
discharges lithium ion electric battery 11 is executed.

In addition, until it does not do the control of peak cutting, at the same time when the use electric energy has been less than peak
cutting value Wt, always it reaches to charge upper limit voltage Vhit, aiming toward full charge, when it makes lithium ion electric
battery charge 11 and reaches to charge upper limit voltage Vhit charge of lithium ion electric battery 11 is stopped.

However, as for peak cutting control means 35 in order the occasion where lithium ion electric battery 11 is charged to charge
upper limit voltage Vhit, for the use electric energy not to exceed peak cutting value Wt with charge, operation of DC/AC invertor
16 is controlled.

In addition, when discharge lower limit voltage Vit (SOC=10% which is shown in figure 5(B)) it reaches on midst of control of peak
cutting, discharge of lithium ion electric battery 11 is discontinued, the fact that peak cutting is transitable makes indicate is made
to warn to indicator 33.

[0053) Figure 9 has shown the procedure of control of the peak cutting priority.

First if with step S11, it judges with control means and 31 morning 6 o'clock is not that whether or not morning was at 6 o'clock it is
renewal time count of the day and time with clocking expedient, it judges with peak cutting control means 35 whether or not the
use electric energy of the load which is obtained with step S12, by with the electric current information from of converter 7 and the
voltage information of alternating current side of DC/AC invertor 16, exceeded peak cutting value Wt. When it judges, that here,
the use electric energy of load exceeds peak cutting value Wt, moving to step S13, it discharges the electric energy which
exceeds peak cutting value Wt from lithium ion electric battery, 11 from supply of electricity road 6 it supplies the electric power
which is converted to interchange with DC/AC invertor 16 to electronic equipment 5.

And, for example with the following step S14, the electric energy which this time is exceeded is installed capacity of DC/AC
invertor 16, if it exceeds 5kW, moving to step S15, it makes error output indicator do 33.

On the one hand, if with the aforementioned step S12, the use electric energy of load does not exceed peak cutting value W, it
returns to step S11.

[0054] Continuing to step $14,15, it judges peak cutting control means 35, (step S18) whether or not the use electric energy of
load was less than peak cutting value Wt. If the use electric energy of load has not been less than peak cutting value Wt here,
returning to step S13, it makes the discharge of lithium ion electric battery continue 11, but if the use electric energy of load has
been less than peak cutting value Wt, moving to step S17, in order for the use electric energy of load not to exceed peak cutting
value W, until it becomes the charge upper limit voltage Vhit where battery volutage is target voltage, converting alternating
current power from of electric power system 2 to direct current power with DC/AC invertor 16, fixed time it charges lithium ion
electric battery 11.

Next, moving to step S18, whether or not same as the aforementioned step S12, the use electric energy of load exceeded peak
cutting value Wt to judge, peak cutting control means 35, if the use electric energy of load exceeds peak cutting value Wt,
returning to step S13, although it discharges lithium ion electric battery 11, the use electric energy of load does not exceed peak
cutting value Wt, moving to step S19, whether or not battery volutage reached to target voltage, although to step S11 is judged,
battery volutage has reached to target voltage, it returns, battery volutage target voltagelf it has not reached, it returns to step S16.
When and with step S11, count of the day and time with clocking expedient morning is at 6 o'clock, control of the peak cutting
priority of one day ends, returns to the procedure of the control means 31 which are explained in Figure 8.

[0055] For the second time, it returns to Figure 8, with the control which prefers the peak shift of step $4, reading the same control
table as the pattern number which is included in the information of priority mode set of specification 37 from memory expedient 32,
it does the control of peak shift with schedule of charging and which is based on that control table 37.

Furthermore, with control of this peak shift priority, the error revision function due to error revision expedient 41 and the learning
function due to learning function expedient 42 it is done.

{0056] Figure 10 has shown the procedure of control of the peak shift priority which is mentioned.

First with step S21, whether or not count of the day and time with clocking expedient with control means 31 morning was at 6
o'clock if is judged and morning 6 o'clock is not, although step S21 is repeated, morning 6 o'clock is, from midst of control table 37
of plural patterns, control table 37 of one pattern where day and time and weather agree is read on the basis of the information of
priority mode set of the specification which is read from the preferential mode set table, (step S22). Next, peak shift control means
34 on the basis of the control table 37 which with step S23, to the count of the day and time with clocking expedient this is read,
following, charge or discharge lithium ion electric battery 11, or.

[0057] If as for peak shift control means 34 it judges and whether or not with the following step S24, the use electric energy of load
exceeded peak cutting value Wt, the use electric energy of load exceeds peak cutting value Wt, moving to step S25, it measures
the electric energy which exceeds peak cutting value Wt, makes this memory expedient remember 32.

And, whether or not with the following step S26, schedule of 1 days completed with peak shift control means 34, if has not
completed to be judged, although it returns to step S23, if it has completed, it executes the learning function due to learning
function expedient 42 with step S27, ends the control of the peak shift priority of one day, it returns to the procedure of the control
means 31 which are explained in Figure 8.

[0058] Figure 11(A), at the front and back which applies the above-mentioned learning function, is the figure of the use electrical of
load and load curve which shows the relationship with time.

With this example, before applying the learning function due to learning function expedient 42, 12 of daytime:30 at the time of the -
14 not only the half, 18 where nighttime electric power is offered o'clock, the time zone where the use electric energy of load
exceeds peak cutting value Wt exists even at the time of the -20.

[0059) Figure 11(B) battery capacity the front and back which applies learning function (SOC) with has shown the relationship with
time.
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With this example, lithium ion electric battery 11 is charged mainly in the time zone of nighttime electric power with peak shift
control means 34, control of the peak shift which discharges is done lithium ion electric battery 11 in the time zone of daytime.
Before the learning function applying, at 18 o'clock battery capacity has reached to the lower limit value almost, the use electric
energy of load exceeding peak cutting value Wt at that point in time, furthermore it was not possible from there to discharge lithium
ion electric battery 11.
In other words here, the electric power which charged in nighttime because the one which discharges in the time zone of daytime
can save electric generation, before becoming the time zone of nighttime electric power, the electric power which was charged is
set in order to discharge.
[0060] But after application of learning function, as shown in the broken line part in figure 11(B), because 18 o'clock, in order itis
to leave battery capacity, setting being full coulomb of control pattern 37 was renewed even in the time zone at the time of the -20,
the peak kind of shift where the use electric energy of load does not exceed peak cutting value Wt in this time zone can be
actualized.
[0061] Figure 12 has shown the learning function procedure which learning function expedient 42 does.
In the same figure, i corresponds to each time division which can set the charging and quantity individually with control table 37, Pi
with ith time division, shows the excess electric ability of the load which exceeds peak cutting value Wt. Time division because it is
divided in 30 minutes, is i=1-48. In addition, SUMj shows the addition electric energy in the excess part of the j turn eye where the
use electric energy of load exceeds peak cutting value Wt, Nj shows the first segment number in the excess part of that j turn eye.
Furthermore, Sm with mth time division, has shown the discharge electric ability which is set to control table 37.
The excess part referred to here, the part where use electric power of the load which for example is seen between the time of the
18-20 in figure 11(A) exceeds peak cutting value Wt, at the same time with control of peak shift peak cannot cut is shown.
[0062) Here first, initial value of i and j respectively was set by 1 with step S31, whether or not i reached to 48 with the step 32
which, continues is judged.
Until i reaches to 48, moving to step S33, whether or not it reads the excess electric ability after the measuring which is
remembered in memory expedient 32, excess electric ability Pi with ith time division is 0, is judged.
If excess electric ability Pi 0 is here, increasing 1 i numbers each with step $39, again it returns to step S32.
[0063] On the one hand, if excess etectric ability Pi is other than 0 with step S33, moving to step S34, it is set that first segment
number Nj in the excess part of the j turn eye is i, with the following step S35, addition electric energy SUM;j in the excess part of
the j turn eye, is calculated as SUMj=SUM;j+Pi. Until calculation of this addition electric energy SUM); increases 1 i numbers each
with the following step 36, furthermore with the following step 37 excess electric ability Pi of ith time division becomes 0, itis
repeated.
When with step S37, excess electric ability Pi of ith time division becomes 0, calculation of addition electric energy SUM;j ends,
with step S38 after increasing 1 quantities of j, i number returns to one increasing and step S32 with step, S39 finds the ith time
division where excess electric ability Pi exceeds 0 next.
In this way, with processing routine of step $31-S39, whether with i (with example in Figure 4 48) time division which is stipulated
with control table 37, some addition electric energy has exceeded from time division of some turn, it calculates in every respective
excess part.
[0064) When i reaches to 48 with step S32, sneaking away from the processing routine of step $31-S39, with step S41 it
designates the initial value of k as 0, with the step S42 which continues, with the addition electric energy SUMj-1 and discharge
electric ability SNj-1-k in the excess part of the j-1 turn eye of the control table 37 in time dividing of the Nj-1-k turn eye comparison
is done.
If here, addition electric energy SUMj-1 is larger than discharge electric ability SNj-1-k, moving to step S43, you adjust discharge
electric ability SNj-1 of the control table 37 in time dividing of the Nj-1 turn eye 0, with that time division try not to discharge lithium
ion electric battery 11.
And, it increases 1 values of k with the following step, S44 returns to step S42 again.
[0065] In addition if with the aforementioned step S42, addition electric energy SUM;j-1 is below discharge electric ability SNj-1-k,
moving to step S45, you adjust discharge electric ability SNj-1-k of the control table 37 in time dividing of the Nj-1-k turn eye 0,
with that time division try not to discharge lithium ion electric battery 11.
And, it ends the processing of learning function as if j 0 is not with one decreasing and step S47, it returns to step S41 again, if j is
0, discharge electric ability of control table 37 all adjusts completes the value of j with the following step S46.
[0066] Like above, receiving the electric power supply from of electric power system, 2 it charges the electrical storage system 1 of
this execution example, lithium ion electric battery as the accumulator which supplies the electric power which discharges in the
electronic equipment 5 which is load it has with the control means 31 where controls charging and of 11 and lithium ion electric
battery 11, in order not to exceed the peak cutting value Wt which is the peak value which the use electric energy of load sets,
lithium ion electric battery 11 discharging, peak cutting which makes the use electric energy decrease below peak cutting value Wt
in the time zone where the contro! and use electric energy is lowCharging lithium ion electric battery 11, lithium ion electric battery
11 discharging in the time zone where the use electric energy is high, possessing the constitution which it makes do respectively,
control of the peak shift which makes this use electric energy level, with peak cutting control means with 35 of control means 31
and peak shift control means 34 control of peak shift compared to preferring the contro! of especially peak cutting and control of
peak cutting compared to preferring the control of peak cutting preferential mode and the peak shift which it does either of the
peak shift preferential mode which it does, as the setting expedient which it makes setting possible day, in memory expedient 32
priority mode setlt has table 39.
[0067}] In this case, because peak cutting being needed is limited to the period when summer and the like is limited, making use of
preferential mode set table 39, at the period when peak of the use electric energy of load appears setting peak cutting preferential
mode, although it actualizes the decrease of contract demand fee securely, at the period when peak does not appear setting peak
shift preferential mode, it assures levelling the use electric energy which nighttime electric power the maximum is utilized,
actualizes the decrease of use electricity rates securely.

Tesla, Inc.
Ex - 1002
Page 69 of 245



PCT/US2016/044206 14.10.2016

©® QUESTEL 20
Because of this, like the store and the like where for example peak of the use electric energy occurs in the time zone of nighttime
fee, assuming, that peak of electrical amount used appeared in some period, actualizing the peak shift and peak cutting of desire,
itis possible to decrease with contract demand fee and use electricity rates effectively.
[0068] And this, in order for the use electric energy not to exceed peak cutting value Wi, lithium ion electric battery 11 discharging,
peak cutting which makes the use electric energy decrease below peak cutting value Wt charges lithium ion electric battery 11 in
the time zone where the control and use electric energy is low, the peak shift preferential mode which discharging, with operational
system of the electrical storage system 1 which does with the control of the peak shift which makes this use electric energy level,
preferring the control of peak cutting, preferring the control of peak cutting preferential mode and the peak shift which it does, does
lithium ion electric battery 11 in the time zone where the use electric energy is highln each case, day it is achieved by the fact that
it makes setting possible.
[0069] In addition, electrical storage system 1 of this execution example, with peak cutting preferential mode, when the use electric
energy exceeds peak cutting value Wt, makes the discharge of lithium ion electric battery do, 11 when the use electric energy
does not exceed peak cutting value Wt, aiming toward full charge, in order to make the charge of lithium ion electric battery do 11,
forms the peak cutting control means 35 of control means 31.
[0070] In this case, with peak cutting preferential mode, when the use electric energy exceeds peak cutting value Wt, doing the
tracking control load, lithium ion electric battery 11 it discharges, in the interval of the peak where the use electric energy does not
exceed peak cutting value Wt, aiming toward fuli charge, it charges lithium ion electric battery 11.
Because this charge is done regardless of day and night, for example being the time zone of daytime, making use of the interval of
peak, until lithium ion electric battery 11 becomes full charge, it is possible to do charge efficiently.
[0071] And this, with peak cutting preferential mode, when the use electric energy exceeds peak cutting value Wt, does the
discharge of lithium ion electric battery, 11 when the use electric energy does not exceed peak cutting value VWi, aiming toward full
charge, is achieved even with operational system of the electrical storage system 1 which does the charge of lithium ion electric
battery 11.
[0072] In addition, electrical storage system 1 of this execution example with charge of the lithium ion electric battery 11 which
aims toward the aforementioned fuli charge, in order to make the constant-potential charge of lithium ion electric battery do 11 at
the charge upper limit voltage Vhit which is upper limit of battery volutage, forms control means 31.
[0073] In this case, with peak cutting preferential mode, at charge upper limit voltage Vhit when charging fully which is difficult to
receive deterioration and the influence of temperature, aiming toward the upper limit voltage of lithium ion electric battery 11 in the
interval of peak, it charges.
Because of this, peak cutting which utilizes active battery capacity to the maximum regardless of to the deterioration of lithium ion
electric battery 11 and the decrease of the battery capacity which accompanies temperature decrease, can be actualized.
[0074] And this with charge of the lithium ion electric battery 11 which aims toward full charge, is achieved even with operational
system of the electrical storage system which does the constant-potential charge of lithium ion electric battery 11 at charge upper
limit voltage Vhit.
[0075] In addition, electrical storage system 1 of this execution example, with peak shift preferential mode, provides the learning
function expedient 42 which adjusts the charging and quantity every of time of lithium ion electric battery 11 according to the use
electric energy of load, for control means 31.
[0076] In this case, with peak shift preferential mode, following to the charging and quantity which is set to every time division with
default, schedule driving which charges and lithium ion electric battery 11 is done, while executing this schedule driving, adjusts
the charging and quantity which is set to the case where for example the use electric energy of load exceeds peak cutting value
Wi, automatically.
Because of this, being peak shift preferential mode, as you can control the fact that the use electric energy exceeds peak value,
collecting the pattern of the use electric energy with the automatic adjustment of the charging and quantity, it makes the time
which you analyze unnecessary, it becomes possible to simplify the setting of the charging and quantity substantially.
In other words, it does schedule driving making use of the operational planned data of the typical specific store and the like, when
exceeding peak, it is possible to remove the job of data acquisition and analysis every of store due to the learning function which
corrects this operational planned data automatically.
[0077] And this with peak shift preferential mode, is achieved even with operational system of the electrical storage system 1
which has the learning function which adjusts the charging and quantity every of time of lithium ion electric battery 11 according to
the use electric energy.
[0078] In addition, for example electrical storage system 1 of this execution example, with peak shift preferential mode, is fixed
time, we have the control table 37 in order to do the being full coulomb every of 30 minutes and the control of peak shift of 1 days
which can set the discharge quantity, lithium ion electric battery 11 we have possessed the constitution which it charges or
discharges, or with control of peak shift on the basis of being full coulomb or the discharge quantity which is registered to control
table 37.
[0079] In this case, with peak shift preferential mode, lithium ion electric battery 11 it becomes possible on the basis of the being
full coulomb or the discharge quantity every of fixed time which is registered to control table 37, to do the contro! of the peak shift
which it charges or discharges, or, at 1 day unit.
In addition, it is possible to control peak cutting in order to decrease contract demand fixed time by matching 30 minutes which are
calculation standard of contract demand, accurately.
[0080] And this in the same way is achieved lithium ion accumulator 11 even with operational system of the electrical storage
system 1 which it charges or discharges, or.
[0081] In addition, electrical storage system 1 of this execution example is full, with the control table 37 which is used with peak
shift preferential mode, and we have the time zone of the setting prohibition which cannot set the coulomb or discharge quantity,
aiming toward full charge in the time zone of this setting prohibition, we have error revision expedient 41 as the constitution which
revises the error of the electric battery remaining amount by charging lithium ion electric battery 11.
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[0082] In this case, in the time zone of the setting prohibition which is registered to control table 37, aiming toward full charge, it is
possible, revises the error of the electric battery remaining amount, to charge the accumulator, effectively without wastefulness by
discharging lithium ion electric battery 11 from state of full charge, to utilize lithium ion electric battery 11, it is possible.
[0083] And this is achieved even with operational system of the electrical storage system 1 which revises the error of the electric
battery remaining amount in the same way.
[0084] In addition, it selects one control table 37 automatically from midst of plural control tables 37 on the basis of the information
which as for electrical storage system 1 of this execution example, with peak shift preferential mode, it is possible, for example
acquires from outside information and the like of weather forecast to register plural control tables 37 to memory expedient 31 vis-a
-vis identical day, it has become the constitution where peak shift control means 34 execute the contro! of peak shift on the basis
of that control table 37.
[0085] In this case, due to the information which is acquired from outside, plural is registered from midst of the control table 37
which, one control table 37 of specification is selected in memory expedient 31 vis-a-vis identical day, the appropriate control table
37 which responds to meteorological condition and the regional event etc by charging or discharges, or that on the basis of the
control table 37 which is selected, lithium ion electric battery 11, is selected, it becomes possible to be able to actualize effective
peak cutting by doing the control of peak shift on the basis of this control table 37.
{0086) And this is achieved even with operational system of the electrical storage system 1 which executes the control of peak
shift in the same way.
[0087] Furthermore, when as for electrical storage system 1 of this execution example, for when having a power failure the user
sets the keeping electric energy Wkp which, keeps the fixed electric energy making provision converts to the electrical keeping
voltage Vkp which, is the battery volutage value which corresponds to this keeping electric energy Wkp with this electrical keeping
voltage Vkp and the discharge lower limit voltage value VIt in the usual use range of the electric battery which considers the
deterioration of the electric battery compares, battery volutage of lithium ion electric battery 11, reaches to the electrical keeping
voltage Vkp and voltage value where each of them of discharge lower limit voltage value Viit is large, contro! and peak of peak
cuttinglt has possessed the constitution which stops the discharge of control of shift.
[0088] In this case, when battery volutage of lithium ion electric battery 11, either electrical keeping voltage Vkp and the discharge
lower limit voltage value VIIt which correspond to keeping electric energy Wkp reaches to large voltage value, when having a
power failure when the fixed electric energy which it has by stopping the discharge of the lithium ion electric battery 11 which is
due to the control of peak cutting and the control of peak shift, is kept securely simultaneously, it is possible to control the
deterioration of the electric battery with being less than discharge lower limit voltage value VIit.
[0089] And this is achieved even with operational system of the electrical storage system 1 which stops the discharge of control of
peak cutting and control of peak shift in the same way.
[0090] Furthermore, this invention is not something which is limited to the above-mentioned execution example, gist of this
invention various modifications, correction and improvement are possible in the range which does not deviate.
Is appropriateness modification possible according to the specification of electrical storage system 1 to be no more than to the last
one example, for example the number which shows with this execution example.
In addition, it is good making use of anything except lithium ion electric battery 11 as the accumulator, it is full with learning
function expedient 42 not only the discharge quantity of control table 37 and as the constitution which it can increase and
decrease can adjust also coulomb it is good.
REFERENCE SIGNS LIST
[0091] 1 electrical storage systems (load)
2 electric power systems
5 electronic devices (locad)
11 lithium ion electric batteries (accumulator)
31 control means
32 memory expedients (storage unit)
37 control tables
39 preferential mode set tables (setting expedient)
42 learning function expedients
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Description
TECHNICAL FIELD

[0001] The presentinvention relatesto an electric pow-
er supply system configured to supply electric power from
a power generator and/or a storage battery to a load in
coordination with a power grid.

BACKGROUND ART

[0002] There has been proposed an electric power
supply system that includes a power converter config-
ured to convert DC power of a power generator such as
a solar battery into AC power. The conventional electric
power supply system can supply electric power to a
load(s) from not only a power grid of a commercial power
supply, but also the power converter (for example, see
JP9-135577A; hereinafter, referred to as "Patent Docu-
ment 1"). The system (dispersed electric power supply
system) described in Patent Document 1 can switch its
operation between a grid connecting operation in which
the power converter (power conditioner) coordinates with
the power grid and a grid independent operation in which
the power converter is disconnected from the power grid.
[0003] Inthe grid connecting operation, the power con-
verter converts DC power of the power generator (power
source) into AC power by an inverter, and supplies the
AC power to a load(s) (grid-connected load). In this op-
eration, ifthe power converter cannot supply all the power
required by the load, the shortfall-power can be compen-
sated by the power grid. In a case of power outage or
the like, the power converter is disconnected from the
power grid to be switched into the grid independent op-
eration, and to thereby convert generated power of the
power generator into AC power by the inverter, and sup-
ply the AC power to a load(s) (grid-independent load).
[0004] Incidentally, in a case where the power gener-
ator is a solar battery and generates surplus power (i.e.,
the generated power by the solar battery is larger than
the consumed power by the load), in general, the surplus
power is sold to a power utility by the reverse flow to the
power grid. However, in Japan for example, as for a pow-
er generator other than the solar battery (such as a fuel
cell), surplus power is not allowed to flow back to the
power grid even when the generator generates the sur-
plus power. Combined system of a storage battery and
a solar battery has also been proposed, but the electric
power discharged by the storage battery is not allowed
to flow back to the power grid, either.

[0005] In an electric power supply system which can
generate electric power allowed to flow back to the power
grid as well as electric power forbidden to flow back, in
view of saving money on electricity, it is desirable that
the electric power allowed to flow back is preferentially
sold and the electric power forbidden to flow back is pref-
erentially supplied tothe load. However, general systems
including both the solar battery and the storage battery
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are usually designed so thatgenerated power ofthe solar
battery is preferentially supplied to the load, and dis-
charge power of the storage battery is supplied for com-
pensating shortfall-power when the consumed power by
the load is larger than the generated power of the solar
battery. Therefore, in such systems, it is not possible to
sell the electric power even when the solar battery gen-
erates sufficient electric power, unless the generated
power of the solar battery is larger than the consumed
power by the load. Therefore, such systems cannot ef-
fectively facilitate saving money on electricity.

SUMMARY OF INVENTION

[0006]) The present invention has been achieved in
view of the above circumstances, and an object thereof
is to provide an electric power supply system which can
preferentially sell the electricity allowed to flow back to
the power grid and preferentially supply the load with the
electric power forbidden to flow back to the power grid.
[0007] An electric power supply system of the invention
includes a first power converter, a second power con-
verter and a third power converter. The first power con-
verter is connected to a first power generator configured
to generate electric power allowed to flow back to a power
grid, and is configured to carry out electric conversion of
generated power of the first power generator. The second
power converter is connected to a storage battery, and
is configured to charge and discharge the storage bat-
tery. The third power converter is connected to a second
power generator configured to generate electric power
forbidden to flow back to the power grid, and is configured
to carry out electric conversion of generated power of the
second power generator. The electric power supply sys-
tem is configured to supply electric power to at least one
load through a grid-connected feed line. The power grid
is connected to an upstream end of the grid-connected
feed line. The load is connected to a downstream end of
the grid-connected feed line. The first to third power con-
verters are connected to the grid-connected feed line in
amanner that the first power converter is located at most
upstream side of the grid-connected feed line. The elec-
tric power supply system further includes a first sensor.
The first sensor is disposed along the grid-connected
feed line at a position between a junction of the grid-
connected feed line and the first power converter and a
junction of the grid-connected feed line and one of the
second and third power converters, located at more up-
stream side of the grid-connected feed line. The first sen-
sor is configured to sense electric power flowing back to
the power grid through the grid-connected feed line. The
second pawer converter is configured to control charging
and discharging of the storage battery so that the electric
power flowing back to the power grid, sensed with the
first sensor is kept zero. The third power converter is
configured to control output power thereof with respect
to the grid-connected feed line so that the electric power
flowing back to the power grid, sensed with the first sen-
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sor is kept zero.

[0008]) In the electric power supply system, preferably,
the second and third power converters are connected to
the grid-connected feed line in a manner that the second
power converter is located at more upstream side of the
grid-connected feed line. The electric power supply sys-
tem further includes a second sensor. The second sensor
is disposed along the grid-connected feed line at a posi-
tion between a junction of the grid-connected feed line
and the second power converter and a junction of the
grid-connected feed line and the third power converter.
The second sensor is configured to sense electric power
flowing back to the power grid through the grid-connected
feed line. The second power converter is connected to
the first sensor, and is configured to control the charging
and discharging of the storage battery so that the electric
power flowing back to the power grid, sensed with the
first sensor is kept zero. The third power converter is
connected to the second sensor, and is configured to
control the output power thereof with respect to the grid-
connected feed line so that the electric power flowing
back to the power grid, sensed with the second sensor
is kept zero.

