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Fabrizio Rossi, Secretary General of the Council 
of European Municipalities and Regions (CEMR)

We live in exceptional times, where changes 
happen at a pace just not imaginable only a few 
decades ago. The constant movement of trans-
formation across Europe we are witnessing re-
flects trends and innovations often coming from 
other parts of the world, sometimes being con-
ceived and developed in our continent. This 
great transformation has modified the way we 
interact and communicate, move people and transport goods, make payments, pro-
duce and stock energy. And in turn, this silent revolution has become increasingly 
evident in the space we live in, our cities, towns, villages. 

If today there is an element that more and more unites large metropolises with 
small rural centres, it is precisely this transformation. All our communities want 
to be smarter in the way they use their resources and provide services to their cit-
izens. This is a silent revolution not only because electric buses produce less noise 
pollution than petrol ones or because an e-mail is less noisy than fax! It is silent 
because through a transversal approach, we are transforming our economies and, 
therefore, our communities. 

In fact, being a smart city or a smart rural area today means trying to obtain an 
integrated approach to services. It is a triple gain if it improves the quality of life of 
citizens, increases the competitiveness of our economies, and pave the way for a 
sustainable low-carbon economy. The local transport system cannot ignore the way 
the energy necessary to make it work is produced, just as public buildings or the 
house in which we live must respect energy criteria that are growingly attentive 
to sustainability, and productive activities are reconverting towards a model with 
a lower impact on the environment and natural resources. And all this would be 
impossible without the ability to store, analyse and manage huge amounts of data 
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that allow us to optimise production processes and provide more accurate and 
rapid services to citizens. 

The role of municipalities has therefore become crucial to manage and steer a 
change that is as profound as it is irreversible. A good local administration is, in 
fact, what can make the difference between a territorial development without order 
and growth for the benefit of all. For these reasons, the book edited by Alexander 
Schlüter and Juan Bernabé-Moreno represents a rare opportunity to learn more 
about the state of the art of this transformation in Europe and how the municipali-
ties across the continent face this great challenge. 

All people living in the European territory today should enjoy what Henri Lefebvre 
called the ‘right to the city’, which perhaps today we should call the ‘right to the 
community’, since cities and rural areas are united by similar problems and solu-
tions. The right to the community is, therefore, not only the right of every person 
to access the resources and services of their own territory but also, and possibly 
above all, to contribute to this transformation so that it takes place in a way that is 
respectful of all. In fact, no change can make sense for European municipalities if 
not aimed at the well-being of their citizens, the inclusion of disadvantaged ones, 
the development of everyone's potential. This is probably the real and pivotal chal-
lenge that awaits all of us, both citizens and public administrators.

Brussels in February 2022

Fabrizio Rossi



Congratulations! You are one of the few people who read and pay attention to fore-
words. For this book, it makes sense to do so because we explain how you can use 
it most effectively to your advantage. This is because we don’t just want to report 
on technologies and challenges but encourage you and give you tangible recom-
mendations for action.

But who are we – over 40 established international experts – actually writing this 
book for? It is, of course, intended for all those interested in smart cities and rural 
areas. We are directing it in particular to those responsible in cities, towns, villages 
and districts. They are crucially important to ensure that further development in 
energy, mobility and digitalisation succeeds. They have begun to gather experi-
ence in their local areas. We want to supplement this with scientific insights and 
forecasts while explaining technical terms and contexts in detail. Our aim through-
out these chapters is to make you realise the challenges and take interesting ap-
proaches on board to enrich the lives of residents. Your municipality can contrib-
ute to the success of the energy transition while benefiting from it at the same 
time. Of course, experts in the field, students and those in the issues covered are 
invited to advance their education by reading this publication. 

But what makes the transformation into a smart municipality worthwhile at all? 
It’s because smart municipalities permit a more sustainable way of living and are 
therefore an answer to the major challenges, such as climate change, facing our 
society. Our environment is changing at an extraordinarily rapid pace  – unfor-
tunately, to our disadvantage. The systematic destruction of our planet worsens 
living conditions and increases the risks to human health, entailing high economic 
and social costs and leading to species extinction. We are currently living through 
some of the dangers that face us when the relations between humans, nature and 
wildlife are thrown off balance – for example, an increased risk of pandemic. 

Wouldn’t it be clever to combine the necessary changes with an improvement of 
our quality of life? And that’s precisely what smart city projects are all about. In 
this book, we start off with the basics and encourage you to create your own vision 
and strategy for your smart municipality of the future and to understand your own 
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role and responsibility in shaping it. After that, you will read about the numerous 
challenges and opportunities presented by energy systems and digitalisation. For 
the focus areas you will have formulated on this basis, we will point you toward 
selected funding and subsidy options.

Last but not least, we want to thank all those involved in this project, which has 
been driven and implemented with great enthusiasm right from the start by E.ON 
internally as well as by the many external authors. We hope you enjoy the book 
and the subsequent implementation.

Munich in spring 2021

Alexander Schlüter and Juan Bernabé-Moreno

 � Foreword to the European Edition

The feedback on the first book has shown that we seem to have hit the spot with 
the subject and type of presentation. For this reason, and in response to further 
climate-linked disasters, we have decided to publish an English edition to cater for 
a European framework. Compared with the first book, which contained many ex-
amples and data from Germany, we have replaced these with references to Europe 
and the European Union in this edition. And of course we have updated the infor-
mation in general wherever possible. What’s more, the team has been expanded, 
and Greenwich, London has made itself available for interview. We are very grate-
ful for this. OK, enough of the foreword. Now it’s time to read, plan and act!

Munich in February 2022

Alexander Schlüter and Juan Bernabé-Moreno
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To make it easier for you to read this book, we are presenting three model munici-
palities, as shown in Figure 3.1. They are based on Eurostat’s definitions (cf. Part I, 
Chapter 1). Throughout this book, we use these categories to highlight the differ-
ent challenges and opportunities the three types of municipalities, i. e. large, me-
dium and small, each face.

Structure

60 k Inhabitants 10 k Inhabitants

Some industry, retail, public 
transport connec�on

to nearest big city, mainly 
residen�al areas, medium 

building density, small hospitals, 
care centres

Agrarian economy, seldom 
industry and retail, scarce public 

transport, private transport 
reliance, low building density, 

few care centres, doctors‘ 
offices

Industry, retail, ac�ve 
business environment, good 
and readily available public 

transport, high building 
density, large hospitals,

care centres

1.5 m Inhabitants
Metropolis Medio Town Villago

Figure 3.1 Model municipalities used throughout this book

The transition between the model municipalities is fluid. Villago, for example, can 
be understood as a rural area, or as a village or as a small town.

