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Abstract. The implementation of an energy supply system based on didperse
small and volatile electricity sources with limited annual operatiaveilability
requires a smart structure and a smart operation. The necessity incrbase
also efficient but powerful and highly volatile applications kkectrical vehicles
and heat pumps are integrated. A smart energy system consistsnaiittheom-
ponents smart market and smart grids. Smart markets intend to balance genera-
tion and demand with respect to time, while smart grids are farosithe opti-
mized use of the grid infrastructure by employing the existioglinear grid
utilization through active capacity management. Smart gridsnareaging the
location aspect. Important technical devices with respect to smart engggysys
are the so-called powen-X (P2G) technologies. They are coupling electricity
with other forms of energy, like gas, heat, cold or mobilitg &rus allow, to
cope with a temporary overproduction or the lack of generation.

A smart energy system has a filigree and complex structure, whids aee
tive control and coordination. Therefore, static and dynantie ae required.
Energy and digitation are merging in this respect. Instruments like taigatds
or neuronal networks become important and allow the implementdtioevo
options like predictive maintenance, generation and load forecast asvieill
ure identification and evaluation of asset condition. Findily,data can be used
in order to identify options for the increase of energy efficianaye building
stock or the public infrastructure.

Keywords: “Energiewende”, system transformation, digitalization, renewables
demand side management, smart grid, smart market, big data, alenetn
works, predictive maintenance, asset condition, failure identificatidnal/
power plants, cellular systems



1 I ntroduction

Smart energy systems are the answer to the challenges caused by iaityetgmtr
eration portfolio based on decentralized and highly volatile electricity sources with
limited annual operational tim&he German energy policy defined an electrical target
system with a strong 80 % generation pillar based on renewable soerggs. It shall
be established by 2050. By implementing this strategy, capital costpsaeing fuel
costs

Renewable energy sources in Germany mean abowe-ahore wind and photovol-
taic. The annual utilization time of the installed power is in the orde56Dzh, 900 h
respectivelyThis implies to overbuild the maximum power demand by rouglfdctor
5 on the generation side but also to work on demand side mamaigesimort-term and
long-term electricity storage optionsig. 1 gives an overview which is based on an
annual electricity demand of about 600 TWhe existing diversity in the German re-
newables portfolio effectuates that a maximum of 50 % of the installed caigsagpty-
erating at the same time [1]. This means from a technical point of vievotitlling
of about 200 GW of volatile and dispersed power. In this context, nbatteries and
pumped hydro storages, the coupling of electricity with heat, mobildygas— with
the so-called poweie-X technologies- play a pivotal role for a feasible and economic
solution.

=400 GW
=30GW  =100GW =200 GW Gf;‘s;iltt's” =200 GW
... 85GW 30 %
renewables )
20 % Maximum
. conventional ~ generation
Capacity power
Max. Generation transmission 80 %
capacity grid renewable
Load 100 % 2
Min: e conventional conventional

= |nstalled volatile generation capacity will amount to about 400 GW
= Diversification of energy sources reduces the conincident available generation
power to about 200 GW which is corresponds with about 2.5 times peak load

Fig. 1. Generation capacity required to achieve the 80 % renewable energy t&rget
with respect to an annual electricity demand of about 600 TWh



Energy systems of the future will be decarbonized, decentral and digittzgwill
have a cellular structure and thus are able to take the specific local situatioesyébt
to generation, consumption, powterX technologies and storage into consideration.

Concerning generated energy, more than 95 % of the decentralized soarcgs
are feeding into the distribution grid. The specific volatility in the feit@erman gen-
eration portfolio will lead to the situation that 50 % of the distribution grid ¢aparitl
be able to transport about 95 % of the energy. The second 50H# gfid capacity
will be occupied by the remaining 5 % of the energy. This pronaunece-linearity is
addressed by smart grids which are able to make more use of the instdlEhgcrity
[2, 3.

