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Abstract—Increasing complexity of power grids, growing demand, and requirement for greater reliability, security and efficiency as well as
environmental and energy sustainability concern continue to high light then need for a quantum leap in harnessing communication and information
technologies. This leap toward a “smarter” grid is widely referred to as “smart grid”. A smart grid can help us reach the goal of clean air and energy
independence by utilizing renewable power such as wind and solar energy. In earlier a real time, massive, online, multi-time frame simulation is
proposed as a means for building a common vision of smart grid functions. A massie simulation w ill include hundreds of participants that play roles of
reliability coordinators, transmission operators, distribution operators, power plant operators, and substation operators. In this paper critically reviews the
reliability impacts of major smart grid resources such as renewable, demand response and storage. A Smart Meter is designed via ISM band
communication to develop a smart grid. These highly visible drills can demonstrate how the new smart grid systems, people, and processes can all work
together economically and reliably. We can get low cost, safe, and easily configurable simulations instead of waiting for expensive and hard wired

deployments.

Inde x Terms—Embedded System, HEMS, ISM Band, Solar Panel, Substation, Smart meter, Microcontroller

1 INTRODUCTION
1.1. What is Smart Grid?

The Smart Grid is a combination of hardware,
management and reporting software, built atop an intelligent
communications infrastructure. In the world of the Smart
Grid, consumers and utility companies alike have tools to
manage, monitor and respond to energy issues [1]. The flow
of electricity from utility to consumer becomes a two-way
conversation, saving consumers money, energy, delivering
more transparency in terms of end-user use, and reducing
carbon emissions. Modernization of the electricity delivery
system so that it monitors, protects and automatically
optimizes the operation of its interconnected elements — from
the central and distributed generator through the high-
voltage network and distribution system, to industrial users
and building automation systems, to energy storage
installations and to end-use consumers and their thermostats,
electric vehicles, appliances and other household devices.
The Smart Grid in large, sits at the intersection of Energy, IT
and Telecommunication Technologies.
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1.2 Pillars of Smart Grid

¢ Transmission Optimization
Demand Side Management
Distribution Optimization
Asset Optimization

* & o

1.3 Demand Optimization
¢ Demand Response — Utility
¢ Demand Response — Consumer
¢ Demand Response Manage ment System
¢ In Home Technology enabling

1.4 Why Smart Grid?

e Integrate isolated technologies: Smart Grid enables
better energy management.

e Proactive management of electrical network during
emergency situations.

e Better demand supply / demand response management.

e  Better power quality

e  Reduce carbon emissions.

¢ Increasing demand for energy : requires more complex
and critical solution with be tter energy manage ment
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1.5 Smart Grid Function Regional Innovation Cluster, the state is positioned to be a

The term “smart grid” can cover a wide variety of
technologies and functions ranging from home automation
systems to interconnection-wide pharos monitoring systems
[1][2]. The emphasis of this paper is on development of smart
grid functions that require integrated control of generation,
transmission, distribution, and customer premises. The future
smart grid must accommodate larger penetrations of
intermittent wind and solar energy sources both centralized
and distributed. It must also accommodate rapid demand
growth due to plug-in electric vehicles and learn how to make
optimal use of their inherent storage capacity. Self-healing
grids can adapt to any level of multiple contingencies due to
acts of nature, acts of terror, equipment failures or operator
error. They can gracefully degrade by shedding the lowest
priority loads first and leaving on all critical loads without
interruption. Smart islanding will be implemented at both
transmission and distribution levels. At the transmission
level, islands will be formed to limit the propagation of
generation load imbalances. At the distribution level local
generation will continue to provide power even when power
from the utility is absent. Combining distributed resources of
every description—rooftop PV solar, fuel cells, electric
vehicles —the community can generate sufficient electricity to
keep the most critical loads up and running. Maximal flow
grids are designed to efficiently move remote generation to
local loads. In a maximal flow grid the transmission path
flows will be maximized. The transmission transfer limits will
be determined primarily by the real-time thermal and voltage
stability limits. Contingency-based thermal, voltage, and
transient stability limits will be mitigated using direct load
and storage controls. Tapping the potential to directly manage
appliances on millions of customer premises will be the silver
bullet that makes many smart grid applications feasible. A
large proportion of customer loads including air conditioners,
water heaters, freezers, and refrigerators have thermal inertia.
They can all be interrupted for 15 min to 1 h without any
inconvenience for customers. The smart grid will require
improved interfaces and analytical methods, to support
operator decision-making. System operators will play aneven
more vital role as they supervise more sophisticated control
systems that actively manage systems with tighter
transmission and generation reserve margins.

