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ABSTRACT: In the recent trends, there is a rise in percentage over the interests of smart grids in both the producers 
and consumers. The developments of micro grids in parallel with the development of smart grids have to be taken in 
consideration for efficient system performance. The concept of developing renewable energy to meet the real time 
demand taking into the consideration, the management of these resources is essential for overall system performance. 
With the increasing development in the fields of information technology and communication systems, the concepts of 
smart grids alongside micro grids have swung into a new era. This paper presents an overview of smart grids and 
advances in the development of micro grid. 
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I. INTRODUCTION 
 

Distributed generation (DG) has gained increase popularity in the energy sector primarily driven by the rising concern 
of climate change and energy security. In addition, the lack of sufficient energy resources, the increase of public 
awareness in reducing pollutant gas emission and also the liberalization of electricity market have given rise to the use 
of DG. This in turns create the concept of smart grids and micro-grids. The potential economy and environmental 
benefits of smart grid include technology investment that result in job creation, reduction in carbon dioxide emissions 
level, workforce development and the smart grid as an economic development toolSmart micro-grid is an advanced 
framework based on the service-oriented architectures forintegrating micro-grid modeling, monitoring and control, as 
shown in Fig. 1 

 
Fig1: The micro-grid with micro sources, load control and management 
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Given the importance of the smart grid concept towards building a sustainable electricity system, many innovative 
concepts have been proposed by researchers. However, it is essential to first test the proposed concept at laboratory 
level before it can be fully implemented to the real system. In this respect, this paper reviews the smart grids features 
and also describes the facilities available in micro-grids laboratories. 
  

III. SMART GRIDS SYSTEMS 
 
I.Smart Grid Requirement: 
Smart grids are the networks that interconnect both the information and communication technology (ICT) and the 
power network. The effective deployment of ICT plays a fundamental role towards the successful implementation of 
smart grid concept. One of the main challenges of smart grids is to upgrade the present conventional passive network to 
the future active network with two-way communication capability. Recent studies show that active network is cost 
effective and it has great potential to increase the overall system utilization . 
The key requirements that are necessary to make the fundamental changes of the present distribution networks are as 
follows. 
 
A. Self-Healing Grids 
1. Network with high reliability and inherent security in all levels. 
2. Decentralized control and wide spread use of sensors and measuring equipment. 
 
B. Economical Grids 
1 .Optimum use of assets and applying the concepts of demand response and demand side management 
2. Non-hierarchical distribution of electric power production and use of distributed generation driven by the consumers. 
3. Extensive use of network automation and reduced human intervention. 
 
C. Low carbon network 
1. Integration of multiple energy resources. 
2. Electrification of transport sector. 
3. Management of pollution and carbon dioxide emission. 
 
D. Two-way communication and advance software 
1. The smart devices transmit the information over a two-way communications pathway. 
2. A key aspect of the smart grid will be its use of the same information technology that enables two-way 
communication between the consumers and utility. 
 
In addition, it is important to highlight that the design of future smart grid system should be low-loss and with 
environmental considerations . 
 
II.Traditional Networks Towards Smart Grids: 
 
Smart grid does not concern only the bidirectional data communication but also the bidirectional power flow capability. 
The networks can potentially consist of thousands of small producers and electricity retail sellers. For instance, the 
consumers can enter the electricity market by selling the excess energy generated by DG (such as solar photovoltaic) to 
the grid. Therefore, in smart grid, two new networks are envisaged namely: 
 
1 .Islanded distribution network (micro-grid) 
2. Virtual electricity distribution company (virtual utility) or (virtual power market) 
 
In fact, the virtual power market is conceptually similar to the internet model. Energy production from any sources, 
regardless of production style, whether traditional generators or renewable energy sources, will supply and consumed 
anywhere in the network. Obviously, the use of advanced ICT is indispensable to achieving such a complex system. 
Decentralized structure of smart grids and traditional hierarchical power networks are as shown in Fig. 2 and Fig. 3, 
respectively. Table 1 shows the comparison between conventional power systems with future ICT enabled smart grid. 
The main challenges to establish a comprehensive smart distribution networks should take into account the following. 
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1. Installation and commissioning of smart sensors (smart metering) on all key elements of the distribution networks to 
enable two-way communication 
2. Integration and synchronization of Advanced Metering Infrastructure (AMI) systems with other centralized software 
applications (office back-end). 
3. Portal service subscribes (office front-end) and Enterprise Resource Planning Systems and voice service to 
subscribers. 
4. Installation of intelligent real time fault detection system. 
5. Residential consumer demand response to electricity price signals. 
6. Integration of low-voltage control and monitoring with real time control of high-voltage systems such as SCADA 
 
