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Abstract 

This bachelor's thesis deals with the general introduction into the projects that are 

needed for the realization of smart cities and technologies implemented in them. In 

further detail it concentrates more upon the projects that take place in different parts of 

the world, mainly in Japan and Hawaii. It deals, in particular, with technologically 

advanced energy solutions, smart grid testing projects which are essential for the smart 

city itself and implementation of electric vehicles into the grid. Also some of the 

European smart city projects are mentioned, where the developed technology is tested in 

real-life cooperation. 
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Abstrakt 

Tato bakalářská práce se zabývá obecným úvodem do dílčích projektů, které jsou 

důležité pro realizaci chytrých měst i v nich používaných technologií. Podrobněji tato 

práce přibližuje projekty v různých zemích, hlavně však v Japonsku a na Havaji. 

Konkrétně shrnuje technologicky pokročilé energetické řešení a testovací projekty 

chytré sítě, které jsou základním kamenem pro budoucí chytrá města i efektivní využití 

elektomobilů. Práce také zmiňuje projekty chytrých měst v Evropě, kde je 

synchronizace vyvinutých technologií testována v praxi. 

Klíčová slova 
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1 Introduction 

I have chosen this topic, because it is generally wide-spread and there is a great range of 

different subtopics I can concentrate on. Therefore I decided, that my bachelor thesis 

will mainly concentrate upon the research of concepts and currently functioning smart 

cities all around the world and upon the projects that develop and test the key 

technologies to make them a reality.  

 Smart cities are a favorite topic of every international, technological company, 

which wants to be seen by the world population as generally “green” and devoted to 

preserving the environment, as well as progressive and therefore devoted to further 

development,  testing and funding the spreading concepts of, for example, smart grid or 

demand response projects. The next wide-spread concept, that many energetic 

companies are developing is the introduction of electric vehicles to the society and 

implementing them into the city centers with appropriate setting of charging stations in 

the area and teaching the communities to begin to use them. That would mean a great 

step forward in dealing with city centre pollution and maybe even traffic issues. 

 There has been a great step forward in the smart city technologies after the 

Fukushima disaster in Japan. Due to the vast consequences from the nuclear radiation, 

Japan has been suspending each and every functioning nuclear power plant and all the 

future nuclear plans. That meant, that all the significant Japanese technological 

companies, for example Hitachi and Fujitsu, cooperating with various partners all 

around the world, had started huge investments into the development of technologically 

advanced and environmentally friendly smart city technologies and more efficient 

utilization of renewable sources, which are bound to replace the nuclear power in the 

future decades. 
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2 Smart City 

We are still waiting for an exact theoretical definition of the concept of Smart City. At 

the current stage of the existing concepts of smart cities, there are six main innovation 

axes: smart economy, smart mobility, smart environment, smart people, smart living, 

and smart governance. In this way, a Smart City can become a business-competitive and 

attractive environment, aimed at the well-being of its citizens. In future urban contexts, 

people will be surrounded by a ubiquitous digital eco-system made by internet-

connected vehicles, smart buildings, and by plenty of other equipment, like computers, 

tablets, smartphones, Global Positioning System (GPS) navigation devices and sensors, 

capable to interact with each other (see Fig. 1). Accordingly, Information 

& Communication Technology (ICT) platforms became the ground floor of the Smart 

City foundation, thanks to their capability to offer advanced services in Intelligent 

Transport System (ITS), environmental and energy monitoring, building management, 

healthcare, public safety, security and remote working. In other words, ICT plays a key 

role by interconnecting all the actors of a Smart City. [1] 

 

Fig. 1: Example of a Smart City [2] 
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2.1 Why do we need smart cities? 

Today, the world is facing various challenges. To give an example, the world’s 

population has more than doubled in the last 50 years and recently reached 7 billion. In 

1970, there were only two cities in the world with a population of more than 10 million; 

by 2010 there were 23 of these so-called “mega cities.” The number is expected to reach 

35 by 2020. In recent years, the increase in vehicle ownership due to population growth 

has been leveling off in developed countries while it has been growing significantly in 

emerging economies. The growing concentration of people and vehicles in cities not 

only leads to worsening traffic congestions but also to adverse economic and 

environmental conditions that degrade the quality of life. Consequently, there is an 

urgent need for effective environment improvements to urban infrastructures.  

 Japan has been facing various problems including an energy shortage due to 

economic growth and an aging population due to a declining birth rate and increasing 

life expectancy. Since the Great East Japan Earthquake of March 2011, the energy 

shortage has become an even more serious problem due to the loss of electricity 

generated by nuclear power. Despite increasing efforts to develop new energy sources 

such as solar and wind power, it will be some time before they are able to make up for 

the loss of nuclear power.  

 However, these issues also present new opportunities in the sense that needs 

create new industries. Those cities in which state-of-the-art ICT and environment 

technologies are used to enhance the efficiency and sophistication of social 

infrastructure are called “Smart Cities.” [3] 

2.2 Expectations and goals 

All over the world, particular steps are being taken to make a special type of city: a 

smart city. These cities use new technologies to help them reach their diverse goals 

more efficiently. Some cities are being made smarter, and some new cities are being 

designed to be smart from their very beginnings. A common goal is to provide cost-

efficient services to their residents. Another goal is to make cities that are attractive 
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from a variety of viewpoints: for example, to make cities that are both economically 

vibrant and also environmentally friendly. As environmental and energy problems grow 

increasingly severe, and the need for sustainable growth increases, smart cities are 

becoming more necessary and more popular.  