As described earlier, there is no standard definition of smart city or smart rural 
area that explores individual issues in any detail. In larger projects involving sev-
eral organisations, this may soon lead to disputes among the parties. Therefore, 
you should first work on developing your own definition and objectives. If you don’t 
know what you are aiming at, you will never get there. Away from the focus of 
this book, examples could include transparency in political projects and creation 
of a cooperative, digital administration, industry and commerce, educational and 
health facilities, safety in public places, science and culture.

How to Make Your 
Municipality Smart 
and Sustainable
Alexander Schlüter

3
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Here are a few suggestions for the main issues of this book.

(1) This first list concerns municipalities of any size:

 � Our primary energy demand per head is to be 25 % lower than that of compara-
ble municipalities by 2030. We want to be climate-neutral by as early as 2035.

 � We are tightening the requirements for planning permission so that buildings 
will have to be constructed as low-energy houses from now on, and as passive 
houses from 2030. For existing buildings, integration into the energy use plan 
and local energy concepts will be required and incentivised.

 � To this end, we will use at least 20 % of available roof space for photovoltaics to 
generate electricity.

 � We want significantly cleaner air and less traffic noise. To achieve that, we will 
continually expand the facilities offered to cyclists and limit passenger car traf-
fic. From 2025 onwards, no diesel or petrol-powered cars will be allowed to 
drive in our central district.

 � When constructing new buildings, we must provide an adequate number of 
parking spaces for bicycles and cargo bikes: one space for a standard bicycle 
per person.

 � We will expand the local public transport infrastructure. Starting immediately, 
we will gradually convert our buses to silent drive types without climate-rele-
vant emissions by 2030.

 � We will promote car sharing with modern, low-emission drives and offer dedi-
cated parking in convenient locations for such vehicles.

 � We will apply the top runner principle, which is used successfully in other 
parts of the world. When making new acquisitions, only the three most inno-
vative and sustainable technologies will be considered, which will where possi-
ble, also provide added value for the energy transition.

 � The indirect costs of a product, such as the energy costs incurred during its 
useful life, are often significantly higher than the initial cost. Energy efficiency 
will therefore become an essential part of our procurement process. Contracts 
will be awarded to the most sustainable quotation with the lowest total cost of 
ownership.

 � Our website will provide information on how residents can increase their 
 energy efficiency, including with the help of energy experts, whose services 
we will arrange on an agency basis.

 � Our digital infrastructure will be ultra-modern.

 � We will provide WiFi hotspots free of charge.
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(2a) For the Metropolis model city, you could additionally specify the following:

 � Car-free zones in and around the city centre will be expanded to encourage 
visitors to look at buildings and parks rather than cars and roads. 

 � Throughout the city, motorised deliveries can only be made with silent drive 
types, which have significantly lower emissions. To facilitate deliveries, reload-
ing terminals will be set up close to railway stations.

 � We will network the energy flows in and around industrial areas. Factories, 
swimming pools, greenhouses, etc. offer good opportunities for exchanging 
thermal energy. In a best-case scenario, we will achieve a circular economy. We 
want to reduce our specific heating demand, i. e. kWh per person or tonne of 
product, for example, by 50 % by 2030 and by 70 % by 2050.

 � We will encourage urban gardening and offer workshops for this purpose.

 � We will provide Internet of Things (IoT) technology and plan 15 pilot projects 
in this context.

(2b) Medio Town’s administration could plan to do the following, in addition to (1):

 � We will campaign for an even better connection of local public transport to the 
nearest major city and the other towns nearby.

 � We will bundle our industries in a well-thought-out industrial area.

 � We will provide IoT technology and are planning two specific pilot projects in 
this context.

 � We are providing a cycling network.

 � We have established traffic-calmed zones and cycling streets in our residential 
areas and the town centre. Motor traffic is guided around the town centre.

(2c) And Villago will plan to do the following in addition to (1):

 � We provide local public transport, even if use rates are very low at times. We do 
so, for example, by providing on-demand ride services.

 � We organise a weekly market in the area and offer a bring-to-market service 
linked to the local public transport system.

 � We want to generate the energy we consume ourselves and create a smart grid 
(together with neighbouring municipalities, if appropriate).

 � We are open to renewable energies, such as wind farms. However, local people 
and the municipality should get a fair share of the profit. We organise public 
information events, shadow the information- and will-forming process and 
support the establishment of cooperatives.

 � We encourage the formation of carpools with an appropriate internet platform.
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A Few Energetic Basics
The authors collaborating on this book are aware that you may not always be famil-
iar with the subject of energy. This is why we paraphrase the terms and sometimes 
even use colloquial terms – such as power for electrical energy or storage for en-
ergy storage. But it can be interesting to pay attention to detail in the public debate. 
Take note of what the newspapers say or the terms politicians use when they speak 
on television: electricity, heating or energy? Energy also includes fossil fuels for 
mobility, for example. In other words: electricity is not the only form of energy. It is 
merely an important part of it. However, as all three forms are of interest to the 
people on the ground – including you – this book deals with all three.

In this context, you should be careful not to confuse the type of energy medium on 
its way to you (referred to as secondary or final energy) with its use on-site. As 
you can see, you have to pay attention to the right terminology when talking about 
energy, primarily to ensure comparability. The chain is as follows:

 � primary energy, e. g. natural gas at the source,

 � secondary energy, e. g. electrical power en route from the power station to the 
end customer,

 � final energy, e. g. electrical power from the socket at home,

 � useful energy, e. g. heat or movement.
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 � 2.2  How Can the Electricity Grid Be Turned 
into a Future-capable Smart Grid?

In its definition of smart grids, the IEEE singles out, in particular, the use of new 
communications and information technologies, which characterise the energy sys-
tem of the future:

“The Smart Grid (SG) has come to describe a next-generation electrical power 
system that is typified by the increased use of communications and infor-
mation technology in the generation, delivery and consumption of electrical 
energy.” 

Yu (2010)


Of crucial importance here are the measurement, control/balancing and IT compo-
nents, which can record the grid status in real-time and communicate with each 
other. 

Ultimately, this will produce much more than just a digital version of the conven-
tional power grid: it will be enhanced by innovative grid operating resources, and 
new intelligent operating strategies will be enabled. At the same time, smart me-
ters will digitalise and network households and decentralised systems. Bidirec-
tional communication and new balancing interfaces will allow the flexible integra-
tion of many additional power producers and consumers. In this way, smart grids 
are expected to ensure that sustainable, economically viable and secure power sup-
plies can continue in the future (Ali, 2013, p. 25).

