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Problem Statement

The focus of this project is to implement, on operating utility
distribution feeders with a high penetration of rooftop PV,
enhanced capability “smart” inverters to achieve improved

operational visibility, performance and control via standards
based communications technology.

Focus areas of research will include:
e Grid integration of high penetration PV

e Distribution feeder modeling with operational performance
data validation and iteration

 Through improved visibility, control and feeder performance,

reduce the scope, time and cost of interconnection requirement
studies

 Enhanced tools for utility control room operators
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Project Participants

Organization Proposed Roles
Research Project lead
E; * Project management, DOE registration, legal review
* Data analysis post deployment and reporting

Hawail Natural
Energy Institute

Technology, communications lead

SIlVEI"?RI:'!I?g e Support inverter integration, SW development (Inverter Management &
Z Control Research SW, PV Customer Portal)

Inverter technology lead — 3" in WW market share
@ * Lead for communications integration into inverter, HITACHI
develop control functionality in inverter + control SW e the e
S —
Oy

mlaui Eleclris Gompany

#=)\ Hawaiian _atili
=) Electric Co-utility lead

Company < Project management for field pilot

Co-Services lead — established solar PV provider in Maui
* Sales, marketing, installation, project management, customer service

2 pepco Holdings Inc ~ Co-utiity lea

* Project management for field pilot

#® RISINGSUN ELECTRIC

Sol arclt Co-Services lead — established solar PV provider in PHI service territory
y * Sales, marketing, installation, project management, customer service

OG_;E Inverter Testing Laboratory Facility
! * Site of functional requirements and inverter testing
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Primary Objectives

Can Smart Grid Inverters deliver effective
visibility and control to mitigate the impact
of numerous distributed PV systems on
radial feeders and reduce the number and
scope of detailed interconnection studies?

S

Mlaui Eleclic Gormpian:

PV Inverter Monitoring
Voltage Support

Can Smart Grid Inverters effectively
regulate the power flow of distributed PV
systems to prevent the back feed of
network protectors on a networked
distribution system?

2 Peoco Holdings Inc

PV Inverter Monitoring
Curtailment Control

Enable Higher Penetration of Grid-Tied PV Systems
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Solution Architecture

Utility Back Office Systems

Inverter Management & Control Software

* Provision inverter on network
* Manage PV Production Data

* Send control signals to inverter
* Monitor status of inverter

CustomerlQ

Customer IQ ;
. Point
* Utility web portal
* Customer can see net
bill impact & solar
production
60
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Silver Spring Networks Access
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Smart Grid Network Home
Silver Spring Networks
Network Interface Card
%
« SEP 2.0 over 2.4 GHz ZigBee PR S
* 900 MHz utility smart grid network ““:‘ O:‘:O‘
* Retrieve PV production data %::‘ \g

* Send inverter control signals
through network

* ZigBee
Communications
Module

e SEP 2.0 DER

2.4 GHz

Smart Meter

- Based on Fronius IG Plus V Inverter
* Utility owned

* Home’s primary meter Advanced Grid Functionality (examples)
* Remote generation curtailment
* Remote control of reactive power supply

e Low voltage ride through
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Test Remotely Controllable Functionality

Power curtailment

Reducing power output of inverters (to different levels) via a command sent by the utility

Voltage support functionality

Leveraging inverter settings and setting response curves that make the smart inverter a
voltage support device (via Volt-VAR or Volt-Watt manipulation)

Frequency support functionality

Leveraging inverter settings and setting response curves that make the smart inverter a
frequency support device (via Frequency-Watt manipulation)

NB: While this functionality is currently factory settable, it is not available as a remotely
settable parameter in the Fronius smart inverter at this time; availability of this remote
functionality in the Hitachi smart inverter under consideration

Remotely set trip limits (and ‘ride through’ testing)

Setting frequency and voltage trip limits remotely and / or testing of inverters to remain
online (‘ride through’) at various levels of off-frequency or off-voltage operation

