PUC Workshop
April 11, 2014

Experience Using the Minnesota
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* Interconnection Standards History
* Craig Turner — Engineering Manager
(Dakota Electric Association)

* A Rural Utility Experience
* Kristi Robinson — Distribution System Engineer
(Steele Waseca Elect Coop)

* A Suburban Utility Experience
« Jeff Schoenecker — Senior Engineer
(Dakota Electric Association)



History 1990-2000

\

* No national interconnection standards
« Each Utility had their own standards

+ Utilities were learning about issues as they went

* Few systems being installed and most were
custom.

+ Manufacturers needed to customize to the local
utility's standards.



History (2001-2004)

* Texas and California produ

# Minnesota Omnibus Energy Bill (2001)

* Reliability Standards (SRSQ)
* DG Standards

* Each Electric Utility shall maintain records concerning applications generation interconnections.
* Must be filed once each year.

* Regulated Utilities -
#  shall file distributed generation tariff for approval
*  Must provide “standardized interconnection of facilities”
*  Standard application form
*  Standard process
* Standard interconnection agreement

# All Minnesota Utilities Required to use same (Similar) interconnection process and
standards.

# |EEE 1547 Standard (2003)



History 2001-2004

\

MN PUC 2001-2002 Requested Comments

Regulated Utilities worked together to resolve technical
differences between the interconnection standards (MP,
OTP, Xcel, Alliant, DEA)

Regulated Utilities submitted Joint comments, which
included draft technical and procedure documents.

2003 Dept. of Commerce organized two working groups to
develop uniform guidelines for DG

* Rates working group

* Technical working group




Technical Work Group
.‘

* Technical Working Group developed the following
* Interconnection Process
*  Technical Requirements for Interconnection

* Group Included;
* Korridor Capital Inv.
 Institute for Local Self — Reliance
* MN Chamber of Commerce
* Hennepin County and DG group
* Prairie Gen
* The Minnesota Project
* lzaak Walton League
«  Utilities - Center Point, DEA, RPU, Alliant, MP, OTP, Xcel
« Staff - MEQB, DOC




Technical Groups “Goals”

« Safety [ Reliability g

* Protect the safety of the Public
* Maintain the reliability of the electrical system

* Costs — look for ways to reduce interconnection costs.
(without reducing safety)

* Standard technical requirements across all utilities in
Minnesota

* Looked for ways to also match other states standards

* Manufacturers only need to make one model to meet all
standards

* Time - look for ways to reduce time to complete
interconnection process
* Standard process across all utilities in Minnesota
* Standard application
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History 2003-2010

2003
* |EEE 1547 approved
* 2004
* PUC approved MN process and standards
* 2005
# FERC small gens procedure issued (20MW is small!)
* |EEE 1547.X documents started to appear

* 2006
* FERC small gens revised
* 2005-2010?
* UL 1741 - Inverter Test Standard harmonized with IEEE
1547



2005-2014 Enhancements

* Created <40kW inverter based interconnecwn
technical standard

+ Sub-set of full technical standards document
* For solar systems with UL rated inverter

* 5 pages vs. 29 pages!

* Created web pages with interconnection documents
and information

* Assigned single point of contact at utility

« Utilities and installers educated on procedure and
standards



Minnesota Interconnection Process

I‘
+ Standard Documents
* Process Compey T Ropiants N

Repl ive: | Phone Number: | FAX Numb
Title:

Application g s

Email Address:

LOCATION OF GENERATION SYSTEM INTERCONNECTION

E S
%k A g re e m e n t S Strest Address, legal description or GF5 coordinates:
b

PROJECT DESIGN / ENGINEERING (if applicable)

Standard Technical e — TPt

Mailing Address:

Requirements —

ELECTRICAL CONTRACTOR (if applicable)