Energy efficiency and reduction of greenhouse gas emissiongiggkr a transfer
of today’s fossil fuel based applications to electrical solutions. Examples are electrical
vehicles and heat pumps. Due to this, it can be estimated that the electricityl deman
Germany will increase by about 50 % and amount to about 900 TW&G6 TWh [4]
Similar to the renewable energy sources, the challenge is on the posveE.sid 1 %
of the cars in Germany 400,000 out of more than 40 million careharged simulta-
neously with 20 kW~ which means about 80 km range extension within 30-mi
quire a power of 8 GW. This corresponds with 10 % of Gegrsaturrent peak power
demand.

Economy of miniaturization Economy of scale

Modularisation
Standardisation

Mass production

Near consumption
Combination of functionalities
Integration in structures

No fuels

Individual product
Individual functionality
Need for fuels
Emissions

Fig. 2: Traditional economy of scale versus new economy of miniaturization

Finally, a new economic logic is occurring. The so-called economgaté,swhich
defined the economics of the big central power plants for mang,\isaeleased by a
new economy of miniaturization. Dispersed, small size, standardized;disiefree,
mass produced, close to customer installed and potentially building integrate@d-gen
tion units are allowing an improved cost structure. This typeoégtion will displace
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the incumbent power plants accordingFig. 2. The consequence is the necessity to
coordinate swarm structures in order to achieve a stable and robust ®rstegy.

As a resultsmart energy systems have the task to safeguard the power balance in
highly volatile, power centred, filigree structure. They have to guaraungdiygand
reliability of supply as well as safety for workforce. Thaeyd to make optimum use
of the grid infrastructure in order to minimize the capital employedtargithe system
costs. Another task is to achieve operational excellence by using workiar@ge-
ment and predictive maintenance tools. This contributes terlgygtem costs as well.
A lastissue is the forecast of power demand and power genesdiicmallows to take
pre-emptive measures in order to avoid congestions or restrictionaskmmers. Fi-
nally, a smart energy system also offers new services and optioesciostomers.

There are two basic components which are building the smart energy .sysiem
smart grid is focussing on transporting energy to the right placeebgptfimum use,
management and operation of the infrastructure. The smart marketssiftg on hav-
ing energy available at the right time by balancing generation, demarstioaage.

2 Digitation of the energy sector

The digitation of the energy sector is an indispensable prerequisite irt@medtab-
lish a smart energy system. The system has to be described by a set détstatecg.
from the geographical information systermand dynamic data e.g. from electrical
sensors in the operational units. In general, data include technical but also micatech
aspects. It is crucial that data sets are consistent and complete.

As a first instrument, big data tools identify patterns within a set of Gih&se pat-
terns allow to deduct correlations and interactions without knowing the exasality.
This opens total new options for system design and operation. Rigtgewolumes
increase the reliability of the results. There are four dimensiongafdia: volume,
velocity, variety and veracity. A second instrument are neuronal netwdhey are
self-learning structures which are able to forecast multi-causal developfFign&is
showing the principlefb].

In general, dynamic data provide more timely and more detailed iafimmon the
process. This allows to improve operational process as well as infrastruétocess
optimization can be attained through a better workflow and the establishment ef work
force management systems. The improved useeafsting— infrastructure is achieved
through the reduction of so far unused capacities, the better informatah agset
condition as well as the better coordination and prioritization of available options.
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Fig. 3: Big data tools and neuronal networks

In the following chapters, specific opportunities for the use of staticclisag/ dy-
namic data with respect to smart markets and smart grids are described. Swne of
are already in the demonstration phase while others still need some resebdevel-
opment. In detail discussed topics are dealing with virtual power plawstypes of
balancing groups, new options of infrastructure analysis, smarsygidms, grid fail-
ure identification and detection, asset condition monitoring, congestioragbrand
support of power frequency control. Some remarks on new datzesamd the use of
data for improvement of energy efficiency as well as for predictive nmaginte are
completing this paper.

