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C Hawal'i Natural Energy Institute | University of Hawai'

Grid System Technologies Advanced Research Team

\
Established to develop and test advanced grid architectures, new

technologies and methods for effective integration of renewable
\energy resources, power system optimization and enabling policies.j

« Serves to integrate into the operating power grid other HNEI
technology areas: biomass and biofuels, fuel cells and hydrogen,
energy efficiency, renewable power generation

« Strong and growing partnerships with national and international
organizations including Asia-Pacific nations.
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Team members combine for

75+ years of utility, policy

L and regulatory experience )

* Prior electric utility company senior management and staff
* Prior Commissioner of the Hawaii State Public Utilities Commission
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Hawaii’s Nene Curve

Renewable Watch - Oahu Oct 22, 2017
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Types of Renewable Studies

« System Integration Study

« Analysis of various renewable energy and system
scenarios, considering:
« Economics: production cost and curtailment risk

 Reliability: loss of load expectation (LOLE), reserve
requirements, mitigation strategies

« System-level physics: voltage strength and frequency
stability

 Interconnection Requirement Study (IRS)

* Project-specific analyses — Protection schemes, ground
fault overvoltage, power flow, etc.

 Distribution Hosting Capacity Study
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System Integration Studies

Dynamic Modeling

Validate Develop and Production
System Implement Cost
Models Scenarios Modeling

Load Flow Reporting,
Modeling Dissemination

Variability Analysis

Select Identify
Mitigations Shortcomings

Evaluate high renewable options to identify technology and cost drivers

« Different resource mixes (wind, central & distributed solar, biomass, other)
 Different grid configurations (independent or connected, micro and smart grids)
« Alternative fuels (LNG, hydrogen)

« Changes in loads (energy efficiency, demand response, EVs, storage)

« Changes in grid operation (unit cycling, reduced min run)

« Changes in generation mix (unit retirement, new units, new technology)

Robust analysis to identify optimal operations and inform policy




Renewable Energy Grid Integration Studies
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Why Is Hawail Unique?

A shared experience with other islanded power systems

>

Large Single Contingency

Must be prepared for the loss of AES coal plant, which can be up to
30% of the grid’s supply

Low Number of Synchronous Generators

Oahu has few synchronous generators online and available to
provide primary frequency response

Isolated grids

Islands cannot rely on neighbors during emergency events for
support

/ High Level of Renewable Penetration (DPV especially)

High renewable penetration displaces conventional generation and
some of the ancillary services they provide.

Novel solutions are required to maintain grid stability with high wind and solar
penetration



System Integration Tasks

Data Requirements

Existing infrastructure:

« Thermal fleet: heat rate curves, min/max operation, ramp rates and
startup/shutdown time, maintenance intervals and outage rates

« Transmission and distribution: topology, thermal limits, efficiencies
« Supporting equipment: synchronous condensers, energy storage, etc.
Existing plans: Capacity expansion and decommissioning

Loads: Typical profiles and ramp rates, uncertainty, and annual
growth

Renewable energy: Typical metrological year (TMY) profiles,
uncertainty, and annual variability (all location dependent)

Commitment and dispatch: Operating constraints and
strategies (reserves, PPAs, etc.), SCADA data

Economics: Current and projected cost of fuel, renewable
energy, and supporting technology



System Integration Tasks
Scenario Development

Driven by society/political goals, available and
future technology, and economics

Iterative process — changes in driving factors

Should involve all stakeholders — policymakers,
utility, developers, public representatives — but
let the data drive the outcomes

Balance between the current and ideal future
state of the grid
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System Integration Tasks
Production Cost Modeling

« Sub-hourly optimal commitment and dispatch, subject to
operational constraints

« Initially, validate against existing operations

« Then, evaluate system operations and economics with increasing
levels of wind, solar, and energy storage
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System Integration Tasks
Dynamic Modeling

« Used to analyze frequency stability under contingency
events

Example Generator Trip Contingency
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System Integration Tasks

Dynamic Modeling

« Over-frequency can also occur due to load rejection
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System Integration Tasks
Dynamic Modeling