 Various companies have been developing a wide range of social infrastructure, 

equipment, and information systems for cities over many years. Many different 

companies aim to contribute to smart city initiatives and work with various kinds of 

partners to develop and promote smart cities as much as possible. They also take into 

account the economic, environmental, and social issues that a city confronts, and then 

help to provide smart city solutions that help resolve the issues specific to that city. The 

resulting systems not only resolve current issues, but also make it easier to resolve 

future issues. [4] 
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3 Smart Grid 

Today's power supply networks were not designed to handle the increasing amount of 

highly fluctuating power generated from renewable energy sources. Therefore, it is 

essential to transform our power grids into intelligent power supply systems. Smart 

grids are intelligent, self-monitoring, highly automated power supply grids that can be 

better controlled than a conventional energy system. They are equipped with 

information and communication technologies, in order to enable end-to-end data flow 

from the generator to the consumer and vice versa. This means that it is possible to 

integrate so called prosumers – such as buildings that do not only consume power but 

can also feed surplus power back into the grid. These small-scale, distributed energy 

sources can be interconnected to form a virtual power plant and so collectively act like a 

single large power plant. [5] 

According to [6] the smart grid is an automated, widely distributed energy delivery 

network, the Smart Grid will be characterized by a two-way flow of electricity and 

information and will be capable of monitoring everything from power plants to 

customer preferences to individual appliances. It incorporates into the grid the benefits 

of distributed computing and communications to deliver real-time information and 

enable the near-instantaneous balance of supply and demand at the device level. 

3.1 The problem with peak 

While supply and demand is a bedrock concept in virtually all other industries, it is one 

with which the current grid struggles a lot because electricity must be consumed the 

moment it is generated. 

 Without knowing in advance what the demand will precisely look like, at a 

given time, having the ‘right’ supply available to deal with every contingency is 

problematic at best. This is particularly true during episodes of peak demand, which are 

times of greatest need for electricity during a particular period. [6] 
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3.2 Goals of the smart grid 

In terms of overall vision according to [6], the aim for the smart grid is to fulfill the 

criteria mentioned below. 

Intelligent: capable of sensing system overloads and rerouting power to prevent or 

minimize a potential outage; of working autonomously when conditions require 

resolution faster than humans can respond; and cooperatively in aligning the goals of 

utilities, consumers and regulators. 

Efficient: capable of meeting increased consumer demand without additional 

infrastructure. 

Accommodating: accepting energy from virtually any fuel source including solar and 

wind as easily and transparently as coal and natural gas; capable of integrating any 

better ideas and technologies – energy storage technologies, for example. 

Motivating: enabling real-time communication between the consumer and utility, so  

that consumers can tailor their energy consumption based on individual preferences, 

like price and/or environmental concerns. 

Quality-focused: capable of delivering the power quality necessary – free of sags, 

spikes, disturbances and interruptions – to power the increasingly digital economy and 

the data centers, computers and electronics necessary to make it run. 

Resilient: increasingly resistant to an attack and natural disasters as it becomes more 

decentralized and reinforced with Smart Grid security protocols. 

“Green”: slowing the advance of global climate change and offering a genuine path 

toward significant environmental improvement. 

3.3 Fundamental technologies that will drive the smart grid 

Some of the major technologies implemented into the smart grid should be those 

mentioned below. 
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• Integrated communications, connecting components to open architecture for real-

time information and control, allowing every part of the grid to both ‘talk’ and 

‘listen’. 

• Sensing and measurement technologies, to support faster and more accurate 

response such as remote monitoring, time-of-use pricing and demand-side 

management. 

• Advanced components, to apply the latest research in superconductivity, storage, 

power electronics and diagnostics. 

• Advanced control methods, to monitor essential components, enabling rapid 

diagnosis and precise solutions appropriate to any event. 

• Improved interfaces and decision support, to amplify human decision-making, 

transforming grid operators and managers quite literally into visionaries when it 

come to seeing into their systems. [6] 

3.4 What is expected of the smart grid? 

The [6] mentions some of the advantages that the smart grid should feature. 

Efficiency: It is estimated that tens of billions of dollars will be saved thanks to 

demand-response programs that provide measurable, persistent savings and require no 

human intervention or behavior change. The dramatically reduced need to build more 

power plants and transmission lines will help, too. 

Reliability: A Smart Grid that anticipates, detects and responds to problems rapidly 

reduces wide-area blackouts to near zero (and will have a similarly diminishing effect 

on the lost productivity). 

Affordability: Energy prices will rise; however, the trajectory of future cost increases 

will be far more gradual post-Smart Grid. Smart Grid technologies, tools, and 

techniques will also provide customers with new options for managing their own 

electricity consumption and controlling their own utility bills. 
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Environment/climate change: Clean, renewable sources of energy like solar, wind, 

and geothermal can easily be integrated into the nation’s grid and the carbon footprint 

left behind can be substantially reduced. 

3.4.1 Advancements in future developments based on smart grid 

A progress in further development is needed to satisfy the needs of the smart grid and 

some of the advancements mentioned below would bring great technological advantage. 

Zero-net energy commercial buildings: Whether measured by cost, energy, or carbon 

emissions, structures equipped with Smart Grid technologies capable of balancing 

energy generation and energy conservation. 

Superconducting power cables: Capable of reducing line losses and carrying 3-5 times 

more power in a smaller right of way than traditional copper-based cable. 

Energy storage: While electricity cannot be economically stored, energy can be – with 

the application of Smart Grid technologies. Thermal storage, sometimes called hybrid 

air conditioning, holds promising potential for positively affecting peak load today. Also 

the short-term potential of lithium-ion batteries for electric vehicles (EVs) applications 

is promising. 

Advanced sensors: Monitoring and reporting line conditions in real time, advanced 

sensors enable more power to flow over existing lines.  

[6] 
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4 Smart Home 

How will the Smart Grid affect homes? It won’t look very different, but behind the 

scenes a lot will be happening. Up to now, new equipment, appliances, and software are 

available that use emerging Smart Grid technologies to save energy, seek out the lowest 

rates, and contribute to the smooth and efficient functioning of our electric grid. 

 A key element that allows all of the emerging Smart Grid technologies to 

function together is the interactive relationship between the grid operators, utilities, and 

the person using them. Computerized controls in your home and appliances can be set 

up to respond to signals from an energy provider to minimize the energy use at times 

when the power grid is under stress from high demand, or even to shift some of the 

power use to times when power is available at a lower cost. [7] 

4.1 Why do we need smart homes in the smart grid? 

For the future operation of the smart grid, it is essential to flexibly match energy 

production with energy consumption in buildings. Without this flexibility the smart grid, 

being strongly reliant on erratic renewable energy sources (e.g. wind and solar power), 

will not be economically viable. To match energy production and consumption, we need 

buildings that can use less energy when it is in short supply, and store energy when it is 

plentiful. This can only be done with intelligent building automation that controls all 

aspects of building energy production, storage and consumption, whilst at the same time 

maintaining comfort. Also important is providing understandable information on energy 

consumption to building occupants to help them manage their energy usage. [8] 

4.2 Smart meters and Home Energy Management Systems 

Smart meters provide the Smart Grid interface between a user and his energy provider. 

