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Growing recognition of the electricity grid modernization to enable new electricity 

generation and consumption schemes has found articulation in the vision of the Smart 

Grid platform. The essence of this vision is an autonomous network with two-way 

electricity power flows and extensive real-time information between the generation 

nodes, various electricity-dependent appliances and all points in-between. Three major 

components of the Smart Grids are distributed intelligence, communication 

technologies, and automated control systems. 

 

The aim of this thesis is to recognize the challenges that Smart Grids are facing, while 

extinguishing the main driving factors for their introduction. The scope of the thesis 

also covers possible place of electricity Aggregator Company in the current and future 

electricity markets. Basic functions of an aggregator and possible revenue sources 

along with demand response feasibility calculations are reviewed within this thesis. 
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1. Introduction  

Electric power and electronic communications are one of the main technologies that 

enabled rapid development of civilization in the twentieth century. Alexander Graham 

Bell and Thomas Edison stood at the roots of electricity and communication. As we 

enter the 21
st
 century, Edison would probably still recognize all of the major 

components used in the electricity grid. That particularly concerns distribution level, 

where modern technologies are still absent. Bell, in comparison, would recognize very 

few of the components in the modern telecommunication system. This observation 

underlines the robustness in thought and economy of design of the existing electrical 

power system. It also calls for a review of current practice to determine what may be 

gained through new technologies. 

 

The electric power industry needs to be transformed in order to cope with the needs of 

modern digital society. Customers demand higher energy quality, reliability, and a 

wider choice of extra services. And at the same time they want prices to be lower. In 

principle, the Smart Grid is an upgrade of 20
th
 century power grids, which generally 

"broadcast" power from a few central generation nodes to a large number of users. 

Smart Grid will instead be capable of routing power in more optimal ways to respond 

to a wide range of conditions and to charge a premium to those that use energy during 

peak hours. 

 

By 2020, more than 30 mega-cities will emerge on the Earth. Increased population 

together with a growing energy-dependence trend will require new technologies that 

are able to cope with a larger amount of energy resources. A rough estimation shows 

that by 2050, the world's electricity supply will need to triple in order to keep up with 

the growing demand. That will require nearly 10 000 GW of new generation capacity. 

 

Climate change is now more real than ever. The era of fossil fuels will soon come to its 

end. And our nation is pretty much dependent on finite natural resources for energy 

generation.  We are living in times when significant changes need to be made in the 

utility industry. [1] 
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In the next coming years, the industry will not only experience advanced metering 

infrastructure deployment, but also new improved grid technologies. These new 

technologies will greatly expand the scale of benefits to both customers and utility. 

 

But despite the changing environment, there are still some challenges that prevent 

utilities from rapid development of the smart grid concept. Decision makers and 

investors are still skeptical about the benefits of smart grid technologies. Therefore, it 

is important to present all these benefits in a clear and understandable way.  

 

Improved grid reliability and power quality rules gain more and more attention as more 

regulators think about applying penalty-reward system against performance. Customer 

satisfaction rating should also be considered. Introduction of new telecommunication 

technologies with encryption and remote inspection of assets will increase the security 

of a grid and strengthen it. 

 

Along with the push from regulators, the environmental representatives are calling for 

integrating large amounts of distributed renewable generation. AMI-enabled demand 

response has also played a huge role in the quest of finding less-expensive alternatives 

to building new power plants. Introduction of consumer decisions for reducing energy 

usage will provide significant load reduction which may offset new investments for a 

few years into the future. 

 

Over the past years the technology functionality has increased. For example, SCADA 

systems have evolved into advanced applications of distribution management systems 

(DMS). GPS-based Geospatial Information Systems are now integrated with Outage 

Management Systems, which makes fault location easier than ever. Introduction of 

smart sensors will enable real-time evaluation and asset performance. 

 

Moreover, the industry has benefited from a dramatic reduction in specific equipment 

costs. For example, disconnect relay switch cost have reduced from 86 euro to just 40 

over the past three years. [1] 
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Nowadays, many people ask how real the impact from the introduction of smart grid 

is. The answer is simple: smart grids will bring the utility a lot of benefits. Although 

not all these benefits will be in monetary form (i.e. reliability and customer 

satisfaction), some of them will be in a form of monetary reductions from the current 

costs, other will reduce future costs. Especially in the form of deferred or even 

cancelled capital investments. 

 

Smart grid will bring a customer the ability to control energy consumption, using 

demand response. Such factors as peak shifting and overall conservation will impact a 

demand response system. 
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2. Smart Grids 

2.1 Defining Smart Grid Concept 

2.1.1 What is Smart Grid? 

In order to fully understand the challenges and issues, it is important to define what a 

'Smart Grid' is. 

 

"Smart Grid is a necessary response to the environmental, social, and political 

demands, placed on energy supply." [2] 

 

It would be quite difficult to draw a clear distinction between a "smart grid" and a 

regular grid. Therefore, it is much more practical to consider "smart grid" as a term 

that enables the opportunities for improving power system operation. 

 

In general, the 'Smart Grid' can be defined as 'a system of systems'. It is a platform that 

enables functioning of different technologies and systems. It can be viewed as a better 

electricity delivery infrastructure. 

 

A SmartGrid is an electricity network that can intelligently integrate the actions of all 

users connected to it - generators, consumers and those that do both ï in order to 

efficiently deliver sustainable, economic and secure electricity supplies [3].  

See Figure 1 for a visual representation of the Smart Grid concept. 

 

Here are some other definitions of the Smart Grid: 

¶ A power system that contains multiple automated transmission and distribution 

(T&D) systems, all operating in a coordinated, efficient, and reliable manner. 

¶ A power system that serves millions of customers and has an intelligent 

communications infrastructure, enabling the timely, secure, and adaptable 

information flow, needed to provide power to the evolving digital economy. 

¶ A power system that handles emergency conditions with óself-healingô actions 

and is responsive to energy-market and utility needs. 

¶ The smart grid is a broad collection of technologies that delivers an electricity 

network that is flexible, accessible, reliable and economic. Smart grid 
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facilitates the desired actions of its users and these may include distributed 

generation, the deployment of demand management and energy storage 

systems or the optimal expansion and management of grid assets [4]. 

 

Figure 1 Smart Grid Concept [5] 

From the Information Technology point of view, the Smart Grid technology will 

significantly increase the amount, quality, and use of data received from various 

sensors and meters. This will solve two of today's main problems in the grids: 

environmental concerns and power disturbances. Introduction of Smart Grid will 

increase both security and efficiency of the supply. New software, implemented in 

various microcontrollers will help to avoid grid congestions and enable distributed 

generation, making accent on the use of renewable energy resources. Imagine a 

network, in which a customer can manage his consumption and take advantage of 

pricing schemes, while being able to choose the type of electricty supply (i.e. 100% 

renewable energy, conventional energy, mixed mode). 

 

After analyzing the definitions stated above, the following characteristics of the Smart 

Grids can be distinguished: 

¶ Optimized for best resource and equipment utilization 

¶ Distributed by its structure (assets and information) 

¶ Interactive (customers, retailers, markets) 
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¶ Adaptive and scalable (for changing situations) 

¶ Proactive rather than reactive (to prevent emergencies) 

¶ Self-healing (can predict/distinguish/bypass abnormal situations) 

¶ Reliable and secure (from threats and external disturbance) 

¶ Efficient and reliable 

¶ Open for all types and sized of generation 

¶ Environmental friendly (using renewable energy resources) 

¶ Integrated (monitoring, control, protection, maintenance, EMS, DMS, AMI) 

The Figure 2 and Table 1 provide a side-by-side comparison of the traditional and 

smart grids. 