« Dynamic simulation requires more effort than production cost simulation, so
we use production cost to select challenging periods to evaluate further

« We fit and validate a metric that quantifies system risk based on multiple
factors: thermal unit commitment, largest generator contingency, legacy
DPV, and up reserves online
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System Integration Tasks
Dynamic Modeling

Generator Trip Contingency
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System Integration Tasks
Dynamic Modeling
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System-Level Mitigating Technologies

« Selecting the right type of new generation technology for
expected load growth

« Upgrades to existing thermal fleet: Reduced minimum operating
levels, improved ramp rates and efficiencies

* Energy storage technologies:

» Wide range from high power, low energy (synchronous condensers,
flywheels) to low power, high energy (pumped hydro, hydrogen); batteries
are somewhere in the middle depending on chemistry and design

» Depending on technology, implementation, and controls, can provide a
variety of services: fast frequency response (FFR), operative reserves,
energy shifting, etc.

 Demand response and distributed energy resource (DER)

controls: can provide FFR, reserves, and energy shifting just like
energy storage technologies

« Improved communications, controls, visibility, and prediction:
« Particularly needed for DER (e.g., rooftop PV)

« Wind and solar forecasting can optimize reserve requirements by predicting
resource availability over multiple time horizons from seconds to days

!- HNEI
.i st ismernl oy Iniainns

why i o S



Grid Scale BESS Projects (HNEI)

Demonstrate optimized BESS operating strategies for high value grid
applications

Upolu Point, Hawaii Island (1MW, 250kWh)
» Modeling showing benefit completed in 2007
* Frequency regulation and wind smoothing
« 3.3 GWh over 3yrs, > 6000 full cycles
Molokai Secure Renewable Microgrid (2MW) |
« Operating reserves (fault management), frequency regulation, &)
» Fast response decision and control (<50ms response) |
Campbell Park industrial feeder with high penetration (1MW)

« Power smoothing, voltage and VAr support, and frequency
regulation

Laboratory testing of single cells
» Novel technique to characterize state-of-health
« Performance models to predict lifetime of grid scale BESS

BN uNE 18
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Grid Frequency [Hz] Battery Power [kVY]

Grid Scale BESS Projects (HNEI)
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« Reduce battery cycling while maintaining grid benefit
* Integrate with other technologies for longer events
« Analysis of utility value
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Molokal Excess Energy Issue
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Source: E3 Interconnection Potential Analysis — Molokai, October 8, 20151,
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Molokal Excess Energy Issue

7.00 . . .
Moloka'i Generation Profile
2009 load with the addtion of 2,942 kW of PV and 100 kW of Hydro
Annual Excess Energy = 3.9 MWh Accepted renewable energy from 665 KW in the queue = 1,106 MWh
6.00 _ . - ;
Daily maximum Excess Energy = 0.9 MWh Average Daily Excess = 0.01 MWh

5.00

4.00
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2.00

s ||' R L 1.3 MW Minimum Generation

1.00 Plus Down Reserves
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Day of the Year
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Maui Wind Integration Study
Scenarios

Scenario 1
30 MW, Plant 1 (Existing)

Scenario 2

30 MW, Plant 1

Kah |
22.5 MW, Plant 2 (goe,'(‘,,‘(}’\?)

Kaheawa
I
(21 MW)

Scenario 3

30 MW, Plant 1
21 MW, Plant 3

Scenario 4 \‘\' Py
30 MW, Plant 1 Er)

22.5 MW, Plant 2
21 MW, Plant 3

- HNEI
Ei 22



Wind Delivered With MECO System
“As-Is” Today

Available and Delivered Wind Energy

I Plant 1 Plant 2 Plant 3
Available | Delivered | Available | Delivered | Available | Delivered
Scenario Wind Data (GWh] (GWh) (GWh (GWh] (GWh] (GWh]
| Plant 1 Historical’ 138 135
Plant 1 and 3 Historical® 138 135 g7 5
| PlantTand2 Estimated™ 133 129 108 78
L Plant 1,2 and 3 Estimated™ 133 129 108 78 83 25