It will not be possible to meet the needs of the future power by merely adding ICT 
components. Based on the above points that make today’s grid ready for the future, 
the formula to define smart grids could be as follows: 

Conventional power grid + new grid operating resources & networking 
+ smart meters + intelligent flexible integration of generation & consumption 
= smart grid 

What does this kind of future-capable smart grid look like in concrete terms? What 
is behind words such as smart meter? What will change for customers, and how 
will consumers become flexumers? You will find out shortly.
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2.2.1  New, Digital Grid Operating Resources and Networking

The energy transition makes the expansion and digitalisation of the grid infra-
structure unavoidable. In this context, we are not referring only to new operating 
resources such as innovative transformers and switchgear, which will guarantee 
secure grid operation in the future, but also to the networking of components. In 
this way, the power grid will be extended by adding a digital information network, 
with measurement technology and sensors on the lines (Limbacher, 2018). Several 
different channels will be available to exchange data between the grid operating 
resources. Firstly, there are dedicated fibre connections, and secondly, medium 
voltage lines can also be used for data communications using powerline technol-
ogy. Wireless communications via the common mobile communications standards 
LTE or 5G are also possible. The data is collated in the grid operators’ control cen-
tres. They develop an optimised operating strategy to maintain grid voltage and 
efficiently manage energy flows based on the information gathered. 

DSO 2.0: Greater Responsibility for Distribution System Operators

It is infinitely more complex to operate a smart grid than the grids we used to have. 
Since the energy transition is taking place almost entirely in the distribution system, the 
coordination requirements for distribution system operators have increased considerably. 
The greater responsibility and enlarged range of tasks have resulted in the term “DSO 
2.0” being coined (see Colle et al., 2018). It is used to explain that distribution system 
operators do not develop incrementally but that their role is changing fundamentally in 
a short space of time.



However, only a few medium- and low-voltage grids have the required metering 
and balancing technologiy today, which leads to difficulties determining the actual 
grid status. What is more, most transformers have a constant turns ratio. This 
means that when larger volumes of power are temporarily fed in from renewable 
sources, unacceptably high grid voltages may result. The problem can be remedied 
with adjustable local grid transformers with a variable turns ratio, which decouple 
the voltage levels. Therefore, flexible local grid transformers can provide a con-
stant voltage from the substation on the low-voltage side. 

In addition, linear regulators are used to balance locally caused fluctuations in 
longer low-voltage lines. These regulators do not have to be connected locally to the 
transformer station but are ideally installed as close as possible to the consumer or 
power supplier (Hoppert and Krüger, 2014).
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2.2.2  Transparency for Households: What Do Smart Meters Do?

To achieve the intended transparency in the smart grid and allow customers to 
participate, intelligent electricity meters have been developed that, in addition to 
recording data, are integrated into a communications network to transfer this data. 
Under the Third European Energy Liberalization Package, they will replace 80 % 
of the existing analogue meter equipment throughout Europe by 2020 (Giglioli, 
2010). In practice, regulatory uncertainty and IT security concerns mean that the 
rollout in some countries has so far fallen short of the set targets (Bogensperger 
et al., 2018). 

Through their connection to the Internet of Things (IoT), smart meters use comple-
mentary software to visualise your power consumption, which can lead to savings 
simply by making consumers more aware (Auer et al., 2019). In addition, the bill-
ing breakdown based on time means that variable rates and fluctuating electricity 
prices can also be passed on to consumers. The smart meter concept is not neces-
sarily limited to electrical energy. Still, one can also apply it to gas, water and heat-
ing meters, and this could offer added benefits for monitoring malfunctions or 
leaks.

Moreover, smart meters offer secure 2-way communication, which in addition to 
new remote maintenance work, also provides control options for grid operators, for 
example, to adjust the feed-in power of prosumer equipment in grid-critical situa-
tions. In many cases, this newly gained transparency and the new options to take 
action can help accommodate consumers with high peak loads, such as electric 
charging points, in the grid without upgrading the power grid “to the last kilo-
watt”.

IT Security of Smart Meters

Due to data protection and security concerns, digitalisation is often a hot topic in many 
European countries. Therefore, before intelligent electricity meters can be approved, 
they have to meet stringent product security requirements (CEN et al., 2014). The se-
curity standards intended to protect from hacker attacks sometimes even exceed those 
for online banking. Also, intelligent grid operation does not necessarily require personal 
data. It is also possible to use anonymised or aggregated data based on measurements 
in the grid. For many applications, smart meters also bring benefits to customers and 
are needed to allow individual participation.



Figure 2.3 shows the smart meter in its operational environment and the inter-
faces involved.
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Figure 2.3 Diagram showing the smart meter in its operational environment

2.2.3  Flexibilisation of Generation and Consumption: 
to Support, or at Least Be Compatible with the Grid!

The locations of many of the new generation systems, such as photovoltaic systems 
or combined heat and power plants, are decentralised. But the power fed into the 
grid from these systems still has to be coordinated to be compatible with the grid. 
This means that the power fed in reacts flexibly to the requirements of the grid to 
a certain extent, either by using additional storage or through control limits. 
Part IV, Chapter 2 explains the various options.

The same applies to systems from the heating and transport sector, whose increas-
ing electrification turns them into consumers in the power grid. Classic examples 
include electric heat pumps or electric vehicles. To ensure that the advancing 
cross-sector linkage can be accommodated in the future, a certain degree of flexi-
bility in the load curves must also be planned for at the time of integration. Sup-
pose all players optimise the operation of these systems only according to their 
criteria (e. g. to increase their consumption). In that case, the grid will sooner or 
later reach the limits of its capacity. Find out more about flexibilisation of the load 
side in Part IV, Chapter 5.

If we continue the thought of a grid-compatible way of operating, this will lead us 
to the next step: grid support. Prosumers with generation and consumption sys-
tems make their flexibility options available to the grid operators in exchange for 
remuneration incentives and become flexumers in the process. In this way, private 
combined heat and power plants or the battery storage in electric vehicles could be 
accessed to provide balancing power to offset fluctuations in power generated from 
renewable sources. This, in turn, requires consistent horizontal and vertical net-
working of the components as well as universal control interfaces. Figure 2.4 
shows the target model of a smart grid.



Many companies are now aware of the significance of energy efficiency. What’s 
more, a growing number of companies are keen to commit to climate neutrality 
(SBTi, 2021). One of the top priorities in this respect is exploiting existing poten-
tial to increase energy efficiency. With this aim in mind, the European industry 
initially increased its efficiency rates by 1.6 % per year until 2008. However, from 
2008 onwards, the rate of progress has slowed down to 1 % (Ademe, 2021). As Fig-
ure 1.4 of the previous chapter shows, there is still a lot of untapped potential for 
efficiency gains.