1.6 The Smart Grid as an Economic Development Tool

The smart grid is a transformative set of technologies and
business models. With mutually supportive private and
public investment and with governmental policies that
accommodate entrepreneurial smart grid innovations, we can
grow our economy, create new high-paying jobs, and help
protect our environment. The convergence of these diverse
benefits represents an unparalleled opportunity for policy
makers to advance an agenda based on research and
development, on innovation, and on economic development.
Through continued advancement of the Illinois Smart Grid

leader in the development and deployment of smart grid
enabling strategies, services and technologies.

2 ENERGY MANAGEMENT SYSTEMS

Existing energy management systems have been designed
around the concept that the power system can operate in one
of four states [4]. In the normal secure state all equipment is
operating within limits and no single or probabl double
contingencies will cause real-time operating limit violations.
In the normal insecure state, all equipment is ope rating within
real-time limits but one or more single or probable double
contingencies will cause operating limit violations. In the
emergency state some equipment is operating outside of its
real-time operating limits. The restorative state occurs when
there has been a major outage of generation, transmission,
and customer load. The restorative state may be entered as a
result of contingencies that cause loss of customer load oras a
result of deliberate control actions to shed load and/or
generation in a portion of the system. Control actions in the
restorative state should be designed to transition the system
back to the normalstate but could inadvertently transition the
system to an emergency state. EMS applications focus on
providing operator decision making tools for the normal
secure and normal insecure states.

There are few real-time tools that have been designed to
support operator decision making in the emergency and
restorative states. There are also few tools that can prepare the
system or operator to handle extreme contingencies. Energy
management systems have evolved slowly over the last
twenty five years. The core specifications for functions such as
SCADA, alarming, state estimator, and contingency analysis
have not changed significantly. These functions now run on
much lower cost computers and use higher resolution
displays for showing system maps and station diagrams.
Many application codes written in the early 1980s are still
running today[3].The rate of evolution of energy management
systems has to accelerate if smart transmission grids are to be
deployed by 2020.

2.1 The Role of Simulators

Massive, real-time, multi-time frame, open architecture
simulators can  accelerate  the  development and
implementation of smart grids. Building a smart self healing
grid requires continuing education and creation of a common
vision and goals for players at all levels including politicians,
regulators, executives, managers, engineers, operators,
linemen, and technicians. Highly visible massive real-time
simulations of the major U.S. interconnections with hundreds
of participants can demonstrate how new smart grid systems,
people, and processes canall work together to benefit system
reliability and economy. The industry and especially smart
grid system developers can get feedback from all parties
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through low cost, safe, and easily configurable simulations
instead of waiting for expensive and hardwired de ployments.
As anexample, these massive real-time simulations will more
clearly demonstrate how fast wide area control of loads on
customer premises can be used to prevent cascading outages
by enhancing rotor angle, voltage, frequency, and thermal
stability. Smart grid home automation suppliers would then
be incented to build in faster load controls.

2.2. Cost saving theme

At the moment KPX does not provide exact billing
information to its customers, so HEMS type of system is not
supported. However, the situation should be changing with
the Smart Grid technology. Smart Grid is a system that can
integrate environmental friendly energy sources into
conventional power grid. Other important feature is the city
level load balancing, using different power plants based on
the current power consumption.

To be able to balance loads, Smart Grid requires online
power consumption information from the houses. In return,
the smart grid provides house-level functions in form of the
smart meter. Smart meter should provide up-to-date
information to the user, so monitoring energy consumption in
the house is possible online. Therefore it is very likely that the
customer can track the energy costs in the future as well.

2.3. Energy saving theme

Statistical data presented in the following tables show that
currently the users do not care about how much anappliance
is consuming. In Table 1, the appliances’ energy consumption
(kWh) is presented on the leftside.Itcan be seen that in many
cases, especially in case of an air conditioner, the energy
consumption is not regarded as a problem. This means that
the user understands the inefficiency of the appliance but is
still using it.

In Table 2, the amount of days anappliance is used in a
year is presented. As it can be seen, the consumption of the
device is not a factor when deciding if the device is used or
not.