 

Figure 2 Traditional Grid s vs. Smart Grids [6] 

 

Table 1 Comparison of Traditional Grids and Smart Grids 

Traditional Grids  Smart Grids 

Centralized power generation Distributed power generation 

One-way power flow Two-way power flow 

Empirical-based operation (load indexes) Renewable power generation 

Limited grid accessibility for new 

producers 
Loads follow generation 

 Operation based on real-time data 

 Extended grid accessibility 

 Customers participate in electricity 
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Traditional Grids  Smart Grids 

market 

 

After analyzing the purpose and possibilities of the smart grids, the following 

transformation guidelines can be distinguished (see Figure 3): 

 

Figure 3 Transforming to Smart Grid  [7] 

 

2.1.2 Smart Grid from Energy Industry Point of View 

The real-time two-way communications available in a Smart Grid will allow customers 

to be compensated for their efforts to save energy and to sell energy back into the grid 

through Advanced Metering technologies. After spreading distributed generation 

concepts such as residential solar panels and small wind turbines, the Smart Grid will 

improve the efficiency of energy industry by providing green energy recourses and 

reducing peak loads. It will allow small domestic customers and businesses to sell 

power to their neighbors or even back into the distribution grid. The same concept can 

be applied to larger commercial organizations that have renewable power systems that 

can give the excess power back into the grid during peak demand hours.  
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Implementation of Smart Grids promises to reduce grid operational expenses, improve 

SAIFI and SAIDI, enhance asset management, and improve distribution operations. 

 

The Figure 4 represents Smart Grid taxonomy categorized by industry players: 

 

 

Figure 4 Smart Grid Taxonomy by Industry Player [8] 

 

Smart Grid platform is viewed as a core component of the solution to such modern 

challenges as growing electricity demand, aging utility infrastructure, and the 

environmental impact of the greenhouse gases produced by conventional electric 

generation. 

 

Integrated Smart Grid solutions combine advanced metering technology, two-way 

high-speed data and power transfer, constant monitoring and analysis software, among 

with other related services aimed to provide location-specific real-time data as well as 

home energy management solutions. When combined, these solutions will significantly 

increase the efficiency and reliability of the electric grids. And at the same time, the 

environmental impact will be reduced due to the use of renewable energy resources. 

Smart Grid solutions, including Asset Management, Demand Response, Demand Side 
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Management, Distributed Energy Management, Advanced Metering Infrastructure, and 

Distribution Automation will allow utilities to identify and fix a number of specific 

system challenges through a single platform. 

 

Nowadays, industry officials are moving towards framing standards to help modernize 

current power grids. IEEE groups are working at identifying existing standards and 

filling technology holes that need to be fixed in order to deliver smart grid 

interoperability. 

Here is an overview of different industry vendors and their opportunities: 

 

Field Area Network Vendors 

The missing link between the customer and the utility is one of the first solutions for 

the smart grids to be deployed. Therefore, the companies that specialize in the 

networking technologies such as Field Area Network (FAN) and Advanced Metering 

Infrastructure (AMI) have received a huge share of venture capital from the investors. 

AMI companies might consider investment in companies that partner with wireless 

telecom carriers, as the technologies that are being developed (i.e. WiMax/4G) may 

replace the current dominant solution (RF mesh networks) in future. 

 

Home Area Networks Vendors 

The Home Energy Management System space has also attracted a large venture 

capital. However, such large software companies like Microsoft and Google have 

made a statement that they are going to develop Home Energy Management Systems 

and give them away for free will make it harder for new participants to receive 

financing. Moreover, this market field is still in making its first steps of development 

as it is first needed to have a smart meter and the functioning network in place in order 

to generate and transmit the customer data. This valuable input is still missing. 

Although some pilot projects are expected to launch as early as 2010 (US) [8]. As for 

the standards of communication between appliances in Home Area Networks (HAN), 

the main alternatives are WiFi/WiMax and ZigBee. Each standard has its large 

companies behind itself. Therefore, this area promises to be rather competitive. 
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Software Vendors 

As the distributed renewable energy generation and advanced energy storage solutions 

will be developed and will spread widely into the market, their integration into the 

distribution grid and management will be essential. This is mainly a software 

challenge. Industry will need applications that will be capable of managing data 

coming from the smart meters and sensors. It is expected that the applications sphere is 

going to be the main competition area in the next 3-5 years. 

 

Smart Meter Vendors 

This field, unlike the other ones, has attracted little venture capital as almost all of the 

leading smart metering companies developed directly from the traditional metering 

industry. These companies (e.g. GE, Elster, Itron, and Siemens) are well-established 

already and the main challenge for them is to be the first to provide smart meters that 

support various communication protocols for the needs of industry. In the field of 

Advanced Control Systems, some new start-up companies that produce sensor 

hardware and software systems can evolve. 

 

Demand Response Vendors 

Demand response providers play the role of an intermediate link between a customer 

and utility. Such vendors can be split in two categories according to their main 

specialization field: small-scale residential market and large industrial clients. These 

companies provide software/hardware communication solutions. This market field can 

be quite difficult to enter for the new participants as they are going to need to gain a 

certain level of confidence by utility industry, which is quite conservative. It should be 

noted, that as the utilities advance their communication networks and management 

systems, they will be able to fulfill  these services themselves. 

 

Meter Data Management Vendors 

Meter Data Management (MDM) is one of the market segments, where the start-ups 

and young companies can compete. Smart metering is a relatively new technology and 
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very few companies have experience in handling the tremendous amount of data, 

generated by smart meters. 

 

2.2 Driving Factors of Smart Grids 

According to the recent research by Powel company in Norway, the majority of 

European utilities consider technology as a main driver for Smart Grids [9]. Table 2 

provides an overview of the main driving factors for Smart Grids [8]: 

Table 2 An Overview of main driving factors for Smart Grids 

Technology Advancement 

¶ Smart Grid can be seen as the convergence of IT, telecom, and energy markets 

¶ New products and solutions through technology advancement 

¶ Significant amounts of venture capital investment in Smart Grid technologies and 

solutions 

Higher Efficiency With the Help of Grid Optimization  

¶ Multiple integration points for intelligent grid hardware and software from 

transmission to consumption 

¶ Embedded sensors and monitoring capabilities 

¶ Deployment of advanced two-way communications networks 

¶ Growing Supply of Renewable and Distributed Power Generation and Storage 

¶ Network and systems architecture to support many forms of distributed generation and 

storage 

¶ Intelligent support for multiple forms of intermittent renewable power sources 

(centralized and/or distributed) 

Advanced Customer Services 

¶ Robust, simple consumer energy management platforms 

¶ Networked devices within the "smart home" 

¶ New, efficient pricing models for electricity usage 

Infrastructure Reliability and Security  

¶ Networks/systems tolerant of attack or natural disaster 

¶ Ability to anticipate and automatically respond to system disturbances 

21st Century Power Quality 

¶ Delivering power that is free of sags, spikes, disturbances and interruptions 
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Additionally, new energy conservation technologies are needed for Smart Grids. As 

such technologies may reduce the need for reserve power plants and can cut the costs 

of power failures. Energy conservation technologies may also help to smooth out the 

variability of renewable energy generation, such as wind and solar. 

