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OBJECTIVE AND SIGNIFICANCE: HNEI’s Grid 

System Technologies Advanced Research Team 

(GridSTART) is demonstrating conservation voltage 

reduction (CVR) as an effective way to conserve 

energy on a U.S. Marine Corps (USMC) base in 

Okinawa, Japan. The main principle of CVR is that 

customer energy use and peak demand can be 

seamlessly reduced by effectively lowering the 

operating voltage within the acceptable operating 

band on distribution circuits serving customer loads. 
 

BACKGROUND: The primary value proposition of 

CVR implementation is the reduced energy use by 

more effective management of customer service 

voltage with an expected reduction in energy 

consumption in the range of 0.7% to 0.9% for every 

1% reduction in voltage. Working in close 

collaboration with USMC Facilities personnel in 

Okinawa, seven distribution service transformers on 

a branch of the 13.8 kV circuit serving the Plaza 

Housing complex were identified for CVR field test 

and evaluation. 

 
Figure 1. CVR demonstration single-line diagram. 

 

The CVR-controlled feeder section is isolated with a 

new voltage regulator (VR) to control the voltage at 

“downstream” service transformers, behaving like a 

substation transformer load tap changer (LTC) for the 

feeder section under test. While action by the VR’s 

LTC can shift the voltage profile of the entire feeder 

down, it is unable to manage individual low- or high-

voltage points along the feeder path. Voltage 

reduction by the LTC is thus constrained by the 

minimum voltage point along the feeder. To achieve 

increased CVR benefits, HNEI has patented and 

field-demonstrated a method of localized voltage 

management with an advanced CVR device to: 1) 

smooth the voltage profile; 2) boost the lowest 

voltage at a distribution service transformer, thereby 

allowing the LTC to further shift the entire feeder 

voltage down; and 3) provide maximum CVR benefit 

for all customers. 

PROJECT STATUS/RESULTS: Testing and validation 

of GridSTART’s CVR control algorithm was 

completed utilizing HNEI’s hardware-in-the-loop 

laboratory platform. Multiday real-time HIL 

simulations were completed using project site field 

voltage data under a full range of load conditions to 

ensure robust and reliable operation of the 

autonomous controller and algorithm. 

 
Figure 2. Voltage Profiles with CVR on and off. 

 

Navy Seabees provided substantial project support by 

completing all project civil/structural work. HNEI 

GridSTART installed a 5.8kW rooftop PV system and 

all CVR system components just prior to Japan’s 

enactment of its COVID-19 travel entry ban. In 

March 2022, the project team was finally able to 

reenter Japan to prepare the CVR system for test and 

commissioning. Upon completing several system 

component repairs, the system was successfully 

commissioned in May 2022. Recently, the USMC 

Camp Butler team upgraded the existing base AMI 

communications network, improving its reliability. In 

turn, this has improved CVR system performance due 

to its reliance on the base AMI network. Following 

the removal of COVID-19 travel entry restrictions to 

Japan in October 2022, HNEI conducted further field 

verification tests and collected CVR system 

operational performance data. Preliminary analysis of 

CVR system performance is currently underway. 

 
Figure 3. Project construction and new PV system. 
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