 � 2.1  What Can Industry and Commerce Do 
in Concrete Terms?

There is a wealth of energy-saving opportunities available to companies, enabling 
them, on the one hand, to strengthen the sustainability, and on the other, to save 
money. As we read in Part III, Chapter 1, the core question when considering any 
changes is: what does my process need, and how have I been providing this so far? 

Here are a few examples: 

 � You have to move something, so you use compressed air to do so.

 � You have to heat a process or room, so you use a natural-gas- or oil-fired boiler 
to do so.

 � You have to keep a process or room below room temperature, so you cool the 
whole production hall down to do so.

You can probably see where this is leading. For example, lighting systems started 
to be integrated with movement detectors at some point in time – as lighting is 
only necessary in certain rooms and when people are present. In addition, the illu-
minance required also depends on the type of work activity. However, the reality in 
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production buildings is quite different. Walking through a factory building outside 
production times, it is not uncommon to hear the hissing sound of compressed 
air – a costly medium – leaking. In other words, the sound of pure money escaping 
through the cracks. At the start of a shift, very often all machines are set to operat-
ing mode: All machines are ramping up. But not all machinery is usually required, 
or at least not in the first couple of hours. So the plant and machinery consume 
energy, even though this energy is not used in a value-adding way for quite a while. 
This is another example of inefficiency, and its impact is not to be ignored (Goy, 
2016, p. 143).

Unlike in households, energy supply in industrial companies is complicated. The 
above examples show that many forms of useful energy are used in many loca-
tions, in various departments and at different times. As a result, energy efficiency 
needs to become structurally embedded in the corporate culture so that a holistic 
approach is adopted when unlocking energy efficiency potential.

Organisational Framework
What sort of framework can small and large companies create to be able to lever-
age this efficiency potential and establish a more energy-efficient organisational 
structure? At this point, we can initially make a distinction between internal and 
external organisational approaches:

Internal:
 � Building up knowledge and creating a culture of improvement, for instance, 

encouraging suggestions for improvement, which are rewarded if they are sub-
sequently implemented.

 � Obtaining certification to ISO 50001: setting up an energy management sys-
tem involves instilling the drive for continuous improvement in the corporate 
culture. Apart from reducing energy costs, this can also lead to tax advantages 
or government subsidies.

External:
 � Using specialist networks and experts: There is no shame in calling external 

consulting services for assistance.

 � Energy contracting: shifting the pressure onto external service providers, who 
will also benefit from the savings generated.

Without establishing such an infrastructure, processing companies will have a 
hard time ahead. After all, their main focus does not tend to be on the issue of 
 energy, so they often lack the relevant knowledge.

If you hear people saying, “But that’s how we’ve always done it”, then you know 
you are on the right path. But that’s an observation independent of the issue of 
energy.
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Integrating an energy management system in accordance with ISO 50001 as re-
ferred to above will ultimately lead to establishing a database and developing 
 employees’ knowledge. In some cases, companies will then go on to reassess and 
restructure their procedures and processes.

Methodical Approach
A key step in the process of sustainably improving energy efficiency is to carry out 
a systemic assessment of efficiency. Analysing individual problems and measures 
takes little time or effort. However, by comprehensively evaluating all relevant 
points, it is possible to identify real potential and generate optimum results. It also 
prevents errors in dimensioning and negative feedback effects, as explained at the 
beginning of this part based on the onion layer model. Figure 2.1 sets out the 
 methodical approach to be adopted for developing measures.

Review and 
assessment of the 

current state
Measure

iden�fica�on
Measure

evalua�on and 
priori�sa�on

Implementa�on 
and success 
monitoring
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energy value 
stream analysis

• Investment 
calcula�on

• Priori�sa�on: 
ABC, pareto, 
benchmark, saving 
poten�al curves

• Energy monitoring
• Condi�on 

monitoring

Figure 2.1 Methodical approach for developing measures (Source: based on Hesselbach, 2012)

The first step to achieving greater energy efficiency is always to record and assess 
the current situation. This can be done with the help of energy monitoring sys-
tems. Without this information, companies will only be groping in the dark for po-
tential efficiencies. For assessment purposes, it can be helpful to visualise the data 
with suitable diagrams and establish critical figures. We will not go into further 
detail about this specific subject, but examples of assessing the energy efficiency 
of buildings can be found in Part III, Chapter 3. Efficiency potential exists if the 
relevant key figure deviates from the sector- or process-specific benchmark.

Measures can be identified using checklists and guidelines for certain cross-cut-
ting technologies – such as the guidelines published by the German Energy Agency 
(dena, 2015). Sector-specific energy concepts often incorporate the best available 
technology (BAT) (e. g. Blesl and Kessler, 2018). Further assistance can be sought 
from databases compiling reliable figures on efficiency measures resulting from 
completed assessments. The energy savings and costs of such efforts need to be 



122  2 Saving Energy in Industry and Commerce

measured and documented. Databases such as this can be used to identify techni-
cal, economic, and practical potentials for increasing efficiency specific to a partic-
ular sector or technology, as shown by Ebersold et al. (2020) using a US database. 

Analysing more complex systems with multiple energy flows requires the use of 
holistic methods, such as a pinch analysis1. The identified measures must then be 
assessed for their economic (and ecological) benefits and a meaningful sequence 
in which they can be implemented needs to be derived. In doing so, make sure you 
take possible interdependencies between individual steps into due consideration! 
Implementing the measures does not mean they can now be immediately forgot-
ten. Their effectiveness still needs to be checked by setting up a suitable means of 
monitoring, observing any impact of changing framework conditions, and feeding 
data into the databases referred to above. In this way, you can continuously map 
the current state of the art and keep increasing energy efficiency.

Energy Efficiency Using the Example of an Electroplating Plant
Having established the organisational and methodical framework for unlocking 
 energy efficiency potential, we now want to look at the systematic identification 
and implementation of efficiency measures based on an example from the electro-
plating industry. Electroplating is understood as the surface treatment of compo-
nents (e. g. in the automotive sector) via electrochemical metal deposition. Electro-
plating process chains typically entail many processing tanks in proximity and 
succession. Electroplating procedures generally comprise three treatment steps: 
pre-treatment, metal deposition and post-treatment. The aim of the individual 
tanks is to clean and coat the workpieces in line with specific design and resis-
tance requirements. As shown in Figure 2.2, the various processing tanks require 
heating and cooling energy at different temperature levels.
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Water from tower 34 °C

Condensate 100 °C

Fresh water
25 °C

44 °C

Condensing
95 °C

Water

Oxidising
25 °C

Sulfuric acid

Cleaning
50 °C

Caus�c soda

Glossing
65 °C

Phosphoric acid

Degreasing
65 °C

Caus�c soda

+ –+ –

Figure 2.2 Extract from a typical supply circuit of an anodising process 
(Source: Schlosser, 2021, p. 136)

1 Pinch analysis is a methodology for calculating thermodynamically feasible energy targets to ascertain the 
potential for recovering heat and minimising the energy consumption of a process.
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In existing processes, steam is typically used as a source of energy, making it diffi-
cult to ascertain the energy demands of the individual tanks and integrate a heat 
recovery system and heat pump into the setup.

