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Abstract 
 
Today society is facing numerous challenges associated with energy management 
system. The centralized power generation system is depending on the fossil fuels to 
generate energy which is harmful to the environment, and it is unable to fulfill the rising 
demand for electricity. The decentralized power generation system could easily be 
integrated with renewable energy sources which could satisfy the growing demand for 
electricity without damaging the environment. This thesis explores the proper energy 
distribution system (smart grid) which could be fully equipped with the digitalized 
technology and be integrated with renewable energy sources and decentralized system. 

Peer-reviewed articles and government reports have been reviewed in order to get the 
impact of digitalized technology on overall energy management system, as well as the 
smart grid services commercialized through the business models. The result shows that 
the cost of transmission lines is reduced by using decentralized power generation system 
which helps to provide clean energy at low price to the end consumers. Furthermore, the 
thesis claims that smart grid is a disruptive technology which encourages energy 
producers and distributors to adopt a rapid change in the energy market along with 
changing their business model.  Finally, it has been explored that smart grid could 
provide three services, such as demand response, integration of renewable energy, and 
grid to vehicle services. These services could successfully be commercialized through 
business model innovation which enables energy providing and distributing firms to 

create and capture value regarding profit. 

Keywords: Smart grid, decentralized power generation, disruptive technology, 
renewable energy, business model.  
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1. Introduction 
 
Nowadays the growing electricity demand overlaps with the rapid reduction of fossil 
fuels necessary for electricity generation (Bhatti & Danilovic, 2018). Population growth 
and the requirement for permanent supply of electricity create a need to make sustainable 
environment based on renewable energy generation. The electricity industry is starting 
to look for fossil fuels’ substitutes because natural resources of oil and gas will be entirely 
ceased after a few decades. The use of fossil fuels causes changes in climate since burning 
of oil and gas emits a massive amount of greenhouse gases (Mwasilu, Justo et al., 2014). 
This gas emissions are damaging the environment and the health as well.  Meanwhile, 
energy is an essential resource necessary for life and economies of countries.  
 
Countries have different development level, and up to 50% of the population live in 
villages in many countries. It is difficult and expensive to supply electric power to village 
areas. Therefore, many governments do not have the capacity to provide electricity to 
rural zones, and people do not have sufficient financial resources to purchase electricity. 
These issues create poverty and imbalanced society (Kaundinya, Balachandra et al., 
2009). According to Bhattacharyya (2006)  in India over 1/3 part of the population lives 
without electricity, and over 2/3 part of population lives in rural zones. Five times more 
electricity and three times more supply is needed for meeting current electricity demand. 
Substantial yearly investments are required (3% of global GDP) for facing growing 
demand of electric power. 
 
Thus, in order to continue energy generation and have a sustainable environment, 
renewable energy sources are needed (Zakhidov, 2008). According to Hiremath, Kumar 
et al. (2011) and Ravindranath and Hall (1995) creating a system of a renewable energy 
system based on decentralized generation could be an optimal solution for electricity 
issues in rural areas. The smart grid will be an efficient technology to manage the 
renewable energy generation and supply (Prabhu, Kumar et al., 2016).  
 
The decentralized system manages the generation of renewable energy, such as solar, 
wind, thermal and hydro. Decentralized generation is a perfect solution for village 
regions because electricity generation can be organized near to consumption place and 
power generation can be overlapped with power demand. The integration of 
decentralized system is becoming widespread. The rate of adoption shows how fast the 
customers are adopting and using the new technology. It is the difference in the number 
of customers (adopters) between end and the start of a period (Batz, Peters et al., 1999). 
In 2005 decentralized system’s rate of adoption was 25%, while in 2001 it was just 13%. 
Within one year the rate increased significantly by reaching 36%. According to forecasts, 
decentralized generation system will help electric utilities to save $2.7 trillion cost from 
electricity generation until 2030 (Bhatti & Danilovic, 2018). In the global level, the 
decentralized generation had 7.2% share in 2004 which was just 0.2% more from 2002 
(Kaundinya, Balachandra et al., 2009).  
 
The traditional grid becomes an old and inefficient technology since it fails to meet 
current electricity demand and is harmful to the environment. Full upgrade of the 
traditional grid is needed, which is the smart grid. Modern technologies are enabling to 
upgrade the traditional grid and move towards next level of energy generation which will 
be more reliable, secure, and sustainable due to smart grid and decentralized generation. 
Smart grid mechanism uses digital devices and tools to manage the whole process of 
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electricity generation and supply. Smart grid opens new ways for utilities and consumers 
to control the electricity according to their demand (Valsamma, 2012). Utilities can save 
energy transmission costs and generate power according to demand through a smart grid. 
Meanwhile, consumers can control the power usage via smart grid (Clastres, 2011). 
 
From the beginning of 21st century, disruptive innovation has been slowly reaching to 
electric industry. Since electricity demand has been growing and traditional energy 
sources have been going to cease, alternative options are taken into consideration. 
However, the same mechanism of energy distribution and transmission has been used for 
a long time which makes utilities unwilling to integrate new system (Erlinghagen & 
Markard, 2012). New millennium opened an era of new technologies, and smart grid is 
an innovation which evolves value chain of electricity (Battaglini, Lilliestam et al., 
2009). According to Inage (2010), smart grid contains a digitalized mechanism which 
allows to generate and deliver electricity from renewable sources. Smart grid makes 
power generation smarter through integrating modern information and communication 
technologies (ICT) in the electricity sector and using them to generate and deliver 
sustainable energy without damaging the environment.              
                   
Companies need to adjust their business models for new technologies for maintaining 
their position and continuing to get profits. From this viewpoint business model connects 
new technology and creation of value (Baden-Fuller & Haefliger, 2013). More investors 
from other industries are entering the electricity industry through purchasing shares. 
Utilities are losing their former power and control over the industry. Therefore, utilities 
need to integrate new business models for using smart grid and generating renewable 
energy. It has been argued by numerous scholars that currently many utilities are not 
willing to change their business models because of future uncertainty. Although utilities 
are generating revenues through their present business models, in the near future the 
situation will be changed  by the fact that current resources (oil, gas) are depleting and 
by the need to have a sustainable environment (Sosna, Trevinyo-Rodríguez et al., 2010). 
Nonetheless, sometimes new technologies are not matching with market requirements 
and time is needed to adopt and use them with their business model (Christensen & 
Bower, 1996). New technologies are not causing companies to lose their positions, but 
the inability to adjust the technologies through new business models is destroying the 
companies. 
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1.1 Purpose of the Study  
 
This thesis is a combination of two papers. The overall purpose of this study is to explore 
the modern sustainable energy distribution system which could be commercialized 
through business model innovation approach.  
 
The first paper aims to explore the impact of innovative digitilized technology on the 
transformation of energy management system. It digs out the reasons of shifting from old 
to the new intelligent system, such as; centralized energy generation system which 
depends on non-renewable energy sources to decentralized and localized energy 
generation system which can easily be integrated to renewable energy sources. Further, 
the study compares the performance, efficiency, and cost of traditional and smart grid 
systems on the basis of achieving rising demand of electricity, and clean energy in low 
price.  
 
The second paper focuses on the exploration of the impact of disruptive technology on 
energy providing and energy distribution firms. The research explores the trends of 
current electricity market and the response by the energy producers and distributors as 
well as the expected challenges for the utility providers. Further, the research investigates 
the need for a new business model for commercializing the decentralized power 
distribution system and the services provided by the smart grid to each actor, such as 
consumers, energy producers and the distributors in order to create and capture values 
for mutual benefits.  
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2. Research Methodology 
 
This section introduces the overall research approach. It represents the databases used to 
gather the relevant data. The keywords that has been used to find the suitable literature, 
the steps of analyzing the data and the criteria of analysis through which the researcher 
reach to the conclusion.  
 

2.1 Data Collection 
 
This research has been conducted to explore the transformation process of energy 
distribution system, evolutionary impact of disruptive technology on the energy industry, 
reasons of shifting from old to the new systems of power generations and distributions, 
which demands new business model to commercialize the new system. The smart grid is 
relatively a new disruptive technology which is expected to transform the energy 
industry. Being as a new technology there is no such real implementation can be seen in 
real life and real business. Thus, this research is tentative in which literature has been 
reviewed and indicative the possible future revolution in the energy industry.    
 
In order to perform the research several databases were focused, such as; IEEE, ACM 
digital library, Scopus, Web of Science, Science Direct and ABI/Inform Global which is 
one of the wide-ranging databases that cover the broad areas of research, such as; 
business, corporate strategies, economic conditions, management techniques and 
business trends. Furthermore, not only peer-reviewed articles or other databases are just 
indexed, but it provides the full text. Emeralds journal covers the broad areas of research. 
It has been categorized into sub-fields, such as; accounting, finance and economics, 
business, management and strategy, education, engineering, health, social care, library 
studies, and marketing. It provides the holistic research sources to the researcher. Science 
Direct which is operated by Elsevier covers engineering and business peer-reviewed 
articles. Furthermore, international energy agency (IEA) reports published by French 
government have been considered to get the deeper understanding of the involvement of 
different governments in the energy industry. The use of these databases allowed to 
achieve the comprehensive list of peer-reviewed articles and reports on smart grid, power 
generation sources, disruptive technology and business models associated with smart 
grid services. 
 
The search started with the set of different keywords, such as; “traditional grid,” “smart 
grid,” “renewable energy”, “centralized and decentralized systems of power generation”, 
“disruptive technology” AND “smart grid”, “disruptive innovation” AND “smart grid”, 
“business model” AND “smart grid”, “impact of smart grid” AND “business model”, 
“business model innovation” AND “commercializing smart grid.”   These keywords were 
used with various combinations by joining with “AND” parameter in the title bar of each 
database webpage. The “AND” parameter assisted in shortening down the search and 
bringing up the closest article related to the given topic.  
 

2.2 Steps of Analysis 
 
The selection of peer-reviewed articles and reports have been an iterative process, 
screening, and filtering which is divided into three steps. In the first step, only titles of 
all the articles were screened, and articles with irrelevant titles were removed. In the 
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second step, abstract of all the remaining articles was skimmed, duplicate and irrelevant 
articles were removed. In the final step, filtration was based on skimming the full-text of 
remaining articles from the second iteration.  
 

2.3 Criteria of Analysis the data 
 

The criteria of, analysis the data and obtaining the results vary according to each section. 
The first section explores the transformation of electricity system which is further divided 
into three sub-sections. In the sub-sections, (i) Non-renewable to renewable energy 
sources, the analysis is based on the availability and cost. (ii) Centralized to a 
decentralized system which is analyzed based on systems integration with renewable 
energy sources and environmentally friendly. (iii) Traditional grid to the smart grid 
system, the analysis is performed on the performance of distribution system, customer 
preferences and integration with renewable energy sources. The second section explores 
the impact of disruptive technology on business models of different industries including 
energy providing firms. The criteria of analysis were to examine the reasons for success 
and failure of those industries. The final section explores the ways of creating, delivering 
and capturing values by the organizations regarding commercializing smart grid systems. 
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3. Frame of References  
 
This section presents the literature review of transformation of energy sources from non-
renewable to renewable, centralized to decentralized or localized power generation 
systems, and the shift of power distribution system from traditional grid to smart grid. 
Further, it provides a glimpse of the role of disruptive technology associated with smart 
grid. The concept of business model innovation is discussed which focuses on its 
character of being a process to create and capture a value through smart grid services.  
 

3.1 Non-Renewable to Renewable Energy Sources 
 
There are limited sources of non-renewable energy and production is costly. Therefore, 
inflation is increasing. Meanwhile, the renewable sources of energy, such as solar and 
wind power, are limitless and have self-restoring feature unlike non-renewable sources. 
However, renewable energy sources have their drawbacks as well. The weather affects 
renewable energy sources immensely, and energy generation could be difficult because 
of inappropriate weather. Thus, completely shifting to renewable sources is not a wise 
decision yet.  However, renewable energy can be used for meeting most part of electricity 
demand in the future (Rinkesh, 2009). Together with development of economy, 
electricity demand is increasing. Initially, in USA and Europe people used biomass 
energy which could not satisfy power demand. Then people shifted to hydropower and 
later, in 19th century, coal became the main source of power. Only in the 20th century 
people started to use natural gas and oil for power generation. Nuclear power entered the 
electricity market in the 1950s (Timmons et al., 2014). Thus, big periods of economic 
developments can be described by shifting from one power source to another. Nowadays 
fossil fuels, such as gas, oil, coal are the main sources of power generation. The 21st 
century introduced new technologies enabling to use natural sources, such as wind and 
the Sun as a source for electricity which is called renewable energy sources. Besides new 
technologies, there are more reasons for shifting to renewable sources. Fossil fuels will 
be ceased in the future, power generation is expensive, power generation from fossil fuels 
is causing environmental problems, such as climate changes and greenhouse gas 
emission (Agency, 2013).   
 

3.2 Centralized to Decentralized/Localized Power Generation System 
 
From central generation place, the electricity conveys to a grid by high voltage electric 
lines, after which the electricity is distributed to consumers. However, the transmission 
process of electricity is expensive and insecure since the power could be interrupted 
during distribution process (Alanne & Saari, 2006). According to Momoh et al. (2012) 
the power plants of centralized power generation (CPG) are not reliable and could not 
satisfy current needs.  
 
The solution of the problem concerned with using decentralized power generation (DPG) 
which is placed near to power consumers. DPG consists of small-scale and 
environmentally friendly technologies, such as modern wind turbines and solar 
photovoltaic technologies. Solar Photovoltaic is usually installed in specific areas and 
are managed by individual consumers (Momoh et al., 2012). Alanne and Saari (2006) 
mention that although the technologies are installed and used in specific areas, the 
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generated power can be distributed to other consumers. Thus, the terms “decentralized” 
or “distributed” are used for describing power generation from renewable energy sources.  
The localized units are not connected and they function separately (Palensky, 2001). For 
example, three systems, such as solar panels, heating system and electricity storage are 
used separately in a building (Dunn, 2002).  
 

3.3 Traditional Grid to Smart Grid 
 
As the demand of electricity is increasing rapidly, satisfying it only by traditional grid is 
becoming more difficult. Traditional grid is an old and costly system without suitable 
mechanisms of efficient energy distribution (Zame, Brehm et al., 2017). CPG is used in 
traditional grid and greenhouse gases are emitted by fossil fuels. Thus, traditional grid is 
not the best choice for energy generation and distribution (Hossain, Oo et al., 2013). 
Traditional grid emits over 25% of greenhouse gases due to fossil fuel burning process 
(Feisst, Schlesinger et al., 2008). Solar, wind energy and low-inertia power sources 
cannot be integrated through traditional grid since it is not compatible with modern 
renewable energy technologies (Hossain, Oo et al., 2013). 
 
Present research in energy sector proves that renewable energy can be distributed through 
smart grid (Atteya, Ashour et al., 2016; Banerjee, Fee et al., 2011; Papavasiliou & Oren, 
2014). Smart grid has numerous features, such as technologies for renewable energy 
integration and electricity storage (Atteya, Ashour et al., 2016). Smart grid automatically 
detects system errors and fixes them (Banerjee, Fee et al., 2011). Smart grid allows 
consumers to adjust their consumption based on their demand. Thus, by decreasing 
greenhouse gas pollutions, the consumption of fossil fuels and electricity price, smart 
grid could provide efficient and sustainable power (Atteya, Ashour et al., 2016). 
 

3.4 Disruptive Technology 
 
New products or services which are causing structural changes in a market are combined 
into the concept of “Disruptive technology”. Disruptive technologies create new value in 
a market through new business model (Christensen, 1997). The terms “disruptive 
technologies” and “disruptive innovations” are widely expressed by Bower and 
Christensen (1996). New technologies are bringing economic innovations because new 
knowledge, products, services are improving the quality of life through creating new 
value. Bower and Christensen (1996) state that disruptive can be called technologies 
which change market structure and has immense effect on leader companies’ business 
models. Disruptive technologies do not have strong impact during market entry stage. 
But the technologies are making radical market changes after a short time. Disruptive 
technologies decrease production price and makes usage of a product or service easier 
(Christensen, 1997). 
 

3.4.1 Smart Grid as a Disruptive Technology 
 
It has been argued by Richter (2013b) that solar photovoltaic (PV) and electricity storage 
technologies are the disruptive technologies of electricity market. Since the smart grid is 
capable to change electricity market structure and value creating and capturing process, 
it can be considered as a future disruptive technology (Shomali & Pinkse, 2016). Smart 
grid can integrate and operate perfectly with renewable sources of energy, electric 
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vehicles, as well as with natural gas (Zhou, Yang et al., 2016). Colak, Bayindir et al. 
(2014). Smart grid enables to use information and communication technologoies (ICT) 
in electricity market and provide power usage data to consumers and utilities. Siano 
(2014) claims that data management system, communication networks, as well as smart 
meters are good examples of ICT in electricity market because these technologies are 
enabling to get and recieve valuable information about elecricity consumption. Thus, if 

any utility is going to adopt smart grid, all these ICTs must be used in order to provide 
appropriate service to consumers (Shen, Ghatikar et al., 2014).  

 
3.5 Business Models 
 
The concept of business models are scrutinized by multiple scholars from various 
viewpoints. Nonetheless, the majority of researchers relate busness models to value 
creation and capture. For example, Teece (2010) describes a business model as a tool for 
identifying ways to create, deliver and capture value for customers and make the process 
profitable. Chesbrough and Rosenbloom (2002) consider business models as business 
structures, while Baden-Fuller and Morgan (2010) define business models as ways for 
analyzing and making the businesses lucrative. Magretta (2002) describes business 
models as answers to questions about what value company delivers and how it can give 
profits. Zott, Amit et al. (2011)  mention that value delivery and capture should be clearly 
visible in business models. 
 
Erlinghagen and Markard (2012) state that in order to integrate smart grid, utilities must 
change their business models and offer new services to consumers. For instance, utilities 
can install generation machines and take installation or service fees. When purchasing 
appliances, consumers can get advice from utilities to purchase energy efficient devices 
(Geelen, Reinders et al., 2013). 
 
Utilities can use the big data for increasing revenues (Fox-Penner, 2009). First, utilities 
can provide usage feedback. Then, consumers can allow utilities to collect usage data 
and use it for creating a new value or better services. For example, depending on usage 
type, such as lighting, cooling, heating, utilities can develop new business models which 
features electricity fees based on usage type instead of  kilowatt/per hour (Fox-Penner, 
2009).   Moreover, different charging mechanisms can be used, such as electricity fee 
based on time of power usage or peak on/off times (Faruqui, Harris et al., 2010). 
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4. Analysis 
 
The overall analysis shows why and how electric utilities should integrate smart grid 
system and change their business model accordingly through providing new services.   
 
The aim of the first paper is to examine the management of renewable energy generation 
with the decentralized and localized systems, as well as distribution through smart grid 
system. 
Modern technologies are allowing to generate electricity from natural resources, such as 
water, wind, and the Sun. Traditional grid is not compatible with new technologies and 
therefore, it cannot be integrated with solar, wind energy, low-inertia sources of 
electricity generation (Hossain, Oo et al., 2013). The shift from fossil fuels to renewable 
sources becomes possible through new technologies. This shift is imperative and 
inevitable based on several reasons. Firstly, fossil fuels are impairing environment 
through greenhouse gases emitted from burning process of fossil fuels. This gases are 
not only harmful for health but are creating climate changes as well. Feisst, Schlesinger 
et al. (2008) mention that traditional grid outflows over 25% of greenhouse gases 
globally. Secondly, electricity generation from fossil fuels is costly, especially in distant 
regions and rural areas. Building electricity transmission system using traditional grid is 
expensive and difficult because the distance between generation and consumption areas 
is usually very long (Bhatti & Danilovic, 2018). According to Timmons, Harris et al. 
(2014) forecasts shows that fossil fuel prices are going to increase while renewable 
energy prices will reduce. Furthermore, the shift is inevitable because oil and gas 
resources are shrinking and will be ceased in the near future (Agency, 2013).  
 
Renewable energy relates to decentralized generation and it is distributed through smart 
grid. In decentralized system electricity is generated near to place of its consumption 
which maximum declines the transmission costs (Bhatti & Danilovic, 2018). Rich 
technical arsenal makes smart grid an ultimate technology for electricity industry. Smart 
grid is equipped with digital technologies enabling to determine and solve system 
malfunctions automatically. Technologies of smart grid allow to detect system 
disturbance and fix it through restructuring the grid. Thus, smart grid is able to provide 
security and permanent electricity distribution.  
Through automate meter reading technologies smart grid gives consumers the control 
over electricity usage (Hoang, 2009). Since renewable energy generation depends on 
weather conditions, technologies for weather forecasting in smart grid is used to foresee 
upcoming climate changes and adjust the system according to forecasts (Li & Yao, 2010).                                                                                                                                     
Smart grid is equipped as well with storage mechanism which manages the electricity 
supply according to the demand (Katiraei, Iravani et al., 2008; Prabhu, Kumar et al., 
2016). 
 
The analysis of the second paper drives us to the impact of disruptive technologies on 
the energy producers and energy distribution firms. Further, this leads us the necessity of 
commercializing smart grid services through new business models in terms of creating 
and capturing values for consumers and energy providers respectively. 
Smart grid has a potential to disrupt energy market and current business models. Richter 
(2013) states that the concept of “disrupive technology” relates to energy storage 
tecnologies, solar photovoltaic and wind turbines. Although these technologies are used 
in centralized generation system as well, they are more applicable for decentralized 
system since they allow consumers to generate electricity near their homes. 
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Electric utilities should adopt disruptive technologies and adjust their business models 
(Tayal, 2016). Utilities are hesitating to integrate smart grid mainly because it is uncertain 
for them how smart grid will affect their profitability. Faucheux and Nicolaï (2011) 
mention that smart grid integration should be done through development of new business 
model by the utilities. They can offer new services to consumers and create, capture new 
value through new business model (Johnson & Suskewicz, 2009). 
 
Business model is a tool for companies to see how they can achieve the goals and what 
challenges hinder them (Osterwalder, 2004). According to Chesbrough (2010) business 
model innovation is series of experiments rather than planning. Business model is 
changed through testing and mistakes during the change process. Changing business 
model is concerned with actions and trials instead of planning or prophesy. Sosna, 
Trevinyo-Rodríguez et al. (2010) state that business model innovation means to find out 
new or advanced methods for creation, capturing and delivering value. It is claimed by 
Mardookhy, Sawhney et al. (2014) claim that current electricity system is not satisfying 
82% of survey respondents. Main reasons are high prices for electricity and inability to 
adjust consumption. Geelen, Reinders et al. (2013) mention that via smart grid integration 
electric utilities will be able to solve consumers’ issues, and offer them new value, such 
as electricity usage management.  
 