Installed in place of an old, mechanical meter, these meters operate digitally, and allow 

automated and complex transfers of information between a home and an energy 
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provider. For instance, smart meters will deliver signals from the energy provider that 

can help to cut the energy costs. Smart meters also provide utilities with greater 

information about how much electricity is being used throughout the service areas. 

 This energy information coming to and from the homes through smart meters 

can be run through a home energy management system (EMS), which will allow 

viewing it in an easy-to-understand format on a computer or hand-held device. A home 

EMS allows tracking the energy usage in detail to save energy better. For instance, the 

energy impact of various appliances and electronic products can be seen simply by 

monitoring the EMS while switching the devices on and off. 

 An EMS also allows monitoring real-time information, pricing signals and 

creating such settings to automatically use power when prices are lowest. It can also 

choose the settings that allow specific appliances and equipment to turn off 

automatically when a large demand threatens to cause an outage — avoiding peak 

demand rates, helping to balance the energy load in various areas, and preventing 

blackouts. [6] 

4.2.1 Smart Appliances 

In the smart home, many of the appliances will be networked together, allowing a user 

to access and operate them through the EMS. It provides the ability to turn on the heater 

or air conditioner from work when the user is about to go home or keep track of the 

energy use of specific appliances or equipment — like tracking the energy use of a pool 

pump, or seeing how much energy was saved with a new dishwasher, for example. 

 Smart appliances will also be able to respond to signals from an energy provider 

to avoid using energy during times of peak demand. This is more complicated than a 

simple on and off switch. For instance, a smart air conditioner might slightly extend its 

cycle time to reduce its load on the grid; while not noticeable to the user, millions of air 

conditioners acting the same way could significantly reduce the load on the power grid. 

Likewise, a smart refrigerator could defer its defrost cycle until off-peak hours, or a 

smart dishwasher might defer running until off-peak hours. 
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 Of course, these smart appliances will include consumer controls to override the 

automated controls when needed. If you need to run your dishwasher right away, 

regardless of the cost of power, you'll be able to do so. 

 One unique type of smart "appliance" is the electric vehicle, or EV. [6] 

4.2.2 Home power generation 

As consumers move toward home energy generation systems, the interactive capacity of 

the Smart Grid will become more and more important. Rooftop solar electric systems 

and small wind turbines are now widely available, and people in rural areas may even 

consider installing a small hydropower system on a nearby stream. Companies are also 

starting to roll out home fuel cell systems, which produce heat and power from natural 

gas. 

 The Smart Grid, with its system of controls and smart meters, will help to 

effectively connect all these mini-power generating systems to the grid, to provide data 

about their operation to utilities and owners, and to know what surplus energy is feeding 

back into the grid versus being used on site. A potential feature of the Smart Grid will 

be to allow a community to use the solar array to keep the lights on even when there is 

no power coming from the grid. It is called “islanding,” it will allow a home to take 

power from “distributed resources,” such as local rooftop solar, small hydropower, and 

wind projects, until utility workers can bring the grid back online. [7] 
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5 Electric Vehicles 

Electric vehicles (EVs) are now being rolled out to consumers. General Motors 

Company is producing the Chevrolet Volt, a plug-in hybrid. Ford Motor Company is 

producing the Ford Electric Focus and Nissan Motors is manufacturing the Leaf, both of 

which are all-electric vehicles. And a number of startup companies are producing 

specialty EVs, the most prominent being Tesla Motors, producer of the all-electric Tesla 

Roadster. 

 The Smart Grid will have the infrastructure needed to enable the efficient use of 

this new generation of EVs. They can drastically reduce our dependence on oil, and 

they emit no air pollutants when running in all-electric modes. However, they do rely on 

power plants to charge their batteries, and conventional fossil-fueled power plants do 

emit pollution. 

 To run an EV as cleanly as possible, it needs to be charged in the weak hours of 

the morning, when power demand is at its lowest and when wind power is typically at 

its peak. Smart Grid technologies will help to meet this goal by interacting with the EV 

to charge it at the most optimal time. But sophisticated software will assure that your 

EV is still fully charged and ready to go when you need it. And you'll still be able to 

demand an immediate recharge when you need it. 

 In the future, EVs may play an important part in balancing the energy on the 

grid by serving as distributed sources of stored energy, a concept called "vehicle to 

grid." By drawing on a multitude of batteries plugged into the Smart Grid throughout its 

service territory, a utility can potentially inject extra power into the grid during critical 

peak times, avoiding blackouts. EVs also have the potential to help keep isolated parts 

of the grid operating during blackouts. They could also help integrate variable power 

sources into the grid, including wind and solar power. Financial incentives may be 

available for EV owners that allow their batteries to be used this way. [9] 
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5.1 Enabling a charging infrastructure for EVs 

One of the key factors for acceptance of EVs in the marketplace will be the availability 

of charging stations. Currently, a number of entities are building charging stations in 

cities throughout the United States, some of which are supported with external funding. 

For now, many municipalities and private companies are offering free recharges to EV 

owners as an incentive for these clean vehicles. However, as EVs gain market 

penetration, this "free refueling" is likely to come to an end, and charging station 

owners will be seeking a convenient way to charge EV owners for their "fill-ups." 

 Smart Grid technologies offer a potential solution to this problem, at least within 

the area served by the energy provider of the EV owner. With the Smart Grid, EVs can 

identify themselves to the charging station when they are plugged in, and the electricity 

used can be automatically billed to the owner's account. The technology will not only 

simplify transactions for the charging station owners, but also allow EV owners to 

charge up without the need for cash or a credit card. [9] 
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6 Energy solutions 

This is one of the most important questions of the smart city initiatives. The 

optimization of an energy demand and question of the actual self-sustainability of the 

smart city is depending upon the projects testing the various energy related issues.  