Given a large number of tanks, an energy monitoring system is an ideal solution 
for identifying the individual energy flows. As it is expensive to measure steam, 
only the volume of natural gas consumed is generally recorded for billing pur-
poses. However, it is possible to measure the consumption of electrical (direct) 
current in an electrolytic bath without any problems. As the electric current is ulti-
mately converted into heat while ensuring that the temperature in the tank does 
not exceed a certain threshold, this heat has to be dissipated from the tank via 
cooling, with the dissipated heat output correlating with the incoming electrical 
output. Any missing measured values can be added via energy balancing (i. e. 
based on calculations) around the individual tanks and via temporary spot mea-
surements – for example, using ultrasonic measuring instruments.

The next step involves establishing suitable key figures. In the case of electroplat-
ing, the energy requirements are particularly dependent on the surface to be 
treated, so this can be used as a basis for establishing the key figures. If deviations 
are identified compared with results from sector guidelines, it is first necessary to 
check the efficiency potential at process level. This includes evaluating electrolytes 
that permit lower process temperatures. In addition to applying thermal insula-
tion, the electrolyte surfaces should be covered to reduce loss of waste heat and 
minimise volumes of exhaust air. It is also possible to use energy-efficient recti-
fiers to reduce current heat losses (LfU, 2003).

Once the efficiency measures have been implemented in the process, it is neces-
sary to assess efficiency again, this time in terms of cross-cutting technologies. It 
may have occurred to many to recover the waste heat volumes and integrate them 
back in the process, in the sense of a closed-loop system. Although this is, without 
doubt, desirable, it is anything but simple to identify and integrate heat recovery 
measures, given the large number of thermal flows and the presence of steam heat 
exchangers. A pinch analysis can provide a solution in this respect. It sorts all ther-
mal flows by load and temperature and outputs the maximum potential heat recov-
ery value as a target parameter. In the present example, this method was used to 
tap 95 % of the proven potential. The reduction in heating and cooling effort 
amounted to 24 % and 34 %, respectively. Excess heat in the form of residual cool-
ing demands can be used directly in the process via a heat pump, covering a fur-
ther 32 % of the heat demands. Based on the onion layer model, it was possible to 
use the residual waste heat potential to preheat the space heating air during the 
heating season. Switching energy sources from steam to hot water (necessary for 
the heat recovery system and heat pump) reduces waste heat losses though requi-
eres the cost-intensive conversion of heat exchangers from steam to hot water.
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Only in the following step in the process, we can focus on improving the efficiency 
of the cooling unit and boiler to cover the remaining heat requirements. As can 
be  seen in the example, the efficiency measures in the process and closed-loop 
 solution have reduced demand for operating energy and, in turn, made it possible 
to reduce the dimensions of the installations. This illustrates that the sequence in 
which the measures are implemented is an essential factor, and changing the 
 sequence could result in the clear oversizing of the supply installations. The 
 energy cost savings2 arising from the measures taken in the various layers of the 
onion layer are shown in Figure 2.3.
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2. Heat recovery

1. Insula�on
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1.

2.

3.

4.

5.

Total cost saving: 60.3 %

Figure 2.3 Total cost reductions for process heating and cooling energy as well as space 
heating energy (Source: Schlosser, 2021)

 � 2.2  Where Does Energy Efficiency in the 
Industry Reach its Limits?

Burning fossil fuels are responsible for the majority of greenhouse gas emissions 
in the industry. Companies primarily use these fuels to supply process heat, i. e. 
thermal energy at temperatures from 100 °C to over 1500 °C. For climate targets to 
be met, the efficiency potential described in this chapter should be exploited until 
a technically and economically viable threshold is reached. The threshold is set 

2 Electricity price = € 0.16/kWh; natural gas price = € 0.033/kWh; efficiency of steam boiler = 0.83; annual 
performance factor of cooling tower = 17.4
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based on technical (production-related) restrictions and basic economic parame-
ters. However, these efforts alone are not enough to meet the specified climate tar-
gets. Companies need to convert their processes as far as possible to power-based 
techniques (power-to-heat) by 2050. In some processes, it is not possible to make 
direct use of electrical energy. In such cases, companies should switch over to re-
newable fuels originating from power-to-liquid (PtL) or power-to-gas (PtG) pro-
cesses (UBA, 2019, p. 33). This is particularly applicable for energy-intensive sec-
tors. Several examples illustrating how this can be done are provided below. The 
corresponding cross-sector linkage concepts are described in detail in Part IV.

In the steel industry, furnaces (usually coke-fired) are first used to convert iron ore 
into raw steel, which releases very high levels of CO2 emissions. A possible alterna-
tive is to switch over to a gas-based direct reduction system followed by a smelting 
process in an electric arc furnace, for which hydrogen can be used as the fuel. 
However, in realistic terms, companies will want to wait until the end of the useful 
life of their respective installations before making such a switch. As this could take 
over 20 years, it creates yet another obstacle to the speed of progress in improving 
efficiency levels. The next step in producing the end product of steel is processing 
raw steel plus additional steel scrap in electric arc furnaces using electric steel 
production. Companies are, therefore, already using electricity in this second step 
of the process, so there would be little need to make changes apart from increasing 
the volume of scrap (UBA, 2019, p. 34). For the non-ferrous metals industry, the 
UBA study assumes that greenhouse gas emissions on the energy side will reduce 
to zero – although production volumes are expected to increase. This assumption is 
based on several reasons and measures, such as the use of fuels (PtG) or electricity 
generated from green power, greater energy efficiency, and a larger share of second-
ary production (from 56 % to 90 %) (UBA, 2019, p. 34).

 � 2.3  Conclusion and Courses of Action for 
Smart Municipalities

Part III, Chapter 1 presents a range of options for making our everyday lives and 
industrial activities significantly more energy-efficient. This concerns deploying 
cross-cutting technologies – such as lighting, compressed air and heat supply – in 
households and in industrial plants. Based on the onion layer model, the require-
ments in terms of energy supply are determined by the application concerned. 
Starting with the application, we provide various handy information to systemati-
cally guide you on your path towards achieving a more efficient energy supply. 
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Efficiency networks in particular have proven to be a valuable means of exchang-
ing information on funding options and measures. Advice on efficiency and fund-
ing mechanisms can become a permanent fixture of the municipality’s climate 
protection and energy management department, making it the first port of call for 
residents and companies. 