 

Another driving factor of Smart Grid is the new 'smart' way of energy use. It implies 

energy resource optimization (e.g. own generation or distribution grid), as well as 

optimization of time of use (e.g. avoiding peak hours usage). The new grid should also 

be environmentally friendly and economically viable. 

 

Additionally, the regulators in Europe and United States have been one of the leading 

drivers of Smart Grid. A lot of research and development projects regarding Smart 

Grid implementation are going on at the moment. Both government and private 

companies invest into these projects nowadays. 

 

2.2.1 Power Quality 

Nowadays people are very dependent on electricity. It is indispensible part of their 

lives. Not only it is now critical to have reliable power supply, but the power quality 

needs to be sufficient to support modern demands of the digital life.  

 

Grid operators today are mainly focused on the outages of electricity, rather than 

power quality issues. But it may soon change as the regulators create more strict rules, 

regarding power quality. Without the proper power quality, an electrical device can 

malfunction or not operate at all. With all our data centres, cellular networks and 

medical equipment, it is easy to realize that having reliable power quality is almost as 

important as having power itself. 

 

2.2.2 Safety 

Safety is an important factor in Smart Grids. As systems rely more and more on 

sophisticated hardware and software, safety is increasingly dependent on the 

intercommunication between systems and their responses to inputs. Functional safety 
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depends on equipment or a system, operating correctly in response to its inputs. It is 

the part of the overall energy system safety. Functional safety includes: 

¶ Software 

¶ Hardware 

¶ Electromagnetic Compatibility 

¶ Safety management 

Functional safety aims to minimize the risk of physical injuries or damaging health of 

people (directly or through the environment). Making our electricity grid safer is, 

without any doubts, a driving factor for a change to a smarter grid. Refer to Appendix I 

for a list of functional safety standards [10]. 

 

2.2.3 Energy Independence and Security of Supply 

Energy independence is high on political agenda [11]. Import supply of gas and other 

resources for energy generation from foreign countries has proved to be unreliable. 

That is why it is important that a Smart Grid would support self-sufficiency. That can 

be done by optimizing energy use (demand response) and increasing energy generation 

from renewable resources as well as distributed generation. 

 

Case Example: 

Electric vehicles are sometimes viewed as a solution for reducing dependence on foreign 

energy as they do not use oil imported from foreign countries. However, this technology canôt 

realize its purposes without having an underlying Smart Grid. For example, Advanced Control 

System and communication network, which is a part of intelligent grid will be able to charge 

electric vehicles without causing óaccidental peaksô that can be created as a result of thousands 

of household charging their vehicle after work. 

 

2.2.4 Increasing Renewable Energy Generation 

Without introducing Smart Grids, renewable power sources will stay niche. Both 

customers and utility will benefit from a true integration of renewable energy 

generation into conventional grids. This integration need to be properly done in a way 

that is not only advantageous, but also not disruptive. 
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A lot of European countries are now racing towards ó20/20/20ô goal: a 20% cut in 

emissions of greenhouse gases by 2020, compared with 1990 levels; a 20% increase in 

the share of renewable sources in the energy mix; and a 20% cut in energy 

consumption. Introduction of Smart Grids will not only help to achieve this goal, but 

also promises to provide additional energy storage possibilities. Energy storage issues 

are further discussed in section 2.3.2 of the thesis. 

 

2.2.5 Technology Development 

Some of technologies that enable Smart Grids are available on the market today. Smart 

Grids will move the utility industry into the information age as the information about 

energy consumption, generation, distribution and storage will become available in the 

real-time. 

 

Until today, the electric utility industry has lagged behind other industries in taking 

advantage of the modern communication and networking technologies. Therefore, first 

steps towards introducing Smart Grids will not be ócreating new technologiesô, but 

introducing the technologies of today. The Figure 5 shows the proposed evolution of 

Smart Grids: 

 

Figure 5 Steps towards Smart Grid  
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2.2.6 Energy Demand 

Global energy demand is expected to soar 44% by 2030 (see Figure 6) with most of the 

demand coming from developing countries such as China, Russia, India, and Brazil. 

 

Figure 6 Energy Demand Forecast [12] 

 

However, EU countries will also be affected by a global energy demand increase. The 

electricity prices are constantly rising. Therefore, alternative energy resources should 

be considered. And the market should adapt for the new technologies. 

 

Smart Grid platform supports both direct and indirect energy efficiency efforts. 

Advanced Metering Infrastructure promises to provide control centers with real-time 

information about consumption. This will significantly improve the operational 

efficiency of the distribution grid and allow for energy-efficient applications such as 

Demand Response to be enrolled at full scale. 

 

2.2.7 Peak Levelling and Time-of-use Pricing 

In order to reduce demand during the peak usage periods when the price of electricity 

is very high, communications and metering technologies inform smart devices, 

installed at homes or in the offices, when energy demand is high. These devices in turn 

track the amount of used electricity and log the time of its use. 
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To motivate customers to cut back their energy use and perform so-called peak 

levelling, prices of electricity are increased during high demand periods, and decreased 

during low demand periods. It is expected that consumers and business will tend to 

consume less energy during peak time if it possible for them to be aware of high price 

premium for using electricity during the peak periods. For example, some families may 

decide to cook dinner at 9pm instead of 5pm. 

 

It is thought that such policies will reduce the amount of spinning reserve that electric 

utilities have to keep on stand-by. The load curve will level itself through a 

combination of prices and central control of a large number of devices by power 

management services (aggregators) that pay consumers a portion of the peak power 

saved by turning their devices off. 

 

2.3 Applications of Smart Grid 

In this chapter, most common applications of Smart Grids are going to be described. 

The Figure 7 provides an overview of the applications of the Smart Grids: 

Real Time Energy Markets

Application Data Flow to/ from End-User Energy Management Systems

Application Data Flow for PHEVs

Monitoring of Distributed Assets

Self-healing Grid: Fault Protection, Outage Management, 
Remote Switching, Minimal Congestion, Dynamic Control 

of Voltage, Weather Data Integration, Centralized 
Capacitor Bank Control

Distribution and Substation Automation, Asset Protection, 
Advanced Sensing, Automated Feeder Reconfiguration

Advanced Demand Maintenance and Demand Response; Load Forecasting and 
Shifting

Remote Meter Reading, Remote Disconnect/Connect, Theft Detection, Customer 
Prepay, Mobile Workforce Management

Future Apps and 
Services

Business and 
Customer Care

Smart Charging of 
PHEVs and V2G

Distributed 
Generation & Store

Grid Optimization

Demand Response

AMI

 

Figure 7 Smart Grid Applications  

 

2.3.1 Demand Response 

Demand Response (DR) has recently gained a lot of interest of regulators and 

government. It is a relatively simple concept the benefits of which are mostly 

experienced by end-customers. It encourages consumers to reduce their electricity 
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consumption during peak price hours. Demand response solutions vary from simple 

advanced metering systems to fully automatic home systems. 