[0009] Inthe electric power supply system, preferably,
the above mentioned one of the second and third power
converters, located at more upstream side of the grid-
connected feed line is connected to the first sensor. The
second and third power converters are configured to con-
trol the charging and discharging of the storage battery
and to control the output power of the third power con-
verter with respect to the grid-connected feed line while
communicating with each other so that the electric power
flowing back to the power grid, sensed with the first sen-
sor is kept zero.

[0010] In the electric power supply system, preferably,
the second power generator is formed of a cogeneration
system configured to simultaneously generate electric
and thermal energy.

[0011] In the electric power supply system, preferably,
the first power generatoris formed of a solar battery. The
second power generator is formed of a fuel cell. The first
power converter is configured to allow surplus power of
generated power of the solar battery to flow back to the
power grid.

[0012] Preferably, the electric power supply system
further includes a disconnecting device and a failure de-
tector. The disconnecting device is disposed along the
grid-connected feed line at more upstream side of the
grid-connected feed line compared to the junction of the
grid-connected feed line and the first power converter.
The failure detector is configured, when detecting a fail-
ure in the power grid, to turn off the disconnecting device
and also to transmit a failure detection signal to one of
the first to third power converters. The above mentioned
one of the first to third power converters is configured to
perform a constant voltage control so as to maintain an
output voltage thereof with respect to the grid-connected
feed line at a predetermined target value when receiving
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the failure detection signal. The other power converters
are each configured to perform a current control so as to
sense a voltage of the grid-connected feed line to adjust
an output current thereof based on the sensed voltage.
[0013] In the electric power supply system, preferably,
the first to third power converters are each configured to
switch between a grid connecting operation for supplying
electric power to the load through the grid-connected
feed line and a grid independent operation for supplying
electric power to the load through a grid-independent
feed line disconnected from the power grid. One of the
first to third power converters is configured, in the grid
independent operation, to perform a constant voltage
control so as to maintain an output voltage thereof with
respect to the grid-independent feed line at a predeter-
mined target value. The other power converters are each
configured, in the grid independent operation, to perform
a current control so as to sense a voltage of the grid-
independent feed line to adjust an output current thereof
based on the sensed voltage.

{0014] In the electric power supply system, preferably,
one of the first to third power converters is configured to
switch between a grid connecting operation for supplying
electric power to the load through the grid-connected
feed line and a grid independent operation for supplying
electric power to the load through a grid-independent
feed line disconnected from the power grid. The other
power converters are each connected to the grid-con-
nected feed line and the grid-independent feed line via
an external selector configured to switch connection des-
tination of a corresponding converter between the grid-
connected feed line and the grid-independent feed line.
In the grid independent operation, the above mentioned
one of the first to third power converters is configured to
perform a constant voltage control so as to maintain an
output voltage thereof with respect to the grid-independ-
ent feed line at a predetermined target value and also to
switch the external selector to the grid-independent feed
line side, and the other power converters are each con-
figured to perform a current control so as to sense a volt-
age of the grid-independent feed line to adjust an output
current thereof based on the sensed voltage.

[0015] In the electric power supply system, preferably,
the at least one load includes two or more loads. The
electric power supply system furtherincludes load-break-
ers, a memory and a load selector. The load-breakers
are disposed along respective power feed lines to the
loads. The memory is configured to store priority orders
of the loads. The load selector is configured to sequen-
tially turn off the load-breakers in accordance with power
supplied to the loads so that a load-breaker correspond-
ing to a load given a lower priority is preferentially turned
off.

[0016] Notethat,the features "the first power generator
is configured to generate electric power allowed to flow
back to a power grid" and "the second power generator
is configured to generate electric power forbidden to flow
back to the power grid" are option in the invention, so
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long as that the first and second power generators are
configured to generate electric power.

[0017] Thatis, the electric power supply system of the
inventionincludes a first power converter, a second pow-
er converter and a third power converter. The first power
converter is connected to a first power generator, and is
configured to carry out electric conversion of generated
power of the first power generator. The second power
converter is connected to a storage battery, and is con-
figured to charge and discharge the storage battery. The
third power converter is connected to a second power
generator, and is configured to carry out electric conver-
sion of generated power of the second power generator.
The electric power supply system is configured to supply
electric power to at least one load through a grid-con-
nected feed line. The power grid is connected to an up-
stream end of the grid-connected feed line, respectively.
The load is connected to a downstream end of the grid-
connected feed line. The first to third power converters
are connected to the grid-connected feed lineinamanner
that the first power converter is located at most upstream
side of the grid-connected feed line. The electric power
supply system further includes a first sensor. The first
sensor is disposed along the grid-connected feed line at
a position between a junction of the grid-connected feed
line and the first power converter and a junction of the
grid-connected feed line and one of the second and third
power converters, located at more upstream side of the
grid-connected feed line. The first sensor is configured
to sense electric power flowing back to the power grid
through the grid-connected feed line. The second power
converter is configured to control charging and discharg-
ing of the storage battery so that the electric power flow-
ing back to the power grid, sensed with the first sensor
is kept zero. The third power converter is configured to
control output power thereof with respect to the grid-con-
nected feed line so that the electric power flowing back
to the power grid, sensed with the first sensor is kept
zero. Preferably, the first power generator is formed of a
solar battery, and the second power generator is formed
of a fuel cell.

[0018] Theinvention has an advantage that the electric
power allowed to flow back to the power grid can be pref-
erentially sold, and the electric power forbidden to flow
back can be preferentially supplied to the load.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIG. 1 is a block diagram showing a configuration of
an electric power supply system according to a first
embodiment;

FIG. 2 is a diagram illustrating an operation of the
electric power supply system according to the first
embodiment;

FIGS. 3A to 3C are diagrams illustrating the opera-
tion of the electric power supply system according
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to the first embodiment;

FIG. 4 is a block diagram showing another configu-
ration of an electric power supply system according
to the first embodiment;

FIG. 5 is a circuit diagram showing a main part of
the electric power supply system according to the
first embodiment;

FIG. 6 is a block diagram showing a configuration of
an electric power supply system according to a sec-
ond embodiment;

F1G. 7 is a block diagram showing a configuration of
an electric power supply system according to a third
embodiment;

FIG. 8 is a block diagram showing another configu-
ration of an electric power supply system according
to the third embodiment; and

FIGS. 9A and 9B are block diagrams showing main
parts of the electric power supply system according
to the third embodiment.

DESCRIPTION OF EMBODIMENTS
(First Embodiment)

[0020] As shown in FIG. 1, an electric power supply
system 1 of the present embodiment includes a solar
battery 2, a first power converter 3 connected to the solar
battery 2, a storage battery 4, a second power converter
5 connected to the storage battery 4, a fuel cell 6, and a
third power converter 7 connected to the fuel cell 6. That
is, the first power converter 3 is connected to the solar
battery 2 as a first power generator, and the third power
converter 7 is connected to the fuel cell 6 as a second
power generator. Explanation ofthe embodimentis made
with an example where a consumer facility to which the
power supply system 1 is applied is a general detached
house. However, the consumer facility to which the power
supply system 1 is applied is not limited to this example,
but may be each dwelling unit of an apartment building,
a facility, an office, or the like. Examples of the storage
battery 4 include a lead storage battery and a lithium-ion
battery.

[0021] Each of the first to third power converters 3, 5
and 7 can perform a grid connecting operation for coor-
dinating with a power grid 8 of a commercial power supply
(a commercial power grid). The first power converter 3
has a connection output terminal 31 that functions as a
power output terminal in the grid connecting operation.
The second power converter § has a connection output
terminal 51 that functions as a power output terminal in
the grid connecting operation. The third power converter
7 has a connection output terminal 71 that functions as
a power output terminal in the grid connecting operation.
Detailed structures of the power converters will be dis-
cussed later.

[0022] The connection output terminals 31, 51 and 71
of the first to third power converters 3, 5 and 7 are each
connected to a grid-connected feed line 11 to which the
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power grid 8 is connected. in other words, the connection
output terminals 31, 51 and 71 of the first to third power
converters 3, § and 7 are connected with each other via
the grid-connected feed line 11.

[0023] The fuel cell 6 of the second power generator
is configured to reuse the generator exhaust heat, and
thus forms a cogeneration system which can simultane-
ously generate electric and thermal energy. Note that,
for example in Japan, generated power by the solar bat-
tery 2 of the first power generator is allowed to be sold
to a power utility, but generated power by the fuel cell 6
of the second power generator is not allowed to be sold
to the power utility.

[0024] The grid-connected feed line 11 is connected
to a load(s) 9. The load 9 of the embodiment is formed
of an AC electric apparatus that is configured to operate
by AC power supplied from a power converter or the pow-
er grid 8. Examples of the load 9 include various electric
apparatuses such as a lighting apparatus, a refrigerator,
a television set, a medical apparatus, and a charger of a
mobile phone. Note that the grid-connected feed line 11
is not necessarily to be directly connected to the load 9
of the electric apparatus, but may be connected to an
outlet (not shown) to which a load 9 is detachably at-
tached.

[0025] Described are structures and operations of the
first to third power converters 3, 5 and 7 with reference
to FIG. 1.

[0026] The first power converter 3 includes a DC/DC
converter 33 connected to the solar battery 2, a DC/AC
converter 34 configured to convert DC power into AC
power, a controller 35 configured to control each com-
ponent, and a grid-connection side switch 36 formed of
areiay. The DC/DC converter 33 has a terminal to which
the DC/AC converter 34 is connected and which is ar-
ranged opposite side of the DC/DC converter 33 from
the solar battery 2. The DC/AC converter 34 has an AC
output terminal, and the AC output terminal is connected
to the connection output terminal 31 via the grid-connec-
tion side switch 36.

[0027] The DC/DC converter 33 is configured to step-
up DC power of the solar battery 2 to supply the stepped-
up power to the DC/AC converter 34. The DC/AC con-
verter 34 is formed of a unidirectional converter (an in-
verter) configured to convert DC power of the DC/DC
converter 33 into AC power synchronized with a voltage
of the power grid 8 to supply the AC power to the con-
nection output terminal 31. Thatis, the DC/DC converter
33 and the DC/AC converter 34 constitute a converter
circuit 30 that is configured to carry out power conversion
of the solar battery 2 to supply the converted power to
the grid-connected feed line 11.

[0028] The controller 35 is mainly formed of a micro-
computer, and is configured to execute programs stored
in a memory (not shown) to achieve functions for the
control of the converter circuit 30. The controller 35 con-
trols the DC/DC converter 33 so as to performa maximum
power point tracking (MPPT) control. The generating
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power of the solar battery 2 is not constant but varies
according to the output voltage thereof. Therefore, it is
preferable that the solar battery 2 operates at an optimum
point (maximum power point) as maximum generating
power.

[0029] Therefore, the first power converter 3 ofthe em-
bodiment is configured to perform the MPPT control so
that the operating point of the solar battery 2 follows the
maximum power point so as to maximize the output of
the solar battery 2 regardless of fluctuation in the output
voltage and the output current of the solar battery 2
caused by variations in temperature of the solar battery
2, solar radiation intensity, and the like. During the MPPT
control, the first power converter 3 senses the voltage of
the grid-connected feed line 11 to adjust the output cur-
rent of the first power converter 3 based on the sensed
voltage, i.e., performs a current control. The MPPT con-
trol is a well know technique, and detailed explanation
thereof is omitted. In addition, the controller 35 is config-
ured to switch on the grid-connection side switch 36 in
the grid connecting operation, and also to switch off the
grid-connection side switch 36 to thereby avoid unnec-
essarily operation and bad effect on outside (on the pow-
er grid 8) when the power grid 8 is in failure such as power
outage or when the first power converter 3 is in failure.
[0030] The first power converter 3 is configured, if the
generated power of the solar battery 2 contains surplus
power, to allow the surplus power to flow back to the
power grid 8 because the generated power by the solar
battery (the first power generator) 2 that is connected to
the first power converter 3 is allowed to be sold to the
power utility.

[0031] The second power converter § includes a
DC/DC converter 53 connected to the storage battery 4,
a DC/AC converter 54 configured to convert DC power
into AC power, a controller 55 configured to control each
component, and a grid-connection side switch 56 formed
of a relay. The DC/DC converter 53 has a terminal to
which the DC/AC converter 54 is connected and which
is arranged opposite side ofthe DC/DC converter 53 from
the storage battery 4. The DC/AC converter 54 has an
AC output terminal, and the AC output terminal is con-
nected to the connection output terminal 51 via the grid-
connection side switch 56.

[0032] The DC/DC converter 53 is formed of a bidirec-
tional converter configured to step-up DC power of the
storage battery 4 to supply the stepped-up power to the
DC/AC converter 54 during discharging the storage bat-
tery 4, and also to convert DC power of the DC/AC con-
verter 54 into optimal voltage and current in accordance
with condition of the storage battery 4 to supply the con-
verted power to the storage battery 4 during charging the
storage battery 4. The DC/AC converter 54 is formed of
a bidirectional converter configured to convert DC power
of the DC/DC converter 53 into AC power synchronized
with the voltage of the power grid 8 to supply the AC
power to the connection output terminal 51 during dis-
charging the storage battery 4, and also to convert AC
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power supplied through the connection output terminal
51 into DC power to supply the DC power to the DC/DC
converter 53 during charging the storage battery 4.
[0033] Thatis, the DC/DC converter 53 and the DC/AC
converter 54 constitute a charge-discharge circuit 50 that
is configured to bidirectionally convert electric power be-
tween the storage battery 4 and the grid-connected feed
line 11 so as to charge and discharge the storage battery
4. Hereinafter, a mode of the charge-discharge circuit 50
when it converts the output power of the storage battery
4 into AC power to supply the AC power to the grid-con-
nected feed line 11 will be called "discharge mode", and
a mode of the charge-discharge circuit 560 when it con-
verts electric power supplied through the grid-connected
feedline 11 into DC power to supply the DC power to the
storage battery 4 will be called "charge mode".

[0034] The controller 55 is mainly formed of a micro-
computer, and is configured to execute programs stored
in a memory (not shown) to achieve functions for the
control of the charge-discharge circuit 50. The controller
55 is configured so that, during discharging the storage
battery 4, the controller 55 sets atarget value of the output
current of the charge-discharge circuit 50 and controls
the charge-discharge circuit 50 so as to conform the out-
putcurrent ofthe charge-discharge circuit 50 to the target
value. During this control, the second power converter 5
senses the voltage of the grid-connected feed line 11 to
adjust the output current of the second power converter
5 based on the sensed voltage, i.e., performs a current
control. In addition, the controller §5 is configured to
switch on the grid-connection side switch 66 in the grid
connecting operation, and also to switch off the grid-con-
nection side switch 56 to thereby avoid unnecessarily
operation and bad effect on outside (on the power grid
8) when the power grid 8 is in failure such as power out-
age or when the second power converter §is in failure.
[0035] The third power converter 7 includes a DC/DC
converter 73 connected to the fuel cell 6, a DC/AC con-
verter 74 configured to convert DC power into AC power,
a controlier 75 configured to control each component,
and a grid-connection side switch 76 formed of a relay.
The DC/DC converter 73 has a terminal to which the
DC/AC converter 74 is connected and which is arranged
opposite side of the DC/DC converter 73 from the fuel
cell 6. The DC/AC converter 74 has an AC output termi-
nal, and the AC output terminal is connected to the con-
nection output terminal 71 via the grid-connection side
switch 76.

[0036] The DC/DC converter 73 is configured to step-
up DC power of the fuel cell 6 to supply the stepped-up
power to the DC/AC converter 74. The DC/AC converter
74 is formed of a unidirectional converter (an inverter)
configured to convert DC power of the DC/DC converter
73 into AC power synchronized with the voltage of the
power grid 8 to supply the AC power to the connection
output terminal 71. Thatis, the DC/DC converter 73 and
the DC/AC converter 74 constitute a converter circuit 70
that is configured to carry out power conversion of the
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fuel cell 6 to supply the converted power to the grid-con-
nected feed line 11. The third power converter 7 is inte-
grated with the fuel cell 6 to form a fuel cell system 700
in the example of FIG. 1, but the third power converter 7
and the fuel cell 6 may be separate components.
[0037] The controller 75 is mainly formed of a micro-
computer, and is configured to execute programs stored
in a memory (not shown) to achieve functions for the
control of the converter circuit 70. The controller 75 is
configured so that the controller 75 sets a target value of
the output current of the converter circuit 70 and controls
the output current of the converter circuit 70 so as to
conform the output current of the converter circuit 70 to
the target value. During this control, the third power con-
verter 7 senses the voltage of the grid-connected feed
line 11 to adjust the output current of the third power
converter 7 based on the sensed voltage, i.e., performs
a current control. Note that the controller 75 may be con-
figured to control operations of accessories (such as ad-
justment pumps, valves and blowers of water, gas, air
and the like) for the fuel cell 6 by supplying suitable op-
eration instruction to these accessories, in addition to the
converter circuit 70. In addition, the controller 75 is con-
figured to switch on the grid-connection side switch 76
in the grid connecting operation, and to switch off the
grid-connection side switch 76 to thereby avoid unnec-
essarily operation and bad effect on outside (on the pow-
er grid 8) when the power grid 8 is in failure such as power
outage or when the third power converter 7 is in failure.
[0038] According to the above-described configura-
tions, the load 9 can be supplied with electric power from
at least one of the first power converter 3, the second
power converter 5, the third power converter 7, and the
power grid 8 through the grid-connected feed line 11
when the power grid 8 is in normal (i.e., in the grid con-
necting operation).

[0039] Inthe electric power supply system 1 of the em-
bodiment, the power grid 8 and the load 9 are connected
to the upstream end and the downstream end of the grid-
connected feed line 11, respectively, and the first to third
power converters 3, 5§ and 7 are individually connected
to the grid-connected feed line 11 between the upstream
end and the downstream end of the grid-connected feed
line 11. As shown in FIG. 1, the first to third power con-
verters 3, 5 and 7 are connected to the grid-connected
feed line 11 in the order of the first power converter 3,
the second power converter 5 and the third power con-
verter 7 from the upstream end side of the grid-connected
feed line 11.

[0040] In addition, in order to detect power flowing
through the grid-connected feed line 11, the electric pow-
er supply system 1 of the embodiment further includes a
first sensor 14 and a second sensor 15 which are dis-
posed along the grid-connected feed line 11. In the em-
bodiment, the first sensor 14 is connected to the second
power converter 5, and the second sensor 15 is connect-
ed to the third power converter 7. The first sensor 14 is
formed of a current sensor, and is disposed at more up-
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stream side of the grid-connected feed line 11 compared
to a junction of the grid-connected feed line 11 and the
second power converter 5 so as to sense a current at a
position where the first sensor 14 is disposed. The sec-
ond sensor 15 is formed of a current sensor, and is dis-
posed at more upstream side of the grid-connected feed
line 11 compared to a junction of the grid-connected feed
line 11 and the third power converter 7 so as to sense a
current at a position where the second sensor 15 is dis-
posed. That is, the first sensor 14 is disposed along the
grid-connected feed line 11 at a position between the first
power converter 3 and the second power converter 5,
and the second sensor 15 is disposed along the grid-
connected feed line 11 at a position between the second
power converter 5 and the third power converter 7. In
other words, the first sensor 14 is disposed at a position
between the junction of the grid-connected feed line 11
and the first power converter 3 and the junction (the junc-
tion of the grid-connected feed line 11 and the second
power converter 5, in the embodiment) of the grid-con-
nected feed line 11 and one ofthe second and third power
converters 3 and 5, located at more upstream side of the
grid-connected feed line 11.

[0041] The controller 55 of the second power converter
5 is configured to monitor a waveform of the voltage on
the grid-connected feed line 11. The controller 55 is con-
figured to judge a phase difference between the moni-
tored voltage waveform and a current waveform sensed
with the first sensor 14 to thereby determine a direction
of power flowing at the position where the first sensor 14
is disposed (determine whether it is a reverse flow or
not). The controller 75 of the third power converter 7 is
configured to monitor a waveform of the voltage on the
grid-connected feed line 11. The controller 75 is config-
ured to judge a phase difference between the monitored
voltage waveform and a current waveform sensed with
the second sensor 15 to thereby determine a direction
of power flowing at the position where the second sensor
15 is disposed (determine whether itis a reverse flow or
not). With this configuration, the controlier 55 senses the
direction of power flowing through the grid-connected
feed line 11 between the first power converter 3 and the
second power converter 5, and the controller 75 senses
the direction of power flowing through the grid-connected
feed line 11 between the second power converter 5 and
the third power converter 7.

[0042] The controller 55 is configured to determine the
target value and control the charge-discharge circuit 50
so that the second power converter 5 outputs as large
power as possible to the grid-connected feedline 11 while
the power flowing back to the power grid through the grid-
connected feed line 11 is kept zero at the position where
the first sensor 14 is disposed. In other words, the second
power converter 5, basically, increases the output power
thereof with respect to the grid-connected feed line 11
as much as possible to the extent that the output power
is not flowed back to the power grid through the grid-
connected feed line 11. Then, the controller 55 is also
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configured to monitor a remaining battery level of the
storage battery 4, and to switch the charge-discharge
circuit 50 into the charge mode so as to start charging
the storage battery 4 when the remaining battery level
becomes less than a predetermined charge-threshold.
The controller 65 may be configured, if detecting a pres-
ence of the reverse flow to the power grid at the position
where the first sensor 14 is disposed under a condition
where the storage battery 4 has a chargeable capacity,
to switch the charge-discharge circuit 50 into the charge
mode.

[0043] The controller 75 is configured to determine the
target value and control the converter circuit 70 so that
the third power converter 7 outputs as large power as
possible to the grid-connected feed line 11 while the pow-
er flowing back to the power grid through the grid-con-
nected feed line 11 is kept zero at the position where the
second sensor 15 is disposed. In other words, the third
power converter 7, basically, increases the output power
thereof with respect to the grid-connected feed line 11
as much as possible to the extent that the output power
is not flowed back to the power grid through the grid-
connected feed line 11. As described above, the control-
ler 55 of the second power converter 5 is configured to
control charging and discharging of the storage battery
4 sothat the power flowing back to the power grid, sensed
with the first sensor 14 is kept zero. Therefore, the con-
troller 75 of the third power converter 7 is to control the
output power of the second power generator (the fuel cell
6) with respect to the grid-connected feed line 11 so that
the power flowing back to the power grid sensed with first
sensor 14 is kept zero. The controller 75 may also be
configured to control the accessories. The controller 75
may be configured to switch off the grid-connection side
switch 76 if detecting a presence of the reverse flow to
the power grid at the position where the second sensor
15 is disposed.

[0044] An operation of the electric power supply sys-
tem 1 according to the embodiment is now described with
reference to FIGS. 2 and 3 that illustrate an example of
an operation pattern of the electric power supply system
1. In FIG. 2, the horizontal axis indicates the time of day
(0:00 to 24:00), and the vertical axis indicates amount of
electric power. Note that "P1" indicates a "consumed
power", i.e., total power consumed in a consumer facility,
and "P2" indicates a "sold-power",i.e., electric powersold
to the power utility. Note that FIGS. 3A to 3C omit illus-
tration of the first to third power converters 3, 5 and 7,
and the solar battery (photovoltaic cell) 2, the storage
battery 4, the fuel cell 6, and the load(s) 9 are represented
by the abbreviations "PV", "S8", "FC", and "Ls", respec-
tively.

[0045] In this example, in a period from 20:00 to 6:00,
the second and third power converters 5 and 7 stop out-
putting electric power to the grid-connected feed line 11,
and thereby the consumed power by the load 9 is entirely
covered by a purchased power (indicated by a reference
"A1" in FIG. 2) from the power grid 8 because the con-
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sumed power by the load 9 is comparatively small. Ad-
ditionally, in a midnight time (in a period from 0:00 to
3:00) in which electricity rate is low, the second power
converter 5 charges the storage battery 4 by a purchased
power (indicated by a reference "A2" in FIG. 2) from the
power grid 8. That is, in the period from 20:00 to 6:00,
electric power is supplied from the power grid 8 to the
load 9 and the storage battery 4 through the grid-con-
nected feed line 11, as shown in FIG. 3A.

[0046] In a period from 6:00 to 20:00, the third power
converter 7 is activated so as to supply the grid-connect-
ed feed tine 11 with generated power by the fuel cell 6.
In this case, the third power converter 7 limits its own
output power so that the output power is not flowed back
to the power grid through the grid-connected feed line
11. Therefore, in a case where the consumed power by
the load 9 is equal to or less than the generated power
of the fuel cell 6 in this period, the output power (indicated
by a reference "A3"in FIG. 2) of the third power converter
7 varies up to a ceiling of the consumed power by the
load 9 so as to follow the consumed power by the load 9.
[0047] Inthe period from 6:00to 20:00, generated pow-
er of the solar battery 2 is preferentially flowed back to
the power grid 8 as the sold-power P2. In the example
of FIG. 2, required power (i.e., consumed power by the
load 9) in a downstream side of the grid-connected feed
line 11 with respect to the junction of the grid-connected
feed line 11 and the first power converter 3 can be cov-
ered by the sum of output power of the fuel cell 6 and the
storage battery 4. Therefore, all the generated power by
the solar battery 2 can be regarded as "surplus power",
and the first power converter 3 allows the surplus power
to flow back to the power grid. That is, in a case where
the consumed power by the load 9 is equal to or less
than the generated power by the fuel cell 6 in the period
from 6:00 to 20:00, the output power of the fuel cell 6 is
supplied to the load 9 through the grid-connected feed
line 11, and the generated power by the solar battery 2
is flowed back to the power grid 8, as shown in FIG. 3B.
[0048] In a case where the consumed power by the
load 9 is greater than the generated power of the fuel cell
6 in the period from 6:00 to 20:00, the second power
converter 5 is activated so as to supply the stored energy
in the storage battery 4 to the grid-connected feed line
11. In this case, the second power converter 5 limits its
own output power so that the output power is not flowed
back to the power grid through the grid-connected feed
line 11. Therefore, shortfall power, which is a difference
between the consumed power by the load 9 and the out-
put power of the third power converter 7, is compensated
by discharged power (indicated by a reference "A4" in
FIG. 2) supplied from the second power converter § to
the grid-connected feed line 11. That is, in a case where
the consumed power by the load 9 is larger than the gen-
erated power by the fuel cell 6 in the period from 6:00 to
20:00, electric power is supplied from the fuel cell 6 and
the storage battery 4 to the load 9 through the grid-con-
nected feed line 11, and the generated powerby the solar
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battery 2 is flowed back to the power grid 8, as shown in
FIG. 3C.