6.1 Theory 

I will discuss the energy solutions on which the infrastructure of Smart Cities will be 

based. On the demand side, in order to work on energy savings for consumers such as 

businesses and homes where energy supply issues are brought to the surface by the 

occurrence of natural disasters, substantial expansion has been achieved by the 

introduction of building energy management systems and home energy management 

systems for controlling and visualizing power use. In addition, when shortages in 

electrical power lead to an increase in the number of electricity suppliers due to the 

expansion of renewable energy, there will be a need for supply and demand 

optimization simulation mechanisms to strike a balance between the electricity supply 

and demand and for energy operation systems to control the supply of electricity in 

local distribution areas. These systems will be made more complex by the systematic 

reforms of processes such as power retailing and the separation of electricity generation 

and electricity transmission. 

 To organize these energy solutions, various companies are accelerating their 

efforts to provide energy management systems that can be used efficiently and stably. 

[10] 

6.2 Electricity generation from renewable sources 

According to [11], in 2013 gross electricity generation from renewables increased by 

11 % in European Union (EU) compared with 2012. However, the picture varies 

depending on the energy source: from increase by 1 % for electricity generation from 
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renewable waste to 20 % increase for solar power. Between 1990 and 2012, total 

electricity generation from renewables increased by 177 %. In 2013, renewable 

electricity generation accounted for 26 % of EU's total gross electricity generation. 

 As shown in the Fig. 2, hydropower plants generate by far the largest share of 

electricity from renewable energy sources. Electricity generation from hydropower 

increased by 28 % between 1990 and 2013, even when its share of total renewable 

electricity generation shrank from 94 % to 43 % over the same period, due to 250 GWh 

addition of wind power generation, 100 GWh share of solar power (increased rapidly in 

recent years and in 2013 accounted for 10 % of all renewable electricity) and about 

50 GWh share of biogas and bioliquids (negligible in 1990, reached 6.7 % in 2013) into 

the total electricity generation from renewable sources. This is due to the more rapid 

expansion of electricity generation from other renewable sources. Wind power 

generation more than tripled over the period 2005-2013: since 2000 it has been the 

second largest contributor to renewable electricity, replacing wood and other solid 

biomass, which had held that position since 1990. Also, in 2013 the electricity generated 

from solar energy surpassed wood and other solid biomass and is now the third most 

important contributor to the electricity production from renewable sources.  

Fig. 2: Renewables electricity production in EU [12] 
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Solid renewables (wood and other solid biomass, excluding renewable wastes) are also 

used in conventional thermal generation power plants: their share in electricity from 

renewable sources grew from 3.5 % in 1990 to 9.5 % in 2013. 

6.2.1 Installed capacity for renewable electricity generation 

As shown in the Fig. 3 the available capacity of renewable electricity generation has 

increased significantly over the last 20 years. Wind power capacity had already begun to 

increase rapidly in the late 1990s and from 2005 there was a boom in solar generation 

capacity. Additional capacity increases for other renewables were much more modest 

than for these two. Solar and wind generation are irregular energy sources: their 

utilization rate is much lower than for those renewables used in conventional thermal 

power stations (as well as compared with fossil fuels and nuclear power). Pumped-

storage hydropower plants can be reliably used to deal with surplus electricity 

generation from intermittent sources. The capacity of pumped-storage hydropower 

plants did not increase at the same rate as solar and wind.  

 To compare installed capacity of renewable sources with nuclear power and 

pumped-storage hydropower there are dotted lines assigned for them in the Fig. 3. To 

put into perspective electricity generation capacities from renewable sources, which was 

around 380 GW in 2013, the existing electricity generation capacity of fossil fuel plants 

in the EU was around 450 GW in the same year. [11] 
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Fig. 3: Non-fossil electrical capacity of EU [13] 

6.2.2 Share of electricity from renewable sources 

According to [11] electricity generation from renewable sources, with necessary 

adjustments for wind power and hydro power, contributed 25.4 % to total EU electricity 

consumption in 2013. As shown in Tab. 1, which presents gross electricity consumption 

share of European Union member states from renewable sources, there is a huge 

variation between EU Member States. For example for Malta the level is very low 

(1.6 %), while for Austria it is 68.1 % followed by Sweden (61.8 %). 
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Tab. 1: Share of electricity from renewable sources (%) [14] 

6.2.3 International Energy Agency (IEA) 

Founded in 1974, the IEA was initially designed to help countries coordinate 

a collective response to major disruptions in the supply of oil such as in the crisis of 

1973. While this remains a key aspect of its work, the IEA has evolved and expanded. It 

is at the heart of global dialogue on energy, providing authoritative statistics and 

analysis. 

 As an autonomous organization, the IEA examines the full spectrum of energy 

issues and advocates policies that will enhance the reliability, affordability and 

sustainability of energy in its 29 member countries and beyond. [15] 
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The four main areas of IEA focus 

Energy security: Promoting diversity, efficiency and flexibility within all energy 

sectors. 

Economic development: Ensuring the stable supply of energy to IEA member 

countries and promoting free markets to foster economic growth and eliminate energy 

poverty. 

Environmental awareness: Enhancing international knowledge of options for tackling 

climate change. 