 

Historically, the customer loads of electricity distribution systems have mainly been 

uncontrollable. The load of a customer seen by different market players (DSO, TSO, 

supplier, aggregator) has only depended on the behavior of the customer and the 

related appliances. The average load profiles of equal types of days and hours 

(working days, Saturday, Sunday) are quite stable. The load profiles depend mainly on 

weather conditions and duration of day light. The distributed generation and energy 

storage resources at the customer load have been negligible. 

 

The technical development (DG, ICT, Smart Metering, Power Electronics, batteries) 

will  convert the static customer grid connection into an active multifunctional gateway 

for all electricity market players. 

 

The demand response system consists of at least two interconnected devices, installed 

at customerôs premises: a smart load controlling device and a smart meter. The Figure 

8 provides a visual representation of this concept.  

 

Improved demand response system can include a Smart Display that allows continuous 

interaction between a consumer and a utility grid. It would also be possible for the 

customer to log onto a webpage that contains information about electricity usage and 

tariff-schemes available for selection.  

DR is a faster, cleaner, cheaper and more reliable solution compared to adding a new 

power plant during peak hours. Both end-customers and utilities will benefit from the 

introduction of this solution. The fact that both parties will save money will be a huge 

driver for adoption of demand response technique. 
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Figure 8 Demand Response Structure 

 

2.3.2 Energy Storage 

Energy storage possibilities hold a lot of hope for the future of Smart Grids. A next-

generation grid without energy storage possibility resembles a personal computer 

without a hard drive: extremely limited. Energy storage across the distribution grid can 

provide dispatchable power that can be used during peak hours. Therefore, this 

solution will decrease (and consequentially eliminate) the use of expensive plants that 

are introduced by system operators as a ólast hourô resort during peak demand hours. 

Also, it will make distribution network less volatile as it will smooth the load and may 

help to avoid consuming electricity high-price tariffs. 

 

Additionally, energy storage solution will be crucial for storing energy from renewable 

generators (wind and solar power are only produced at certain times, which are not 

necessarily coincide with the times when the electricity is needed; therefore it is 

important to utilize energy storage technologies to conserve electricity for times when 

direct generation is not possible). 
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2.3.3 Home Area Networks 

Home Area Network (HAN) is an essential tool in the Smart Grids palette of 

components. It allows Smart Grid applications to communicate with various home 

appliances. 

 

HAN are an extension of Advanced Metering Infrastructure, which makes possible 

two-way communication between devices, users, and utility. The customer can manage 

intelligent home appliances using real-time monitoring system according to the time-

of-use tariff system. The utility will automatically determine the tariff rates according 

to generation/consumption data received from Smart Meters. 

 

The Figure 9 shows the Home Area Network structure and home appliances 

interconnection: 

 

Figure 9 Future Home Area Network 

 

2.3.4 Advanced Metering Infrastructure 

Advanced Metering Infrastructure (AMI) is a system that measures, collects, and 

analyses energy usage data from advanced devices, such as electricity/gas/water 

meters. The data can be sent back and forth using a two-way communication network. 

The energy usage statistics can be collected upon request or on a pre-defined schedule. 
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The AMI includes hardware, software, communications, and customer systems and 

meter data management software.  Therefore, AMI can be explained as a two-layer 

structure: application layer and transport layer [8]. The application layer is responsible 

for data collection and analysis, operational control, and real-time monitoring. The 

transport layer is responsible for a two-way information transfer between utility and 

customer. 

The Figure 10 represents AMI communication network structure: 

 

Figure 10 AMI Communication Network Structure  

 

2.3.5 Integration of Distributed Generation 

Renewable energy sources, such as Solar or Wind power have been utilized for many 

years. But what has been missing is an infrastructure that integrates these energy 

sources into conventional distribution grids (DG). The goal is to achieve óplug-and-

playô integration of renewable energy sources into DG. 

 

In order to reach mass penetration of renewable energy sources, they must be able to 

deliver energy directly to end-users. The ability of distributed generation to create so-

called ómicrogridsô has recently gained attention of the investors. Microgrid is an 

independent, small and self-reliant grid that generates and stores the power for the 

consumers within it. The microgrid can be connected to the conventional distribution 

grid during normal operations, but in case of any faults on the DG side the microgrid 
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can be isolated. While being isolated or óislandedô it will be able to continue to meet 

the electric requirements independent of the DG. The same can work in the opposite 

directions: the owners of renewable energy sources inside the microgrids can sell the 

energy back into the distribution grid or even directly to a neighbor across the street. 

 

2.3.6 Advanced Utility Controls Systems 

Advanced Utility Controls Systems (AUCS) aim to integrate different control systems 

and technologies in order to support control and optimization of a distribution grid. It 

consists of the following components: 

¶ Meter Data Management (MDM) 

¶ SCADA Systems 

¶ Distribution Management Systems (DMS) 

¶ Energy Management System (EMS) 

¶ Customer Information Systems (CIS) 

¶ Geographic Information Systems (GIS) 

 

AUCS within the boundaries of Smart Grid platform will help to integrate demand 

response, distributed generation of renewable energy, as well as it will provide 

customers with the information on their consumption. 

 

Bringing together such systems will dramatically improve consumption forecasting, 

reliability, protection and performance of the grid. It will also be possible to achieve 

such aspects of Smart Grids as power quality, energy storage, and self-healing. The 

Figure 11 shows possible connections between different information systems: 
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Figure 11 Integrated Utility Control Systems 

2.3.7 Smart Charging 

Electric Vehicles (EV) become more and more popular nowadays. Therefore, a 

question of charging of the EVs emerges. The new grid must be able to cope with a 

growing demand of EV charging and should not crash during peak times when a large 

amount of customers decide to charge their cars. It is a task of software applications to 

design EV charging station in such a way that cars would charge during off-peak times 

(e.g. after 9 p.m.). Both customer and the grid utility will benefit from it. The off-peak 

charging will smooth the load while reducing the price of electricity (e.g. night tariff 

will be used). 
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3. Smart Grid Challenges 

Smart Grid is a promising platform for future electricity networks. However, there are 

a lot of challenges on the way towards its implementation. Therefore, different market 

players need to combine their efforts and concentrate on making the technologies and 

infrastructure possible for Smart Grid implementation as well as finding the sources of 

financing and returns. 

 

Different surveys have been conducted across the world to estimate the readiness of 

the industry and energy consumers for the Smart Grids. Here are some of them: 

 

¶ One-half of the utilities surveyed in the recent Pacific Crest Mosaic Smart Grid 

Survey [13] named cost as the strongest barrier to Smart Grid projects within 

their organization. Technology immaturity is also a key barrier to Smart Grid 

projects but is rated a "top" barrier for fewer respondents. Here are the most 

popular answers: 

 

Figure 12 Smart Grid Barriers Survey 

¶ According to a new survey by software giant Oracle Corp. [13], ninety-five 

percent of electricity customers would like to have detailed data about when 

and how they use power, but just 20 percent are willing to pay for real-time 

information. 