[0049] In a case where the consumed power by the
load 9 is larger than the sum of the generated power by
the fuel cell 6 and the discharge power by the storage
battery 4 as well as the solar battery 2 can generate suf-
ficient electric power, the first power converter 3 supplies
electric power from the solar battery 2 to the load 9 so
as to compensate the shortfall power. If the consumed
power by the load 9 is smaller than the sum of the gen-
erated power by the fuel cell 6, the discharge power by
the storage battery 4 and the generated power by the
solar battery 2, namely, if there remains surplus power
in the solar battery 2, the first power converter 3 allows
the surplus power to flow back to the power grid 8. On
the other hand, if the consumed power by the load 9 is
greater than the sum of the generated power by the fuel
cell 6, the discharge power by the storage battery 4 and
the generated power by the solar battery 2, shortfall pow-
eris coveredby a purchased power from the power grid 8.
[0050] The above described operation can be
achieved by providing appropriate timers (not shown) in
the second power converter 5 and the third power con-
verter 7, respectively and appropriately setting behaviors
of the controllers 35, 55 and 75.

[0051] For example, at a predetermined fourth time
(20:00 in the example of FIG. 2), the controllers 35, 55
and 75 of the first to third power converters 3, 5 and 7
switch off the grid-connection side switches 36, 56 and
76, respectively to stop outputting electric power to the
grid-connected feed line 11. At a predetermined firsttime
(0:00 in this example), the controller §5 of the second
power converter § switches on the grid-connection side
switch 56 and also operates the charge-discharge circuit
50 in the charge mode, to thereby start charging the stor-
age battery 4 by the purchased power from the power
grid 8. Then, the second power converter § switches off
the grid-connection side switch 56 to stop charging the
storage battery 4 at a predetermined second time (3:00
in this example) or at a time when the remaining battery
level of the storage battery 4 exceeds a predetermined
upper limit (i.e., when the storage battery 4 is fully
charged). At a predetermined third time (6:00 in this ex-
ample), the controller 75 of the third power converter 7
switches on the grid-connection side switch 76 to start
supplying electric power to the grid-connected feed line
11. With this operation, the consumed power by the load
9is covered by the purchased power from the power grid
8 in a period from the fourth time to the third time (i.e.,
20:00 to 6:00).

[0052] In a period from the third time to the fourth time
(i.e., 6:00 to 20:00), the controller 75 of the third power
converter 7 controls the operation of the converter circuit
70 and ON/OFF of the grid-connection side switch 76 so
that the third power converter 7 supplies as large power
as possible to the grid-connected feed line 11 to the ex-
tent that the reverse power flow sensed with the second
sensor 15 is kept zero. In this period (6:00 to 20:00), the
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controller 55 of the second power converter 5 controls
the operation of the charge-discharge circuit 50 and
ON/OFF of the grid-connection side switch 56 so that the
second power converter § supplies as large power as
possible to the grid-connected feed line 11 to the extent
that the reverse power flow sensed with the first sensor
14 is kept zero. Here, if the consumed power by the load
9 decreases rapidly under a condition where the third
power converter 7 supplies electric power, a reverse flow
from the third power converter 7 to the power grid may
generate. When detecting a presence of the reverse flow
through the second sensor 15, the controller 75 of the
third power converter 7 controls the converter circuit 70
so as to decrease the output current of the converter
circuit 70 (or may switch off the grid-connection side
switch 76). In the case where the consumed power by
the load 9 decreases rapidly, even if the third power con-
verter 7 attempts to prevent the reverse flow at the posi-
tion where the second sensor 15 is provided, a reverse
flow may generate at the position where the first sensor
14 is provided. If the second power converter § detects
a presence of the reverse flow to the power grid through
the first sensor 14 under a condition where the second
power converter § outputs electric power, the second
power converter § controls the charge-discharge circuit
50 s0 as to decrease its own output power (or switches
it into the charge mode). In this period (6:00 to 20:00),
the controller 35 of the first power converter 3 senses the
voltage of the grid-connected feed line 11, and controls
the operation of the converter circuit 30 and ON/OFF of
the grid-connection side switch 36 so thatthe output pow-
er thereof is flowed back to the power grid 8.

[0053] In short, in a first period (0:00 to 3:00 in the
example of FIG. 2), the first power converter 3 is discon-
nected from the grid-connected feed line 11; the second
power converter § operates in the charge mode; and the
third power converter 7 is disconnected from the grid-
connected feed line 11.

[0054] In asecond period (3:00 to 6:00 in the example
of FIG. 2), the first to third power converters 3,5 and 7
are disconnected from the grid-connected feed line 11.
[0055] In a third period (6:00 to 20:00 in the example
of FIG. 2), the controller 75 of the third power converter
7 controls the operation of the converter circuit 70 and
ON/OFF of the grid-connection side switch 36 so that the
third power converter 7 supplies as large power as pos-
sible to the grid-connected feed line 11 to the extent that
the second sensor 15 detects noreverse power flow. The
controller 55 of the second power converter 5 controls
the operation of the charge-discharge circuit 50 and
ON/OFF of the grid-connection side switch 56 so that the
second power converter 5 supplies as large power as
possible to the grid-connected feed line 11 to the extent
that the first sensor 14 detects no reverse power flow.
The controller 35 of the first power converter 3 senses
the voltage of the grid-connected feed line 11, and con-
trols the operation of the converter circuit 30 and ON/OFF
of the grid-connection side switch 36 so that the output
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power thereof is flowed back to the power grid 8.
[0056] In afourth period (20:00 to 0:00 in the example
of FIG. 2), the first to third power converters 3, 5 and 7
are disconnected from the grid-connected feed line 11.
[0057] According to the above-described electric pow-
er supply system 1 of the embodiment, outputs of the
second and third power converters 5 and 7, which are
located at downstream side of the grid-connected feed
line 11, are prevented from flowing back to the power
grid through the grid-connected feed line 11, and as a
result supply their electric power preferentially to the load
9. Thatis, consumed power by the load 9inthe consumer
facility is preferentially covered by the output power of
the storage battery 4 and the fuel cell 6 which are con-
nected to the second and third power converters 5 and
7, respectively. Therefore, the first power converter 3 al-
lows the generated power of the solar battery 2 to flow
back to the power grid 8, thereby selling the generated
power preferentially. When the consumed power by the
load 9 is larger than the sum of the generated power by
the fuel cell 6 and the discharge power by the storage
battery 4, the first power converter 3 can supply the gen-
erated power by the solar battery 2 to the load 9 so as
to compensate for the shortfall power.

[0058] In the embodiment, the fuel cell 6 that forms a
cogeneration system configured to generate electric and
thermal energy is used for the second power generator
connected to the third power converter 7. Since the third
power converter 7 preferentially supplies electric power
to the load 9 in the consumer facility, the present system
can achieve efficient supply of not only the electricenergy
but the thermal energy to the consumer facility. In addi-
tion, since the generated power by the solar battery 2
(which is allowed to be sold) is preferentially sold to the
utility, the present system can reduce utility costs and
CO, emission.

[0059] According to the present embodiment, in the
case where the generated power by the fuel cell 6 is
smaller than the consumed power by the load 9, the sec-
ond power converter 5 can complement the shortage by
discharging the stored energy in the storage battery 4.
Therefore, the system canreduce the electric power (pur-
chased power) supplied from the power grid 8. in partic-
ular, according to the operation pattern of FIG. 2, the
second power converter 5 charges the storage battery 4
by the purchased power from the power grid 8 in the
midnight time (0:00 to 3:00) in which electricity rate is
low. Therefore, it is possible to further reduce the utility
costs.

[0060] According to the above-described configura-
tion, even when the solar battery 2 cannot generate suf-
ficient power due to such as bad weather or midnight
time, the consumed power by the load 9 can be covered
by the output power of the fuel cell 6 and the discharge
power by the storage battery 4 which has been charged
in advance in the midnight time in which electricity rate
is low, as described above. Thus, it is possible to reduce
the electric power (purchased power) supplied from the
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power grid 8 and to reduce the utility costs.

[0061] As a variation of the embodiment, the electric
power supply system 1 may further include a disconnect-
ing device 81 disposed along the grid-connected feed
line 11 and a failure detector 82 configured to detect a
presence/absence of failure in the power grid 8 such as
power outage, as shown in FIG. 4. The disconnecting
device 81 is disposed at more upstream side of the grid-
connected feed line 11 compared to the junction of the
grid-connected feed line 11 and the first power converter
3. The electric power supply system 1 of this variation
further includes a voltage sensor 83 disposed at more
upstream side of the grid-connected feed line 11 com-
paredto the disconnecting device 81. The failure detector
82 of this variation is configured to receive an output from
the voltage sensor 83 to detect a presence/absence of
failure in the power grid 8 such as power outage. When
detecting a failure of the power grid 8, the failure detector
82 controls the disconnecting device 81 so as to discon-
nect the power grid 8 and also transmits a failure detec-
tion signal to one of the first to third power converters 3,
5 and 7 (in the example of FIG. 4, to the second or third
power converter 5, 7).

[0062] The power converter that receives the failure
detection signal (in this example, the second power con-
verter §) switches the operation mode of its own controller
55 so that the controller 55 performs the constant voltage
control so as to maintain the output voltage thereof with
respect to the grid-connected feed line 11 at a predeter-
mined target value. That is, the second power converter
5 is configured to, in normal, perform the current control
so as to sense the voltage of the grid-connected feed line
11 to adjust the output current thereof based on the
sensed voltage, and is also configured to be switched
into the constant voltage control when receiving the fail-
ure detection signal from the failure detector 82. Note
that the target value for the constant voltage control may
be variable.

[0063] The other power converters (in this example,
the first and third power converters 3 and 7) continue,
evenwhen the power grid 8isin failure, the current control
so as to sense the voltage of the grid-connected feed line
11 to adjust the output current thereof based on the
sensed voltage. It is notable that, if there is no voltage
on the grid-connected feed line 11 as a reference, the
first and third power converters 3 and 7 cannot continue
the current control. However, in this example, the grid-
connected feed line 11 is applied with a voltage from the
second power converter 5. Therefore, the first and third
power converters 3 and 7 can continue supplying electric
power to the load 9 under the current control with the
voltage applied by the second power converter 5 regard-
ed as a "pseudo” grid voitage (the reference voltage),
even when the power grid 8 is disconnected from the
grid-connected feed line 11.

[0064] Regarding the priority of generated power
among the firstto third power converters 3, 5 and 7 when
the power grid 8 is in failure, the generated power by the
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solar battery 2is preferentially used compared tothe gen-
erated power by the fuel cell 6. That is, the first power
converter 3 performs the MPPT control so as to maximize
the generated power by the solar battery 2, and the third
power converter 7 operates so as to compensate the
shortfall power, which is a difference between the con-
sumed power by the load 9 and the generated power by
the solar battery 2, by the generated power of the fuel
cell 6. In a case where the sum of the generated power
by the solar battery 2 and the generated power by the
fuel cell 6 is larger than the consumed power by the load
9, the second power converter 5 charges the storage
battery 4 by the surplus power. In a case where the sum
of the generated power is smaller than the consumed
power by the load 9, the second power converter 5 dis-
charges the storage battery 4 so as to compensate the
shortfali-power.

[0065] According to this configuration, one of the first
to third power converters 3, 5 and 7 is switched into the
constant voltage control in response to a failure detection
signal when the power grid 8 is in failure such as power
outage, and therefore the other power converters can
continue operating in the current control. Thus, even
when the power grid 8 is in failure, the load 9 can receive
not only the discharge power of the storage battery 4 but
the generated power by the solar battery 2 and the gen-
erated power by the fuel cell 6. As aresult, electric power
can be stably supplied to the load 9. In addition, fuel con-
sumption in the fuel cell 6 can be reduced since the gen-
erated power by the solar battery 2 is used preferentially.
{0066] Itis preferable that the power converter config-
ured to be switched into the constant voltage control in
response to the failure detection signal when the power
grid 8 is in failure is selected from the second and third
power converters 5 and 7 of which output voltages are
stable compared to that of the first power converter 3. In
other words, the above mentioned "one of the first to third
power converters"” is either the second power converter
5 or the third power converter 7. That is, the second and
third power converters 5 and 7 can stably supply a voltage
as a reference voltage for the current control by other
power converters without stopping their outputs like the
first power converter 3 that possibly stops its output de-
pending on an external environment (amount of solar ra-
diation). The second power converter 2 is further advan-
tageous, because, when the sum of the generated power
by the solar battery 2 and the generated power by the
fuel cell 6 is larger than the consumed power by the load
9, the second converter can charge the storage battery
4 by the surplus power for the usage of future power
shortage. That is, the above-described "one of the first
to third power converters" is, preferably, the second pow-
er converter 5 that is connected to the storage battery 4.
[0067] Described is specific structures of the first to
third power converters 3, 5 and 7 with reference to FIG.
5. FIG. 5 illustrates a circuit construction of the DC/DC
converter 33 and the DC/AC converter 34 of the first pow-
er converter 3, and each of the second and third power
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converters 5 and 7 may be configured like this circuit
construction. .

[0068] The DC/DC converter 33 is formed of a boost
chopper circuit which includes: a series circuit, of an in-
ductor 331 and a switching device 332, connected to the
solar battery 2; and a series circuit of a diode 333 and a
capacitor 334. The circuit of the inductor 331 and the
switching device 332 is connected to the solar battery 2
so that the inductor 331 is connected to a positive elec-
trode side of the solar battery 2 and the switching device
332 is connected to a negative electrode side of the solar
battery 2. In the circuit of the diode 333 and the capacitor
334, an anode of the diode 333 is connected to a junction
of the inductor 331 and the switching device 332; and a
terminal of the capacitor 334 thatis opposite side thereof
from the diode 333 is connected to a junction of the neg-
ative electrode side of the solar battery 2 and the switch-
ing device 332, The switching device 332 of the embod-
iment is formed of an insulated gate bipolar transistor
(IGBT), and a diode 335 is connected in inverse-parallel
with the switching device 332. A switching device for
charging, 336, formed of an IGBT is connected in parallel
with the diode 333.

[0069] When the controller 35 controls so as to turn on
and off the switching device 332 at a high frequency un-
der a condition where the DC/DC converter 33 is supplied
with electric power from the solar battery 2, the DC/DC
converter 33 generates a stepped-up DC voltage across
the capacitor 334. Note that, for charging the storage
battery 4 (in the charge mode), the DC/DC converter §3
of the second power converter 5 steps down a voltage
supplied from the DC/AC converter 54 to charge the stor-
age battery 4 by the stepped-down DC voltage, by keep-
ing its own switching device 332 turned off and controlling
so as to turn on and off its own switching device for charg-
ing, 336, at a high frequency.

[0070] The DC/AC converter 34 is formed of a full-
bridge inverter circuit in which four switching devices 341
to 344 are connected across an output terminal of the
DC/DC converter 33 (i.e., connected across the capacitor
334). The DC/AC converter 34includes an LC filter which
is formed of a series circuit of aninductor 345, a capacitor
346 and aninductor 347 and which is connected between
a junction of the switching devices 341 and 342 and a
junction of the switching devices 343 and 344. Each of
the switching devices 341 to 344 of the embodiment is
formed of an IGBT, and respective diodes 348 are con-
nected in inverse-parallel with the switching devices 341
to 344.

[0071] When the controller 35 controls so as to turn on
and off the switching devices 341 to 344 under a condition
where the DC/AC converter 34 is supplied with electric
power from the DC/DC converter 33, the DC/AC convert-
er 34 generates an AC voltage across the capacitor 346.
An output terminal of the DC/AC converter 34 (i.e., both
ends of the capacitor 346) is connected to the connection
output terminal 31 via the grid-connection side switch 36
of double pole switch. Note that, for charging the storage
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battery 4 (in the charge mode), the DC/AC converter 54
of the second power converter § supplies a DC voltage
to the DC/DC converter 53 by the controller 55 controlling
so as to turn on and off its own switching devices 341 to
344. Note thatthe converter turns on and off the switching
devices 341 to 344 in accordance with a PWM (on-off)
pattern having an opposite phase to that in a case of
outputting the voltage of a DC side (storage battery 4
side) to a grid side (grid-connected feed line 11 side),
and it is thereby possible to carry out power conversion
from the grid-side to the DC side power (to charge).
[0072] In the above-described embodiment, each of
the first to third power converters 3, 5§ and 7 includes a
single power converter, but is not limited to this. For ex-
ample, in the system, each of the first to third power con-
verters 3, 5 and 7 may be two or more converters. In
otherwords, the electric power supply system 1 includes,
preferably, at least one first power converter 3, at least
one second power converter 5, and at least one third
power converter 7.

(Second Embodiment)

[0073] Anelectricpower supply system 1ofthe present
embodiment differs from the electric power supply sys-
tem 1 of the first embodiment in that a second power
converter 5 and a third power converter 7 are configured
to communicate with each other. Like kind elements are
assigned the same reference numerals as depicted in
the first embodiment and explanation is omitted as ap-
propriate.

[0074] AsshowninFIG. 6,inthe embodiment, the sec-
ond power converter 5 and the third power converter 7
are connected with each other by a communication line
16, and thereby a controller 55 of the second power con-
verter 5 and a controller 75 of the third power converter
7 are configured to communicate with each other through
the communication line 16. Note that the communication
between the second power converter 5 and the third pow-
er converter 7 is notlimited to a wire-communication, but
may be awireless-communication. Alternatively, the sec-
ond power converter 5 and the third power converter 7
may be configured to communicate with each otherusing
the grid-connected feed line 11 as a communication line.
[0075] The second power converter 5 and the third
power converter 7 are each configured to adjust its own
output power with respect to the grid-connected feed line
11 (the second power converter 5 also adjustinput power
from the grid-connected feed line 11 when a storage bat-
tery 4 is charged) according to the communication be-
tween the controllers 55 and 75. In the embodiment, the
second sensor 15 (see FIG. 1) is omitted, and the con-
troller 75 of the third power converter 7 is configured to
set atarget value so that power flowing back to the power
grid through the grid-connected feed line 11 is kept zero
at a position where a first sensor 14 is disposed.

[0076] Thatis, the controllers §5 and 75 are configured
to determine upper limits of output power of the second
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power converter 5 and output power of the third power
converter 7 with respect to the grid-connected feed line
11 so as toincrease the output power of them with respect
to the grid-connected feed line 11 as much as possible
while the power flowing back to the power grid through
the grid-connected feed line 11 is kept zero atthe position
where the first sensor 14 is disposed. The controllers 55
and 75 may be configured to determine the upper limits
of the output power of the second and the third power
converters 5 and 7 with respect to the grid-connected
feed line 11 so that the sum of the output power of the
second and the third power converters 5 and 7 with re-
spect to the grid-connected feed line 11 is kept less than
consumed power by a load 9.

[0077] For this purpose, the controllers 55 and 75 are
configured to determine the upper limit of the output pow-
er of the third power converter 7 by adding electric power
for charging the storage battery 4 by the second power
converter 5 to the consumed power by the load 9 when
sensing a remaining battery level of the storage battery
4 with the storage battery 4 not fully charged. That is, if
the output power of the third power converter 7 with re-
spect to the grid-connected feed line 11 exceeds the con-
sumed power by the load 9, a surplus power of the output
power may be flowed back to the power grid through the
grid-connected feed line 11. In this case, by using the
surplus power flowed back from the third power converter
7 for charging the storage battery 4 by the second power
converter 5, it is possible to prevent the reverse flow to
the power grid through the grid-connected feed line 11
at the position where the first sensor 14 is disposed. That
is, inthe embodiment, the output power of the third power
converter 7 is not completely forbidden to flow back to
the power grid through the grid-connected feed line 11,
and is allowed to flow back when it is used for charging
the storage battery 4.

[0078) An operation of the electric power supply sys-
tem 1 according to the embodiment is described accord-
ing to an example of an operation pattern of the electric
power supply system 1. Note that basic operation of this
example is similar to that of the operation pattern illus-
trated in the first embodiment with reference to FIGS. 2
and 3.

{0079] This example differs from the example of the
first embodiment in that output power of the third power
converter 7 can be kept constant when the consumed
power by the load 9 temporarily decreases with the stor-
age battery 4 not fully charged, by using the decreased
amount in the consumed power for charging the storage
battery 4 by the second power converter 5. That is, fluc-
tuation in the consumed power by the load 9 can be cov-
ered in the system without change in the output power
of the third power converter 7, by using the surplus power
of the fuel cell 6 caused by the fluctuation for charging
the storage battery 4 by the second power converter 5.
[0080] Under a condition where the system operates
according to an operation pattern in which the storage
battery 4 is charged by electric power from a power grid
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8 in a predetermined time period (for example, midnight
time) every day, and when the remaining battery level of
the storage battery 4 is sufficiently high, the system may
use the discharge power of the storage battery 4 prefer-
entially. For example, the consumed power by the load
9 can be covered, by advancing a timing for causing the
third power converter 7 stopping the power generation
of the fuel cell 6 in a time of day and by causing the
second power converter 5 to output the discharge power
of the storage battery 4 to the grid-connectedfeedline 11.
[0081] According to the electric power supply system
1 of the embodiment described above, the storage bat-
tery 4 and the fuel cell 6 are used cooperatively, and
accordingly the storage battery 4 can be used as a "buff-
er” for the load 9. As a result, the fuel cell 6 can be con-
tinuously operated in a comparatively efficient output
range, and itis possible to improve the energy efficiency
of the electric power supply system 1.

[0082] In the embodiment, order of the second power
converter 5§ and the third power converter 7 along the
grid-connected feed line 11 may be reversed. That is,
the second power converter 5 and the third power con-
verter 7 are connected to the grid-connected feed line 11
so0 that the second power converter 5 is located at more
upstream side of the grid-connected feed line 11 in the
above example, but they may be connected so that the
third power converter 7 is located at more upstream side
of the grid-connected feed line 11. In this case, the first
to third power converters 3, 5 and 7 are connected to the
grid-connected feed line 11 in the order of the first power
converter 3, the third power converter 7 and the second
power converter 5 from the upstream end side the grid-
connected feed line 11. Further, the first sensor 14 is
disposed along the grid-connected feed line 11 at a po-
sition between the first power converter 3 and the third
power converter 7. Also in this configuration, the control-
lers 55 and 75 are configured to determine upper limits
of output power of the second and the third power con-
verters 5 and 7 with respect to the grid-connected feed
line 11 so as to increase the output power of them with
respect to the grid-connected feed line 11 as much as
possible while the power flowing back to the power grid
through the grid-connected feed line 11 is kept zero at
the position where the first sensor 14 is disposed.
[0083] Other configurations and functions of the em-
bodiment are analogous to those in the first embodiment.

(Third Embodiment)

[0084] As shown in FIG. 7, an electric power supply
system 1 ofthe presentembodiment differs from the elec-
tric power supply system 1 of the first embodiment in that
the present embodiment further includes a grid-inde-
pendent feed line 12 which is disconnected from a power
grid 8 and which is physically separated from the grid-
connected feed line 11. Like kind elements are assigned
the same reference numerals as depicted in the firstem-
bodiment and explanation is omitted as appropriate.
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[0085] Inthe example of FIG. 7, the first to third power
converters 3, § and 7 are each configured to switch be-
tween two operation states of a grid connecting operation
for coordinating with the power grid 8 and a grid inde-
pendent operation for operating independently of the
power grid 8. The first power converter 3 has an inde-
pendent output terminal 32 that functions as a power out-
put termina! inthe grid independent operation, in addition
to a connection output terminal 31. Similarly, the second
power converter 5 has an independent output terminal
52 that functions as a power output terminal in the grid
independent operation, in addition to a connection output
terminal 51. Further, the third power converter 7 has an
independent output terminal 72 that functions as a power
output terminal in the grid independent operation, in ad-
dition to a connection output terminal 71.

[0086] The independent output terminals 32, 52 and
72 of the first to third power converters 3, 5 and 7 are
each connected to the grid-independent feedline 12, and
therefore the independent output terminals 32, §2 and
72 are connected with each other via the grid-independ-
ent feed line 12. Each of the power converters 3, § and
7 has a grid-independent side switch (not shown). The
AC output terminals of the DC/AC converters 34, 54 and
74 are connected to the connection output terminals 31,
51 and 71 via the corresponding grid-connection side
switches 36, 56 and 76, respectively, and also connected
to the independent output terminals 32, 52 and 72 via
the corresponding grid-independent side switches, re-
spectively. The controllers 35, 55 and 75 are configured
to switch on the corresponding grid-connection side
switches 36, 56 and 76 and switch off the corresponding
grid-independent side switches under the grid connect-
ing operation, and also to switch on the corresponding
grid-independent side switches and switch off the corre-
sponding grid-connection side switches 36, 56 and 76
under the grid independent operation.

