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Abstract - The energy is the very important parameter for
survival or today’s growth we can transfer the energy from one
form to other.The mainly wind and solar energies are the most
available among other renewable energy sources in all over the
world. In the present years, because of the rapid advances of
power electronic systems the production of electricity from wind
and photovoltaic energy sources have increased significantly. In
this paper, the performance of the wind/PV hybrid system is
studied under different grid perturbation conditions. Based on
the benchmark solid oxide fuel cell (SOFC) dynamic model for
power system studies and the analysis of the SOFC operating
conditions, the nonlinear programming (NLP) optimization
method was used to determine the maximum electrical
efficiency of the grid-connected SOFC subject to the constraints
of fuel utilization factor, stack temperature and output active
power. The optimal operating conditions of the grid-connected
SOFC were obtained by solving the NLP problem considering
the power consumed by the air compressor. With the optimal
operating conditions of the SOFC for the maximum efficiency
operation obtained at different active power output levels, a
hierarchical load tracking control scheme for the grid-connected
SOFC was proposed to realize the maximum electrical
efficiency operation with the stack temperature bounded.
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1. INTRODUCTION

The deregulation of electric power utilities, environmental
concerns, market uncertainty and growing concern about
availability and quality of electrical power has led to
development of distributed generation system. One of the well-
known DG sources is a fuel cell, which can be operated in utility
interconnected mode or installed in a remote area to supply
separate power. Recently, much work has been focused on
interfacing DG with the grid, its operation and control. A
flexible DG can be used to improve the power factor and voltage
fluctuations of the utility. SOFC based DG System is normally
interfaced with the utility network through a set of power
electronics devices. The interface is very important as it affects
the operation of the fuel cell system and the power grid[1].
Various control schemes haven proposed in the recent work to
interface different energy sources to utility grid Pulse— width
modulation voltage source inverters are widely used to
interconnect a fuel cell energy system to a utility grid for real
and reactive power control purpose. The growing lack of fossil
fuels, the increasing demand for electricity and the dangerous

effect of carbon dioxide output on the climate force nations -
specially industrialized countries and their governments - to find
new ways of producing the amount of energy in demand. The
integration of alternative energies to reduce emissions and to
conserve available fossil sources is a known political aim.
Although the potential of renewable is very high and the
technical conditions to produce electricity are achieved, the
current generated rates are clearly lower. A key problem is the
integration of renewable energies into the existing grid. This
paper analyzes the reasons for this deficit and assesses possible
solutions.

A Hybrid Power System (HPS) utilizes two or more energy
sources, power converters and/or storage devices. The main
purpose of HPS is to combine multiple energy sources and/or
storage devices which are complement of each other. Thus,
higher efficiency can be achieved by taking the advantage of
each individual energy source and/or device while overcoming
their limitations [2]. Recent advancement in FC technology for
grid enhancement has exposed its significant potential and
consider an indispensable energy source for the future power
system. FC is a static energy source that generates electricity
from hydrogen through electrolysis. The superior reliability,
with practically zero noise level or no moving parts is an extra
advantage of FC system as compared to the diesel generator.
Main characteristics of FC include modularity, near zero
emissions, fuel flexibility, premium power quality, high
efficiency and practically low noise levels. Other advantages of
FC are the distributed and centralized configurations, diversity
of fuels, cogeneration options and reusability of exhaust gases
for heating of buildings [3]. The combined use of FC with an
Electrolyser (ELZ), hydrogen storage tanks and compressor unit
provide a new energy storage concept. Since, hybridization of
FC stacks with PV panels will, therefore, form an alternate
energy conversion system where the FC acts as back up during
low PV outputs to satisfy sustained load demands. There are
several types of FCs which are classified on the basis of their
operating temperature ranges and type of electrolyte. In this
study, Solid Oxide Fuel Cell (SOFC) is selected, because, it
works at high temperatures (800 — 1000 °C) [4]. But, the main
weak point in SOFC is their poor dynamic response, gas
starvation and load tracking delays [5]. When a SOFC is
subjected to a step increase in load, it shows an instant drop off
of the voltage in the V-l curve and take several seconds to
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provide the desired power. In the meantime, the SOFC may be
starved of fuel, which can seriously affect the life time of SOFC
[6]. This problem can be addressed by using a high energy
density device such as a battery. Therefore, the SOFC should be
utilized under controlled steady-state environment while the
battery is supplying the demanded power. Without the battery
bank, the SOFC system must provide all the power demand, thus
oversize and increase the cost of the SOFC power plant.