Company:
Representative: | Phone: | FAX Number:
Mailing Address:
Email Address:
[ . GENERATOR
# All Utilities are using the same |
Type (Synch Induction, Inverter, etc): Phases: 1 or 3
Rated Qutput (Frime kW): [ (Standby kW): Frequency:
L4 Rated Power Factor (%): | Rated Voltage (Volts): Rated Current (Amperes):
documents (not true in other S et
TYPE OF INTERCONNECTED OPERATION
Interconnection / Transfer method:
o Open o Quick Open o Closed o Soft Loading o Inverter
S t a t e S ) Proposed use of generation: (Check all that may apply) | Duration Parallel:
o Peak Reduction o Standby o Energy Sales o None o Limited o Continuous
o Cover Load
Pre-Certified System: Yes/No (Circle one) Exporting Energy  Yes [ No (Circle one)

ESTIMATED LOAD INFORMATION

The following information will be used to help properly design the interconnection. This Information is not
intended as a oommilmentor l:oninll:lf billing purposes.
Minimum anticipated load neratien not operating): kW: | KVA:

: kW: | kVA:




Status of Interconnection in

Minnesota

\

# Technical Standards are working well
+ Safe and reliable interconnections

+* Common Technical standards across all utilities.

* Standard Lower cost equipment
+ Utilities and Installers have learned the process
and requirements

* Problems are typically from installing and THEN
reading the requirements




* |EEE 1547 is starting update
process (April 2014

* Schedule Completion 2016-
2018?

* Questions being discussed include:

* 10MW or higher?

* Dealing with high penetration
of distributed resources

* include more requirements for
islanding (microgrids, etc.)?
* expand 1547 to include

communication interface
requirements and protocols?

IEEE Std 1547™(2003) Standard for Interconnecting
Distributed Resources with Electric Power Systems

IEEE Std 1547.1™(2005) Standard for Conformance Tests Procedures for
Equipment Interconnecting Distributed Resources with Electric Power
Systems

IEEE Std 1547.2™(2008) Application Guide for IEEE 1547 Standard for
Interconnecting Distributed Resources with Electric Power Systems

IEEE Std 1547.3™(2007) Guide for Monitoring Information Exchange, and
Control of Distributed Resources with Electric Power Systems

IEEE Std 1547.4™(2011) Draft Guide for Design, Operation, and Integration
of Distributed Resource Island Systems with Electric Power Systems

IEEE Std P1547.5™ Draft Technical Guidelines for Interconnection of Electric

Power Sources Greater than 10MVA to the Power Transmission Grid
Withdrawn

IEEE Std 1547.6™(2011) Draft Recommended Practice for Interconnecting
Distributed Resources With Electric Power Systems Distribution Secondary

Networks

IEEE Std P1547.7™ Draft Guide to Conducting Distribution Impact Studies

for Distributed Resource Interconnection

IEEE Std P1547.8™ Recommended Practice for Establishing Methods and

Procedures that Provide Supplemental Support for Implementation

Strategies for Expanded Use of IEEE Standard 1547




Interconnection Issues — Utility View
\

* Interconnection Agreement

* <40kW using Uniform Statewide Agreement

* From 1978 state statue

* Could not update or modify during 2005 process

* Does not deal with technical standards [ operation
* Continued Training

« Utility Staff

* |nstallers [ Contractors /| Members [ Customers



Interconnection Issues - General

\

* Insurance Requirement <4okW
# $300,000 general liability (Homeowners insurance)

+ Visible Disconnect (24/7 accessible)

* Safety Requirement
* Electrical Safety
* Fire Safety

+ Meter Socket is not rated as disconnect
+* Meter Socket fires!

+ Location of Visible Disconnect
« By the meter (requirement varies by Utility)




Member Interaction

* Initial phone call
* Education on distribution system
* Education on generation

* Interconnection Process

* [Interconnection Requirements



1 Gallon &—Demand —> 5 Gallons
per minute

5 GallarRe

Same
£— Consumption —>»
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|
OWNER/APPLICGANT

Company / Applicant's Name:

Representative:

"1 Phone Number: _Jymmyiein F AX Numbes:

Title:

I Mailing Adddess:

NN S 2RSS E LowsORLE Al

Email Add
| LOCATIO

Ll

OF GENERATION SYSTEM INTERCONNECTION

Street Address, lagal description or GPS coordinates:

SAPE

PROJECT

DESIGN / ENGINEERING (if applicable)

Company.

