
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? 

Advanced Inverter Grid Support Functions Detailed Modeling Techniques - Primary and Secondary Models 

• Constant Power Factor (CPF) 0.95 Absorbing

• Volt-VAR

• CPF 0.95 with Volt-Watt

• Volt-VAR with Volt-Watt
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M34Feeders LFeeder 

�Length 14 km (8.7 miles) 4 km {2.5 miles) 

Customer Ty�s 37% Suburban, 31% Rural, 26% Suburban, 

30% Commercial, 48% Commercial, 
2% Multi-family 26% Multi-family 

Peak lo.Id 5.9MW 4.9MW 

Existing PV 1.6 MW (Rooftop) 1.8 MW (Rooftop) 

Volt.age Regulatton LTC with Line Drop LTC with Line Drop 
Equipment 

PE-Rooftop 

PE-Rooftop 

Compensation: R=7, X:7, 120V Compensation: R=7, XaaO, 121V 
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In order to determine how Al functions will perform, a unique modeling approach was required 

Primary and Secondary models must be merged together in order to determine the voltage at the 

customer. Customer Voltages are vital to Al functions, because the VARs and Watts manipulation 

is derived by the customer voltages. 

Primary Model 

... 

Customized Data per Customer 

With each customer on a circuits modeled, 

Individual Load and PV inputs can be inserted 

For Feeder M34, all customers used the same load and 

PV Profile. 

For Feeder L, AMI data was utilized for PV and Load 
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Secondary Model 
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Secondary Modeling - Refer to pg. 12 in report 

Variables used 

o Customer types

-OH Rural/Agricultural (2 designs)

-OH Suburban (11 designs)

-UG Suburban M34 (55 designs)

-UG Suburban L Feeder (5 designs)

- Note: Multi-family/Commercial were modeled at the
aggregate level

o Secondary transformer size 

o Number of customers per transformer
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M34 and L Feeder Voltage Plots 

M34 Feeder Voltage 

Case 0: Baseline Case 0.AI with CPF Case 0.AI with Volt-VAR 

CPF 0.95 on 47% of all PV Voll-VAR on 47% of all PV Voltage Summary 
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Case !.PE-Rooftop: Baseline with Pending Rooftop PV 

No Advanced Inverters CPF 0.95 Volt-VAR 

Feeder PV Penebation Case 

Case 1. PE-Rooftop 

Case 1. PE-Rooftop+PE-FIT 

M34 

Case 2.Hlgh-Pen Rooftop 

Case 2_Hlgh-Pen Rooftop+PE-FIT 

Case l.PE-Rooftop+PE-FIT: Baseline with Pending Rooftop PV and Pending FIT 

No Advanced Inverters CPF 0.95 Volt-VAR 

Case 1. PE-Rooftop 

L 

Case 2. High-Pen Rooftop 

Case 2.High-Pen Rooftop: Baseline with Pending Rooftop PV and Forecasted PV 

No Advanced Inverters CPF 0.95 Volt-VAR CPF with Volt-Watt 
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Case 2.High-Pen Rooftop+PE-FIT: Baseline with Pending Rooftop PV, Pending FIT and Forecasted PV 

No Advanced Inverters CPF 0.95 Volt-VAR CPF with Volt-Watt 

L Feeder Voltage Plots 
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Volt-VAR with Volt-Watt 
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Volt-VAR with Volt-Watt 
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Hawaiian 