There are different factors of relevance for our model town and city than there are 
for our model village. Depending on a company’s quite specific corporate structure, 
there will be a potential for saving energy in industry, trade and business in Me-
tropolis as well as Medio Town. It is imperative to analyse the use of industrial 
waste heat flows, and make use of these flows, where possible. However, this re-
quires long-term planning. Each metre of distance between a waste heat source 
and a waste heat sink is harmful in terms of cost efficiency – and this applies to 
municipal buildings and households alike. This issue is less relevant in Villago. 
This is partly due to the low density of processing companies and partly to options 
for using heat.

However, all regions can support private households. Residents should be able 
to access low-cost energy advice within their municipality. The landlord-tenant 
dilemma plays a role in terms of rented accommodation, in that energy costs in 
rented buildings are passed on by the landlord to the tenant. It is the landlord’s 
responsibility to invest in improvements, but they are not the ones feeling any 
 direct cost pressure. The same applies for the industry. For example, industrial 
plants could pass on cost pressure to their contracted provider.

It would be desirable for energy-efficient behaviour and purchase to be included in 
the school curriculum. Many problems in the energy sector could be resolved and 
savings generated by adopting the systematic methods set out above. What’s more, 
it would encourage a structured approach, which would also be beneficial in many 
areas of life. However, for energy education to be offered in schools, we would first 
need expertise in the municipality. According to a study conducted by Roland 
Berger, the market for energy-efficiency services in Germany will grow to around 
EUR 50 million by 2025. Growth in this sector lies at 8 % in Europe and 7 % in Ger-
many (Roland Berger, 2019). What could be more evident than the municipality 
encouraging energy-efficiency service providers to settle locally? It won’t take long 
for contracts to come in, with short distances and trust based on its regional pres-
ence.

Just remember there won’t be any climate neutrality without energy efficiency.
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Checklist

 � Ensure adequate information and guidance are available and provide residents and 
companies with access to specialists in energy efficiency. 

 � A sufficient number of highly successful energy efficiency networks are now emerg-
ing. Join them, or encourage companies based in your region to join them.

 � Monitor their energy requirements and relevant temperatures, pressures, etc.
 � Set an example and implement efficiency measures in cross-cutting technologies in 

municipal buildings. And publicise these measures, following up with results.
 � Look into energy contracting.
 � Integrate lifecycle energy costs into your purchase decisions. These costs often 

amount to many times the investment costs if inefficient technologies are deployed.
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In “Vision”, a joint pilot project conducted in 2017 (BCG, 2019; VW, 2017; TenneT, 
2017), the car manufacturing company Volkswagen and electricity transmission 
system operator TenneT investigated the possibility of improving short-term solar 
energy feed-in forecasts using sensor data from vehicle fleets. Although  brightness, 
temperature, humidity, rain and air pressure measurements from car-mounted sen-
sors are primarily used to enhance the safety and comfort of drivers, this data could 
also be used as an additional, granular and local source of weather information. 

To compensate for discrepancies between the predicted and actual volumes of re-
newable energy generated and guarantee the security of supply, grid operators are 
forced to intervene at short notice and high cost, for example by ramping addi-
tional ancillary generators up or down. The more precise the forecast data, the 
lower the costs incurred by subsequent grid balancing measures are, which trans-
lates into lower grid fees in end-consumer energy bills. 

Large-scale, low-cost, and non-intrusive IoT devices can be used to enhance knowl-
edge while enabling online access to previously unconnected systems and sectors. 
For example, if IoT technology were used to equip transformers in low-voltage grids, 
this would provide unprecedented transparency about the capacity and flexibility in 
the power grid. There are many geographically dispersed systems – around 4 mil-
lion distribution transformers in Europe alone –, the vast majority of which are not 
equipped with sensors (BdEW, 2020). Not only could interconnected sensors pro-
vide insight into the real-time load of the transformers, but – in a similar fashion as 
in the above “Vision” project – sensors measuring brightness, humidity, tempera-
ture and pressure could be mounted on multi-purpose IoT boards (E.ON, 2020a) to 
deliver hyper-local proxy values for weather conditions. This would enhance stan-
dard weather information and improve estimates of feed-in volumes from local 
 renewable generation systems. Finally, complemented by AI-powered load and re-
newable generation forecasts at each location, real-time condition measurements of 
low-voltage transformers will provide data-driven support for optimising energy 
usage, prompt accommodation of peak loads from e-vehicle charging, and the option 
of activating and initiating efficient demand-side-response mechanisms. 

 � 4.3  Data from and to IoT Devices for 
 Controllable Remote Operation 

So far in this chapter, we have focused on situations in which data primarily flows 
from the IoT devices to a central platform, where it is processed and analysed. But 
what if we enable the bidirectional exchange of information from and to these 
 devices? 
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The possibility of bidirectionally communicating with IoT devices and remotely 
controlling and operating the underlying systems opens an entirely new set of 
 opportunities for optimising systems.

Standard IoT data acquisition and IoT controller solutions within households, local 
renewable energy sources, storage systems and e-mobility charging infrastructure 
would make it possible to optimise the operation of local energy systems. The stan-
dard IoT controllers developed and piloted by E.ON in the village of Simris (Simris, 
2020) in the southwest of Sweden were integrated with an advanced suite of fore-
cast and optimisation algorithms, making it possible to:

 � increase the village’s self-consumption,

 � improve its resilience to possible power outages and offer the possibility of 
running independently from the power grid,

 � reduce its energy-related carbon footprint, and 

 � decrease overall electricity costs. 

An overview of the solution is provided in Figure 4.3, showing how local genera-
tion and storage systems are utilised to their maximum capacity, enabling the vil-
lage to optimise its energy exchange with the power grid based on energy market 
signals and energy prices. 
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Figure 4.3 Schematic view of the Simris solution developed using standard IoT technology 
(Source: based on Simris, 2020)

As you can see from the figure, data from various systems, households, wind tur-
bines, the solar farm, and stationary batteries are integrated with weather and 
energy price forecasts in a holistic and flexible intelligence module. This module 
then determines the best charging and discharging times for the energy storage 
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system. The application is structured on a modular and scalable basis. It can be 
deployed in more than one municipality and used to create energy pools, in which 
ad-hoc surplus volumes of energy can be shared and balanced among different 
 local energy systems or sold on the energy markets. 