NB: While this functionality is currently factory settable, it is not available as a remotely

settable parameter in the Fronius smart inverter at this time (if executed remotely, concern
raised that it may cause an inverter to be IEEE-1547 non-compliant and impact the UL listing
status); availability of remote functionality in the Hitachi smart inverter under consideration

Coordinated and remote “clustered control” of multiple inverters
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IMCRS: Inverter Management & Control Research SW

Sample Use Cases

Sample
Functionality

Use Case

Create inverter
program

The utility operator will want to send commands to inverters in similar locations on the
circuit. The operator will also want to understand how a particular set of inverters is
impacted by a single set of commands, and how localized voltage conditions impact the
grid at different areas in the system. Looking at the inverters in sets allows the utility
operator to simplify responses to external factors, learn from previous experiences with
a particular grid, and improve efficiency.

Set Maximum
Generation for
inverter(s)

[kW Curtailment
Control]

The utility operator learns that an inverter or group of inverters produce and deliver
more active power than is necessary for the grid, and wants to limit this. Setting an
upper limit on active power produced and delivered to the grid may be able to prevent,
for example, the backflow of power through a network protector on a networked
distribution circuit leading to unintended operation of the protective device. This
functionality also makes distributed PV technically capable of joining the curtailment
queue of intermittent generation resources tied to the grid for purposes of maintaining
overall system generation and load balance (which may also raises significant policy and
economic implications for PV development).

Apply Volt-Var or
Volt-Watt curve to
inverter(s)

A utility operator may notice voltage issues on a circuit via SCADA or exception reporting
through an AMI system and decides to actively manage inverter Var or Watt production
to maintain voltage on the circuit within desired limits.
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Program / Inverter

Curve & Control Editing

Management
Programs Characteristics
High Voltage Inverters Far from Wailea Substation
Low Voltage Inverters Close to Wailea substation
Default Default settings
Program 4 XX
Program 5 XX
Program 6 XX
Template — For copying

e Copy Nisha’s Program Create
e@ e ° Add Inverter to
Inverters

Inverter ID Inverter Messages Location CurrentGen Connectivity E::terl:): Immediate Current Curve Mode Programs
0000001 301 Main  5kW Connected MaxGenl Volt-VAR 1 High Voltage Inverters
0000002 301 Main  5kW Connected MaxGenl Volt-VAR 1 High Voltage Inverters
0000003 301 Main  5kW Connected N/A Volt-Watt Low Voltage Inverters
0000004 301 Main  5kW Connected N/A Volt-Watt Low Voltage Inverters
0000005 ERROR XX 301 Main  5kW Connected MaxGenl Volt-VAR 1 High Voltage Inverters
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Program / Inverter

Curve & Control Editing

Management
Program Name: Nisha’s Program Edit
Characteristics: Inverters near Wailea substation

Immediate Controls: Max Gen 1
Curves: Volt-VAR 1

12/19/12 12/20/12 i12/21/12 12/22/12 12/23/12 12/24/12 12/25/12 12/26/12

[ 12:00aAmMm
01:00 AN
Immediate 02 :00 AN

Controls 02:00 AM

Max Gen 1 04:00 AM
05:00 AM
06:00 AM
07 :00 AM
02:00 AM
09:00 AM
10:00 AN

11:00 .AM

Curves 12:00 PMN
= 12:00 PM

- 14:00 Ph

MO IENCA ST 15:00 PhA

16:00 PR
17:00PM
18:00 Ph

Add Existing Immediate Control fl—LvI G

|
Immediate Control Type 1 v

Add Existing Curve “

Immediate Control Type 2

Max Gen

Max Gen 1

Max Gen 2
Max Gen 3 “IrhTI

J

Inverters: N/A
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Program / Inverter

Curve & Control Editing

Management
Program Name: Nisha’s Program Edit
Characteristics: Inverters near Wailea substation

Immediate Controls: Max Gen 1, Max Gen 2
Curves: Volt-VAR 1

12/19/12 12/20/12 12/21/12 12/22/12 12/23/12 12/24/12 12/25/12 12/26/12

12:00 AM
01:00 AM
Immediate 02:00 AM

Controls 03:00 AM

VENEI i 04:00 AM
05:00 AM
Max Gen 2 06:00 AM
07:00 AM
08:00 AM
09:00 AM
10:00 AM
11:00 AM
12:00 PM
13:00 PM
14:00 PM
15:00 PM
16:00 PM
17:00 PM
18:00 PM