Nevertheless, it is argued by Marino, Bertoldi et al. (2011) that utilities will lose some 
part of  the profits if they offer electricity control. Therefore, utilities can solve this 
problem by changing their business model and offering new value. For example, Schiavo, 
Delfanti et al. (2013) indicate that one way of offering new value is to build a number of  
electric vehicle recharging stations. Zio and Aven (2011) point that new value can be the 
permanent electricity from renewable sources. All examples of new value are concerned 
with smart grid integration. Fox-Penner (2009) state that new value should be offered 
through adopting smart grid system. Clastres (2011) highlights the advanced mechanism 
of smart grid which allows to detect inaccuracies of the system automatically and if it is 
a serious problem, utilities can work on solving the issue and still deliver electricity by 
switching into other delivery sources.  
 
Boait, Ardestani et al. (2013) focus on transparent data and demand response services as 
new values.  Smart grid shows complete data about consumers’ behavior and electricity 
usage to the utilities (“big data”). Adam and Wintersteller (2008) and Piccoli and Pigni 
(2013) emphasize the importance of the big data in understanding consumers’ needs and 
accordingly, delivering them new value. Big data can be sold to retailers of electricity 
which can make electric equipment for consumers. Furthermore, Geelen, Reinders et al. 
(2013) claim that utilities can make agreements with producers of appliances and get 
profits from selling them the big data. Consequently, the producers will make new 
energy-efficient appliances and other tools based on the big data. Moreover, Giordano 
and Fulli (2012) argue about more profits from cost saving. If the utilities will install 
remote controllers to smart grid, it can automatically fix all the system errors. Thus, it 
will not be required to send staff members to grid place for fixing errors, and cost will be 
saved.   
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5. Conclusion  
 
The first paper addressed that decentralized or localized generation system has numerous 
benefits over centralized system. Localized system is near to consumers and therefore, 
transmission costs are saved. Decentralized system uses renewable energy sources and 
by this, environmental issues will be solved. The shift from centralized to decentralized 
system can be done through smart grid, which is advanced electric system equipped with 
modern digital technologies enabling to get data from consumers, give them control over 
electricity usage, as well as to provide secure and permanent power supply. Moreover, 
unlike traditional grid, smart grid system is perfectly compatible with renewable energy 
equipment, such as solar panels and wind turbines. Electricity storage technology in 
smart grid helps to save power and deliver it in different time according to consumers’ 
demand. Growing electricity demand can be met via smart grid’s meter reading feature 
and time-based rates application. Due to automate meter reading, smart grid allows 
consumers to adjust their power usage and consume electricity during off-peak hours. 
Furthermore, smart grid is connected with electric vehicles’ charging stations and can 
give power to electric vehicles. Thus, smart grid provides more efficient delivery of 
power. 
 
The second paper claims that in order to integrate smart grid system, electric utilities 
need to change their business models. In this paper it was discussed that companies which 
were willing to adjust their business models according to new technologies, had massive 
success while several big companies destroyed themselves as the result of adopting new 
technologies but hesitating to change business model. Similarly, smart grid is another 
new technology which requires changes in business model. This research shows string 
evidence in favor of adopting smart grid and changing business model through offering 
new value based on smart grid capabilities. Electric companies should commercialize 
smart grid through creating new value for consumers and capturing value from offering 
new services. Three services are emphasized in this paper, such as: demand response 
service, using smart grid to integrate renewable energy sources, and electric vehicle 
service. Firstly, renewable energy is cheaper than fossil fuels, therefore, integration of 
renewable energy via smart grid will decrease utilities’ costs and increase the profits. 
Secondly, demand response service utilities can give consumers the control over power 
usage, therefore, electricity consumption will reduce, and growing electricity demand 
will be satisfied. Thirdly, smart grid will ease the process of electric vehicle recharging, 
therefore, more vehicles will be purchased and carbon monoxide (CO) emission will 
shrink significantly. Moreover, utilities will gain more profits from recharging services. 
Nonetheless, several obstacles exist for smart grid integration. More support on 
government level is needed and some governments are not willing to provide it. 
Moreover, some governments have specific rules and regulations which hinder the smart 
grid integration. Huge investments are required for removing old grid and initial 
installation of new grid as well as for equipping the grid with digitalized technologies. 
Since smart grid is emerging technology and is in its initial stage of market entrance, it 
is still difficult to calculate accurate costs and profits of smart grid integration.  
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Paper - I  
 

Making the World More Sustainable:  
Enabling Localized Energy Generation and Distribution on 

Decentralized Smart Grid Systems 
 

 
Abstract 
 
Smart grid is an idea of upgradation of the traditional electric grid infrastructure. The 
efficiency of the existing electrical grid can be automated by integrating with innovative 
technical equipment such as; high-tech forecasting system, digital sensors, advanced 
two-way communication and two-way power flow systems. Smart grid establishes an 
interface between utility and consumer which helps to use energy, based on the 
preferences of price, eco-friendly and without technical system issues. It empowers the 
grid to be more secure, reliable and efficient. The peer-reviewed articles and published 
government reports have been reviewed, based on the analysis of technical characteristics 
of power generation systems, eco-friendly sources of power generations, cost reduction, 
functionality and design of traditional grid versus smart grid. Furthermore, the innovative 
technologies that enable the grid to integrate with decentralized power generation system 
efficiently have been considered. This paper claims that in this modern era, it is arduous 
for traditional grid to fulfill the rising demand of electricity, along with sustainable, eco-
friendly and stable power supply, as it cannot be efficiently integrated with decentralized 
and localized power generation systems and renewable energy sources. The result of this 
paper shows that decentralized and localized power generation systems are located close 
to end-users which decreases the transmission and supply cost of electricity. Innovative 
technologies allow the decentralized and localized power generation systems to be 
integrated with renewable energy sources which help to reduce the cost of utility services 
and provide clean energy. Moreover, technological advancement played a decisive role 
in enabling the electrical system to be more efficient. Electrical reliability can be 
improved, greenhouse gas emissions can be reduced, renewable energy sources can 
efficiently be integrated, rising demand for electricity can be met by embedding advanced 
applications and technological equipment in the electrical grid.  
 
Keywords: Smart grid, traditional grid, centralized power generation, decentralized 
power generation, Innovative technologies.     
 
1. Introduction 
 
Nowadays, the world is facing critical challenges, such as; uninterrupted power supply, 
saving organic fuels, growing population, rising unemployment level and the 
improvement of living standards. Further challenges are the contribution of sustainable 
development in distant areas specifically in mountainous territories and desserts. One of 
the reasons is the depletion of fossil fuels which is a threatening call for energy sector 
and drives them to explore alternative ways for energy sources. The energy sector is 
highly dependable on oil which is unsustainable and very limited in the world. The main 
reason of the climate change is burning fossil fuels which produce greenhouse gases 
(Mwasilu, Justo et al., 2014). The solution of all challenges are connected with the 
development of renewable energy system (Zakhidov, 2008). Furthermore, according to 
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Bergmann, Colombo et al. (2008), numerous jobs could be created in village regions by 
developing and using the system of renewable energy.  
One of the central factors of economic development in all countries is electricity. Always 
on demand for electric power generation is challenging both developing and developed 
countries. Continuous producing electricity gives immense pressure to the infrastructure 
of electrical energy. In developing countries, almost half of the population live in rural 
areas. For this regions, electricity delivery is very costly which local people cannot pay, 
and it causes social inequality and low living standard (Kaundinya, Balachandra et al., 
2009). Bhattacharyya (2006) gave an example of India, where more than 70% of the 
population live in village areas. Furthermore, in India over 40% of the total population 
does not have electricity. According to Kaundinya, Balachandra et al. (2009), the triple 
growth of electricity delivery and fivefold growth of electricity generation is required for 
satisfying electricity demand growth. 3% of global GDP should be invested per year for 
facing the electricity demand and generation challenge. Due to new employment, 
migration from rural areas to cities will decrease and reach a minimum level. Hiremath, 
Kumar et al. (2011) and Ravindranath and Hall (1995) stated that in village regions, one 
of the best, reliable and environmentally secure ways for satisfying electricity demand 
and making electricity less costly, is the implementation of renewable energy with 
decentralized generation. As, it is difficult for the centralized power generation system 
to fulfill the growing demand for electricity without burning fossil fuels and emitting 
greenhouse gases. The evolutionary concept of smart grid technologies is driven by these 
complex challenges (Prabhu, Kumar et al., 2016). According to Li and Yao (2010), the 
term “smart grid” is primarily considered as an electric grid which is capable of 
delivering electricity from points of generation to consumers in a smart and controlled 
way. Consumers can modify their purchasing patterns of electricity according to the need 
and demand based on the received information from smart grid. Xiang, Bai et al. (2012) 
and (Prabhu, Kumar et al., 2016) explain that compare to a traditional grid system; a 
smart grid is the combination of digitalized innovative communication devices, circuit 
breakers, and transformers which enhance safety, efficiency and operational performance 
of the grid. It is recommended to have robust and highly reliable network connection 
which can support the interaction between application software and electrical services. 
Furthermore, Mohani, Awan et al. (2016) describe that specialized processors, automated 
metering systems, sensors, communication systems and intelligent devices are required 
for the complete integration of smart grid. These energy management technologies help 
to save energy as well as exploiting the sources of renewable energy.  
Hiremath, Shikha et al. (2007) stated that reliance on centralized power generation 
system causes high costs for electricity delivery and inflexibility. This system is using 
mainly fossil fuels for functioning, and huge capital is required for installing transmission 
and distribution grids in distant regions. Outflows of obnoxious gases create burning of 
fossil fuels, which are dangerous for local climate and health problems. Solving these 
challenges an alternative power generation and distribution systems are required. With 
comparison to centralized systems of energy, decentralized energy systems are using 
sustainable sources of energy, in conditions of grid presence or absence the systems run 
on lower scales, such as kilowatt scale. Moreover, decentralized system of energy 
generations give access to remote locations because power generation is matching with 
demand. Thus, implementing decentralized systems of energy could solve the problem 
with electricity delivery in village areas. The solution is fruitful because decentralized 
systems provide reliable and renewable energy delivery. According to Kaundinya, 
Balachandra et al. (2009) in 2004 total share of a decentralized system of electricity 
generation reached to 7.2% by growing 0.2% from 2002. Decentralized generation gives 
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more potential for electricity generation. From the point of electric power generation, 
decentralized energy had rapid growth in the world by reaching 25% in 2005 from 13% 
in 2001 (Bevrani, Ghosh et al., 2010). 36% of generated electric power was decentralized 
in 2006. Kim, Thottan et al. (2010) state that there is positive prognosis about the future 
growth of decentralized systems due to benefits, which it gives. According to 
calculations, global cost reduction from electricity generation could reach $2.7 trillion 
by 2030 if decentralized systems are embraced (Odum & Brown, 2007). 
Thus, according to the today’s demand for electricity, the traditional grid is getting 
obsolete and are required to be re-engineered, redesigned and equipped with innovative 
and modern technologies. Smart technologies which can be embedded in the electrical 
network made the transformation process possible for electric grid into a smart grid. 
Reliability and energy security are the significant economic challenges of the 21st century 
for the grid to integrate with renewable energy sources. The basic concept of smart grid 
is, the innovative technology can be integrated at all phases of grid actions and 
management. Implementation of digitalized and intelligent functions into the grid will 
increase the general efficiency of energy. Furthermore, this transformation of the grid 
would establish better interaction between consumer and grid (Valsamma, 2012). 
 
This paper is categorized into five main segments; such as renewable and non-renewable 
energy sources, power generation systems, traditional grid, technological development 
and smart grid.  
 

Purpose of the Study 
 
The purpose of this paper is to explore the state of the art of grid systems focusing on the 
evolution of innovative technologies which transform traditional grid into smart grid and 
enhances its performance. Moreover, the comparison between energy sources, power 
generation systems, traditional grid and smart grid systems have been executed based on 
their availability, efficiency, cost and operational performance to explore the proper 
distribution system of energy which can fulfill the rising demand of electricity and can 
provide clean energy in low price.      
 
2. Research Methodology 
 
In order to explore the transformation process of energy distribution system, a review on 
the “electricity” and “smart grid” literature was conducted. Data had been obtained from 
various databases, such as; IEEE, ACM digital library, Scopus, Web of Science, Science 
Direct and published government reports. The use of these databases allowed to achieve 
the comprehensive list of peer-reviewed articles and reports on smart grid and power 
generation sources. Three major steps had been taken to conduct the research: (1) 
identification and skimming (2) filtering and screening and (3) analysis of filtered data.   
The first step is associated with identifying scientific articles and reports based on the 
topics of smart grid, renewable energy sources, centralized and decentralized systems of 
power generations. The search started with the set of different keywords, such as; 
“traditional grid,” “smart grid,” “renewable energy” and “centralized and decentralized 
systems of power generation.” These keywords were used with various combinations by 
joining with “AND” parameter in the title bar of each database webpage. The “AND” 
parameter assisted in shortening down the search and bringing up the closest article 
related to the given topic. The articles and reports were selected by skimming the abstract 
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and seeing the keywords mentioned in the articles. Further filtration criteria were the 
focus on technical articles while business articles on smart grid were excluded.  
The second step related to further narrow down the articles and reports by screening each 
of them based on the technical characteristics, innovative technologies, advantages and 
disadvantages of smart grid. Further screening was applied to the following group of 
articles: (i) renewable and non-renewable energy sources and (ii) articles that discussed 
centralized and decentralized systems of power generation. After screening and reading 
all those articles in detail, a valuable data had been found that leads towards analysis 
which can respond to the purpose of this study.        
The final and third step was an “analysis” which was completed after filtering the data. 
The analysis is based on the following criteria: (i) performance, technical, and functional 
capabilities of traditional and smart grid and (ii) Integration of renewable energy sources 
with the grid. The comparison had been performed between old and new energy systems 
to explore the modernized energy management system which can be adopted in the 
future. The criteria of this comparison were: (i) comparison between non-renewable and 
renewable energy sources based on the cost differentiation and eco-friendly and (ii) 
comparison between centralized and decentralized of power generation systems based on 
cost differentiation and their functional capabilities. The analysis is a crucial component 
of this research which help to explore the transformation process of energy management 
system that can be exploited by the governments or energy providing companies. It 
enables them to fulfill the rising demand for electricity at comparatively less price 
without harming the environment. 
 
3. Comparison between Non-Renewable and Renewable Energy Sources 
 
Presently, renewable energy is a favorite subject of research. Population and energy 
demand are growing simultaneously. Non-renewable sources of energy are restricted, 
and fluctuations in non-renewable energy production have huge. Therefore inflation is 
high. Renewable sources of energy are plentiful, ecological and sustainable. In 
comparison with fossil fuels, renewable sources are self-restored. Renewable energy 
sources have their disadvantages identical to fossil fuels. The weather has a tremendous 
impact on renewable energy. The energy generated from this source could be decreased 
as a result of weather changes. Thus, people cannot shift entirely into renewable sources 
yet. Nevertheless, they can satisfy main part of energy demand by using renewable 
sources, which are advantageous for environment and economy (Rinkesh, 2009). Table 
1 shows the differences between non-renewable and renewable energy sources.   
 

Table 1: Comparison between Non-Renewable and Renewable Energy Sources 

Criteria 
Non-renewable energy 

resources 
Renewable energy resources 

Repetitively used 
energy sources 

One-time use Can use again and again 

Perpetual sources Vanish one day Available for perpetual use 

Eco-friendly 
sources  

Emits gasses and pollute the 
environment 

Do not emit gases and does 
not pollute the environment 

Availability Limited quantity Unlimited quantity. 

Production cost High Low 

Maintenance cost Low High 

Production quantity Large Less 
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Figure 1: Electricity consumption growth 2007-2050 (Tanaka, 2011) 

Area required 
Require less space to install 

energy plant 
Require large space to install 

energy plant 

 
According to Carolyn J. Randall (2017), the climate of the Earth is changing; global 
temperature is going up because fossil fuels are burnt to produce electricity. The changes 
in climate and temperature are leading to the growth of sea level and melting of polar sea 
ice. Thus, renewable energy sources are a coming wave. Nowadays numerous countries 
are presenting special programs for development of renewable energy and for lessening 
emissions of carbon-di-oxide. Research and development of renewable energy aim to 
increase efficiency and decrease electricity costs. In future, new technologies can 
transform to manage the power generation sources to meet the growing demand for 
electric energy. Finding resources of energy and plans for the development of sustainable 
energy needed to be maintained by the local community. 
 
3.1 Demand for Renewable Energy 
 
Tanaka (2011) stated that the demand for electricity is rapidly increasing in the world. 
From 2007 to 2050 the projected consumption of power is estimated to increase by 115%.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The demand growth of electricity varies between regions to regions. As Figure 1 shows 
that the demand growth of electricity in “organization for economic cooperation and 
development” (OECD) countries is much more modest than the developing countries. 
OECD countries have higher demand, which causes higher growth rates. Due to 
declining the losses of transmission and distribution, as well as the development of 
infrastructure, smart grid technologies give advantages to OECD countries. Smart grid 
systems could be part of the new infrastructure in developing and fast-growing regions 
by providing efficient operations and better capabilities for market-function. Smart grid 
makes the delivery system more efficient in all areas. Smart grid has its role in demand 
reduction as well by providing consumers with data they can use to consume electric 
power more efficiently (Taylor, 2010). 
On the other hand, the demand for renewable energy is also increasing to fulfill the 
shortage of electricity. According to Kiefer (2014), electricity delivery, utility market, 
and the traditional business models are being affected by the customer preferences. For 
instance, the amount of electricity has been reduced required from power companies by 
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increasing the use of energy-efficient appliances, the massive growth of installing rooftop 
photovoltaic arrays. Banerjee, Fee et al. (2011) use a word “prosumers” who both utilize 
and produce electricity. Furthermore, Banerjee, Fee et al. (2011) claim that consumers 
are progressively becoming “prosumers.” For instance, solar photovoltaic panels have 
been installed in the number of homes in the United States. It has been recorded that the 
solar photovoltaic installation has surprisingly increased from 15,500 in 2004 to more 
than 600,000 before the finish of 2014. It has been estimated that the solar photovoltaic 
system produced 1,460 megawatts electricity for the residential use and more than 80% 
of that has been increased in the last four years.  
As stated in Association (2014) report, the rapid change and growth have been noticed 
of electro-mechanical to electronic-based devices, such as; offices, factories and home 
appliances which has directly been affecting on the requirement of energy and the grid 
operations. In this current era, 92% of transport is fueled by petroleum. However, the 
immediate rise of electricity demand has been predicted in the transportation sector, as 
the concept of plug-in electric vehicles is rapidly increasing. The 18.6% annual growth 
rate of the electric vehicle is being predicted from 2013 to 2022 if this prediction of 
electric vehicle sale continues then the demand for electricity will remarkably be 
increased. Concurrently, Banerjee, Fee et al. (2011) suggest that the rise of electricity 
demand can be mitigated by installing smart meters, utilizing proper electric grid 
management techniques and time-based rates application. It encourages consumers to 
use electricity during off-peak hours which will save them from additional charges.    
 
3.2 Challenges 
 
The mindset of most of the stakeholders has been changed due to inefficient grid 
infrastructure, rising fuel cost, climate change, and the latest technologies used for power 
generation. Feisst, Schlesinger et al. (2008) raised some questions which have become 
challenges for the power suppliers:   
 The most prominent issue for the electric supplier is to reconsider about the future 

electrical system, as the centralized electric generation system becomes the primary 
cause of emitting around 25 percent of global greenhouse gases.  

 Another important thing is to consider, the role of distributed electric generation and 
the integration of renewable energy with the electric grid will remarkably be 
prominent in the reduction of greenhouse gas emissions.  

 Next challenge rises at the demand-side management to reduce power consumption 
and enhance power proficiency.   

 Constant monitoring of grid performance can improve blackouts, utilization, and grid 
reliability. Furthermore, constant monitoring would be a challenge, but it will rapidly 
return the financial investments on the grid. 

 The remarkable rise of electricity demand, the emitter of greenhouse gases and 
dependence on fossil fuel which are against eco-friendly have become noticeable 
challenges. Renewable energy sources have been addressed to generate electricity as 
the usage of fossil fuels pollute the environment (Mohamed, Eltamaly et al., 2015). 

 Traditional grid does not have an appropriate capacity to fulfill the increasing demand 
for electricity. Massive modification and improvements are required to integrate 
renewable energy sources with traditional grid to generate electricity (Frye, 2008). 
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3.3 Opportunities for Improvement  
 
Technology plays a decisive role in enabling the electrical system to be more efficient. 
Electrical reliability can be improved; greenhouse gas emissions can be reduced by just 
implementing advanced applications and technology (Feisst, Schlesinger et al., 2008). 
Some of the opportunities where improvements can be made in the electrical system are 
mentioned below:  
 Advanced technology and application software can help reducing power usage during 

peak hours by robotically turning off specific home appliances, office equipment, and 
factories machinery.   

 Instant feedback can help reducing wastage of energy consumed by the consumers.    
 Usage of energy can be reduced by producing smart appliances by the manufacturers.  
 Power blackouts can be controlled by installing sensing equipment and detaching 

turbulences in the grid.  
 

 It is not hidden that non-renewable energy sources are restricted and fluctuations 
is huge during energy production whereas renewable energy sources are 
unlimited, ecological and sustainable. Furthermore, the remarkable rise of 
electricity demand, the emitter of greenhouse gases and dependence on fossil fuels 
have become noticeable challenges. Meanwhile these challenges have created 
tremendous opportunities for the improvement of power generation and 
distribution systems which can be restructured, modified and equipped with 
innovative technologies that can satisfy the rising demand of electricity and 
mitigate greenhouse gas emissions in better and efficient way.      

 
4. Power Generation Systems 
 
Decentralized decision making enters the higher level of the power system, which is 
caused by continuous reformation of the electricity industry. The planning of long-term 
growth is influenced by the trend of improvement because now private investors with 
smaller centralized direction are making significant decisions (Botterud, Ilic et al., 2005). 
The power plants have been centralized and using heavy and costly components to 
produce electricity. According to Alanne and Saari (2006), the generation of distributed 
energy leads to this new tendency, which means that heavy power generation components 
are switched into smaller components, and energy generation elements are near to end-
users of the energy. The term distributed generation of energy includes self-operating 
buildings as well, which could provide themselves with electricity, cooling and heat 
energy. Alanne and Saari (2004) state that the alternative of the original system of 
electricity is the system of distributed electric power, which is more reliable, efficient 
and sustainable. For instance, hospitals have implemented this concept since continuous 
electricity distribution is crucial for them. Another example of generation of distributed 
energy are automobiles (Conrad & Affolter). 
 