¶ New research on the payment processing trends in the utility industry found 

that 65 percent of respondents say the current economic environment is making 
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processing customer payments more difficult, and 85 percent of the utilities are 

using outdated, legacy systems. [14] 

 

Nowadays is the right time for utilities to implement the Smart Grid technologies and 

educate consumers on the benefits of reducing peak electricity demand. Since the 

utility is already old and needs renovation (most of the network's 30-40 years lifetime 

has run out, it is a good opportunity for the utility companies not only to replace the 

old equipment with the same new one, but to try out the new promising Smart Grid 

technology platform. Electricity customers will help them. If a consumer has more 

information about its consumption, he will start changing his behavior. It concerns not 

only the types of appliances he buys, but also when he uses energy. [15] 

 

However, certain challenges stand on the way towards Smart Grids. In this chapter, the 

following challenges will be reviewed: 

Table 3 Smart Grid Challenges 

3.1 Technology Challenges 

3.1.1 Communication Coverage of Transmission and Distribution Grids  

3.1.2 Choice of Communication Technology 

3.1.3 Information Security  

3.1.4 Distributed Energy Resources Integration Challenge 

3.1.5 Distribution Automation  

3.1.6 Synergy with Advanced Metering Infrastructure 

3.1.7 Cheap Energy Storage Technology 

3.1.8 Grid Network Design 

3.2 Economic Challenges 

3.2.1 Market Barriers to the New Business Models 

3.2.2 Social and Economic Issues 

3.3 Business Challenges 

3.3.1 Integration Challenge 

3.3.2 Energy Management 

3.4 Regulation Challenges 

3.4.1 Interoperability  

3.4.2 Lack of Standards and Regulations 
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3.1 Technology Challenges 

3.1.1 Communication Coverage of Transmission and Distribution Grids 

The management of Smart Grid systems will require the use of a highly capable 

communications network that can provide guaranteed levels of performance in regards 

to bandwidth and latency.  

The Figure 13 illustrates the extension of communications and control infrastructure 

that currently covers the comparatively smart transmission system to include the 

existing distribution system. 

 

Figure 13 the Smart Grid Roll -out of Communications Coverage to the Distribution Level [4] 

An extension of communications coverage to the distribution network can support a 

variety of distribution automation functions including the control of switch gear to 

achieve rapid restoration and self healing properties. It now becomes possible to 

extensively monitor assets such distribution transformers and to actively manage 

feeder voltage profiles with automated tap changes or VAR support. Nowadays, almost 

every distributor faces challenge in developing a coherent communications solution 

that will support their Smart Grid aspirations and allow the easy integration of Smart 

Grid operations within their business systems. Their response will determine the 
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effectiveness of their organizations for years to come. Key issues include equipment 

and jurisdictional interoperability, open communications standards and cyber security. 

Many distributors have current programs in place to increase the level of automation of 

distribution assets primarily for reliability improvement purposes.  

 

3.1.2 Choice of Communication Technology 

The dilemma of choosing the most suitable communication standard at both local and 

wide area network levels has bothered decision makers, vendors and regulators since 

the development of automated meter reading (AMR) technology introduction. The 

initial alternatives included transition from mobile to fixed standard. The current 

debate includes broadband, Radio Frequency (RF) and PLC standards. While the 

question is still opened, the RF standard seems to gain popularity. 

 

The next wave of selecting an appropriate communication technology for Smart Grids 

is centered on three groups of competing technologies.  

 

The first group is the current set of technologies (RF, PLC, and broadband) that are 

constantly improving in terms of bandwidth, latency and Internet Protocol capabilities.  

 

The second group is the advanced communication technologies (3G, GPRS, and 

WiMax). The future of these technologies is a highly debated issue. However, the 

GPRS standard is favored in Nordic countries.  

 

The third group of technologies focuses on customer interaction and service provision 

through an existing Internet connection. In this model, a meter is essentially replaced 

with a data server at home that acts as a "virtual meter". This meter will be linked up 

with a customerôs PC as an interface and will provide the requisite HAN functionality, 

while sending the metering data back to the utility that needs it. If this model will be 

adopted it will bring certain problems that need to be solved. These problems include: 

physical disconnect, broadband access availability, data confidentiality and usage. The 

listed problems are not critical and most probably will be ruled out during the first 

years of exploitation. This model is especially attractive for competitive retail markets 
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in which retailers use AMI and HAN services to improve their retailing value 

proposition in order to win over customers from rivals. 

 

While introducing any of the proposed set of communication technologies, the utilities 

must keep in mind that the technology game will continue to change. Therefore, they 

must be ready to a certain level of risks that are connected with the introducing any 

particular technology [16]. 

 

3.1.3 Information Security 

We are living in the digital age, where almost everyone has access to the Internet. 

Modern power infrastructure is quite vulnerable to terrorist attacks. Nowadays, 

SCADA systems have the ability to be access remotely. As the power flow on the bus 

is controlled by a SCADA system, an attack on SCADA system can cause a power 

outage in current electrical infrastructure. 

 

In future, when Micro Smart Grids (MSG) with employed Distributed Control System 

(DCS) will be introduced this kind of attacks will not be possible. Instead of following 

centralized SCADA implementation structure, which is the case nowadays, the new 

Smart Grids will utilize the distributed SCADA topology where each MSG will have 

its own SCADA system [17]. 

 

The Figure 14 represents a new Distributed Control System (DCS) approach for the 

Smart Grid platform. The proposed Smart Grid topology contains several MSG. Each 

MSG has a local SCADA controller, which acts as a primary/secondary controller, 

depending upon the applied conditions. Remote Terminal Units (RTU connect the 

controllers to Intelligent Field Devices (IFD) such as advanced meters or FACTS 

devices. 
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Figure 14 Proposed Smart Grid SCADA Network Layout 

Every local MSG controller acts as a secondary controller in the presence of the central 

primary SCADA controller depicted by Central Controller (CC) block. The SCADA 

data is relayed to/from IFDs to the central SCADA primary controller via the SCADA 

secondary controller, installed in each MSG. Every SCADA controller can be 

connected to LAN or WAN and therefore allows remote access [18]. 

 

The first advantage of the SCADA CC is that all the updates can be done via the 

SCADA CC. It will allow exchanging these updates across all the SCADA controllers 

in each MSG. Second advantage of the SCADA CC is that in case of any failure in any 

MSG, Central Controller can provide the fault reporting and upon the diagnostics of a 

cyber attack, it will isolate the remaining network from the attack. In the scenarios 

described above, each Local SCADA controller in MSG acts as a secondary controller 

to the SCADA CC, which behaves as a primary controller. If the SCADA CC has a 

problem, the connection of the MSG with the CC will be dropped and local SCADA 

controller at MSG will act as a primary controller. As a consequence, the MSG will 

operate in island mode. Upon the recovery of the CC, the connection between the 

MSG and CC can be resumed.  

 

The proposed topology promises to provide dual redundancy and increased reliability 

to the Smart Grid network, since it will isolate the infected sections of the power grid.  
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The ANSI C12.22 protocol is specifically laid out for the two way communication 

between electrical metering devices. The same standards of communication protocol 

can be employed for the intelligent communication between controllers and sensors 

[19]. 

 

3.1.4 Distributed Energy Resources Integration Challenge 

Advanced metering technologies and improved communications will enable more 

intelligent incorporation of the distributed energy generation by utilizing sensors and 

two-way metering. This will enable customers to play a role of energy supplier if they 

have excess energy. 

 

However, distributed energy generation is partly weather-dependent and non-

scheduled (in case of wind or solar generation). This fact brings certain challenge in 

regards of controlling the variable energy flow. As the penetration of distributed 

generation increases, more advanced control of the power system is required to 

maintain system reliability. These controls can include more efficient use of 

transmission, use of demand response, and energy storage [20]. 