Delivered Energy for Plant 3 was
insufficient to finance the project

23



Candidate Mitigation Strategies

Hemras s Haltaad b ey bnuiine
Srrredy At o S

Table 2 Summary of strategies to increase wind energy delivered

ﬂpalrtl:ltmnnl CI:m nge / Expected Risk Observation
Additional Equipment advantage
Reduce unit

Reduce up reserve

commitment in
moderate/high load

System frequency performance. Wind

Potentially most increased
production benefit to WFs later in the

requirement level. Reduce drop off events with insufficient reserve .
- curtailment arder.
minimum power &
cutailment
Reduce minimum Increase WF Depending on WF performing

operating power of
thermal units carrying
& MW of down reserve.

production by 6MW
during load low
haurs

Risk of units continuosly operating
close to trip conditions

controls, most increosed production
benefit to WFs later inthe
curtailment order.

Storage [high energyl

Shifting injection of
Plant 3 wind power

High energy/power ratings of storage

Limited number of hours in high wind
days when additional power can be
injected

Storage (lower energyl
to provide up reserve

Reduce unit
commitment in
moderate/high load
level

High energy/power ratings of storage

Potentially most increased
production benefit to WFs later in the
curtailment order.

Reduce system MR
commitment rules

Increase WF

production during
low load hours

Insuffient MR to meet reliability
requirements. Limitations to reliably
cycle units.

Potentially most increased
production benefit to WFs later in the
curtailment order.

Additional fost start
generation to reduce
rotating reserve
requirements

Reduce unit
commitment in
moderate/high load
level

Permitting difficulties for thermal
generation (biofuel may be option). Time
required for implementation. Frequency

performance for fast wind power

variations (<10min]

Potentially most increased
production benefit to WFs later in the
curtailment order.

Wind production
forecaost

Demand Side
Management

24



Effectiveness of Mitigation
Measures to Increase Wind
Energy Delivered

Wind Energy Delivered [GWh)
Scenario 1H Scenario 2 Scenario 28 | Scenario 1E | Scenario 3 Scenario 4 | Scenario 48
Historical Wind Data Estimated Wind Data
Plant1+2
piant1 | Plant1+3 [ PRI+ ooy | plantre2 | PAtI+2 175
[Mitigations) +3 e
(Mitigations)
| Plant 1 135 155 136 151 151 129 157
Plant 2 0 0 0 0 /9 /8 91
Plant 3 0 59 i 0 0 25 4/

BESS Function MECO Operations
« 10MW / 20MWh * Include 10MW of BESS in Up Reserve

+ Manual and AGC Dispatch /; + Reduce Down Reserve of M14 & M16 by 1.5MW
» Aggressive Overfrequency Response * Reduced Operation of K1 and K2
« Ramp Rate Limit within a limited SOC * 50MW Up-Reserve Limit

Range




Interconnection Requirements
and
Distribution Circuit Hosting Capacity

Click here for Map summary

- Mau I Click here for Street
Check Summary

Street Check

Hamrad | Ml B



i

DG PV Interconnection Requirements

IEEE 1547a-2014 / UL1741 Certification
Active anti-islanding

Transient overvoltage mitigation
Low/High voltage ride-through
Low/High frequency tide-through
Advanced Inverter Functions

i

Volt-watt

Frequency-watt

Volt-var

Fixed power factor

Ramp rate — normal and soft start
Remote disconnect capability



Anti-Islanding

Active anti-islanding schemes typically drive
frequency out of the ride-through region when
disconnected from the grid.

With active anti-islanding, islanding has not
proven to be an issue, even at high
penetration levels using standard anti-
Islanding techniques.

Studies done by Sandia National Lab
determined that if there i1Is a mismatch of
more than 1% between the VAR load and the
VAR sources on the circuit, the inverters will
not form an island.