Representali

3 | Phone: | FAX Number:

Mailing Addrcrsa

ELECTRIG

Emaeil Address:

AL CONTRACTOR (if applicable)

Company.

Elcctrir

Rapresentatiye

[Phone: Sz | FAX Number:

Mailing Addrpss

| —————— | G oa ]t i &3

Email Addre

=3

mmw«u oot

GENERATY

OR

Manufacture

I

EVEREAEEY [Moder 275

Type (Sync

hronous Induction, Inverter, etc);

FAVERTEYL | Phases: 1 or3 /4

Rated Quip

bt {Prime KWWY S$CF0 w

{Standby KW): Fregquency:

Rated Powef Factor (%)

Rated Voltage {Valts): ;Zo | Rated Current {Amperes):

Ensrgy So
TYPE OF

as, steam, hydro, wind, alc.) PV

INTERCONNECT ED OPERATION

Interconned
o Open

itian / Transfar mathod:

0 Quick Open o Closad o Soft Loading o Invarter

‘Proposed u
c Peak Red

se of generation: (Check ail that may apply)
uction o Standby o Energy SlIH

Duration Parallal:

a Nona o Limlted o Cantinuous

o Cover Lo

o

| Pre-Certiflept System: Yes | No (Circie one)

Exporting Energy Yes / No (Circle one)



-ESTIMATEL

1 LOAD iHF»GRMA‘I‘IGN

not
intended 23 a

commitment or gontract for billing purpoeses.

The fu!lnwing, informstian will be used to huip properly design the [ntercennection. This Information is

Minimum anticipated load (generation not operating): kW: KVA:

Maximum ant| I:IEltnd load !ganemtlun not ngn‘ratlng]: KWV, -ﬁrﬁ- KVA:

ESTIMATED START/COMPLETION DATES

Construction start date: AsAp - Completion (operational) date: D EC 5 3 557
DESERIPTION OF. PROPOSED. INSTALLATION AND OPERATION

| Give a gandral description of the manner of o

1cle line dlagram showing the switcl ear transfarmers, and generation facilities,

ration {cogeneraticn, closad-

| transition pgak shaving. open-ira silln neak shavino eme a[=]) (e

power, etc.}. Also. does the

BELS —— INVERTER —— METEIR

A
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I
L
CENERATOR

82 S0W CABLE FOR
& 212 SOW CABLE FOR
YAW MOTOR & CONTROLS
]
CONTROL CABINET HAS A SELA547
UTILITY-CRADE RELAY FOR
DISTRIBUTED GENERATION, ALL
PARANETERS ARE SETTARLE TO
UTILITY GRID RECUIREMENTS,
1 PHASE DROP TO TRANSFORMER
UTIUTY SINGLE PHASE TRANSFORMER
75 KVA SINGLE PHASE TRANSFORMER 1207240V SECONDARY
420 PRIMARY 1201260V SECONDARY
WP S00A:2P SWITCH40IV)
Wil 200A FUSES
WP 200As2P SWITCH{EOOV) METER
Wi 1254 FUSES COPPER
AN CONTROL CABINET . 2004-3P NOM-FUSED SWITCH \E|__ — eTER B |
t—
/ 349 COPPER "\
3470 ALUWINUM
== APEROMMATELY 1700 E; LESS THAN 107 e
T r SITE ONE-LINE ¥ r ]

O SCAME




ighbor e i
Substation — Rural Residential/Agricultural iL -
Meters: 432 ‘
Maximum Load: 1884 kW | .
Minimum Load: 304 kW 2turbines (TBKW) 13 urbines <10E kw)
) -

Total DG Interconnected: 466 kW :

| L
POten“aI BaCkfeedlng 1 turbine (10 kW)
on Transm|SS|On 4turbine(158 1 1turbine (39.5 kW)
162 kW [ e

T
2 turbines (79 kW)



Internet Bought, Garage Built
10 kW Asynchronous Turbine




Lightning




No Relay Protection Installed
Proteg_tm.n.ms,talrbd _ . Meets IEEE 1547




KW Tnstall with Protection




Actual DG Interconnections
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Minnesota DG Interconnection Process
Small Solar (<40 kW) Example

e

+ Signed Application Received

* Are the technical requirements met?
* Does the inverter meet the applicable national

standards (IEEE 1547 and UL 1741)?

