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1 ABSTRACT

Whenever the characteristics of a Smart City wesedbed, the energy sector with its power gridse-so-
called Smart Grids - are considered as a crucidlgpal backbone of a connected urban area. Idigihis an
increasing number of plants in the field of reneleadnergies and the demands of “Sector-Couplingl’ an
power-to-x will make intelligent networking and te&change of energy data indispensable in the dutur
The almost entire amount of renewable energy fagliis feeding the distribution grid and define th
challenges for its expansion. This paper will pdavia synthesis regarding the aspects, which were
considered as important for having effects for arhad regional planning.

The decentral energy production and consumptioh thie transformation from consumers to prosumers is
foremost the most crucial aspect, especially inligigt of the variety with renewable energy prodoict
This means that production and consumption aree@kly at the same location and the requiremenmts fo
“Sector-Coupling”-facilities have to been considkr®n a local scale, this means that building armu
planning requirements should foresee regulatiogarding installation of energy storages on theeetye
scale for instance. Furthermore, the energy digioh network on local, regional and even natideakl

and the strategic land use plans must be adaptbé inay, that regulations regarding the energwork on

a regional scale could also be realized in an @t time frame. Another important point is thecessity

for handling the flexibilities in the power grid merk. The power grid network and its supplyingilities

has to be digitized to fit this demand and senaeraell as real-time-monitoring of the energy congtion

and distribution could give useful new insightsrtharmore, the network itself has to be open aexilfle in
order to allow the integration of innovative sotuis in the energy sector on a short- and long-teasis
(Electric mobility, Smart Fabrics, Intelligent Shge Systems etc.), which could bring enormous ehgéls

for the power grids (more flexible, more decensedi, more dynamic). All of these aspects have to be
considered in the light of security and data prwva€ supply in the critical infrastructures, espadigi for
strategical planning purposes.

In order to make energy system transformation sn@rst-efficient and economically viable, several
technologies and approaches regarding hard- ahdaef must be combined: expansion and adaptioheof t
energy network, integration of storage facilitid® use of flexibilities for prosumers and openressew
market models. All of these mentioned aspectsinfilience regional and urban planning on diffedentls
regarding spatio-temporal aspects and have to aealucarefully for the demands of a smart energy
network.

Keywords: smart services, flexibility, prosumer,aitgrid, smart mobility

2 INTRODUCTION

The rapid upturn in renewable energies is openmgnajor ecological, economic and social opportasiti
However, this development poses wide-ranging chg#ie not only for the energy industry, but alsoh®
electricity networks and for regional as well abarr planning in general. This is the result ofrasréasingly
decentralized generation of the energy structure the complexity in the planning and operation of
networks itself. Ensuring the energy supply in linéh the current developments (decentralization,
decarbonization and information technology netwagkiof consumption and production), solutions are
required that combine offer-dependent generatigh thie load and storage-side flexibility for aneigitation
in the system of renewable energies. In additidgitidation and disruptive developments will alsavk its
effects on the built environment in the long rugpexially in the light of smart and connected siti€his
paper aims to provide an overview regarding theirements for reliable and flexible smart grids Smart
Cities, especially in the context of the influenéesregional and urban planning. Regarding thiseasch
question, this paper is structured in a theoreficGahework, the defined challenges for realizingnaart
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energy grid, the resulting influences on the vagisuales on spatial and urban planning and a adingu
section.

3 THEORETICAL FRAMEWORK

The theoretical framework gives a brief overlooganeling the characteristics of a smart energy it its
subdivision regarding the power generation, storagé transmission and distribution. In additione th
concept of prosumers and the interdependenciesbatamart cities and smart grids will be explained.

3.1 Characteristics smart energy grid

It will be important to demonstrate how intelligegrids with a majority renewable energy ensure auge
and efficient energy supply and which concepts tmotinologies can be used for this purpose to aehiev
efficient and safe energy networks. Furthermore,itfteraction between the distribution network &mel
possible business models will also be crucial teeoke, especially in the light of emerging trenalshsas e-
mobility. The core functionality of Smart Gridsetkis connectivity. With their help, it is poss#io connect
plants, systems and devices via the Internet, déggs of location. If the systems and componenisived
can communicate quickly and securely, they cangf@mple, be combined into virtual power plants and
controlled as required for instance. New servigescaeated on this basis, which in turn can formhhbsis
for new business models (Asmus, 2010). Tendengyiizg towards a decentralized energy supply, whereb
the spectrum can range from power generation witidvwer solar plants and combined heat, power and
cooling generation to the merger of decentralizemipcers to virtual power plants. In order to defthe
three most crucial aspects, the Umweltbundesarmagethe following aspects (Umweltbundesamt, 2013).