Engagement worldwide: Working closely with non-member countries, especially 

major producers and consumers, to find solutions to shared energy and environmental 

concerns. [15] 

Member countries 

The IEA is made up of 29 member countries. Before becoming a member country of the 

IEA, a candidate country must demonstrate that it has 

• as a net oil importer, reserves of crude oil and/or product equivalent to 90 days of 

the prior year’s average net oil imports to which the government (even if it does not 

own those stocks directly) has immediate access should the Co-ordinated 

Emergency Response Measures (CERM) – which provide a rapid and flexible 

system of response to actual or imminent oil supply disruptions – be activated 

• a demand restraint program for reducing national oil consumption by up to 10 % 

• legislation and organization necessary to operate, on a national basis, the CERM and 

• legislation and measures in place to ensure that all oil companies operating under its 

jurisdiction report information as is necessary [16] 

Energy Policy Highlights showcases what IEA member countries have identified as the 

key recent developments in their energy policies. Each country contribution covers 

a range of energy-related topics, with best practices and policy examples from their 

respective governments, including objectives, characteristics, challenges, achievements, 

and shared lessons. Each contribution underscores the changing nature of both global 
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and domestic energy challenges, as well as the commonality of energy concerns among 

member countries. For example, many of the policies highlighted identify an urgent 

need to reduce greenhouse gas (GHG) emissions as a clear objective. Electricity, 

enhancing energy efficiency and increasing the share of renewables in the energy mix in 

a cost-effective manner are likewise areas of common focus. Overall, the energy 

concerns reflect key areas of focus for the IEA – energy security, environmental 

protection and economic development. [16]  

6.3 Demand Response 

Demand response provides an opportunity for consumers to play a significant role in the 

operation of the electric grid by reducing or shifting their electricity usage during peak 

periods in response to time-based rates or other forms of financial incentives. Demand 

response programs are being used by electric system planners and operators as resource 

options for balancing supply and demand. Such programs have the potential to lower 

the cost of electricity. Methods of engaging customers in demand response efforts 

include offering time-based rates such as time-of-use pricing, critical peak pricing, 

variable peak pricing, real time pricing, and critical peak rebates. It also includes direct 

load control programs which provide the ability for power companies to cycle air 

conditioners and water heaters on and off during periods of peak demand in exchange 

for a financial incentive and lower electric bills. 

 The electric power industry considers demand response programs as an 

increasingly valuable resource option whose capabilities and potential impacts are 

expanded by grid modernization efforts. For example, sensors can perceive peak load 

problems and utilize automatic switching to divert or reduce power in strategic places, 

removing the chance of overload and the resulting power failure. Advanced measuring 

infrastructure expands the range of time-based rate programs that can be offered to 

consumers and smart customer systems such as in-home displays or home-area-

networks can make it easier for consumers to changes their behavior and reduce peak 

period consumption from information on their power consumption and costs. These 
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programs also have the potential to help electricity providers save money through 

reductions in peak demand and the ability to defer construction of new  power plants 

and power delivery systems — specifically, those reserved for use during peak times. 

 One of the goals of the Smart Grid Research and Development (R&D) Program 

is to develop grid modernization technologies, tools, and techniques for demand 

response and help the power industry design, test, and demonstrate integrated, national 

electric/communication/information infrastructures with the ability to dynamically 

optimize grid operations and resources and incorporate demand response and consumer 

participation. To achieve this goal a lot of support is shown in the research, development 

and deployment of smart grid technologies, distribution system modeling and analysis. 

[17] 

6.3.1 Demand response of a smart grid 

Imagine that it is a blisteringly hot summer afternoon. With countless commercial and 

residential air conditioners cycling up to maximum, demand for electricity is being 

driven substantially higher, to its “peak.” Without a greater ability to anticipate, without 

knowing precisely when demand will peak or how high it will go, grid operators and 

utilities must bring generation assets called peaker plants online to ensure reliability and 

meet peak demand. Sometimes older and always difficult to site, peakers are expensive 

to operate — requiring fuel bought on the more volatile “spot” market. But old or not, 

additional peakers generate additional greenhouse gases, degrading the region’s air 

quality. Compounding the inefficiency of this scenario is the fact that peaker plants are 

generation assets that typically sit idle for most of the year without generating revenue 

but must be paid for nevertheless. 

 In making real-time grid response a reality, a smarter grid makes it possible to 

reduce the high cost of meeting peak demand. It gives grid operators far greater 

visibility into the system, enabling them to control loads in a way that minimizes the 

need for traditional peak capacity. In addition to driving down costs, it may even 

eliminate the need to use existing peaker plants or build new ones which would save 

money and the environment. 
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 Devices such as wind turbines, plug-in hybrid electric vehicles and solar arrays 

are not part of the Smart Grid. Rather, the Smart Grid encompasses the technology that 

enables us to integrate, interface with and intelligently control these innovations and 

others. 

 The ultimate success of the Smart Grid depends on the effectiveness of these 

devices in attracting and motivating large numbers of consumers. 

[6] 

6.4 Energy management projects 

According to [18] one of the most important themes in developing smart cities is 

establishing stable energy utilization systems. First of all the smart grid demonstration 

project must be set up. One of those took place in the Rokkasho-Village in Aomori 

prefecture in China. Only natural energy was utilized to verify an energy storage control 

and unload control technology that maximize the use of CO2 free natural energy and 

power guidance technology with local community participation. To expand the search 

for efficient energy utilization, several demonstration projects are underway. Among 

these is Dalian BEST City, where the water treatment and reuse of home appliances are 

tested. This city is part of a model project for community management systems.  

 This data is processed in the Omika Works of Hitachi, where the verification of 

energy management systems takes place. The entire area is envisioned as one city and 

each building and area is considered a community. Verification of energy management 

systems is underway during normal work operations and the data is being collected 

toward the creation of the smart grid - the next generation electric power network that 

will control the flow of electric power flexibly. 

 Another important smart city project under the Hitachi group takes place at the 

Island of Maui, Hawaii. It is an integrated demonstration project for urban development, 

where the data from plenty of other projects in Japan are engaged into the experimental 

business operation. The technology to absorb and mitigate the effect of sudden changes 

in power generated by wind turbines is tested. Also the implementation of electric 
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vehicles (EV) control system to respond to the heavy demand surges for recharging 

when numerous electric vehicles are in use. 

 In parallel with the Hawaii project, Hitachi group is engaged in Kashiwa-no-ha 

Smart City Project in Kashiwa City, where the full concept of the smart city is taken 

into the account. All the IT and control technologies are being used to enable the 

visualization of energy consumption and its area energy management systems (AEMS), 

which are employed over the entire area to manage energy generation, energy saving 

and energy storage. 
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7 Hawaii: Japan U.S. Island Grid Project 

In Hitachi's vision, smart cities seek to deliver quality of life (QOL) while also 

satisfying the demands of society (such as making extensive use of renewable energy), 

based around solutions that fuse information and control technologies. Hitachi is 

actively involved in the deployment of these smart city solutions outside Japan, 

including being entrusted by Japan's New Energy and Industrial Technology 

Development Organization (NEDO) to participate in the Japan U.S. Island Grid Project. 

