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Abstract— Smart grids are the modern electric power grids 

for the enhancement of power system efficiency and 

reliability through automated control, high-power converters, 

sensing and metering technologies, modern communication 

infrastructure and modern energy management techniques 

based on the optimization of energy, demand, network 

availability and so on. This paper gives a better understanding 

about smart grid enabling the Electrinet SM and 

characteristics of smart grid and smart grid architecture of 

future power system to improve the overall functionality of 

the power system. 
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I. INTRODUCTION  

The entire power system has been the same for several 

decades and there has to be a change that makes it updated. 

Smart grid is a term referring to the next generation power 

grid and it delivers electricity between suppliers and 

consumers using two-way digital technologies. It controls 

intelligent appliances at consumers‘ home, building or 

industries so as to save energy reduce cost, increase 

reliability, efficiency and transparency. Smart grids have 

capabilities that would enable it to deal with the power 

outages by balancing both supply and demand. This is 

achieved by the intelligent balancing of the consumption 

between peak and off-peak periods. 

A smart grid is the use of sensors, communications, 

computational ability and control in some form to enhance 

the overall functionality of the electric power delivery 

system. A dumb system becomes smart by sensing, 

communicating, applying intelligence, exercising control and 

through feedback, continually adjusting. For a power system, 

this permits several functions which allow optimization—in 

combination—of the use of bulk generation and storage, 

transmission, distribution, distributed resources and 

consumer end uses toward goals which ensure reliability and 

optimize or minimize the use of energy, mitigate 

environmental impact, manage assets, and contain cost. 

II. WHAT IS THE SMART GRID 

A bi-directional electric and communications network that 

improves the reliability, security, and efficiency of the 

electric system for small to large scale generation, 

transmission, distribution, and storage. A smart grid is a form 

of electricity network using digital technology. A smart grid 

delivers electricity from suppliers to consumers using two-

way digital communications to control appliances at 

consumers' homes; this could save energy, reduce costs and 

increase reliability and transparency if the risks inherent in 

executing massive information technology projects are 

avoided. The "Smart Grid" is envisioned to overlay the 

ordinary electrical grid with an information and net metering 

system, that includes smart meters. The use of sensors, 

communications, computational ability, and control in some 

form to enhance the overall functionality of the electrical 

power delivery system.   

 
Fig. 1: Smart grid 

III. THE SMART GRID ENABLES THE ELECTRINETSM 

The ElectriNetSM is the guiding concept for marrying the 

smart grid with low-carbon central generation, local energy 

networks and electric transportation (see Figure 2) . 

 
Fig. 2: Action Framework—Four Evolving Infrastructures 

The ElectriNetSM recognizes the evolution of the 

power system into a highly interconnected, complex, and 

interactive network of power systems, telecommunications, 

the Internet, and electronic commerce applications. At the 

same time, the move towards more competitive electricity 

markets requires a much more sophisticated infrastructure for 

supporting myriad informational, financial, and physical 

transactions between the several members of the electricity 

value chain that supplement or replaces the vertically 

integrated utility. 

Realizing the ElectriNetSM depends on developing 

the IntelliGridSM communications architecture to enable 

connectivity between each element of the ElectriNetSM with 

requirements for developing agent-based software systems, 

which can facilitate the informational, financial, and physical 

transactions necessary to assure adequate reliability, 

efficiency, security, and stability of power systems operating 

in competitive electricity markets. The distribution resources 

can take many forms, but some key examples are distributed 

http://en.wikipedia.org/wiki/Electrical_grid
http://en.wikipedia.org/wiki/Digital
http://en.wikipedia.org/wiki/Electrical_grid
http://en.wikipedia.org/wiki/Net_metering
http://en.wikipedia.org/wiki/Smart_meter
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generation and storage and plug-in hybrid electric vehicles 

(PHEVs)  [1]. 

A. IntelligridSM 

Realizing the ElectriNetSM requires developing the 

IntelligridSM communications architecture to enable 

connectivity between each element of the ElectriNetSM. An 

agent based software model to predict and react to power 

demand is envisioned. EPRI's IntelliGridSM initiative is 

creating the technical foundation for a smart power grid that 

links electricity with communications and computer control 

to achieve tremendous gains in reliability, capacity, and 

customer services. A major early product is the IntelliGridSM 

Architecture, an open-standards, requirements-based 

approach for integrating data networks and equipment that 

enables interoperability between products and systems.  

