Hawai‘i Natural Energy Institute Research Highlights

Grid Integration
Bidirectional EV Charging Demonstration Project

OBJECTIVE AND SIGNIFICANCE: The objective of
this project is to develop, evaluate, and demonstrate
novel algorithms to optimize the charge/discharge of
shared fleet vehicles for energy cost minimization.
Project experience and results will advance energy
research and inform the university’s consideration of
options such as fleet electrification, advanced car-
share applications, integration of distributed energy
resources on campus, and the optimal campus energy
management.

BACKGROUND: HNEI partnered with IKS Co., Ltd.
(IKS) on technology development, testing and
demonstration of advanced control of two
bidirectional electric vehicle (EV) chargers, or
hybrid-power conversion systems (H-PCS), at the
University of Hawai‘i at Manoa (UH). The H-PCS
was developed by IKS with support from Hitachi
Limited as part of the earlier JUMPSmart Maui smart
grid demonstration project, where HNEI was a
partner. These chargers were installed beside parking
stalls near the Bachman Annex 6 building (Figure 1).
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Figure 1. Location of bidirectional EV chargers.

PROJECT STATUS/RESULTS: Two EVs are currently
used by designated university personnel through a
secure web-based scheduling system developed by
HNEI GridSTART. The H-PCS control algorithms
ensure that vehicles are efficiently assigned and
available  for  transportation  needs  while
autonomously minimizing campus electricity costs
via intelligent EV charge and discharge commands.
Stored EV battery energy is strategically dispatched
to reduce overall power supply expenses. These
autonomous controls also demonstrate potential to
support utility operations by providing grid ancillary
services for compensation. Algorithms integrate data
from campus load forecasts and solar PV generation,
enabling the system to maximize solar energy use for
EV charging and building loads while minimizing
reliance on grid purchases.

After field operation began in July 2023, the team
advanced this demonstration through testing, data

analysis, and algorithmic refinement. Field studies
applied Hawaiian Electric rate schedules (Advanced
Rate Design Schedules R, G, J, and P) to evaluate
energy-cost impacts of different charging strategies,
while minimum driving-range thresholds ensured
reliability and reduced range anxiety. Economic
analyses across five UH Manoa buildings
(Biomedical Sciences, Business Administration,
Gilmore Hall, Pacific Ocean Science and
Technology, and Queen Lili‘uokalani Center) and
residential scenarios with 15 EVs under various
time-of-use (TOU) rates showed that bidirectional
charging delivered the lowest costs.
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Figure 2. The project’s functional system diagram.

A machine-learning approach using a probabilistic
bidirectional long short-term memory (Bi-LSTM)
model with Monte Carlo and least-square
optimization was developed to estimate EV energy
use. Complementary dashboards displayed trip data
and predicted energy profiles using Google API
inputs for terrain and weather. A techno-economic
algorithm and web interface were created to optimize
PV and battery sizing with bidirectional EVSs,
confirming cost and energy storage size reductions
for both home and campus applications.

The project also trained students in optimization,
Python programming, and system integration—
culminating in a web-based design tool and
presented research at the 2024 IEEE KPEC
Conference.
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