This demonstration project runs up until the end of 2015 and is being conducted in 

collaboration with partners which include the state of Hawaii, the County of Maui, 

Hawaiian Electric Company, Inc., Maui Electric Company, Ltd., the Hawaii Natural 

Energy Institute of the University of Hawaii, and other partners. [19] 

 In the Fig. 4 the variability of different renewable sources around the islands of 

Hawaii are shown. The wind and solar power is harvested in huge amount due to 

convenient location of the islands. Also geothermal activity is substantial thanks to the 

Fig. 4: Example of activities in Hawaii [20] 
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volcanic origin of the islands and that makes it a rare but very effective renewable 

source as well. 

7.1 40 % share of renewable energy in Hawaii by 2030 

Increasingly severe global environmental problems are prompting international interest 

in the adoption of renewable energy to reduce CO2 emissions and achieve greater 

diversity in energy supplies, the introduction of electric and other new-generation 

vehicles, and more efficient energy use to encourage energy savings. 

 According to [19] the islands of Hawaii aim to obtain 40 % of its electric power 

generation from renewable energy sources by 2030, and have already made 

considerable progress toward the adoption of renewable energy. This includes wind 

power in particular and also other forms such as biomass and photovoltaic (PV) power 

generation. This rapid adoption of renewable energy has also brought certain problems 

that are characteristic of island power grids, including fluctuations in frequency caused 

by the variable output of renewable energy sources, and voltage rises during periods of 

sunshine due to the increasing amount of PV capacity that is being connected to low-

voltage distribution systems. 

 Electric vehicles (EVs) are expected to become more widely used in the future. 

Recognizing their potential for helping to minimize these problems and achieve the 

target of 40% renewable energy, an EV energy control center has been installed to 

manage the charging throughout Maui. As showed in the Fig. 5 variety of other 

equipment has also been installed, such as micro distribution management systems 

(µDMS), home gateways and smart power conditioning systems (PCS) — converting 

DC output from photovoltaic cells into AC of the distribution network — equipped with 

communication functions or EV charging stations. This equipment manages demand in 

the island's Kihei district and minimizes the voltage problems caused by PV power 

generation. 
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Fig. 5: Japan U.S. Island Grid Project (Outline) [19] 

Six advanced initiatives adopted in Hawaii 
Hitachi has adopted six specific advanced measures for the demonstration project that 

can be seen in the Fig. 6. 

 The first is to make efficient use of the large amount of renewable energy 

generation that has been installed. Utilizing advanced load shifting technology, highly 

efficient energy use can be achieved by incorporating predictions of the output of 

renewable energy generation into existing power demand forecasting. 

 The second initiative is to deal with rapid changes in supply and demand that are 

characteristic of renewable energy. This involves the direct control of EV charging and 

various household equipment to manage electric power use in a way that ensures that 

people's daily lives are not impacted by, for example, sudden lulls in the wind when 

using wind power generation. 
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 Through initiatives such as providing the equipment and systems needed to 

support the widespread adoption of EVs, maintaining the security needed to ensure safe 

system operation, using distributed control for fine-grained energy management, and 

establishing information and control platforms based around the smart city center, the 

project aims both to create a low-carbon society on Maui and to deliver quality of life. 

[19] 

*3 Machine-to-Machine 
*4 Radio Frequency 

Fig. 6: Machine to machine network [19] 
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8 Yokohama Smart City Project (YSCP) 

Yokohama, a city of 3.7 million, is highly regarded as a city that values both the 

environment and the economy. In Yokohama, public and private enterprises work 

together to leverage Yokohama's strengths toward the resolution of various urban 

problems in developing countries, the realization of a low-carbon society, and the 

realization of a society of sustainable mobility. 

8.1 Effective use of renewable energy 

The Yokohama Smart City Project is a five-year-long field test that began when 

Yokohama City was designated as a "Next-Generation Energy and Social systems 

Demonstration Area" by the Ministry of Economy, Trade and Industry in April, 2010. 

Through the use of renewable energy, such as solar power, Yokohama City is taking 

steps to create a new social system that has the goal of reducing carbon dioxide 

emissions by 30 %. 

 Energy Management System Using Chargeable and Dischargeable EV (EV-

EMS) combines renewable energy, EV batteries, and stationary electrical energy 

storage. As well as its goal of being an eco-friendly charging system that makes 

effective use of renewable energy, the EV-EMS partners aim to implement the system in 

communities as a part of the energy-storage infrastructure. The EV-EMS partners are 

also linking this system with the area Energy Management System (EMS) that 

encompasses the entire community. Through this, the partners are verifying how 

effective it is to implement the batteries mounted in EVs that are connected to eco-

friendly charging stations, as well as fixed storage batteries, to optimize the use of 

energy across the entire community. [21] 

8.2 EV-EMS 

As you can see in Fig. 7, Hitachi's eco-charging system carries out charging of EVs 

while considering the load on the electrical grid, by making effective use of renewable 
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energy and electrical-storage batteries, and controlling peaks in electrical demand 

caused by widespread charging. However, the convenience of users is still the main 

priority of the system. The electrical storage batteries used are a hybrid of lithium-ion 

and lead-acid batteries. The characteristics of each type are used in tandem, partly to put 

large amounts of electricity to efficient use, and the batteries store electricity without 

first converting it from the DC that is generated by solar panels, which minimizes loss. 