Transient Overvoltage
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Figure 18: Maximum instantaneous over-voltage vs. load ratio for Inverter 5
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Avoiding Transient Overvoltage

3.2

Conditions

W _ W  Hawaiian Electric

H—’ Maui Electric

4 &  Hawai‘i Electric Light

Transient Overvoltage Limits Guideline
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Frequency Ride-Through

Table 4a.h: Frequency Ride-Through Table (Oahu, Maui, Hawai'i Island)

System Frequency Minimum g . . .
Operating Region De fault Settings Range of Ride Thl:ough Operating Maxm?um Trip
. . Until Mode Time
(Hz) Adjustability
. Permissive
Over-gfe:(;uzency 2 f>64.0 60.1 - 65 _Ir:? R'di Operation 0.16 seconds
( ) roug (Freq-Watt)
Mandatory
Over-Frequency 1 64.0=f>63.0 60.1- 65 20 seconds | Operation 21 seconds
(OFR1)
(Freg-W att)
. Continuous
Normal Operaton 63.021>600 |NotApplicable]  Indefinite Operation | Not Applicable
igh (NORH)
(Freg-W att)
Normal Operation . . Continuous .
Low (NORL) 60.0=f=57.0 Not Applicable Indefinite Opoeration Not Applicable
Under-Frequency 1 Mandatory
(UFR1) 57.0>f=56.0 57 - 59.9 20 seconds Operation 21 seconds
Under-Frequency 2 No Ride Permissive
(UFR2) 56.0>f 53-57 Theough Operation 0.16 seconds
Table 4a.h: Frequency Ride-Through Table (Molokai, Lanai)
System Frequency Minimum . . . .
Operating Region Default Settings Range of R'deJn'l:;mgh Op:;z:;ng Maxlm Trip
(Hz) Adjustability
~ . Permissive
Over-Frequency 2 f> 65.0 60.1- 65 No Ride Operation | 0.16 seconds
(OFR2) Through
(Freq-W att)
Over-Frequency 1 Mandatory
65.0=f> 63.0 60.1- 65 20 seconds Operation 21 seconds
(OFR1)
(Freg-Watt)
. Continuous
Nermal Operation 63.0=f>60.0 |NotApplicable| Indefinite Operation | Not Applicable
High (NORH)
(Freg-Watt)
Normal Operation . _ Continuous )
Low (NORL) 60.0=f=57.0 Not Applicable Indefinite Operation Not Applicable
Under-Frequency 1 _ Mandatory
(UFR1) 57.0>f=250.0 57 -599 20 seconds Oparaiion 21 seconds
Under-Frequency 2 No Ride Permissive
(UFR2) s0.0>f 50-57 Through Operation | O-16seconds




Voltage Ride-Through

Table 4a.g: Voltage Ride-Through Table

Voltage at Point of

Ride-

Return To Service - Trip

. . . Operating Maximum .
()
Operating Region | Inte rc?nnectlon (% Thl’Ol.fgh Mode Trip Time Criteria (V) Time Delay
Nominal Voltage) Until (s)
Over-Voltage 2 No Ride Cease to 0.16™ Y a0
(OVR2) F 0 Through Energize seconds aniatdaieg = i
Over-Voltage f 1202V> 110  |092seconds| MENIAOY | 4iecond | 1102v=88  300- 600"
(OVR1) Operation
. Continuous
Normal Operation 1102 V> 100 Indefinite Operation Indefinite | Not Applicable Not Applicable
High (NORH)
(Volt-W att)
Normal Operation . - Continuous - . .
Low (NORL) 100> V=88 Indefinite Operation Indefinite Not Applicable Not Applicable
Under-Voltage 1 88> V=70 20seconds | VBNGEOY | oy ceconds | 110=v=88  300- 600"
(UVR1) Operation
Under-Voltage 2 . 10-20* Mandatory 11-21* > i .
(UVR2) U0 seconds Operation seconds 110=V=88 300- 600
Under-Voltage 3 No Ride Permissive .
(UVR3) 50>V Through Operation 0.5 seonds 110=V=88 300 - 600

*

May be adjusted within these ranges at manufacturer's discretion.
** Maximum trip time under steady state condition. Inverters will also be required to

meet the Companies transient overvoltage criterion (TrOV-2).