 

In order for the integration to take place, an appropriate load modeling and forecasting 

must be developed. For example, wind strength long-term patterns analyzing can take 

place in order to estimate the time-of-day availability and the amount of electricity that 

can be generated by a wind plant.  

 

For the actual operation of smart grids forecasts of future requirements are essential to 

be able to prepare the flexible systems to behave in the appropriate manner. Non-

scheduled renewable energy resources add another variable to an already complicated 

balancing act. The fact that the renewable energy generation cannot be dispatched in 

the traditional sense can cause problems for conventional system operation. A Smart 

Grid takes advantage of potential improvements that can be made through applying 

communications and information technology. The employment of accurate renewable 

energy forecasting is a key component in implementing a Smart Grid. 
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Meteorological processes drive renewable energy generation and therefore it is highly 

variable. This variability occurs across all of the time frames of utility operation from 

real-time minute-to-minute fluctuations. However, recent wind integration studies have 

shown that the variations that have the largest effects on the system reliability 

operations and costs of operation are those in the hourly and daily timeframe [21]. 

Refer to Figure 15 for an example of day-ahead and hour-ahead graph examples. All 

this information must be kept in mind for estimating the necessary reserve capacity for 

the system, following reliability and frequency control requirements. If the Smart Grid 

will be able to process this kind of information, this will be a large improvement in the 

operation of renewable energy resources. 

Keeping the generated energy output within a certain limits can be challenging. 

Forecasting does not solve this issue entirely and new ways of controlling the output 

are needed. The relay protection systems should sense the variation of the output and 

disconnect the DER when the voltage level is unacceptable. 

 

Figure 15 Plot of the day-ahead and hour ahead forecast information [22] 

 

3.1.5 Distribution Automation 

The planning of the Smart Grid platform will have a huge impact on distribution 

network operation modes as they are the crossroads of many electricity market players. 

Conventional distribution network have been design with one-way power flow concept 

kept in mind. Thus, the power flows from a large generation node to consumers. The 

new Smart Grid will employ two-way power flow. Therefore, distribution network 
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need certain changes to allow the new possibilities offered by advanced 

communication and information technologies. 

 

Some automation functions can already be introduced to current distribution grids 

without significant changes [23]: 

A1. Fault Diagnosis and Alarm Processing Function 

This function is automatically triggered immediately after the occurrence of a fault. 

It produces a diagnosis of events on the basis of a set of pre-defined scenarios (a 

comparison of the remote information flow is made with the patterns predefined by 

experienced operators). The diagnosis produces an analysis of the type of fault 

enabling the operator to quickly understand what happened in the network under its 

control. The function can also detect missing remote control signals. 

 

A2. Fault Location Function 

After fault detection and analysis, it is necessary to locate a fault. The goal of this 

function is to quickly determine the section of the feeder where the fault occurred. 

This is performed by analyzing the information sent from fault indicators to the 

control center. After receiving such information, operators can interfere and isolate 

the fault area by remotely opening corresponding switches. The degree of accuracy 

depends on the density of fault indicators on the MV network. 

 

A3. Service Restoration Function 

Once a fault has been located, this function tries to find available schemes for 

power restoration to disconnected customers of the non-faulted section of the 

feeder, while considering technical constraints. Each scheme consists of a series of 

actions, (opening/closing of switching devices) leading to power restoration. 

 

Existing SCADA systems provide measurements of the current flows and voltages 

at the HV/MV substation, but very few information is usually available beyond the 

substation. This data is insufficient for getting a picture of overall network 

operating point and cannot be used as an input to the automation functions that are 
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needed to improve hosting capacity for distributed generation. Therefore, the 

following three automation functions need to be developed: 

 

B1. Distribution State Estimation 

Automation functions need a continuous evaluation of the system state in order to 

improve efficiency with the help of optimization tools. The knowledge of the 

distribution system state is expected to come from the use of a distribution state 

estimator. While this type of technology is used throughout transmission systems, 

it is not yet applied to distribution systems. This function would require additional 

measurements from remote sensors placed in MV/LV substations and Distributed 

Generation connection nodes. 

 

B2. Volt Var Control  

Voltage Rise Constraints are often described as main technical barrier to the 

connection of Distributed Generation in present MV and LV networks. Such issues 

are currently solved through a so-called fit-and-forget approach (network 

investment is made in order to avoid any voltage constraints). However, such 

issues can be solved by using a coordinated voltage control function, which has 

two main goals: 

 

a) Optimize the state of the network (i.e. by minimizing losses through reactive 

power compensation) during normal operating modes. 

b) Remove Distributed Generation voltage (possible solutions include: on-load tap 

changers at the HV/MV substations, bank capacitors connected to MV busbar, 

and active/reactive power range of Distributed Generation. 

 

B3. Network Reconfiguration 

The topology of conventional distribution networks is only changed after the fault 

occurrence. This is done, due to the single-direction power flow planning. 

However, with the introduction of Distributed Generation certain changes to the 

network topology might need to be considered. For example, network operator can 
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consider changing network configuration according to the period of the year. These 

steps can help integrate renewable energy resources. 

 

3.1.6 Synergy with Advanced Metering Infrastructure 

Smart meters are a central part of future Smart Grids. It is important to integrate 

advanced metering management into smart grid platform. In order to prepare for the 

massive Smart Meters instalment roll-out, a pilot projects are being set up across 

Europe. These pilots aim to confirm the proposed business cases, secure the change 

management, and consolidate IT reliability, ensuring the success of roll-out project.  

 

The approximate structure of the Advanced Meter Management is shown on the Figure 

16. Different communication standards can be used for different kind of customers. 

PLC protocol can be used for urban areas, while GPRS protocol ï for rural areas. 

 

Figure 16 Structure of the AMM [23] 

Advanced metering management promises to offer wide possibilities in demand 

response area. The customers will be able to receive information on their consumption 

via displays, internet, and mobile phones. 

 

Advanced meters will need to communicate with equipment from different vendors to 

ensure different functionality. It is also viable that each device would understand 

another. Therefore, it is necessary to obtain a good level of data interoperability and 
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allow evolution of the technology without any dependence on a single manufacturer. 

The adoption of standards will help to solve this issue. 

 

It is essential to develop a global strategy which will allow taking advantage of all the 

possible synergies to maximize the benefits of the implementation of new systems and 

improve their interoperability and exchangeability. 

 

3.1.7 Cheap Energy Storage Technology 

Some of the features of energy storage technology have been described in chapter 2. In 

order for massive penetration into current grids to take place, energy storage 

technologies must become cheaper. Until that time, such technologies will remain a 

barrier for smart grids. This is a great challenge for start-up companies, as new 

technology, if adopted system-wide, will open almost untapped marked of energy 

storage solutions.  

 

A lot of energy storage technologies are being tested nowadays. Battery companies 

that have been developing devices for vehicles are starting to look for the applications 

for smart grid power. Here is a list of promising energy storage technologies: 

¶ Ultracapacitors 

¶ Heat-storage 

¶ Compressed Air 

¶ Pumped Hydro 

¶ Flywheels 

¶ Sodium Sulphur (NAS) batteries 

¶ Flow batteries 

¶ Lithium-ion batteries 

¶ Fuel-cells 

 

3.1.8 Grid Network Design 

Future models of electricity grids have to adapt to changes in technology, environment 

and business. System operation is going to be divided between central and distributed 
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generation and control. The distributed generation trend will continue to gain its power 

along with the environmental concerns growth [24]. 