Given the expected growth in e-mobility, solutions like Simris could be extended 
and adjusted for use with fleets of electric vehicles to leverage the flexibility pro-
vided by vehicle-to-grid options (E.ON, 2020b; E.ON, 2021) – see Part IV, Chapter 4 
for further information. Applications such as these  –  in conjunction with time-
based variables that define usage patterns – are based on 

 � real-time data from the charging infrastructure and battery (state of charge),

 � typical plug-in times (arrival and departure), in the case of commercial or pri-
vate e-vehicle fleets, 

 � desired charge levels, and 

 � location-specific load profiles and grid capacity constraints. 

Concerning e-vehicle fleets, it is possible to use dynamic load management algo-
rithms so that the available energy can be optimally distributed among the various 
cars. For those e-cars able to do so, it is possible to exchange energy bi-direction-
ally with the grid (cf. Fig 4.4).
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customer (fleet)

Expected arrival / 
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and schedule

Marketed
flexibility volumes 

and schedule

Figure 4.4 Process of optimising vehicle-to-grid flexibility using a combination of energy 
 market and grid information with e-vehicle data
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Finally, in the heating and cooling sector, IoT technologies can be used to develop 
innovative solutions to minimise thermal losses and leverage the balancing poten-
tial in nearby buildings. Within certain limits, the thermal inertia of buildings can 
be utilised in combination with heat pumps to act similarly as e-mobility batteries, 
in other words, as a means of storing ad-hoc surplus energy volumes and absorb-
ing peaks in demand.

 � 4.4  Conclusion and Courses of Action for 
Smart Municipalities

Summarising the above shows that IoT technologies can be used to achieve rapid 
object-to-object communication. On this basis, advanced analytical and digital 
solutions can be developed to form the beating heart of future smart cities, smart 
towns and smart rural areas. Over the next few years, IoT devices will increasingly 
build up connectivity to the real world via a wide range of sensors, creating a rich 
source of contextual data and knowledge and linking previously unconnected 
 domains and sectors (BCG, 2019). Municipalities need to plan their digitalisation 
process correctly and in good time so that data coverage, security and ownership 
can be ensured across the critical infrastructures of cities, districts, towns, villages 
and communities. 

The possibility of bidirectionally communicating with IoT devices and remotely 
controlling and operating the underlying systems opens an entirely new set of 
 opportunities for optimising systems. The key to unleashing the full potential of 
smart cities, towns and rural areas rests on the possibility of merging, blending 
and combining various types of IoT data and data sources to deliver valuable and 
actionable insights. High-quality, real-time data and smart machine-learning algo-
rithms will digitally link the mobility, power, heating and cooling sectors, enabling 
unprecedented synergies and potential for optimisation. This, in turn, will create 
opportunities to use energy more efficiently and sustainably, and in turn, reduce 
costs, losses and waste.
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Checklist

 � Check whether you have sufficient information relating to the critical infrastructure 
of your municipality and whether you need to invest in sensor technology. 

 � Review your IoT systems and assess the potential for using other IoT devices. 
 � Check IoT data ownership and bring stakeholders around the same table to under-

stand how data can be used and shared in synergy with each other.
 � Raise citizens’ awareness about the advantages of IoT technology and the beneficial 

impact of sharing their data.
 � Think about using IoT data beyond its specific domains. Create the option of owning 

and sharing data outside its original application/platforms.


 � 4.5  Literature

BdEW (2020) Personal communication with department of Political Economy, 24.01.2020, Berlin: BDEW 
Bundesverband der Energie- und Wasserwirtschaft e. V.

BigBelly (2020). Needham: BigBelly LLC. Retrieved on 28.12.2020 from https://bigbelly.com/.
E.ON (2020a). E.ON invents digital IOT solution for green and healthy workplaces in industry. Essen: 

E.ON SE. Retrieved on 28.12.2020 from https://www.eon.com/en/ueber-uns/presse/press-releases/ 
2020/2020-07-15-eon-invents-digital-iot-solution.html.

E.ON (2020b). E.ON and Volkswagen to make fast charging possible. Essen: E.ON SE. Retrieved on 
28.12.2020 from https://www.eon.com/en/innovation/innovation-frontline/innovation-news/eon-
and-vw-to-make-fast-charging-possible.html.

E.ON (2021). The Drive Towards a Low-Carbon Grid. Essen: E.ON SE. Retrieved on 25.01.2021 from  
https://www.eonenergy.com/content/dam/eon-energy-com/Files/vehicle-to-grid/The%20Drive%20 
Towards%20 A%20Low-Carbon%20Grid%20Whitepaper.pdf.

Gartner (2019). Gartner Says 5.8 Billion Enterprise and Automotive IoT Endpoints Will Be in Use in 
2020. Pressemitteilung. Stanford: Gartner Inc. Retrieved on 28.12.2020 from https://www.gartner.
com/en/newsroom/press-releases/2019-08-29-gartner-says-5-8-billion-enterprise-and-automotive-io. 

GCG (2019). Orchestrating the Value in IoT Platform-Based Business Models. BCG and Microsoft 2019. 
Retrieved on 28.12.2020 from https://image-src.bcg.com/Images/BCG-Orchestrating-the-Value-in-IoT-
Platform-Based-Business-Models-Jun-2020-n_tcm9-252129.pdf. 

Simris (2020). The Future is local. Malmö: E.ON. Retrieved on 25.01.2021 from https://www.eon.se/en_
US/om-e-on/local-energy-systems/the-future-is-local.

TenneT (2017). Mobile sensoring. Arnheim: TenneT Holding B. V. Retrieved on 28.12.2020 from https://
www.tennet.eu/our-key-tasks/innovations/mobile-sensoring/. 

VW (2017). Knowing which way the wind blows. Wolfsburg: Volkswagen AG.

https://bigbelly.com/
https://www.eon.com/en/ueber-uns/presse/press-releases/2020/2020-07-15-eon-invents-digital-iot-solution.html
https://www.eon.com/en/ueber-uns/presse/press-releases/2020/2020-07-15-eon-invents-digital-iot-solution.html
https://www.eon.com/en/innovation/innovation-frontline/innovation-news/eon-and-vw-to-make-fast-charging-possible.html
https://www.eon.com/en/innovation/innovation-frontline/innovation-news/eon-and-vw-to-make-fast-charging-possible.html
https://www.eonenergy.com/content/dam/eon-energy-com/Files/vehicle-to-grid/The%20Drive%20Towards%20A%20Low-Carbon%20Grid%20Whitepaper.pdf
https://www.eonenergy.com/content/dam/eon-energy-com/Files/vehicle-to-grid/The%20Drive%20Towards%20A%20Low-Carbon%20Grid%20Whitepaper.pdf
https://www.gartner.com/en/newsroom/press-releases/2019-08-29-gartner-says-5-8-billion-enterprise-and-automotive-io.
https://www.gartner.com/en/newsroom/press-releases/2019-08-29-gartner-says-5-8-billion-enterprise-and-automotive-io.
https://image-src.bcg.com/Images/BCG-Orchestrating-the-Value-in-IoT-Platform-Based-Business-Models-Jun-2020-n_tcm9-252129.pdf
https://image-src.bcg.com/Images/BCG-Orchestrating-the-Value-in-IoT-Platform-Based-Business-Models-Jun-2020-n_tcm9-252129.pdf
https://www.eon.se/en_US/om-e-on/local-energy-systems/the-future-is-local.
https://www.eon.se/en_US/om-e-on/local-energy-systems/the-future-is-local.
https://www.tennet.eu/our-key-tasks/innovations/mobile-sensoring/.
https://www.tennet.eu/our-key-tasks/innovations/mobile-sensoring/.