3 Big data and smart markets

Smart markets are balancing generation and demand by setting a pricerjoi®
min time-period through cascaded adjustments between offer armshdeihe closest
price setting is done by the intra-day trading schema 30 min laidtvery. The price
signal sent to the market has an influence on generators and consuhdhais is
stimulating them to use their flexibility in a system supportive Weighin the 30 min
delay time the automated power frequency control is guaranteeing tha syabdity.
The corresponding technical services are acquired by the transmissiongystatars
in charge though auctions. There are markets for minute reservedagcand primary
reserves. Minute and secondary reserves are distinguishing between positige (p



increase) and negative (power decrease) products. Primary reserve inclsities p
and negative power.

Virtual power plants

Virtual power plant structures allow the synchronized operation of a portb
controllable and non-controllable power plants within one frequencyataotne. Also
storages and powdo-X devices can be integrated in the virtual structure. Owners of
the devices can be utilities but also industry and private per@uHfe generation,
storage data and available operational flexibility are made available to a control unit.
Advanced systems are able to deduct an optimized sales strategy for tlategeaer
ergy. The different options of the energy only market but alpomypnities of power
frequency control are taken into consideration. The systems are applgiigne:
learning algorithms. They are using neuronal networks as weligagalba analysis
tools. There are the first projects working on a price forecast esgpect to the power
exchangeFig. 4 shows the basic structure.

Energy only market,
Markets } power frequency control

Aggregator,
Trader

Marketing strategy for energy Machine learning
(Cloud based software, big data analysis, o )
neuronal networks) Combining portfolios
‘ ‘ Utilities,
Portfolio Portfolio } industry,
utility 1 ) industry n independent

‘ i ” sl ‘ pover poducers

} Minimizing direct and

Predictive maintenance (Big data analysis) fidifect outagss

Fig. 4: Virtual power plants

Virtual power plants are able to qualify for primary control. This meanmthtan-
taneous and guaranteed availability of a certain value of additional or redueegd-gen
tion power. The process has to be guaranteed for several cyclegedhiement
means an advantage for virtual power plants compared to batteries. Batteries are able
to react fast, however, they have a limited capacity. Therefore, theyartsak-up-
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e.g. a power plantin case that several cycles of primary reserve request occur succes-
sively. This reserve implies costs.

Virtual balancing groups

An increasing number of people is operating a photovoltaic panel onahtheoe
houses. The low costs of the produced electricity supports the msaraption of the
produced energy. As a rule, the photovoltaic panel has the dimensiokedhmdaome
autonomous from an energy point of view. However, withouh&éurmeasures only
about 30 % of the domestic electricity consumption can be compehgatieel propri-
etary photovoltaic panel. 70 % of the generated energy has to be injectézigtad
and compensated financially by the distribution system operator acctodimgrules
of the renewable energy act (Erneuerbare Energien Gé$etAs a consequence, the
inhabitant has to buy 70 % of the consumed electricity by an elecsaldg company.
Adding a properly dimensioned battery to the photovoltaic panel thewuggtfiency of
the house increases to about 60 %. This means that 40 % of the generated energy doesn’t
fit into the time schedule and has to be sold to the distribution systemtapand
deliveredat a different time through an electricity supplier. It is interesting to tiae,
the percentage of self-sufficiency can be increased to about 80 % owBBr¥multi-
family-houses are considered. Their consumption patterns are divettsuaritiey are
stabilizing the energy demand and improving the fit with the generdtithe gphoto-
voltaic panel and the battery.

