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Abstract – Solar Energy Grid Integration Systems
(SEGIS) concept will be key to achieving high
penetration of photovoltaic (PV) systems into the utility
grid. Advanced, integrated inverter/controllers will be
the enabling technology to maximize the benefits of
residential and commercial solar energy systems, both to
the systems owners and to the utility distribution
network as a whole. It can be used with low power as
well as high power photo-voltaic system. Efficiency of the
proposed architecture is demonstrated for the photovoltaic system installed in educational institution. The
value of the energy provided by these solar systems will
increase through advanced communication interfaces
and controls, while the reliability of electrical service,
both for solar and non-solar customers, will also increase
Advanced
integrated
inverters/controllers
may
incorporate energy management functions and/or may
communicate with separate-alone energy management
systems as well with utility energy portals, such as smart
metering systems. Products will be developed for the
utility grid of today, which was designed for one-way
power flow, for intermediate grid scenarios, and for the
grid of tomorrow, which will seamlessly accommodate
two-way power flows as required by wide-scale
deployment of solar and other distributed.
Keywords – power monitoring device, renewable source,
solar panel, Field Programmable Gate Array, Photo-voltaic
system efficient energy distribution system.
I INTRODUCTION
The SEGIS program is an aggressive effort to
enable substantial penetration of PV into today‟s grid, into
intermediate grid scenarios, and into the smart grid of the
future, which will be characterized by a significantly larger
amount of distributed generation, much of it from
intermittent sources. To achieve optimum value and to
enhance the reliability of power for solar systems owners
and the grid as a whole, these systems will require advanced
controls that can integrate energy management and energy
storage.

The SEGIS program is intended to provide the impetus
for improving the methodologies and hardware for increasing
the penetration of PV systems into the utility grid. The
development of advanced, integrated inverter/controllers and
associated energy management functions is a critical part of the
SEGIS program. The focus of Stage 1 for this SEGIS project
was to evaluate the feasibility of utility controlled inverters with
advanced power management functionality and improved island
detection via Permissive Signal Anti Islanding (PSAI).
The primary objective of the FSEC team in the SEGIS
project was to develop and demonstrate at least three
innovations of great interest to utilities and the renewable
energy industry A novel approach to protection from islanding
during utility feeder outages, which allows the operation of the
PV generation during all other grid disturbances without risk to
personnel or public safety.
Utility control of inverters in distributed systems to
produce leading VArs as needed to replace or supplement
dedicated power factor correction capacitors or distribution
static VAr compensators (D-STATCOMs).A novel ―shared‖
inverter architecture featuring a Smart Sub combiner to improve
safety, provide diagnostics/prognostics of individual module
strings, and enhance energy yield for rage roof-top arrays,
central-station PV farms, and linear PV farms along rights-ofway But why are these innovations important? These advances
can transform the way PV is utilized in today„s energy
generation, transmission, and distribution (T&D), and transform
the use paradigm in America and elsewhere. It supports plug
and play mechanism.
System capacity can be easily extended by including
new solar panels without affecting existing modules. Modular
implementation of the architecture enables faster fault
identification and isolation. Figure 1 shows the interfacing
signals of proposed controller.

Figure 1: Modular Multi-level controller interface
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Typical modern grid-connected inverters that tie
clean energy systems such as PV to utility grids are
essentially high-bandwidth amplifiers connected to the grid,
so there is no requirement that they mimic the functionality
and response time of thermal or hydropower plants with
large synchronous generators.
Advanced
inverter/controllers
and
energy
management systems will need to include sophisticated
interfaces and controls to be able to integrate with emerging
“Smart Grid” technology, and as such, must be compatible
with communication protocols utilized by established and
emerging energy management and utility distribution level
communication systems. Finally, these systems must meet
the performance and reliability targets consistent with
achieving leveled cost of energy that will be competitive in
future energy markets.
These inverters are typically configured and
controlled as current sources to put energy onto the grid,
synchronized with the grid„s voltage waveform. They do
not, typically, supply reactive power to the grid and, in the
few cases where reactive power is supplied to correct the
power factor of adjacent loads on the same low voltage bus;
the inverter typically only follows a fixed preset VAr supply
reference. They are also capable, if additionally powered
from an energy storage device and fast grid connect device,
of acting in a voltage source mode and powering local loads
in a load-following manner. In addition to the development
and demonstration of these three technical innovations, other
indirect goals for this this project included:
 Provide pathway to significant cost reduction in
utility scale PV.