Under Frequency Load Shedding
Impacts

Frequency Response with Load Blocks shed

RDLC = Residential Direct Load Control

: Block 1

Bloek 2

CIDLC - Commercial & Industrial Direct Load Control

Kicker Block 2

Will require additional load shedding and |
“dynamic/programmable” schemes RR———

33



Distribution Hosting Capacity

Assumes interconnection requirements are met
Develop PV growth scenarios
Assess circuit loading impacts
Assess circuit voltage impacts
Assess voltage flicker impacts

- -
frmm o

M | el B



Circuit Overload and Voltage Impacts:

Location of DG Impacts Circuit Loading and

Voltage

Large DG exports

LTC
_sq SUBSTATION large amounts of

In Feeder (with R and X) power up feeder
IDC:‘-
2 IEEE 1547 trip Limit (132 Volts)

ANSI C84.1 Upper Light Load
| Limit (126volts) | (DG at High (zungt)_\_ e

U \
Voltage N — e
------------- w.....:....:-.."*-.-‘:l‘.“_ . — — —
~ \
~ ~ Heavy Load
e —_— (DG at High Output)

ANSI C84.1 Lower
Limit (114 volts) Heavy Load No DG

Distance
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Circuit Overload and Voltage Impacts:
Location of DG Impacts Circuit Loading and

Exporting DG “shields” the
substation LTC controller
from the feeder current.
The LTC sees less current
than there is and does not
boost voltage adequately.

Voltage

SUBSTATION
LTC
§ §‘_ DG Supports most of
' | feederload
! !
! L | >
! u..u| -
Line drop
compensator LTC
Controller Large DG
(many MW)
ANSIC84.1 4
Upper Limit Heavy Load No DG
(126 volts)
Q N Q Heavy Load with DG
oTo) Light Load No DG
= \
.
@)
> — — — — —
ANSIC84.1Lower —Ttteee
Limit (114 volts) llllllllllllllllllllllllllllll

Distance



Power Quality -
Flicker

Interconnecting a large amount of
fluctuating generation such as PV
(for example) on a circuit

Fluctuating Voltage Level

AT
=

M | el B

D

(&)

Partly cloudy conditions Clear conditions

140000 -A_
120000 N [ -\
100000 \ ' ‘
Power goood | i § 8 .
(Owu;?tu gt) gooo0 | i f \ H \
oo | I Lol
20000 | W F\ , \ | \I
MO T
= e e o e -t
-20000 = i =

9/11 9/12 9/13 9/14 9/15 9/16 9/17 9/18 9/19 9/20

September 11 through September 20, 1998

[ [ [ [ [T [ I
The GE Flicker Curve i
\ (IEEE Standard 141-1993 and 519-1992)
\\
\\‘/ BOHDEIIZILINEIOF IFIEHITAITICI)N
\-..,, BORDERLINE OF VISIBILITY OF FLICKER
/\\
\\ \-..__
R R 4
1 2 5 10 20 30 1 2 5 10 20 30 1 2 5 1020
DIPS PER HOUR DIPS PER MINUTE DIPS PER SECOND
| | | | | FREQUENCYOFDIPS | | | | L
30 12 6 32 1 30 12 6 32 1 3 2 1 .05
MINUTES SECONDS

TIME BETWEEN DIPS 37



Feeder Hosting Ability

e TWO Sources

e Station TC1 Bus A A W
- Station TD Bus A o
* Incremented PV at
three different
locations
- 8



Example - Feeder |

« Existing PV: 0 kW
1403.5 KW

Feeder PV Hosting Limits

« Planned PV:

osting Results

m Existing = Planned = Additional Flickar vis = Violation
FOS aV=0 B4
gonn  CemMPonent .
Dveriosd
AN=0, Bl 6260 G225 [ d 0 GRG0
Campanent Campanen Campaorent A T
BO00 Crwerboad Crwerlgacd Drwerioad Chverioad
AV=0.45% Sa60 5510 BV=1.06 SAG0 - T AV=1.4% LIS AV=1.57 G520
Flicker Compament [T Companent COMEonent Compaonent
irvitablilyy  CveTioad Overioad Micloar Owerioad Crverioad Overlosd
AV=1.90 A= 19T AV =007 Trrivabdlity AW=1.97 T e ] A=, 44
F000 Ay=1.99
GO0
= . Fli Lol Fii 151
=
FI
=l Fe is ' "
4000
3000
i " FH (13
# FE " Fii ]
Pk Ld 1187,
1000
1 5 1 5 1 5 1 5 1 5 1 5 1 5 1 5 1 5
PAin Ll o0uth, 3
o
Poak Load Peak Load Feak Load hAax Peak Load [ EE Poak Load Bla Peak Load Bl
I'-"\.l'.l"l..wd PV,-"l.udnrJ Py L e P Laad P fLaad P Laad
Ratio Ratic Ratic Ratio Reat o Ratio

Station T Bus & Station TD Bus &

Lacation 1

Station T Bus &

Station TD Bus &

Location 2

Station T Bus A

Station TD Bus A

Location 3
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Voltage Control: Excessive voltage regulator
tap operations with variable DG

Active and Reactive Power

Feeder Voltage and Regulator Tap Changes
1 I
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Tme (5] a IJ
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Ground Fault Overvoltage

X, R, Voltage swell during
thased (VY A—NVNVN ground fault

X, R, ‘ V(t)

Phase B

A et TR e
== T Tl

)] Y

an

. AAA A
Neutral and earth return path _Ground F_&Ult OverVOItage can result
iIn damaging overvoltages on
Before the Fault During the Fault unfaulted phases of up tO rOUgth
y y 170% of the normal maximum

system voltage!

Voltage
% Increases

L onV,, Vy, Effective grounding limits the voltage
e/ rise on the unfaulted phases to about
v 0 Vo >y 125% of nominal during L-G fault on 4-
wire multi-grounded neutral systems
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Short Circuit Ratio

The majority of inverter-based control systems rely on the
voltage magnitude and angle at their terminals to not be
largely affected by the current injection of the resource for
stable operation. In this context, electrical system strength
refers to the sensitivity of the resource’s terminal voltage to
variations of current injections. In a strong system, this
sensitivity is low; in a weak system, this sensitivity is higher.
The most basic and easily applied metric to determine the
relative strength of a power system is short circuit ratio (SCR)

“Plain” SCR is a simple calculation, but
SCMVApg,; does not account for multiple inverter
MWy gr interactions. An S_CR of 3 is considered
adequate. Some inverter manufacturers
can operate with an SCR as low as 2.

SCRpor =



Simple SCR Example

Source |
(strong
source)

? Inverter-based generator

POI

Short-circuit MVA at POI = 471 MVA
Generator MW =50
SCR =471/50 =9.42 (OK)

Source 2
(source)

j

Source |
(strong
source)

? | Inverter-based generator
\ POI

Short-circuit MVA at POI = 98 MVA
Generator MW =50
SCR =98/50 = 1.96 (Not OK)

50 miles

Source 2

(source)

Eg Ly Source: MISO Planning Subcommittee August 15, 2017
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Short Circuit Ratio Calculation Methods

Table 2.1: Comparison of SCR Methods

Provid Accounts for weak Able to id
Simple calculation| Accounts for rovides common electrical coupling| Considers non- consicer
, metric across a individual sub-
Metric using short circuit | nearby inverter between plants active power
program based equipment larger group of within larger | inverter capacity* o s
VER larger group
group
Short Circuit
SCR Ratio * * X X X x x
Composite
cscR it * * * X X X
Weighted SCR
wscR-Mw [ W w * % * N ) ¢ X X
Weighted SCR
wscrmva | Vo * * % * % * * K X
Multi-Infeed
SCRIF on X * % X * % * % * %

* e.g., STATCOMs or partial power inverter-based resources

Source: “Integrating Inverter Based Resources into Weak Power Systems, Reliability Guideline”, NERC, June 2017

http://www.nerc.com/pa/RAPA/ra/ReliabilityGuidelines/Reliabilty Guideline - Integrating VER into Weak Power Systems.pdf

Hamrad | Wl

e A e =
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http://www.nerc.com/pa/RAPA/rg/ReliabilityGuidelines/Reliabilty_Guideline_-_Integrating_VER_into_Weak_Power_Systems.pdf

Installed PV Capacity - HECO Companies

(2005 to 2017)
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Complexity of DER Utilization

Circuit DER utilization potential depends on:
« Time of day and weather for PV

« Available resource capacity for Distributed Energy Resource
(DER), i.e. BESS, EV, DR, etc.