B. Local Energy Networks 

The local energy network facilitates the functionality of the 

ElectriNetSM. Overall, the combination allows for the 

operation of a power system that is self-sensing, secure, self-

correcting and self-healing and is able to sustain failure of 

individual components without interrupting service. As such, 

it is able to meet consumer needs at a reasonable cost with 

minimal resource utilization and minimal environmental 

impact and, therefore, enhance the quality of life and improve 

economic productivity Local energy networks increase the 

independence, flexibility and intelligence for optimization of 

energy use and energy management at the local level; and 

then integrate local energy networks to the smart grid. Local 

energy networks, energy sources and a power distribution 

infrastructure are integrated at the local level. This could be 

an industrial facility, a commercial building, a campus of 

buildings, or a residential neighborhood. Local area networks 

are interconnected with different localized systems to take 

advantage of power generation and storage through the smart 

grid enabling complete integration of the power system 

across wide areas. Localized energy networks can 

accommodate increasing consumer demands for 

independence, convenience, appearance, environmentally 

friendly service and cost control. 

C. Electric Transportation 

The next building block of the ElectriNetSM is electric 

transportation— particularly electric vehicles and, in the 

near-term, plug-in hybrid electric vehicles (PHEVs). As 

PHEVs begin to proliferate, the availability of both a 

controllable load and controllable on-site electrical storage 

can have a profound impact on the electrical systems. Plug-in 

hybrid electric vehicles represent the most promising 

approach to introducing the significant use of electricity as 

transportation fuel. PHEV development can build on more 

than a decade of experience with conventional hybrids such 

as the Toyota Prius and Ford Escape, which use a battery and 

electric motor to augment the power of an internal 

combustion engine. To this blend of technologies, PHEVs 

add the ability to charge the battery using low-cost, off-peak 

electricity from the grid—allowing a vehicle to run on the 

equivalent of 75¢ per gallon or better at today’s electricity 

price. And PHEVs draw only about 1.4-2 Kw of power while 

charging—about what a dishwasher draws. 

The primary challenges to widespread use of 

PHEVs, challenges that will require direct utility involvement 

to overcome, include specification of the local energy 

network and development of a mass market to lower battery 

costs. 

D. Low-Carbon Central Generation 

An essential element of the ElectriNetSM is low-carbon 

central generation. The complete integration of the power 

system across wide areas must include the availability of 

central generation and large-scale central storage. The 

ElectriNetSM facilitates the inclusion of multiple centralized 

generation sources linked through high-voltage networks. 

The design implies full flexibility to transport power over 

long distances to optimize generation resources and the 

ability to deliver the power to load centers in the most 

efficient manner possible coupled with the strong backbone. 

Successful implementation of the ElectriNetSM assumes 

successful achievement of performance and deployment 

targets associated with several advanced technologies as a 

basis for estimating CO2 emissions reduction potential. 

Those related to central generation must include an expanded 

use of renewable energy, particularly wind, solar-thermal, 

solar-photovoltaics (PV) and biomass, continued use of the 

existing nuclear fleet through life extension, as well as 

deployment of advanced light water nuclear reactors, 

advanced coal power plants operating at substantially higher 

temperatures and pressures, and wide-scale use of CO2 

capture and storage after 2020. 

IV. KEY CHARACTERISTICS OF SMART GRID 

Under the increasing pressure from global resources, the 

continuous proceeding of power-marketing and higher 

quality and reliability from power users, people hope that the 

future state grid should be more renewable, more robust, 

more efficient, more distributed, reconfigurable, more 

interactive, with faster protection and control, and higher 

power quality [2]. 

Meeting these demands, smart grid integrates 

modern advanced sensor technology, measurement 

technology, communication technology, information 

technology, computing technology, and control technology 

into it, where information and electricity flow bi-directionally 

[3] and the smart grid can: (1) Enable active participation by 

customers; (2) Accommodate all generation and storage 

options; (3) Enable new products, services, and markets; (4) 

Provide power quality for the digital economy; (5) Optimize 

asset utilization and operate efficiently; (6) Anticipate and 

respond to system disturbances; (7) Operate resiliently 

against attacks and natural disasters [4]. Its conceptual model 

is shown in Figure 3. 