Table 1

Yearly Consumption of Different Appliances with Different
Power Consumptions (3500 Hours)

351 38.003 492279 55.628 1090045 | 218640
upper

T e e
1 34.751 349532 43.731 97.722 199.139
below

101-150 35.760 396.792 47.465 98.283 208.568
151-200 35.264 433944 50.146 105094 | 216.240
201-250 35.670 457.032 53.874 103230 | 212440
250-350 36.462 467.830 52.767 104152 | 216.177

Table 2
Time Average Number of Usage Days per Appliance in a Year
(500house)

Electronic Air . Electric Electric
kwWh Fan conditioner Humidifier blanker heater
100

99 53 98 98 85
below
101- 53 94 94 88
150 98
151- 56 93 96 101
200 95
201- 67 98 111 98
250 98
250- 98 64 98 114 94
350
351 65 99 124 104
upper 102

3 HOME ENERGY MANAGEMENT SYSTEMS

A home energy management system (HEMS) providing the
alternative energy sources, smart houses would be equipped
with a solar power generator and a windmill power
generator. Also intelligentappliances are controlled by power
line communication, and a smart meter. Every 15 minutes the
smart meter would provide reports on power consumption
through an energy service portal (ESP)via a broadband
Internet connection and that information would be available
online through a Web interface[3]. The HEMS relies on the
power consumption history to control appliances.

Our home network model is based on three basic network
entities: (1) Devices, (2) Networks and (3) Services. Each of
them contains some information or working concepts, which
restrict interaction between other entities or enable
functionality between them. These three basic entities can be
further defined is as follows:

1. Device: Device is an entity that can contain services or
functions. These services and functions can be accessed
device, the device can also activate other device’s
services/functions. Each device should have at least one
network. The basic operation of a device is to be controlled or
monitored.

2. Network: Network has own specific properties such as
Address, QoS and some configuration information. Network
represents a path from device to device.

3. Service: Service is a process that contains the service logic. The
service logic executes different device functions and services,
and monitors their states. Service logic handles the
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relationship with the device and the network, as well as the
relationship between the devices it interacts with.

3.1 General Block Diagram of Smart Meter
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Fig.1 Block Diagram of Smart Meter

3.2 Smart Meter
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Fig.2 Automatic Metering

3.3 Smart Meter Benefits

Enhances reliability and outage

detection, and quicker restoration

Improves customer service and allows
fora maore proactive workforce

Fig.3 Automatic Metering benefits

3.3 HEMS
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Fig.4 Energy Distribution in HEMS

4 KEY FUNCTIONALITIES OF ENERGY
MANAGEMENT

Energy management consists of a group of functions that
facilitate remote monitoring, controlling, planning and
repairing of operations and provide information on the status of
installed devices and the network. The HEMS has the following
four functions:

¢ Auto-configuration: auto-configuration is the most
important function for customers of home network
services because many homes have a wrong
configuration.

¢ Easy monitoring: comfort and easy access to real-
time information on energy consumption help the
user pay attention to energy saving.

¢ Remote controlling: online access to a customer’s
usage pattern and device status enables appliances
to be controlled remotely.

¢ Smart planning: automatic peak load management
provides smart planning for reducing energy
consumption.

5 DEMAND RESPONSE
5.1 Load Management/ Demand response
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Load management involves reduction of load in response to
emergency and/or high-price conditions. Such conditions are
more prevalent during peak load or congested operation.
Reduction initiated by the consumer is usually referred to as
demand response. Nonemergency demand response in the range
of 5% to 15% of peak load can provide substantial benefits in
reducing the need for additional resources and lowering real-
time prices[3]. Demand response does not substantially change
the total energy consumption since a large fraction of the energy
saved during load curtailment is consumed at a more opportune
time —thus a flatter load profile. Load rejection as an emergency
resource to protect the grid is well understood and is
implemented to operate either by system operator command or
through under frequency and/or under voltage relays. Ina smart
grid, this can be enhanced to allow more intelligence and wider
customer participation. Price-based demand response as a
system resource to balance demand and supply has not been
widely adopted yet. Contract-based participation has been
typically below 5% (with MISO below 8%) of peak load. In a
smart grid, real-time prices enable wider voluntary participation
by consumers through either automatic or manual response to
price signals, or through a bidding process based on direct
communication between the consumer and the market/system
operator or through aggregators and/or local utilities. In addition
to capability to flatten the load profile, demand response can
serve as anancillary resource to help reliability.