« DER may also have competing use cases to consider

PV Inverter System MMKQ024

35

Day1

25 Day 2

15

0.5

2:00:00 A
2:24:00 AM
4:48:00 A
7:12:00 AM
9:36:00 AM

2:00:00 PM
2:24:00 PM
4:43:00 PM
7:12:00 PM
9:36:00 PM
2:00:00 AM




Maul Advanced Solar Initiative

advanced PV inverter functionality in a smart grid environment

US DOE & ONR funded, HNEI led project to develop and demonstrate

~800 customers
~300 PV systems = 2MW
MDL = 976kW

MW _ 200%

% Penetration = pp—

Legend

Circuit 1517 Wailea Sub 25

Transformers in CKT 1517
Labeled ith KVA

21 oo 300 PV locations

4 SingePrass Overhesd, C

Pt totaling 2MW

23
Circuit Coverage Reoce 103z

CKT 1617 Boundary 20,30 )

s X
Al other Circuits o
Primary Conductor I~ _

Overhead  Underground ”
—— Prasea ey ' )

PraseB 8 sm‘ﬁa},;‘
——Prasec —c

G0t B
—asc —a8C s =
ClosedFuses  Open Fuses 8 Y Ten =
: 7 B
Closed Switches  Open Switches S )
y

* Opencions v
PR
PV Locations in CKT 1517 1oma Fia ‘
s |
.58, |
|

Labeled with Total KW
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Field Performance & Data Mining

\r{____)

PV Array

Remote Server

Internet

AcquiSuite EMB

Fronius IG Flus

Usage

Cisplay
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123
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Volage

122
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120

M | el B
e A e =

00
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O
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Software sends cONntrol curves to adjust inverter

Sends Volt-VAR or Volt-Watt curve to Smart % %
Inverter to adjust inverter VAR or Watt = = -
S S|

injections into the grid

VARS
(HonquI

e Smart Inverter receives
curve, senses system

voltage

Smart Inverter adjusts VAR or Watt
output based on curves to respond to
system voltage fluctuations

D 2-way data flow
———l™— \\/ireless communications




Voltage Along the Feeder

November 1, 2015 (7 pm-11:59:59pm)

126 | | I Beginning
. i _ Middle
L T /pm-11pm e

120 | | | |
19:00 20:00 21:00 e 22:00 23:00 00:00
_ Voltage Profile with Distributed PV

1248| en 10am-3pm
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Reactive Power & Voltage

Capacitive

Reactive Power (kVAR)

\
I,

™ T

Real Power (kW)
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Reducing Voltage Fluctuations Across

Distribution Feeder

Improves energy efficiency and reduces peak
demand by lowering voltage (within ANSI
limits) on the feeder lines that run from

substations to end-use loads.

LTC

—§ - Vi Vi,
g > Von
_Hj - P
SUBSTATION I
) YY) R'DXT
Service
Secondary Drop Wire
Rg.Xs \ o Re,Xc
VC! VCZ VC\
Voltage 4 .
gm 'Voltage Profild without DG
3 voltp
‘\_'__ Primdry
119 f— =
2 volts distributipn
117 > l\ —l transformer
]16 > \ 1 wokt secondary
115 1 volt service drop
T4 s e s s e s Last Qustomer
ANSI| C84.1 Lower Limit (114 volts)

Distance From: Smart Distribution WIKI

Smart inverters can be
controlled to manage voltage

Voltage

kWLOAD & kVARLOAD

-10
1

124.6

124.4

L L L .
0:00 10:30 11:00 11:30
Time

L L '
12:00 12:30 13:00

\oltage at Service Transformer Secondary (V+)

Measured Data
Measured Data with Injected kVar

1242 i I8
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123.4
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123+ AV =168V
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Time
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Advanced Conservation Voltage Reduction (CVR)
Field Demonstration