These batteries help in the pursuit of improvements in the use of renewable energy. [21] 

Fig. 7: EV-EMS [21] 

8.3 Yokohama Mobility "Project Zero" (YMPZ) 

Led by Yokohama City and Nissan Motor Co., Ltd., it aims to bring a low-carbon, high-

mobility society through the cooperation of public enterprise, private enterprise, and 

government.  
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As part of this demonstration test, Hitachi is providing the IT platform that forms the 

nucleus of the "Choi-Mobi Yokohama" car-sharing system. Choi-Mobi Yokohama, 

which started on October 11, 2013, is a one-way car-sharing system (a system allowing 

the user to rent a car from one location and return it to a different location) that uses the 

Nissan New Mobility concept, a 100 % - electric vehicle. Choi-Mobi Yokohama is the 

country's first one-way car-sharing project to offer ultra-light mobility on the scale of 

100 vehicles. [21] 

8.4 Choi-Mobi Yokohama 

A one-year trial that forms part of Yokohama Mobility "Project Zero", has three goals: 

the promotion of low-carbon transport, an increase in quality in city life and mobility, 

and the promotion of tourism. Users of Choi-Mobi Yokohama are able to rent vehicles 

from any of the roughly 70 service locations established in the Yokohama City area, and 

return the vehicles to the same or a different service location. In addition, once 

prospective users have registered for the service via (for example) the Choi-Mobi 

Yokohama Web site, they are able to reserve a vehicle from smartphones or mobile 

devices as well as from PCs. [21] 

8.4.1 Ultra-compact EV sharing initiative 

According to [22], as a user, you first need to register and download an app to your 

mobile phone or tablet that will tell you the closest location of an available Choimobi. 

Once booked, the vehicle will allow you to drive it anywhere in the city as long as it 

stays within the city limits. 

 Charging is calculated on a per-minute-of-use basis from activation, and 

terminates when the vehicle is parked in any other dedicated location. Each vehicle is 

linked to a control cloud that monitors position and state-of-charge. When the battery 

charge falls below 20 % by the time the Choimobi docks, the vehicle is taken out of 

service until it’s fully recharged. Statistics show that most vehicles are used for fewer 

than five km (for about 20 minutes) at a time. 
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 As showed in the Fig. 8 the Yokohama EV does not feature side windows or any 

air-conditioning, and is quite basic – it can be thought of as a scooter with four wheels. 

It is very easy to drive and the compact dimensions make city driving very easy. The 

13 kW motor moving only 500 kg EV provides enough punch to stay with the traffic. 

The Choimobi can carry a driver and a passenger behind him. The range Nissan 

Choimobi can handle within one charging cycle is around 100 km in the city like 

conditions. 

 

Fig. 8: Nissan Choimobi [21] 
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8.5 Yokohama smart city project specifications 

Yokohama has established itself as a global leader for the drive toward smart cities. The 

city has set a target of delivering a 30 % reduction in carbon emissions per person by 

2025, compared to 2004, and 60 % by 2050.  The city’s program for meeting these goals 

includes increased use of renewable energy, building improvements, transportation 

innovations, and demand management. As shown in Tab. 2, the Yokohama Smart City 

Project (YSCP) is focused on the deployment of a range of energy management systems 

in residential and commercial buildings, as well as a program for EV integration 

mentioned above. [23] 

Tab. 2: YSCP project range [24] 

Number of households involved in the 

operational experiments

4,000 houses and apartments for social 

verifications and technology verifications

Number of workplaces involved in the 

operational experiments

4 office buildings, 3 commercial 

buildings, 4 apartments, 1 large-scale 

factory

Number of EV/ involved in the 

operational experiments

25 EVs for demand response verifications 

( inc lud ing 6 EVs fo r cha rg ing /

discharging; 2 charging stations with PV/

storage batteries)

Target for introduction of photovoltaic 

generation, etc.

Photovoltaic (PV) generation: 27MW; 

HEMS: 4,000 households; EVs: 2,000 

vehicles
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9 European Project demonstrations 

This is a demonstration of a GRID4EU project of 6 countries (from which 3 were 

picked) led by energy providing companies in each of them. The main goals are to test 

different smart grid and demand response applications. 

9.1 Vrchlabi, Czech Republic 

The demonstration aims at designing, implementing and testing medium voltage / low 

voltage (MV/LV) grids modified by remote controlled devices, fast communication 

infrastructure and local supervisory control and data acquisition system (SCADA) to 

support automated operation. 

 A Combined Heat and Power unit (CHP) with 1.6 MW installed capacity is used 

for providing local power supply in amount of average annual consumption for 

predefined island operation area and allows testing capability of the designed solution to 

balance power supply with power consumption during the island operation with a 

proper reliability and quality of supply. As shown in the Fig. 9 the electricity from CHP 

unit flows into the switching station and from there through generation unit the 

electricity flows to MV/LV substations where the EVs can be charged or it can supply 

electricity to various commercial buildings connected via LV street cabinet to the grid. 

[25] 

Fig. 9: Vrchlabi Smart Grid distribution system [25] 
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Main objectives 

The main objectives are to test a quality improvement and reliability parameters of the 

grid within the automated solution on MV, LV levels of the distribution grid. Also 

reliability parameters during the island operation thanks to CHP unit implementation 

will be tested. Demonstration of all activities will be supervised by superior SCADA 

operator. [25] 

The expected outcomes are following: 

• Automation of failure management on MV level in distribution grid 

• Automation of failure management on LV level in distribution grid 

• Management of island operation 

9.2 Reken, Germany 

Implementation of autonomous multi-agent systems for surveillance and automated 

control of MV networks is a potential solution to a better utilization of MV networks. 

Autonomous working agents will be installed in a distributed way at critical locations in 

the grid. The agents themselves communicate amongst each other as well as with 

sensors which could be e.g. smart meters, to figure out the current state of the MV 

network. Deriving from all available data the agents make their own decisions, e.g. how 

to switch or to adjust transformers to operate the MV network in an optimized way. The 

decisions will not be made independently from other agents but will be negotiated 

amongst the agents. The agents give commands to actors like remote controllable 

switches at disconnection points. 

