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Background Purpose
Recommend Advanced Inverter Functions that are best for the utility and customer
HECO and Advanced Inverter Working Group

Identified the need to expand the Al Test Plan to simulate feeder operations with
Advanced Inverter (Al) voltage regulation grid support functions

Research Questions
1. Which Advanced Inverter grid support function is more effective at managing volt-
age?

Needed to understand operational and customer curtailment impacts
Constant Power Factor, Volt-VAR, and/or Volt-Watt

DER Order 34275, instructed the Hawaiian Electric Companies and DER Stakeholders
to create an Advanced Inverter Working Group tasked to determine the best
path forward for Al functions

2. What is the impact to customer kWH reduction?

3. What is the impact on feeder reactive power absorption?

4. Is active or reactive power priority the preferred implementation?
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Advanced Inverter Grid Support Functions Detailed Modeling Techniques - Primary and Secondary Models
« Constant Power Factor (CPF) 0.95 Absorbing In order to determine how Al functions will perform, a unique modeling approach was required
« VoIt-VAR Primary and Secondary models must be merged together in order to determine the voltage at the
« CPF 0.95 with Volt-Watt customer. Customer Voltages are vital to Al functions, because the VARs and Watts manipulation
. is derived by the customer voltages.
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M Fecders Lreser : Customized Data per Customer Secondary Modeling - Refer to pg. 12 in report
un.m 14 km (8.7 miles) 4 km (2.5 miles) -.
CustomerTypes  37% Suburban, 31% Rural,  26% Suburban, . With each customer on a circuits modeled, X
. . . Variables used
. L = V " Individual Load and PV inputs can be inserted
Peak Load 5.9MwW 4.9 MW ] o Customer types
Existing PV 1.6 MW (Rooftap) 1.8 MW (Rooftap) For Feeder M34, all customers used the same load and . .
L8 MW sTs — OH Rural/Agricultural (2 designs)
TOTAL 34 MW or 150% GMDL  TOTAL 1.8 MW or 67% GMDL PV Proﬁle. i
Voltage Regulation LTCwllhI.lnz Drap LTC with Line Drop — OH Suburban (11 des'gns)
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For Feeder L, AMI data was utilized for PV and Load — UG Suburban M34 (55 designs)
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M34 and L Feeder Voltage Plots

M34 Feeder Voltage
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Case 1.PE-Rooftop: Baseline with Pending Rooftop PV
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Case 1.PE-Rooftop+PE-FIT: Baseline with Pending Rooftop PV and Pending FIT
No Advanced Inverters CPF0.95 Volt-VAR
: : 0.74 072, 048
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Case 2.High-Pen Rooftop: Baseline with Pending Rooftop PV and Forecasted PV cu rtailment
No Advanced Inverters CPF 0.95 Volt-VAR CPF with Volt-Watt Volt-VAR with Volt-Watt
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: - 5 PV PV Penetration Curtailment to Annual Energy
N ) Feeder M34 PV Penetration with Volt- Customers with Volt- - Curtailment Due
i i | 1 i . i " . - § . Penetration Case Total VARNolt-Watt VARNolt-Watt to Volt-Watt
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o Advancid Inverters CPF 0,95 on 22% of Roofto PY Volt-Var on 22% of Rooflop PV P with Vst un 7284t 7V

Winlt-VAH with Veik-#as nn 7% of 7Y

{ CPF 0.95 on 73% of Roofrop PV EPF with etk Wt un 7% a4 A WiltMAR it Y it dn T35 of Py

PV PV Penetration Curtailment to Annual Energy
Feeder LPV Penetration with Volt- Customers with Volt-  Curtailment Due
Penetration Case Total VARNolt-Watt VARNolt-Watt to Volt-Watt
23MwW 550 kWh 130 kWh
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i Utility and Customer Impacts | [ Headlines:
1) LTC Tap Changes « Reactive Power Priority is critical to avoid overvoltage spikes and PV tripping
2) Voltage Violations e New PV systems with grid support functions will improve customer voltages
3) Watts and VARs « New PV systems with grid support functions have no adverse impact to utility voltage regulation
Case 2.High-Pen Rooftop (390% PV): VoIt-VAR to CPF 0.95 on 62% of PV equipment
o {— mumowes « Volt-VAR vs. CPF
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1 ‘ « Combined activation of Volt-Watt with Volt-VAR or CPF is most effective at managing voltages
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o Activation of grid support functions will result in more PV able to interconnect, which is con-
sistent with renewable energy goals
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« Al functions do not fix existing voltage violations

Voltage Violations.
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Case 2.High-Pen Rooftop (390% PV): Volt-VAR to CPF 0.95 on 62% of PV / . .
/ Summary of Conclusions and Recommendations \
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e Reactive Power Priority is critical
o Real power priority during high irradiance will cause voltage spikes
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1 g « Additional PV systems with Al functions interconnected to a distribution circuit will improve

i __ T @ overall voltage profiles

g | PV W Datarom Bseln E o Activating Al functions in new PV systems has no adverse impact to utility owned voltage regula-
£ H tion equipment
S8 i

i - g | ° « Volt-VAR benefits over Constant PF

g | | g e Voltage improvement always as or more effective than Constant PF
" widaite —— Wed 1o « Less energy curtailment than Constant PF
il o Less reactive power demand from Utility
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~ | e Combined activation of Volt-Watt with Volt-VAR or CPF is most effective at managing voltages

VAR Priority over Watt Priority
« Volt-VAR with Volt-Watt: Curtailment

VoIt-VAR with VAR priority on 63% of all PWolt-VAR with Watt priority on 63% of all PV e Near-term PV scenarios for all PV customers
: e Annual PV-energy production reduction = 0.06 to 0.5%
e Volt-Watt contribution = 0.01 to 0.1%
P * e For 95% of customers, less than 0.5% annual energy curtailment
Y e For remaining 5% of customers, less than 5% annual energy curtailment
s s e Long-term PV scenarios for all PV customers
Js e Annual PV-energy production reduction = 0.4 to 0.9%
- B - -~ o T - o e Volt-Watt contribution = 0.2 to 0.3%
I Case 1‘;:‘5}30:'2:5; m&?)g:mm pending ::;f:xs ,:\é:gztg;-:)in volt-VAR VAR | e For 87% of customers, less than 1% annual energy curtailment
E e For 11% of customers, between 1 and 5% annual energy curtailment
Y e For 2% of customers, between 5 and 10% annual energy curtailment

Secondary Voltage vs. Distance

- « 100% Renewable Energy goals
T e oy . Enabling VoIt—W?tt with Volt-VAR may cause sm.aII PV energy reductions,
. e But will result in more total customers able to interconnect
e pybeine e Avoids the need for traditional circuit upgrades
« Al functions does not fix existing voltage violations due to existing legacy PV systems already con-
h = ! nected with no Al functions J
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e Presented at the EUCI Smart Inverter Workshop
Denver, Colorado
= November 15, 2017
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) Rooftop; d indicates no , for clarity of the image, the PV systems areonly shown inthe blue
‘secandary with voIt-¥AR but bath sce in the Tiaure have the same 10 PV systems in the mode! /
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