[0087] The first to third power converters 3, 5§ and 7
have a failure detector (not shown) configured to detect
a presence/absence of failure in the power grid 8 such
as power outage, and are each configured to automati-
cally switch between the grid connecting operation and
the grid independent operation in accordance with a de-
tecting result of the failure detector. In short, each of the
controllers 35, 55 and 75 is configured to select the grid
connecting operation when the power grid 8 is in normal,
and also to operate in the grid independent operation
when the power grid 8 is in failure such as power outage.
[0088] A load 9 is connected to each of the grid-con-
nected feed line 11 and the grid-independent feed line
12. In the example of FIG. 7, a selector 13 is interposed
between the load 9 and the grid-connected and grid-in-
dependent feed lines 11 and 12. The selector 13 is con-
figured to switch a connection destination of the load 9
between the grid-connected feed line 11 and the grid-
independent feed line 12. With this configuration, by
switching the selector 13 so as to connect the load 9 to
the grid-connected feed line 11 in the grid connecting

10

20

25

30

35

40

45

50

55

13

operation and also to connect the load 9 to the grid-in-
dependent feed line 12 inthe grid independent operation,
itis possible to save the time and effort for disconnecting
and reconnecting the load 9 when switching the opera-
tions.

[0089] The selector 13 may have a configuration in
which it is manually switched according to an operation
by a user. However, in the embodiment, the selector 13
is configured to automatically switch without being oper-
ated by a user. Specifically, the selector 13 is formed of
a relay, and is configured to switch a connection desti-
nation of the load 9 between the grid-connected feed line
11 and the grid-independent feed line 12 depending on
an excitation of a coil caused by electric power supplied
from the power grid 8 through the grid-connected feed
line 11. That is, the selector 13 connects the load 9 to
the grid-connected feed line 11 as a result of the excita-
tion of the coil caused by the electric power from the
power grid 8 when the power grid 8 is in normal, and
connects the load 9 to the grid-independent feed line 12
when the power grid 8 is in failure such as power outage.
[0090] Note that the grid-independent feed line 12 is
not necessarily to be directly connected to the load 9 of
an electric apparatus, but may be connected to an outlet
(not shown) to which a load 9 is detachably attached.
Further, the selector 13 may be omitted and each of the
grid-connected feed line 11 and the grid-independent
feed line 12 may be connected to a load 9 or an outlet
individually. In this case, the grid-connected feed line 11
is connected to an outlet that is usable during the grid
connecting operation of the power converters, while the
grid-independentfeed line 12 is connected to a dedicated
outlet for independent operation that is usable during the
grid independent operation of the power converters.
[0091] Inthe embodiment, one of the first to third power
converters 3, 5 and 7 (one power converter out of the
first to third power converters 3, 5 and 7; in this example,
the second power converter 5) is configured to perform
a constant voltage control so as to maintain the output
voltage thereof with respect to the grid-independent feed
line 12 at a predetermined target value in the grid inde-
pendent operation. The other power converters (in this
example, the first and third power converters 3 and 7)
are each configured, in the grid independent operation,
to perform a current control so as to sense the voltage
of the grid-independent feed line 12 to adjust the output
current thereof based on the sensed voltage. Note that
the target value for the constant voltage control may be
variable.

[0092] When detecting a failure in the power grid 8, the
second power converter 5 switches the operation mode
ofthe controller 55 from the current control to the constant
voltage control. That is, the second power converter § is
configured to perform the current control so as to sense
the voltage of the grid-connected feed line 11 to adjust
the output current thereof based on the sensed voltage
in the grid connecting operation, and is to be automati-
cally switched into the constant voltage control when it
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detects a failure in the power grid 8 so as to operate in
the grid independent operation.

[0093] When detecting a failure in the power grid 8,
each of the first and third power converters 3 and 7 is to
be operated in the grid independent operation and to per-
form the current control so as to sense the voltage of the
grid-independent feed line 12 to adjust its own output
current based on the sensed voltage. In this time, the
grid-independent feed line 12 is applied with the output
voltage of the second power converter 5. Thus, each of
the first and third power converters 3 and 7 supplies elec-
tric power to the load 9 under the current control, with
the output voltage of the second power converter 5 re-
garded as a "pseudo” grid voltage (as a reference volt-
age).

[0094] With this configuration, when the power grid 8
is in failure such as power outage, the one of the first to
third power converters 3, § and 7 is switched into the
constant voltage control, and accordingly the other power
converters can continue the operation under the current
control. Therefore, even when the power grid 8 is in fail-
ure, not only the discharge power of the storage battery
4 but also generating power of the solar battery 2 and
the fuel cell 6 can be supplied to the load 9. As a result,
electric power can be stably supplied to the load 8. In
addition, the power converters 3, 5 and 7 have the func-
tion (failure detector) configured to detect failure in the
power grid 8, it is not necessary to add a device for de-
tecting a presence/absence of failure in the power grid
8. Accordingly, it is possible to simplify the system con-
figuration. Note that the above mentioned "one of the first
to third power converters (i.e., a power converter thatis
configured to perform the constant voltage control in the
grid independent operation)” is preferably selected from
the second and the third power converters 5 and 7, be-
cause these converters can supply stable output voltage.
The above mentioned "one of the first to third power con-
verters” is, preferably, the second power converter §
which is connected to the storage battery 4.

[0095] In addition, because the embodiment includes
the selector 13 that is configured to switch the connection
destination ofthe load 9 between the grid-connected feed
line 11 and the grid-independent feed line 12 depending
on the grid connecting operation and the grid independ-
ent operation, it is possible to save the time and effort for
disconnecting and reconnecting the load 9. Furthermore,
because the selector 13 is configured to automatically
switch the connection destination of the load 9 in accord-
ance with a presence/absence of failure in the power grid
8, it is possible to save the time and effort for a user to
operate the selector 13. The selector 13 may be config-
ured to switch the connection destination of the load 9
between the grid-connected feed line 11 and the grid-
independent feed line 12 in response to a switch signal
transmitted from one (for example, the second power
converter §) of the first to third power converters 3, 5 and
7.
[0096] In another example of the embodiment, only a
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part (in this example, the second power converter 5) of
the first to third power converters 3, 5 and 7 is configured
to switch between two operation states of the grid con-
necting operation and the grid independent operation. In
this example, as shown in FIG. 8, the other power con-
verters (in this example, the first and the third power con-
verters 3 and 7) that are not configured to switch between
the grid connecting operation and the grid independent
operation are each connected to the grid-connected feed
line 11 and the grid-independent feed line 12 via a relay
17 or 18 as an external selector. The relays 17 and 18
as the external selectors are configured to switch respec-
tive connection destinations of the connection output ter-
minal 31 of the first and third power converters 3 and 7
between the grid-connected feed line 11 and the grid-
independent feed line 12 in accordance with control of
the second power converter 5.

[0097] Inthe example of FIG. 8, the second power con-
verter § configured to switch between the grid connecting
operation and the grid independent operation performs
the constant voltage control so as to maintain the output
valtage thereof with respect to the grid-independent feed
line 12 at a predetermined target value in the grid inde-
pendent operation. The other power converters (in this
example, the first and third power converters 3 and 7)
are each configured to perform a current control so as to
sense a voltage of the grid-connected feed line 11 or the
grid-independent feed line 12 to adjust the output current
thereof based on the sensed voltage. Note that the target
value for the constant voltage control may be variable.
[0098] That is, when detecting a failure in the power
grid 8, the second power converter 5§ switches the oper-
ation mode of the controller 55 from the current control
to the constant voltage control. The second power con-
verter 5 is configured to perform the current control so
as to sense the voltage of the grid-connected feed line
11 to adjust the output current thereof based on the
sensed voltage in the grid connecting operation, and is
to be automatically switched into the constant voltage
control when it detects failure in the power grid 8 to op-
erate in the grid independent operation. In this time, the
second power converter § controls the relays 17 and 18
as the external selectors so as to switch the connection
destinations of the connection output terminal 31 of the
first and the third power converters 3 and 7 from the grid-
connected feed line 11 into the grid-independent feed
line 12.

[0099] Each of the first and third power converters 3
and 7 performs the current control so as to sense the
voltage of the grid-independent feed line 12 to adjust its
own output current based on the sensed voltage. In this
time, the grid-independent feed line 12 is applied with
the output voltage of the second power converter 5. Thus,
each of the first and third power converters 3 and 7 sup-
plies electric power to the load 9 under current control,
with the output voltage of the second power converter §
regarded as a "pseudo” grid voltage (as a reference volt-
age).
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[0100] With this configuration, a power converter hav-
ing a function for switching the operation states and a
power converter not having the function for switching the
operation states can cooperate with each other even
when the power grid 8 is in failure such as power outage.
Therefore, even when the power grid 8 is in failure, not
only discharge power of the storage battery 4 but also
generating power of the solar battery 2 and the fuel cell
6 can be supplied to the load 9. As a result, electric power
can be stably supplied to the load 9. Note that the above
mentioned "power converter (i.e., a power converter that
has a function for switching between the grid connecting
operation and the grid independent operation)" is prefer-
ably selected from the second and the third power con-
verters 5 and 7, because these converters can supply
stable output voltage. The above mentioned "power con-
verter" is, preferably, the second power converter § which
is connected to the storage battery 4.

[0101] Incidentally, in a case where the electric power
supply system includes two or more loads 9 which are
connected to the grid-connected feed line 11 or the grid-
independent feed line 12, the electric power supply sys-
tem 1 may have a structure for selecting a load(s) 9 to
be supplied with electric power.

[0102] As shown in FIG. 9A, in a case where two or
more (in this example, three) loads 91 to 93 are connect-
ed to the grid-connected feed line 11, load-breakers 113
are interposed between the grid-connected feed line 11
and the loads 91 to 93, respectively. Furthermore, the
electric power supply system 1 of this example includes:
a current sensor 111 configured to sense the power sup-
plied to the loads 91 to 93; and a load selector 112 con-
figured to control the load-breakers 113 in accordance
with the power supplied to the loads 91 to 93. The load
selector 112 has a memory (not shown) that stores pre-
determined priority orders of the loads 91 to 93.

[0103] Inthe configuration of FIG. 9A, the load selector
112 is configured to monitor the (total) power supplied to
the loads 91 to 93, sensed with the current sensor 111,
and also, when the power supplied to the loads exceeds
a predetermined threshold, to sequentially turn off the
load-breakers 113 of the loads 91 to 93 according to the
priority orders so that a load-breaker 113 corresponding
to a load given a lower priority is preferentially turned off.
In an example where the loads 91, 92 and 93 are given
the priority orders in a reversed order, when the power
supplied to the loads exceeds the threshold, the load
selector 112 firstly turns off a load-breaker 113 to which
the-load 91 given the lowest priority is connected and to
thereby stop power supply to the load 91. If the power
supplied to the loads is still greater than the threshold in
this state, the load selector 112 then turns off a load-
breaker 113 to which the load 92 given the second lowest
priority is connected and to thereby stop power supply
to the load 92.

[0104] In another example, the electric power supply
system 1 may be configured such thatthe load selector(s)
112 is housed in any of the first to third power converters
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3, 5 and 7, and the load-breakers 113 are controlled in
accordance with a control signal from the first to third
power converters 3, 5 and 7, as shown in FIG. 8B. In the
configuration of FIG. 9B, the load selecter in the first to
third power converters 3, 5 and 7 is configured to monitor
each output power of the power converters 3, 5and 7 as
well as the (total) power supplied to the loads 9. When a
difference between the output power and the power sup-
pliedtotheloadsis lower than a predeterminedthreshold,
the load selector sequentially turns off the load-breakers
113 of the loads 91 to 93 according to the priority orders
so that a load-breaker 113 corresponding to a load given
a lower priority is preferentially turned off.

[0105] Accordingtothe above-mentioned electric pow-
er supply system 1 which has the structure for selecting
aload(s) 9 to be supplied with electric power, the electric
power supply system 1 can stably supply electric power
to a load(s) 9 given the higher priority, even when the
amount of electric power to be supplied to the loads 9 is
limited as in the case of the grid independent operation.
[0106] Other configurations and functions of the em-
bodiment are analogous to those in the first embodiment.
Note thatthe embodiment can be combined with the sec-
ond embodiment in which the second power converter 5
and the third power converter 7 are configured to com-
municate with each other.

Claims
1. An electric power supply system comprising:

a first power converter which is connected to a
first power generator configured to generate
electric power that is allowed to flow back to a
power grid and which is configured to carry out
electric conversion of generated power of the
first power generator;

a second power converter which is connected
to a storage battery and which is configured to
charge and discharge the storage battery; and
a third power converter which is connected to a
second power generator configured to generate
electric power that is forbidden to flow back to
the power grid and which is configured to carry
out electric conversion of generated power of
the second power generator,

wherein the electric power supply systemis con-
figured to supply electric power to at least one
load through a grid-connected feed line, said
power grid being connected to an upstream end
of the grid-connected feed line, said load being
connected to a downstream end of the grid-con-
nected feed line,

the first to third power converters are connected
to the grid-connected feed line in a manner that
the first power converter is located at most up-
stream side of the grid-connected feed line,
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the electric power supply system further com-
prises a first sensor which is disposed at a po-
sition between a junction of the grid-connected
feed line and the first power converter and a
junction of the grid-connected feed line and one
of the second and third power converters, locat-
ed at more upstream side of the grid-connected
feed line, said first sensor being configured to
sense electric power flowing back to the power
grid through the grid-connected feed line, and
the second power converteris configured to con-
trol charging and discharging of the storage bat-
tery so that the electric power flowing back to
the power grid, sensed with the first sensor is
kept zero, and the third power converter is con-
figured to control output power thereof to the
grid-connected feed line so thatthe electric pow-
er flowing back to the power grid, sensed with
the first sensor is kept zero.

The electric power supply system according to claim
1, wherein

the second and third power converters are connect-
ed to the grid-connected feed line in a manner that
the second power converter is located at more up-
stream side of the grid-connected feed line,

the electric power supply system further comprises
a second sensor which is disposed at a position be-
tween a junction of the grid-connected feed line and
the second power converter and a junction of the
grid-connected feed line and the third power con-
verter, said second sensor being configured to sense
electric power flowing back to the power grid through
the grid-connected feed line,

the second power converter is connected to the first
sensor and is configured to control the charging and
discharging of the storage battery so that the electric
power flowing back to the power grid, sensed with
the first sensor is kept zero, and

the third power converter is connected to the second
sensor and is configured to control the output power
thereof to the grid-connected feed line so that the
electric power flowing back to the power grid, sensed
with the second sensor is kept zero.

The electric power supply system according to claim
1, wherein

said one of the second and third power converters,
located at more upstream side ofthe grid-connected
feed line is connected to the first sensor,

the second and third power converters are config-
ured to control the charging and discharging of the
storage battery and to contro! the output power of
the third power converter to the grid-connected feed
line while communicating with each other so that the
electric power flowing back to the power grid, sensed
with the first sensor is kept zero.
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a.

The electric power supply system according to any
one of claims 1 to 3, wherein the second power gen-
erator is formed of a cogeneration system configured
to simultaneously generate electric and thermal en-
ergy.

The electric power supply system according to any
one of claims 1 to 4, wherein

the first power generatoris formed of a solar battery,
the second power generator is formed of a fuel cell,
and

the first power converter is configured to allow sur-
plus power of generated power of the solar battery
to flow back to the power grid.

The electric power supply system according to any
one of claims 1 to 5, wherein
the electric power supply system further comprises:

a disconnecting device disposed at more up-
stream side of the grid-connected feed line com-
pared to the junction of the grid-connected feed
line and the first power converter; and

a failure detector configured, when detecting a
failure in the power grid, to turn off the discon-
necting device and also to transmit a failure de-
tection signal to one of the first to third power
converters, and

said one of the first to third power converters is con-
figured to perform a constant voltage control so as
to maintain an output voltage thereof to the grid-con-
nected feed line at a predetermined target value
when receiving the failure detection signal, and the
other power converters are each configured to per-
form a current control so as to sense a voltage of the
grid-connected feed line to adjust an output current
thereof based on a sensed voitage.

The electric power supply system according to any
one of claims 1 to 5, wherein

the first to third power converters are each config-
ured to switch between a grid connecting operation
for supplying electric power to the load through the
grid-connected feed line and a grid independent op-
eration for supplying electric power to the load
through a grid-independent feed line disconnected
from the power grid, and

one of the first to third power converters is config-
ured, in the grid independent operation, to perform
a constant voltage control so as to maintain an output
voltage thereof to the grid-independent feed line at
a predetermined target value, and the other power
converters are each configured, in the grid independ-
ent operation, to perform a current control so as to
sense a voltage of the grid-independent feed line to
adjust an output current thereof based on a sensed
voltage.
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The electric power supply system according to any
one of claims 1 to 5, wherein

one of the first to third power converters is configured
to switch between a grid connecting operation for
supplying electric power to the load through the grid-
connected feed line and a grid independent opera-
tion for supplying electric power to the load through
a grid-independent feed line disconnected from the
power grid, and the other power converters are each
connected to the grid-connected feed line and the
grid-independent feed line via an external selector
configured to switch connection destination of a cor-
responding converter between the grid-connected
feed line and the grid-independent feed line,

said one of the first to third power converters is con-
figured, inthe grid independent operation, to perform
aconstant voltage control so as to maintain an output
voltage thereof to the grid-independent feed line at
a predetermined target value and also to switch the
external selector to the grid-independent feed line
side, and the other power converters are each con-
figured to perform a current control so as to sense a
voltage of the grid-independent feed line to adjust
an output current thereofbased on a sensed voltage.

The electric power supply system according to any
one of claims 1 to 8, wherein

the at least one load comprises two or more loads,
and

the electric power supply system further comprises:

load-breakers which are disposed along respec-
tive power feed lines to the loads;

a memory configured to store priority orders of
the loads; and

a load selector configured to sequentially turn
off the load-breakers in accordance with power
supplied to the loads so that a load-breaker cor-
responding to a load given alower priority is pref-
erentially turned off.

Amended claims under Art. 19.1 PCT

An electric power supply system comprising:

a first power converter which is connected to a
first power generator configured to generate
electric power that is allowed to flow back to a
power grid and which is configured to carry out
electric conversion of generated power of the
first power generator;

a second power converter which is connected
to a storage battery and which is configured to
charge and discharge the storage battery; and
a third power converter which is connected to a
second power generator configured to generate
electric power that is forbidden to flow back to
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the power grid and which is configured to carry
out electric conversion of generated power of
the second power generator,

wherein the electric power supply systemis con-
figured to supply electric power to at least one
load through a grid-connected feed line, said
power grid being connected to an upstream end
of the grid-connected feed line, said load being
connected to a downstream end of the grid-con-
nected feed line,

the first to third power converters are connected
to the grid-connected feed line in a manner that
the first power converter is located at most up-
stream side of the grid-connected feed line,
the electric power supply system further com-
prises a first sensor which is disposed at a po-
sition between a junction of the grid-connected
feed line and the first power converter and a
junction of the grid-connected feed line and one
of the second and third power converters, locat-
ed at more upstream side of the grid-connected
feed line, said first sensor being configured to
sense electric power flowing back to the power
grid through the grid-connected feed line, and
the second power converter is configured to con-
trol charging and discharging of the storage bat-
tery so that the electric power flowing back to
the power grid, sensed with the first sensor is
kept zero, and the third power converter is con-
figured to control output power thereof to the
grid-connected feed line so thatthe electric pow-
er flowing back to the power grid, sensed with
the first sensor is kept zero,

wherein said one of the second and third power
converters, located at more upstream side of the
grid-connected feed line is connected to the first
sensor, the second and third power converters
are configured to control the charging and dis-
charging of the storage battery and to control
the output power of the third power converter to
the grid-connected feed line while communicat-
ing with each other so that the electric power
flowing back to the power grid, sensed with the
first sensor is kept zero..

An electric power supply system comprising:

a first power converter which is connected to a
first power generator configured to generate
electric power that is allowed to flow back to a
power grid and which is configured to carry out
electric conversion of generated power of the
first power generator;

a second power converter which is connected
to a storage battery and which is configured to
charge and discharge the storage battery; and
a third power converter which is connected to a
second power generator configured to generate
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electric power that is forbidden to flow back to
the power grid and

which is configured to carry out electric conver-
sion of generated power of the second power
generator,

wherein the electric power supply systemis con-
figured to supply electric power to at least one
load through a grid-connected feed line, said
power grid being connected to an upstream end
of the grid-connected feed line, said load being
connected to a downstream end of the grid-con-
nected feed line,

the first to third power converters are connected
to the grid-connected feed line in a manner that
the first power converter is located at most up-
stream side of the grid-connected feed line,
the electric power supply system further com-
prises a first sensor which is disposed at a po-
sition between a junction of the grid-connected
feed line and the first power converters and a
junction of the grid-connected feed line and one
of the second and third power converters, locat-
ed at more upstream side of the grid-connected
feed line, said first sensor being configured to
sense electric power flowing back to the power
grid through the grid-connected feed line, and
the second power converter is configured to con-
trol charging and discharging of the storage bat-
tery so that the electric power flowing back to
the power grid, sensed with the first sensor is
kept zero, and the third power converters is con-
figured to control output power thereof to the
grid-connected feed line so that the electric pow-
er flowing back to the power grid, sensed with
the first sensor is kept zero,

wherein the second and third power converters
are connected to the grid-connected feed line in
a manner that the second power converter is
located at more upstream side of the grid-con-
nected feed line,

the electric power supply system further com-
prises a second sensor which is disposed at a
position between a junction of the grid-connect-
ed feed line and the second power converter
and a junction of the grid-connected feed line
and the third power converter, said second sen-
sor being configured to sense electric power
flowing back to the power grid through the grid-
connected feed line,

the second power converter is connected to the
first sensor and is configured to control the
charging and discharging of the storage battery
so that the electric power flowing back to the
power grid, sensed with the first sensor is kept
zero, and

the third power converter is connected to the
second sensor and is configured to control the
output power thereof to the grid-connected feed
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line so that the electric power flowing back to
the power grid, sensed with the second sensor
is kept zero.

(Cancelled)

The electric power supply system according to claim
1 or 2, wherein the second power generator is
formed of a cogeneration system configured to si-
multaneously generate electric and thermal energy.

The electric power supply system according to any
one of claims 1, 2 and 4, wherein

the first power generator is formed of a solar battery,
the second power generator is formed of a fuel cell,
and

the first power converter is configured to allow sur-
plus power of generated power of the solar battery
to flow back to the power grid.

The electric power supply system according to any
one of claims 1, 2, 4 and 5, wherein
the electric power supply system further comprises:

a disconnecting device disposed at more up-
stream side of the grid-connected feed line com-
pared to the junction of the grid-connected feed
line and the first power converter; and

a failure detector configured, when detecting a
failure in the power grid, to turn off the discon-
necting device and also to transmit a failure de-
tection signal to one of the first to third power
converters, and

said one of the first to third power converters is con-
figured to perform a constant voltage control so as
to maintain an output voltage thereof to the grid-con-
nected feed line at a predetermined target value
when receiving the failure detection signal, and the
other power converters are each configured to per-
form a current control so as to sense a voltage of the
grid-connected feed line to adjust an output current
thereof based on a sensed voltage.

The electric power supply system according to any
one of claims 1, 2, 4 and 5, wherein

the first to third power converters are each config-
ured to switch between a grid connecting operation
for supplying electric power to the load through the
grid-connected feed line and a grid independent op-
eration for supplying electric power to the load
through a grid-independent feed line disconnected
from the power grid, and

one of the first to third power converters is config-
ured, in the grid independent operation, to perform
aconstant voltage control so as to maintain an output
voltage thereof to the grid-independent feed line at
a predetermined target value, and the other power
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converters are each configured, in the grid independ-
ent operation, to perform a current control so as to
sense a voltage of the grid-independent feed line to
adjust an output current thereof based on a sensed
voltage.

The electric power supply system according to any
one of claims 1, 2, 4 and 5, wherein

one of the first to third power converters is configured
to switch between a grid connecting operation for
supplying electric power to the load through the grid-
connected feed line and a grid independent opera-
tion for supplying electric power to the load through
a grid-independent feed line disconnected from the
power grid, and the other power converters are each
connected to the grid-connected feed line and the
grid-independent feed line via an external selector
configured to switch connection destination of a cor-
responding converter between the grid-connected
feed line and the grid-independent feed line,

said one of the first to third power converters is con-
figured, in the grid independent operation, to perform
a constant voltage control so as to maintain an output
voltage thereof to the grid-independent feed line at
a predetermined target value and also to switch the
external selector to the grid-independent feed line
side, and the other power converters are each con-
figured to perform a current control so as to sense a
voltage of the grid-independent feed line to adjust
an output current thereof based on a sensed voltage.

The electric power supply system according to any
one of claims 1, 2, 4 to 8, wherein

the at least one load comprises two or more loads,
and

the electric power supply system further comprises:

load-breakers which are disposed along respec-
tive power feed lines to the loads;

a memory configured to store priority orders of
the loads; and

a load selector configured to sequentially turn
off the load-breakers in accordance with power
supplied to the loads so that a load-breaker cor-
responding to aload given alower priority is pref-
erentially turned off.
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(54) Title: ADAPTIVE GENERATION AND CONTROL OF ARBITRARY ELECTRICAL WAVEFORMS IN A GRID-TIED
POWER CONVERSION SYSTEM

(57) Abstract: A power conversion system converges an output waveform toward a reference waveform representing an ideal ver-
sion of the desired output waveform. The system receives characteristic information about shape and phase of a target periodic
waveform, generates an output waveform, and compares the output waveform to the reference waveform. The comparison can re-
sult in correction signals to change the output hardware to change the output waveform to more closely match the reference wave-
form. The system can converge an output waveform for an ideal voltage or current waveform, and may introduce phase shifting. A
power system can output a power signal having reduced harmonic distortion in the output waveform without performing a specific
harmonic distortion analysis.
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ADAPTIVE GENERATION AND CONTROL OF ARBITRARY ELECTRICAL
WAVEFORMS IN A GRID-TIED POWER CONVERSION SYSTEM

RELATED APPLICATION INFORMATION

[0001] This application claims the benefit of priority to U.S. Provisional
Application No. 61/100,628, filed September 26, 2008, and to U.S. Provisional
Application No. 61/153,940, filed February 19, 2009.