2. LITERATURE REVIEW

In this research work [7], design and control strategy of an
autonomous photovoltaic fuel-cell energy system has been
developed and simulations have been performed in order to
supply electricity to a DC-load without being connected to the
electric grid. In this [8] the authors presented modelling and
control of photovoltaic/wind/fuel cells hybrid generating system.
The overall work is divided into two parts. In the first part the
authors focused on each subsystem and different parameters are
identified for each subsystem. The second part dealt with the
design and installation of various equipment which includes
voltage and current sensors, the data acquisition is made possible
by using National Instruments cards which allowed to obtain
real time data in Lab VIEW environment The energy system
having a photo voltaic (PV) panel, wind turbine and fuel cell
(SOFC) for continuous power flow management. Fuel cells
(storage & generating) are added to ensure uninterrupted power
supply due to the discontinuous nature of solar and wind
resources. This paper [9] proposes a design and modelling of
grid connected hybrid renewable energy power generation. The
energy system having a photo voltaic (PV) panel, wind turbine
and fuel cell (SOFC) for continuous power flow management.
Fuel cells (storage & generating) are added to ensure
uninterrupted power supply due to the discontinuous nature of
solar and wind resources.There are some drawbacks in all the
above mentioned studies. For example, some authors include
short energy system in their studies, while others concentrate on
long term storage medium. Some authors describe power control
of PV system while others attempt to address the energy
management without providing power sharing among different
energy sources and/or storage system. In addition to this, most of
the authors supported their studies on the basis of virtual
generated solar irradiance, temperature and weather patterns.

3. RENEWABLE ENERGY SOURCES

3.1 Solar Energy -The solar energy is an unlimited source
of energy which is originated from the sun. When the light
and heat from the sun are used directly without changing
the form, then the technology refers as a direct or passive
technology of solar energy and when it used by converting
the form of energy, that is called indirect or active
technology of solar energy. The photovoltaic technology is
the renowned indirect way and the solar thermal system is
the direct way to harvest the abundant energy. There are

different options for producing electricity from renewable
energy sources. Consequently, there are several ways of
connecting the gained electricity with the existing grid.
3.2 Wind Energy -Wind energy is the energy which is
extracted from wind. For extraction we use wind mill. It is
renewable energy sources. The wind energy needs less
cost for generation of electricity. Maintenance cost is also
less for wind energy system. Wind energy is present
almost 24 hours of the day. It has less emission. Initial cost
is also less of the system.
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Fig. 1. Grid Connection

Preferred sources are wind, hydro, solar, biomass,
photovoltaic cells, bio fuels and geothermic as shown in
Fig. 1. The electricity is induced by asynchronous or
synchronous generators except for photovoltaic cells. This
operation creates co-current flows and gets through an
inverted rectifier into the power grid.

4. GRID INTERFACE TOPOLOGY OF SOFC

Fuel cells are electrochemical energy conversion devices
similar to batteries. They generate variable and low output
voltage (current). Thus, they are unable to connect to the
utility directly. However, they can be interfaced and can
supply power to the utility by means of power electronic
converters Fig. 2. Shows system integration of fuel cell
and power electronics unit which comprises of a solid
oxide fuel cell stack associated with a DC —DC converter
and a widely used DC-AC pulse width modulation
(PWM) inverter with RL output filter connected to the
utility grid. In this chapter of the work, the case of a SOFC
based DG connected to a grid is considered wherein the
capacity of power supply by the DGs is less than the load
demand i.e., the active power demand of load is more than
DG capacity and hence grid and DG both will supply
active power to the load. Thus, in this mode of operation a
certain amount of power is scheduled to the load from the
fuel cell DG and remaining power to load is supplied from
the utility grid.
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Fig. 2. Schematic diagram of grid connected DGs

The DGs autonomously operate with load until it reaches
the steady-state. The phase difference between the DGs
output voltage and the grid voltage decreases until the DGs
output voltage is in phase with the grid voltage. After the
DGs output voltage is synchronized with the grid voltage,
the grid is connected to DGs and then the grid starts
providing electric power to the load. There are various
control strategies for interfacing DGs to the distribution
system. The DG is operated either to control DG output
current, active power and voltage at the point of common
coupling (P-V mode) or active and reactive power output
of DG.