4.1 Centralized Power Generation System  
 
The electricity was produced by big power generators in the 1900’s, which were located 
in central areas. In this period, electricity reached to end-users through networks of 
transmission and supply. Alanne and Saari (2006) bring an example of a classic 
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Figure 2: An illustration of a Centralized Power System (Alanne & Saari, 2006) 

centralized system (Figure 2) of electric energy, which includes a large number of end-
users located in big distribution zone.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 represents the complete scenario of centralized power generation system. 
Energy is produced at the central point and then it is transmitted through the high voltage 
electric wires to the grid and from there electricity is distributed to its consumers. The 
transportation of electricity is costly and are more chances of interruption during power 
supply.   
The generation of electricity through central power generators is called centralized power 
generation (CG). These generators provide the power of bulk. To get steam necessary for 
operating generators of the turbine, most of the power generators use coal boilers or 
fossil-fired gas, or nuclear boilers. Sometimes large hydro is used as well. Costly 
execution of large infrastructures is needed for these massive power plants. Unpredicted 
events and uncertainty are the serious issues for CG power plants. Thus, CG power plants 
are unprotected from errors and attacks. J. A. Momoh, Meliopoulos et al. (2012) state 
that CG power plants’ efficacy, security, and benefits are not sufficient for this modern 
era, which intensifies the efforts of authorities and researchers to look for sources of 
renewable energy.  
 
4.2 Decentralized Power Generation System 
 
The generation of electricity, which is located close to end-users, is called decentralized 
generation (DG). Sources of DG contains technologies, which are small-scale and 
ecological. For instance, photovoltaic and wind technologies. These technologies are 
originally installed and made for serving in a specific location of the individual consumer 
(J. A. Momoh, Meliopoulos et al., 2012). Alanne and Saari (2006) argue that even though 
energy transmission and supply are based on the location of electricity generators, 
naturally the consumption of energy is decentralized or distributed. The concept of 
“decentralized” or “distributed” is connected with the way separated units are combined 
and form the entire system, as shown in figure 3.  
Figure 3 shows that even in the small area electricity can be produced and utilized in each 
separate unit. These units are combined through one central control system where 
information can be exchanged and energy can be stored and distributed according to the 
demand of the consumers.   
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Figure 3: An illustration of a Decentralized /Distributed Power System (Alanne & Saari, 2006) 

Figure 4: An illustration of a Localized Power System (Alanne & Saari, 2006) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Decentralized power generation systems contain reciprocating engines working on 
traditional fossil fuels or gas turbines to enhance the quality and reliability of the electric 
grid (J. A. Momoh, Meliopoulos et al., 2012). The connection between electrical grid and 
DG is creating reliability and security issues for utility. DG could decrease the demand 
for traditional utility services. For incumbent utilities and end-users DG creates economic 
risk as well. This risk could be managed only with procedures for cost recovery or with 
proper rate structures. Occasionally, DG which is arranged and designed efficiently gives 
numerous advantages to society and end-users. For example, cost savings due to 
subsidies from government and a cleaner environment. DG is installed in multiple utility 
systems, and it has its significant role in the development of new technologies (J. A. 
Momoh, Meliopoulos et al., 2012). 
 
4.3 Localized Power Generation System 
 
The localized units do not have a connection with other units. Thus, they are stand alone 
and independent (Palensky, 2001). It is significant to realize that all localized systems 
are decentralized or distributed, whereas not always decentralized or distributed systems 
are localized as it is mentioned in figure 3 that decentralized systems are the combination 
of small units.  Therefore, in energy systems context, using the word “decentralized or 
distributed” is more rational. Figure 4 clarifies the localized energy system example. 
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Figure 4 shows an example of the localized power system. As represents in figure 4, it is 
possible that the whole chain of electric power could be combined in one place. For 
example, it could be a building, which is in countryside regions and the building is not 
connected with the network of public energy. The building contains solar electricity 
system, electricity distribution including storage of electricity and heating system which 
is a good picture of a localized generation of power (Dunn, 2002).  
 
4.4 Comparison between Centralized, Decentralized and Localized Power Generation 
Systems 
 
In order to design a series of activities for future grid, the comparison has been done 
based on the criteria which is mentioned in table 2. It gives an opportunity for designing 
a workable grid, which will satisfy increasing global electricity demand. Moreover, 
essential requirements, development of abilities and arrangements of institutions are 
combined into special road map. The road map has an objective to increase the 
engagement of population in new smart grid (J. A. Momoh, Meliopoulos et al., 2012). 
 
Table 2: Comparison between Centralized and Decentralized Power Systems (J. A. Momoh, Meliopoulos et al., 2012) 

Criteria 
Centralized 
Generation 

Decentralized 
Generation 

Localized 
Generation 

Uninterrupted 
Power 
Supply 

Although CG system 
provides uninterrupted 
power supply, but the 
attributes of CG are 
showing the following 
results: 
 Because of high 

losses at the system 
of transmission, 
electric 
effectiveness is low 

 Emissions are high 

DG allows buildings to 
generate their own 
permanent electricity. 
Essential DG features 
for uninterrupted 
power generation gives 
following results: 
 Electric 

effectiveness is 
high 

 Emissions are low 

LG permits 
pump stations/ 
hospitals or any 
isolated building 
to generate their 
own electricity.  
 High 

efficiency  
 Low 

emission 
required. 

Premium 
Power 

Reliability of power 
supply is low. There is 
no assurance of high 
quality power because 
power losses are high. 

Electricity generation 
and delivery are more 
reliable and have 
higher quality than 
usual electricity which 
provided by grid. 

Supply of power 
is reliable as 
power 
generation is 
very close to end 
user. No chances 
of losses.  

Cost 

 Changing cost is 
high. 

 Maintaining is very 
costly. 

 Changing costs are 
low. 

 Maintaining is not 
costly. 

Low charging 
and maintenance 
cost. 

Peaking 
Power 

Has unstable 
functioning at different 
peak levels of power. 

Functioning from 50 to 
3000 hours every year 
for decreasing costs of 
electricity. 

Same as 
decentralized 
generation 
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Resiliency 
Have less resiliency 
but meets high demand 
of power. 

Are more resilient due 
to satisfying low 
demand of power. 

Same as DG. 

Sustainability 
Less sustainable due to 
power sources. 

Are sustainable due to 
renewable sources of 
power. 

Sustainable as 
solar panels 
depend on 
sunlight.  

 
As per table 2, the measurement standard for CG/DG and LG comparison contains 
combined infrastructure resiliency assessment, the effect on sustainability through 
CG/DG and LG because it is concerned with energy decreasing, environmental effect 
reduction and emission declining. The criteria include the finding of efficient CG/DG 
and LG combination as well, which will satisfy the needs of future grid. The installation 
of DG is affected by obstacles, such as: problems with quality of power, generation of 
power and high cost, because subsidy from government or local sources may be not 
sustainable.    
 
4.5 Cost Differences for Centralized, Decentralized and Localized Power Generation 
Systems 
 
Comparison of costs based on typical design, required for CG/DG and LG is now 
becoming very important since DG/LG engage new technologies. Expansion of DG role 
in the future grid could be built on whether DG/LG costs are lower than CG because 
DG/LG is permanent energy providing source. DG/LG power would be closer to the 
retail price of produced electricity, and it would be more efficient for satisfying the 
demand of small power markets due to the same location of electricity generation and 
usage. DG/LG replaces the power provided by the utility. It is less probable for DG/LG 
to affect users of land negatively (Conejo, Castillo et al., 2005).  
Table 3 represents the cost in cases of using centralized, decentralized and localized 
power generation systems. The power supply area is the same in these cases. DG/LG 
systems are based on technology which has the lowest cost if heat loads and permanent 
electricity are accessible. Through limiting technologies which are accessible to the 
model, efficient solutions for DG/LG using system can be compared with a system using 
electricity-only and heat-only technologies (J. A. Momoh, Meliopoulos et al., 2012). The 
question is will DG/LG systems provide cost savings? 
 

Table 3: Cost differences between CG and DG Systems (J. A. Momoh, Meliopoulos et al., 2012) 

Component 
Cost 

Centralized 
Generation 

Decentralized 
Generation 

Localized 
Generation 

Capital cost Per unit low cost 

 Cost is high for 
every unit. 

 Cost saving through 
system design and 
capacity reduction. 

 

 Per unit cost is 
high. 

 Life time cost 
savings from 
utility bills. 

Maintenance 
and 

Operational 
cost (Fixed) 

Higher Lower Lower 



The future of sustainable society – The state of the art of renewable energy and distribution systems 
 

P a g e  26 | 90 

 

Maintenance 
and 

Operational 
cost 

(Variable) 

Lower Higher Lower 

Fuel Highly required Not required Not required 

Transmission 

 Mandatory high 
voltage 
transmission  

 Failure of 
transmission and 
high losses 

 Only distribution is 
needed 

 Decreased cost of 
capital 

 Production is 
close to end-
users.  

 Cost saving on 
distribution. 

Unnecessary 
Expenses 
based on 
unserved 
energy  

High Low Very low 

 
The installation and maintenance are very costly for CG systems. The usage of CG is 
based on central location. From installation and maintenance perspective, CG is less 
costly than DG but LG is much more lesser than CG. In the same area, power distribution 
through CG is cheaper than DG whereas LG is within an isolated or standalone building 
so no distribution system required. However, DG/LG have less power losses than CG 
(Martin, 2009). Moreover, CG and DG/LG combination would have more cost savings. 
Areas with huge population should be a priority for using both CG, DG and LG. In the 
regions with big population, CG could be used for reducing power losses by locating it 
very close to the areas or DG/LG could be used for lessening the losses. Therefore, capital 
costs could be decreased due to less installation capacity of CG or DG/LG systems. 
 
4.6 Analysis and Reflection 
 
Centralized, decentralized and localized grid systems have advantages as well as 
disadvantages. Thus, the purpose is to discuss the advantages and disadvantages as well 
as to identify problems, which grids could create. This debate leads to explore the proper 
solution in upgrading existing mechanism of grid which makes the grid more secure and 
efficient.  
In general, some decentralized and localized systems of generation are distributed 
geographically. Thus, it is possible to place them very close to areas where end-users are 
living which decreases the cost of supply and transmission of electricity. Strong terms 
build on multiple separate generators and their reliability, in comparison with CG, shrink 
the transmission and supply costs (J. Momoh, 2012). In the system of CG, power 
transmission goes through a long way to reach end-users.  At the final stage of generation, 
various sources should produce electric power. For example, thermal power, nuclear 
power, hydropower. The need for transforming CG into DG is high especially in areas, 
where CG system is very far from consumers. This approach decreases power 
transmission losses (J. A. Momoh, Meliopoulos et al., 2012).  
An alternative method exists for saving costs. It is localized DG. Part of electric energy, 
which used to be lost during energy transmission in CG, is now saved because of 
generating the energy close to the place where it will be used. The quantity and size of 
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Figure 5: Early Electric Grid (Banerjee, Fee et al., 2011) 

needed power lines are decreased as well due to this approach. The preservation of 
distributed energy sources in a Feed-in Tariff (FIT) scheme is low. 
They have low contamination, and they are efficient. Nevertheless, the quality of electric 
power and security become critical issues in this case, because of most of FIT’s need 
using renewable resources, which are discontinuous. For less pollution, DG and LG 
requires complicated plants and professional engineers. Due to sustainable resources 
(sunlight, geothermal, wind energy) and automatic functioning, contemporary embedded 
systems can face these challenges. This approach decreases the number of power plants, 
which could give profit (Basso & DeBlasio, 2004).  
The rapidly growing demand for electricity requiring reliable power grid. The grid is 
using various modern power generation mechanisms to make the electrical system 
influential, sustainable, protected and flexible where technology needs more Distributed 
Generators. The same could be said regarding the CG. Nonetheless, the installation of 
CG becomes more difficult and costly because of higher installation, permission and 
location barriers. Therefore, with growing electricity demand, the implementation of DG 
and LG is inexpensive than installing CG. Moreover, during new power generation place 
construction, using CG is very expensive and economically ineffective (costs for power 
transmission). DG and LG, which is not intermittent, does not require a system of 
transmission. Thus, it completely removes costs for transmission. Therefore, for new 
power plants construction, it is obvious that DG and LG shows more efficacy and cost 
savings compared with CG (Hadjsaid, Canard et al., 1999). 
 

 The centralized power generation system uses coal boilers and fossil fuels which 
emits gasses. Cost of transmission and execution of heavy power generation plants 
is high, completely insecure and not able to be efficiently integrated with 
renewable energy sources. On the other hand, decentralized and localized power 
generation systems are located close to the end-users which decrease the 
transmission and supply cost, it can easily be integrated with innovative 
technologies and renewable energy sources, reduces the cost of utility services and 
providing clean energy.      

 
5. Early Electric Grid 
 
Thomas Edison’s Manhattan Pearl Street Station was the earliest electric complex in the 
world. It started to run in 1882. Originally, Edison’s electrical complex was a microgrid, 
which contained 100 V coal-fed electric engine. It was providing electricity to few 
hundred lamps. Thus, electric grid was compact and limited in the early stages (Asmus, 
2010).  Power plants were located near to their power sources in the first instance of 
electric complexes. Figure 5 is a reflection of the early electric grid.    
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Figure 6: Traditional Electricity Delivery System (Banerjee, Fee et al., 2011) 

 
They were within close range of their ultimate users as well. Nevertheless, throughout 
time, the demand for electricity has been grown up. Thus, these small grids were evolved 
into larger and more compound systems. Appropriately, electric grids were transformed 
into interdependent systems. Now we are using these systems, and they are connecting 
the stations of power generation, load centers, supplying channels and lines of 
transmission (Monaco, 2011).   
 
6. Traditional Grid  
 
The word ‘grid’ is usually used for an electrical system. Traditional grid supports 
typically four operations, such as electricity generation, transmission, distribution, and 
control. The primary function of traditional grid is to carry electricity from the point of 
generations and distribute it to many of its consumers by using transmission lines (Fang, 
Misra et al., 2012). Banerjee, Fee et al. (2011) explain that the architecture of traditional 
grid was constructed on the extensive amount of electricity generation, passive loads, 
centralized and one-way control.  
Most of the electricity grid or power supply system in the world was built when the cost 
of electricity was reasonably low. The grid has still been functioning as it had been 
functioning almost hundred years ago, to fulfill the rising demand for electricity, minor 
upgradation has been done. Energy is generated at the central electricity plants then it 
flows over the grid to consumers, and there is no proper storage surplus capacity (Frye, 
2008). Hossain, Oo et al. (2013) add that more likely traditional grid would not have the 
sufficient capacity to fulfill the future demand for electricity. Furthermore, the existing 
grid system emits greenhouse gases, consumes lots of fossil fuels which is completely a 
useless and environmentally extravagant system. Thus, it is not suited to distributed, wind 
energy and renewable solar sources.    
         
6.1 Traditional Grid Design 
 
According to Banerjee, Fee et al. (2011), a decade ago, organizational principles and 
system design models were used to design and build traditional grid system. It should 
have been restructured to achieve the demand of digital economy, low-carbon and 
environment-friendly. Traditional grid design was depended on a large scale generation, 
passive loads, energy storage with limited capacity, minimal feedback due to hierarchical 
control structures and remotely located from consumers. Figure 6 shows the graphical 
view of traditional grid architecture.    
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Figure 7: Traditional Grid (Farhangi, 2010) 

Traditional grid does not have the capability to adapt the upcoming technology, such as; 
power generation sources with low inertia, the demand for greater flexibility and the 
distributed power generation resources of rising diffusion.  
The latest studies reveal that a smart grid is fully equipped with agile, robust and more 
flexible. Resources and grid operators can dynamically be optimized in a smart grid 
system; disturbances can rapidly be detected and mitigated, diversely integrated with 
energy generation sources and able to protect against cyber and physical risks. Moreover, 
consumers are in-charge to manage the use of the electricity and finally, smart grid can 
response the demand and the energy resources can efficiently be integrated according to 
the need (Banerjee, Fee et al., 2011).       
 
 6.2 Analysis and Reflection 
 
The analysis and reflection of traditional grid have been done based on its characteristics. 
As it is demonstrated in figure 7, traditional grid is a rigorously hierarchical electrical 
supply system. In this system, the central generation is at the top of the chain where 
electricity is produced, and the customers’ loads are at the bottom of the chain where 
electricity is supplied (Farhangi, 2010).     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Traditional grid does not have two-way communication because it is fundamentally a 
one-way channel system. The source does not have immediate information if the 
electricity is terminated at the customers’ end. Furthermore, the grid is incompetent to 
bear maximum load if it exceeds its projected demand. Thus, it is integrally an ineffective 
system.   
Additionally, the system stability has been decreased because of the ineffective 
infrastructure of power delivery system and the tremendous rise in demand for electricity. 
Finally, terrible blackouts can be activated because of the failures of the components 
which could be the cause of irregularities in distributing power supply.    
 

 In this modern world, traditional grid has now become a “stupid,” ineffectual and 
environmentally extravagant system, because it is fundamentally a one-way 
channel system. The power distribution system cannot receive immediate 
information if the electricity is terminated at the customers’ end. The grid is 
incompetent to bear maximum load if it exceeds its projected demand. Moreover, 
it is not suited to integrate with decentralized/localized and renewable power 
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Figure 8: Transformation of Electric Grid through Innovative technology (Kempener, Komor et al., 2013) 

generation sources. Therefore, traditional grid does not have sufficient capacity to 
fulfill the increasing demand for electricity.  

 
7. Technology Development 
 
Innovative technology has made it possible that traditional grid can be transformed into 
smart grid. This technology can be divided into three main segments: generation, 
transmission, and distribution. Technology that belongs to generate and transmit 
electricity is rapidly developing and improving as it is controlled by the utility companies 
whereas, distribution segment is facing a huge struggle on some of the improvements, 
some stakeholders are involved in this part of the process (Angelos, Saavedra et al., 
2011). According to Kang, Chen et al. (2009), energy efficiency is directly associated 
with the technology. If the technology is advanced, then the better level of energy 
services can be achieved by using less energy. Hi-tech equipment which contains 
efficiency measures is useful for energy saving and long-lasting use if they are used at 
the consumer's end. Kempener, Komor et al. (2013) stated that embedding smart 
equipment into the grid is the only way to transform the electricity system, as shown in 
figure 8. 
 
 
 
 
 
 
 
 
 
 
Figure 8 shows that the present grid has an only one-way communication system. It does 
not have system that consumers can send information to grid or its utility providers. On 
the other hand, the future grid is a fully integrated two-way communication system and 
has various types of distributed power generation system. Future grid is fully equipped 
with smart technologies which enables its consumers to send or receive information from 
the grid (Kempener, Komor et al., 2013).  
Furthermore, Prabhu, Kumar et al. (2016) stated that major changes are required in the 
distribution network, specifically for residential and commercial consumers. Main 
technology requires for distribution networks are special charging equipment for an 
electric vehicle, transformers that has a built-in high efficiency of the distribution system, 
smart meters, low voltage inverters that have the capability to integrate with solar 
systems, automation systems for homes or buildings and automatic fault detecting 
sensors. Other significant technologies which brought smart gird into existence are 
mentioned below: 
 
 Communication Technology: Communication technologies made possible for 

different smart electronic devices to integrate and interact with each other. It includes 
protection, data transfer and allows consumers to communicate with the intelligent 
devices (Hoang, 2009). According to Luan, Sharp et al. (2010), smart grid systems 
can use ethernet based networks to communicate with different devices. However, 
Ethernet-based networks are not suited to establish everywhere because it is a wired 
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system network (Ghosh, Wolter et al., 2005). Furthermore, as per  Deb, Bhowmik et 
al. (2011), cloud computing has brought great evaluation in communication 
technologies. Fuzzy controllers have the strength to enhance the robustness of the 
system.  
 

 Sensing Technology: Sensing technology plays a significant role in measuring and 
evaluating the integrity and health of electric grid. Sensing technology has the 
capability of preventing energy theft, eliminating the billing estimation system and 
automatically taking meter reading (Hoang, 2009). Furthermore, complex energy 
system data can be converted into a readable format with the help of sensing 
technology which can easily be comprehended by grid operators. 
 

 Fault Detection Technology: Fault detection technology enables the grid to indicate 
the disturbance and faults in the grid. In case of any disruption, this technology helps 
the system to restructure the grids in affected areas and re-adjust rapidly with the 
newly assigned network topology which allows the system to reduce the severity of 
the disturbance and faults of the grid. Furthermore, in case of any major disruption 
in the power system which leads to an emergency, the system should take prompt 
action and redirect the power to normal and secure paths (Yang, Qian et al., 2010).  
 

 Power Storage Technology: Innovative technology has brought an evolution in grid 
systems. Power storage technology is one of the great examples of it. According to 
Katiraei, Iravani et al. (2008), renewable energies such as; photovoltaic battery, wind 
power, storage components and fuel battery required more control functions. Power 
electronic converters are used to connect these energy sources with the large-scale 
power grids. Prabhu, Kumar et al. (2016) stated that Energy storage technologies 
have a high capability to integrate with renewable energy sources which help to 
mitigate the demand for electricity. Operations can be optimized, efficiency can be 
increased, and distribution systems and flexible transmission can accommodate 
fluctuations in supply. Furthermore, disruptions of electricity can be prevented before 
they occur with the help of strict control system and automatic monitoring system.  
 

 Weather Predicting Technology: Some of the sources of renewable energy based 
on weather. Therefore, the demand for cutting-edge technology in weather 
forecasting is mandatory. To accurately predict the changes in power generation of 
renewable energy, it is required to enhance the precision of climate forecasting 
technology. Thus, the instability of renewable energy in producing power will be 
reduced (Li & Yao, 2010). 
 

 Other Advanced Technologies: Some of the other innovative technology helps to 
build up a complex smart grid system. It also assists to monitor the performance of 
the grid. The advanced methods are the algorithm that allows to predict, diagnose and 
analyze grid conditions which are used to take rapid actions against blackouts, power 
quality disturbance and mitigate power shortage (Hoang, 2009). Furthermore, Li and 
Yao (2010) say that even though the access of renewable energy distribution system 
is complicated but the advanced technology made possible to monitor, control and 
schedule in stable operation, safe and improving efficiency.  
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Figure 9: Smart Grid Benefits (Mohamed, Eltamaly et al., 2015) 

 Innovative technology has brought marvelous revolution in an electrical industry. 
It made it possible for the grids to integrate with centralized and decentralized 
power generation systems. With the help of digitalized technology traditional grid 
can be transformed into smart grid which enables smart devices to interact with 
each other, measuring and evaluating the integrity and health of electric grid. 
Technology has the capability of preventing energy theft, eliminating the billing 
estimation system, automatically taking a meter reading and enabling the grid to 
indicate the disturbance and faults. Furthermore, energy storage technologies 
have a high capability to integrate with renewable energy sources which help to 
mitigate the demand for electricity. 