FIELD

[0002] Embodiments of the invention relate to generation and control of electrical
waveforms, and more particularly to adaptive generation and control of arbitrary
electrical waveforms using software processing tied to hardware waveform generators
and controllers, and even more particularly to its use in electrical grid-tied power

conversion.

COPYRIGHT NOTICE/PERMISSION

[0003] Portions of the disclosure of this patent document may contain material
that is subject to copyright protection. The copyright owner has no objection to the
reproduction by anyone of the patent document or the patent disclosure as it appears
in the Patent and Trademark Office patent file or records, but otherwise reserves all
copyright rights whatsoever. The copyright notice applies to all data as described
below, and in the accompanying drawings hereto, as well as to any software described

below: Copyright © 2009, Xslent Energy Technologies, All Rights Reserved.

BACKGROUND

[0004] Harmonic distortion of a waveform is characterized by the presence of
unwanted frequencies within the waveform that are integer multiples of the
fundamental frequency (known as "harmonics” of the fundamental frequency). Using
Fourier analysis, all alternating waveforms can be characterized as a sum of the
fundamental sinusoidal frequency and its harmonics. An idealized waveform for
transferring energy is purely sinusoidal. Thus, the ideal power signal waveform
desired is purely sinusoidal with a fundamental of 50/60 Hertz (depending on the

country) with no harmonic distortion.
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[0005] In an electrical power grid, unwanted harmonic distortion may cause the
heating of induction motors, transformers, capacitors, and may overload neutral
power lines. Equipment that requires an accurate voltage wave shape, such as silicon
controlled rectifiers (SCRs), are also affected (e.g., overheating) by harmonic
distortion.

[0006] In multi-phase systems, harmonics that are due to single phase distorting
loads may spread across the other (e.g., three) phases giving neutral currents (i.e.,
currents on the neutral line) a higher value than the active line current. When
harmonics are absent, the neutral line typically carries only a small current. When
single phase loads introduce harmonics, there is increased risk of overloading the
neutral line. Overloading the neutral line increases the risk of overheating and the risk
of fire, and may cause grounding problems.

[0007] Harmonics in an electrical power grid system affect substation
transformers and power factor correction capacitors. Transformers are affected by a
distorted current waveform wherein they generate excessive heat, shortening their life
expectancy. Capacitors are affected by the voltage waveform creating excessive heat
with an attendant risk of explosion.

[0008] Harmonic distortion, both in the supply and the load are problematic and
require careful management. Electrical systems such as photovoltaic inverters that tie
to the power grid in the United States must comply with the UL 1741 interconnection
standard. This standard requires that the total root mean square of the harmonic
voltages may not exceed thirty percent of the fundamental root mean square output
voltage rating (section 45.4.1). Any single harmonic may not exceed fifteen percent of
the fundamental root mean square output. These measurements must be made with the
inverter delivering one hundred percent of its output rating to a resistive load.

[0009] DC to AC power inverters, which commonly appear in photovoltaic or
wind generation systems, use a pulse width modulator (PWM) for sine wave
generation. While this produces a relatively pure sine wave, harmonic content
remains, and may actually be introduced by other hardware in the inverter. Inverter
power output cannot achieve maximum performance with reducing the harmonics.
Additionally, the harmonics may need to be controlled and/or reduced to comply with
interconnection standards for equipment connected to the electrical power grid.
Filters are commonly used in inverter supplies that use a PWM to cancel harmonic

distortion. These add significant cost and power transfer inefficiencies. An alternative

Tesla, Inc.
Ex - 1002
Page 134 of 245



WO 2010/036974 PCT/US2009/058492

to such filters is to compensate for detected harmonics by generating an inverse
harmonic signal and applying it to the PWM to cancel the distortion. Such an
approach requires either extensive software processing or additional costly hardware.
In these traditional systems, the cost of equipment rises as the number of harmonics
needing control increases. To cut costs and complexity, certain harmonics are often
ignored, which runs counter to the desired effect.

[0010] The phase shift between grid voltage and current plays a significant role on
the grid in the transfer of "reactive power." When such phase shifts occur, the
transmission lines act as inductive loads, which reduces the voltage along the line.
This effect on the transmission lines leads to brownouts and blackouts. It is in the
utilities' best interest to reduce such phase shifting everywhere on the grid up to a
certain degree. Common practice keeps the phase shift at about .90 or .95 power
factor to prevent resonance phenomena from occurring. Phase shifting is introduced
by inductive loads but are commonly supplied by large power generators many miles
away. This phase shifting can be offset more locally by static capacitive

compensators, but that is costly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following description includes discussion of figures having
illustrations given by way of example of implementations of embodiments of the
invention. The drawings should be understood by way of example, and not by way of
limitation. As used herein, references to one or more "embodiments" are to be
understood as describing a particular feature, structure, or characteristic included in at
least one implementation of the invention. Thus, phrases such as "in one embodiment”
or "in an alternate embodiment” appearing herein describe various embodiments and
implementations of the invention, and do not necessarily all refer to the same
embodiment. However, they are also not necessarily mutually exclusive.

[0012] Figure 1 is a block diagram of an embodiment of a system that controls
harmonic distortion with a software feedback control subsystem coupled to a
hardware waveform controller.

[0013] Figure 2 is a block diagram of an embodiment of a system that controls
harmonic distortion.

[0014] Figure 3 is a block diagram of an embodiment of an inner control loop of

a nested feedback control system.
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[0015] Figure 4 is a flow diagram of an embodiment of a process for generating
an output signal based on an idealized reference signal.

[0016] Descriptions of certain details and implementations follow, including a
description of the figures, which may depict some or all of the embodiments described
below, as well as discussing other potential embodiments or implementations of the
inventive concepts presented herein. An overview of embodiments of the invention is
provided below, followed by a more detailed description with reference to the

drawings.

DETAILED DESCRIPTION

[0017] As described herein, an output is generated based on an idealized output,

which provides harmonic distortion control of an output signal for a given input
signal. In one embodiment, software processing in conjunction with hardware
waveform generation and control ensures the shape, proportion, and timing of an
output waveform. The output waveform is based on input synchronization
information, including, but not limited to, timing, phasing, and/or frequency
information, the instantaneous form of the actual output waveform, and a reference
"ideal" waveform represented by tabular data. By measuring the actual output, and
providing corrections to the control/generation mechanisms, a system converges on an
arbitrary output waveform given specific input information related to timing, phasing,
and other frequency characteristics, the actual output waveform, and a specific table
representing an ideal target waveform. Such a system can be used to produce any
arbitrary output electrical waveform with low undesired harmonic distortion, as well
as an arbitrary phase relative to reference tabular data representing an ideal waveform.
Thus, both harmonic distortion and phase of the output signal can be controlled.
[0018] As described herein, rather than handling the "reactive power" problem
mile away from the load, the reactive power can be generated locally, resulting in a
more cost effective method for handling the "reactive power" problem that currently
exists in grid-tied systems. In one embodiment, a grid-tied power conversion system
provides a mix of active and reactive power on demand, dynamically, which saves
cost, and provides a more stable electrical power grid. In one embodiment, a power
conversion system dynamically changes the phase shift between its output current
(locally) and the grid voltage to provide a mix of active and reactive power on

demand.
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[0019] Reference to generating reactive power locally and shifting phase of an
output waveform with respect to a target periodic waveform may be understood to
accomplish a similar purpose. In one embodiment, power factor is controlled locally
at a load by controlling the phase shift of the output waveform as facing an electrical
grid. Thus, looking at the load, power factor can be maintained at or very near 'l' by
matching the output waveform phase shift to that of the load. Thus, the output
waveform and load may be out of phase with respect to the electrical grid, effective
"generating reactive power" locally at a load. The phase can be controlled by
matching the output waveform to the ideal desired output waveform, rather than
attempting to filter or match the output to the grid and/or the load.

[0020] A control process (e.g., implemented via software process of a
microprocessor or other form of controller) receives information about specific
desired periodic timing, phasing or other frequency information for a target or
synchronization signal. The control process also samples the instantaneous magnitude
of the generated output waveform. The frequency information and the instantaneous
magnitude may depend on load characteristics. The control process compares the
received data to setpoints of a reference digitized ideal waveform (e.g., a reference
waveform as stored in tabular form), point by point, and computes error data, point by
point. In one embodiment, the comparing and computing are performed in parallel.
The ideal waveform may be exactly synchronized to the target or synchronization
signal, or it may have a fixed phase offset. Where a phase offset is applied, the phase
offset can be hard coded or changed dynamically.

[0021] The system applies the generated error data to an appropriate feedback
control subsystem (for example, a proportional-integral-derivative (PID) controller),
which generates signal updates. In one embodiment, the error data is point-to-point as
with the reference signal, and may indicate changing or doing nothing at a particular
output point. The sum of the error data may be referred to as update tabular data,
which is applied to a hardware waveform generator and/or controller. The waveform
generator produces an output waveform that more closely matches the referenced
ideal waveform. The system allows dynamically adaptive improvements, either to the
update algorithm or to the table of corrected data for any arbitrary reference
waveform.

[0022] In a power conversion embodiment, the power source is sampled and

controlled by the control process through known techniques, such as MPPT
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(maximum power point tracking) or Dynamic Impedance Matching (e.g., as described
in co-pending patent application no. 11/774,562, filed July 7, 2007, entitled "POWER
EXTRACTOR DETECTING A POWER CHANGE," and assigned to the same
corporate assignee). Sampling and controlling the power source for power conversion
helps maximize the power transfer by the input power converter.

[0023] As described, the system can converge an output signal to an ideal
reference signal without analysis of or knowledge of specific harmonic distortion.
However, by virtue of converging the output signal and its waveform to an idealized
signal/waveform, the system reduces multi-order harmonic distortion in the output
waveform regardless of its phase offset to the input synchronizing signal without
knowledge of relative power levels associated with individual harmonic frequencies.
From one perspective, harmonic distortion control may be achieved with a more
deliberate focus on generation of the output waveform, irrespective of information
about specific harmonics of the output waveform. Thus, focusing on generating an
ideal output waveform rather than focusing on particular harmonics, reduces the
complexity of the distortion update system while more effectively reducing distortion
[0024] As described herein, the output waveform can be converged on a
synchronizing or target waveform of arbitrary shape and phase alignment. The output
waveform can be either a current waveform or a voltage waveform. The system
generates an output signal, rather than simply attempting to modify and/or filter an
input signal. Thus, the system can converge the output to the synchronizing (target)
waveform with only input information related to timing, phasing, and other
characteristics of the synchronizing waveform. The generated output signal is
compared to ideal target waveform information to modify the output waveform during
runtime or active operation of the system. The comparison allows updating values to
generate a new output waveform closer to the ideal than originally expressed without
the need to analyze the harmonic content of the output waveform.

[0025] In one embodiment, the ideal target waveform is stored as a table of value
entries or otherwise as a group of setpoints. The waveform entries (or setpoints) may
be in any length or format, integer or non-integer. The ideal target waveform entries
may be generated dynamically in runtime, or hard-code or pre-compiled from pre-
computations. Either dynamic or pre-generation of the waveform includes computing
the values of ideal reference points based on an ideal form of a desired output

waveform. The values may be proportional to a normalized waveform (e.g., peak
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value of '1"), or may be computed with a multiplier (scaling the waveform either up or
down). The waveform shape may be sinusoidal or non-sinusoidal in represented form.
The ideal waveform may, for example, be a sine wave, square wave, sawtooth, or
other periodic waveform.

[0026] In one embodiment, the waveform entries are evenly spaced (in either the
time domain or the frequency domain), but they are not necessarily evenly spaced.
Timing information could be included within the system to indicate when samples
should be taken to correspond to the setpoints of the ideal waveform. The waveform
value entries could be running forward in time or backward in time or any mix
thereof. The entries may be stored in a compressed or non-compressed format or state.
In one embodiment, the data may be altered during runtime to affect a change in the
form of the ideal waveform to another (e.g., different) ideal waveform.

[0027] The comparison mechanism within the system implements a comparison
algorithm, which may be any standard or non-standard algorithm that compares two
numbers. The comparison may involve sampling techniques, but such techniques are
not necessarily required. In one embodiment, the comparison is point-by-point.
Alternatively, multiple points may be sampled and compared, or the sampling may
otherwise be considered not point-by-point.

[0028] The control process may include a selection mechanism, which may
perform any standard or non-standard selection algorithm. One example selection
algorithm is a Proportional-Integration-Derivative (PID) controller. The selection
algorithm itself may or may not perform calculations, and may or may not transform
data from the time domain to frequency domain or vice-versa as part of the selection
process. In one the selection mechanism selects data point-by-point. Alternatively, the
selection mechanism may select data by group.

[0029] The system includes output hardware that generates the output waveform.
The output hardware is driven by a control mechanism to cause the hardware to create
the output waveform. The updated table values may be applied to the output hardware
using any standard or non-standard technique to drive the generation of the output
waveform. In one embodiment, the output hardware is driven with Pulse-width
Modulation (PWM). However, other digital, variable power control mechanisms
could be used. Alternatively, analog or step control mechanisms could be used to

drive the output.
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[0030] As suggested above, in one embodiment, the generated output waveform
may be shifted in phase with respect to the synchronizing waveform. As described
herein, the timing could be adjusted by the controller to drive the output waveform
generation at a phase offset with respect to the synchronization waveform. Such phase
shifting can be accomplished dynamically without increasing harmonic distortion, in
contrast to traditional systems that manipulate or filter an input signal.

[0031] Figure 1 is a block diagram of an embodiment of a system that controls
harmonic distortion with a software feedback control subsystem coupled to a
hardware waveform controller. System 100 includes power source 104, load 106, and
output and control system 102. Power path 110 represents the path of electrical power
from source 104 to load 106, as controlled by output system 102.

[0032] Output system 102 includes input power converter 120 to receive input
power from source 104 and convert it to another form (e.g., DC to AC). Input power
converter 120 includes hardware components for receiving a power signal to convert,
and may include appropriate power components. In one embodiment, input power
converter 120 implements dynamic impedance matching, which enables the input
electronics to transfer maximum power from source 104. Dynamic impedance
matching includes constantly tracking a maximum power point, as well as driving an
input power coupler (e.g., a transformer) to maintain as flat a power slope as possible
(e.g., slope of zero). Input power converter 120 may receive control signals or
information from controller 130, as well as providing input to indicate operation of
the converter.

[0033] Input feedforward 112 provides information (e.g., maximum power value,
frequency as appropriate, or other information to control the input power converter
hardware) about the source power to controller 130. Controller 130 controls input
power converter 120 based on the input information about the input power. Controller
130 represents any type of processor controller that may be embedded in output
system 102. Controller 130 may be or include any type of microcontroller, digital
signal processor (DSP), logic array, or other control logic. Additionally, controller
130 may include appropriate memory or storage components (e.g., random access
memory, read only memory (ROM), registers, and/or Flash) to store code or values
generated or obtained during runtime operation or pre-computed.

[0034] Controller 130 drives programmable waveform generator 140 to generate

the desired output waveform. Generator 140 also lies on power path 110, and receives
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input power from input power converter 120 to output. While the power may be
transferred, it is not necessarily output with the same waveform as it is received. For
example, a DC signal may be output as a sinusoidal signal, as shown in the example
of Figure 1. Other power conversions can be accomplished similarly as shown and
described. In one embodiment, generator 140 includes a PWM to generate output
waveform 108. Generator 140 receives control signals and information from
controller 130, and may provide status or operations information or feedback to
controller 130. The output waveform may be either current or voltage.

[0035] Qutput system 102 is able to incorporate specific timing, phasing, or other
frequency information, into generating output waveform 108. Such timing, phasing,
or other frequency information may be referred to as "input synchronization data." In
one embodiment, such input synchronization data arrives from real-time load
information, in which case it may be referred to as "load synchronization input." The
load synchronization input or input synchronization data indicates information
necessary to determine the synchronization signal discussed above. Such information
is indicated in output system 102 as output sync 114. In a system where the output is
anticipated (e.g., connecting to an electrical grid), certain voltage, timing, or other
information may be expected (e.g., 120V at 60Hz), and an initial estimate
programmed in or made by the system at startup. Based on load synchronization data,
the initial estimate may be adjusted.

[0036] Controller 130 also measures output feedback 116 off power path 110, to
determine the actual output generated by generator 140. The actual output is
compared to an ideal reference to determine if the desired output is being generated.
In one embodiment, output feedback 116 is an abstraction to represent output
measurement by controller 130, and does not include separate components in itself. In
one embodiment, output feedback 116 includes a sampling mechanism or other data
selection mechanism to compare to the ideal reference signal. If output feedback 116
includes components separate from controller 130, it may be driven by controller 130,
and receive comparison data from controller 130 and provide error or feedback
information. In one embodiment, output feedback 116 is understood to include at least
hardware components necessary for a feedback control process to interface with the
output lines. Additionally, output feedback 116 may include other hardware for

performing measurements, computations, and/or performing processing.
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[0037] Both output sync 114 and output feedback 116 may be considered
feedback loops. It will be understood that output sync 114 and output feedback 116
are not the same thing, and serve different purposes. Output sync 114 indicates what
the ideal reference signal should look like, as stored in reference waveform table 132.
Output feedback 116 indicates how the actual output varies from the reference signal.
Update table 134 represents data generated in response to output feedback 116. In one
embodiment, output sync 114 is based on voltage information on the output of power
path 110, while output feedback 116 is based on output current generated at the output
of power path 110.

[0038] Based on output sync 114 (or based on an initial estimate of the output
sync), output system 102 stores and/or generates reference waveform table 132, which
represents an ideal form of the output waveform desired to be generated by generator
140. Reference waveform table 132 may be stored as a table or other set of points (or
setpoints) that reflect what the output waveform "should" look like. While a
sinusoidal waveform is represented, any periodic waveform could be used. Reference
waveform table 132 may alternatively be referred to as a reference waveform source.
[0039] Based on output feedback 116, output system 102 generates update table
134. Update table 134 includes entries or points to indicate how to modify the
operation of generator 140 to provide an output more closely matching the waveform
of reference waveform table 132. While indicated as a table, update table 134 may be
a stored table that is modified at certain intervals (e.g., each entry is updated as
necessary to reflect measured error data), or may be generated newly at each update
interval. Update table 134 may alternatively be referred to as an update data source.
The "updates” may be modifications of old values, the replacement of values, or may
be stored in different locations within a memory accessed by controller 130. In one
embodiment, each value of update table 134 indicates an "up,” "down," or no change
for each of a set of points. Such values are applied to the hardware that controls the
output of generator 140 to cause the output signal to converge on the desired ideal
waveform.

[0040] From one perspective, output system 102 can be viewed as having five
features or components. While these features are depicted in Figure 1 via certain
block diagrams, it will be understood that different configurations and a variety of
different components can be used to implement one or more of these features. For

purposes of discussion, and not by way of limitation, these features are described
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following with references such as "Feature 1," "Feature 2," and so forth. It will be
understood that such a convention is merely shorthand to refer to the subject matter of
the described feature or component, and does not necessarily indicate anything with
respect to order or significance.

[0041] Feature 1 may include means for incorporating specific timing, phasing or
other frequency information. The means includes hardware and/or software to
generate and receive the input synchronization data or load synchronization input
referred to above, which is based on output sync 114. Feature 2 includes reference
waveform table 132, which may include a table of data or an equation within software
that represents the ideal form of output waveform 108. Feature 3 includes controller
130, which may be or include a software algorithm that compares the actual output
waveform generated by generator 140 with the ideal tabular representation as
represented by reference waveform table 132. Feature 4 includes an algorithm within
controller 130 that computes or otherwise selects and generates update data
represented by update table 134. Feature 5 includes generator 140 that uses the update
data from update table 134 to generate output waveform 108 of the desired shape,
proportion, timing, and phase.

[0042] With regard to Feature 1, the specific timing, phasing, or other frequency
information provides synchronization information to the comparison and update
algorithms in controller 130. The information may come by way of a table, equation,
sampling of real-time hardware monitored signals, or other source.

[0043] With regard to Feature 2, the data representing the reference waveform,
can be of any length and of any format, integer or non-integer, if within a table. Such
a table may be generated dynamically at runtime or be hard-coded at compile time.
The ideal form of the waveform represented may be sinusoidal or non-sinusoidal. The
waveform may be represented by data values evenly spaced in the time domain or
non-evenly spaced, forward in time or backward in time or any mix thereof. The
waveform could alternatively be represented by data values in the frequency domain,
and organized in any fashion. The data may be compressed or non-compressed. The
data may be represented by an equation rather than computed data setpoints, or part
by an equation and part by a table. In one embodiment, the stored setpoints in a table
are the computed results of an equation. The data may be altered during processing at
runtime to change the form of the ideal waveform to a different ideal. The values in

reference waveform table 132 can be modified or replaced with different values if
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altered at runtime. The data may be aligned to be in exact phase with the input
waveform or it may be shifted in phase.

[0044] With regard to Feature 3, controller 130 may include any traditional or
standard comparison algorithm. A control algorithm compares data values
representing the output waveform, sampled by hardware, and transformed into
software data values through standard or non-standard sampling techniques. In one
embodiment, the controller compares the ideal setpoints of the table or equation
computations with the synchronization information, point by point, and generates
error data, point by point. In one embodiment, the controller can process multiple
points at once instead of point-by-point.

[0045] With regard to Feature 4, controller 130 includes a selection algorithm
which creates or generates new data using any standard or non-standard technique. In
one embodiment, the selection algorithm involves performing calculations.
Alternatively, the selection algorithm may simply select data without performing
processing or performing calculations. The selection algorithm may replace data
values in a table of setpoints, or leave the data values in the table preferring to use
another storage area. The selection algorithm may transform the data from the time
domain to the frequency domain and vice-versa as part of its selection process. The
algorithm provides an error update mechanism (e.g., algorithm) in that it identifies
data values that will correct the output waveform when applied. Thus, the output
waveform after application of the data values appears more like the preferred ideal
waveform.

[0046] ‘With regard to Feature 5, the new data values represented by update table
134 are applied to hardware in generator 140 through standard processes to drive the
generation of the output waveform. In one embodiment, the new data values are
applied via a PWM mechanism or any other mechanism that transforms discrete data
values into an analog output form.

[0047] Figure 2 is a block diagram of an embodiment of a system that controls
harmonic distortion. In one embodiment, system 200 of Figure 2 is an example of a
grid-tied power conversion system implementing system 100 of Figure 1. Thus, input
202 may correspond to input power from source 102, and output 250 may correspond
to an output at load 106. In one embodiment, system 200 controls harmonic distortion

of the output current signal and the phase shift between the grid voltage and the

12

Tesla, Inc.
Ex - 1002
Page 144 of 245



WO 2010/036974 PCT/US2009/058492

output current signal of a grid-tied solar photovoltaic or other source, DC to AC
power conversion system.

[0048] System 200 inverts input DC power 202 into output AC power at output
250. In one embodiment, the voltage and current at output 250 are both ideal 60 Hz
sinusoidal waves, undistorted by spurious harmonics, where the current either lags or
leads the voltage by a phase shift. Such an implementation can be employed in a grid-
tied system, where the output voltage is firmly established by the grid-tie at output
250, but the current is not. Regulations UL 1247 require that the current be reduced in
harmonic distortion. As illustrated, system 200 provides at least the formation of an
ideal sinusoidal waveform, shifted in phase from the fixed voltage of the grid, yet
undistorted in aspect.

[0049] In one embodiment, the operations of system 200 can be separated as three
elements. The first is to establish a table of ideal current waveform values for the
desired waveform with a desired angle of phase shift without distortion. While
described more specifically to output current waveforms and ideal current waveforms,
it will be understood that such is a non-limiting example, and the discussion with
respect to system 200 could be applied also to controlling output voltage waveforms,
with modifications that will be understood by those skilled in the art. The second is to
compare an actual output signal generated by a waveform generator to the ideal
waveform. The third is to generate, with input timing information and the error
information, an update table of values that allows the waveform generator to correct
the actual output waveform. The operations iteratively improve the output waveform
tending toward the ideal waveform (e.g., a sinusoid). Thus, the result of the operations
places a pure 60 Hz current waveform in-phase with, leading, or lagging the grid
voltage waveform.

[0050] The main power flow-through path in one embodiment occurs as follows:
Input 202 is DC input power. PWM generator 230 drives DC-to-AC converter 242
using a table of updated values (PWM table entry update 280). In one embodiment,
update table 280 corresponds with table 140 of Figure 1. Input DC power 202 passes
into DC-to-AC converter 242 of inverter hardware 240, and leaves as output AC
current waveform 250. Current waveform detector 244 detects the current waveform
at output 250. The input waveform is illustrated at PWM generator 230 as a perfect
sine wave, and distorted at current waveform detector 244. The amount of distortion

may be exaggerated, but illustrates that the output waveform may not even initially
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look much like the ideal desired waveform. However, the waveform converges
through the feedback. Inverter hardware 240 also includes voltage waveform detector
246, which generates sync information 248, which corresponds to the output sync
information of Figure 1.