Virtual energy supply
system

= Not based on grid

= Buildings with (solar)
generation and batteries

Shared Residual |’ = Buildings with batteries
energy energy

= Additional external
generators

) = |nterface to power
Generation exchange (selling and

G

R buying) for the residual
S | Storage energy
C

Consumption

Fig. 5: Virtual balancing groups



A virtual balancing group combines various renewable generation seuat®mve
all photovoltaics- with batteries and customer demand within one specific frequency
control zoneFig. 5 shows the basic structure. The operator of the balancing group
makes sure that a surplus generation is sold to the market and a lasleddtipn is
compensated by the procurement of renewable energies. With respect to marketin
frequently a virtual balancing group is called energy community. Wittheanbed port-
folio of photovoltaic panels, batteries and customers the percentage of self-sufficienc
can reach up to 80 %. It is important that a battery can be operated indélyemnalen
the solar panel. This means that battery and solar panel have individuettess) Al®
customers without solar panel can own and operatgtery From a customer’s per-
spective there are real and virtual batteries. Virtual batteries are built by the energy
community. The participation in a community means to pay a flat rate per fioonth
the right to store energy in the communitthe virtual battery- and to get it back at
due time. The flat rate has compensate the handling of the energy, thkekagheby
taxes, levies and fees between feeding energy into the gddaxes, levies, fees have
to be paid- and taking energy off the grid at the same place at a different-times,
levies, fees have to be paid.

In order to establish virtual balancing groups, data collection, data management,
recognition of patterns, forecast of generation as well as forecast ahdeare key.
The combination with the features described under virtual power plantssiblpotn
case the data exchange is managed in a fast and reliable way, a virtuahfajemap
can contribute to the power frequency control and thus generate additicrralesy
The performance has to be proven in a qualification process.d-pratictable future
it is a promising option to organize virtual balancing groups throlagk lthain tech-
nologies[7].

Demand side management in industrial sites

Identification of flexibility in industrial production processes is becomingna
portant tool in order to manage the volatility of renewable energy sourtes elec-
trical grid. It is evident that demand side management in industrial sites otlnstve
a negative impact on quality and efficiency of the production psocagsneration of
process heat through combined power and heat (CHP) or powest (P2H) devices
are playing an important role. Heat systems have a high thermal inertiauarallow
flexibility in a certain range. Also the operation of heavy mechanical mesHike
presses have to be considered.

In order to establish a demand side management process in indiitetsiaihe elec-
tricity demand of the industrial process has to be measured by gxastedditional
sensors. Options are specific current and voltage sensors, smart mbesantrol
devices. This means the handling of big volumes of dynamic data. Ateonset of
data is a prerequisite for the further steps. In addition, a numeric thatlallows the
simulation of the process and the identification of the flexibility optimas to be set
up. The use of neuronal network algorithms allows the forecakeafnergy demand
of the industrial site. Combining this with the simulation tool identifiesfigxibility
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options in the overall power demand. The subsequent questiomviso make maxi-
mum advantage out of the flexibility. There are several optiogs, iEcan be used to
minimize grid fees, to optimize electricity procurement, to contributegtdréguency
power control or to participate in the re-dispatching schema. In fuhed|exibility
can also be used to support smart distribution grids.

Optimization of power and energy Cloud based tools

with respect to production process

|
|
1
1
Energy intensive process components | Process model
1
} :
1
1

+
1
Sensors and actuators
l 4
1

|
Control unit
4 [

! 1
k- Approval i mmm Optimization and adjustment options pas
I

| }
a I Neuronal networks ( )
I

P N Adaptive learning:
) Influence on the process through taken
Real Forecast actions have to be considered when

training the neuronal network

t

Fig. 6: Demand side management in industrial sites

Regarding today’s legal and regulatory framework, the minimization of the grid ca-
pacity price (E/MWh) is the most appropriate target for the use of flexibility. It is also
possible to operate with overlaying control loops. The inner loojmizes the grid
capacity price and the outer loop is using the remaining flexilfditgnother purpose,
e.g. optimizing the energy procurement. It is obvious that thilrbe more options to
use flexibility in a profitable way in the future.

It is important that the power forecast algorithm is using adaptive leaoulsg The
forecast will trigger counter measures and process adjustment®irt@reach to p-
timization target. When training the neuronal network, the impact of thaterou
measures on the electricity demand has to be eliminated. Otherwise the neetonal
work will not predict this kind of effect in the future any more.

Additional side effects of such tools are increased transparency, identificdtio
failures, new understanding of the production process and optimizdttbe process
when big data tools are used to identify patterns in the collected data. The besic fu
tionality is shown irFig. 6.