 

 
 

Fig 2: Traditional hierarchical power networks 
 
 

 
 

Fig 3: Decentralized structure of smart grids 
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Table 1: Comparison between conventional power systems with future ICT enabled smart grid 
Present power distribution systems Future smart grid power distribution systems 
Electromechanical Digital 
Without communication or one way communication Two-way communication with all active elements of 

networks 
Centralized generation Decentralized generation based on renewable energy 
Hierarchical structure Network structure 
Restricted measurement of sensors and elements Comprehensive measurement of sensors and elements 
No feedback networks The inherent and real-time control 
Commissioning manually Automatic retrieval (recoverable) 
Wide interruption at time of outage Filtering and islanding disconnection 
Manually test and evaluation network Remote test and evaluation network 
Network restriction control Network comprehensive control 
Limited service to customers and subscriptions Various services to customers and subscriptions 
  
 
                                      IV. MICRO-GRID STUDIES AND SMART GRID PROJECTS 
 
Extensive research is necessary in order to implement evolutionary smart distribution networks for flexible and 
intelligent operation and network control.Consortium for Electric Reliability Technology Solutions (CERTS) was 
established in the US for power system reliability of emerging technological, economic, regulatory-institutional, and 
environmental influences. The use of Distributed Generation (DG) has increased rapidly given the potential benefits. 
These benefits include the reduction of transmission and distribution losses, improving the transmission and 
distribution capacity, improve voltage profile and power quality systems. An islanding detection on a laboratory sized 
power system has been implemented at Tennessee Tech University of Cookeville, USA. Intentionally and 
unintentionally islanding mode have been investigated and reported in reference. 
 
In Europe, micro-grid projects have been installed or enlarged at different laboratories. Single phase laboratory system 
designed in National Technical University of Athens (NTUA), the Design Centre for Modular Supply Systems 
(DeMoTec) at Institute for Solar Energy Supply Technology (ISET), and the general test site for DER and flywheel by 
University of Manchester. These projects involved micro-grid operation on laboratory scales and simulations. Multi 
Agent System (MAS), controllable load, and monitoring and controlling system have been implemented at NTUA. The 
application of MAS consists of four agents, which are: production unit, consumption unit, power system, and Micro 
Grid Central Controller (MGCC). The DeMoTec promotes design, development and presentation of systems for the 
utilization of renewable energies and the rational use of energy. More information can be obtained from. 
 
In Japan, the new Energy and industrial Technology Development organization (NEDO) and the Ministry of Economy, 
Trade and Industry have started three demonstrations projects under regional power grid with renewable energy 
resources. The sites are in Aomori, Aichi and Kyoto, and the main achievement of these projects is the development of 
optimum operation and control system. Even though the technical feasibility of micro-grid have been tested at multiple 
field-test demonstration projects the clear economic and environmental benefits of such technologies have not been 
demonstrated. 
 
Research works from literature generally discuss the laboratory facilities for smart grid development. It focuses on the 
communication as well as the power systems control and interconnection between the distributed generation and 
centralized power grids. Universal Monitoring, Protection, and Control Units (UMPCUs) which are similar to 
Intelligent Electronic Devices (IEDs) are installed at each component of a grid in order to collect informative data such 
as connectivity, device model, and measurements. Ethernet infrastructure and IEC61850 are the two standards that have 
been implemented to improve the response time of automation system in smart grid. IEC61850 is a protocol for 
communication networks and systems in substations standards which aims to replace the conventional serial 
communication protocol. The benefits of IEC61850 include enabling more advanced protection capabilities via the use 
of direct exchange of data between devices over existing station bus. 
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1 .Lower installation and maintenance costs with self-describing devices that reduce manual configuration. 
2. Communication infrastructure using readily available TCP/IP and Ethernet technology. 
3. Engineering and commissioning effort with standardized models and naming conventions that eliminates manual 
mapping of I/O signals to power system variables. 
4. Lower cost to configure and deploy devices with standardized device configuration files. 
5. Deployment of sensor via a high speed process bus that enables sharing of instrumentation signals between devices. 
 
Furthermore, Commonwealth Scientific and Industrial Research Organization (CSIRO) Energy Transformed Flagship 
in Australia attempts to investigate potential issues of the isolated operation of micro-grid from the utility grid point of 
view. One of the most prominent and important problems in micro grids is to control the balance between generation 
and consumption that discussed in reference. This issue will become obvious when the energy is exported from the 
renewable sources driven by the intermittent output, as shown in Fig. 4 
 

 
 
                                                     Fig.  4:A typical generation of daily photovoltaic power [22] 
 

 
 

Fig 5: Timing classification of control function for EMS [13]. 
 