3.1.1 Generation

Electricity production in general means the largels production of electrical energy with the aicpower
plants. The electrical energy provided in this waytransported to the consumers via electricitydgri
Besides this production, renewable energies fromncgs such as solar fields or photovoltaic, coldd ae
refed into the net by sector coupling or power-timixinstance. Sector coupling means to coupleosedf
different energy domains. This method could beiaddbr the sectors of electricity, heating, gaaffic and
industry in general (Schaber et al., 2013). Traddlly these sectors have been considered indepiydet
nowadays especially in smart energy grids with t@regenous production and consumption of powes, thi
will be one of the crucial parts of the networkis'means that the overall consumption in energwoids
can be decreased by sector coupling. For energyoniet sector coupling also gives whole new postisl
to store energy as for instance excess electrioaigy can be used by power-to-gas-plants to prodase
fuel.

3.1.2 Storage

The equilibrium of electricity in the smart gridtnerks and its stability is of great importance &osafe and
secure energy supply. Many renewable energy sgulumsever, cannot simply supply electricity as
required. Solar power, for example, can only bedpoed when the sun is shining. In this contexts it
therefore so important to store electricity tempidraSince electricity cannot be stored direcitymust be
converted into another type of energy, even if thimlves a loss of energy. Important storage astio
include reservoirs in the mountains that are linke@ pumping station. By pumping up the water, enor
potential energy can be supplied. The other stogg®mn is batteries using electro-chemical proesss
which allow a rapid release of electricity. Powext systems are also of elementary importance is th
context. Only efficient and, above all, digitallprdrollable storage of electricity in various sigeamedia
allows targeted transmission and distribution i smart grid.

3.1.3 Transmission & distribution

In the energy system, transmission and distribusienthe crucial part for an appropriate energybupf
electricity with the end-users. Especially in thght of the shifting majority of the energy prodoct away
from traditional power plants towards the prosumtrs importance of handling flexibilities in thetwork
will grow. The term flexibility in this context degbes the possibility of a dynamic adaptation loé t
generation or consumption or storage behavior bgnmef an external signal. A unit in which consuompt
and/or feed-in can be changed on the basis ofrelteequirements. It is also defined as "deviafrom a
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baseline". For instance a battery generally mightehthe flexibility to consume or to provide energie
concrete flexibility of course relies on the mengd baseline. If the battery is fully charged alsgait
cannot consume more electricity. But if its statetermediate, the choice of consuming or proygdian be
described as flexibility. For a smart energy gtigsiabsolute essential that many participants igeothose
flexibilities since they allow to directly impadte state of the energy system on a local levelréhyethey
particularly allow to take care of grid bottleneakkich is foremost in the interest of the networkviders.
The use of flexibilities therefore is considered pasitive for net-serving as well as allowing alsew
business models. Especially since renewable ersogyces have the tendency to bring a certain kind o
randomness into the system (for instance the ppwaetuced by PV-plants directly depend on the wegathe
such grid bottlenecks might occur more often imfetenergy systems. If the production of a powantpis
adaptable for instance and the thereby inducedbflitx is matched with a flexibility emerging frora PV-
plant, the potential randomness regarding the rgtégtproduction coming from the weather is absatb
The crucial task regarding how to match flexibéitican for instance also involve further market et®¢by
making flexibilities tradable).

3.2 The new influence of prosumers

The term "prosumer” combines the words "produced ‘@onsumer ,and it is an artificial expression o
word for both market roles - united in one persod will be an elementary part of the energy netwarthe
future. In the electricity sector for instance, teem describes a household customer who eithesurnes

his self-generated electricity (e.g. from a PV eyt for an own purpose and/or feeds it into thd.dfithe
amount of own generated energy is insufficientalse purchases electricity from the public gridttWhe
gaining importance of renewable energies and theimesence of devices like smart meters, number of
prosumers will grow, also due to the fact, thapeesive incentives will be set. Smart meters arggtali
meters that display consumption quantities andwopsion times for electricity, gas and water, relcthis
data and transmit it directly to the metering sezvprovider and make it possible to achieve awmiefit and
cost-saving operation of the electricity consumpfio the house on one side and for the suppliegatber
further insights to the behaviour of the customerterms of the energy consumption. In the futgreart
meters will become multi-utility communication cooiters that can be used to intelligently measuatew
gas and heat consumption in households. In additiothe previous setup of the electricity netwatie
importance of the low-voltage-network will grow. Wever, the effect on the power grid itself will be
network, which is much more decentralized and ttorsplex in terms interdependencies of between the
various levels of voltage and the origin of engpgyduction.
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Fig. 1: Shift of energy production towards prosusner
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3.3 Smart City in correspondence to Smart Grids