[0051] The control loop flow detecting and implementing the feedback occurs as
follows: Information about the DC input power 204 and input phase shift information
206 refines a reference ideal waveform 210. The reference ideal waveform, as
discussed above, can be stored as a table. In one embodiment, simultaneously the
output of PWM generator 230 is peak detected 222 and allowed to scale the ideal
table in reference waveform level control 224. The output of level control 224 is the
instantaneous ideal waveform desired. The reference waveform from reference
waveform level control 224 and the actual output is received at PID (proportional-
integral-derivative) controller 260.

[0052] PID controller 260 includes PWM table error detector 262, which receives
the scaled reference waveform and the actual output waveform. The error becomes
the error input for proportional error block 264, integral error block 266, and
derivative error block 268. The sum of the error signals is PWM table error sum,
which provides the PID controller output to PWM table entry update 280. These
updated table values are fed back into PWM generator 230 and drive the generator to
adjust the output of inverter hardware 240, to converge the output signal to reference
waveform 210.

[0053] Figure 3 is a block diagram of an embodiment of an inner control loop of
a nested feedback control system. Reference waveform control 300 is a controller of a
grid-tied system. Reference waveform control 300 includes inner control loop 310 of
a nested feedback control system. The nested loops are interdependent. That is, the
function of one control loop affects a signal that is used as an input to the other
control loop. The outer control loop corrects for transient harmonic distortion in the
output waveform as described previously. Inner control loop 310 is completely nested
within outer control loop. Inner control loop 310 receives as input information related
to values for which inner control loop 310 provides feedback.

[0054] Within inner control loop 310, input power information 302 is received
and combined with the error signal table peak adjust 352. As used herein,
"combining" refers to performing one or more operations with or based on the inputs,

and is not to be understood as limited to addition or accumulation functions. The
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selective combination of input power information 302 and table peak adjust 352
generates reference gain control 354, which sets and adjusts the gain of reference
waveform 304 at reference waveform gain 360 to dynamically adjust the inverter
output to fit current operating conditions that include input power and local grid
characteristics.

[0055] In one embodiment, reference waveform control 300 adjusts the reference
waveform as follows: The latest or most current sine wave generator table 308 is
examined and the peak table value is extracted by peak detector 320. Actual peak
value 332 is compared to target peak value 334, generating peak error value 336.
Target peak value 334 may be hard coded based on typical hardware characteristics,
or it may be determine in real time. The error signal is conditioned by PID control or
controller 340 to tailor the frequency response of inner control loop 310 to prevent it
from interacting inappropriately with the outer control loop response.

[0056] The output of PID control 340 is the table peak adjust signal 352, which is
combined with the input power information 302 to derive reference waveform gain
control signal 354. Using reference gain control signal 354, reference waveform gain
360 can increase or reduce the amplitude of the reference waveform 304 to adjust
reference waveform output 306 to exactly match what is required for the operating
conditions of the system for power conversion.

[0057] In one embodiment, input power information 302 is constant or very
slowly moving as compared to inner control loop 310 (e.g., approximately 10 times
slower or more). When input power information 302 is slow moving, inner control
loop 310 fine tunes the amplitude of reference waveform 304 in real time to assure
that the PWM table values span a specific range of values including specific
minimum and maximum values. Containing the PWM table values within a specific
range of values enhances the ability of the grid tie converter to deliver maximum
output power while maintaining maximum waveform control resolution.

[0058] Having interdependent control loops could result in system instability, as
error generated by one may be propagated and amplified by the other in a spiraling-up
fashion. One method to help achieve stability is to perform the corrective operation of
outer control loop less frequently than the corrective operation of inner control loop
310. In that way, inner control loop 310 may have time to stabilize with respect to a
given value of reference waveform output 306 prior to the outer loop operating to

correct harmonic distortion error. In one embodiment, the outer control loop is
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performed at a frequency of 1x as compared to a frequency of 10x for inner control
loop 310. The order of magnitude difference in frequency of adjustment allows for
more stable operation. It will be understood that 10x is one example of an order of
magnitude, and the comparison in frequency of performance may be approximately
10, or more.

[0059] Figure 4 is a flow diagram of an embodiment of a process for generating
an output signal based on an idealized reference signal. Flow diagrams as illustrated
herein provide examples of sequences of various process actions. Although shown in
a particular sequence or order, unless otherwise specified, the order of the actions can
be modified. Thus, the illustrated implementations should be understood only as an
example, and the process for establishing the secure channel can be performed in a
different order, and some actions may be performed in parallel. Additionally, one or
more actions can be omitted in various embodiments of the invention; thus, not all
actions are required in every implementation. Other process flows are possible.
[0060] A power converter system receives input power, 402. The system converts
the received power to a different form, or acts as a boost to clean up the input power
signal and put a clean signal back out onto the grid. A reference setpoint generator
obtains input power information, 404. As discussed with respect to Figure 4, various
processing elements may be described as separate components of the system, such as
the reference setpoint generator. These elements may be separate components, or all
part of a primary system controller, in accordance with what is described in certain
embodiments above. The system may include logic that samples the input power and
makes certain calculations to generate the information that is then sent to the signal
generators. The reference setpoint generator generates a group of setpoints that
represent a reference (ideal output) waveform, 406. The reference waveform is what
the best possible output (or ideal output) of the system would look like.

[0061] In one embodiment, the reference setpoint generator stores the reference
waveform setpoints in a table for later use. Alternatively, the reference setpoints can
be computed from an algorithm that implements an equation. The reference setpoint
generator may occasionally update the reference setpoints, either in a scheduled (e.g.,
based on an amount of time) way, or in response to detecting a difference in the input
signal.

[0062] The base output waveform generator generates an output waveform, 410.

In one embodiment, the system includes a sampling circuit to sample the output
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waveform, 412. The sampler sends the output waveform sample to a feedback system.
The feedback system obtains a corresponding reference waveform setpoint, 414,
which indicates what the value of the sample should be. The feedback system
compares the output waveform sample to the reference waveform setpoint, 416, and
generates a correction control signal based on a difference between the output
waveform sample and the reference waveform setpoint, 418.

[0063] A system controller adjusts operation of a base output waveform generator
based on receiving the correction control signal. Thus, in response to receiving the
correction control signal, the system adjusts the operation of the output hardware,
420. In one embodiment, the generation and sampling of the output waveform and
subsequent error correction can be considered as a continuous operation. That is, the
operation will continue while the system is operational. Occasionally, the system may
adjust the reference waveform. Thus, the system may determine whether to recompute
the reference waveform, 422. If the system determines not to recompute, 424, the
system will continue to perform the "inner loop" of adjusting the output waveform as
compared to the reference waveform. If the system determines to recompute, 424, the
reference setpoint generator updates its information about the input power signal,
recomputes the reference waveform, and the system compares the output signal to the
updated reference waveform.

[0064] Various operations or functions are described herein, which may be
described or defined as software code, instructions, configuration, and/or data. The
content may be directly executable ("object" or "executable" form), source code, or
difference code ("delta" or "patch" code). The software content of the embodiments
described herein may be provided via an article of manufacture with the content
stored thereon, or via a method of operating a communication interface to send data
via the communication interface. A machine readable medium may cause a machine
to perform the functions or operations described, and includes any mechanism that
provides (i.e., stores (e.g., computer-readable medium) and/or transmits (e.g.,
communication medium)) information in a form accessible by a machine (e.g.,
computing device, electronic system, etc.), such as recordable/non-recordable media
(e.g., read only memory (ROM), random access memory (RAM), magnetic disk
storage media, optical storage media, flash memory devices, etc.). A communication
interface includes any mechanism that interfaces to any of a hardwired, wireless,

optical, etc., medium to communicate to another device, such as a memory bus
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interface, a processor bus interface, an Internet connection, a disk controller, etc. The
communication interface can be configured by providing configuration parameters
and/or sending signals to prepare the communication interface to provide a data signal
describing the software content. The communication interface can be accessed via one
or more commands or signals sent to the communication interface.

[0065] Various components described herein may be a means for performing the
operations or functions described. Each component described herein includes
software, hardware, or a combination of these. The components can be implemented
as software modules, hardware modules, special-purpose hardware (e.g., application
specific hardware, application specific integrated circuits (ASICs), digital signal
processors (DSPs), etc.), embedded controllers, hardwired circuitry, etc.

[0066] Besides what is described herein, various modifications may be made to
the disclosed embodiments and implementations of the invention without departing
from their scope. Therefore, the illustrations and examples herein should be construed
in an illustrative, and not a restrictive sense. The scope of the invention should be

measured solely by reference to the claims that follow.
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CLAIMS
What is claimed is:
1. A method comprising:

receiving characteristic shape and phase information about a target periodic
waveform;

generating an output waveform with output hardware;

sampling the output waveform;

comparing the output waveform to a corresponding reference output
waveform, the reference output waveform representing an ideal version of the target
periodic waveform based on the received characteristic shape and phase information;

generating a feedback signal based on comparing the output waveform to the
reference output waveform; and

adjusting an operation of the output hardware at runtime based on the
feedback signal, wherein adjusting the operation of the output hardware converges the

output waveform toward the reference output waveform and phase.

2. The method of claim 1, wherein the output waveform and the reference output
waveform comprise an output current waveform and a reference output current

waveform, respectively.

3. The method of claim 1, wherein generating the output waveform comprises:
generating the output waveform based on a pulse width modulated base
waveform, the pulse width modulated base waveform created from entries in a pulse

width modulator (PWM) table.

4. The method of claim 3, wherein adjusting the operation of the output hardware
further comprises:
dynamically adjusting one or more entries in the PWM table during runtime

based on the generated feedback signal.

S. The method of claim 1, wherein sampling the output waveform and comparing
the output waveform to the reference output waveform comprises:

sampling and comparing point-by-point between the two waveforms.

19

Tesla, Inc.
Ex - 1002
Page 151 of 245



WO 2010/036974 PCT/US2009/058492

6. The method of claim 1, wherein comparing the output waveform to the
reference output waveform comprises:

precomputing a set of ideal sample points representing the reference output
waveform prior to sampling the output waveform; and

storing the precomputed sample points.

7. The method of claim 1, wherein comparing the output waveform to the
reference output waveform comprises:
comparing a sample point of the output waveform to a corresponding

reference setpoint with a PID (proportional-integral-derivative) controller.

8. The method of claim 1, wherein adjusting the operation of the output hardware
further comprises:
adjusting the operation of the output hardware to reduce harmonic distortion in

the output waveform without performing a specific harmonic distortion analysis.

9. The method of claim 1, further comprising:
dynamically adjusting entries in a reference waveform table during runtime to

dynamically adjust the reference output waveform.

10. The method of claim 1, further comprising:
shifting the output waveform in phase dynamically with respect to the target

periodic waveform without increasing harmonic distortion.

11. A power conversion system comprising:

areference waveform representing an ideal version of a target periodic
waveform, the reference waveform generated based on the received characteristic
shape and phase information of the target periodic waveform,;

output hardware to generate an output waveform;

a feedback loop to measure the output waveform; and

a controller to compare output waveform measurements to the reference

waveform and generate a feedback signal based on the comparison;
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wherein the output hardware is to adjust an operation based on the feedback
signal, wherein to adjust the operation of the output hardware is to converge the

output waveform toward the reference waveform and phase.

12, The power conversion system of claim 11, wherein the output waveform and
the reference waveform comprise an output current waveform and a reference output

current waveform, respectively.

13. The power conversion system of claim 11, wherein
the controller is to compare the output waveform measurements point-by-point

to setpoints representing the reference waveform.

14. The power conversion system of claim 11, further comprising:
the controller to dynamically adjust entries in a reference waveform table
representing the reference waveform during runtime to dynamically adjust the

reference waveform.

15. The power conversion system of claim 11, further comprising:
the output hardware to shift the output waveform in phase dynamically with

respect to the target periodic waveform without increasing harmonic distortion.
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This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.g., corporation
or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, all joint inventors who are
the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., see USPTO Form PTO/AIA/81) on

behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature Registration Number
/Scott R. Brown/ 40535

First Name Last Name
Scott Brown

Corrected ADS 1.0
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PTO/AIA/14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

.. Attorney Docket Number | 47334
Application Data Sheet 37 CFR 1.76

Application Number 14/811644

Title of Invention | ON-OFF-GRID-BATFERY-STORAGE SYSTEM ~ JNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR
MANAGING POWER FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

n Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Paul GARRITY

Residence Information (Select One) (@) US Residency (0 NonUSResidency (O Active US Military Service

City | Rockwall | State/Province | Tx | Country of Residencd | US

Mailing Address of Inventor:

Address 1 1830 Kelly Lane

}Address 2

City I Rockwall | State/Province | X

Postal Code 75087 ‘ Countryi us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Aaron JUNGREIS

- Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service

City |Ra'anana ‘Country of Residence ' I

Mailing Address of Inventor:

Address 1 ' 30 Golomb St., Apt. #2

Address 2

City | Ra’anana | State/Province
Postal Code [ 43302 ‘ Countryi IL

All Inventors Must Be Listed - Additional Inventor Information biocks may be
generated within this form by selecting the Add button.

Correspondence Information:

EFS Web 2.2.11

Tesla, Inc.
Ex - 1002
Page 166 of 245



PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 47334

Application Data Sheet 37 CFR 1.76 —
Application Number 14/811644

ND METHOD FOR

Title of Invention | ON-OFF-GRID-BATTERY-STORAGE-SYSTEM UNINTERRUPTIBLE POWER SUPPLY A

MANAGING POWER FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM;

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 23589
Email Address patents@hoveywilliams.com l | Add Email —| [ﬁeiﬁéﬁé Emaﬂ

Application Information:

Title of the Invention ON-OFF-GRIB-BATTERY-STORAGE-SYSTEM LNNTERRUPTIBLE POWER SUPPLY AND METHOD FOR
MANAGING POWER FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM.

Attorney Docket Number| 47334 Small Entity Status Claimed

Application Type Nonprovisional

Subject Matter Utility »

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35US5.C 11 1(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1 53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
{

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. 1 hereby request that the attached application not be published under

O 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (® Customer Number I (O Us Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number 23589

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 47334

Application Data Sheet 37 CFR 1.76

Application Number 14/811644

Title of Invention | ON-OFF-GRID-BATTERY-STORAGE-SYSTEM  UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR
MANAGING POWER FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the application number blank.

Prior Application Status ' Remove

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

—

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, applicant bears the uitimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

‘Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei(if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 47334

Application Data Sheet 37 CFR 1.76 —
Application Number 14/811644

Title of Invention | ON-OFF-GRID-BATTERY-STORAGE SYSTEM  UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR
MANAGING POWER FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date o f filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section. — -

(® Assignee (O Legal Representative under 35 U.S.C. 117 O  Joint Inventor

(O Person to whom the inventor is obligated to assign. (O  Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :r

If the Applicant is an Organization check here. X

Organization Name

Garrity Power Services LLC

EFS Web 2.2.11
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PTO/AIA/4 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 47334

Application Data Sheet 37 CFR 1.76 —
: Application Number 14/811644

Title of Invention | ON-OFF GRID-BATTERY-STORAGE-SYSTEM UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR
MANAGING POWER FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM

Mailing Address Information For Applicant:

Address 1 1830 Kelly Lane

Address 2

City Rockwall State/Province TX
Country | us Postal Code 75087
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button,

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X

Organization Name

Garrity Power Services LLC

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 ' 1830 Kelly Lane

Address 2

City . Rockwall State/Province TX
Countryi us Postal Code 75087
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications. .

Signature |/Scott R. Brown/ Date (YYYY-MM-DD)| 2015-07-28
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

47334

Application Number

14/811644

Title of Invention | ON-OEF-GRID-BATTERY-STORAGE SY¥STEM  UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR,

 MANAGING POWER FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM |

First Name | Scott Last Name | Brown

Registration Number

40535

Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and-37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine

whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in

order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as aroutine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent C o o p eration Treaty.

6. A record in this system. of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency’s responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the pubilic if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application opert to public inspections or an issued
patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

14811644

Filing Date:

28-Jul-2015

Title of Invention:

ON OFF GRID BATTERY STORAGE SYSTEM

First Named Inventor/Applicant Name:

Filer:

Scott R. Brown/Vasuki Selvan

Attorney Docket Number:

47334

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Fee Code Quantity Amount

Sub-Total in
USD(S)

Basic Filing:

PROCESSING FEE, EXCEPT PROV. APPLS.

2830 1 70

70

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Tesla, Inc.
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 70
Tesla, Inc.
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Electronic Acknowledgement Receipt

EFS ID: 26366885

Application Number: 14811644

International Application Number:

Confirmation Number: 1982

Title of Invention: ON OFF GRID BATTERY STORAGE SYSTEM

First Named Inventor/Applicant Name:

Customer Number: 23589
Filer: Scott R. Brown/Vasuki Selvan
Filer Authorized By: Scott R. Brown
Attorney Docket Number: 47334
Receipt Date: 15-JUL-2016
Filing Date: 28-JUL-2015
Time Stamp: 17:04:38
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $70

RAM confirmation Number 3443

Deposit Account 190522
Authorized User BROWN, SCOTTR

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees)

Tesla, Inc.
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Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees)

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y M . . 9
Number Message Digest | Part/.zip| (if appl.)
73698
1 Application Data Sheet to update/ CorrectedADS.pdf no 5
correct info
a%0efcdbee58d7c293a00d68f2311b4ef1b)
a27a
Warnings:
Information:
119661
) Application Data Sheet to update/ 694825_1.PDF no 7
correct info
5759fddd3271c3d2dc2312c50a4ae2a5012]
bSalc
Warnings:
Information:
30443
3 Fee Worksheet (SB06) fee-info.pdf no 2
e073ad30344aeb42a283b2ba3f28f23%41¢)
6317a
Warnings:
Information:
Total Files Size (in bytes){ 223802

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Tesla, Inc.
Ex - 1002
Page 176 of 245



2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

%ﬁ%ﬁ%ﬁé&:@ma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/811,644 07/28/2015 Paul GARRITY 47334
CONFIRMATION NO. 1982
23589 POA ACCEPTANCE LETTER
Hovey Williams LLP

10801 Mastin Blvd., Suite 1000

N AT LA R
Overland Park, KS 66210 000000080463808

Date Mailed: 02/10/2016

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/29/2016.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/mnguyen/

page 1 of 1
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Dog Code: PA,
Documert Deeoniphon Rower of Attomsy

RSN tz’zra’\z@‘: 1

Unntey tha Rapavaerk Brduction A of {388, N w3 g @ waig O

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

L, o

NOTE: This foon is fo pe subnutted with the Powesr of Alarney Dy Appiicant fonm (PTOANEIR) iu identify the appiiontion o which the
Fower of Atiorsey is diredled, o aocondanos with 37 GFR 1.5, onfess the spphicaiion number and g dixte are blemified i the Power of
Aftermey by Auplicant o, H naither Ipen PTOIRIASZA ane form PTCIAIASZE dealifies e spplication © which the Fower of Aomey ia
directed, the Power of Atterney will not be recognized in the application.

Application Number 14 ;“ @i il

Filing Date Jeady S8, Doy

First Named Inventar CARRITY, Paul

Title ON QFF GRID BATTERY STORAGE SYSTEM

Art Unit

Examiner Name

Attorney Docket Numbsr 147334

SIGNATURE of Applicant or Patent Practitioner
Sigratire {Scott R. Brown/ R I RV

Narne Scolt R, Brown Repistration 1 40835
Namibar

Title {if Spplinant is &
ratio anlity}

Agpiicant Mamm §f Agpiicant in a peistic erdily) {'3 a {,{ﬁy p ower g e Wi Ces L L C

ATOFR 13E See 37 OFR 1448 for signature requiregmants ang oantifinations,

Yotat of i fores are submittes

This soffecten o dormation i requived by 37 CFRR 1131, 132 and .32, The nformation is required o obiain or relaln g benelit by
the public which s to B {and by the USPTO 1o provess) an apphicalion. Donfidentialily ia govered by 38 W80, 122 andd 37 OFR
141 an L1 Trds ocdlection s salimastes o 8Re 3 minutes i complpte, idkuding gathaving, prepuring, and subvailting the oovapleied
Application form © the USPTO. Time will vacy depernding upan the ndaddual case. Any comyasals on the amannd «f o you reqain
1o nomplaty s form andior suggestions for reducing this bisdes, shoubl be sent to the Chisf nfamation Ofines, 1.8, Patent ans
Trademwk O8ice, 1.8, Department of Commigrce, PO, Box 1480, Alexanddda, VA 253131450, BQ NOT SEND FEES OR
COMPLETEDR FORMS TO THIZ ABDRESS. BEND TQ: Coemmissionar for Patots, PO, Box (488, Aloxarudnia, ¥A 223131458,

{F ous SO0 BNKISIRNR By comgHaing the foem, gad 1 800-FTCSTER and seiect opiin 2
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wj § hereby sppaind the Palerd Prectitioner(s} sazocisted with e following Custamer Numbne as myfour attameyd
‘“ s frnrsat o bual ther Unites Sistos Patert and Tra fssree cm \)z\c ormecnd Hisreadth for B applinat
ha attschedd rasauttal ey oo PYOIAIABRAY o dantih

5} QF agant
v retgransad i

88 !
(}\.
I ; t hraby sppaint Prastifionsis SRR s AB2CT as myour aomav{s] o ’pesiis) and e assan

a business in the Untted ia« sztwi ?\-‘é '!a&i&%\‘di\ D
sttachad Famemifiad fethae o FTO

with far e patant applicaiion mfvenced is the
anfifiad shove. {N\\.ks. Cavspaate foven BTIMIARET}

FARI

SRE2AY oy i

Plesas ratognize o shange the cortespondancs sddress for the application dentied in e slached ranshutial
fotine or the huxes above

E,f} The address associsted with Hie atwres-mmeationad Suatomay Mraqer
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E i The aibreas assuciainy with Customer Muahar §’2’~'§KRQ i
EIBGY 3
R % 3
Fiegn or
drofieidued Negsny
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Tourdry
Tetephona j el

fam the Spplicant (§ the Apglisant {s » Reletic ontity, 8ol e Aopliome name & the box:

(% rrity Power Services LLC

P 1 fremntor o Joint mvantor {8 s

ed hetow}

auaiative OF & Uenarsed Qr LogsHy Incap

diateg nventar {itle nol yequrad badoverd
¥ 3 Afsssgm sy Person o Whom the nvantor is Undar 3

BHON 83 AEBn ovidle Signecs Ste ¥ appdivant is & juratio antity)
Sreawws Sutficient Proprietecs inbewst (.., & palifion usm‘es 37 OFR 102} was grsned

Hiy batsg fnd wilh g donavent o \mk\ Sigress B
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Signauy .
Mo

o it e

if t‘gr‘émsmi 0 3 urisio Quiity}

et 0. whete (e applicant & 8 jurdsiz eyl
§ Dave {Uptenayy |

V,{Q}.gg Signatues ~ Thix fanw mn\i by

& 7 OFR 1.4 R shpnatuny racpannsnts
s certifinams, o than ang spplicant, Iy mufn»§~ fmm.

14 ;‘s‘o:~-= P RS ase sum“ ‘35.*‘3

) e e iy (\‘ ?

m\av x m«m Ty e pubiie W s 3 R dasdd Dy Wi

0 1k [ avrindee {0 adsnaledy,

LA, Any LR

LA Oxtant qeod Teachamaes 28k, 1.9,
IS SRR R SR WY Camissionsy

R4
oF e o ¢
Doptansnt 5
o ataaxe, FIE Sox 145(\ wassssm«, TR 3 ;ﬂs«sw

" LRIy Ssis Bk
TA335%, O BT S8

SRTSRINE Rnd SR option &

Tesla, Inc.
Ex - 1002
Page 179 of 245



2204

4

Ry

Z

i

el

&

%

%

%
“
%z
Z
ot
“
o

Srest i

3
3¢

an Ly

R

N g

g

&

4

Z

: Z
% b

e r

o A

Ex - 1002

Tesla, Inc.
Page 180 of 245



ror,
o

P

jssog

A W

p;

3
4,

TR

FECORE-RERRVPNNL T RO RRRR PV RRER R,

;

Tesla, Inc.

Ex - 1002

Page 181 of 245



{ any andall iy

frvantion that oy hersafier be

ted Hlatex of Americy, together with &l nghts w file

fed 1o any and ol conntries foredgn to the Unit

snd to elaim priordty fo corpmation with said foreign-filed appliostiong
{g}  soyand sl refilings, divistons, and contmuions of saddd Farsign-filed applications;

Y any and all Letters Patent of coumtries foreion o the United States of Americs that
oy iasos from sald forzign-filed spplicationg, refilings, divisioma, and comtinuations; and

{1 sy ad ol extension of, sad adiditions 1o, suid Lotters Patest of comutdes foreign to
the Uinied Stats of Ameries.