Promote interest in PV for utilities by making them
aware of the added value potential of many DERs
on their network with a power electronics interface
that can be controlled remotely.



Develop new interconnection standards that allow
safe ride-through operation of grid-tied inverters
and permit the supply of ancillary services.

Now a day many companies are seeing that to
increase the efforts on development of renewable sources by
constructing smart grids having sustainable growth and
connecting those smart grids to the commercial electricity
grids. The renewable energy sources are of different forms
like solar, wind, tidal ect. But the problems with this
technology are that the energy generated from renewable
sources may vary with time and climatic conditions, means
these generate indefinite amount of energy but hard expect
the constant generation.
Energy management of the future may
1.Be integrated within inverters or
2.Be connected via ancillary equipment (portals) that
contain the necessary two-way communications to monitor,

control and optimize the value of energy produced by PV
installations. Building integration is an important feature of new
designs since the complete integration of standardized PV
systems with buildings optimizes the building energy balance,
improves the economics of the PV system, and provides value
added to the consumer and the utility. The emphasis of the
program is on developing inverter/controllers that enable
integration of large amounts of PV into the electric utility
distribution system. The scope of the program includes
development of inverters/controllers for grid-interactive solar
distributed generation systems that either: incorporate energy
management functions and/or power control and conversion for
energy storage, or include the ability to interface with energy
management and energy storage systems, smart appliances, and
utility portals, including adaptation of these systems to
communicate with and/or control the inverter/controller.
Features of the smart distribution system may include
but are not limited to:
1. Automation for power flow and energy management.
2. Management of the interface between the utility, distributed
resources, and micro-grids.
3. Management of all power flow transitions.
4. Real time pricing and analysis for the connected
community.
5. Management of the intermittency of renewable solar
resources.
While replacement of the nation‟s entire distribution
system will take many years, advanced distribution system
technology and micro-grids will occur as new communities and
developments are built and as the technology matures. Microgrids are especially likely to be deployed where there are critical
loads, such as high-technology business parks and/or critical
infrastructures such as police and fire departments, hospitals,
and water-treatment facilities.
II LITERATURE SURVEY
A SEGIS concept paper was written as a progressive
outline of needs and priorities for initiating a systems level
approach to PV systems with “value added” as a primary
theme.[1] The SEGIS Concept Paper was used as a guideline
initiating innovative solutions for inroads for high-penetration
PV applications. A continuing requirement for SEGIS is
improved lifetimes and mean-time-between-failure for PV
systems. Communications advantages and disadvantages are
presented.
Figure 2 shows one example of an advanced SEGIS
system as being pursued in the SEGIS program. Next generation
SEGIS systems will include energy storage, energy
management and interactive communications, which is new to
PV systems. Early SEGIS work has determined that
communications for more intelligent utility interconnections
will likely have to be a combination of physical link topologies.
SEGIS-related communications developments are already being
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used in micro-grid support and with utility-owned microinverter based installations on utility poles with direct utility
monitoring and control.
The innovative SEGIS work is addressing the
complex interconnect standards barriers to progressive
“value added” support for the utility grid or for economic
benefits of intelligent distributed PV grid-tied systems. The
IEEE Std1547 does not allow for deployment of several
progressive SEGIS developments such as 1) Intentional
islanding to support stressed grids that results in low-voltage
ride through that may last only a few seconds but that
disrupts the stability of the grid support, 2) Volt-ampere
reactive (VAR) production by PV inverters that has the
potential to be a very dynamic and fine-grained aid in
voltage support of stressed grids, and 3) Low frequency ride
through.[3] Each of these features is best accomplished with
communications between the PV system and the
interconnected utility. All of these features are best
accomplished with energy storage in order to be dispatch
able and independent of PV system intermittency. The
energy storage must be optimized to obtain the most
economically beneficial “value added” per individual
installations. SEGIS developments are addressing the array
of communications methodologies. The universal concepts
that include the utility controlled functionality will be
discussed along with impacts for PV applications, the
utilities and owners of PV systems. Other important
standards and codes directly affecting SEGIS developments
include applicable compatibilities with IEC61850 and the
National Electrical Code.[4][5] The IEC standard 61850 for
communications includes data modeling, reporting schemes,
fast transfer of events for peer-to-peer communication
modes, setting groups to control blocks protocol, sampled
data transfer, commands and data storage protocols.
Renewable sources are also called Echo friendly
technologies are very important due to their pollution free
energy generation and having sustainable growth. There are
many sources of energy that are renewable and considered
to be environmentally friendly and harmless natural
processes [4]. These sources of energy provide an alternate
„cleaner‟ source of energy, helping to negate the effects of
certain forms of pollution. All of these power generation
techniques can be described as renewable since they are not
depleting any resource to create the energy. While there are
many large-scale renewable energy projects and production,
renewable technologies are also suited to small off-grid
applications, sometimes in rural and remote areas, where
energy is often crucial in human development. But the
disadvantage with the renewable sources is that their power
generation varies with climatic condition and hourly based.
To store this unsteady generated energy from renewable
sources required a huge, efficient battery and inverter [5],
and these are necessary to connect to the power grid. In case