Index

A

Acceptance  46
Agriculture
 – Use of hydrogen  191

AI  281
API concept  303
Artificial general intelligence  284
Artificial intelligence  11, 281, 284
Automation  294
Autonomous cells  75

B

Balancing power  69
Battery  163
Battery electric vehicles  45
Battery storage systems  165
Battery system  162
BEV  204
Big data  282
Biofuels  175
Biomass  43
Biomethane  191
Blockchain  249, 265
Blue hydrogen  176
BMS  290
Building
 – Energy efficiency  129

Building management system  289
Buildings
 – smart  289

Building sector  245
Building shell  133

C

Carbon capture and storage (CCS)  175
Carbon emissions  246
Car sharing  201
Charging infrastructure  291
Charging points  209, 212
Circular economy  296
Climate change  7
Completeness
 – of data  286

Compressed air  114
Computer vision algorithm  290
Connectivity  250
Consistency
 – of data  286

Consumer  65
Consumption data  245
Cooling systems  113
Cross-cutting technologies  105
Cross-sector linkage  73
Cyber-physical production system  289

D

Data centre  265
Data management  265
Data marketplace  303
Data protection  286
Data quality  285
Decarbonisation  9, 189
Deep learning  287, 296
Digitalisation  9, 10, 241, 243, 257, 268
Digital technologies  139



356  Index

Distribution grid  66
District design  74
DSO 2.0  71

E

Ecosystem  302
Efficiency networks  126
Efficiency potential  106, 120
Efficiency principles  104
E-fuels  175, 181
Electric field  65
Electricity price  39
Electric vehicle  202, 246
 – Energy demand  205

Electrolyser  180
Electromechanical drive  115
Electroplating plant  122
E-mobility  199, 200, 277
Energy consumption  132, 133
Energy demand  131
Energy efficiency  101, 103
 – Regulations inside buildings  142

Energy flexibility  169
Energy monitoring system  121
Energy storage system  157
Energy supply  157
Energy system  244
 – connected  272

Energy systems
 – smart  292

Energy transition
 – regional  171

E.ON Energieatlas  298

F

Facial recognition  297
Farming
 – smart  294

Final energy  18
Final energy requirement  102
Flexibility option  73
Flexumer  70, 169
Flower.Power concept  158

Fuel cell  188, 206
Fuel cell electric vehicle  45
Fuel cell hybrid powertrain  208

G

Generating systems  65
Geothermal energy  43
German Energy Agency  121
Green fuels  175, 182
Green hydrogen  175
Grey hydrogen  175
Grid congestion  68
Grid frequency  68
Grid level  160
Grid operating resources  70

H

Healthcare
 – smart  298

Heating sector  44
Heating, ventilation and air-conditioning  

290
Heat provision  109
Heat pump  44
Heat transfer coefficient  133
Household sector  109
HVAC  290
HVAC system  136
Hybrid electric vehicle  202
Hydrogen
 – Safety  185

Hydrogen as storage medium  188
Hydrogen economy  175
Hydrogen gas grid  189
Hydrogen in the building sector  189
Hydrogen production  180, 182
Hydrogen transportation  183
Hydropower  43

I

Image recognition  295
Industrial process heat demand  109



Index 357

Insulation  134
Intelligence assets  302
Internet of Things  249, 271
Internet of Things (IoT)  17
Involvement  48
IoT controllers  276
IoT devices  273
IoT sensor  283
Iron and steel sector  186

L

Layered model  301
Levelised cost of electricity  247
Lighting  106, 138
Li-ion battery  162
Linear regulator  71
Load curve  73
Localisation  12
Logistics
 – smart  293

M

Machine learning  285
Medio Town
 – Model town  17

Metropolis
 – Model city  17

Micro grid  74
Micromobility  197
ML  288
Mobility  10, 197
 – smart  290

Mobility-as-a-service  247
Mobility sector  45, 198

N

Networking effect  255, 259
Normalised difference vegetation index  

295

O

Onion layer model  103, 104
Open data initiative  302

P

PHEV  204
Photovoltaics  42
Pinch analysis  123
Plug-in hybrid  202
Police
 – smart  297

Powerfuels  175
Power generation  8, 187
Power supply  188
Power-to-heat  44
Power trading platform  256, 260
Predictive failure prediction  288
Primary energy  18
Prosumer  256, 262

R

Reduction of carbon emissions  175
Renewable energies  37
Renewable energy generation  8
Residual load  209

S

Secondary energy  18
Self-supply  12
Services development  301
Smart city  3, 15
Smart grid  65
Smart logistics  293
Smart manufacturing  288
Smart meter  70
Smart rural area  15
Smart services  303
Solar thermal energy  44
Solid oxide fuel cells  191
Steel industry  125
Storage technologies  9



358  Index

Supply chain  293
Sustainability  298
Sustainability index  298
Synfuels  175
Synthetic fuels  175

T

Technology readiness  302
Thermal storage systems  163, 165
Three-phase power transmission  67
Tipping points
 – Energy sector  247

Trading platform  262
Traffic management
 – intelligent  291

Transformers  66
Transmission grid  66
Tube trailer  184

U

Urbanisation  12
Useful energy  18

V

Vehicle-to-business  211
Vehicle-to-grid  11, 201, 211
Vehicle-to-grid flexibility  277
Vehicle-to-home  211
Ventilation system  107
Villago
 – Model village  17

W

Warehousing  294
Waste collection  297
Waste heat utilisation  109
Waste management
 – smart  296

Waste management system  282
Wind power  42


	Deckblatt_Sample_pages
	Foreword
	Contents
	Editors_Authors
	pages_15-18
	pages_70-73
	pages_119-127
	pages_275-279
	Index