ALL of the above shall be held and enjoved by said Garrity Power Serviess LLO fur ity

own wee ansd hehoof, and iy Hy suecassnrs, lopal ropracentatives, and asgigng, 1o the foll end of the

form fov which sald Lotlers Patent yoay be prantad, avd we do bareby sthosize and roguest the
Comamissioner of Patents angd Trademarks fo fssax sald Lotters Fatent in sooradanee with g

Assignment.,

Asvignor{s) further agree to exacude sl paparecork and provide any other reguested, neme

~

monclary assivtanve in proguring, porfecting, cnfvohng, anddor det

L2015,

snding Assigned’s righis b the

Drates X 3

Saron fun
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 83878 requires that you be given certain information in
connaction with your submission of the atlached form ralaied {0 1 patent spplication o patent.
Acuordingly, pursuaut to the requirements of the Act, ploase be advised that (1) the genersd
suthority for the colfection of this information s 35 U.8.0. 23 {2 furnishing of the
nformation solicked s volkuntary; and {3} the principal purpose for which the information is used
by the U3, Patent and Trademark Qffice s {o process sndfor examing your submission redated
1o 3 patent applivation o patentl. I you do not finnish the requested information, the LS. Patent
and Trademark Office roay not be able 1o procoss andior axamine your submission, which may
resull in ternination of proceedings o abandonment of tha application or expiration of the
patent,

The informatinn provided by you in this forn will be subject to the following routine uses:

1. The information on this form will be treated condidentially 1o the sxtent allowed under the
Freedom of information Act (§ U.8.C. §83) and the Privacy Act{E UL.8.C. 552a). Raecords
from this systen of rencrds may be disclosest © the Department of Justice to delerming
whether the Freedom of information Act requires disclosure of thess records,

2. Arecord from this sysiem of records may be disclosed, as a rouling use, in the course of

prasenting evidencs © a cowl, magistrate, of adminisirative tribunal, ncluding

disclosures v opposing counset in the course of seltfement negotiations.

A record in this aystem of records may be disddosed, 88 g rouling use. {0 a Member of

Congress submitling a reguest involving an individual, fo whom the record pertains,

whe the individua! has requesied assistance fom the Member with respect to the

subject matfer of the record,

4. Arecurd in this aystem of recnrds may be discdosed, as & muling use, 10 a contraator of
e Agancy having need for the information i order fo perform a contract, Recipients of
information shall be required to comply with the requiraments of the Privacy &ct of 1874,
as amended, pursuant o 5 U.5.C. 582a{m).

5. A rscord refated to an lnlemationsat Application Sled under the Patent Cooperation Treaty
it this wystem of records may be disclosed, gs a rouding use, o the international Bursau
of the World inteflectual Property Organization, pursuant o the Patent Cooperation
Traaty.

8. A rovord in this system of racords may be disclosed, as a routing use, (o another Tederad

agency for purpnses of National Securily rendiew {35 LLS.C. 181} and for review pursuant

o the Atomie Energy Aot {42 UL.A.C. 218{L).

& racord from this systerm of records may be disclosed, as a routine use, In the

Administratar, General Services. of hisfhee designes, dwning an inspestion of racords

sonduciad by GSA as part of that agenoy’s responsibhility o recomrmand improvemernts in

recards management practioss and programs, under suthority of 44 U5 .G 280 and

2808, Such disclozure shall be rade in sccordance with the GSA regulations governing

inspaction of reconds for this purpase, and any other redavant (Lo, 354 o Commerce;

divactive. Such disclosure shall not be used o make determinations about individuals,

8. A record from this system of recards may be disclosed, 38 & ruating use, 10 the public
after adther puldication of the applicaticn pursuant (0 38 ULS.0. 1220 o issuanse of &
paterd puasuant £ 35 U.S.O. 181, Further, a facord may be disclosed, subdsat o the
fimnitations of 37 CFR 1,14, as a rouing usy, 1o the puldic if the recond was filed in an
apphcation which became abandoned or in which the procsadings were lerminated and
which application is referenced by sither 3 published application, an application open o
public nspectians or an isxued patent

9. A record from this systens of renords may be disclosed, as a rautine uss, 10 8 Fadargl,
State, or locat law enforcemernt agency, if the USPTOQ becomes awars of & dolation or
potentiat viclation of law or regulation.
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PTCHIARRGE (08121
593 ot e fwough 013 TR A, OMR A8 0081

IWARTMENT OF QOMMEROE
AR # vl O3B ol mandes

1R Paten and hacem w O
OF 1QR% S SOreon e fueived 18 MEpHre! 1D 3 Cola nfcnngisg wol

STATEMENT UNDER 37 CFR3.73¢)
miy Powatr Sarvices LLT

Linger tha Papanwork Sacueion Ast

ApplisantPaient Dwng

' 4 v 28, POM&
Apphication No.Patert No., 1411634 Fitagileaus Date: Uiy 28, 2018
Tineg. ON OFF GRIT BATTERY STORAGE BYSTEM
Garrity Powar Sarvdeas LLC 3 burporgtion
fgame of Avsigaeast {Type OF ASSEN0S. Q.8 UOrEHENY, PRSTEHR, Wversily, GOUSTINan AGeny, S}

staies that, for the patort applicaticndpater Klerdilind above, 1 15 {ohaose gne of options 1, 2, 3 or 4 belowd:

The assignee of the entive rigi, tle, and nterpst.

o

1 A avsignes of lass han the entfen right, Sie, ant interest {cheok apglioabls buxh

f The axtent Oy parcaniaged ¢f s nwoneshdp rtnast s %, Additional Stalamentis) by ihe swners
midmg fha batance of e inferast miust he subnified o aonaunt ke 100% of e awnarabips interest,

§
L

Y}\&r& ara unspecifiad porcantages of owaseship., Tre wther paBes, Bohxling raerdns, s kgather own the enlive
e and iderast am:

Addittioral Statement{s) by the ewner{s) bokling e talnnos of e inforest must De subrnilted o astount for the entive
iphg, title, and dsest.

I N -t N e s s . N .
2. The agsiyone of 30 usfivided et it the aolirely (& complele ausigrment fram ong of the joint inaniors was mwds).
Tha aih{sr partkes, inohading invantoes, who iegether ow the antive fighg, e, ardg o ae:

Adtitfonal Statomeni{s} by the dwour{s] holding the balanoe of the derest grast by subiniiied to ancount for the entire
it Rie, arg rdpeadt.

‘‘‘‘‘ Ths ax¢ sgzmni i3 & eeurt praenading or the Be {e.g. barkaploy, pfa}m‘t°~ of 3 undbddug infersat It the aotively i
cumgiete transia of owoanship inferest wan madal The contiBad dosument(s) shawdng e tansdar iy altachast

EN
pooee,

Tre fntorast ientifiod i optiord £, 2or 8 abeen (ot option 43 s widence By either {chooss i of nplions A or B below):

} An xesignvent rom the nventor(s] of the patent application/patent idertified abova, The assignment was recordad in
the Uirdtad Sixtes Patent and Trademark Otfice at Reel . Framg . . or for which a copy
thereo! is attached.

bk

1 A chain of e rom He eenkor(gl, of the palant appiiosdiondpsdant Klerdifisd sbove, 1 he surmnt 38signee 16 Dicws:

e Y -
The dasument was resorien i the United States Putent and Trademark Office at

Resd o Frams . ar for which a copy thaveof ia aitushad.

2. From: To:

The docuranal was socorded it the Uniled States Patent and Tradtemark Offine 2

Boed  Frame oF far whith % copy therea! v atlached,

i by e LSRG fo

sfsfs \M\a:k
&;>!I:F§§E$$. SERD

SA] 5\\9%\.‘ VJ NS

¥ vens aped gssistanes i completing the farm, call FSOD-FT-9199 gnd zefsct wption 2.
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I f\ix\\& Ry s

G, Prrant sm «th\
3z Bses Pasesorwank Racucting Aot of $9ES g sowrcons are regio 1o veanug 1 @ oo 355

STATEMENT UNDER 37 OFR &?ggg}

¥

o T

3

e
4

&

Tha docuwannl was racarded in the United DNates Patera angd Tradomak Qifice &

Hoel . Frama o for which @ napy thereot is attachen,

Y
i

&, Froea

The docunerd was recordad i the United States Patent and Trademark Offise at
Rent CFrame o or Tor which 3 copy thaof i altachad

5. Fooa

;‘_{4

Thn dacumant was rooorded i e Uniled Staive Patent and Tradamark Office s

Rael , Frame .ot for which x oopy thurso! s sttached.

8. Frem: To:

The documerd was rescrded in the Uniied States Palent and Trademank Otfics at
Reat Feame . oF e which 3 copy thereot is altashed.

3 Adgitionad goopmants in the ohair of tile are ixted or 3 supplemantal shewd{s).

1 As roquired by 37 OFR 730X H{h, the sooumantary evitence «f th chadn of :ssir freem the aoiginnl owney in the
a8signTe was, o conourrandly is haing, auboitted for meordation pursuant 1o 37 OFR 211,

INQTE: A separale copy {Le., @ e oopy of the origingl assigoment documential} must bo submittad & Assigoment
Diviginn n accardancs with 37 OFR Part 3, o record tia assignmant i1 the records of the USPTO. See MPER 30208}

The undeesigned Gebass e is suppiiad below! is authurized to gat on behall of e assignes.
fScott R, Browsy January 28, 2016

Sinnature HEEY
Scott R, Brown S0635
Frintad of Typesd Name Title or Registration Nombes

o

FPaga 2ol &
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W0 Belly Lave, Boskwall, Tex

WHEREAS, e

Sy aow and

2 IEEARL, heve nvendad

s

Sumgraiy of 30 Gokevh

wsnhid i ‘i\?\oi’*ﬁt‘ﬁ" WE AN

for which we are shoot o male apphestios Ry Letivesy Fatest incthe Unitnd Stetes; and

WHERBEAR, Garrsty Fovver Sorviees LI, » limited Habilite scavpany dady orgaaized

’

under the s afthe 8

s

g principal place of busineas at 183G Kelly Lans,

7. by deatrens of soguiniog an interost ia, te, and woder sabd isventian, sadd

ail Letters Patent wohivh sy be granded Bor or apon seid ipvengion n the

Ulntied States of Amorica snd sl countries forvipn thereta,

NOW, THEREFORE, 1o all

T HOMARY CORORM swa hat for gund aad vatuabde

kY

it and sofficiarey of which i beeeby sckaowledged, we, Paal Gareity and

23

consideration, the r

or the Rdlwving

Goer

faneesd, theoughout the world, by o, saud ung

< the spenfostion propred and exenaad by

{a
16 oven dide herawith proparatony ke obtaineg Letiees Pasat of the Untied Swves thersfor snd

sdentified urader atizeney Diooket Noo 37334

By sard Apphicatian
{¢} Firgy, divisonsd, sad coothmations of saad Spphoation;
{d} any wad sl Lotors Potont of the United Statey of Anerics thid may e froo saddd

convingations;

7
A
oA
B2
-

Applioation, sefilings, dvinom, ¢

Hitad Biates of At

t\

w

Luttors Fatent of the L

&} any and
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v ovadd invention tal may herealer be

N sov and afl appbeations for

filed in any sud alf conrdrics fvsdgn o the United Biates of Ameries, togather with s debts to file

and fo clsfor priorly in comsotion with suid fesign-fed applivationy
{®) amy angd 2l refilings, divistony, and conthmations of said foreign-Sled applications;

sy lssue from aaid forergn-filed appdications, refilings, divistons, and conthmeations; and

Gy sy and all oxtonsbon of, and additiine to, sald Letters Patent of counteies freiganto
the United States of Amerivs

ALL of the above shall be held and sodoved by said Garelty Powey Servives LLE for ity

o ase and behoof, and for (8 socoeasors, logal representstives, and sasigns, o fhe il end of S

term for which said Lotters Patent may be granted, and we do bereby authorize sod request the

Conwnissionmr of Patvaix aod Tradomarks v issue said Letisrs Paten In acoordance with this

Assiguor(s) further agree 1o exeonie all peperwork sad provide sy othey mgpuested, non-

pronetary assistanet in procaning, perfdoting, enforoing, saddor defonding Assigned's tig

&

righds assigned hareln.

\“;_;’

Bxeouted this

Dader

Asron Jongreis
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Frivacy Ad Statement

Tha Privacy Act of 1874 (P.L. 93-570) raquires tha you be given certain information in cormaction with your
auhmigsion of the altashag form related oy & palend application or patent, Accordingly, pursusant to the
requirements of the Aot plaase be advised that {1} the generad autharity for tha aollaciion of this inforvation ia 3%
L.8.0. 2{BM2Y (2Y hevishing of the information sodiviter! ix vohantary; aod {3} the privoipal purpiss far widoh e
information is used by the UB. Patent arg Tradarark Qifice 6 10 provess andiar examing your subiission related
10 @ pedon] appiication o patent. B you do nod fundsh he requesisd information, the ULS, Patent and Tradsmak
Cifice may not be able to process andior examing your subpission, which may reaull in ermination of proneadings
or shandonmant of the application or axplradion of the palent,

Trax inforoiation peavidded by you in this form will be subjsct o the foliowing routine uses:

1. The indormation on s jonm will ba veatad coalidentiaily to the extent allowed vader thy Freadam of
information Agt B 1LS.0 852} and the Privacy Aot {3 UL8.C 55Ra). Reoords from this system of recards
may be disciosed o the Dapantiment of Justics to determine whethar diacingure of these records is
rogquirad by the Freedom of Infarmation Act,

2. Arenord freve inin systam of resords vy be diaclosed, 28 a roubion ued, in tha scunse of presending
swivtenos 1o & sowt, raagintrate, or advairdstrather ribunal, including disclosurss 10 opposing cuunssd i e
cowrss of seftfernant neggotiations.

3. A moont it this systom of rescrds miay be distosesd, 58 3 routing use, 1 Membay of Cungress
aubmiting a request inveiving an individual, 1o whont the record pertaine, when the individual has

aquosing asgistanes from the Member with ragpect i the sublect wattar of the moped,
4, R oot b ihis sydan of resards may be discloxed, 38 3 rouline use. Kx sondrantor o the Agaay
having nasd for the information in order to perlon a contragl. Recipients of information shall be raquired
o comply with the requiramenis of tha Privacy Act of 1974, a5 amaaded, pursuant 1o 5 US.G. 5&3aim}.
5 A moord rebaisd 5 30 Infernational Appdication fled unday the Patant Cooparatinn Traty in this sysiam of
records may be distiosad, 85 2 rouding use, 16 the intemational Burgau of the World indallectual Propsny
Crganization, pursuant io the Padent Cooparation Troaty.
8. Aracord in ihds gyatom of rexardn may be displosed, as a rouline gse, io angther fodaral aganay for
pupnens of Nationai iy review (A8 LS
(42 U.8.C. zialeh.
A racord from this aystem of records may be disclosed. as 3 rowting uss, 10 the Admirdsivator, Genersd
Servines, ot hinther deaignes, dueing ardinspegtion of racords cordunted by Q84 as pant of that aganey's
responsibiity to recorinand Ingrovercsnts i recerds managsment grasticss and programs, uaster
agthorily of $4 L1.8.C. 2804 and 2908, Such disclosure shall be made in soourdance with the G8A
frgriigtions govarning impaction of records for this purpose, and any othar ralevam fo, G8A or
Coramerce} diractive. Such sisolosure shall rot be used o make detaorairations about individuala,
8. Arecord fram this system of records may be discloxed, a3 a ruling uss, 10 the pudlic after eithee
pubiication of the application pursuant to 38 U.S.C. 122{() or issuance of a padan! pursuard 10 3B LS
181, Farther, a racord may he disclosed, subject 1o the imitations of 37 OFR 1.14, as a routing uss, o the
pubiie i the oxoned wan filed 8 an applicadion which became shandoned or in which tha procaedings were
terpunaiad ang which application « referenced Dy either a oubished sopdicadinn, a0 application apen o
pubiic inapection or an issusd patent.
A record from thin system of rocords may be disclosed, as @ routine use, to 3 Padgral. State, or lonal law
sforomment agercy, F the USPFTO besames sware of 8 viclation or polential vinlation of law or reguiation,

CL1R1) o Tor review pursuard 1o the Atomic Energy Aot

-~

3
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International Application Number:
Confirmation Number: 1982

Title of Invention:

ON OFF GRID BATTERY STORAGE SYSTEM

First Named Inventor/Applicant Name:

Paul GARRITY

Customer Number:

23589

Filer:

Scott R. Brown/Vasuki Selvan

Filer Authorized By:

Scott R. Brown

Attorney Docket Number: 47334
Receipt Date: 29-JAN-2016
Filing Date: 28-JUL-2015
Time Stamp: 17:10:18

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B}ttes)l Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
832933
1 QOath or Declaration filed 587210_1.PDF no 1
42272c2e7b71334fe7635a79ae606543973
a82a3

Warnings:
Information:
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833206
2 QOath or Declaration filed 587222_1.PDF no 1

9606367c7f3bdc636466097908eaad 9982f|

Warnings:

Information:

4853522
3 Power of Attorney 587271_1.PDF no 6
ab2c1e909134ed8bb558a0b03c6902db84)
2c1b4d
Warnings:
Information:
Assi howi ¢ hi 37 4799450
ssignee snowing of ownersnip per
4 CFR3.73 587238_1.PDF no 6
5bc306e3901453684fd3437a54bc85fd953
782¢9
Warnings:
Information:
Total Files Size (in bytes){ 11319111

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/811,644 07/28/2015 Paul GARRITY 47334
CONFIRMATION NO. 1982
23589 INFORMAL NOTICE

Hovey Williams LLP

10801 Mastin Bivd., Suite 1000 LWy
0000000

Overland Park, KS 66210 768

933

R

Date Mailed: 08/12/2015

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

« A properly executed inventor's oath or declaration has not been received for the following inventor(s):

Paul GARRITY
Aaron JUNGREIS
Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
/aabranyos/
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/811,644
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
P e R, N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 CFR 1.16(0), (B} or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ]
(37 CFR 1.16(1)) 20 minus 20= X 40 - 0.00 OR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 3 minus 3 = X 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(®) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total . i - =
=S (37 CF(:H 16(7)) Minus x = OR =
% Independent * Minus | *** =
& (37 CFR 1.16(h)) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = X -
= (37 CF?H.IB(H) OR -
% Independent * Minus | *** = M _ OR -
[Tm} (37 CFR 1.16(h)) - -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
14/811,0644 07/28/2015 2844 800 47334 20
CONFIRMATION NO. 1982
23589 FILING RECEIPT

10807 Mastin Biva, Sufts 1000 OO0 A A

Overland Park, KS 66210
Date Mailed: 08/12/2015

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Paul GARRITY, Rockwall, TX;

Aaron JUNGREIS, Ra'anana, ISRAEL;
Applicant(s)

Garrity Power Services LLC, Rockwall, TX;
Assignment For Published Patent Application

GARRITY POWER SERVICES LLC, Rockwall, TX

Power of Attorney: None

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 08/11/2015
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/811,644

Projected Publication Date: 02/02/2017
page 1 of 3
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Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

ON OFF GRID BATTERY STORAGE SYSTEM
Preliminary Class
315
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Doc code: IDS PTO/SB/08a (01-10)

s . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERGE

Under the Paperwork Reduction Act of 1995, no persons are required to respend to a collection of information unless it contains a valid OMB control number.

Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | GARRITY, Paul
STATEMENT BY APPLICANT ———— |

( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number | 47334

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code’ of cited Document )
Figures Appear
1 5384792 A 1995-01-24 Yuasa Battery Co., Ltd.
2 5612581 A 1997-03-18 Fujitsu Limited
3 5745356 A 1998-04-28 Exide Electronics Corporation
4 6304006 B1 2001-10-16 ABB T&D Technology Ltd.
5 6323620 BA1 2001-11-27 Hitachi, Ltd.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
. Cite No . Relevant Passages or Relevant
Initial Number Code| Date of cited Document )
Figures Appear
1

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove

EFS Web 2.1.17
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Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | GARRITY, Paul
STATEMENT BY APPLICANT At Unit |

( Not for submission under 37 CFR 1.99)
Examiner Name |

Attorney Docket Number |47334

Name of Patentee or Pages, Columns Lines
Examiner| Cite | Foreigh Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code? j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 [
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
E . . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
xaminer| Cite S . . '
i (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, TS
Initials No . - -
publisher, city and/or country where published.
1 L]

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and nct considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
1 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if
English language translation is attached.
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Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | GARRITY, Paul
STATEMENT BY APPLICANT At Unit |

( Not for submission under 37 CFR 1.99)
Examiner Name |

Attorney Docket Number |47334

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e}(2).

[] See attached certification statement.
[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature IScott R. Brown/ Date (YYYY-MM-DD) 2015-07-28

Name/Print Scott R. Brown Registration Number 40535

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Infermation Act
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
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A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
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disclosure shall hot be used to make determinations about individuals.
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to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, tc the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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UNINTERRUPTIBLE POWER SUPPLY AND METHOD FOR
MANAGING POWER FLOW IN A GRID-TIED PHOTOVOLTAIC SYSTEM

FIELD
[0001] The present invention relates to systems and methods for managing power flow in

grid-tied photovoltaic systems.

BACKGROUND

[0002] Distributed power generation is becoming more common as society increases its
use of renewable resources such as solar energy. The majority of solar power systems currently
in use employ multiple polycrystalline silicon photovoltaic panels connected to string inverters
that send the generated power back into an clectric utility grid. The photovoltaic panels are
usually connected in series to provide a high direct current (DC) voltage to the string inverters.
Other solar power systems use micro-inverters, each of which is connected to a single
photovoltaic panel, which allows for low voltage DC connections and individual tracking of the
power output of cach panel.

[0003] The proliferation of distributed power generation has caused some problems in
maintaining the stability of the utility grid. As a result, many electric utilities world-wide are
seeking increased functionality in grid-tied inverters to help stabilize the grid. For example, some
require grid-tied photovoltaic inverters to gradually reduce output power when the grid
frequency deviates beyond a set limit. Furthermore, to increase the safety of utility systems, most
photovoltaic systems are required to have separate voltage-frequency relays which monitor the
voltage and the frequency of the grid and disconnect all photovoltaic inverters from the grid if
the voltage or frequency deviates beyond a predetermined range. Voltage-frequency relays
provide additional assurance that photovoltaic inverters do not push power onto the utility grid
when the grid is disconnected. However, voltage-frequency relays add cost to photovoltaic
systems beyond what would otherwise be required.

[0004] Photovoltaic inverters include grid-tied inverters and stand-alone inverters. Grid-
tied inverters act as a current source and can only be used to pump power into the utility grid.
Stand-alone inverters act as a voltage source and can provide power to a load in the absence of

an electric utility grid. For a number of reasons, grid-tied inverters are far more prevalent than
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stand-alone inverters, and therefore the costs of production substantially favors grid-tied
inverters. Furthermore, grid-tied inverters are sold based on a pay-back of savings in utility bills,
often coupled with financial incentives by local governments to encourage the use of “green”
energy. Stand-alone inverters, on the hand, usually have no pay-back and no financial incentives,
and function only to provide power in the rare event of a grid outage or to provide power in
places that have no utility grid. However, many customers would prefer a system that can
provide both grid-tied capability and backup power in the event of an outage, as long as the cost
of the final system is not substantially higher than that of the grid-tied system alone.

[0005] As distributed power generation systems proliferate, utilities are selling less
average power to the grid, but they must still provide the same peak grid load because distributed
power generation systems usually cannot be relied on to always provide power. As a result, some
utilities are trying to cut costs by enforcing peak load requirements on their customers. The local
peak power reductions can be accomplished through the smart control of loads or through local
battery or other storage that maintains power during the peak load times. Utilities also expect
distributed power generation systems to provide additional functionality for producing local volt-
ampere reactive (VAR) control on the grid. Utilities would also prefer to cut costs caused by the
distorted power factor of customer loads. Incorporating these functions into grid-tied inverters
can increase cost. Relatedly, grid-tied battery systems can level loads. However, such systems
are usually large (utility) scale because small residential-sized systems are rarely cost-effective
for use merely as load-leveling systems.

[0006] This background discussion is intended to provide information related to the

present invention which is not necessarily prior art.

SUMMARY

[0007] Embodiments of the present invention solve the above-described and other
problems and limitations by providing an uninterruptible power supply (UPS) and associated
method for managing power flow in a grid-tied photovoltaic system, wherein the UPS may
provide a grid-tie function, a backup power function, a voltage-frequency relay function, a power
factor control function, and a load-leveling function.

[0008] In one embodiment, the UPS may be configured to manage a flow of power

between a battery, one or more current-source inverters connected to one or more photovoltaic
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panels, a load, and an AC voltage source, and may include a bi-directional power converter, a
switch, and a controller. The bi-directional power converter may convert between alternating
current (AC) power and DC power, and may include a DC port which is connectable to the
battery, a load port which is connectible to both the current-source inverters and the load, and an
AC port which is connectable to the AC voltage source. The switch may selectively connect and
disconnect the AC port from the AC voltage source. The controller may monitor a voltage and a
current associated with the AC voltage source at the AC port, and based thereon, control the
switch and the bi-directional power converter. If the amplitude and the frequency are not within
pre-determined limits, the controller may function as follows. The controller may open the
switch to disconnect the AC voltage source from the load and from the current-source inverters.
The controller may cause the bi-directional power converter to act as a voltage-source converter.
If the battery is charging, the controller may set a frequency on the load port to a nominal
frequency to allow a maximum power flow from the current-source inverters to the load. If the
battery is not charging, the controller may set the frequency on the load port to reduce the power
flow from the current-source inverters to the load until the battery is being trickle-charged.
However, if the amplitude and the frequency are within the pre-determined limits, the controller
may function as follows. The controller may close the switch to connect the AC voltage source.
The controller may cause the bi-directional power convert to act as a current-source converter.
The controller may compare a net power being consumed by the load and produced by the
current-source inverters to an allowable peak load power. If the net power is lower than the
allowable peak load power, the controller may direct power from the AC voltage source to the
battery. If the net power is higher than the allowable peak load power, the controller may direct
power from the battery into the AC voltage source.

[0009] In one embodiment, the UPS may comprise a bi-directional converter, a direct
current power port, a first alternating current power port, and a controller. The bi-directional
converter may be configured to operate as an alternating current voltage source. The direct
current power port may be configured to be coupled to a battery. The first alternating current
power port may be coupled to the bi-directional converter and may be configured to be coupled
to a current-source inverter, wherein the current-source inverter may be configured to adjust an

output power as a function of a frequency of the alternating current voltage source. The
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controller may be configured to regulate a power flow of the current-source inverter by adjusting
a frequency of the alternating current voltage source.

