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ABSTRACT

This paper discusses the long-term performance and monitoring issues related to integrating
a battery bank and a photovoltaic (PV) array into electric power systems for remote villages like
those found in Asia and many other parts of the world. The long-term performance tool developed in
MATLAB™ Simulink can be used for design, simulation, and optimization of these types of hybrid
power systems. An integral part of the optimization process is remote monitoring and ultimately
control of the system. This project involves the installation of various types of sensors on power
systems in remote villages and then the analysis of their performance. The sensors transmit data to a
central computer commonly known as Remote Terminal Unit (RTU) that is in close proximity to the
system. The current model consists of a diesel-electric generator, a battery storage bank, and a PV
module connected to a common grid to form the hybrid system. System performance is evaluated
based on fuel savings relative to the diesel-only case. An example is presented based on an actual
test system in the remote Alaskan community of Lime Village. The simulation results show significant
savings in the fuel consumption due to the introduction of the battery bank and the photovoltaic
array into the diesel-only system.

1. INTRODUCTION

THE need for energy-efficient electric power sources in remote locations is a driving force for
research in hybrid energy systems. This topic is very important for many developing countries in Asia
and other parts of the world. According to the World Bank, a group which provides a source of
development assistance for developing nations, Asian countries are expected to spend $600 billion in
the coming decade to satisfy energy demands [1]. Many countries in Asia will continue to harvest
their energy needs from imported oil and fossil fuels. Renewable energy is becoming a promising
alternative to fossil fuels in remote locations. The main renewable energy sources available in these
countries include: solar, wind, biomass, geothermal, and hydro-electric power [1].

Stand-alone hybrid power systems are often more cost-effective than utility grid extensions
mainly due to the high cost of transmission lines. About 60% of the households and 70% of the
villages in Asia have no access to the electric utility grid. Some of these communities rely on diesel
generators for electric power [1,2]. This is also true for remote communities like those found in Alaska.
Based on energy consumption studies compiled by the US Department of Energy, Alaska spends
$28.71 per million BTU for energy versus $19.37 per million BTU for the rest of the United States [3]. It
is very expensive to transport fuel for diesel electric generators (DEGs) in some villages of Thailand [2]
and Alaska [4] due to remoteness of the site. Furthermore, there are issues associated with oil spills
and storage of this fuel [5]. Therefore, PV, wind and other renewable sources of energy are being
integrated with DEGs to help reduce the fuel consumed by the DEGs.

There is growing interest in renewable energy conversion systems among the power utility
companies. The use of renewable energy sources in remote locations could help reduce the operating
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Type of system 
Sr. No. Item 

Diesel-only Diesel-battery PV with diesel-battery 
1 Electrical efficiency (%) 86.5 88.3 88.0 
2 KW-hrs/gallon of fuel (kWh) 10.22 12.01 11.96 
3 Total fuel used (gallons) 20.08 17.06 11.9287 
4 Total cost of fuel (USD) 80.33 68.24 47.71 
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