 
8. Smart Grid 
 
The aging of traditional grid, the lack in responding to the increasing demand of 
electricity, instability in fuel cost and no automation system for power restoration has 
brought an idea of “Smart Grid” (modernized electric distribution system). Smart grid 
can be fully equipped with innovative technologies and be able to fulfill the future 
demand for electricity (Valsamma, 2012). Forte (2010) added that smart grid is a system, 
combination of innovative sensors, two-way communication system, automatic 
metering, intelligent electricity supply equipment and completely computerized system. 
Smart grid has the capability to improve choices and awareness for the consumers, 
consistency in the performance of electric supply and enables utility providers and 
consumers to take independent decisions in delivering and receiving services. Figure 9 
shows the complete overview of smart grid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to Chang, Nagothu et al. (2014), smart grid system can quickly adapt 
revolutionary enhancements in economics, reliability, efficiency, and sustainability of 
different electricity services. Advanced metering infrastructure is considered as a central 
point of information flows in smart grid systems. Furthermore, Horowitz, Phadke et al. 
(2010) explain that the beauty of smart grid is that, networked intelligent sensors can be 
integrated with long-distance transmission lines which can be profited in increasing 
efficiency, improving operations and synchronizing alternative and even small power 
sources. Forte (2010) stated that, by enabling the core functionality of plug-in electric 
vehicles, renewable sources, micro-grids and of other technologies would make it 
possible for smart grid to penetrate and integrate with these technologies. Finally, Prabhu, 
Kumar et al. (2016) say that smart grid can fulfill the future demand for electricity and 
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Figure 10: Conceptual Model of Smart Grid System (Li & Yao, 2010) 

the need for power for electric vehicles. Moreover, it is well capable of keeping 
environmental concerns.  
 
8.1 Conceptual Model of Smart Grid 
 
According to Li and Yao (2010), the primary function of the electric grid is to deliver 
electricity from the generation point to consumers. The delivery of electricity network 
mainly works through the transmission and the distribution systems. Electricity is 
transmitted through transmission system from electric generation plants to distribution 
substations whereas electricity is distributed to consumers from distribution substations 
through the distribution system, as shown in figure 10. 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
The conceptual model of smart grid is represented in figure 10. It is a combination of a 
different set of domains, and each domain has its function according to its 
communication and electrical interfaces. Besides that, smart meter plays a vital role in 
overall communication between electrical grid and consumer interfaces; it consists of the 
communication link and an electronic box. A smart meter electronically records the 
necessary parameters and the consumption of electricity consumed by consumers, then 
time to time it transmits the recorded information over a communication network to the 
billing providing companies. Similarly, the information can be supplied through end-user 
devices to the consumers for informing them regarding the related costs and the energy 
consumption (Mohani, Awan et al., 2016). Moreover, YIN, ZHANG et al. (2009) stated 
that smart meters could be differentiated according to their features and capabilities, such 
as; one or two ways communication types, meters that can measure the storage data or 
the meters that can be connected at the energy suppliers’ end. 
 
8.2 Integration of Smart Grid with Renewable Energy 
 
The over-reliance on fossil fuels and the growing demand for energy are becoming 
significant problems presently. Thus, for generating electricity, there is a huge tendency 
for switching to renewable energy. However, to adapt and combine these disconnected 
natural sources, important developments and adjustments for current electric grids would 
be required (Mohamed, Eltamaly et al., 2015). Renewable energy sources, including 
solar, wind and others, cannot be distributed naturally. Furthermore, changes in weather 
have a giant impact on the renewable energy sources. These create gaps and instabilities, 
which will affect original grids, as they have quick changes and alteration of voltage, as 
well as regularity changes. Nonetheless, smart grids will launch a computerized network 
of data due to smart detectors, automatic systems of transmission and resolution (Yang, 
Qian et al., 2010). According to Papavasiliou and Oren (2014), nowadays the adoption 
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of sustainable sources of energy by smart grid system is becoming supreme and 
significant, which is gaining more attention of researchers. 
 
Atteya, Ashour et al. (2016) argue that smart grid has more essential functions besides 
sustainable energy unification and depository of energy in a system distribution. Other 
principal tasks are monitoring, smart metering, systems of communications, as they help 
to get data about power usage and send it to electric services through a wireless network 
of communication to execute and examine the information for making effective decisions 
for consumers and utilities. 
According to Vallee, Lobry et al. (2008), combining sustainable sources of energy into 
smart grid is allowing to save the sources costs regarding construction of additional 
generators. Moreover, it is enabling to enhance the quality of power, fulfills needs of 
customers and makes the system reliable. Gaviano, Weber et al. (2012) combined data 
and analyzed smart grid’s role in generating renewable energy and its potential for future 
studies. The authors state that central and crucial element in connecting and adjusting 
renewable energy for construction of future grid is the interaction between digital 
devices. 
Ultimately, Smart grid control allows to sustain functioning of the system, foresee 
expected performance of it, manage resource supply, safety, demand, efficient reply to 
digital devices, and decrease the operation costs (Shahraeini, Javidi et al., 2011).  
According to Liserre, Sauter et al. (2010), the future of security and execution systems is 
smart grid, which is auto-controlled, reliable and stable.  
 
8.3 Techniques apply in Smart Grid 
 
The techniques that make smart grid “smart” are expressed here. According to Li and 
Yao (2010), smart grids, which are systematized, have to respond to power variations 
and forecast the defects of operating systems. Multiple remote sensors are developed to 
reach this point. Communicating grids are being inserted in the original transmitting 
grids. The method of communication has an accurate and flexible standard of measuring 
because every inadequacy in the system should be fixed swiftly (Miao, Zhang et al., 
2009). 
 
Automated Metering System: Smart grids must manage consumer changes for holding 
the stability of consumers and providers. The electric meters are forming the improved 
metering system by intelligent system of data-execution at the supplier end. According 
to Yu and Luan (2009), the nexus which links them has the following tasks: maintaining 
adaptable price for the electricity power,  automate control of electric load based on 
current time price, computing actual time information for users, power quality and 
voltage remote control. 
 
Computerized Electrical Devices: The smart digital devices, machines of power 
supplying with adaptable systems of transmission and the solid-state controllers, which 
are multifunctional, are all technical devices. They have vital roles in generating, 
transmitting, providing and utilizing of electricity. According to  Qing-hong (2009), the 
most widespread controller of power grids is silicon switches. In smart grids, they will 
be used as integrated instruments with multiple functions and with real control for 
making the ability of transmission to the maximum.  
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Digitalized Transmitting and Distributing System: The improved mechanization 
contains generators with an efficient measuring system of large zones and other vital 
processes. This mechanization can upgrade functioning and execution of smart grids. 
Yang, Qian et al. (2010) state that the developed automation of transmission and supply 
could preserve grids’ performance, self-recovering, and management throughout swift 
and updated programming.   
 
8.4 Characteristics of Smart Grid 
 
As per Xie, LIU et al. (2008), smart grid uses the self-scanning technique to inspect, 
identify, as well as to repair its elements or units of the network. By these operations, 
smart grid preserves safety, accessibility, quality of power and its state of energy-saving. 
Smart grid allows separate and professional customers to have principal roles in the 
system of electricity. Both independent consumers and authenticity of the system are 
getting advantages from active customer engagement. The modern grid must have 
dynamic protection system and provide combined and stable procedures for operation. 
Entire loads of power system are growing in the form of sensitive loads. For fulfilling 
the demands of responsive loads, the quality, which smart grid is delivering, must be 
enhanced. The loads could be more flexible for power delivery by getting design 
upgrades. Furthermore, the next feature of smart grid is the ability to unite markets of 
electricity and create an efficient system of electric power. Functioning, reliability, costs, 
and arranging are based on the structure of markets, which are easy to access. 
Appropriately, smart grid will brace electricity markets and restructure them. Finally, the 
management of assets through smart grid will allow getting high performance with 
minimum expenditures. For instance, advance diagnosis of the problem, as well as 
problem-fixing activities will be available throughout developed sensing system and 
dynamic communication system.  
 
8.5 Advantages and Disadvantages of Smart Grid 
 
Some of the main advantages and disadvantages of smart grid are described below: 
(Forte, 2010; Li & Yao, 2010; Mohani, Awan et al., 2016; Valsamma, 2012). 
 
Advantages 
 Access to natural and sustainable sources of energy. 
 Benefits for society due to depletion of waste from disruption of power. 
 Growing amount of electric energy resources. 
 Advanced protection of energy due to providing customers with data 
 The development in energy distributor sector will decrease the decrease the utility 

cost for the consumer. 
 Pressure on assets is decreasing by fulfilling the demand, which is minimizing failure 

likelihood. 
 Capital funds rearrangement due to lessened loads of peak. 
 Reduction of oil consumption due to decreasing ineffective generation requirements 

in top usage phases. 
 Making available to shift from oil to electric energy for the transport system, which 

includes buses, cars, trains. 
 Electric Greenhouse gas reduction due to stimulating machines with electricity and 

sustainable energy sources. 
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Disadvantages 
 The critical issues are protection and seclusion.    
 Hackers could crack some meter types. 
 Hackers could: 

o Gain access to thousands or millions of meters. 
o Make the electricity demand to grow or to lessen. 

 Despite to traditional grid, smart grid consists of multiple components. 
 Diverse technical elements- the engines of power, integrators of system, programs, 

etc. 
 The installation is very costly and requires a big budget. 
 
8.6 Comparison between Traditional Grid and Smart Grid 
 
Contemporary electric grid complexes are being described by expressive vocabulary, for 
example, “traditional” or “smart.” According to Mohd, Ortjohann et al. (2008), smart 
grid mechanisms, as well as the allowance of consumption data in real-time amplify the 
effectiveness of production, transmission, and usage. The energy classes relationships 
start to change due to this productiveness enhancement. Smalley (2005) states that the 
process of switching from stockpiled fuels (natural gas, oil, coal, nuclear) into sustainable 
and renewable systems is becoming agiler through means for linking end-users and 
energy services. Accordingly, the traditional energy grid is becoming insufficient, which 
is starting to be more visible. Decentralized and inefficacious value chain limits 
traditional grid’s potency and productivity. In opposition to traditional grid, the structure 
and design of smart grid give superior control over energy distribution and usage. 
Furthermore, it provides instant feedback for energy consumption. Thus, the mechanism 
of smart grid enables higher effectiveness and less wastage of resources. Table 4 gives a 
quick image of the traditional and smart grid. 
 

Table 4: Traditional Grid vs Smart Grid 

Traditional Grid Smart Grid 

Fewer detectors  Fully equipped with detectors 

Electromechanical devices  Computerized devices  

Manual observing system Automatic observing system 

Centralized power generation 
system 

Decentralized/Distributed power generation 
system 

Manual healing system Automatic healing system 

One-way communication system Two-way communication system 

Breakdowns and dark Robust and islanding system 

Fewer options for customers  Many options for customers  

Restricted system Extensive System 

Less control over grid Good control over grid 

 
Makansi (2007) describes traditional grid by using five classes of assets: Source, 
Generation, Transmission, Delivery, and Distribution. This categorization is highlighting 
the value chain. At the same time, it emphasizes decentralization mentioned above of 
value chain. Makansi’s energy value chain portrait indicates significant elements, such 
as Source of energy, Generation, Transmission, Supplying, the ultimate user. Different 
energy storage types and excess with the dump-load form were added by the revised 
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Figure 11: Traditional Grid (Zame, Brehm et al., 2017) 

Figure 12: Smart Grid (Zame, Brehm et al., 2017) 

model, which is shown in Figure 11.  Data and the mono-directional flow of energy are 
the principal attributes of the grid mechanism. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The distribution is the only repeating circle around feedback. The reason is the surplus 
of discarded loads, which is redirecting the energy from the end user. The discarded loads 
cause more losses of revenue, which makes all costs and no income. Thus, grid operators 
have a stimulus for maximum reducing these incidents and keep the supposition of 
delivery, as well as high level of energy service quality. 
The technology, which collects usage information from end users and sends it to the 
operator of the grid, is used for describing smart grid. The collection and sending of data 
enhance the performance of grid, as well as informs users about real-time prices from 
generators.  The information flow is described, which is another direction from the same 
assets category. The description is shown in figure 12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The dump loads are replaced with better information flow from electricity production. 
Smart grid mechanism illustration does these changes. Consequently, it provides energy 
generator with demand based on real time. Moreover, the supply and customer needs are 
overlapping with each other, which is multiple times advantageous and efficient from the 
calculation of demand at any time. The limited suiting ability of feedback loop is the 
disadvantage of this system. The feedback loop suits only with energy generation. Thus, 
it makes the distribution less efficient because generators ramp up and down according 
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to consumer demand, which fluctuates swiftly. Upgraded engines of energy generation 
are partly solving the problem. However, the level of the solution is not enough (i.e., 
residential use of solar energy). 
The differentiation between smart grid and traditional grid concentrates on increasing 
efficacy by improving the level of understanding. Makansi and Abboud (2002) argue that 
more valuable information creates an opportunity for enhancing the operations. 
Meanwhile, consumer costs could be decreased by more accessible and balanced 
distribution system. In this value chain, the storage of energy has more additional position 
instead of central position (see figure 12). Thus, it restricts energy storage service value, 
as well as makes administration of storage possession more complex. 
 
8.7 Future Challenges for Smart Grid 
 
Hoang (2009) stated some of the prominent challenges for implementing smart grid:   
 
 Finance: From business-perspective it is efficient to have the ability to automate 

restoring, especially if it gives advantages to society. However, for investing in new 
technology, authorities will demand evidence, mainly if the technique depends on 
benefits for the community. 
 

 Assistance from Government: The industry sector does not have sufficient financial 
resources for funding new system installment. Therefore, it is necessary to get 
support from the government in the form of individual programs and activities to 
motivate new investments. Although the industry contains capital, which equals to 
$800 billion, it experienced financial problems, which caused economic rankings’ 
reduction. 

 
 Competent Apparatus: Older technologies are not well-suited with smart grid, and 

they cannot be reinstalled for suiting. Thus, the old equipment must be changed, 
which could cause obstacles regarding laws and controllers. Maintaining the old 
machinery more than its optimal service time decreases the spending of customers. 
At the same time, early exit of the apparatus could be a problem. 

 

 Technical advancement speed: 50 years ago, people predicted the solar gravel, 
chimney wind turbine and the fuel cell of an underground room. They described these 
technologies as inherent in future house design. This historical evolution should be 
reinforced. 

 
 Rules and Regulations: The providers of utilities often take into consideration new 

projects and plans of construction. The crossing state border of first circuit tie has 
always faced refusal. The government authorities who give the funds for the program 
are not ever getting advantages from the project. Thus, the utility providers will only 
invest in smart grid if the returns are high and sufficient. 

 

 Collaboration: The collaboration of 3,000 various utilities is required for 
establishing critical circuit ties and spreading the information about integrating and 
implementing the concepts of smart grid.  
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Smart grid is a complete power distribution system which is fully loaded with 
innovative technological equipment and has the capability to efficiently integrate with 
centralized and decentralized power generation systems at the same time. Integration 
of smart grid with renewable energy sources decrease the level of dependence on 
centralized power generation sources (fossil fuels, burning coals) which help to 
provide clean energy and environmental friendly. It is a competency system that can 
fulfill the need of an electric vehicle and rising demand for electricity by installing 
smart meters, utilizing proper electric grid management techniques and time-based 
rates application. It encourages consumers to use electricity during off-peak hours 
which will save them from additional charges. 

 
9. Discussion 
 
The primary objective of this discussion is to explore and exploit the sustainable and eco-
friendly power management system. The term “distributed energy system” means a 
system in which electric energy generators are near to end-users. Moreover, distributed 
energy system contains the change of decision-making place, changes in control and 
possession of electricity distribution. In the future system of energy is going to be a 
combination of distributed and centralized sub-systems, which will operate 
simultaneously (Alanne & Saari, 2006). Multiple analysis of electric technologies and its 
mechanisms are focused on finding the special method for using CG, DG or LG to satisfy 
the increasing demand. As per J. A. Momoh, Meliopoulos et al. (2012), distributed 
energy system is a useful choice, especially for a long term. 
 
According to Association (2014) report, the rapid change and growth have been noticed 
of electro-mechanical to electronic-based devices which have directly been affecting the 
requirement of energy and the grid operations. In this modern era, 92% of transport is 
fueled by petroleum. However, the immediate rise of electricity demand has been 
predicted in the transportation sector, as the concept of plug-in electric vehicles is rapidly 
increasing. The 18.6% annual growth rate of the electric vehicle is being predicted from 
2013 to 2022 if this prediction of electric vehicle sales continues then the demand for 
electricity will remarkably be increased. Moreover, Tanaka (2011) stated that the 
consumption of electricity is expected to grow by over 115% from 2007 to 2050.  
 
On the other hand, it is difficult for a traditional grid with old technology to meet the 
rising demand for electricity. Zame, Brehm et al. (2017) added it has become more visible 
than traditional grid is an inadequate power distribution system. As per Hossain, Oo et 
al. (2013) traditional grid depends on centralized power generation system which 
consumers lots of fossil fuels and emits greenhouse gases, that makes traditional grid 
ultimately a useless and environmentally extravagant system. Feisst, Schlesinger et al. 
(2008) comment that centralized power generation system has become a primary cause 
of emitting around 25% of global greenhouse gases. Furthermore, Banerjee, Fee et al. 
(2011) explained that traditional grid could not adopt the upcoming technology, such as; 
power generation sources with low inertia, the demand for higher flexibility and the 
distributed power generation resources of rising diffusion. Therefore, Hossain, Oo et al. 
(2013) stated that traditional grid is not suited for distributed, wind energy and renewable 
solar energy sources.   
 
Nonetheless, the advancement of innovative technology has changed the scenario and 
played a significant role in transforming traditional grid into smart grid. Modern 



The future of sustainable society – The state of the art of renewable energy and distribution systems 
 

P a g e  40 | 90 

 

electrical technologies have empowered intelligent devices to interact with each other, 
measuring and evaluating the integrity and health of electric grid. Similarly, to prevent 
energy theft, eliminate the billing estimation system and automatically take meter reading 
(Hoang, 2009). Climate forecasting technology can accurately predict the changes in 
weather conditions which effects on power generation through renewable energy sources 
(Li & Yao, 2010). Furthermore, digitalized technology allows the grid to indicate the 
disturbance and faults in the grid. In case of any disruption, technology helps the system 
to restructure grids in affected areas and re-adjust rapidly with the newly assigned 
network topology which allows the system to reduce the severity of the disturbance and 
faults of the grid (Yang, Qian et al., 2010). Finally, energy storage technologies have a 
high capability to integrate with renewable energy sources which help to mitigate the 
future demand of electricity (Katiraei, Iravani et al., 2008; Prabhu, Kumar et al., 2016). 
 
The latest studies reveal that a smart grid is fully equipped with agile, robust and more 
flexible techniques and technologies (Valsamma, 2012). Power generation sources and 
grid operators can dynamically be optimized in a smart grid system; disturbances can 
rapidly be detected and mitigated, capable of protecting against cyber and physical risks 
(Banerjee, Fee et al., 2011). According to Papavasiliou and Oren (2014), nowadays the 
adoption of sustainable energy sources by smart grid system is becoming supreme and 
significant, which is gaining more attention of researchers. Atteya, Ashour et al. (2016) 
added that smart grid has more essential functions, besides sustainable energy unification 
and depository of energy in the distribution system. According to Vallee, Lobry et al. 
(2008), combining sustainable energy sources into smart grid is allowing to reduce 
greenhouse gases and decreasing the usage of fossil fuels and to save the cost, regarding 
constructing more centralized power generation units. Moreover, Banerjee, Fee et al. 
(2011) stated that consumers are in-charge to manage the use of the electricity and finally, 
smart grid can response the demand and the energy resources can efficiently be integrated 
according to the need.  
 
10. Conclusion 
 
Finally, we have come to the point that decentralized and localized power generation 
systems are the better option for generating power as, it is closed to the end-users which 
save the cost of transmission and supply of electricity, integration with renewable energy 
sources is possible which helps to provide clean and inexpensive energy without emitting 
greenhouse gases. Similarly, with the help of digitalized technology traditional grid can 
be transformed into smart grid which enables smart devices to interact with each other, 
measuring and evaluating the integrity and health of electric grid. Smart grid is a two-
way communication system which is fully equipped with innovative technologies that 
can improve choices and awareness for the consumers, consistency in the performance 
of electric supply and enables utility providers and consumers to take independent 
decisions in delivering and receiving services. Furthermore, smart grid is loaded with the 
core functionality of plug-in electric vehicles which has the complete capability to fulfill 
the demand of power for electric vehicles. Thus, the mechanism of smart grid allows 
higher effectiveness and less wastage of resources which enables it to achieve the rising 
demand for electricity. However, smart grid still faces some challenges such as; 
government support is required which is not easy in some cases, the initial massive 
investment needed to install the automated system, replacing obsolete equipment with 
new digitalized systems and face different rules and regulations imposed by individual 
governments.      
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Paper – II  
 

Business Model Innovation Approach for 
Commercializing Smart Grid Systems 

 
Abstract 
 
The depletion of fossil fuels, increased environmental concerns all over the world, rising 
cost and the demand for renewable energy and clean electricity are causing the 
transformation of energy production, electricity generation and distribution system, to 
the consumption side. Electricity generation sources and distribution system are drifting 
from non-renewable to renewable, centralized to decentralized and localized, and 
traditional grid systems to smart grid systems. New technologies nurture the concept of 
transformation of energy firms, all the way from energy production to electricity 
consumtion. Smart grid systems is one of the disruptive and emerging technologies that 
might influence the entire electricity system in a disruptive way. The disruptive 
technology demands new business model which can be used to commercialize the new 
power distribution system and thus create values for all stekeholders, from production to 
consuption. Smart grid has potential to revolutionize the electricity industry, if being 
commercialized in a successful way. It allows information and communication 
technology firms to contribute and empowers its consumers to regulate the usage of 
electricity. To investigate the reasons for shifting from old to the new energy system, the 
impact of disruptive technology on energy providing firms, the demand for new business 
model and the approach of new business model in terms of creating and capturing values 
published peer-reviewed articles, and international energy agency reports have been 
reviewed.  
The result of this paper shows that the changeover of non-renewable to renewable, 
centralized to decentralized and localized, and traditional grid system to smart grid 
system is reinforced by the depletion of fossil fuels, its high cost, environmental safety, 
integration capabilities and disruption in technology. Further, this paper claims that smart 
grid is a future powerful revolutionary technology which has full potential to disrupt the 
energy providing firms, as it can change the entire process and structure of the energy 
market. Finally, this paper encourages energy providing firms for their future survival in 
the new trends of energy market to redesign business models for commercializing new 
energy distribution system and offering new services to the energy consumers such as; 
services integrating with renewable energy sources, electric vehicle service and demand 
resonse services to create more values for the consuerms and in return gain more profit.   
 