[0010] The UPS may further include any one or more of the following features. The
controller may be configured to regulate the power flow of the current-source inverter to
maintain the battery at a predetermined ideal charging state. The UPS may further include a
second alternating current power port configured to be coupled to an alternating current grid. The
bi-directional converter may also be configured as an active rectifier. The bi-directional
converter may also be configured as an alternating current current source. The first alternating
current power port may also be configured to be coupled to a load. The current-source inverter
may be configured to disconnect from the alternating current voltage source for a predetermined
outage period when the alternating current voltage source frequency goes outside of a
predetermined frequency limit, and the controller may be configured to control the bi-directional
power converter to source power to the load during the predetermined outage period. The
controller may include a predetermined power level set-point, and the controller may be
configured to source power from the battery to the alternating current grid when the power
sourced from the alternating current grid exceeds the predetermined power level set-point. The
controller may include a non-volatile memory element configured to store the predetermined
power level set-point. The controller may include a real-time clock, and the predetermined power
level set-point may vary as a function of the time of day as determined by the real-time clock.
The controller may further include a calendar function, and the predetermined power level set-
point may vary as a function of the day as determined by the calendar function. The controller
may be provided with a communication element, and the communication element may be
configured to receive a real-time update of the power level set-point. The controller may be
configured to disconnect the current-source inverter from the alternating current grid when a
voltage or frequency of the alternating current grid goes outside of a predetermined limit. The
controller may be configured to regulate a power flow of the current-source inverter so as to
cancel a distortion current produced by the load. The controller may be configured to regulate a
power flow of the current-source inverter to produce an alternating current current that is
displaced from the grid voltage. An amount of displacement of the alternating current current
may be determined by a preset limit or controlled through external communication with the

controller.
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[0011] Additionally, the present invention may be characterized as a method based on the
functionality of the UPS.

[0012] This summary is not intended to identify essential features of the present
invention, and is not intended to be used to limit the scope of the claims. These and other aspects

of the present invention are described below in greater detail.

DRAWINGS

[0013] Embodiments of the present invention are described in detail below with
reference to the attached drawing figures, wherein:

[0014] FIG. 1 (PRIOR ART) is a diagram of a prior art photovoltaic system;

[0015] FIG. 2 (PRIOR ART) is a diagram of prior-art load-leveling system that may be
combined with the prior art photovoltaic system of FIG. 1 (PRIOR ART);

[0016] FIG. 3 is a diagram of a UPS constructed in accordance with an embodiment of

the present inventions;

[0017] FIG. 4 is a diagram of a grid-tied photovoltaic system incorporating the UPS of
FIG. 3;

[0018] FIG. 5A is a diagram of the grid-tied photovoltaic system of FIG. 4 showing a
flow of power when one or more current-source inverters are producing more power than is
needed by a load;

[0019] FIG. 5B is a diagram of the grid-tied photovoltaic system of FIG. 4 showing a

flow of power when an electric utility grid is suffering an outage and an initial startup wait time
is not complete;

[0020] FIG. 5C is a diagram of the grid-tied photovoltaic system of FIG. 4 showing a
flow of power when the electric utility grid is suffering an outage, the initial startup wait time is
complete, and the current-source inverters are producing more power than is needed by the load;
[0021] FIG. 5D is a diagram of the grid-tied photovoltaic system of FIG. 4 showing a
flow of power when the electric utility grid is suffering an outage, the initial startup wait time is
complete, and the current-source inverters are producing less power than is needed by the load;
[0022] FIG. 5E is a diagram of the grid-tied photovoltaic system of FIG. 4 showing a
flow of power when the current-source inverters are producing less power than is needed by the

load;
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[0023] FIG. 5F is a diagram of the grid-tied photovoltaic system of FIG. 4 showing a
flow of power when the current-source inverters are producing less power than is needed by the
load, and the additional power that would otherwise be drawn from the electric utility grid would

exceed an allowable peak load;

[0024] FIG. 5G is a diagram of the grid-tied photovoltaic system of FIG. 4 showing a
flow of power when it is night and the current-source inverters are off; and

[0025] FIG. 6 is a flowchart of steps performed by the UPS of FIG. 3.

[0026] The figures are not intended to limit the present invention to the specific

embodiments they depict. The drawings are not necessarily to scale.

DETAILED DESCRIPTION

[0027] The following detailed description of embodiments of the invention references the
accompanying figures. The embodiments are intended to describe aspects of the invention in
sufficient detail to enable those with ordinary skill in the art to practice the invention. Other
embodiments may be utilized and changes may be made without departing from the scope of the
claims. The following description is, therefore, not limiting. The scope of the present invention is
defined only by the appended claims, along with the full scope of equivalents to which such
claims are entitled.

[0028] In this description, references to “one embodiment”, “an embodiment”, or
“embodiments” mean that the feature or features referred to are included in at least one
embodiment of the invention. Separate references to “one embodiment”, “an embodiment”, or
“embodiments” in this description do not necessarily refer to the same embodiment and are not
mutually exclusive unless so stated. Specifically, a feature, structure, act, etc. described in one
embodiment may also be included in other embodiments, but is not necessarily included. Thus,
particular implementations of the present invention can include a variety of combinations and/or
integrations of the embodiments described herein.

[0029] Referring to FIG. 1 (PRIOR ART), a typical prior art configuration of micro-
inverters is shown. A utility grid 100 provides an AC voltage source to a house load 150. A first
micro-inverter 110 receives DC power from a photovoltaic module 111. The micro-inverter 110
creates a current source which is in phase with the utility grid 100 and which sources power to

the grid 100 according to the power available from the photovoltaic module 111. Second and
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third micro-inverters 120,130 draw power from second and third photovoltaic modules 121,131,
respectively, and function substantially identically to the first micro-inverter 110. Although three
micro-inverters 110,120,130 are shown, the system may include any number of micro-inverters.
[0030] A voltage-frequency relay 180 monitors the voltage and frequency of the utility
grid 100. When either the voltage or frequency of the utility grid 100 deviates outside of a
predetermined range (which varies from one region of the world to another), the voltage-
frequency relay 180 opens internal switches to disconnect the micro-inverters 110,120,130, thus
providing an additional level of safety to prevent the micro-inverters 110,120,130 from pumping
power into the utility grid 100 that may be, e.g., shut down for repair or maintenance. For
example, the relay 180 may be set so that when the frequency (in a 50 Hz system) goes below
47.5 Hz or above 50.5 Hz, the relay opens 180 and disconnects the micro-inverters 110,120,130.
[0031] The system of FIG. 1 (PRIOR ART) provides the benefit of reducing electric
utility bills by photovoltaically generating power. One drawback of the micro-inverters
110,120,130 is that they only function as current sources. That is, when the utility grid 100 is not
producing power, it is not possible to operate the house load 150 from the prior art micro-
inverters.

[0032] Referring to FIG. 2 (PRIOR ART), a typical prior art configuration of a battery
load-leveling system is shown. The utility grid 100 feeds or receives AC power from a
bidirectional current-source/sink power converter 201 which, in turn, receives or sources DC
power from a battery 202. When the utility grid 100 has excess capacity, the grid 100 sources
AC power to the power converter 201, which, in turn, charges the battery 202. When the grid
100 requires more capacity, the battery 202 sources DC power to the power converter 201,
which, in turn, sources AC current to the utility grid 100.

[0033] The load-leveling system of FIG. 2 (PRIOR ART) is typically implemented at the
utility level (such as in a sub-station) and provides the benefit of allowing the utility to be
designed for lower peak loads than would otherwise be required. One drawback of the system is
the high cost. In many cases, it is less expensive to design the utility for increased load capacity
than to provide the load-leveling system. Furthermore, electric utilities are trending toward more
incentives or more requirements for customers to reduce their peak loads rather than for the

utilities to provide large load-leveling systems. In order to satisfy utility incentives or
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requirements, customers have to monitor and turn off large loads at various times or to plan
usage of large appliances accordingly.

[0034] Embodiments of the present invention provide a UPS and method for managing
power flow in a grid-tied photovoltaic system, wherein the UPS may provide a grid-tie function,
a backup power function, a voltage-frequency relay function, a power factor control function,
and a load-leveling function. The system may broadly comprise the UPS including a bi-
directional power converter configured as a first AC voltage source; a DC power port
connectable to a battery; and an AC power port connected to the power converter and
connectable to one or more current-source inverters, wherein the current-source inverters are
configured to adjust their output power as a function of a frequency of the AC voltage source.
The current-source inverters are configured to disconnect from the AC voltage source for a
predetermined outage period when the AC voltage source frequency is outside of predetermined
frequency limits, and a controller is configured to control the power converter to source power to
a load during the predetermined outage period. The controller may be further configured to
source power from the battery to the AC utility grid when the power sourced from the AC utility
grid exceeds a predetermined power level set-point.

[0035] In one implementation, the controller may include a non-volatile memory element
configured to store the predetermined power level set-point. In one implementation, the
controller may include a real-time clock, and the predetermined power level set-point may vary
as a function of the time-of-day.

[0036] FIG. 3 shows an embodiment of the UPS 300, and FIG. 4 shows an exemplary
photovoltaic system into which the UPS 300 may be incorporated. Although three micro-
inverters 110,120,130 are shown, the system may include any number of micro-inverters.
Additionally or alternatively, the system may employ string inverters or substantially any other
current-source inverters designed to limit power when the frequency of the grid 100 varies by a
predetermined amount from the nominal grid frequency. For example, the current-source
inverters may be designed to linearly decrease their power output from 100% to 40% when the
frequency increases from 50.2 Hz to 50.5 Hz. Thus, although described in terms of the micro-
inverters 110,120,130, the system may employ other additional or alternative current-source

inverters.
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[0037] The UPS 300 broadly comprises a DC port 306 which is connectable to a battery;
an AC port 305 which is connectable to the utility grid 100, and a load port 304 which can be
connected to both an AC load 150 and the micro-inverters 110,120,130 (or other current-source
inverters) that have been configured to reduce power output when the frequency of their power
terminals increases above a predetermined level. The UPS 300 may further comprise a switch
303, a controller 301, and a power converter 302. The switch 303 may be a relay or a set of
contactors that can be used to disconnect the AC port 305 from the power converter 302 and
from the load port 304. The switch 303 may be any suitable switch, such as a double-throw
switch, a single-throw switch, or a semiconductor switch. Furthermore, although the switch 303
is shown as part of the UPS 300, the switch 303 could also be implemented as a separate
component but still controlled by the controller 301.

[0038] The power converter 302 may function as either a current-source converter or a
voltage-source converter and may provide bi-directional power flow. When operating as a
current-source converter and charging the battery on the DC port 306, the power converter 302
may draw a nearly sinusoidal AC current from the AC port 305 and convert the AC current to
DC current for charging a battery 350 which may be connected to the DC port 306. When
operating as a current-source inverter for peak load regulation, the power converter 302 may use
power from the DC port 306 to inject current into the AC port 305. When operating as a voltage-
source converter, the power converter 302 may produce a sinusoidal voltage having a frequency
that may be used to limit (and thus regulate) power produced by the micro-inverters 110,120,130
connected to the load port 304.

[0039] An overall power factor of a load or power source is composed of a distortion
component and a displacement component. Distortion causes current harmonics to be drawn
from or injected into the electric utility grid without causing any phase angle between the current
and voltage. Displacement causes voltage and current to be out of phase with each other without
the addition of any harmonic currents. Most loads or power sources produce both distortion and
displacement. While most current-source inverters produce nearly sinusoidal current, loads can
vary substantially in the level of distortion or displacement current drawn by the grid. A utility
grid can adjust for displacement by adding passive components onto the grid. Distortion, on the

other hand, cannot be practically adjusted for by the utility.
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[0040] When the power converter 302 operates as a current-source inverter, it may also
regulate power factor. Because the controller 301 can monitor load current, the converter 302 is
also able to regulate output current in such a way as to cancel the distortion or displacement
current produced by the load 150. Furthermore, the power converter 302 can inject further
displacement current into the grid according to the needs of the utility based on either preset
values or commands given through an external communication port.

[0041] In one implementation, the power converter 302 may be a single converter that
regulates output according to cither output voltage (in voltage-source mode) or output current (in
current-source mode). In another implementation, the power converter 302 may be several
converters that are coupled together. For example, a current-source inverter and a voltage-source
inverter may be coupled together to provide a converter that can operate in either voltage-source
mode or current-source mode.

[0042] The controller 301 may control the power converter 302 and the switch 303. The
controller 301 may monitor voltage and current at the AC port 305, the load port 304, and the
DC port 306, and may use the voltage and current information to deduce the state of the utility
grid 100 that is connected to the AC port 305. That is, the controller 301 may be able to
determine whether the voltage and frequency of the grid 100 are in a range that would allow
normal operation of the micro-inverters 110,120,130 that are connected to the load port 304.
Thus, in addition to enabling the UPS function, the controller 301 may also be able to work with
the switch 303 to function as a voltage-frequency relay. The controller 301 may be further able
to determine a charge state of the battery 350 that may be connected to the DC port 306, and to
determine net power generation or net load at the load port 304.

[0043] Referring to FIG. 4, the micro-inverters 110,120,130 as well as the house load
150 may all be connected across the load port 304 of the UPS 300. The micro-inverters
110,120,130 may each be connected to respective photovoltaic panels 111,121,131, The utility
grid 100 may be connected to the AC port 305 of the UPS 300, and the battery 350 may be
connected to the DC port 306 of the UPS 300.

[0044] FIGs. 5A-5H show various combinations of power flows (indicated by arrows)
which are possible for the system of FIG. 4. Referring to FIG. 5A, in normal day-time operation
when the micro-inverters 110,120,130 can produce appreciable power, the switch 303 is closed

and the micro-inverters 110,120,130 produce more total power than is needed to supply the load
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150. Net power is sourced to the utility grid 100, and the UPS 300 uses some of the excess power
to charge the battery 350. The power converter 302 functions as a rectifier.

[0045] Referring to FIG. 5B, immediately following a grid outage the switch 303 is open.
The UPS 300 uses power from the battery 350 to provide AC voltage (but no appreciable power)
to the micro-inverters 110,120,130 and to provide power to the load 150. The micro-inverters
110,120,130 are required to remain disconnected from the utility grid 100, typically for several
minutes, following an outage, so this situation must remain in place until the micro-inverters
110,120,130 restart. The power converter 302 functions as a voltage source with constant
frequency output.

[0046] Referring to FIG. 5C, during a grid outage and following the initial startup wait
time of the micro-inverters 110,120,130, the switch 303 is open and the micro-inverters
110,120,130 provide more power than is needed to supply the load 150. Excess power is used to
charge the battery 350. The power converter 302 functions as a voltage-source converter that is
capable of absorbing power from its voltage terminals. When the battery 350 is fully charged, the
power converter 302 may adjust the frequency of the voltage across the micro-inverters
110,120,130 to cause the power output of the micro-inverters 110,120,130 to be reduced.

[0047] Referring to FIG. 5D, during a grid outage and following the initial startup wait
time of the micro-inverters 110,120,130, the switch 303 is open and the micro-inverters
110,120,130 provide less power than is needed to supply the load 150. Supplemental power is
provided by the battery 350 to fulfill the power needs of the load 150. The power converter 302
functions as a voltage-source converter.

[0048] Referring to FIG. 5E, during normal operation when the micro-inverter power is
lower than required by the load 150, the switch 303 is closed and the utility grid 100 charges the
battery 350. The power converter 302 functions as a rectifier.

[0049] Referring to FIG. 5F during normal operation when the micro-inverter power is
lower than required by the load 150, and the power that would typically be drawn from the grid
100 would exceed the allowable peak load, the battery 350 provides sufficient to power to keep
the grid power below the allowable peak load power. The power converter 302 functions as a

current-source inverter.
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[0050] Referring to FIG. 5G, during darkness, the switch 303 is closed, the micro-
inverters 110,1201,30 are off, and the grid 100 provides power to the load 150 and power to
charge the battery 350. The power converter 302 functions as a rectifier.

[0051] Referring to FIG. 6, a control flow algorithm for the controller 301 of FIG. 3 is
shown. The controller 301 monitors the voltage on the AC port 305 to determine the grid
amplitude and frequency, as shown in step 400. If the grid amplitude or frequency is outside of
allowable limits, then “Grid OK?” = “no”. In this case, the controller 301 opens the AC switch
303 to disconnect the grid 100 from the load 150 and from the micro-inverters 110,120,130, as
shown in step 402. The controller 301 then causes the power converter 302 to function as a
voltage-source converter, as shown in step 404. The controller 301 checks the charge state of the
battery 350 by monitoring the current and voltage on the DC port 306, as shown in step 406. If
the battery 350 is charging, the controller 301 sets the frequency on the load port 304 to the
nominal frequency, thus allowing maximum power flow from the micro-inverters 110,120,130,
as shown in step 408. If the battery 350 is fully charged, the controller 301 adjusts the frequency
on the load port 304 to cause the micro-inverters 110,120,130 to reduce their power output until
the battery 350 on the DC port 306 is being trickle-charged, as shown in step 410. Note that it is
also possible for the controller 301 to utilize more complex battery charging algorithms such as
are known in the industry through control of the load port frequency.

[0052] If the grid amplitude and frequency remain inside of allowable limits, then “Grid
OK?” = “yes”. In this case, the controller 301 closes the AC switch 303, as shown in step 412,
and causes the power converter 302 to function as a current-source inverter, as shown in step
414. To determine the direction of power flow relative to the battery 350, the controller 301
compares the net power being consumed on the load port 304 (which is a combination of power
consumed by the load 150 and power produced by the micro-inverters 110,120,130) with the
allowable peak load power, as shown in step 416. As a current-source inverter, the power
converter 302 can either take current from the grid 100 on the AC port 305 to charge the battery
350, as shown in step 418, or it can source current into the grid 100 by taking power from the
battery 350, as shown in step 420.

[0053] The allowable peak load power could be a fixed number programmed into the
controller 301 or it can be a load curve as a function of time-of-day if the controller 301 includes

a real-time clock. Furthermore, the allowable peak load power can be made to vary by season,
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month, or day-of-the-week if the controller 301 includes a calendar. It is also possible for the
value of the allowable peak load power to be varied dynamically through a communication link
between the controller 301 and the electric utility.

[0054] The controller 301 then conditions the power either produced or absorbed by the
power converter 302 in such a way as to regulate the power factor of the current flowing into or
out of the grid 100, as shown in step 422. The power factor can be conditioned to compensate for
a distortion current in the load 150 by regulating the current into or out of the load port 304.
Furthermore, the power factor can be conditioned to produce displacement current in the grid
100 according to either preset commands or commands received through an external
communication port.

[0055] The present invention provides advantages over the prior art, including a grid-tie
function, a backup power function, a voltage-frequency relay function, a power factor control
function, and a load-leveling function.

[0056] Although the invention has been described with reference to the one or more
embodiments illustrated in the figures, it is understood that equivalents may be employed and
substitutions made herein without departing from the scope of the invention as recited in the
claims.

[0057] Having thus described one or more embodiments of the invention, what is

claimed as new and desired to be protected by Letters Patent includes the following:
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CLAIMS
1. An uninterruptible power supply comprising:

a bi-directional converter configured to operate as an alternating current voltage source;

a direct current power port configured to be coupled to a battery;

a first alternating current power port coupled to the bi-directional converter and configured to be
coupled to a current-source inverter, wherein the current-source inverter is configured to
adjust an output power as a function of a frequency of the alternating current voltage
source; and

a controller configured to regulate a power flow of the current-source inverter by adjusting a

frequency of the alternating current voltage source.
2. The uninterruptible power supply as set forth in claim 1, in which the controller is
configured to regulate the power flow of the current-source inverter to maintain the battery at a

predetermined ideal charging state.

3. The uninterruptible power supply as set forth in claim 1, further including a

second alternating current power port configured to be coupled to an alternating current grid.

4. The uninterruptible power supply as set forth in claim 1, in which the bi-

directional converter is also configured as an active rectifier.

5. The uninterruptible power supply as set forth in claim 4, in which the bi-

directional converter is also configured as an alternating current current source.

6. The uninterruptible power supply as set forth in claim 5, in which the first

alternating current power port is also configured to be coupled to a load.
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7. The uninterruptible power supply as set forth in claim 6, in which the current-
source inverter is configured to disconnect from the alternating current voltage source for a
predetermined outage period when the alternating current voltage source frequency goes outside
of a predetermined frequency limit, and in which the controller is configured to control the bi-

directional power converter to source power to the load during the predetermined outage period.

8. The uninterruptible power supply as set forth in claim 6, in which the controller
includes a predetermined power level set-point, and in which the controller is configured to
source power from the battery to the alternating current grid when the power sourced from the

alternating current grid exceeds the predetermined power level set-point.

9. The uninterruptible power supply as set forth in claim 8, in which the controller
includes a non-volatile memory element configured to store the predetermined power level set-

point.

10. The uninterruptible power supply as set forth in claim 8, in which the controller
includes a real-time clock, and in which the predetermined power level set-point varies as a

function of the time of day as determined by the real-time clock.

11.  The uninterruptible power supply as set forth in claim 8, in which the controller
further includes a calendar function, and in which the predetermined power level set-point varies

as a function of the day as determined by the calendar function.

12.  The uninterruptible power supply as set forth in claim 8, in which the controller is
provided with a communication element, and the communication element is configured to
receive a real-time update of the power level set-point.

13.  The uninterruptible power supply as set forth in claim 7, in which the controller is

configured to disconnect the current-source inverter from the alternating current grid when a

voltage or frequency of the alternating current grid goes outside of a predetermined limit.
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14.  The uninterruptible power supply as set forth in claim 6, in which the controller is
configured to regulate a power flow of the current-source inverter so as to cancel a distortion

current produced by the load.

15.  The uninterruptible power supply as set forth in claim 1, in which the controller is
configured to regulate a power flow of the current-source inverter to produce an alternating

current current that is displaced from the grid voltage.

16. The uninterruptible power supply as set forth in claim 15, in which an amount of

displacement of the alternating current current is determined by a preset limit.
17.  The uninterruptible power supply as set forth in claim 15, in which the amount of

displacement of the alternating current is controlled through external communication with the

controller.
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18.  An uninterruptible power supply comprising:

a bi-directional converter configured to operate as an alternating current voltage source and as
an alternating current current source;

a direct current power port configured to be coupled to a battery;

a first alternating current power port coupled to the bi-directional converter and configured to be
coupled to a current-source inverter and to a load, wherein the current-source inverter is
configured to adjust an output power as a function of a frequency of the alternating
current voltage source, and wherein the current-source inverter is configured to
disconnect from the alternating current voltage source for a predetermined outage period
when the alternating current voltage source frequency goes outside of a predetermined
frequency limit, and in which the controller is configured to control the bi-directional
power converter to source power to the load during the predetermined outage period; and

a controller configured to —
regulate a power flow of the current-source inverter by adjusting a frequency of the

alternating current voltage source, and
regulate the power flow of the current-source inverter to maintain the battery at a

predetermined ideal charging state.

19.  The uninterruptible power supply as set forth in claim 18, further including a
second alternating current power port configured to be coupled to an alternating current grid, and
in which the controller is further configured to —
source power from the battery to the alternating current grid when the power sourced from the

alternating current grid exceeds a predetermined power level set-point; and
disconnect the current-source inverter from the alternating current grid when a voltage or

frequency of the alternating current grid goes outside of a predetermined limit.
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20.  An uninterruptible power supply for managing power flow in a grid-tied
photovoltaic system, the uninterruptible power supply comprising:
a bi-directional converter configured to operate as an alternating current voltage source and as
an alternating current current source;
a direct current power port configured to be coupled to a battery;
a first alternating current power port coupled to the bi-directional converter and configured to be
coupled to a current-source inverter and to a house load, wherein the current-source
inverter is configured to adjust an output power as a function of a frequency of the
alternating current voltage source, and wherein the current-source inverter is configured
to disconnect from the alternating current voltage source for a predetermined outage
period when the alternating current voltage source frequency goes outside of a
predetermined frequency limit, and in which the controller is configured to control the bi-
directional power converter to source power to the house load during the predetermined
outage period;
a second alternating current power port configured to be coupled to an alternating current utility
grid; and
a controller configured to —
regulate a power flow of the current-source inverter by adjusting a frequency of the
alternating current voltage source, and

regulate the power flow of the current-source inverter to maintain the battery at a
predetermined ideal charging state,

source power from the battery to the alternating current utility grid when the power
sourced from the alternating current utility grid exceeds a predetermined power
level set-point, and

disconnect the current-source inverter from the alternating current utility grid when a
voltage or frequency of the alternating current utility grid goes outside of a

predetermined limit.
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ABSTRACT

An uninterruptible power supply (UPS) and method for managing power flow in a grid-
tied photovoltaic system, wherein the UPS provides grid-tie, backup power, voltage-frequency
relay, power factor control, and load-leveling functions. The UPS includes a bi-directional power
converter, a switch, and a controller. The converter converts between AC power and DC power,
and includes ports which are connectable to a battery, a plurality of current-source inverters, a
load, and an electric utility grid. The switch selectively connects and disconnects the converter
from the grid. The controller monitors the voltage and current associated with the grid, and based
thereon, controls the switch and the bi-directional power converter to manage power flow in the
grid-tied photovoltaic system. The controller also manages the power factor of the current

flowing into or out of the grid by introducing appropriate distortion or displacement current.
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