of solar power systems variation in the power generation is
largely depends on weather and season. Hence every renewable
energy system requires storage systems. However the storage
systems also have some limitations in the point of installation
and return of investment. So to avoid this, in this paper we
propose a management system that effectively distributes the
energy generated from renewable sources and maximize the
efficiency. As the cost of PV modules and panels decrease, the
contribution of inverter and balance-of-system cost and
replacement are becoming more significant. Reducing system
costs through SEGIS improvements and improving the lifetime
and reliability are continuing goals and it is estimated to reduce
the cost of electricity from PV inverter systems from $.083 to
$.022/ kWh.[6] This, along with adding to the value of a PV
installation will result in benefits beyond that of just displacing
the cost of electricity. The economic benefits will be further
assessed and discussed.
III DESIGN CONCEPTS FOR INTEGRATED
INVERTERS, CONTROLLERS, BOS AND ENERGY
MANAGEMENT
The system decides when to use the energy stored in
the battery, that is whenever the power generated from the
commercial electricity grid is very low then the switching action
takes place, switches to the solar grid. If the energy generated
from the solar panel is sufficient then power supplied as usual
as the commercial grid otherwise controlling action takes place.
The energy stored in the battery is always compared with the
preset levels and if it is low then it communicates with control
room to take necessary steps. According to the energy levels in
the stored battery the controlling of devices takes place.

Figure 2: Block Diagram of SEGIS
If the energy level is below the first preset level then
the power that goes to the least priority devices are
automatically shut off and the high priority devices are run and
if the energy is below that then the next priority devices are shut
off and allows to run only the highest priority devices giving a
signal to take the necessary actions.
The power monitoring device has three power sockets
to measure the power consumption of devices and Zigbee
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network module, that can transmit the status of the battery
and receives the control signals to control the power through
the devices. Fig.2 shows the basic block diagram for
intelligent and efficient distribution system consisting of
microcontroller unit, relay control unit; Zigbee
communication; user interface, power sensing unit (energy
meter) and power supply exist in the system. The energy
meter measure the power consumption, consisting of a CT
sensor converted to a current value which can handled in the
MCU. The renewable energy management system manages
the generated power and battery charging conditions in the
solar power generator.
The power management methods are of two types,
efficiency oriented and user oriented. In the efficient method
the generated power and the battery charging conditions are
transmitted to the smart power management system and it is
compared with the power consumption data stored in the
MCU. But the problem with this technique is that it finds
only the optimal time to use the charging battery for
decreasing power consumption and electric charges.