Keywords: Smart grids, electricity firms, business models, disruptive technology, sustainable 
energy.  
 

1. Introduction 
 
In this modern era, on the one hand, the demand for electricity is increasing whereas on 
the other hand fossil fuels which are used for power generation are depleting. Therefore, 
Bhatti and Danilovic (2018) stated that one of the reason for high-cost electricity delivery 
and inflexibility is the dependence on a centralized system of power generation and old 
technology in energy distribution system. The centralized power generation system 
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mainly relies on non-renewable energy sources to produce electricity. The installation, 
transmission and distribution of electricity with centralized system is costly in distant 
areas and cannot handle increased variation of energy sources and new consumption 
patterns among consumers. The burning of fossil fuels is one of the causes of harmful 
gas pollution which negatively effects on peoples’ health and local climate. A different 
method for electricity generation and delivery is necessary for facing these challenges.  
 
A decentralized system of electricity is based on handling localized renewable energy 
sources which provide clean energy and eco-friendly. The decentralized system is an 
alternative option to reach the rising demand for electricity in distant regions. Therefore, 
electricity delivery problem in village regions can be solved by integrating localized 
renewable energy sources with the decentralized and intelligent power distribution 
system, can manage variation in energy sourcing and energy consumption. In the world, 
the adoption ratio of decentralized electricity generation system was 13% in 2001, and it 
raised up to 12% within four years and reached 25% at the end of 2005, and a year after 
in 2006, it reached 36%. Based on the benefits of decentralized electricity generation 
system, more growth is expected in future. Calculation shows that by 2030, the cost of 
electricity generation may reduce up to $2.7 trillion, due to the efficient integration of 
renewable energy sources with decentralized electricity system (Bhatti & Danilovic, 
2018). 
 
Traditional energy market economics has been moving towards decentralized energy 
system. For instance, on residential level solar photovoltaic (PV) and storage is used, 
while on a community level there are numerous ongoing sizeable projects of renewable 
energy. These trends are creating “risks” for traditional energy system, and energy 
companies are already making strategies for further investment in the industry of 
renewable energy (Allen, Frame et al., 2009). The primary method to face challenges 
concerned with the consumption of natural resources and climate change is electricity 
sector conversion into a generation of more sustainable energy (Ari & Koksal, 2011). 
The German federal government has a goal to increase the percentage of electricity based 
on renewable sources up to 80% of country's electricity until 2050 (BMWi, 2010). The 
structure of the electricity industry will be influenced by the shift from nuclear energy, 
fossil fuels to renewable energy. New technologies for renewable energy sources will 
enable new methods for energy generation, transmission, and selling (Frei, 2008).  
 
For decades, electric utilities were generating the electricity. However, now their 
percentage in overall electricity generation is shrinking due to the expansion of 
renewable energy sources. According to Blazejczak, Braun et al. (2014), in Germany, 
22.9% of electricity was generated from renewable sources by the end of 2012. German 
electric utilities control only 11.9% of renewable energy generation (Klagge & Anz, 
2014). Therefore, in the last 10 to 20 years, the utilities lost 88.1% of renewable energy. 
Market share losses based on two points. Firstly, due to expectations for high returns, 
influential investors entered the market of renewable energy. Secondly, solar 
photovoltaic (PV) and other renewable energy systems are providing high incomes. 
Germany installed PV capacity of 25,000 MW in 2011 (Solarwirtschaft eV, 2012). The 
main part of PV systems (over 80%) is installed on buildings. For instance, the German 
state Bavaria has 2,300,000 users of electricity and 200,000 out of them have PV system 
under their control (Richter, 2012a). Therefore, in Bavaria, 8.5% of electricity consumers 
are independent producers of electricity. 
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The energy sector has been evolving since the beginning of the 21st century. The 
evolution is happening through changes in technology (it helps smaller companies to 
enter the energy market easier), higher cost of electricity, more attention to managing of 
demand, lower costs for distributed electricity generation, new government rules in favor 
of a renewable system of energy (Grace, 2014). McDonough and Braungart (2002) state 
that all these components of energy system evolution create new and better ways of 
electricity generation and distribution. Making smaller systems and industry may be a 
new way of electricity supply since effectiveness will be higher. For making the new 
systems, redesigning is needed, which can make systems to recharge and maintain itself.   
The term “disruptive technology” refers to the new products or services which transforms 
the market and businesses. Disruptive technologies bring changes in market structure and 
in value delivering. Usually the concept of disruptive innovation is used as an alternative 
phrase for disruptive technology. Many disruptive technologies are not fully disruptive.  
 
Furthermore, the business model enables the impact of disruptive technology (C. M. 
Christensen, 1997). Bower and Christensen (1996) defined and made widespread the 
concepts of “disruptive technologies” and “disruptive innovations.” The center of 
economic innovation is innovation in technology. New knowledge, products, and 
services create the resources for better life quality, value creation and problem-solving. 
Due to innovation, technologies are continuously evolving. According to Bower and 
Christensen (1996), technologies, which cause structural changes in the market, as well 
as affect market-leading organizations, are called disruptive. During the market entry, 
disruptive technologies have limited effect. However, after a short period, disruptive 
technologies are entirely changing existed technologies. Unlike dominant technologies, 
disruptive technologies are straightforward, low-priced and more reliable. Nevertheless, 
consumers do not care about some characteristics of disruptive technologies (C. M. 
Christensen, 1997). Disruptive innovation has been noticed in the energy industry from 
the last one decade. The power generation sources and distribution system have been the 
focus of the innovation as to mitigate the rising demand for electricity.  The distribution 
structure and the transmission part of energy sector remained untouched (Erlinghagen & 
Markard, 2012). In this modern era, the smart grid is an emerging technology, and it has 
potential to revolutionize, integrate and enables to function all the different parts of the 
energy value chain (Battaglini, Lilliestam et al., 2009). Inage (2010) explains that smart 
grid is an electricity network. It uses all the advanced, innovative and digitalized 
technology to manage and monitor the distribution and generation of electricity from 
different sources to fulfill the demand of consumers. The question arises, that how grids 
can be made smarter? The answer is, by intervening in information and communication 
technology because information and communication technology (ICT) has potential to 
embrace distributed energy, enhancing and corresponding with electricity network and 
control over sustainability and energy saving. The goal of smart electric grids is to 
provide sustainable, reliable, safe, as well as not expensive electricity for consumers. 
Furthermore, a smart grid allows to their consumers to generate electricity for themselves 
by using distributed and renewable sources. Smart grid enables its customers to have 
good control over the consumption of power in their own homes (Clastres, 2011).  

 
The centralized generation and current distribution of electricity systems are associated 
with traditional business models (Kind, 2013). Researchers of utility business models 
find that expansion of renewable energy systems creates a serious challenge for present 
business models of utilities (Frantzis, Graham et al., 2008). According to (Osterwalder, 
2004), business models are framing the layout a firm makes, conveys and captures value. 
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The nature of the business model is to describe a way about how firms bring value to 
customers, make them pay for it and transforms the payments into profit (Teece, 2010). 
The business model is based on two management theories: resource-based theory and 
transaction cost economics. According to DaSilva and Trkman (2014), the critical point 
of a business model is to find a unique combination between firms’ resources and 
capabilities and discover an efficient way of utilizing it to create value for the firm and 
customers.  
 
When the new technology appears, managers could use business models to see how they 
could gain profit from executing the technique. Thus, several scholars see business 
models as a middle point between technology innovation and value creation (Baden-
Fuller & Haefliger, 2013).  
Outside-of-industry investors are entering electric power sector by purchasing more and 
more shares, which making utilities to have less shares. Thus, the primary challenge of 
electric utilities is to find better ways for commercializing the technologies of renewable 
energy. Researchers determined that established firms have problems with changing their 
business models. The companies are getting profits by using their current business 
models, but in future, the situation could be changed due to technological development 
or environment changes (Sosna, Trevinyo-Rodríguez et al., 2010). In many cases, new 
technologies are not fully applicable to the current market, and they are different from 
companies’ business models (C. M. Christensen & Bower, 1996). According to C. M. 
Christensen and Bower (1996), many companies are losing competition not because of 
new technology, but because they are failing to change their current model and 
implement new business models with new technologies. 
 
This paper is segmented into three main section. (i) Energy transformation (ii) Disruptive 
technology and (iii) Business Model.  
 
Problem Statement 
 
In recent years, the advancement in information and communication technology (ICT) 
and the involvement of ICT firms in electricity industry have brought tremendous 
disruption. The concept of centralized power generation system with the usage of fossil 
fuels is rapidly shifting towards decentralized and localized power generation systems 
with the utilization of renewable energy sources such as; wind, solar PV, hydro and 
biogas. Similarly, the distribution of power generation system is moving from traditional 
grid systems to smart grid systems. This emerging change in the electricity industry can 
achieve the future demand for electricity and provide clean energy at a low price and 
flexible solutions to the consumers (Bhatti & Danilovic, 2018). However, this disruption 
in the electricity industry has a direct impact on the business model of energy providing 
firms. The main problem is that energy providing firms are hesitating to change their 
established business models. They want to commercialize the new system (Smart grid) 
of electricity with their old business model based on assumption that the entire value 
chain is remained as it is. However, the smart grid system enables the integration of 
energy sources and energy consumption in different ways and in different combinations, 
demanding the dynamics of value chain and thus demanding for new business model 
enabling creation of new values to consumers. Therefore, Bocken, Short et al. (2014) 
stated that although electricity firms are trying to rebuild themselves towards sustainable 
energy strategically, they still are experiencing uncertainty about business model 
designing, which will be profitable and sustainable. Mah, Wu et al. (2013) insisted that 
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many smart grid technologies are ready for use, but electricity firms are still failing to 
get profits from them because they want to commercialize disruptive technology with the 
old business model. Shomali and Pinkse (2016) stated that ICT firms have a high impact 
on smart grid when smart grid is introduced in the market, the utility providing firms 
need to upgrade their business model regarding capturing profit from the third party. 
Furthermore, as per  Amit and Zott (2001), utility providing firms have incentives for 
updating their business models to integrate smart grids and include solar PV and storage 
as well. However, for incumbents, there are several challenges, such as the market 
entrance of new players, uncertainties with government support, enrollment of 
customers, as well as an unwillingness for business model innovation caused by fright to 
lose streams of revenue.  
 

Thus, Sosna, Trevinyo-Rodríguez et al. (2010) stated that primary challenge for electric 
utilities is to find better ways for commercializing the technologies of renewable energy. 
Researchers determined that established firms have problems with changing their 
business models. The companies are getting profits by using their current business 
models, but in future, the situation could be changed due to technological development 
or environment changes. Finally, C. M. Christensen and Bower (1996) clarify that many 
companies are losing competition not because of new technology, but because they are 
failing to change their current model and implement new business models with new 
technologies. 
 
Purpose of the Research 
 
This study intend to explore the impact of disruptive technology (intelligent and 
decentralised smart grid systems) on energy providing and energy distribution firms. 
Further exploration is focusing on the need for new business model to commercialize the 
new intelligent and decentralised energy distribution grid systems in order to create, 
deliver and capture values for the mutual benefits of consumers of energy and renewable 
energy producers and energy distribution firms.   
 

2. Research Method 
 
This research has been conducted to explore the evolutionary impact of disruptive 
technology on the energy industry, reasons of shifting from old to the new systems of 
power generations and distributions, which demands new business model to 
commercialize the new system. The smart grid is relatively a new disruptive technology 
which is expected to transform the energy industry. Being as a new technology there is 
no such real implementation can be seen in real life and real business. Thus, this research 
is tentative in which literature has been reviewed and indicative the possible future 
revolution in the energy industry.    
 
In order to perform the research three databases were mainly focused in the litterature 
review. ABI/Inform Global is one of the wide-ranging databases that cover the broad 
areas of research, such as; business, corporate strategies, economic conditions, 
management techniques and business trends. Furthermore, not only peer-reviewed 
articles or other databases are just indexed, but it provides the full text. Emeralds journal 
covers the broad areas of research. It has been categorized into sub-fields, such as; 
accounting, finance and economics, business, management and strategy, education, 
engineering, health, social care, library studies, and marketing. It provides the holistic 
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research sources to the researcher. Science Direct which is operated by Elsevier covers 
engineering and business peer-reviewed articles. Furthermore, international energy 
agency (IEA) reports published by French government have been considered to get the 
deeper understanding of the involvement of different governments in the energy industry.   
 
To identify the relevant articles, the search has been divided into two segments. The first 
search is based on disruptive technology in general and energy, and its impact on business 
models for commercialization of energy providing and distribution firms. The second 
search is related to the business model innovation approach for commercializing smart 
grid system. The selection of the keywords was: “disruptive technology” AND “smart 
grid”, “disruptive innovation” AND “smart grid”, “business model” AND “smart grid”, 
“impact of smart grid” AND “business model”, “business model innovation” AND 
“commercializing smart grid.” The keywords were used in the form of phrases and were 
quoted with quotation marks. To refine the search “AND” operator has been used in the 
middle of the phrases in the advanced search bar. 
The selection of peer-reviewed articles and reports have been an iterative process, 
screening, and filtering which is divided into three steps. In the first step, only titles of 
all the articles were screened, and articles with irrelevant titles were removed. In the 
second step, abstract of all the remaining articles was skimmed, duplicate and irrelevant 
articles were removed. In the final step, filtration was based on skimming the full-text of 
remaining articles from the second iteration. Further excluded criteria was if the articles 
were too technical and no relation with a business model for smart grid or disruptive 
technology. 
 

The criteria of, analysis the data and obtaining the results vary according to each section. 
The first section explores the transformation of electricity system which is further divided 
into three sub-sections. In the sub-sections, (i) Non-renewable to renewable energy 
sources, the analysis is based on the availability and cost. (ii) Centralized to a 
decentralized system which is analyzed based on systems integration with renewable 
energy sources and environmentally friendly. (iii) Traditional grid to the smart grid 
system, the analysis is performed on the performance of distribution system, customer 
preferences and integration with renewable energy sources. The second section explores 
the impact of disruptive technology on business models of different industries including 
energy providing firms. The criteria of analysis were to examine the reasons for success 
and failure of those industries. The final section explores the ways of creating, delivering 
and capturing values by the organizations regarding commercializing smart grid systems. 
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Figure 1: Transformation of Electricity System (Self drawn) 

3. Transformation of Electricity System 
 
In the last few years, a dramatical change has been noticed in the electricity industry in 
many countries around the globe. The advancement of disruptive technologies for both 
demand side and supply side have made possible for electricity industry to shift from old 
to a new system which is reliable, sustainable and affordable (IEA., 2017). Figure 1 
represents the shift from old to the new electricity system.   
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
As figure 1 shows, that disruptive technologies have brought a remarkable change in the 
electricity industry. The concept of centralized power generation which was supported 
by fossil fuels is shifting to a decentralized and localized system which can easily be 
integrated with renewable energy sources and with the help of smart grid system, energy 
can be distributed to the end consumers. This section provides reasoning on the shift of 
electricity from old to new system. The focus is on power sources, generation and 
distribution systems of the electricity.  
 
3.1 Non-Renewable to Renewable Energy 
 
Demand for energy is rapidly growing within the economic development. Initially, 
people in Europe and the US shifted to hydropower because firewood and other biomass 
energy supply could not meet growing energy demand. In the mid of 19th century, people 
switched into coal, while in the 20th century people shifted to natural gas and oil. In the 
middle of 20th century, nuclear power had its debut in the energy industry (Timmons, 
Harris et al., 2014). Every economic development era included the process of switching 
from one main energy source to another. Presently, the central sources of energy are 
fossil fuels (coal, natural gas, and oil), which are the major sources of energy generation 
in developing countries (see Figure 2). Nonetheless, the 21st century establishing the new 
era of energy sources by attempts to switch energy production from fossil fuels to 
renewable sources. This changeover is reinforced by several aspects, such as fossil fuels 
delivery restrictions, costs, environmental safety (especially changes in climate and 
temperature) and evolution in technology (Agency, 2013). 
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Figure 2: Global Energy Consumption (Agency, 2013) 

Figure 3: Cost Comparison between Renewable energy sources and Fossil fuel (IEA, 2007) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 shows that the economic infrastructure, as well as stock capital, depend on the 
usage of fossil fuels, as non-renewable energy sources produce 81.6% of global energy. 
Any changes of this situation will require substantial capital investments and severe 
infrastructural change. Even though private capital has the most impact on these changes, 
government and authorities must adopt rules and regulations in order to legitimate and 
promote shifting of energy sources. The key point is renewable sources of energy, which 
could give numerous benefits to economy and environment (Timmons, Harris et al., 
2014). As non-renewable energy sources are producing electricity at the lowest cost, 
about 81.6% of world energy supply is provided by fossil fuels. Nevertheless, in recent 
years fossil fuels’ advantage in costs is reduced since many types of renewable energy 
can provide power with price, which is almost similar or even lower than fossil fuels’ 
energy price. Moreover, in the future, costs of renewable energy will be reduced more, 
while costs of fossil fuels are expected to grow. Thus, economic tendencies are going 
towards renewable sources, even without proper government regulations (Timmons, 
Harris et al., 2014). 
 
Comparison of costs of various sources of energy is based on determining the levelized 
cost of energy (LCOE). Levelized costs show current price required for a building or 
plant operation throughout the presumed time period. Real terms demonstrate LCOE to 
discard inflation influence. The assumption for fuel-based energy sources is built on 
future expected prices of fuel. Total energy cost contains operations and levelized 
construction prices, which makes easier to compare costs of various sources of energy 
(IEA, 2007). 
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Figure 5: Declining Cost of Wind Energy 
 (Jonkman & Buhl Jr, 2005) 

 

Figure 4: Declining Cost of Solar Energy 
(Jonkman & Buhl Jr, 2005) 

 

 
Figure 3 presents the cost comparison between fossil fuels and renewable sources of 
energy. Renewable energy sources need to have a similar price, which power plants of 
fossil fuels require for selling electricity to the grid. This price is called wholesale price 
of electricity. Hydropower and biomass have already reached this price. Figure 3 
highlights that costs of geothermal and wind energy are almost identical to prices of fossil 
fuels but solar energy is expensive. However, the solar photovoltaics (PV) price requires 
being equal to retail power price paid by end users, because end-users of energy can 
easily install solar PV. The PV price exceeds the wholesale price (IEA, 2007). 
 
Prices and Volumes 
 
Past and expected price tendencies of solar and wind energy are represented in figure 4 
and 5. Even though prices may reduce curve shape of price shows that prices decline 
slower than in the past. Furthermore, figure 4 and 5, suggests that difference between 
prices of wind and photovoltaic energies will shrink. Therefore, the renewable energy 
costs become more foreseeable, while the situation with fossil fuels is entirely different. 
According to Energy report of U.S. Department, from 1998-2011 costs for U.S. PV 
system, every year declined 5-7%. From 2010 to 2011, PV prices declined 11-14%, and 
it is likely to be future decreases as well (Feldman, 2012).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to Timmons, Harris et al. (2014), future market prices of renewable energy 
sources will not necessarily be lower than prices of fossil fuels, although prices of 
renewable energy are reducing. The net energy of renewable sources, the intensity of 
capital and their discontinuity are presenting main cost issues for renewable energy 
generation. Solar and wind energy have less costs for operating because if facilities for 
energy production are constructed, little cost is required in order to generate energy 
yearly. However, Timmons, Harris et al. (2014) stated that higher capital investments are 
needed for building renewable energy plant, the total price of which is equal to the price 
of fossil plant construction plus the price of purchasing all energy which the plant will 
generate for a long time. For example, few numbers of consumers would buy a gas 
furnace and all the gas which furnace will use during its lifetime, this much price is 
required for implementation of renewable energy sources. 
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The introduction of renewable energy sources as solar and wind power is localized in 
many different locations, thus being scattered. To fully use the potential of renewable 
energy sources such as solar and wind power, new systems should be developed that 
enables renewable energy sources to be integrated into the grid systems. This is hardly 
done in today’s old technology used by centralized grid systems. In the next session we 
will elaborate on those aspects. 
 
3.2 Centralized to Decentralized/Localized Power Generation Systems 
 
Centralized, decentralized and localized systems of power generations have their merits 
and demerits. Showing the merits and demerits, as well as the reasons for shifting from 
centralized to the decentralized and localized system, is the purpose of this section. In 
decentralized and localized systems, the electricity is distributed to specific geographic 
areas. Therefore, if electricity is generated in the same place where consumers live, the 
distribution and transmission costs will be reduced. Meanwhile, in a centralized system 
of power generation (CPG), there is a long distance between consumers and generation 
places (Bhatti, H.J. and Danilovic, M., 2018). The electricity moves through all the way, 
which makes the distribution costly. Thus, switching from CPG to decentralized power 
generation (DPG) and localized power generation (LPG) becomes necessary, particularly 
in distant regions, where generation places are too far from end-users. Electricity should 
be generated from different sources, such as nuclear power, thermal power, and 
hydropower. A decentralized system of power generation reduces costs and power losses 
during the distribution (Momoh, Meliopoulos et al., 2012). In case of DPG and LPG, 
electricity generation and its usage is in the same region, which reduces the power 
transmission lines, annuls electricity losses and saves cost. 
 
The pollution level of distributed energy is low. The electricity quality and safety have 
great significance because Feed-in-Traffic (FIT) system requires intermittent and 
renewable energy. Skilled engineers and advanced power plants are needed for having 
lower contamination level in DPG system. Modern electric technologies can give a 
solution to pollution problems, since they are fully-automated and use renewable 
resources, such as sunlight, wind power, geothermal energy. With today’s technologies, 
less power plants are required, which increases potential revenues (Basso & DeBlasio, 
2004). 
 
Developed and decent power grid can face increasing electricity demand. Different 
generation procedures are used by up-to-date Distributed Generators to have more 
efficient, secure and advanced electric system. Although CPG mechanism has similar 
features, its construction and usage are expensive, and in some regions, electricity 
distribution through CPG is complicated. At the same time, DPG is discontinuous and 
has zero transmission costs. Thus, the integration of DPG system becomes cheaper and 
more efficient with a comparison to CPG (Hadjsaid, Canard et al., 1999).  
 