Electric 

DeltaV (10 a.m. to 2 p.m.) for a Week 

Compare No Al function voltages to with Al functions voltages 

Lower = Better , more vo1ta1e reduction 

CPF-0.95 Volt-VAR 
CPF with Volt- Volt-VAR with 

Watt Volt-Watt 

0.82 0.8 0.79 0.79 

0.81 0.8 0.81 0.8 

0.71 0.55 0.61 0.52 

0.7 0.52 0.62 0.52 

0.83 0.83 0.83 0.83 

0.74 0.72 0.48 0.47 

Reason Volt-VAR is recommended over CPF 

Reason Volt-Watt is recommended 

Curtailment 
Annual Energy 

PV PVPenetration Curtailment to Annual Energy 
FeederM34PV Penetration with Volt- Customers with Volt- Curtailment Due 
Penetration Case Total VARNolt-Watt VAR/Volt-Watt to Volt-Watt 
Case 1. PE-Rooftop 10.4MN 18MN 11,268kWh 2,576kWh 
+PE-FIT or460% or0.5 % or0.1% 
Case2.High-Pen 14.1MN 55MN 73,264kWh 24,929kWh 
Rooflop+PE-FIT or620% or0.9% or0.3% 
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PV PVPenetration 
FeederLPV Penetration with Volt• 
Penetration Case Total VARNolt-Watt 

Case1.PE- Rooflop 2.3MW 550kW or81% 
Case2.High-Pen 6.8MW 

SMW Rooftop or247% 
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Annual Energy 
Curtailment to Annual Energy 

Customers with Voll· Curtailment Due 
VAR/Volt-Watt to Volt-Watt 

550kWh 130kWh 
or0.06% or0.01% 

31,737kWh 15.513kWh 
or04% or02% 
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Utility and Customer Impacts 

1) LTC Tap Changes

2) Voltage Violations

3) Watts and VARs

Case 2.High-Pen Rooftop (390% PV): Volt-VAR to CPF 0.95 on 62% of PV 
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Case 2.High-Pen Rooftop (390% PV): Volt-VAR to CPF 0.95 on 62% of PV 
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VAR Priority over Watt Priority 

Volt-VAR with VAR priority on 63% of all PWolt-VAR with Watt priority on 63% of all PV 

Case 1. PE-Rooftop with 1.8 MW of pending rooftop PV systems in volt.VAR VAR 
priority mode (left) and volt-VAR watt priority mode (right) 

Secondary Voltage vs. Distance 

0 Legacy PV • Volt-Var PV 
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Headlines: 

• Reactive Power Priority is critical to avoid overvoltage spikes and PV tripping

• New PV systems with grid support functions will improve customer voltages

• New PV systems with grid support functions have no adverse impact to utility voltage regulation

equipment

• Volt-VAR vs. CPF 

• Lower Voltages 

• Less Curtailment

• Less reactive power demand

• Combined activation of Volt-Watt with Volt-VAR or CPF is most effective at managing voltages

• Activation of grid support functions will result in more PV able to interconnect, which is con­

sistent with renewable energy goals

• Al functions do not fix existing voltage violations

Summary of Conclusions and Recommendations 

• Reactive Power Priority is critical

• Real power priority during high irradiance will cause voltage spikes

• Additional PV systems with Al functions interconnected to a distribution circuit will improve

overall voltage profiles

• Activating Al functions in new PV systems has no adverse impact to utility owned voltage regula­

tion equipment

• Volt-VAR benefits over Constant PF

• Voltage improvement always as or more effective than Constant PF

• Less energy curtailment than Constant PF 

• Less reactive power demand from Utility

• Combined activation of Volt-Watt with Volt-VAR or CPF is most effective at managing voltages

• Volt-VAR with Volt-Watt: Curtailment

• Near-term PV scenarios for all PV customers

• Annual PV-energy production reduction= 0.06 to 0.5%

• Volt-Watt contribution= 0.01 to 0.1%

• For 95% of customers, less than 0.5% annual energy curtailment

• For remaining 5% of customers, less than 5% annual energy curtailment

• Long-term PV scenarios for all PV customers

• Annual PV-energy production reduction= 0.4 to 0.9%

• Volt-Watt contribution = 0.2 to 0.3%

• For 87% of customers, less than 1% annual energy curtailment

• For 11% of customers, between 1 and 5% annual energy curtailment

• For 2% of customers, between 5 and 10% annual energy curtailment

• 100% Renewable Energy goals

• Enabling Volt-Watt with Volt-VAR may cause small PV energy reductions,

• But will result in more total customers able to interconnect

• Avoids the need for traditional circuit upgrades

• Al functions does not fix existing voltage violations due to existing legacy PV systems already con­

nected with no Al functions
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