 
Fig. 3: Smart grid conceptual model by NIST 

http://en.wikipedia.org/wiki/Agent-based_model
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A. Characteristics of Smart Grid 

As analyzed above, smart grid has the following 

characteristics: 

 Robustness: The grid can continuously provide power 

against disturbances (in extreme climate conditions and 

disasters) without outage over large area, and can ensure 

information security against attacks. 

 Self-healing Capability: The grid can on-line and real-

time monitor and evaluate the current state of itself, has 

strong risk warning systems to provide preventive 

control capabilities, automatically provides fault 

diagnosis, fault isolation and self-restoration [5]. 

 Compatibility: It can support the access of renewable 

resources, adopt the access of distributed generation and 

microgrid, improve the management functions from 

users, efficiently realize interactions with users. 

 Ecnomics: It can operate normally in combination with 

hydropower and thermal power, providing clean and 

high quality power, reduce the power loss and improve 

the utility efficiency of power, lowering investment and 

operation costs [6]. 

 Integratability: By using unified platform and model, 

smart grid can highly integrate the grid information and 

provide sharing, give a guarantee to the standard, normal 

and fine grid management. 

 Interoperability: Figure 4 depicts the “layers” of an 

interoperability framework identified by GWAC along 

with issues that cut across the layers. 

 
Fig. 4: Smart Grid interoperability framework and cross-

cutting issues. 

This “interoperability framework” expends the 

entire power supply chain and provides a logical organization 

of the standards needed to ensure interoperability between 

components operating on the Smart Grid. It also provides 

architecture to identify areas of interest and their 

interdependencies that would need to be addressed and would 

improve smart grid vision and contribute to the widespread 

implementation of Smart Grid. 

V. ARCHITECTURE OF FUTURE POWER SYSTEM 

Three conceptual models for the architecture of future power 

system 

1) Active Networks 

2) Virtual utility 

3) Microgrids 

A smart grid is, in fact, an electrical system able to smartly 

integrate activities of all connected user-energy producers, 

consumers, pro-sumers—with the aim of distributing energy 

in an efficient, sustainable, reliable and economical favorable 

way. 

A. Active Grids 

An active grid is a network that does not only play the passive 

role of supplying final consumers, but also in which the 

operator controls and/or rules the power required or generated 

by the loads or the generators, the bus voltages and the branch 

power flows. It is possible to assume an evolution in three 

different levels: first level—a simple local control of the 

generation at the connection point; second level—a complete 

control system for all the distributed energy resources in the 

controlled area, realizing a coordinated dispatching and a 

voltage profile optimization (see Figure 5); third level 

creation of a strongly interconnected structure with a 

subdivision in cells (“local areas”), responsible for their own 

management (protection, voltage regulation, etc.) that take 

part in the market, selling or buying energy to/from adjacent 

cells or from/to the transmission system (see Figure 6). 

 
Fig. 5: Decentralized control: coordinated dispatching and 

voltage profile optimization. 

 
Fig. 6: Distribution system organized by cells (local areas). 

B. Virtual utility 

A virtual utility or virtual power plant realizes an optimized 

management and control of a set of distributed energy 

resources, in which all distributed generators, loads and 

storage systems are coordinated, taking into account electric 

market signals. Concluding, in all possible scenarios that can 

be imagined, a very important role will be played by the final 

users. The key for the development of smart grids concerns 

the active demand, i.e., the possibility for consumers to 

actively participate as actors in the electrical system 

management and control. 
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Fig. 7: Internet model 

C. Microgrids 

A micro-grid is a set of generators, loads and storage systems 

connected and able to operate independently from the 

electrical grid and that internally recreates the energy 

production and distribution system (see Figure 8). It can be 

considered similar to the active network cell, since it is 

provided with a local control system that rules the exchanges 

of energy among the loads, generators and external network; 

moreover, it can stay in intentional islanding configuration, 

disabling the loads that accept to be part of a “load 

curtailment” program. 

 
Fig. 8: Example of a micro-grid. 

VI. CONCLUSION 

Smart grid reduces energy consumption, carbon dioxide 

Emissions and the cost of power-related disturbances to 

business. This paper discussed about four evolving 

infrastructures, architecture and implementation of smart grid 

will greatly improve the robustness, self-healing capability, 

compatibility, integratability and interoperability of the grid, 

it is cost effective. At the same time, the current cyber 

vulnerabilities in the legacy power grid should be taken into 

account. Since to develop the relevant supporting 

technologies is a step-by-step process, full smart gird will be 

implemented in the future. 
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