3.3 Traditional Grid to Smart Grid 
 
Due to growing electricity demand, further usage of existing traditional grid becomes not 
an easy task. Traditional grid is old, does not contain appropriate and safe generation and 
distribution mechanisms (Zame, Brehm et al., 2017). Moreover, traditional grid uses 
CPG, which is working based on fossil fuels and throws hazardous gases into the 
atmosphere. Thus, traditional grid now has become inefficient, expensive system, which 
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is dangerous for environment and health (Hossain, Oo et al., 2013). According to Feisst, 
Schlesinger et al. (2008), 25% of global greenhouse gases is polluted by traditional grids. 
Present-day technologies are not feasible with traditional grid, which cannot integrate 
solar, wind energy, low-inertia sources of electricity generation and distributed 
generation system (Hossain, Oo et al., 2013). 
 
Meanwhile, current research proves that smart grid is suitable for renewable energy and 
distributed system since it contains contemporary technologies for electricity generation 
and supply. Smart grid can automatically identify system conflicts and fix them, by this 
providing reliable protection from external dangers and cyber-attacks (Banerjee, Fee et 
al., 2011). Currently, smart grid is wide research area (Papavasiliou & Oren, 2014). 
Atteya, Ashour et al. (2016) state that renewable energy system integration and serving 
as a storeroom in a distributed system are a small part of smart grid features. Smart grid 
provides a reduction of greenhouse gas pollution, decreases fossil fuel consumption, as 
well as makes electricity generation and distribution much cheaper. Furthermore, in a 
smart grid system, electricity consumers are the head of the charge since smart grid 
allows end-users to utilize electricity usage and get electricity equal to their demand 
(Banerjee, Fee et al., 2011).  
 

The changeover of non-renewable to renewable is reinforced by the depletion of fossil 
fuels, its high cost, environmental safety and disruption in technology. Even though 
without proper government regulations, economic tendencies are going towards 
renewable sources and costs of renewable energy will be reduced more, while costs of 
fossil fuels are expected to grow. The solar and wind sources are required the little cost 
to generate energy yearly because it is facilitated through natural resources. 
Furthermore, shifting from centralized power generation system to decentralized and 
localized system is because these systems are highly equipped and can easily be 
integrated with renewable energy sources. These power generation systems are closed 
to end users which reduces the cost of transmission lines and annual electricity losses. 
Finally, traditional grid is an old “stupid” power distribution system. It can only be 
integrated with centralized power generation system and runs on fossil fuels and emits 
greenhouse gasses which is harmful to the environment whereas, smart grid is an 
“intelligent” system. It can easily be integrated with renewable energy sources and 
supports decentralized and localized power generation systems which helps to provide 
clean energy at a low price to the consumers.  

 

4. Disruptive Technology 
 
According to Kuhn (2012), if new technology completely changes existing technical 
standards, mechanisms or models, is called “disruptive technology.” The industry of 
telecommunication describes the influence of disruptive technologies by emphasizing all 
obstacles and chances, which electric utility industry is facing now. The 
telecommunications industry had entry barriers in the 1970s because at that time the 
business was capital-intensive and government regulations were higher (Kind, 2013). 
The development of mobile technologies strongly affected income sources of telecom 
companies. As a result, rules and regulations changed for the whole industry in order to 
maintain competition between firms. Thus, telecommunication industry of the 1970s was 
different from today’s one. Large US telecom companies, such as Verizon and AT&T, 
changed their business models and develop marketing methods in order to keep leading 
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Figure 6: Disruptive Innovation Model (C. M. Christensen, Raynor et al., 2015) 

position in services of the wireless telephone. In the same vein, in 1990s Internet 
technology development enabled people to communicate easily (Pentland, 2015). For 
example: Due to the modem, customers could access the internet by computer or 
telephone. This development encouraged telecom companies to interconnect the system 
of household communication and provide more and better telecom services (Pentland, 
2015). 
Qiu (2017) stated that disruption relates to new knowledge, processes, products or 
services. Furthermore, disruptions could relate new rules and regulations. For instance, 
recent disruption occurred in the US immigration policy where new rules and regulations 
are imposed on newly visa applied candidates. When social relationships are 
transforming, it could be disruptive as well (Beinhocker, 2006). Neither existing market 
nor disruption of existing technological standards disrupts emerging technologies. It is 
caused by the transformation of existing capitalism model, social relations, and business-
structures, which are more significant disruptions. According to Gonzalez (2014), Keurig 
K-cup single-serve coffee machine is an example of disruptive technology. In the 1990s, 
a single-serve plastic coffee pod, which is called K-Cup, was invented by John Sylvan. 
Initially, the K-Cup was for office use. However, Hamblin (2015) mentions that the new 
product started to conquer the market after Keurig Green Mountain purchased it and 
advertised it for home usage. The company sold 9.8 billion individual coffee pods in 
2014, which would 10.5 times circle the end-to-end placed equator. The coffee pod and 
single serve coffee machine disrupted the coffee market. Therefore, Disruptive 
technologies influence other industries and social norms. Eventually, disruptive 
technologies make severe changes in society, physical environment, institutional rules 
and in organizational structures. 
 
4.1 The Disruptive Innovation Model 
 
The track of product performance is presented in the diagram, which consists of red and 
blue lines. The blue lines represent the desire of customers to purchase the products or 
services, while the improvement of products or services are displayed by the red lines. 
As shown in the figure 6 below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When incumbent firms are entering the market with exclusive products for rich 
customers (upper red line), firms’ profitability is increasing. At the same time by reaching 
to high end of the market, firms are skipping the opportunity to meet lower level or 
mainstream customers’ demand, which is a lucky chance for new players to catch lower 
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segments of the market. By starting from lower end, new players ameliorate their 
products over time and make the path towards mainstream or high-end market. This is 
called disruptive trajectory which is represented by lower red line. Thus, incumbent firms 
receive competition from new players with disruptive technologies (C. M. Christensen, 
Raynor et al., 2015). 
 
4.2 Implication of Disruptive Innovation Model in Energy Sector 
 
An example of disruptive technology is a distributed generation (DG) of renewable 
energy. The following section presents DG in German electricity market based on three 
standards of disruptive innovation by Christensen (Enerquire, 2017). 
 
Low-end/ new market & Return-on-investment 
 
Research showed that until 2016 Germany was facing low level of investments in 
renewable energy sector. During 1990-2010 German electricity firms, such as Eon, 
ENBW, Vattenfall, RWE, invested in fossil fuels and nuclear energy technologies while 
only slight part of investments went to renewable energy generation. The reason was the 
high profitability which was provided by electricity from fossil fuels and nuclear power 
generation. Electricity companies showed the interest in renewable energy when feed in 
tariff (FIT) plans debuted at the beginning of 21st century. It was estimated that due to 

FIT plans, Return on Investment (ROI) from renewable energy generation will be twenty 
years. Nonetheless, after FIT debut, utilities are still temporizing the investments in 
renewable sector (RES) because of its small size. In the early 2000s, overall capital of 
RES was relatively smaller from average investments in electricity sector. During that 
period, technologies of renewable energy did not have any significant advantage over 
traditional power plants. Furthermore, power plants provided additional services as well, 
including frequency management and control over voltage. 

Thus, during its market entrance stage, renewable energy focused on low end market and 
had low profitability. Meanwhile, decentralized generation technologies has been 
developing and currently they can provide renewable energy generation from house roofs 
and verandas, can provide higher level of revenues with auxiliary services, have higher 
security unlike centralized generation (Enerquire, 2017). 

From low-end and new market to mass-market based on a new feature 
 
Utilities are not the only players of electricity market. Unlike electricity firms, other 
actors, such as cooperatives, households, farmers, has been showing more interest in 
renewable energy primarily because other actors are satisfied with the ROI level. 
Moreover, renewable energy generation is more beneficial from environmental 
perspective, since it has zero level of CO2 outflow. Consequently, decentralized 
generation expanded in Germany swiftly. The growth rates of renewable energy 

generation in Germany during 1990-2015 is presented in the Figure 2 (Enerquire, 2017). 

It took 15 years for renewable energy technologies to have full market entrance. To meet 
the market needs, enhancements in quality and security are required. Figure 7 shows that 
farmers and households are the major investors of Germany’s renewable energy sector. 
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Figure 7: Growth of renewable energy sources in Germany from 1990 till 2015 
(Brunekreeft, Buchmann et al., 2016) 

In 2012, utilities provided only 12% supply of 73 GW renewable energy, and 46% of the 
electricity was provided by households and farmers (Enerquire, 2017). 

 

 

 

 

 

 

 

 
 
 

Government rules and regulations have huge impact on electricity market. Although 
utilities can invest in renewable energy, they do not hurry to do it. The traditional power 
plants’ market share and revenues will be challenged if utilities decide to invest in 
renewable energy technologies. However, currently electric companies are more in favor 
of maintaining their market share and income level through using their power plants. It 
is visible in the Figure 2 growing shares of renewable energy reduced revenues from gas-
fired power plants, and overall electricity price shrunk due to renewable energy 

(Enerquire, 2017).  

According to Christensen, number of strategies is applicable for integrating disruptive 
innovations. One method is the business unit splitting, which implies to establish a start-

up focusing on disruptive technologies, for instance, renewable energy generation. The 
core of business unit splitting is that the whole company should be involved in disruptive 
innovation, and not only its separate units. If a new company focuses on innovation, its 
business model, strategy, vision as well as culture will cover all its business units. In 
2016 RWE and Eon followed business unit splitting scheme and created new business 
unit focusing only on renewable energy generation. The results of new business 
department will be visible in the future.      

 

4.3 Disruptive Forces: Lessons Demonstrated by Other Industries 
 
The concept of “disruptive forces” is used to explore the limitations of current business 
models and innovative products, which transforms the market. To demonstrate the 
importance of reestablishing the business models of the firms along with the 
advancement of technology, two vivid illustrations such as; Kodak and Tesla have been 
quoted. These two firms associated with two different industries such as photography 
and automobiles respectively. These firms prove that only depends on the advancement 
of technology is not enough for survival in the market or gaining more profit but along 
with it, establishing new business model is the key for commercializing your products or 
services in the market against the competitors.       
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Kodak: Eastman Kodak many years ago was a leading company in photo film industry. 
The year 1888 was revolutionary for camera and film industry because “Eastman” 
company which was known as “Kodak” in the future introduced its first camera. In 1900, 
Brownie, the first pocket camera was introduced, which had transformational success. It 
was cheap and easy-to-use. These products allowed Kodak to get huge profits and invest 
it in R&D. In 1935 Kodak created color film camera, which could make high-quality 
color videos and photos. Later Kodak was involved in the development of X-ray cameras, 
color printers and space pictures in 1962. During the 20th century, Kodak was an 
incredibly successful company. However, the company started declining when digital 
technologies entered in the photo business. The reason behind the failure of Kodak was 
the misused opportunity opened by disruptive technologies (Cuthbertson, Furseth et al., 
2015). The main disruption in the camera industry is concerned when cameras were 
merged with mobile phones. When mobile phones started to include features such as 
taking photos and sharing them, people began to post pictures on social media. The 
quality of electronic version pictures defeated the quality of printed pictures. Kodak 
invented the first digital camera. Furthermore, when the internet started to expand, and 
users got the opportunity to share images, news, and other information then Kodak made 
a strategic move in 2001 and purchased photo sharing website, which was called “Ofoto.” 
At that time, Facebook and other social networks did not exist. Thus, “Ofoto” was an 
excellent chance for Kodak to revise its core business and move into the digital sphere. 
Nevertheless, here Kodak made its most significant mistake, even though they focused 
on digital media but did not want to change its business model. Instead, Kodak used 
“Ofoto” as another way to print pictures. The company used the webpage to get more 
customers for photo printing. Throughout decades the company was a market leader in 
the film industry, but when digital technologies came into the arena, Kodak tried to use 
them as a way for growing its sales instead of changing its business model. The company 
asked wrong marketing question, which was “how we can sell more products?” rather 
than the question should have been “In what business we are in now?” If Kodak had 
realized that old camera and printed picture technology would not be the core business 
in the future, then the company would have been survived.  
 
Although initially, Kodak developed digital cameras and released them in the market 
with the understanding that people will use electronic versions of pictures and will share 
them on the internet. However, Kodak failed because they did not realize that online 
sharing is the new business that requires a new business model. Instead, they stick with 
the old business model with new business (Haftor, 2015). On the other hand, Kodak’s 
main Japanese competitors Fuji Films, Canon and  Sony were actively trying to upgrade 
their business model by making new products such as optic tapes, videotapes, digital 
cameras, printers and office automatization equipment (Baron, 1997). 
 
In 2012, Kodak almost went bankrupt but was managed to avoid bankruptcy due to 
selling lots of its patents, camera technologies, business units of the scanner, 
photographic film and Ofoto as well. Only little part of business left to Kodak, including 
motion pictures film and Document Imaging, which is belonged to Kodak Alaris, 
founded in 2013 (C. Christensen & Raynor, 2013).  
 
Thus, inventing or innovating a disruptive technology is not enough for success. The 
most important is a business model innovation which can commercialize the products or 
services to compete with similar companies. Therefore, Cuthbertson, Furseth et al. (2015) 
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stated that Kodak had set the valuable lesson to companies that they should understand 
that disruptive technologies require a new business model innovation for their new 
products or services, to be commercialized with new ways which can keep old and draw 
new customers. However, Kodak finaly were closed down. The main reason was that 
Kodak did not make the commercial success of the digital technology and did not manage 
the transformation from old to new technology. 
 
Tesla: It was just ten years throughout of which Tesla Motors has moved from zero to 
the top innovative company in the world. The company produces electric vehicles and 
engines. The headquarter of Tesla is located in California, Silicon Valley, which creates 
a more innovative atmosphere in the company (Liu & Meng, 2017). Tesla is famous for 
its magnificently-designed electric cars and brand. The company is targeting wealthy 
customers by offering them luxury cars, high quality, comfort and with modern technical 
features (Wilson, 2017). Due to the target market, Tesla is getting high profit. However, 
the strategy has a negative side as well because there is a small percentage of wealthy 
customers. Thus, general sales have limits (Fei & Xi, 2004). 
 
Disruptive technology drives towards new development (Lambert, 2014). The concept 
of the new electric affordable car is one the results of the disruptive innovation (Liu & 
Meng, 2017). Tesla integrates innovative ideas and makes them real by developing new 
methods of the electric car and engine production (Mathew, 2015). Tesla is investing 
more in research and development to emerge with better electric vehicles. Many 
technologies, such as 18650 ternary lithium-ion batteries, aluminum car fuselage, as well 
as dual engine drive with all-wheel, are used only by Tesla Motors. Tesla Model ‘S’ won 
US highspeed Road Safety Authority and  European Euro NCAP prizes for safe cars 
(PANG & LIU, 2014). 
 
The unique business model is the core of Tesla’s success, which includes great customer 
experience, easy understandable instructional guide and security preferences (Liu & 
Meng, 2017). Further success factors are mentioned below:  
 
 Strong positioning in the market: Tesla has a clear vision regarding its customer. 

Based on customer segment, Tesla develops its business model. Tesla’s first 
preference is to produce expensive, beautiful and fast sports cars for rich and famous 
people who are caring about the clean environment. Second, preference is to 
manufacture cars which are less expensive but comparatively equally in cost with 
Mercedes-Benz and BMW electric cars. The last choice is to produce low priced 
electric cars for families and vehicles which could be used as a public transport 
(Rogers, 2003). 
 

 More focus on capital investments: The huge investments are required for 
innovating the business model. Tesla uses retailers to promote its additional services, 
such as long-term leasing, outsourcing, and capital funds. Tesla purchased substantial 
capital through US Department of Energy's Advanced Technology Vehicles 
Manufacturing projects (Liu & Meng, 2017). 
 

 Assets Management: Tesla uses outsourcing companies for car production, and the 
company itself gives more concentration to value-adding, mainly for marketing and 
distribution. The company Matsushita Electric is producing electric batteries for 
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Tesla and Tesla is focusing on the development of battery technology (Liu & Meng, 
2017).  

 
A new industry of electric vehicles will be based on business model innovation. The 
sector of electric vehicles creates a new business model through relationships between 
its sectors, as well as with government. The relationship includes government support for 
new infrastructure. Companies should have the main role in creating advanced electric 
vehicles and distributing them using new business model. Thus, the new business model 
is required for disruptive electric vehicle technology which can help them to 
commercialize the electric cars as well as to gain the support of the respective 
governments for further research. However, when Tesla stared to develop a low-priced 
Model 3, the demand for large scale manufacturing was the necessity that Tesla did not 
have and could not easily cope with. Still, until now the transformation from specialized 
small-scale manufacturer to large scale mass production of electric cars is not seen as 
success. The successful business model of Tesla is still not proven to be successful for 
the new Model 3. If they fail the entire survival of Tesla might be challenged.  
 
iPhone 
 
iPhone is a good example of business model innovation for disruptive technology. 
Although smartphones were existing until iPhone’s debut, it disrupted the market and 
left giant firms, such as Nokia and Blackberry almost out of business. iPhone captured 
the same target market as incumbents but the smartphone succeeded because of its quality 
and unique features. Until 2007, people accessed the Internet mainly via laptops and PCs. 
With iPhone introduction, the Internet became accessible from smartphones as well. 
Later Apple introduced App Store in iPhone which created new business model where 
app developers can meet with customers through App Store. Thus, easier Internet access 
and new business model are the underlying factors of Appel’s success (C. M. 
Christensen, Raynor et al., 2015).  

Nokia 

 
For almost a decade Nokia was telling the game rules in the mobile industry. However, 
in 2007 Nokia was challenged by Apple which weakened Nokia’s positions. After 
entrance the iPhone in the market, Nokia tried to maintain its positions but soon get 
attacked by Google and Samsung. Nokia started to fall rapidly. The company tried to 
return through partnership, and later acquisition by Microsoft, but not any significant 
developments occurred. Similar to numerous companies, Nokia was not flexible 
sufficiently and failed to innovate its business model (Raouf, 2013). Nokia could not 
understand the new market trends and deliver new value to their customers like Apple, 
Google or Samsung did. For Nokia, mobile phones were serving mainly as a mean for 
communication and the company failed to understand that a mobile phone could have 
more functions. Nokia’s vision was not clear and their technology Symbian from creation 
did not have any essential system upgrades (Raouf, 2013). Nokia disregarded the threats 
from Apple in 2007 and the company continued to use the same business model. When 
Nokia realized what happened it was too late already. The company paid more attention 
to hardware development instead of software and operation system. Meanwhile the 
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competitors quickly came up with systematic updates and new software. Disruptive 
technologies were underrated by Nokia (Wilkinson, 2016).  

The cases of kodak and Tesla serves as illustration of companies that need to fin balance 
of new technologies and new business models, otherwise the commercial success might 
be questioned despite technology success.  
 
4.4 Smart Grid as a Disruptive Technology 
 
The smart grid is the future powerful technology, and it has full potential to be disruptive 
to energy providing firms, as it can change the entire process and structure of the energy 
market (Shomali & Pinkse, 2016). Richter (2013b) stated that the term “disruptive 
technology” in energy industry mostly associated with solar PV and electricity storage 
because these technologies have a massive impact on centralized power generation. 
Disruptive technologies, such as solar PV and electricity storage, supports the concept of 
decentralized and localized power generation systems which give open access to 
households to generate power for their home usage. As per Cardenas, Gemoets et al. 
(2014), the association of smart grid with information and communication technologies 
are very influential, because the use of ICT in smart grid plays an essential role in 
transmitting and distributing energy. According to Zhou, Yang et al. (2016), smart grid 
is an emerging technology which is transforming the whole energy industry. It can easily 
be integrated with different energy objects; such as; electric vehicles, natural gas, energy 
saving devices, and renewable energy sources. Yigit, Gungor et al. (2014) stated that 
information and communication technologies have made it possible for homes, buildings, 
and communities to make them smart and integrate and connect with each other through 
the help of advanced metering, sensing, and digitalized communication systems. 
Furthermore, Zhou and Yang (2016) pointed that developing market strategies for the 
targeted market, understanding the demand of customers and important data technology 
which can support and help the energy service providers. Niesten and Alkemade (2016) 
and Welsch, Bazilian et al. (2013) stated that several scholars have claimed that there is 
no technical and functional existence of smart grid has appeared yet but they claim that 
disruptive technology is going to make its emergence soon possible.    
 
According to Colak, Bayindir et al. (2014), disruptive technology has transformed the 
electrical industry and made it possible to integrate communication and information 
technologies into traditional electric grids and permit two-way flow of electricity and 
information between consumers and generators. Siano (2014) explains that modern 
technology such as smart meters, communication networks, and data management 
systems made possible for consumers and service providers to transmit and receive 
information regarding usage and demand of energy. Thus, these technologies are the 
requirements, if any energy providing firms are planning to offer smart grid services to 
their consumers (Shen, Ghatikar et al., 2014).  
 
Electricity utilities used to have two ways of increasing the revenue. The first way is to 
expand the electricity sales or in other words, to increase consumption volumes. The 
second method is to charge higher prices for per unit of sales. For decades, investors got 
revenues due to these methods. However, for the future, electric utilities need to change 
their business models for getting higher revenues and for satisfying the requirements of 
investors (Tayal, 2016). Prices for electricity are a function of consumption volumes. 
Electricity companies need to charge higher rates for remaining volumes if sales of 



The future of sustainable society – The state of the art of renewable energy and distribution systems 
 

P a g e  63 | 90 

 

electricity decrease, which could be caused by the more efficient use of power, programs 
of demand management, distributed generation, and other changes. More charges will 
help to cover the capital cost or service cost. When the prices of electricity are growing, 
users are starting to reduce electricity usage through programs of demand management 
and innovative technologies. This situation is described as “death spiral” by media. Grace 
(2014) brought the example of the Western Australian South West Interconnected 
System when the high prices of solar PV resulted in the reduction of consumption 
because most customers could not afford that high prices. 
 
However, nowadays the industry analysts and researchers have less concerns about 
consumers, who are going off-grid and causing a “death spiral” for electric companies. 
There are high expectations that the majority of consumers will keep the network 
connection despite electricity storage. The reason is that consumers understand that 
batteries have technical limitations and distribution network has its benefits, such as the 
trade of surplus energy between local regions, and the generation of solar energy should 
be high in a peak of demand (Nahan, 2015). Instead of making investment limitations for 
electric utilities, solar PV utilization should be considered. The enormous amount of 
energy could be accumulated due to the usage of solar PV systems, which will require 
significant investments in smart grids and grid-scale batteries. Although electric 
companies will have lower incomes from traditional generation methods, extra earnings 
from smart grids and solar technologies will compensate theirs loses (Nahan, 2015). 
 