6 PARTS OF SMART METER

Current Transformer
Digital Converter
Comparator

8051 Micro Controller
ISM

LCD Display

* & 6 O+ 0o o

6.1 Current Transformer

In electrical engineering, a current transformer (CT) is used for
measurement of electric currents. Current transformers, toge ther
with voltage transformers (VT) (potential transformers (PT)), are
known as instrument transformers. When current in a circuit is
too high to directly apply to measuring instruments, a current
transformer produces a reduced current accurately proportional
to the current in the circuit, which can be conveniently connected
to measuring and recording instruments. A current transformer
also isolates the measuring instruments from what may be very
high voltage in the monitored circuit. Current transformers are
commonly used in metering and protective relays in the electrical
power industry.

Usage
Current transformers are used extensively for
measuring current and monitoring the operation of the power

grid. Along with voltage leads, revenue-grade CTs drive the

electrical utility's watt-hour meter on virtually every building
with three-phase service and single-phase services greater than
200 amp.

The CT is typically described by its current ratio from
primary to secondary. Often, multiple CTs are installed as a
"stack" for various uses. For example, protection devices and
revenue metering may use separate CTs to provide isolation
between metering and protection circuits, and allows current
transformers with different characteristics (accuracy, overload
performance) to be used for the devices.

6.2 A-D Conwrter
Normally analogue-to-digital converter (ADC) needs interfacing
through a microprocessor to convert analogue data into digital
format. This requires hardware and ne cessary software, resulting
in increased complexity and hence the total cost.
An analog-to-digital converter (abbreviated ADC, A/D or A to
D) is a device that converts a continuous quantity to a discrete
time digital representation. An ADC may also provide an
isolated measurement. The reverse operation is performed by
a digital-to-analog converter (DAC).

Table 3
Sample Ratings

Voltage levels [V] |Binary representation

0-0.62 000
0.621-1.25 001
1.251-1.87 010
1.871-2.5 011
2.51-3.12 100
3.121-3.75 101
3.751-4.37 110
4.371-5.00 111

6.3 Comparator
LM324

The LM324 contains four independent high gain operational
amplifiers with internal fre quency compensation. The four op-
amps operate over a wide voltage range from a single power
supply. Also use a split power supply. The device has low
power supply current drain, regardless of the power supply
voltage. The low power drain also makes the LM324 a good
choice for battery operation.

ATmel 89C51 PIN DIAGRAM
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Fig.5 Pin Diagram

6.4 Microcontroller

AT89C51 is an 8-bit microcontroller and belongs to Atmel’s 8051
family. AT89C51 as 4KB of Flash programmable and erasable
read only memory (PEROM) and 128 bytes of RAM. It can be
erased and program to a maximum of 1000 times. In 40 pin
ATB89C51, there are four ports designated as P1, P2, P3 and P0.All
these ports are 8-bit bi-directional ports, i.e., they can be used as
both input and output ports. Except PO which needs external
pull-ups, rest of the ports have internal pull-ups.When 1s are
written to these port pins, they are pulled high by the internal
pull-ups and can be used as inputs.These ports are also bit
addressable and so their bits can also be accessed individually.
Port PO and P2 are also used to provide low byte and high byte
addresses, respectively, when connected to an external memory.
Port 3 has multiplexed pins for special functions like serial
communications, hardware interrupts, timer inputs and
read/write operation from external memory.AT89C51 has an
inbuilt UART for serial communication. It can be programmed to
operate at differentbaud rates. Including two timers & hardware
interrupts, it has a total of six interrupts

ATmel 89C51 Technical Description

4K Bytes of In-System Reprogrammable Flash Memory
Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM 32

Programmable I/O LinesSS

Two 16-bit Timer/Counters

Six Interrupt Sources Programmable Serial Channel
Low-power Idle and Power-down Modes 40-pin DIP

* o

* 6 6 ¢ 0 o

6.5 ISM Band Communication

History

Radio frequencies in the ISM bands have been used for
communication purposes, although such devices may experience
interference from non-communication sources. In the United
States, as early as 1958 Class D Citizen's Band was allocated
adjacent to an ISM frequency. In the US, the FCC first made
unlicensed spread spectrum available in the ISM bands in rules
adopted on May 9, 1985. Many other countries later adapted
these FCC regulations, enabling use of this technology in all
major countries.littion wededl The FCC action was proposed by
Michael Marcus of the FCC staff in 1980 and the subsequent
regulatory action took 5 more years. It was part of a broader
proposal to allow civil use of spread spectrum technology and
was opposed at the time by mainstream equipment
manufacturers and many radio system operators.

