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Abstract
The paper presents a microcontroller-based power management system (PMS)
designed for the online operation of an experimental low voltage micro grid equipped with a
battery storage system and three power supplies. A kilowatt (kW)-class proton exchange
membrane (PEM) fuel cell (FC), wind mills (WM) power and a photovoltaic (PV) module
emulator, these connected to a low voltage ac node. The connections of the energy sources to
the common ac bus make use of power inverters with specific functionalities. The ac node
feeds electric active and reactive load emulators able to reproduce programmable profiles.
The automatic PMS provides the micro grid monitoring and the FC power scheduling in both
grid-connected and islanded operating conditions. The paper describes the structure and
functionalities of the PMS as well as a specific experimental investigation aimed at assessing
the dynamic performance of the micro grid in islanded conditions.
Key words —Battery, digital microcontroller, electrical micro grids, Fuel cell (FC),
photovoltaic (PV) emulator, power management system (PMS).

I. INTRODUCTION
Distributed generation (DG) may result in enhanced continuity of service and in increased
customer participation to the electricity market. These opportunities are certainly supported
by allowing the operation of a small portion of distribution networks (both on medium and
low voltage levels) in islanded conditions. The literature on the subject defines micro grids as
small-scale power systems equipped with embedded generators and suitable control systems
able to supply local electrical and thermal demands in islanded operation. In this definition,
micro grids are also designed to connect seamlessly to the public distribution network and,
after that, disconnect when appropriate.
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In household applications, the above-mentioned capability to operate in islanded
mode is permitted by the presence of energy storage devices and by the implementation of
automatic scheduling systems that make use of communication and aggregation features
allowing the operation and control of micro grids as single entities. Within this context, there
is a general interest for the utilization of kilowatt (kW)-class fuel cells (FCs) in residential
applications. Indeed, compared with other conventional small generators, FCs, and in
particular the proton exchange membrane (PEM) ones, promise higher co-generative
performance, clean and silent operation, and cost-effective supply of power. Recently, Erdinc
and Uzunoglu provided a review of different architectures of systems powered by PEM FCs,
also in combined use with other power supply and energy storage units, in order to build socalled hybrid systems. Various energy management approaches have been proposed in the
literature in order to handle the characteristics of different power generators and storage
systems.
With reference to integrated PEM FC and battery systems for electric vehicle
applications, Thounthong et al. Propose a cascade control of FC-current, battery-current, and
battery state-of-charge with a limitation function of the dc-link voltage. Concerning
residential applications, hybrid energy storage systems composed by regenerative FCs
integrated with batteries, or ultra-capacitors, have been compared in order to assess the
criteria for the exploitation of the different energy and power density values of the
components.

II. MICROCONTROLLER-BASEDPMSFORSTANDALONE
MICROGRIDS WITH HYBRID POWER SUPPLY
Additional research efforts appear to be needed in order to develop automatic systems
suitable for residential applications able to take into account the specific technical
characteristics, and constraints, of the above-mentioned sources, namely, integration of
different electrical and thermal generation systems, reduced-size storage resources, and
continuity of supply. For this purpose, an experimental micro grid has been developed at the
authors’ laboratory [15], [16]. The micro grid includes a PEM FC able to provide 4.5-kW
electrical and 4.7-kW thermal outputs (fed by a gaseous hydrogen storage subsystem), a 0.6kW photovoltaic (PV) emulator, and a 4.2-kW–100-Ah lead-acid battery storage system. All
these devices are connected to a common 230-V ac bus through inverters with specific
characteristics.1 the inverter of the PEM FC allows setting its power production taking into
account the FC limitations and requirements. One of the PV emulators tracks its maximum
power operating point, while the 4.2-kW bidirectional converter of the storage system
implements a voltage-frequency control of the ac bus when the micro grid is disconnected.
From the external network. The ac bus feeds electric active and reactive loads, which
reproduce programmable profiles through separate on-load tap-changer transformers. A
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power management system (PMS) has been developed and implemented into an embedded
microcontroller for the automatic operation of the experimental micro grid in standalone
conditions. The PMS has been conceived to estimate and control the battery state-of-charge
(SOC) as this quantity represents one of the most critical operation elements for the micro
grid continuity of supply in islanded operating conditions. The paper aims at describing the
above-mentioned PMS with particular focus on its implementation into a dedicated real-time.
Microcontroller equipped with a field-programmable gate array (FPGA). Moreover, it
presents the results of the experimental investigation aimed at assessing the dynamic
characteristics of the standalone micro grid under various initial SOC values, electric load
profiles, and load rejection maneuver. The structure of the paper is the following: Section II
provides some details on the characteristics of the PEM FC system. Section III describes the
PMS functionalities developed to control the FC output with reference to standalone
operating conditions of the micro grid. Section IV presents the experimental results obtained
during the PMS actions for different load profiles. Section V presents the results of the PMS
and micro grid transient response following a sudden and complete disconnection of the
electric load (load rejection). Section VI concludes the paper with final remarks.

Fig. 1. Architecture of the experimental micro grid
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III. BATTERY STATE-OF-CHARGE ESTIMATION
In general, the SOC of a battery is defined as the difference between the initial battery
capacity and the provided charge, in per-unit of the charge that the battery will nominally
provide with reference to constant discharge rate. Several models are proposed in the
literature which are based on the following five basic criteria:
(i) Measurement of electrolyte specific gravity.
(ii) Battery current time-integration.
(iii) Battery impedance/resistance estimation.
(iv) Measurement of the battery open circuit voltage.
(v) Models that take into account the electrolyte temperature, discharge, rate and other battery
parameters.
Additionally, an accurate estimation of the SOC needs to take into account the battery
environmental conditions, with particular reference to its temperature, as well as the battery
behavior at different discharge rates and its life cycle.
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IV. SIMULATION RESULTS OF PROPOSED SYSTEM
In proposed method energy management is fully dependent on load bases. For
example if the load consumes solar panel voltage then wind and battery stores the charges in
another battery. If load is not enough consumes solar voltages then wind energy voltage is
given to load with solar panel energy .by this technique we fully saved the energy and also
here we used fuzzy logic technique so output is precise. Here Load shared for the depending
on Load requirements. First power is taken from hybrid systems. This power is not enough
means finally connected power grid supply. To avoiding the power wastage.
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V. INPUT VOLTAGE FROM PV

V.I OUTPUT VOLTAGE WAVEFORM

V.II OUTPUT CURRENT WAVEFORM

International Journal of Research Review in Engineering and Management (IJRREM),Volume -1, Issue -2,
Feb-2017 Page No: 8-15 Page
Page 14

ISSN (Online) NO:

INTERNATIONAL JOURNAL OF RESEARCH REVIEW IN
ENGINEERING AND MANAGEMENT (IJRREM)

VI. CONCLUSIONS
The realized PMS, described in the paper, allows the reliable standalone operation of
a kW-class residential micro grid fed by a controllable FC and a PV unit. It allows following
both load and PV production variations by acting on the power control of the FC. The main
objective of the PMS actions is the control of the battery state-of-charge, which is estimated
by using an accurate algorithm developed for this purpose: this feature represents one key
aspect of the developed system compared to existing ones, as it allows limiting in an effective
way the number of startup and shutdown maneuvers of the FC. The estimation of the battery
state-of-charge is also a crucial parameter for the management of the energy flows in a
standalone system equipped with multiple power supply and electrochemical batteries.
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