Figure 3: Architecture of SEGIS
In this section, design concepts are presented for
enabling increasing value and reliability for solar energy
systems assuming a high level of penetration into the
electrical distribution system. A possible scenario for
evolution of distributed solar energy systems and the
electrical grid is outlined in Figure 2. Currently, PV
penetration is small, and most residential customers are netmetered under flat rates. PV inverters detect out-of-spec or
loss-of-utility power and automatically disconnect from the
grid. Distributed generation systems are locally-controlled
and provide combined heat and power, usually with no

delivery of excess power to the grid or are used for stand-alone
power generation. Some utilities are able to dispatch customer
loads, such as air-conditioning and electric hot water heating,
during periods of high demand.
The power monitoring device has three power sockets
to measure the power consumption of devices and Zigbee
network module, that can transmit the status of the battery and
receives the control signals to control the power through the
devices. Fig.2 shows the basic block diagram for intelligent and
efficient distribution system consisting of microcontroller unit,
relay control unit; Zigbee communication; user interface, power
sensing unit (energy meter) and power supply exist in the
system.
The energy meter measure the power consumption,
consisting of a CT sensor converted to a current value which
can handled in the MCU. The renewable energy management
system manages the generated power and battery charging
conditions in the solar power generator. The power management
methods are of two types, efficiency oriented and user oriented.
In the efficient method the generated power and the battery
charging conditions are transmitted to the smart power
management system and it is compared with the power
consumption data stored in the MCU. But the problem with this
technique is that it finds only the optimal time to use the
charging battery for decreasing power consumption and electric
charges.
In this paper we proposed a user oriented method to
run the devices by setting the priorities and run the device
having highest priority for a long time compared to the devices
having least priority, which increases the efficiency in the point
of user. The block diagram in fig.2 having three sockets is
nothing but three loads. The intelligent system efficiently
distributes the power generated from the solar panel to these
prioritized loads depending upon the status of the battery.
IV EXPECTED EXPERIMENT RESULTS
We are showing result as expecting to get this is survey
paper and this types of result are obtain in previous paper so our
work are progressing on this topic ,Single stage prototype model
is developed using Spartan 3E FPGA. Oscilloscope captured
signals of inverter. The results shows that, when the power from
both power plant and solar system are present then the efficient
distribution system connects the energy meter to power line
generated from power plant and runs all the devices. Otherwise
the remote control station sends the command signal to connect
the solar system to the energy meter and compares the battery
status continuously to run the prioritized devices. Output and
PWM signal for battery charging are Peak to peak amplitude of
inverter output is 24V.
Control signal generation is
independent of the capacity of PV module.
Therefore solar panel of 100 WP with 12V, 42Ah
sealed lead acid battery is used to generate various control
signals Vertex 6 FPGA device XC6VLX240T-1FFG1156 is
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chosen for this modular multi-level controller
implementation. Major functional modules and their
interconnectivity of the proposed controller are ML605
evaluation kit with the FPGA is Implementation of proposed
controller architecture utilizes maximum 37% of hardware.
V CONCLUSION
In this paper we proposed a system to distribute the
power generated from renewable sources efficiently. The
SEGIS program is intended to provide the impetus for
improving the methodologies and hardware for increasing
the penetration of PV systems into the utility grid. The
development of advanced, integrated inverter/controllers and
associated energy management functions is a critical part of
the SEGIS program.By increasing the capacity of solar
panel and efficiency of the battery it is possible to construct
a solar gridparallel to the commercial grid which solves the
problems of electricity in future and it can be distributed
effectively to the rural and urban areas which solves the
problems of electricity. But the problem with this system is
that to require huge inverter to store the largely variable
solar energy and its maintenance. This can be overcome by
constructing solar grids parallel to the existed grids by the
government. Finally, these systems must meet the
performance and reliability targets consistent with achieving
levelized cost of energy that will be competitive in future
energy markets.
REFERENCES
[1] The Smart Grid: An Introduction; prepared for the U.S.
Department of Energy by Litos Strategic Communication
under contract No. DE-AC26-04NT41817, Subtask
560.01.04, 2008. 3. IEEE Standard 1547.1 for
“Conformance
Tests
Procedures
for
Equipment
Interconnecting Distributed Resources with Electric Power
Systems,” IEEE, NY, 2009.
[2] IEC 61850, “Communication Networks and Systems in
Substations”, International Electro technical Commission, 3,
rue de Varembé, PO Box 131, CH-1211 Geneva 20,
Switzerland.
[3] National Electrical Code, 2008 Edition. National Fire
Protection Association, 2007.
[4] Hoff, T., Perez, R., Margolis, R., “Maximizing the Value
of Customer-sited PV Systems.
[5] Maryam Saeedifard,Peter, Mantovanelli Barbosa,and
Peter K. Steimer, “Operation and Control of a Hybrid
Seven-Level converter,” IEEE Trans. Power Electron., vol.
27, No. 2, pp. 652-660, February 2012.
[6] Carlos Olalla, Daniel Clement, Miguel Rodriguez, and
Dragan Maksimovic, “Architectures and Control of Sub
module Integrated DC–DC Converters for Photovoltaic
Applications,” IEEE Trans. Power Electron., vol. 28, No. 6,
pp. 2080-2997 June 2013.