Energy management and operational planning of a micro-grid with a PV-Based active generator for smart grid 
application have been developed. The paper organized the system according to different functions and implemented in 
two parts: a central energy management of micro-grid and a local power management at the customer side. The micro-
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grid management classification has been divided into two timing scale, which are long-term energy management and 
short-term power balancing as shown in Fig. 5. 
 
Research work from discussed the construction, operation and control of a laboratory-scale micro-grid where two 
generators have been used to simulate PV and wind generators. The experiments demonstrated that in order to have a 
successful operation of micro-grid in islanding mode, it is essential to incorporate storage devices into the system. The 
experimental result shows the laboratory-scale micro grid system can be operated in two modes, i.e., grid connected 
(Mode-G) or island-mode (Mode-I). Hence, increased reliability of energy supplies with a seamless transfer from the 
one mode to the other. 
 

V. MICRO SOURCES EMULATOR FOR LABORATORIES 
 
Renewable energy resources are not available in laboratory environments as the capital investment of these resources is 
expensive and required large installation space. Furthermore, the generation of renew able energies is unpredictable and 
not controllable. Therefore, emulation of micro sources at laboratory level is important to investigate the dynamic 
behavior of the micro sources. The emulator can also be served as an experimental platform for various research 
activities. Different types of emulator, namely PV array, wind turbine and micro turbine emulator are discussed in the 
following sections 
 
1.PV array emulator: Based on I-V curves of PV module as shown in Fig. 6, a PV simulator was emulated by 
regulating the DC output of a power supply. The PV emulator consists of a set of DC motor generator (4000 rpm, 42 V) 
and a variable DC power supply with 120 V and 2 kW capacity  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6: The I-V characteristic curve of a PV cell 
 
2.Micro Turbine 
Micro turbines are widely used as generating units in DG systems and as energy producers in Combined Heat and 
Power (CHP) systems. Micro turbines are small and use simple-cycle gas turbine. In addition, the y are available as 
single-shaft or split-shaft units. By coupling the dc motor with synchronous machine a micro generator can be 
emulated. 
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Fig 7: Wind Turbine Emulator 

 
3.Wind turbine emulator 
To implement a wind turbine emulator that shown in Fig. 7, three major parts are considered, which include wind speed 
emulator, generator and a power electronic converter. A dc motor and induction generator is used along with power 
electronic drivers for this application. 
 

VI. FUTURE DIRECTION 
 
There are many open research problems that need to be addressed in order to achieve a state-of-the-art smart grids 
technology for real world application. Investigating full- scale deployment, experimental performance analysis and 
transition between grids connected and island mode will be providing significant reliability and security benefits in 
future direction. This section discusses some of the future direction of smart grid and micro-grid related field of 
research interest. 
 
1. Management of Alternative Power Resources: 
Various types of renewable energy supplies such as solar and wind have been used in smart grids. As an example, the 
target of 50% wind power in Denmark in 2025 points to significantly increasing challenges of wind power integration 
in the near future. Furthermore, California’s Renewable Energy Program is going to increase their usage of renewable 
energy resource to 33% by 2020. Due to the low capacity and size of the renewable energy, consumers cannot use it as 
a complete energy provider but they can use the virtual power plant to produce the electricity for injection to the power 
grid. Thus control and communication algorithm need to be developed to facilitate the efficient and reliable 
development of renewable energy future. 
 
2. Energy Efficiency and Demand Response: 
Energy efficiency refers to the permanent changes to electricity usage through installation of or replacement with more 
energy efficient end-use devices. The other promising way to increase the energy utilization is through demand 
participation. Demand response requires customers to change their normal consumption patterns in response to the 
changes in system requirement, for example shifting the load to the time with high renewable generation and low 
electricity price. These changes have significant opportunities to improve overall system utilization. To enable demand 
response for consumers, several advanced control and metering techniques need to be developed and employed. Such 
future systems envisage the use of smart meter to report the consumers’ current energy consumption and hence able to 
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project future energy consumption. This information is particularly useful when the system required its customer to 
response to the system requirement accordingly. 
 
3. Self Healing Requirement: 
In traditional power networks, self-healing was not possible and small failure in grid could lead to wide area shortage. 
However, with the smart grid concept, it has the possibility to monitor and manage the fault in a more effective manner. 
Further optimization and fast response to fault by equipping and improving the requirements of grid can minimize the 
impact of damage due to the outage. Micro-grid and virtual power plant will also potentially provide such capability to 
smart grid. 
 

VII. CONCLUSION 
 

This paper reviews the smart grid features and micro-grid operation. The comparison between conventional power 
distribution systems with future ICT enabled smart grid has been outlined. 
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