In recent years, the term smart cities has beemsntely discussed in academia, as the effectscoéased
use of ICT in everyday life have an impact on urbad spatial planning, whereas the strategies bega
widely analyzed (Caragliu, del Bo, & Nijkamp, 2013iffinger & Pichler-Milanové, 2007), the influence on
traditional urban and regional planning in allperspectives will be also crucial (Exner, 2013)e Tineatest
potential in the use of networked and often cemzgdl ICT solutions in urban areas is seen primanilthe
context of efficiency increases through innovatteehnologies (less energy consumption, new mobility
solutions, fewer emissions, less CO2 emissionsy@mwmental pollution etc.). The underlying concepta
completely connected environment is therefore baéWy related to smart grids (Batty et al.,, 2012),
particularly in the light of the gaining importancé terms like 10T or e-mobility. One of the potiaht
benefits this loT-network is seen in new insighisanalysis spatio-temporal relations of real-tinatad
gathering as well as for predictive purposes. Tiheaatage of this is that an immediate analysis lesab
direct post-steering and adjustment, for planningppses and especially in the context of smart and
connected energy networks. In the end, this appra#iows, besides the efficiency effects, a momaby
dynamic, interrelated and comprehensive, understgraf a city (Kitchin, 2014).

4 CHALLENGES FOR REALIZING A SMART ENERGY GRID

One of the most far-reaching political topics inr@any which is fostering the development of a smart
energy grid is the “Energiewende”. This centralicapwadays offers great ecological, economic aruibs
opportunities. At the same time, the growing shafreenewable energies in energy generation alsegpos
enormous challenges for the energy industry. Iniqdar, the planning and operation of energy nekso
and demands for e-mobility for instance is becomingch more complex due to the decentralized
generation structure of renewable energies. Newoagpes and technologies must be developed toeeasur
secure, efficient and efficient energy supply ia thture which will be especially important in taeas of
the generation of power, the storage and most lofnathe ICT-perspective of the transmission and
distribution.

4.1 Challenges regarding the characteristics of smartreergy grids

The previously mentioned characteristics also ieduchallenges regarding the realization of smaetgn
grids and could be divided in three main aspentseims of the generation of electricity, this va#é mainly

in a shift of the majority from big powerplants tamds various prosumers. As described in the previou
sections, the integration of storage media is bé&uwgrincreasingly important due to the higher shafre
renewable energies, especially with regard to pness. In addition to conventional storage optidhs
applies above all to power-to-x approaches as wasllinnovative solutions such as swarm batteries.
Distribution networks and their control must alsalergo fundamental changes. The infrastructure imest
designed for appropriate control and adaptatiostfanalities and act as a resilient backbone deaéls. In
addition, it is also necessary to develop appropndatforms and market places for managing flditids
such that the network remains as stable and efficie possible and such that investments in cororexit
structures can be saved through digital networlaegon in the best-case scenario.

4.2 Requirements for an open and flexible infrastructue for handling of flexibilities

As described in theoretical framework, the usel@fibilities in smart electricity network will bergcial in

the future. This principle allows energy-generatingits and consumers to dynamically adapt their
generation, consumption or storage behavior tongegls of the energy networks or the energy markus.

is particularly relevant for regions in which there many feed-in surpluses into the network. T@them

in an efficient way, the surpluses from renewalniergies should be made available to possible coasum
To make optimum use of the potential for flexilbd#, intelligent networking and the exchange ofrgne
industry data is becoming increasingly importaattipularly in view of the increasing number of egrable
energy systems. The demands will require a netwaich will be more flexible, more decentralizedone
dynamic and open for potential new innovative sotutin the context of flexibility trading apartoim the
prosumer’s new roles such as the aggregator wiliae an increased importance. Aggregators act as
marketers and can connect those who would usuallgad participate in the market (e.g. prosumers who
only produce little energy with PV-plants on theooftops). To do so aggregators aggregate single
flexibilities of certain prosumers to flexibilitiaghich suit the needs of the market. To make a&llgfocesses
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— especially contract closing between the singktigs- which occur in such a system as transpaedt
efficient as possible a software system to mandgebflities will be necessary. Apart from making
information provided by the prosumers as well axess-information visible, the ability for contratbsing
for all parties should be possible with such aeyst

Aggregator 5 Flexibility

» (= Management
D — System

& g by o o

Fig. 2: Conceptual framework for a flexibility mageament system.