 Decisions and commands of the agents will be sent to a control centre which 

fulfills surveillance purposes and which could also intervene or overrule the agents’ 

commands. For safety reasons the control centre is able to block particular grid-sections 

for the agents to adjust. Hence the control centre always knows about the current grid 

topology. 
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 The added value of the proposed agent system in comparison to a conventional 

system is their robustness and low need for maintenance. Any central approach needs 

excessive maintenance in case of system modifications. In comparison to that fully 

distributed agents detect their environment themselves and draw their conclusions for 

actions from this environment. This means the agent system adapts itself to changing 

system conditions. This increases the robustness significantly. [26] 

Main objectives 

Demonstrate that autonomous multi-agent systems can become an industrial solution to 

manage MV networks, thus allowing: 

• Integrating an increasing number of Distributed Energy Resources (DER) in the MV 

network and underlying LV networks 

• Achieving higher reliability, shorter recovery times after grid failures, improved 

workforce-management  

• Avoiding unknown overloads 

• Fulfilling the needs of surveillance and remote-control in MV networks 

9.3 Carros, France 

Nice Grid (shown in the Fig. 11) is a pilot project of smart solar district. The ambition 

of Nice Grid is to study the whole Smart Grid concept, especially the smooth integration 

of Distributed Energy Resources (DER) into the local LV grid: renewable generation 

with rooftop solar, electricity storage and load curtailment with smart home equipment. 

The pilot will test programs of dynamic load management to 

• Enhance the integration of solar power generation into the existing distribution grid 

• Ensure the security of energy supply at local level 

• Reduce consumption levels during peak demands 

• Study the islanding of a neighborhood based on solar generation and electrical 

storage 
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Main objectives 

The main objectives are to optimize the operation of an MV/LV electrical network with 

a major integration of solar power generation and electricity storage capacities and test 

the islanding of a micro-grid based on solar power generation and electricity storage. 

Also to guarantee continuity of supply and reduce potential constraints on the high-

voltage transmission lines of the area and finally to encourage customers to be proactive 

in managing their production, consumption and storage of electricity 

Main outcomes of the Nice Grid are to 

• Manage solar power generation on the LV grid 

• Manage efficiently the local load shedding capacities 

• Provide reliable electricity production and consumption forecasts 

• Study the prosumers acceptance of demand response programs 

• Succeed in storage and solar-based islanding 

[27] 
 

Fig. 11: Nice Grid illustration [27] 
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8 Conclusion 

To sum up, there are plenty of concepts and studies, even ongoing scientific projects 

concerning the smart cities all around the world. Those projects deal with even more 

questions and hypotheses just to test whether the technology would prove useful for the 

future cities. That means, in my opinion, that the times of great, self-sustainable smart 

cities are, at least, a decade away.  

 To compare the variety of the projects with the complex smart cities in 

Yokohama or Hawaii is very difficult due to various goals of each project and different 

testing communities. As I pointed out, for example, in the Tab. 2, the final target of the 

photovoltaic energy generation for Yokohama smart city would be around 27 MW. That 

would be sufficient for about 4000 households and 2000 electric vehicles with charging 

stations. There will be, of course, more renewable energy sources in action, but, in my 

opinion, the energy sustainability of the big city like Yokohama will always need to be 

supported by other energy sources than the renewable ones. The only question is, 

whether the nuclear power plants will remain in the leading role as the most effective 

energy source. To compare this data with the other smart city project I have mentioned, 

in Hawaii, where in the Fig. 4 is obvious that the solar energy has a leading part in 

electricity generation (according to [28] reaches power of 150 MW, but more PV power 

plants are being built throughout the islands). But the solar power in Hawaii is 

supported, more than enough, by the geothermal power (30 MW) and mostly by wind 

power farms (over 400 MW installed capacity).  

 I would like to mention the main reason Hawaii takes the way of being reliable 

upon the renewable energy sources as much as possible. The reason is simply the cost of 

the electricity, which reaches one of the highest values in the USA, due to island's 

separation and thus severe dependence on imported petroleum and coal. To compare, in 

Hawaii the price is about triple the US average cost of 1 kWh of electricity. 

 Now I would like to discuss the implementation of the smart grid technologies 

in Germany, France and, in particular, in Czech Republic. There is the GRID4EU 

project of the European Union that Czech Republic is a part of and it takes place in 
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Vrchlabi as mentioned above in detail. This is a testing project of the smart grid 

implementation and unfortunately, no more expansion is planned in the near future so 

far. It works with the CHP power plant and standard PV and wind sources and tries to 

keep a stable electrical network. To compare the renewable energy sources 

implementation in Czech Republic with Germany and France, we can look at the table 

below to see that in total energy production percentage we are definitely a match to our 

superior neighbors with the 10 % share of renewables compared to the 15 % share in 

France and 27 % share in Germany. 

Fig. 12: Share of renewables in total energy production (%) [29] 

 The last thing I would like to point out in my evaluation is more on the 

controversial side of the projects mentioned above. That is, of course, the still unveiled, 

but ever present dilemma of the smart grid, which should work upon the idea of a 24/7 

supervision over all the links and communities inside the grid itself. Then there is the 

idea of interconnection of each and every household, office or factory building in the 

city via wireless network, so that the energy demand and distribution can be monitored 

as effectively as possible. I think we can only hope that people living in smart cities are 

benevolent enough about this kind of supervision, in greater benefit of everyone on the 

planet.  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9 List of shortcuts 

GPS  Global Positioning System 

ICT  Information & Communication Technology 

ITS  Intelligent Transport System 

EV(s)  Electric vehicle(s) 

EMS  Energy management system 

HEMS  Home energy management system 

AEMS  Area energy management system 

EU  European Union 

IEA   International Energy Agency 

CERM  Co-ordinated Emergency Response Measures 

GHG   Greenhouse gases 

R&D   Research and Development 

CO2   Carbon dioxide 

QOL  Quality of life 

NEDO   New Energy and Industrial Technology Development Organization 

YSCP  Yokohama smart city project 

PV    Photovoltaic 

µDMS   Micro distribution management system 

PCS    Power conditioning system 

AC/DC   Alternating/Direct current 

EV-EMS   Energy Management System Using Chargeable and Dischargeable EV 

MV/LV   Medium voltage / low voltage 

SCADA   Supervisory control and data acquisition system 

CHP   Combined Heat and Power unit 

DER    Distributed Energy Resources 

PC    Personal computer 

MW(h)  Megawatt(hour) 

GW(h)  Gigawatt(hour)  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