5. INTEGRATION IN EXISTING GRID

To understand the problem of why the potential of
renewable energy sources is not exhausted, you have to
consider the actual grid conditions and the resulting
barriers. The public electricity supply in most European
countries presents an extensive central configuration.
Grids are designed to transmit electricity generated by
large conventional power plants. An aggregation occurs by
using transformers between the transmission and the
distribution grid. At the end is the consumer. The
interconnection directly or indirectly allocates the
electricity to connected users in a central way. In the
distribution grid the voltage falls in the direction of the
current flow. The decline depends on resistance and
inductance in the cable. These two factors grow with rising
cable length. To provide all consumers with enough
voltage, a transformer slightly increases the voltage at the
beginning of a cable. Energy generation from renewable
sources requires an installation of the plant in locations
with a high energy supply, for example, in areas with a
grand wind velocity. Therefore, the installations are
connected at different local points to the grid. In contrast
to large power plants, renewable plants have less capacity

and are integrated in lower grid levels. When decentralized
generators integrate electricity in low-voltage lines,
conditions can change and the power flows in the direction
of the transformer. Voltage rise aggravates in practice if
more and more distributed generators, especially in
pastoral areas with mostly weak grids, are integrated. This
barrier of insufficient grid capacity available for renewable
energy is the main problem. The integration of distributed
energy producers seriously influences the operation of the
whole grid and calls for new requirements of the mains
operation. For example, in Germany the “Erneuerbaren-
Energien-Gesetz” (EEG) requires the permanent input of
available energy from distributed renewable plants. Thus
central large power plants are forced to work in part load
and have additional starts. These actions have negative
effects on materials, efficiency, costs of generation and
lead to additional input of fossil fuels and output of carbon
dioxide. To avoid voltage rises, the grid has to be partly
extended. The costs of grid reinforcement are often very
high. The benefits of producing energy from renewable
sources are often considered less important than the costs.
Moreover, alternative power developers have highlighted
that it is impossible to determine the available grid
capacity so that they are unable to verify the technical and
cost data of the grid connection presented to them by the
grid operator. Furthermore, Distribution System Operators
(DSO) are often linked to electricity generation
companies. It is disputable whether such a DSO is fully
objective towards independent renewable energy
producers when the electricity generation company is
involved in developing alternative energy programs. The
insufficient transparency of grid connection causes long
lead times to obtain grid connection authorization. Polls
show that stakeholders’ perceptions of grid barriers per
renewable energy source are very high.

6. GRID INTEGRATION OF HYBRID SYSTE

The integration of combined solar and wind power
systems into the grid can help in reducing the overall cost
and improving reliability of renewable power generation to
supply its load. The grid takes excess renewable power
from renewable energy site and supplies power to the site’
loads when required. Common DC and common AC bus
grid-connected to solar PV and wind hybrid system,
respectively. The complete system is designed in two
buses i.e., DC and AC bus. PV, SOFC, ELZ and battery
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make the architecture of DC bus, and the power
conversion and transferring occurs between these
components through a CEMCA. Domestic load and
national grid are the parts of AC bus. The output voltages
of PV and SOFC are regulated and adjusted through two
non-isolated DC-DC boost converters. The boost
converter is controlled through Proportional Integral
Differentiator (PID) controller. The bidirectional power
flow of battery with the rest of the system occurs through a
buck boost converter. The buck boost converter is
controlled through Proportional Integral (PI) controller.
The output of DC bus provides the required power to the
grid and grid-connected load through three phase inverter
even if only one source is available. The inverter is
controlled via hysteresis current control strategy. It is
important to describe that the proposed HPS is flexible
and, therefore, easily upgradable as long as a new PV,
SOFC and battery are added to the existing ones without
increasing the circuit complexity. Furthermore, it is also
possible to add another parallel inverter to expend the said
design with high efficiency [10]as shown in Fig 3.. The
assessment of the performance and stability of the
proposed CEMCA necessitates the simulation of the
integrated system over a period of time. Therefore, steady-
state simulation models have been employed for each
distinct unit.
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Fig. 3: Architecture Of Proposed Hybrid Power System

Table 1. Main challenges and possible solutions for
grid-connected system
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7. CONCLUSION

The performance of SOFC based DG system connected to
grid has been carried out. In grid-connected mode, the
voltage and frequency are controlled by the grid. Thus, the
DG units are controlled to provide specified amount of real
power depending upon the rating of the units. A control
strategy has been developed using decouple method to
control the active and reactive powers independently from
the solid oxide fuel cell. This paper has provided a review
of challenges and opportunities on integrating solar PV
and wind energy sources for electricity generation. The
main challenge for grid-connected system as well as the
stand-alone system is the intermittent nature of solar PV
and wind sources.
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