4.3 The necessity of secure and reliable networks

The vision of an ICT-based energy system of theréutrequires an open, widely accessible, secure,
interoperable IT infrastructure as the basis. Tapoad to the need for a higher share of renewatdegg,
networks need to be extended to the specific neetis conventional and virtual net extension. These
include conventional approaches such as new polaetsp power lines or other investments in hardware
such as battery storage. Virtual grid expansiorthernother hand, can make parts of the otherwisessary
expansion activities superfluous by making morécigfit use of existing hardware capacities. Through
intelligent control mechanisms from distributiondes to smart meters in individual buildings, orreve
platforms for trading flexibilities, the existingfrastructure can be optimally used. The aim idegwelop an
integrated, uniform, open and secure data and cgemiatform, to implement suitable procedures for
managing energy data, to set up and provide acgeplatform for implementing energy services and to
develop a solution for monitoring energy flexihilitThus, an efficient data and flexibility managerneill
foster an open, flexible but also secure IT infiasture that allows data to be exchanged easilyrevd
players and systems to be integrated. This coulchptemented as the data and service platform meed
above. The openness and accessibility perform &er@ key fact for the system to gather its powhis T
directly induces a certain discrepancy since vemnsiive information about critical infrastructusach as
the network structure (including bottlenecks) argieater danger to be accessed even by unrelateesp
yielding to security issues. To resolve the disargy, one has two options: Limiting the parties who use
the system or improving security standards. Udirgfirst option only makes sense to a limited etxtench
that improving security standards gains a highrityian the context of an energy-platform in geriého et

al., 2012). Besides security aspects regarding ihgclsabotage and system vulnerabilities, the syste
should also include an intelligence to constantlgkl for potential problems (storms, catastrophegusir
human error for example) with the potential foridapsulation/capsulation. To achieve reliable #agible
smart grids as energy networks, there must be amem@ss for the specific requirements on the variou
scales and to the various actors. There is alsengadd for additional expertise, especially aspsath as
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renewable energies, digitization, virtual powernpdaand trading with flexibilities. The prosumersbd
development and the concomitant smaller relianoenfbig energy suppliers will have its effects o th
interdependencies overall public sector. Besidestithding of flexibilities as shown, also the ugesach
systems including smart meters for consumers wlichucial and must be as simple as possible. And as
previously stated, the more an ICT-centric netwagkwithin the urban space is promoted, the grehter
vulnerability of this system and the inherent vuatdlity and manipulability to errors from an cityide
perspective (Greenfield, 2013; Kitchin, 2014; Toamd, 2013). A complex, intermodal and automated
communication system must represent a resilientitre, especially with regard to internal systemors

and external influences (e.g. cyber-attacks).

5 INFLUENCES ON REGIONAL AND URBAN PLANNING

The effects of a continuing expansion of smart gneetworks in accordance with the previously nared
aspects on traditional regional and urban planamgmanifold and have direct and indirect effectste
various scales and phases of planning. For itsasleterdisciplinary mediator of various intereistghe
lights of smart cities, urban planners also musegmecially skilled with competences in the tecbgigal,
social and institutional fields especially in thght of new developments such as smart energy mkswo
Besides multiple effects on evolving technical aatial dynamics in the context of urban planning in
general, influence towards advanced participatorynfits were seen in the literature as well (AdiK&,
2016). The consideration could not be isolatedtiu$€CT network, some aspects have to be realizedeal
and physical” projects with the respective plannamgl building permit processes. Hence, the subseéque
distinction regarding will show the effects on saajwcal and local level planning levels.

5.1 Supra-local scale

On a supra-local level, which contains the natiosmadl the regional scale, the respective nationdl an
regional planning procedures are focus of the demation. For instance, the further use of renesvabl
energies will induce a demand for energy transfporh regions with greater production capacity (&fffore
wind parks for instance) towards areas with a lgdabh demand such as industrial regions. Thentifie
debate indicates, that wind energy offers the gstgiotential for rapid and cost-efficient expansid the
energy network in national scale, especially in light of off-shore wind parks (Weigt, 2009). Whase
areas with great wind potential mainly lies on ¢bast and mountainous areas, these are the logaibere
wind turbines are most profitable. Besides the tiuesof the construction legitimacy in general, the
respective infrastructures for the energy transpoust be realized. For instance, long distancem fro
Schleswig-Holstein to the consumers in Baden-Winitierg and Bavaria for instance have to be installed
and the majority of the necessary lines that cardleathese future electricity transports are stilssing.
This could lead to long-winded planning approvabgadures (Planfeststellungsverfahren) and strategic
developments plans, which will be a subset fohrrplans on lower scales. Though, the politichladie has
shown, that route finding for the traces could beywcomplicated (Krack, Koppl, & Samweber, 201MeT
regional scale from a planning perspective hasfooes for instance in the provision of serviceguoblic
interest (6ffentliche Daseinsvorsorge) which inesidnvestments in the power grid in general such as
conventional network extensions and the stratetaoning of power plants for instance. The resulting
requirements will also have its effects on the piag objects at this scale, such as traces orftraner
substations, whether it will be for new locationseoretrofitting of existing ones. In parallel withese
aspects, route finding aspect for traces will atéloence the regional scale with its power supply.