 

Integration of renewable energy sources, such as wind, solar, biomass, tidal, and hydro 

in both a distributed and centralized structure is an important issue. In order to operate 

non-dispatchable renewable energy sources economically, solutions for energy storage 

are needed. Although they are not yet commercially viable today, it may change in 

future with technology advancement.  

 

Bulk transmission and distributed generation will co-exist in future Smart Grids, but 

the distribution will become increasingly blurred. Negotiations about reinforcing 

existing networks and upgrading them to a voltage level of 1100 kV alternating current 

and/or 800 kV direct current is going on in countries like China, India, and Russia. 

 

But the network design is going to change, mainly due to the rise of information and 

communications technology, which will enable electricity networks to adapt to actions 

in real time. Distribution networks will become more active, linking power sources 

with consumer demands. 

 

There are several proposed network designs for future Smart Grid platform. For the 

long term, there is a possibility of hub networks ï the interface between participants 

and transmission systems [24]. Hub networks will condition, transform, and deliver 

energy to meet customer needs. These networks will communicate with consumers, 

producers, storage, and transmission devices either directly or via conversion 

equipment. The Figure 17 illustrates an example of such network. Hub Networks will 

incorporate PHEVs into an electricity distribution grid and manage their impact. For 

more information, please refer to [24], [25]. 
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Figure 17 Energy Hub System Example 

 

Other proposed designs include micro-grids (Figure 18) and virtual utility model 

(Figure 19). Micro-grids are low voltage networks with distributed generation sources, 

combined with local storage devices and controllable loads with a total installed 

capacity of a 1-2 megawatt (i.e. water heaters and air conditioning). One of the features 

of microgrids is that, although they operate connected to distribution network most of 

the time, they can be automatically transferred to islanded mode, in case a fault occurs 

in the upstream network. It can then be resynchronized after restoration of the 

upstream network voltage. 
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Within the main grid, a microgrid can be regarded as a controlled entity, which can be 

operated as a single aggregated load or generator. It can also be regarded as a small 

source of power or as ancillary service that supports distribution network. For more 

information on microgrids, please refer to [26]. 

 

Figure 18 Microgrid network model 

The virtual utility network model proposes adoption of an Internet-like model, with its 

information and trading capability. In this network, the power can be purchased and 

routed to an agreed point, but its source (conventional generator, renewable energy) is 

determined by supplier. 

 

Figure 19 Virtual Utilities Network M odel 
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3.2 Economic Challenges 

3.2.1 Market Barriers to the New Business Models 

The new technologies introduced by Smart Grid, such as low-cost communication and 

control technologies can drive new economic models that can challenge the 

responsiveness of regulators and legislators. Here are some examples: 

¶ Virtual Power Plants 

Potentially, the aggregation of a number of distributed generation sources 

(Wind Turbines, Solar Panels, etc.) to a size that is large enough and profitable 

to bid into an energy market; 

¶ Private Enterprise Demand Response 

Demand Response can be introduced using the equipment that is situated 

entirely within the consumersô premises and aggregated to a large scale using 

Information and Communication Technologies (ICT). Privately controlled 

demand response could be sold to intermittent generators to improve their 

market power or to distributors to improve their asset utilization; 

¶ Third Party Electric Vehicle Energy Service Providers 

Electric vehicle owners may lease battery services from a third party that bids a 

large aggregated load, energy storage, reactive power, and spinning reserve 

services into energy market; 

¶ Appliance and Energy Bundling 

It may become a common practise for customers to buy a new efficient 

appliance with a bundled green energy supply contract; 

¶ Peer-to-Peer Transactions 

Under full retail contestability a consumer can seek alternate energy supplies. 

As distributed generation becomes more prolific, smaller generators will make 

off-market bilateral agreements. For example, the output of a domestic solar 

panels array may be sold to a neighbour. 

 

Some of the business models proposed above may not be able to operate effectively 

under existing market models. An entrepreneur that operates his own distributed 

generation can certainly sell the real power, but would struggle to secure an income 

stream from benefits such as improved voltage profile, reactive power support, or the 
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relief of a distribution or transmission constraint. Some of these issues can be solved 

by introducing off-market contracts between the interested parties. However, market 

restructuring might be more effective [27]. 

 

3.2.2 Social and Economic Issues 

Introduction of Smart Grid platform will eventually make electricity more reliable, 

efficient, and cleaner. It may also become cheaper. But what would it cost to actually 

build it and how much would it save for all market players? Thatôs a tough question to 

answer at the moment. Itôs difficult to put a price tag on a new grid, and almost 

impossible to count potential savings. 

 

There are few estimates of what it would cost to modernize the grid. In U.S.A, for 

example, the estimates vary from $100 billion to $2 trillion [28]. The main problem 

with estimation of cost is that the grid isnôt one coordinated entity ï it consists of 

hundreds of little parts, which could be built and managed by different players of 

electricity market. It should also be noted, that the current grid is achieving the end of 

its lifetime. Therefore, the grid renovation is inevitable. Since a lot of money have to 

be invested into equipment replacement already, why not take this opportunity and test 

the new smart grid platform? 

 

Another problem of cost estimation is that people often disagree what the grid must 

look like. The length of transmission lines for integration renewable energy sources, 

such as wind and solar power, location of different nodes, types of terrain that the lines 

need to cross, the amount of energy that must be generated by renewable sources  ï all 

these questions are highly debatable. Hopefully, introduction of standards for Smart 

Grids will help to solve this problem eventually. 

 

However, pretty much everyone agrees on one thing about the grid: it is not going to 

be cheap. Introduction of smart energy meters alone would cost a lot of money.  

 

Let's make a simple estimation: 

¶ There is approximately 2 382 000 households in Finland [29]. 
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¶ The average price of a smart meter device for a household (including 

installation) is 190 ú [28]. 

Result: 
62.382 10 190ú 452.58 úmillionsÖ ³ =  

 

That's a tremendous amount of money at the first sight. The question of "who's going 

to pay for it?" might emerge in a mind of a reader. It will not be a one-time payment 

by the government. However, government pays a vast role in the introduction and 

investment of smart grids. The majority of money will come from the private-sector 

investment. Power companies and private investors are going to invest into smart 

grids. They are expecting to make a certain percentage of return on their investments. 

 

But the cost of smart gird is eventually passed onto end-customers in the form of 

bigger electricity bills. The transmission and distribution part of the bill is going to 

rise. However, the investments in the grid will lower electricity costs over time as the 

aggregators will become popular and the DER will be integrated into the grid. The new 

network will have improved reliability, efficiency, and better access to renewable 

energy sources. 

 

Smart Grid may be expensive, but investing in an improved grid will also generate 

returns. We are investing in a tremendously valuable long-term infrastructure that is 

going to enable new business growth. Also, smart grid will help to reduce the impacts 

of global warming, which are by no means costless. 

 

A more efficient system, along with smart technology, could reduce congestion and 

fluctuation costs significantly. And access to renewable resources could mitigate the 

potential costs of climate change by reducing our dependence on coal. 