Uses

For many peopl, the most commonly encountered ISM
device is the home microwave oven operating at 2.45 GHz.
However, in recent years these bands have also been shared
with license-free error-tolerant communications applications
such as Wireless Sensor Networks in the 868 MHz, 915 MHz
and 2.450 GHz bands, as well as wireless LANs and cordless
phones in the 915 MHz, 2.450 GHz, and 5.800 GHz bands.
Because unlicensed devices already are required to be tolerant
of ISM emissions in these bands, unlicensed low power uses
are generally able to operate in these bands without causing
problems for ISM users; ISM equipment does not usually
include a radio receiver in the ISM band. In the United States,
according to 47 CFR Part 15.5, low power communication
devices must accept interference from licensed users of that
frequency band, and the Part 15 device must not cause
interference to licensed users. Note that the 915 MHz band
should not be used in countries outside Region 2, except those
that specifically allow it, such as Australia and Israel,
especially those that use the GSM-900 band for cell phones.
The ISM bands are also widely used for Radio-frequency
identification (RFID) applications with the most commonly
used band being the 13.56 MHz band used by systems
compliant with ISOAIEC 14443 including those used by
biometric passports and contactless smart cards.

The industrial, scientific and medical ISM) radio bands
are radio bands (portions of the radio spectrum) reserved
internationally for the use of radio frequency (RF) energy for
industrial, scientific and medical purposes other than
communications. Examples of applications in these bands
include radio-frequency process heating, microwave ovens,
and medical diathermy machines. The powerful emissions of
these devices can create electromagnetic interference and
disrupt radio communication using the same frequency, so
these devices were limited to certain bands of frequencies. In
general, communications equipment operating in these bands
must tolerate any interference generated by ISM equipment,
and users have no regulatory protection from ISM device
operation.

6.6 LCD Display
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A 16 Character x 2 Line LCD Module to the Parallel Port. These
LCD Modules are very common these days, and are quite simple
to work with, as all the logic required to run them is onboard.

7 TECHNOLOGY IMPROVEMENTS
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9 OBSTACLES OF FUTURE DEVELOPMENTS

In 2010, the global value of smart meters was in excess of $4.3
billion, and is forecasted to reach as much as $15.2 billion by
2016. China has purchased 48 million smart meters in the past
two years and in 2010 Chinese Taipei announced its AMI
deployment plan.

The Council of the European Union formally adopted
the third Energy Package in April 2009. The new smart meter
provision will require Member States to carry out a cost-benefit
assessment within 18 months of entry into force of the new
legislation, and then roll out the meters to at least 80% of
domestic customers by 2020 - but the 80% will only apply to
those customers who have been identified as cost efficient to
supply with meters. The intention is ultimately a 100% roll out by
2022.

Security:

Many of the technologies discussed above to support Smart Grid,
such as smart meters, sensors, and advanced communications
networks, can themselves increase the vulnerability of the grid to
cyber attacks. Accordingly, it is essential that Smart Grid
deployment leverage the benefits of increased threat awareness
while mitigating against heightened security concerns. It will be
a difficult task, but one that can be addressed by being aware of
the risks and leveraging security best practices from other
industries.

Upfront Consumer Expenses:

In the responses of 200 utility managers to a 2009 survey, 42
percent cited "upfront consumer expenses” as a major obstacle to
the smart grid. These concerns were confirmed by consumer
responses in which 95 percent of respondents indicated they are
interested in receiving detailed information on their energy use;
however, only 1in 5 were willing to pay an upfront fee to receive
that information. Regulatory approval for rate increases needed
to pay for smart grid investments is always difficult, and the
re ce ptiveness of regulators varies from state to state.

Lack of Standardization:

Lack of technology standards has been considered as a major
obstacle to smart grid deployment. A Smart Grid is a new
integrated operational and conceptual model for utility
operations. This requires it to both implement a system-wide
installation of monitoring device and to maximally communicate
with components. However, developing this kind of system will
usually cost multi-years.

Because smart grid is still a new conceptand the technologies
that there is misunderstanding amongst consumers, regulators,
policymakers, what its costs and benefits are. Stakeholders that
are generally aligned conclusions based on a different
understanding of the smart grid.

10 CONCLUSION

This paper describes the smart grid System and its
implementations using ISM Band. For supporting energy
management services, HEMS monitors smart meter and make a
plan to control the appliances related to energy remotely from
smart meter providing auto-configuration, remote monitoring,
energy management, feasible controlling. Especially, planning
makes to shift device controlling on peak price time and to
smooth power demand work load. Finally, HEMS can deliver
clear benefits about resource utilization, energy conservationand
cost reduction to users.
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