Add Immediate Control vl Add Curve “

Inverters: N/A

Curves

Volt-VAR 1
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Curve & Control Editing

Add New V|

Immediate Controls Curves

Immediate Control Type 1 Volt-VAR
Immediate Control Type 1 A Volt-VAR 1
Immediate Control Type 1 B Volt-VAR 2

Immediate Control Type 2 Volt-Watt
Immediate Control Type 2 A Volt-Watt 1
Immediate Control Type 2 B Volt-Watt 2

Max Gen Freq-Watt
Max Gen 1 Freg-Watt 1
Max Gen 2 Freq-Watt 2

Max Gen 3 Freq-Watt 2
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Curve & Control Editing

o Add New
Immediate Control Immediate Control Type 1
B Curve a_ Immediate Control Type 2
i Max Gen I
Immediate Controls Curves
Immediate Control Type 1 Volt-VAR
Immediate Control Type 1 A Volt-VAR 1
Immediate Control Type 1 B Volt-VAR 2
Immediate Control Type 2 Volt-Watt
Immediate Control Type 2 A Volt-Watt 1
Immediate Control Type 2 B Volt-Watt 2
Max Gen Freq-Watt
Max Gen 1 Freg-Watt 1
Max Gen 2 Freg-Watt 2

Max Gen 3 Freg-Watt 2
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Curve & Control Editing

Add New vl

Immediate Control Type: Max Gen

Immediate Control Name: Max Gen Nisha °

Immediate Control Info:

Max Gen %: Choose 1 v
10%
20%

30%
40%

50%

60%

80% !' IB

90% —
100% Save
Immediate Controls Curves
Immediate Control Type 1 Volt-VAR
Immediate Control Tvne 1 A Volt-VAR 1
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Curve & Control Editing

Add New vl

Immediate Controls Curves

Immediate Control Type 1 Volt-VAR
Immediate Control Type 1 A Volt-VAR 1
Immediate Control Type 1 B Volt-VAR 2

Immediate Control Type 2 Volt-Watt
Immediate Control Type 2 A Volt-Watt 1
Immediate Control Type 2 B Volt-Watt 2

Max Gen Freq-Watt
Max Gen 1 Freq-Watt 1
Max Gen 2 Freq-Watt 2
Max Gen 3 Freq-Watt 2

Max Gen Nisha
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Solution Architecture: Detailed Communications

Inverter

Main Inverter Control

Modbus Interface.

)

Embedded Linux Board

R5-485

Inverter Interface Lib

Communication & Control
Process

Communication & Control Lib

SEP 2.0
End Device, DER, Metering

ZigBee IP
8| EEE 802.15.4 MAC/PHY

T

l//7// /1 § lb{pgnétt} EQ:E«-

60¢

Access Point

NAN Management
Protocol

CP/IP v6 & v4

900 MHz | FEthernet
/PHY | MAC/PHY

| ZigBee IP/SEP 2.0 Management

SEP 2.0 ESI NAN Protocol

il ZigBeelP TCP/IP v6

IEEE802.15.4 900 MHz e
MAC/PHY MAC/PHY

" CALIFORNIA

: - Head-End

Inverter
Management & Control
Research Software
(IMCRS)

NAN Mgmt Protocol
Ethernet MAC/PHY
B TCP/IPvA .