* |s there a visible, lockable, disconnect accessible
24hrs/day at the point of common coupling?

Z=g7 = 1




*

*

*

Minnesota DG Interconnection Process

Small Solar (<40 kW) Example
\

Utility Design Approval

Member Orders Equipment
Installation
Field Testing & Inspection
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Minnesota DG Interconnection Process

Small Wind and Solar (<40 kW) Example

\

+« Field Testing and Inspection (continued)

%k

%k

%k

%k

MN State Inspector has approved
Verify one-line matches actual installation
Verify UL 1741 sticker is on the inverter

Check visible disconnect
« Labeled, lockable, and accessible 24/7

Island test — Replace existing meter with a bi-directional meter
Verify liability insurance ($300,000 per occ.)

Have the applicant sign the Uniform Statewide Contract for Co-
generation



DG on DEA Transformers

+ Transformers identified with a “G” sticker for distributed
generation
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Interconnection Applications

Generation Interconnection Application Inverter < 40kW  Page 1

WHG SHOULD FILE THIS APPLICATION: Dakota Bectic mambars intemsted in instaling gansrafion, raied a0kw

of lags, which will milerconmect i Dekala Electric's datribution system using a Geid Tie Inverter. This application

shoud be compleled and retumed o Dakola Electric Generation Intarconnection Coardinater, in crder 1o bagin
processing e recuast,

[MFORMATION: Dakotn Elctric wil perfam an intarcanneciion review based on the infarmation pravidsd.  The
Appicant enall completa as much of e form a5 possble. The fiakds in BOLD are required to be campleled ko the best
of tha fpplicant's abilty. The Appicant wil bo contached @ acdional infermation is required. The response may take
up o 15 business days sfter raceipt of all the requinsd imformation,

COST; $100 fiirsg e 10 cover tha cost ol processing and raviewing this applisation.

OWNER / APPLICANT
Anplican]: p——— | Phore Mumber;

Maling Addross:

PROPOSED LOCATION OF GENERATION SYSTEM INTERCONNECTION
| Sirant Addrass, Legal Descriplien of GPS coomdnates:

| S ————————— T

ELECTRICAL CONTRACTOR [f applicable)

Campany:

: Phiane Mu AN, Mumiar:
LT e T g e GO ESC
Emall Adarass; ' |

TYPE OF INTERCONNECTED OPERATION

Type of Genaration Systemy” Solar | Wind (Gl ona] or Other Describe

Fropaped usa of goneration: (Theck all thal msy aoply) Duratian Parallal:

1 Peaik Reduction o Standy o Enefgy Sales oNene  olmied o0 Confruous
o Cover Losd

Pro-Carified - lenow [Circle ome) | Exparting Energy (Yes) ! Mo [Circle cna)

ESTIMATED START/COMPLETION DATES \

Crder Equgsmest: | /2 - /- & 1
Construction Start Date: [ /o /5 -0 & \
Siarl ACRplancs Tasing: ]
Gorarafion In Service: | £ EYELY] /
D /

Generation Interconnection Application Inverter < 40kW  Page 2

GENERATOR or (Solar Panel) INFORMATION

Warndachree i J0L &4 A Tvoe (Motel) i 7 g5 fag-1 7| Phases Lo 8
Fiated Ouigut [each uril] KWW 2o 5. @ of Unisio bo inslalled: 3 (5 | Realed Vollage (Volisl i, /o
Suppier of Equipmenn _AF1ee gl 8t A

Addiruss gﬂu":«»_x’a_ﬂwﬁf i€ - fas o

Phons oy - Fro- 9937

Acdidonal Infarmaticn:

INVERTER
M&@;ﬂ_—ﬂi’ e
Ared gm actor [%): Fsbad Yollage (Valls): Fatnd Gurron) (Argerss|:
% Total h at fulllcad  SeCui i
'mmr.hr ! rmadLiadion, eic.: ﬂ e
Additianal rloematian: 54! A—#‘M
Feret & F‘ £ .
jfoc' #
HSCELLI?NEDUS {Use this area and a ‘fﬂ.«ﬁﬂﬁ; applicable notes and
comméents