Therefore, Tayal (2016) stated that due to easy-accessible and cheap capital, as well as 
customer monopolies, electric firms avoided disruptive challenges for a long time. 
Electric utilities should consider the effects which disruptive threats had in other 
industries such as policy changing, technological innovation, preferences of customers 
choices as well. These threats should be considered while making plans for business 
growth and business strategies and companies should be willing to change their business 
models along with accepting new technologies. Moreover, Faucheux and Nicolaï (2011) 
stated, that it is necessary for the energy providing firms to develop new or redesign the 
business model. Thus, they can create and capture value on a larger scale by providing 
smart grid services to their customers whereas Johnson and Suskewicz (2009) stated that 
for the complete change of energy industry, it is crucial to develop new business model 
concurrently with the rapid shift in technology. There are lots of business models exist 
that focuses on value creation and capture, but Teece (2010) focuses on the value 
proposition for the customers. Magretta (2002) raises couple questions, what should we 
provide to the customer? How to generate money through energy providing services? 
Finally, Zott, Amit et al. (2011) say that the business models discover the explanation of 
value creation and value capture both. 
 

Disruptive technologies can disrupt the physical environment, society, business 
strategies, institutional rules and organizational structures. The reason behind the 
failure of Kodak was the misused opportunity opened by disruptive technologies. 
Kodak tried to use digital technology as a way for growing its sales instead of moving 
from old to new technology and without changing its fundamental business model. 
Kodak failed because they did not shift the operational model and did not develop new 
business mode. Whereas, on the other hand, Tesla used disruptive technology as a tool 
to introduce a new car solution, improve the quality of the cars, but more focused on 
the business model to commercialize their electric vehicle  successfully. The incredible 
news is, Tesla itself does not manufacture but they outsource most of its electric 
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vehicles but itself they concentrate more on value adding, commercialization and 
distribution. The chaööenge for Tesla is that the transformation to mass production 
also demands new business models in order to enable commercialzation of the new 
model. This we have not seen yet. Finally, in the electricity industry, smart grid is a 
future powerful technology, and it has full potential to disrupt the energy providing 
firms, as it can change the entire process and structure of the energy market. Energy 
providing firms should consider the effects which disruptive threats had in other 
industries such as policy changing, technological innovation, preferences of customers 
choices as well. These threats should be considered while making plans for business 
growth and business strategies. Therefore, they can create and capture value on a larger 
scale by providing smart grid services to their customers. It is crucial for the utility 
firms to develop new business model concurrently with the rapid shift in technology.  

 
5. Business Model and Smart Grid 
 
Smart grid is an electric energy distribution technology which enables utilities and end-
users to get full usage of data and aims to utilize electricity more efficiently and flexible 
to adopt to variation in production and consumption (Erlinghagen & Markard, 2012). 
Smart grid is equipped with rich apparatus, such as network of communication, smart 
meters for users, and automate data gathering devices (Markovic, Zivkovic et al., 2013). 
These inherent technologies of smart grid allow electric utilities to provide quality 
services to end-users (Siano, 2014). However, only technologies are not sufficient to 
make a full use of smart grid. Electric companies are required to transform their business 
models because smart grid changes the traditional value network for electricity 
(Erlinghagen & Markard, 2012).  
 
Smart grid technology and a new business model enabling commercialization of smart 
grid system in localized and decentralized system are the two principal components to 
start the process of renewable energy economy evolution, which includes the switching 
from fossil fuels into economy based on renewable energy sources, smart grid and 
electric cars (Johnson & Suskewicz, 2009).  
 
A dozen of theories are describing the business model in various ways. However, most 
part of them connects business model with creation and capture of value. For example, 
business model is a tool, which shows how a company will create and deliver the value 
to its customers and how a company can get profits (Teece, 2010). Chesbrough and 
Rosenbloom (2002) stated that business models describe the running structure of the 
businesses. Baden-Fuller and Morgan (2010) explained that through business models, 
companies and markets could be compared and analyzed to determine effective ways of 
doing business. Johnson (2010) pointed that for managers, the business model is a tool 
to examine their businesses and develop them further. However, Magretta (2002) 
suggests two questions that companies should ask themselves when making their 
business models: “What value are we going to deliver? and “How can we get profit from 
delivering the value?” Business models should clearly show the value creation and 
delivery (Zott, Amit et al., 2011).  
 
This paper focuses on business models from value creation and value capture viewpoints. 
Nine building blocks of business model is described by Osterwalder, Pigneur et al. (2005) 
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and Table 1 contains information about how the companies are creating and capturing 
the value through these building blocks. 
 
Table 1: Business Model and its nine building blocks 

Value proposition 
What value can the new smart grid system create for energy producers and 
consumers? The focus is on combination of products and services, through 
which companies create and deliver value to clients and get profits. 

Customer Segment Targeted customer whom the value would be offer by the company.  
Distribution channel Ways of approaching used by the company to reach to customer.  
Customer relationship Company establish and maintain relationship with its specific customer. 
Key activates Combination of different activities in offering and delivering values.   
Key resources Assets and technologies required to offer and deliver values.  

Key partners 
Suppliers and partners who are involved as a support in offering and delivering 
values  

Cost structure Cost involved to execute the business model 
Revenue model Shows how production costs and profits related to each other 

 
5.1 Modern Trends in Electricity Market  
 
Currently, consumers want to control electricity usage more than before (Clastres, 2011). 
Consumers are paying more money for electricity due to modern gadgets and higher 
prices for electricity. According to Mardookhy, Sawhney et al. (2014), recent research 
on electricity usage and end-users attitude shows that most consumers are dissatisfied 
with current electricity system. For example, 82% of survey respondents consider that 
electricity prices are high and new mechanisms should be integrated to measure 
electricity usage more effectively. More control over electricity consumption could be 
gained through smart grids, which have visual displays for showing live data about usage 
of electricity (Geelen, Reinders et al., 2013). However, the smart grids’ features to show 
usage data could decrease the profits of electric companies. Thus, if companies want to 
integrate smart grid system, they need to change their business model and value they are 
offering (Marino, Bertoldi et al., 2011). Mainly, the companies need to offer electricity 
efficiency services in more flexible ways instead of only providing electricity (Mogel, 
2010). In other words, electric companies will offer energy services and not electricity 
itself. However, energy industry needs a higher level of maturity for integrating the new 
business model. With the help of smart grid systems can adjust leverage and delivery 
according to variation on demands with different prices, that is difficult in today’s dumb 
system. 
 
Next trend in customers’ attitude is electric vehicle usage. In order to charge the battery 
of electric vehicles, more electricity will be used, which will create additional pressure 
for grids. The pressure will be increased when battery charging is happening during the 
power usage pinnacle (Carillo-Aparicio, Heredia-Larrubia et al., 2013). Thus, electric 
companies could deliver new value to consumers through constructing sufficient stations 
for recharging, which can take more pressure (Schiavo, Delfanti et al., 2013). However, 
electric vehicle usage is strongly concerned with government policies and regulations, 
because electric companies will start to deliver new value when the government gives 
support to electric vehicle market through new policies (Sierzchula, Bakker et al., 2014). 
 
Another trend in customer behavior’s requirement of qualitative electric power and better 
delivery without power interruptions. Smart grids are equipped with several units 
connected with each other. This feature could provide better and permanent electricity 
(Zio & Aven, 2011). The smart grids’ advanced mechanism can show electric system 
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problems immediately, which allows companies to fix technical issues through switching 
between diverse power delivery sources (Clastres, 2011). According to vertical 
integration level of electric companies, they can focus on supply quality as a value to 
deliver customers. When new government policies were introduced in European 
electricity market, generation, transmission, and supply became separate stages (Jamasb 
& Pollitt, 2005). Outside Europe, mainly electric companies with vertical integration are 
existing, which assumes that a single company is controlling all stages of electricity 
generation and delivery. Many markets have companies, which are specialized only in 
electricity delivery. These companies are called electricity retailers. Smart grid system 
will not be valuable for electricity retailers since the generation of electric power is not 
included in values of these companies. 
 
A new area of usage of smart grid system is the electric road system being developed that 
enables small cars as well as large vehicles, busses and trucks to charge while driving on 
solar roads, wires in the ground and in the air. Regardless the chosen technology there 
will be localized energy production that need to be integrated with local dynamic 
consumption and the rest not used can be integrated into the grid system. To enable this 
smart grid systems are needed. 
 
Smart grid has the capability to affect the relationships between consumers. 
Traditionally, electricity usage information was managed only by large companies in 
centralized distribution grid system. As smart grid provides electricity usage data to 
consumers, they can have more significant control over electricity. Furthermore, 
consumers can choose their electricity service providers, which gives the opportunity to 
create trade relationships with electric companies. Meanwhile, electric firms can benefit 
from consumers’ increasing authority, because the firms can allow consumers to control 
electricity system (“demand response”) (Geelen, Reinders et al., 2013). This permission 
includes the opportunity for consumers to shift electricity load based on pinnacle 
electricity usage time and time with the lowest level of electricity usage. Faruqui, Harris 
et al. (2010) state that investments in smart grid will be productive only in case of mutual 
benefits for electric firms and consumers when through smart grid firms are giving and 
receiving electricity usage data and allowing consumers to control loads in response. 
Thus, demand response and transparent data are significant components of new value 
created by electric firms. Nonetheless, many consumers are not willing to control loads, 
and electric companies should try to solve this issue by offering new services to 
customers in order to enhance customers’ participation (Boait, Ardestani et al., 2013). 
For instance, companies could gain demand response by offering advice to use electricity 
efficiently (Gangale, Mengolini et al., 2013), real-time feedbacks (Gans, Alberini et al., 
2013), equipment for measuring and controlling electricity (Giordano & Fulli, 2012) as 
well as pricing signals and micro-generators (Faruqui, Harris et al., 2010). Research 
shows that these offerings can give positive results (Geelen, Reinders et al., 2013) and 
consumers attitude depends on their education, income level, thinking and specific 
climate in different regions. Thus, new value creation is based on demand response, 
which relates to the level of consumers’ involvement (He, Keyaerts et al., 2013).  
 
The new Millennium has created an arena for new technologies, which has caused new 
customer needs. Customers have changed their attitude and the way they perceive the 
value. Smart grid system is an opportunity for electric companies to fit the new customer 
requirements (Shomali & Pinkse, 2016). Presently, customers have more awareness 
about environmental issues, and they follow new government regulations, for instance, 
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feed-in tariffs, aimed to decrease the usage of fossil-fuels (Al-Saleh & Mahroum, 2015). 
Consequently, customers are more worried about environmental cleanliness (Richter, 
2013a).  
 
As per Smil (2010), societies have been taking into consideration issues relating changes 
in climate, sustainable energy demand, as well as the development of the sustainable 
economy, which is built on renewable energy sources. Nowadays, the concept of global 
warming is a widespread topic of discussion. Matti Lehtovaara, Karvonen et al. (2012) 
stated that during the 20th century, over 1oC global temperature rise was registered. 
Furthermore, more temperature rise is expected throughout the 21st century. 
Nevertheless, because the concentration of carbon dioxide (CO2) could increase up to 
450 parts per million in the atmosphere (Lynas, 2008). According to forecasts, in 2050 
the humanity will consume 50% more energy than today, mainly caused by gross 
domestic production (GDP) and population growth (Weijermars, Taylor et al., 2012). In 
2050, CO2  emissions will increase up to 130%  in case of maintaining current levels of 
energy consumption and global warming (Matti Lehtovaara, Karvonen et al., 2012). As 
a result of increased emissions, global temperature will rise more than 6 oC, which will 
severely damage the environment and society. 
 
Fortunately, the problem of global warming has an optimal solution, which can decrease 
current change rates. The answer is concerned with the usage of renewable energy 
sources, including wind, hydro and solar energy, biomass and geothermal (Lynas, 2008). 
By using renewable energy through integrating smart grid system, electric vehicles and 
system of new energy storage, climate issues can be solved (Gore, 2009). 
 
Markets of wind energy are boosted by growing demand of energy and climate change 
issues. The growing demand for energy could be met through the decentralized and 
localized power generation systems which can be integrated with wind energy (Council, 
2008) and biofueled combined heat and power production (M Lehtovaara, Kokkonen et 
al., 2011). Biomass energy system should be integrated into those areas which are richer 
in natural resources (M Lehtovaara, Kokkonen et al., 2011). 
 
Smart grid integration is new and unexplored way to adapt and manage renewable energy 
sources which provides clean energy (Clastres, 2011). Although, integration of 
renewable energy sources will distribute the profitability of electric companies with ICT 
companies, investing in renewable energy will be a wise decision for them because public 
requires “green environment” (Richter, 2013a). A drawback is insufficient governmental 
support in renewable energy sphere (Wüstenhagen & Bilharz, 2006). Despite that 
governments of many countries have introduced new regulations. Still, there are lacks in 
governmental support. Therefore, new government policies for energy industry will be 
the next step of smart grid integration. 
 
5.2 Responding to Electricity Market Trends  
 
As mentioned above, nowadays consumers are demanding intermittent and sustainable 
power as well as control over the electricity usage. In order to maintain market position 
and gain profit electricity firms need to follow the rising trends through providing new 
services. Companies can provide full services for installing and optimizing the generation 
machines, and they can charge optimal prices or offer free services. 
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Consumers may get help from electric companies when purchasing devices or kitchen 
instruments, which are energy-efficient. The US electricity company Duke Energy is 
buying consumers’ old electric equipment and appliances and offers free energy-efficient 
bulbs. Electric firms can make partnerships with appliance producers and offer 
installment services or discounts to consumers. The companies can offer an advanced 
system of home energy (Geelen, Reinders et al., 2013) or remotely manage appliances’ 
operations (Cappers, Mills et al., 2012). Prosumers, who organize home-based renewable 
energy generation, could get assistance from electric companies to manage their 
operations. For example, companies could give advice relating the efficient use of energy 
and support the generation apparatus to serve for a long time (Richter, 2013a).  
 
Energy consumers’ information provided to the retailers by a smart grid with the help of 
“big data” technology is the first way to increase revenue level. Electric companies can 
offer electricity usage feedback for the specific time period. Consumers would allow 
electric firms to gain data about electricity usage and users’ demography. Then firms can 
use gained information for new value creation or optimize the grid. Furthermore, electric 
companies can develop their business models in case of detailed usage information, such 
as usage type (lighting, cooling, heating). The new business model will include electricity 
charges based on usage type rather than electricity kilowatt per hour (Fox-Penner, 2009). 
In addition, various charging mechanisms could be implemented, such as different 
electricity costs based on what time of the day consumers are using electricity (Faruqui, 
Harris et al., 2010). 
 
Consumer data could be used in other ways as well. Firms can sell the data to providers 
of electric devices, software or other companies in order to help other companies to create 
products matching with consumer needs (Clastres, 2011). For instance, firms offering 
energy services could purchase consumer data and use it for making better tips and 
notifications about effective energy usage. Companies outside electricity sector might be 
interested in the data in order to enhance their understanding of the behavior of 
customers. Thus, electric firms can get profit from selling the data (Valocchi, Juliano et 
al., 2014). Despite that, it is not clear what be the interest level of other companies, social 
networks, and online shops most probably will show interest, and they can be big players 
of the market (Piccoli & Pigni, 2013). 
 
5.3 Challenges to Offer New Services 
 
Still, the question of providing the grid services themselves or giving the responsibility 
to other players is bothering electric companies (Giordano & Fulli, 2012). Even if 
electricity companies assign third-party firms to offer grid services, they still can get 
profits. Thus, smart grid builds a new market, which requires new business model 
(Weiller & Pollitt, 2016). The new market contains electric companies, ICT firms and 
electricity consumers (Eisenmann, Parker et al., 2006). Inserting new participants in the 
electricity delivery chain creates new value (Weiller & Pollitt, 2016). This approach is 
beneficial for electricity firms as well since they can access resources of ICT firms. 
Electric companies have already established a network of partner suppliers and 
consumers (Valocchi, Juliano et al., 2014). It is possible for electric firms to generate 
extra revenue from consumers and service firms by giving them rights to access the data. 
However, the most significant issue is the integration of more consumers and service 
providers, because the new delivery chain will be profitable only if there are huge 
customers and service providing firms (Eisenmann, Parker et al., 2006).  
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Changes in cost structure are unavoidable in case of smart grid integration. As new 
participants will enter the market, the infrastructure will be evolved, and huge capital 
investments by electric firms will be necessary. Nonetheless, the investments will save 
companies from additional expenditures in the future. The main destinations of 
investments will be facilities of communication, smart meters, controllers, grid 
equipment and software, removing costs of existing grid (Giordano & Fulli, 2012). Due 
to fluctuation in fossil fuel prices, high repairing costs, high taxes, the existing grid 
becomes inefficient and expensive (Lehr, 2013). After smart grid installation, electricity 
firms will face the need to maintain the grid, train personnel to deal with the new 
technology and spend on data transferring process, which requires more capital 
investments. If electric companies use ICT firms for providing services, grid maintenance 
will be cheaper. ICT firms could use remote controls over the grid, which saves electric 
companies from spending money on staff, who physically would go and visit smart grid 
places. Therefore, instead of physically going and fixing problems, electric companies 
can save money and allow ICT firms to detect and fix system errors from a distance by 
using cloud computing technology (Giordano & Fulli, 2012). The same approach is 
applicable for other operations, for example, meter reading. Smart grid has to automate 
data collection technology, which gathers the data and sends it to electricity providers. 
Thus, there will be no need to keep employees from reading meters. Moreover, 
automated meter reading eliminates the risk of stealing electricity (Faruqui, Harris et al., 
2010).   
Load-shift technology is another source of cost-cutting. If consumers are able to use load-
shift, it can give 20-50% investment compensation after installing smart meters. The 
minor investment will be needed to build transmission system since in smart grid 
distributed energy is generated close to usage place (Poudineh & Jamasb, 2014).  
 
Thus, the integration of smart grid system will change the way electric firms create and 
deliver value. Still, there are uncertainties concerning financial benefits smart grids can 
provide, which causes unwillingness to adopt the new system (Covrig, Ardelean et al., 
2014). Features which smart grid is providing, such as power control by end-users, 
effective usage of distributed resources of renewable energy, will reduce profits of 
electric firms (Adam & Wintersteller, 2008).  At the same time, smart grid will bring new 
opportunities and needs, which the firms can use to deliver new values to the consumers 
and gain more revenue by changing their business models.  
 
5.4 Commercialization of Smart Grid Services through Business Model 
 
This research explores the three services that can be provided through smart grid, such 
as; the services provided by the integration of renewable energy sources with smart grid, 
services for electric vehicle and demand response services.  
 
Services to Integrate Renewable Energy 
 
The process of building electricity network through renewable energy sources represents 
the first smart grid service category, which includes two subtypes of services. The link 
between the electricity network and sources of renewable energy presents the first sort 
of service, while second sort of service relates to retailers or operators and includes 
delivering proper power level and deeper integration of sustainable energy. 
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According to Barley (2011) companies which are providing solar panel transporting and 
installation services are more supreme than companies which are producing the solar 
panels. For instance, a British company Solar Century focuses on solar panel installation 
services and integrates new business model for better service. Customers can lease 
photovoltaic systems from Solar Century and the company will install the system. 
Company's solar panels are purchased by Triodos Bank, which is a partner of Solar 
Century, and the bank gets profits by offering the panels with feed-in-tariff plans. 
Another business model is described by Richter (2012b) which includes the following 
mechanism: electricity companies are building energy network for consumers which 
generate renewable energy. For example, New Jersy utility launches a Solar Loan 
Program for local companies, municipalities or households which are willing to switch 
to renewable energy system. The Solar Loan Program assumes to cover from 40% to 
60% of costs for building and installing solar panels, and after that customers are getting 
the Renewable Energy Certificates, which they can use later for paying utility loans. The 
utility gets profit from loans (Richter, 2012b). The business model with information 
about profits, consumers, assets and main activities are summarized in the Table 2 
(Niesten & Alkemade, 2016). 
 
Table 2: Customer side renewable energy generation - Business Model 

Value proposition The construction of home-based solar system is sponsored by the utilities. 
Later consumers are generating electricity and getting energy certificates, 
which can be used for refunding the investments. 

Customer Segment Utilities are doing consumer discrimination for dividing active and passive 
consumers through management of consumers’ interface with transparent data. 

Key resources photovoltaic solar system is an essential technology for electricity generation. 
Key activates New techniques are elaborated by utilities for managing resources. 
Key partners The central partners are the companies which produce renewable energy and 

build energy systems. 
Revenue model Revenues for utilities contain loan interests, as well as investments added to 

property value. Banks are getting revenue via using feed-in-tariff plan.  

 
The second service subtype relates to delivery of safe and sufficient energy, as well as 
less side effects occurred by irregular sources of energy, such as solar and wind energy. 
Since this energy types have irregular generation, it creates peaks and system errors 
(Gordijn & Akkermans, 2007). Electricity companies and system operators are trying to 
deliver safe and quality power by decreasing peaks and fixing the errors, which can be 
achieved through various services. For instance, services include distributed generators, 
which are balancing power generation according to fluctuations in price, are storing the 
power and sending it to the grid. Other services include management of voltage by system 
operators and demand response services. All mentioned services will be discussed in the 
following sections. 
 
When electricity prices are growing, consumers are allowed to decrease their 
consumption level and increase it in case of price reduction (Richter, 2012b). This 
method is called dynamic pricing. When prices are increasing, end-users can switch to 
their own generated sustainable energy. Demand response section contains the 
description of all sorts of dynamic pricing, such as real-time pricing, time-of-use pricing, 
critical-peak pricing. As a result of dynamic pricing, peak loads are declining, and the 
grid operates efficiently during the peak times (Richter, 2012b).  
 
Gordijn and Akkermans (2007) discuss a service concerning with technologies of 
distributor generators which are used to stabilize the system. The technologies include 
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combined-heated power which generates and supplies the heat. The providers of this 
service are getting profits from providing equipment to consumers.  
 