5.2 Local scale

Further aspects must be also considered on thé doake which is mainly on district level and onuke
level with the respective procedures of urban plammas well as the building permit procedures. Gin t
level, these are requirements for urban land usenphg which will induce the installation for muftodal
system stabilizers in the urban space like powerftacilities for municipal utilities for instancéhis is also
important, because the prevention of emissionsdanwhile considered as crucial part of urban plagni
The BauGB states in 8 1 paragraph 5, that plarstiogld “contribute to ensuring a decent environmjeng
promote climate protection and adaptation, espggdialurban development” (dtv VerlagsgesellschalftHn

& Co. KG). Relevant projects in this perspective for instance the potential location finding pexand
approval of combined heat and power plants, didbésed energy storage, geothermical powerplants.
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Furthermore, the impacts of the mobility sectod gériously induce some effects. This sector issmmred

is considered as being transferred by electrificatind digitization fundamental (Mwasilu et al.,12D This
affects not only individual transport, but also [btransport on a local scale as well as the
interdependencies with long-distance and freigimgport. E-vehicles with batteries could play theie as
part a decentral storage unit for electricity imgel and locally produced electricity based oreveable
energies, especially for the charging supply nektwhlew development areas or new urban developnfent o
urban districts all require a new and innovativascaded energy supply for the development witlyrateon

of renewable energies, storage possibilities aedj@ate e-mobility equipment for instance. All thaspects
rely on the requirements of the local urban lanel-pkinning and building regulations, which shoukba
foresee professional and tailor-made solutions. @her aspect is the physical integration of thguned
charging infrastructure in the urban space. Itle&ar that the existing petrol station network a@nbe
entirely utilized for this purpose. Also the queatiof the location of charging points in accordawith the
corresponding parking facilities will play a cruaiale in the design of the streetscape of ther&utiihis will

be especially important in the light of locatiomding process regarding local mobility points far-c
sharing. And if the areas of petrol station coutdpartially used, what are useful post-utilizatiémsthose
areas? Furthermore, question like the location paore facilities as well as batteries with respest
security constraints or challenges of the localvo#iage by fast chargers for e-cars are also opestions.
On the other hand, totally new approaches like feobnarging stations (proposed by Volkswagen for
instance) or changing points for modular battefiig concepts by Toyota) will also induce in theiay set

in part completely different demands for the urlyanastructure, which must be as modular, granafat
flexible as possible. In addition to the distrietrgpective, the building perspective especiallthin light of
local building code and authorization proceduresuct@al parts in this perspective are especially the
integration of battery storages in buildings or tegpective voltage lines to charge e-mobility ¢art the
demands of in-house charging for e-vehicles.

6 CONCLUSION

The new challenges regarding smart grids influesnegide range of tasks in regional and urban plannin
activities. In the context of smart grids, it Wik crucial, to manage the expansion and adaptitmeatnergy
network, the integration of storage facilities, aadensure the flexibility for prosumers and opess® new
market models. Hence, if a “digital extension” bé telectricity network to achieve a higher effiagmwill
not be enough, respective solutions in terms ofiware should be foreseen in formal urban plannodst
on the respective scale. One general aspect irstefenergy efficiency will be, to combine locabguction
and consumption of electricity on the smallest flibssscale. In addition, the demands on the emgrgin
mobility beside the grid-side perspective couldehaxtensive influences on the urban area. Genaestign
concerning the general model of transport (mordipukansport, more individualized, more car-shgjin
have their own demands for the design of the ugpate and the corresponding connection to therigigct
network. In this way, the design of a mobility ceptis inseparably connected to the design of atS@rid

in the light of a Smart City. Consequently, plarsnieave to be aware, that even concepts on a progaam
level could induce the built structure of a cityatarge scale and it is important to accomplisé @kso with
the relating formal building laws. In order to ambe this, regional and urban planners have to eehteir
competences and awareness for the previously shopics and the key to achieve reliable and flexible
smart grids will not be a one-fits-it-all-solutitnut more a decent subset of tools and approachesthon
the particular situation.
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