15
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Key Deliverables

Project
Admin

Virtual
Environment

Integrated
Environment

Embedded
Environment

Customer
Portal
Development

Hitachi
Inverter
Integration

Field Demo
Planning

Distribution
Level
Modeling
and Analysis

June ‘12 July ‘12  Aug. ‘12 Sept. Oct. 12 Nov. ‘12 Dec.‘12 Jan.‘13 Feb. ‘13 Mar ‘13 Mar-
12 June ‘13
SunShot Conference Q2 ReportSolar Power International Conference Q3 Report Q4 Report DOE SD Meeting Q1 Report

) — S ——— S——— ——————— — — —

Project

Plan 11la SR T e e e
—————————————————— ﬂ——————————————————------——————————————————-----—————————-

13 21a 21b&3.1
------------------------------------- -—_———M-------
1.4
———————————————————————————————————————————————————————— ﬂ—-——---——————
15a 1.5b
———————————— M—"""""
4.1

Selected 1517 Selected DEW HNEI

Feeder gog Maodeler

Modeling Plan

G0
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Initial Research Findings & Hypotheses

* 68 meters (residential) _
e Sept 2012 (23 days)
e 240 volts

e +-5% min-228/max-252 -

e Hourly by meter #
e Afew “high” meters

e Larger # of low meters

1. Data collected over 23 days at 15 minute intervals from SSN Smart Meters in Maui, showing Voltage & Load information

0 @™
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Initial Research Findings & Hypotheses (cont’d.)

High penetration PV causes fluctuations, but average voltage remains within
regulated limit

Avg Voltage by Hour of the Day* Voltage Standard Dev by Hour of the Day?
260 - 4 -
¢ *
25 ¢4e%*es +2o o . * L4
¢ ”ox’o’o. 0000 §‘§03
S S see, o .
S . . 3 . I‘% . . ¢
* ‘ 30’
250 . — o ' D $e0
* e .
PURS 'S *e . s *
s38gs ceetes Jeg 000 e 2
o $3scds : ‘e § 3 s :
£ a5 :""§§8 $38s ‘g‘: ¢ L “’
- i3ty o0 e cHoHTT
c>n & 10 4 l
LT it hu
15 = -
240 "’tll".l‘!ll‘ '.l" .
$ ¢
0% ! 13 ’ *
* DS 0‘0’ z
ee33%,,4 s 3
235 $38, ®
¢ © 0’00“ 0.5
230 . . : . 0 . : . T 1
0 5 10 15 20 0 5 10 15 20 25
¢ AvgOfvolts Hour of the Day Hour of Day 0 - 23 ¢ StDevOfvolts

e Poly. (AvgOfvolts) = Poly. (StDevOfvolts)
e Poly. (StDevOfvolts)

1. Data collected over 23 days at 15 minute intervals from SSN Smart Meters in Maui, showing Voltage & Load information
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Initial Research Findings & Hypotheses (cont’d.)

Load Analysis Sept. Daily?!

HHHHHHHHH _ts_lacal)

CCCCCCC

1. Data collected over 23 days at 15 minute intervals from SSN Smart Meters in Maui, showing Voltage & Load information

GO ES AN High
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Initial Research Findings & Hypotheses (cont’d.)
High Penetration PV Impacts Feeder Power Factor?

Hourly Average Power Factor by Phase

1.0 Month, Day, Year of correctad timestamp
B veys, iz
B vy 7, iz
08| Bl vy 3, iz
B vayo, 201z
[l vy 10, 2012
06+ Bl vy 11, 2012

AFF

044

0.z

P}

0.8

0.6

BFF

044

0z

P}

& T T - T o T o T & T 8 T e T @ T & T & T T o T @ T ; T & T & T b= T & T & T T T T
o o o ] o o s @ @ 8 5 8 a

PF =REALPower/ApparentPower Overall nightime Power Factoris .95 However during the day the power Factor dips significantly especially on B and C phase to less than 4 The
minimum appears to be around 12noon. It is unclear whether this is due to increased inductive loading or solar inverter affects or both.

1. Data collected from 82 meters at 1 second intervals from NREL transformer monitor over 6 days in September

60
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Please feel free to contact us for any details or clarification related to
presentations

Leon Roose : Iroose@hawaiil.edu

Q&A AND DISCUSSION

G0
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Please feel free to contact us for any details or clarification related to
presentations
Ann Peterson : Ann.Peterson@itron.com 509-891-3185

Smita Gupta: Smita.Gupta@itron.com 509-891-3189

THANK YOU

SunShot g
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