F& FEO0 Ak mae T A Tl w“g p_"&

ST e v ian 2’_’25! o Wl &

With this e appl L Dakola Eleciilc to rovew e proposed Genesation Systom

Infarconrmction. | reguest thal Dakota Ewcsric idantifins the addifonal equipment and costs invaheed with the

intarconnection of this system & ummmmmummm | understand that the esfimaied costs

sugplied by Dakola Eleciziy ud T af = " T a-nmmummtwpplyss
'y gowral

Applicant Name m:np:

\/




More Applications

Generation Interconnection Application Inverter < 40kW  Page 1

WHO SHOULD FILE THIS APPLICATION: Dakota Electric din generation, rated 40kw
or less, mumhmmsmmmuuﬂﬁdﬁm This application
should be completed and returmed to Dukots Electric . in order to begin
processing the request.

Appbanf mm-muﬁdum-mmnud-nm“mwummmmm
of the Applicant's abifity. The Applicant will be s requi The response may take
upmiammmmmalmmm

COST; $100 filing fee 10 cover the cost of ing and reviewing this

OWNER ! APPLICANT
Applcant. Mo [ Phone WL
Wailing A3 e5s e kohibiiid -

PROPOSED LOCATION OF GENERATION SYSTEM INTERCONNECTION

Streat Addrass, Lagal O or GPS
e C2gan. MN 55121

fibo. 2 App Fee  PAD 212

ELECTRICAL CONTRACTOR (if applicable)

n.ME::-. —— |W
DETNERREECC = == e =

Al AT p————

TYPE OF INTERCONNECTED OPERATION

Type of Generation System XSolar Wind  [Cirgle one) or Other Describe

[ Froposed use of generstion: {Gheck all thal may SpRY) Guration Paralel.
o Peak Reduction o Standby o Energy Sakes i Mone o Limited oX Continuous
Ko Cover Load
Ww} Exporting Energy  esX / No {Circle one)
~—_

=

ESTIMATED START/COMPLETION DATES \
Order ent | 10-8-3017 AN
Constnuction Gtart Date: | 11-9-2012 )

/

[ oot Sevos | 30083

A, Dakota Electric Process for Inverisr Connadhid Systems Fated ks than S060W

Generation Interconnection Application Inverter < 40kW  Page 2

GENERATOR or (Solar Panel) INFORMATION

MISCELLAMEOUS (Use this area and any additional sheets for applicable noles and
comments)

ropesed Generation
additional and costs Invelved with
intareonnection of this system and o pirovide an estimate of those costs. | understand that the estimated
wwmwwEhmﬂﬂhmmmuwm | also agres that we will supply,
requesied, add o, o v 3 de_io m ramﬂhwmmm

appendin &, Daketa Eisciric swsocistion imerconneciizn Process for Imarer Conrmcted Systams Rated s Bhan $H0




One Line Diagrams...

Saurce - Area EPS

FROTECTION SHOVN 15 FOR GROUNDED WYE - GROUNDED WYE
RANSFORMER FOR OTHER TRANSFORMER CONNECTIONS:
CONTACT THE AREA EPS FOR POSSIBLE ADDITIONAL PROTECTIVE
* REQUIREMENTS.

METERING [SEE TABLE 54)
Arza EPS

Local EPS

SEAVICE ENTRANCE ECLEMENT
(ACCESSIBLE VISELE & LOCKABLE
DISCORNECT DEVICE)

5860

UL LISTED
NOM-ISLANDING
INVERTER

REVIEW NEC CODE FOR OTHER
PROTECTIVE DEVICES REQUIRED TO
PROTECT THE LOCAL EPS

|GENEP.I\IOR |

FOR INVERTER CONNECTED
Doirtio, Euie GENERATION SYSTEMS, GREATER THEN
F) [T 250KW, TRANSFER TRIP MAY BE
REQUIRED BY THE AREA EPS
7 SRS OPERATOR
/s Phase Clwsicurmet
SN Growrd Charcurmant
o “Eivertincer Frequency
INVERTER CONNECTED
(1412143} Indcaias Number of Prases Monimnoes
*Weckcates WEnimm Requited Protecion. DATE: .
o . JAN 2003 Figure 5
DEA DG Interconnection Fequirements Inverter less than 40kW — August 2008 Page 130f13