[7] Zhigang Liang, Rong Guo, Jun Li, and Alex Q.Huang,“A
High-Efficiency PV Module-IntegratedDC/DC Converter for
PV Energy Harvest in FREEDM Systems”, IEEE Transactions
on Power Electronics, Vol. 26, No. 3, pp. 897-908, March 2011.
[8] Q. Li and P.Wolfs, “A review of the single phase
photovoltaic module integrated converter topologies with three
different DC link configurations,” IEEE Trans.Power Electron.,
vol. 23, no. 3, pp. 1320–1333, May 2008.
[9]
Giovanni
Petrone,Giovanni
pagnuolo,Massimo
Vitelli,"Distributed maximum power point tracking: challenges
and commercial sollutions,"Automatica53(2), 128–141, Apr
2012.
[10] S. Jiang, D. Cao, Y. Li, and F. Z. Peng, “Gridconnected
boost-half-bridge photovoltaic microinverter system using
repetitive current control and maximum power point tracking”,
IEEE Trans. Power Electronics., vol. 27, no. 11, pp. 4711–4722,
Nov.2012.
[11] Keith A. Corzine Mike W. Wielebski, Fang Z. Peng, and
Jin Wang, “Control of Cascaded Multilevel Inverters,”IEEE
Trans. Power Electronics., vol. 19,No. 3, 281-289, May 2004.
[12] G.Preethi, J. Gayathri Monika, v.Jamuna, “Digital
Simulation of Multicarrier PWM Strategy for Multi-Level
Inverter,” presented at the International Conference on
Computing, Electronics and Electrical Technologies [ICCEET],
2012.
[13] Hyuntae Choi, Wei Zhao, Mihai Ciobotaru, Vassilios G.
Agelidis, " Large-Scale PV System based on the Multiphase
Isolated DC/DC converter", presented in 3rd IEEE International
Symposium on Power Electronics for Distributed Generation
Systems (PEDG) ,pp. 801-807, 2012.
[14] Solar Energy Grid Integration Systems “SEGIS”:
Concept
Paper,
October
2007,
Sandia
National
Laboratories,http://www.sandia.gov/SAI/files/SEGS%20Conce
pt%20Paper-071025.pdf.

WWW.IJASRET.COM

198