Distributor generators (DG) are possible to add to the distribution system without 
reinforcements of the network. When overall DG electricity price is growing, 
management service providers are  
making profits (Gordijn & Akkermans, 2007). Electric vehicle batteries can serve as an 
electricity storage, and later send the power to the grid (Eberle, Müller et al., 2012). 
According to Richardson (2013) almost 30% to 75% growth of energy capacity is 
possible if electric vehicle will store the power and send it to grid which is vehicle to grid 
service. Due to this power storage capacity, electricity network becomes more secure 
(Kempton & Tomić, 2005), adaptable and efficient (Schiavo, Delfanti et al., 2013), and 
power quality improves (Siano, 2014). Service providers can make profit by charging the 
batteries of EVs during the period of lower electricity prices and growing amount of wind 
energy (Richardson, 2013). According to Goebel (2013) EV charging process can be 
more profitable in case of increasing number of renewable energy generators, which 
positively affects the power supply in a short-term. Palizban, Kauhaniemi et al. (2014) 
stated that virtual power plants can store the power and serve as distributed generators. 
Ultimately, supply and demand can be stabilized through demand response services, and 
more renewable energy can be generated (Schleicher-Tappeser, 2012). Due to this 
service, the electricity system becomes more secure and the quality of electricity is 
improved (Siano, 2014). Thus, services provided through demand response and V2G and 
G2V, are more benefited for smart grid system because they allow to increase the amount 
of renewable energy, system security and the power quality. 
 
Electric Vehicle Services 
 
As per the guidance of literature two types of services have been explored in this section. 
These services are named vehicle to grid (V2G) and grid to vehicle(G2V) services. The 
batteries of EVs can store electric power, which later energy actors can sell to operators 
of the system. This process relates to V2G services. Meanwhile, G2V services include 
the process when electricity is purchased by energy actors for EV battery recharging. 
Both services are provided by the EV aggregator, which is the new player in the 
electricity market. V2G and G2V services can be seen as a platform, which is built by 
EV aggregators (Giordano & Fulli, 2012). Furthermore, Giordano and Fulli (2012) 
describe this platform as a business model which combines more than two interdependent 
groups of customers and products or services that can be offered to the groups. 
Niesten and Alkemade (2016) mentioned the players that are involved in the platform of 
service providing and consuming of V2G and G2V. These electric vehicle aggregators 
are: electric vehicle owner, electricity market, system operators and battery switch 
stations. The electricity demand and supply are overlapping via EV aggregator, which 
provides G2V and V2G services for creating and capturing the value. EV aggregator uses 
two mechanisms: firstly, electric vehicle batteries can be charged during the off-peak 
hours in lower price than it can be discharged by selling the electricity at the battery 
stations during peak hours (Armstrong, Moussa et al., 2013). Secondly, it uses EV 
batteries as electricity storage and offers the storing services to system operators 
(Barkenbus, 2009).  
The first mechanism, in which EV aggregators purchase electricity with less cost and sell 
electricity from EV batteries with high price, was proposed by Armstrong, Moussa et al. 
(2013). Niesten and Alkemade (2016) mentioned that from price and profit perspectives 



The future of sustainable society – The state of the art of renewable energy and distribution systems 
 

P a g e  72 | 90 

 

G2V service is more benefited than purchasing the electricity from electric companies. 
Thus, it is essential to have a good knowledge about when EVs are arriving during the 
day, and owners of EVs can get benefit from charging batteries in specific times 
throughout the day (Armstrong, Moussa et al., 2013). The case of an EV aggregator, 
which provides G2V service for EV battery charging, is proposed by Goebel (2013). 
Although, in this case per annum profit is low for EVs owners but there are several 
methods for getting higher revenues from G2V business model. Firstly, the EV fleet 
needs to have bigger size. Secondly, the batteries of EVs should be charged in specific 
time intervals, such as between 9 a.m. and noon and between 1 p.m. and 5 p.m. During 
these time periods, most of EV owners are parking their cars near to their workplace. The 
involvement of renewable energy is significant in this case because it stabilizes variable 
power supply and controlled charging methods which are profitable financially (Goebel, 
2013). A V2G case is proposed by Loisel, Pasaoglu et al. (2014). The case includes EV 
fleets which sell electric power to the market. Authors found out that currently V2G 
services is not profitable enough since many EV owners are not willing to get the service. 
The business model should be ameliorated for stimulating EV users. For instance, 
numerous approaches could be integrated in order to make V2G services more profitable, 
such as: offering additional services to electric car owners and remunerating them for 
using renewable energy (Loisel, Pasaoglu et al., 2014).  
 
The second mechanism is proposed by Kempton and Tomić (2005), who analyzed the 
case of V2G in order to find how companies can create and capture value through 
offering EV batteries’ electricity to operator of the system. Managers of distributed 
electricity generation, network providers of mobile phones, retailers of electricity, as well 
as EV producers and fleet operators can all be in the role of EV aggregators. Kempton 
and Tomić (2005) determined that the spinning reserves and regulation are the main 
sources of profits in V2G model. Furthermore, regulation is more beneficial than 
spinning reserves. Richardson (2013), mentioned that service providers are getting $100-
300 profit yearly from a single EV. It is a matter of question whether service providers 
can engage EV aggregators or EV owners to the V2G model by this profit level. In order 
to involve owners of EV, aggregators need to offer packaged services, including 
discounts for battery charge, as well as purchasing and maintaining the battery with 
preferential rates (Guille & Gross, 2009). According to a contract, the owners of EVs are 
required to charge their EV batteries from grid in certain hours in a day. Due to lower 
transaction costs and economies of scale, the EV aggregators can afford preferential rates 
(Guille & Gross, 2009). The bigger EV aggregation is, the higher capacity for additional 
services which can be offered by EV aggregator (Guille & Gross, 2009). Some of EV 
fleets are providing free space of battery (G2V). This service is called downward reserves 
for frequency control which are proposed by Jargstorf and Wickert (2013). Further 
Jargstorf and Wickert (2013) argued that G2V service revenues are reaching from 5 to 
16 euros monthly for a single EV. Nevertheless, installation, communication control 
costs are excluded from mentioned monthly revenues. EV fleet’s accelerated battery 
degradation which contains financial risks and Hill, Agarwal et al. (2012) suggested that 
the profitability of V2G model is concerned with the duration of battery service. If the 
life cycle of EV battery is short, V2G has low profitability. 
 
According to Niesten and Alkemade (2016), Better Place is an appropriate EV aggregator 
case, which has been studied by number of scholars. Better Place is a large international 
organization, which develops electric batteries, smart devices for battery charging, offers 
numerous services and software for EVs and operates in numerous countries, such as 
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Denmark, Japan, Netherlands, Israel. Better Place uses renewable energy sources, which 
is purchased from the market and makes partnerships with electric car producers, as well 
as with operators of grid. Through partnerships, the company connects battery charging 
places with the grids, and serves as mediator between car producers and system operators. 
Consequently, EV owners are getting e-mobility services from Better Place through 
leasing batteries from the company and using switch stations and places for battery 
charging. Unfortunately, Better Place went bankrupt in May 2013, even though the 
company managed sizeable capital investments and had numerous partners. The 
company failed because firstly, huge time required for the company to enter the market 
(Gordijn & Akkermans, 2007), and secondly, the company could not meet the demand 
for continuous investments (Gerpott & Paukert, 2013). Better Place, as an aggregator, 
invested in charging infrastructure at the time when EVs were in their initial stage of 
market entrance. Better Place used business model requiring huge capital investments. 
Meanwhile, there are business models with lower capital requirement (San Román, 
Momber et al., 2011), which could be implemented in inceptive dispersal of EVs. 
Initially, EV owners are charging the batteries at their home according to their agreement 
with electricity providers. However, when EV sales are growing, charging stations 
should be built mainly on streets and system operators will take the role of station owners 
(Schiavo, Delfanti et al., 2013).  
 
Demand Response Services 
 
Demand response (DR) service is another smart grid service when electricity consumers 
are regulating the load according to the requirement of system operator or electric utility. 
When electricity usage reaching to maximum in rush-hours, operators will ask consumers 
to reduce the usage level in order to maintain the safety of the system and deliver proper 
amount of electricity (Schiavo, Delfanti et al., 2013). The US Department of Energy 
relates demand response with process of adjusting the electricity usage by the consumers 
in case of higher prices or serious system errors (Shen, Ghatikar et al., 2014). Demand 
response is divided into two types, such as price-based and incentive-based response. 
When consumers alter the electricity usage according to retailing prices, it is called price-
based response. It has numerous subtypes, such as real-time pricing (RTP), time-of-use 
pricing (TOU), and critical-peak pricing (CPP). In case of real-time pricing, consumers 
in advance are apprised about spot market-based tariffs, and they can adjust the usage 
appropriately (Wissner, 2011). The day is split into two intervals in TOU approach which 
includes electricity charges collected through on and off-peak tariffs (Goebel, 2013). If 
price of electricity grows quickly and grid cannot meet peak demand then critical-peak 
method is used (Stoll, Brandt et al., 2014).  
 
Incentive-based response method offers electricity regulation which is not connected 
with retailing prices (Shen, Ghatikar et al., 2014). In this model, electric utilities are 
paying consumers and in response are getting permission to manage electricity load 
distantly (Siano, 2014). Utilities can regulate electricity for appliance. Nonetheless, 
consumers can choose to partly modulate the load and thus, interact with the utilities 
(Verbong, Beemsterboer et al., 2013).  
 
Thus, new player is entering into the market due to demand response service and it is 
called demand response (DR) aggregator. According to Dave, Sooriyabandara et al. 
(2013), DR aggregator is an entity which controls the load of electricity in order to 
regulate the grid system and have a lower peak demand. Aggregator provides electricity 
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to the market, retailers, or actors who stabilize the power, and maintains electricity on a 
safe level. While some stabilizing actors demand only 0.1 MW power for getting it from 
various sources (for example demand response), mainly actors need at least 1 MW 
electricity offer (Cappers, MacDonald et al., 2013). In any case, quite higher load levels 
should be produced by demand response service providers, particularly in urban areas. 
For having lower load, up-front and on-going capacity payments are becoming 
widespread (Shen, Ghatikar et al., 2014). DR aggregators strive to have lower costs and 
higher profits, these payment methods are appealing to them. If electricity retailers need 
to purchase services of active demand, consumption then flexibility can be offered to 
them by the aggregators (Giordano & Fulli, 2012). Therefore, aggregators are getting 
profits through providing services of demand response to retailers, stabilizing actors, and 
the market. Meanwhile, due to regulating their usage level and involving in demand 
response services, electricity consumers are getting paid by the aggregators. 
Niesten and Alkemade (2016), claim that unfortunately, the proper business model of 
demand response is not provided by the existing literature. However, articles are 
discussing how the providers of demand response services are creating and capturing 
which are summarized in Table 3.  
 
Table 3: Values through smart grid services for different actors 

Services provided by 
Smart Grid 

Values for Consumers 
Values for System 

Operators 
Values for Service 

providers/Aggregators 
Services for Integrating 
Renewable Energy 

- Electricity usage can be 
reduced 

- Benefits associated 
with finance  

- Good control over 
Power usage and bill  

- Benefits associated 
with environment 

- Consumers 
involvement will 
increase in electricity 
system 

- Reduction of CO2 
 
-  

- Network and supply 
reliability will be 
improved 

- Network stability and 
security will be 
improved 

- Operations associated 
with grid will be 
improved 

- Peak demand can be 
reduced 

- Additional income in the 
form of interest when 
solar systems are 
connected on loans 

- Extra benefits through 
feed-in-tariff 

- Profit in providing 
balancing services 

- Income through 
charging batteries for 
electric vehicle whereas 
generating electricity in 
low price using wind 
power and solar systems 

- Smart way of batteries 
charges for electric 
vehicle and renewable 
energy will improve the 
financial sources 

Electric Vehicle Services - Prices will be lower for 
energy and battery 

- Clean environment 
- Additional services 
- Financial benefits 
- Consumer participation 

will increase in 
electricity system 

- Reduction of CO2 
 

- System cost will be 
lower 

- Access will be easy 
which can help to 
improve the regulation 
services 

- Stability and reliability 
will be increased of the 
grid 

- Peak demands can be 
controlled 
Operations associated 
with supply and 
demand can be 
improved 
 

- Income from vehicle to 
grid services 

- Providing energy in 
lower cost from grid to 
vehicle  

Demand Response Services - Electricity bills will 
reduce 

- Consumption of 
electricity will reduce 

- Electricity quality will 
improve 

- More control over 
electricity usage 

- Blackouts will decrease 

- Peak demand can be 
reduced 

- Stability and reliability 
of the system can be 
improved 

- Grid operations can be 
optimized 

- Costs and power losses 
can be reduced because 
of decreasing the 

- Investment on power 
plant can lowered down 
by decreasing peak 
demand 

- Income can be increased 
by offering additional 
services  



The future of sustainable society – The state of the art of renewable energy and distribution systems 
 

P a g e  75 | 90 

 

- Customers will have 
multiple options of 
selecting different 
electricity packages 

 

distance of 
transmission lines 

- Supply security and 
power quality will be 
improved 

- Benefit for 
environment by not 
emitting gasses  

 

- For energy retailers 
sourcing cost can be 
lowered down 

 

Over 500 consumers from four European countries participated in survey mentioned that 
they are pleased to follow smart grid signals and get an opportunity to regulate the 
electricity usage (Curtius, Künzel et al., 2012). Therefore, the end-users can reduce the 
consumption level and pay less for electricity. In December 2011, 69 Japanese 
households joined an enquiry of demand response service, which had token-based reward 
system. The usage of electricity was declined by 30% (Mah, Wu et al., 2013). 
Observation showed that from 10% to 15% of electricity payments can be saved by 
households in case of usage regulation based on time-of-use tariffs (Goebel, 2013). Due 
to diminished peak demand from demand response, the operators of system can reduce 
service providing costs, have more secure system, and minimize the risks of system 
overload. According to research, in USA $2.7 billion power generation costs can be 
saved yearly through 5% depletion of the peak demand (Shen, Ghatikar et al., 2014). DR 
aggregators can get profits from providing demand response services to operators of 
system. According to Warren (2014) in UK can get yearly 66,000 pounds revenue in case 
of 3 MW demand-side participation. Dave, Sooriyabandara et al. (2013) stated that DR 
aggregator can get 1800 pounds revenue per household throughout 20 years. The 
essential part for DR aggregators is the installation of communication infrastructure 
because it is the foundation of the business model. After the installation, just system 
control and data management are requiring additional costs (Dave, Sooriyabandara et al., 
2013). There is no need to spend for higher generation capacity, since demand response 
allows power generation with lower costs (Schiavo, Delfanti et al., 2013). Value 
capturing through demand response is possible if DR aggregator takes the role of retailer 
as well, which will reduce power purchasing costs (Shen, Ghatikar et al., 2014). It is 
mentioned by Goebel (2013) that because reselling the electricity is the core business of 
retailers, they will be delighted to decrease purchasing costs as much as possible. Stoll, 
Brandt et al. (2014) did research to determine how shifting 1 kilo watt hour from an on-
peak to an off-peak hour by using the time-of-use tariffs and real-time pricing will affect 
the electricity markets of Sweden and Great Britain (Ontario). As a result, time-of-use 
and real-time tariffs are decreasing purchasing costs sufficiently in Ontario.  

 
6. Discussion 
 
This discussion drives us to the conclusion of necessity for the energy providing firms to 
adopt smart grid technology and accordingly innovate their business models for 
commercializing new energy distribution system along with offering new services to the 
energy consumers in terms of capturing values and sustaining in the digitalized energy 
market.  
 
The 21st century is establishing the new era of energy sources by attempts to switch 
energy production from fossil fuels to renewable sources. This changeover is reinforced 
by several aspects, such as fossil fuels delivery restrictions, costs, environmental safety 
(especially changes in climate and temperature) and evolution in technology (Agency, 
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2013). Timmons, Harris et al. (2014) pointed that costs of renewable energy will be 
reduced more, while costs of fossil fuels are expected to grow. Furthermore, Bhatti and 
Danilovic (2018) stated that in decentralized and localized systems, the electricity is 
distributed to specific geographic areas. Therefore, if electricity is generated in the same 
place where consumers live, the distribution and transmission costs will be reduced. 
Meanwhile, in a centralized system of power generation, there is a long distance between 
consumers and generation places which makes the distribution costly. Moreover, 
decentralized and localized systems can be integrated with renewable energy sources 
which provide clean energy whereas centralized systems produce electricity with the use 
of fossil fuels and emit greenhouse gases which are harmful to the environment. 
Similarly, Feisst, Schlesinger et al. (2008) repeated that 25% of global greenhouse gases 
is emitted by traditional grids. Digitalized  technologies are not viable with the traditional 
grid, as it cannot be integrated with solar, wind energy, low-inertia sources of electricity 
generation and distributed generation system (Hossain, Oo et al., 2013). Therefore, 
Banerjee, Fee et al. (2011) claimed that smart grid is suitable for renewable energy and 
distribution system since it contains contemporary technologies for electricity generation 
and supply. Smart grid can automatically identify system conflicts and fix them, by 
providing reliable protection from external dangers and cyber-attacks. Thus, economic 
tendencies are shifting towards renewable sources, even without proper government 
regulations.  
 
Shomali and Pinkse (2016) stated that the smart grid is the future powerful technology, 
and it has full potential to disrupt the energy providing firms, as it can change the entire 
process and structure of the energy market. Furthermore, Richter (2013b) claimed that 
the term “disruptive technology” in the energy industry is mostly associated with solar 
photovoltaic, wind turbines and energy storages technologies. These technologies have 
an immense impact on centralized power generation system whereas, on the other hand, 
same technologies support decentralized and localized power generation systems which 
give open access to households to generate power for their home usage.  
 
Zhou, Yang et al. (2016) stated that smart grid is an emerging technology which is 
transforming the whole energy industry. It can easily be integrated with different energy 
objects; such as; electric vehicles, natural gas, energy saving devices, and renewable 
energy sources. However, Niesten and Alkemade (2016) and Welsch, Bazilian et al. 
(2013) argued that several scholars have claimed that there is no technical and functional 
existence of smart grid has appeared yet but claimed that smart grid would make its 
emergence soon. Therefore, Tayal (2016) stated that electric firms should not avoid 
disruptive challenges for a long time. Electric utilities should consider the effects of 
disruptive threats which had in other industries such as policy changing, technological 
innovation, preferences of customers’ choices as well. Energy providing firms should be 
willing to change their business models along with accepting new technologies. 
Moreover, Faucheux and Nicolaï (2011) stated, that it is necessary for the energy 
providing firms to develop new or redesign the business model. Thus, they can create 
and capture value on a larger scale by providing smart grid services to the customers 
whereas Johnson and Suskewicz (2009) stated that for the complete change of energy 
industry, it is crucial to develop new business model concurrently with the rapid shift in 
technology.  
 

Osterwalder (2004) stated that business models are the instruments for firms to identify 
their technical challenges and clarify the capabilities needed to be achieved. Chesbrough 
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(2010) stated that business model innovation is a process of trials rather than planning 
process. Companies try to change their business models based on experience and 
mistakes. It is about to try but not predict. Sosna, Trevinyo-Rodríguez et al. (2010) 
claimed that business model innovation is the development of ways to create, deliver and 
capture values. Mardookhy, Sawhney et al. (2014),  stated that recent survey shows that 
82% respondents are dissatisfied with present electricity system as they reported that 
electricity prices are high and new mechanisms should be integrated to measure 
electricity usage. Geelen, Reinders et al. (2013) stated that by adopting smart grid 
technology energy providing firms offer more values to the customers regarding more 
control over electricity consumption. Marino, Bertoldi et al. (2011) argued that the 
features of smart grid will show the usage of data to the consumers which could decrease 
the profits of electric companies. Thus, if companies want to integrate smart grid system, 
they need to change their business model as well as the values that they are creating for 
the consumers. Schiavo, Delfanti et al. (2013) stated that electric companies could deliver 
new value to consumers through constructing sufficient stations for electric vehicle 
recharging. Zio and Aven (2011) stated that energy firms add values by providing better 
and uninterrupted power supply. Furthermore, Clastres (2011) pointed that smart grids’ 
advanced mechanism can show electrical system problems immediately, which allows 
companies to fix technical issues through switching between diverse power delivery 
sources. Boait, Ardestani et al. (2013) claimed that demand response and transparent data 
are significant components of new values created by electric firms. Similarly, Fox-Penner 
(2009) stated that companies would change their value delivery by adopting smart grid. 
Smart grid allows retaining data from gird components and distributed energy sources. 
Piccoli and Pigni (2013) stated that with the help of big data energy providing firms can 
understand the requirements of the customers which enables them to deliver better values 
according to the demand. Subsequently, Adam and Wintersteller (2008) stated that smart 
grid would open up new opportunities and needs by which the firms can utilize and 
deliver new values to the consumers, and in return, they can gain capture value. Energy 
providing firms can sell data to the energy retailers which they can use it to build energy 
equipment for the consumers according to their need. Geelen, Reinders et al. (2013) 
stated that value could be captured by establishing a partnership with appliances 
producers. These producers can sell energy efficient kitchen or home-based instruments 
to the consumers. Giordano and Fulli (2012) claimed that money could be saved on 
spending extra staff by installing remote controls over the grid which themselves can 
detect and fix the problems rather than physically go and repair it. Poudineh and Jamasb 
(2014) repeated that transmission cost could be saved by adopting smart grid system as 
it supports decentralized power generation system which is close to the end users.  
 

7. Conclusion  
 
This paper addressed the disruption of advancement in the technology associated with 
the introduction of smart grid systems and creation of localized energy production and 
localized energy consumption in the energy industry and its impacts on business models 
of energy providing firms. This study has revealed that firms adopted the changes in the 
technology and rapidly responded in the market by changing their business models, were 
succeeded whereas on the other hand firms that were reluctant in changing their business 
models, even though adopted the changes in technology were die. Similarly, smart grid 
is an emerging digitilized technology which has full capability to revolutionize the 
energy industry. Research indicates that adopting smart grid would be a wise decision as 
it supports energy firms to create and deliver values to meet the future demand of 
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consumers. Moreover, it is necessary for the energy providing firms to innovate their 
business models for commercializing every feature of a smart grid through which firms 
can create values for the energy consumers and can capture values regarding more profit. 
This paper highlights the three services such as; integration of renewable energy with 
smart grid, electric vehicle services, and demand response services which will support 
energy firms to create values for their consumers and gain profit. The cost of energy for 
consumers can be reduced, and for the firms, profits can be increased by integrating 
renewable energy sources with smart grid. Demand response services will help 
consumers to have more control over usage which will help to reduce the usage of 
electricity and can fulfill the rising demand for electricity in other regions. More vehicles 
on electricity mean clean environment less carbon emission in the environment and of 
course income for energy providers regarding charging electric vehicle batteries.   
 
However, it is still arduous to figure out exact costs and profits of smart grid integration, 
because currently the smart grid technology is in the development stage and have not 
fully introduced to electricity market yet. Thus, possible benefits and losses are 
concerned with specific country’s situation because some countries’ governments are in 
favor of new technology integration and are willing to give strong support, while some 
governments do not have resources to support or are uncertain about smart grid’s 
benefits.  
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