BI-DIRECTIONAL METER
BY UTILITY COMPANY.

ouTsIvE INSIDE OUTSIDE
@ NEW 320 METER SOCKET
#6 GROUND 3004 240VAG, 20 ouTSIDE
3/0 CONDUCTORS 5CONNECT " EXTERI
ECOND DISCO
SERVICE ENTRANCE
SUNPOWER_3000M DISCONNECT" INSIDE
©  INVERTER
E 1200 AMP SERVICE EXISTING
INVERTER T0 BE il BREAKER DISCONNECT 2004 PANEL
FOBITIVE RO 200K LOAD CABINET |
FROM ARRAY |
1 146 oare copeer |
} DC DISCONNECT H150A 240V BREAKER, WIND
JUNCTION BOX—| I—|BARE_COPPER W/ 154 PV SOURCE
Hﬂ GND TO THHN 1-30A 240V BREAKER, PV
DC 600V SURGE k- SURGE
SUPPRESSOR | e capies 1o 4o [ L
1 \ TURBINE ALTERNATOR
1 ! [ JUNCTION BOX
' / S
% NN T — — = 10 wino svsten
T S T P4
#4 COPPER TO REBAR CAGE | |
SUPPLEMENTAL GROUND | #o | S TO POINT OF AC BUILDING o
o #6_ GROUNDING ~b GROUND. FIELD VERIFY. TO AG BUILDING
ELECTRODE | DC TO AC GROUND
CONDUCTOR =  GROUNDING BOND CHOKE
METER FOR MASTERMIND MC CABLES FROM
SOLAR WIRING SCHEMATIC O ORING ONLT. | CON GHOKE TURBINE TO BASE
SCALE: N.T.S.
EACH LEG OF TOWER
15 GROUNDED HAWG. 12 MAX
DISCONNECT
#2 THHN AT TOWER BASE
J i—n GROUND
[ TO AC LOAD — [
i CENTER
|| TOWER TO GROUND ‘I
|| = #6 BARE COPPER .
- WIND TURBINE WIRING SCHEMATIC aroiE RoD

GROUND RoD SCALE: N.TS.

DATE

PLOTTED: 7/15/2008

* One line diagrams vary greatly on each application from a copy of
the requirements diagram to an engineered CAD diagram




Changes required after Application

+* Disconnects installed in secured locations




No Changes Required after
Application Review

+ Disconnects installed in accessible locations




Other Problems Identified during

Inspection
\

* One-line diagram does NOT match installation
* Protection not wired to trip anything!
* Equipment installed different that application

* Failure of the switch (solenoid) no back ups

* Failure of the PLC control no back up - so require 62
parallel limit timer relay

# Generation will not trip for loss of single phase




Vendor/Installer Issues

——

+* How much does the DG Installer

know?

* |s a 3-phase generator being proposed
to connect to a single phase system?

* Or does the installer really know what
they are doing?




Utility Concerns

Responsible for
* Public Safety
« System Reliability

* Liability Issues
* Don’t understand what is being attached to the
utility system
* Lack of Standardization
# Cost ($400 per install for clean install)
* Dakota Electric application fee $100



Future Concerns

Continued member education i
* Local Seminars, Info on Utility Websites, etc.

Plug in Renewable Energy

* No visible disconnect, no application, no interaction with Utility Staff
Property with DG sells

* New owner adds capacity or modifies the DG system

Inverter or Control cabinet fails

+ replaced with non-grid interactive model (Not UL listed or IEEE 1547
compliant)

DG masks loading
# High demand (no wind/sun) transformer fails causing outage
Internal utility costs

* DG grows to 50+ per month vs. 5-10 per year
«  Additional utility staff
# Cost shifting from DG member to non-DG members
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