R

. Voltage DER Control
Transformer L E ; required)

«—

CVR Feeder | .
Controller |

Data Collection

Collaborating with an international partner
to provide equipment installation support
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Understanding Power Meters

Computation of reactive power differs across meters

Line 1 Reactive power

05 — PQube kVAR  ~—— VeriskVAR === PQube TDD

Fundamental
Reactive

Power

Non Active
Power

4 v

Current TDD (%)

w




Advanced Inverter Standardization

« Control curve
— Number of points
— Steepness of curves
* Inverter response time
* Interaction between multiple inverters

Moderate Curve Steep Curve
150 T T 150
Input Curve Input Curve
Data Points Data Points
100 100 ——— .
4
y
%) 0] .
1 14 A
<>c 50 <>( 50 ““1
Q@ o -
5 E u
T [ R
é 0or z 0 I".." 'I‘“- \
2 2 ™\
-50 - 50 | 1
-i;l\.
x.e
-100 1 1 1 1 1 1 1 1 3 -100 | . \ \ ‘I"‘, .
215 220 225 230 235 240 245 250 255 260 265 234 236 238 240 242 244 246
Volt Volt



HECO Advanced Inverter Function Settings

= Advanced Inverter Functions
* Frequency-watt
= \olt-var
= Volt-watt
» Fixed power factor

Figure 4A-2:Frequency-Watt settings per Table 4A-7.

Figure 4A-3: Volt-var settings per Table 4A-8.

var as % of nameplate kVA

Volt-var
injecting
V2| C]2 Vref
97,0 1,0
O
L A
1

Voltage, per unit

1.2

E . w—P pre =1 pu
\ \ P pre =0.75 pu
- 04 \ \ P_pre =0.5 pu
0.2

58 59 60 61 62 63

Frequency, Hz

Active power, per unit of rated active power
o
[=2]

Figure 4A-1: Volt-Watt Function per Table 4A-3.

-

Volt-Watt Function
Vi,Py
1.06, 1.00

=

Va.Py
1.10, 0.00

Active power, per unit of rated
active power output (Prated)

T T o !
1.00 1.05 1.10 1.15
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Ongoing DER Research

HNEI Power Meter

PV & Load Data Synthesis
Distribution Modeling / =
Predictive Distribution Operator il

Using COTS equipment: Custom, using board-
= PV & Load Data Forecastlng $2500 level components: $200

'ny Google Earth Viewer =& M - DEW hneitempaaa V02 Planned Aw* = [ =) ]
Expand Circuts @ e ) SRl B [ T () e W 5§ @

“ah B)G00aIE~Y: A ) - la
View Range v 1721896 (132165 Zoom finished
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Summary

« System Integration Studies
« Analysis of various renewable energy and system
scenarios, considering economics, reliability, and system-
level characteristics
 Interconnection Requirements and Circuit
Hosting Capacity
« Applying industry best practices for interconnection
requirements enables high penetrations of DER today
 Distributed Energy Resources (DER)
« Rapidly growing and viable resource

* More research and development is required to effectively
utilize advanced capabilities of power electronic devices
(e.g., PV inverters)
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Hawai'i Natural Energy Institute | University of Hawai'i

Grid System Technologies Advanced Research Team

Expertise & Focus:

» Renewable Energy Grid Integration

» Smart Grid Planning & Technologies

» Power Systems Planning

» Power Systems Operation

» Power Systems Engineering and Standards
» Communications Design and Testing

» Data Center and Cloud infrastructure

» Energy Policy

» Project Management and Execution

Lt
Smart Grid |38 _
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Mahalo!

(Thank you)

<@

- T‘b@

For more information, contact:

Leon Roose

Hawaii Natural Energy Institute

School of Ocean & Earth Science & Technology
University of Hawaii at Manoa

1680 East-West Road, POST 109

Honolulu, Hawaii 96822

Office: (808) 956-2331

Mobile: (808) 554-9891
E-mail: lroose@hawalii.edu
Website: www.hnei.hawaii.edu
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