 

3.3 Business Challenges 

3.3.1 Integration Challenge 

While most utility and vendor attention has recently focused on implementing AMI 

and grid applications, the attention is now turning to various systems integration. As 

AMI and grid services are being integrated, it is important to ensure that the 
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information ï the lifeblood of smart grid investments ï is delivering what is expected 

at reasonable costs and within the predictable frames. 

 

Data volume will multiply as meter read intervals will become shorter and grid 

operations data will be retrieved through a more extensive and intelligent sensors. This 

raises a big challenge. The role of system integration and information delivery 

becomes a critical issue in this environment. Integration of engineering and field-force 

systems, as well as linking them to customer information system, billing system, and 

business decision system is not an easy job. One manifestation of the change is the 

discussion on the need for utilities to have a "super" data mart. In addition to the large 

information technology (IT) consulting companies, back office IT providers are also 

entering into the field to provide services. 

 

System Integrators (SI) are going to have increasing influence in smart grid investment 

decisions. Two basic models in which utilities are engaging system integrators can be 

distinguished: 

¶ Bundling AMI and System Integration contract together and selecting a 

consortium led by a SI as a prime. 

¶ Separation of SI role. In this model, the AMI will play a key role in helping the 

utility determine the rest of its smart grid deployment plan. 

The following figure illustrates these two models: 

 

Figure 20 System Integrators Engaging by Utilities 

 

By helping to define key areas of functionality in the business cases, assisting with 

vendor selection, and driving pilot design as well as deployment, SIs are positioned to 

step beyond the traditional integration role into the downstream aspects of utility 

smart-grid decisions. 
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As the integration process requires an increasing reliance on SIs, there is a great 

opportunity for a big revenue stream for them. This can be explained by a fact that 

winning a smart grid partnership deal potentially locks in multiple years of support and 

integration. 

 

But before the SI is engaged, utilities need to scope out the role of systems integration 

with great care. They also need to ensure that they have established a view of the IT 

budget for systems integration to support smart grid activities [27]. 

 

3.3.2 Energy Management 

Demand Side Management (DSM) is a set of algorithms by which power utilities 

manage the energy and load profile. Currently, power utilities are using algorithm that 

based on load shedding and/or price modeling [30]. However, it is important that new 

regulations and policies would be introduced upon the implementation of Smart Grid 

infrastructure. Unbalanced load distribution from the main feeder and non-linearity of 

the connected loads are among the conditions where the new DSM strategies can 

shield the power network from transient effects and dynamic instability.  

 

A new smart DSM strategy can include shedding off loads that have a higher value of 

Total Harmonic Distortion (THD) from the power system. This will reduce the value 

of reactance (X). As a consequence, the Micro Smart Grids where the DSM will have 

Advanced Metering Infrastructure, local controllers, and sensors, would have a 

possibility to reform the load shaping policies that can result in more net flow of real 

power. This, in its turn will result in an increased power factor (PF) to a value closer to 

"1". 

 

The Demand Side Management projects which involve self healing and self optimizing 

capabilities of Micro Smart Grids can minimize reactance (X) for output by reducing 

the loads with high THDi. 

 

Synchronous Vector Processor (SVP) is another active processing device which can be 

used for the implementation of smart DSM strategies. The processor has the ability to 
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"measure phase shifts on each phase, for the implementation of stability margins, SVP 

can measure angle between transmission buses and distribution buses, and therefore 

adjusting the load scalability" [31] to suit the smart DSM model. 

 

3.4 Regulation Challenges 

3.4.1 Interoperability  

Deploying distributed intelligence, two-way digital communications, and decision 

software will quickly reveal that they are not interoperable. Brand A may not always 

work with Brand B. In fact, Brand A may not be even compatible with Brand A. How 

are utilities and customers going to be able to monitor and control successfully in real 

time if all the systems donôt operate seamlessly? 

 

Utilities take different approaches to solve this problem: 

- "One Stop, One Shop" policy. Obtain a complete, turn-key solution from a 

single vendor. Unfortunately, this means that the utility will have to sacrifice 

some Smart Grid functions and features in order to sustain interoperability. 

This means accepting less than the best in some parts of the system that are 

available depending upon the competencies and capabilities of the vendor. 

Moreover, this may get even worse when three basic categories are mixed. For 

example, it is very unlikely that the best SCADA vendor is going to have an 

equally great CIS. Or that an acceptable telecommunications network provider 

will offer CIS or SCADA. 

- Vendor to Vendor Cooperation. There are two ways of achieving this for 

utility. One way is to buy only from vendors that have already demonstrated 

integration with other vendors. Another way is to require vendors to agree to 

integrate their systems in order to be selected. The last way can cause some 

extra expenses and time delays. 

- Industry Standards. This comes from the vendor cooperation. Only those 

vendors who are willing to cooperate are going to survive in the new market. 

TCP/IP protocol can be taken as an example of this. If you want to 

communicate over the Internet, you must use this protocol. However, it is really 
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difficult to achieve industry standards in an emerging market. This can be 

explained by the following factors: 

o Everyone hopes to take over the market immediately and therefore has 

no interest in being easy to integrate 

o Most of the market participants are start-ups with limited capital. They 

might not have enough resources to create a new industry standard 

before launching a product. 

- System Integrators. Retain one or more experts to create the necessary 

interfaces between and among the various vendors. This can be helpful, but it 

can also be extremely expensive and time consuming. 

- Service Oriented Architecture (SOA). This is the ultimate system integration. It 

involves a universal web-service based data bus architecture that allows 

dynamic data exchange with each vendor independently. Unfortunately, this is 

hard to realize in real life as it depends upon the vendorsô co-operation in 

integrating with SOA and continuous development and maintenance of SOA, in 

order to implement new features and functionality. One possible solution for 

this is MultiSpeak. It is a standard-based web services oriented architecture, 

which has been developed by Cooperative Research Network company. It is a 

voluntary data exchange standard that competes with other commercial 

standards [16]. 

 

3.4.2 Lack of Standards and Regulations 

The Internet could not have arisen without HTML, Internet Protocol, and other open 

standards. Similarly, the Smart Grid needs consistent standards worldwide [32]. That is 

why certain steps towards standardization need to be made. 

 

Here are some of the reasons why Smart Grid standards should be developed: 

¶ Avoid re-inventing the wheel 

¶ Easy requirements specification 

¶ Ability to learn from industry best practices 

¶ Reduced integration costs 

¶ Prevention of single vendor "lock-in" 
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The Figure 21 shows the possible relations between utilities and vendors, users, and 

standards organizations. Concerted actions of those 3 groups will help to create better 

standard in a fast and efficient way.  

 

Figure 21 Making Standards Work 

The IEEE has recently launched an initiative to develop smart grid standards and write 

operational guidelines for the power engineering, communications, and information 

technology areas. 

 

When completed, IEEE P2030 Guide for Smart Grid Interoperability of Energy 

Technology and Information Technology Operation with the Electric Power System 

and End-Use Applications and Loads will define key elements of the modernized grid 

and tap into IEEEôs existing grid standards [33]. 

 

The above mentioned IEEE P2030 standard will focus on integrating energy 

technology with information and communications technologies. The standard aims to 

achieve seamless operation for electricity generation and delivery. In order to do this, 

the knowledge of grid architecture will be expanded to promote electric power systems 

that are more reliable and flexible. The IEEE Standards Association, along with other 

groups, is collaborating with the National Institute for Standards and Technology to 










































































