Smart home applications

The targets of smart home applications include the increase of energy effemehcy
the minimization of energy costs for the customers. As a rulart $rame applications
are combined with smart meters and smart meter gateways. This allovedya secure
and bidirectional communication with the energy supplier. As a consequemcesth
tumer has the option to react on price signals in an automated way.

Smart home applications consist of sensors in the various domestic eggplitie
electrical dryer, washing machine, heat pump, battery, solar panel auri@ &lectrical
vehicle charger. A control device is collecting alld¢bdata, calculating the available
flexibility and using it in order to minimize the energy costs. Thigiests an in-house
communication that can be based on in-house power line carrier technolggéess
LAN or an independent remote control. Important elements ofaatdiome are elec-
trical heating systems or batteriestand alone or in electrical vehiclesvhich offer
significant flexibility options. With respect to conventional heating systengs gas
heating, smart home tools can contribute to energy efficiency. Theyptiamze the
temperature profile in the various rooms dependintheimhabitants’ habits and they
can reduce the room temperature when a window is opened. Smarstiatiens can
not only increase energy efficiency and transparency, they also oaibete to the
security of the home through webcams and alarm devices. Tlheyramote access to
the control unit through the internet. They can assist elderly people hlomg by
supervising their movements and giving advice concerning medic#iso.the in-
crease of convenience is an issue of smart some solutions. Thiemaldio systems
as well as light effects in combination with LED technologies.

Smart home devices are multi-purpose tools that go far beyond the endayy sec
Even when flexibility is only one issue amongst others it can & twsoptimize self-
sufficiency and thus minimize the cost of energy procurementasitintegrated con-
tract. This option is important when the home has a solar panel and a bateepyinF
ciple of overlaying control loops can be applied as well. The flexibility thabisise
for the optimization of self-sufficiency can support external issues b&lancing
groups, frequency power control or smart grids. It is interestingte that during win-
ter a solar panel is producing only very little electricity. The battery therefavail-
able to support other purposes.

It is interesting to note that there are the first tools available that are connected to the
busbar of a house and that are able to identify the operation of deviceshante
through analysis of the shape of the current but also of hasand flicker. This
feature is still subject to research and development, however, it opepsrspectives.

Customer relationship management

The combination of confidential customer date.g. from the utility- and public
available data allows to identify the intensions of customers witht@ircg@robability.
E.g., big data tools can give advice on the probability whether a custoprepared
to switch the supplier or to install a battery in his home.
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4 Big Data and Smart grids

The establishment of an energy system that is based on renewahlessracl
costs but needs huge investments in infrastructure. Therefore, the iesaniproves
when the increase of infrastructure is limited. This is the approach df grnaes. The
use of electrical infrastructure shows a significant non-linearity. 96tk dransported
energy need about 50 % of the installed capacity while the remaining 5 {ydbeu
other 50 % of the capacity. Hence, when 5 % of the energy eanfloenced, the
transported energy within one gadnbe nearly doubled in an ideal case. The impact
on the energy flow can be created by price signals or by mandataiggractions.

Smart grid systems

Today,asa rule, low and medium voltage grids do not offer on-line data db#ue
flow. As long as there has been a top down energy load floneigrid witha low
volatility this information has not been necefigameeded for an optimized grid design
and operation. However, the pronounced volatility that is brought thithegtenewa-
ble energy sourcesto the distribution grids and that will even be increased through
technologies on the demand sides like electrical vehicles or heat pumpsgdingha
this. Therefore, smart grids equip low and medium voltage grids atispaiits with
sensors for measuring current and voltage. Due to the non-syinahktad, in low
voltage system sensors are installed in the three phases and in the givadédle
in medium voltage systems one sensor in on phase is sufficient. Sdaboes data
ontline and with respect to the public cables and lines. Smart metersrdalstomer
and not grid related data. With respect to the grid they are incremental angiGt!.
Furthermore, they aggregate their data to 15-min-values. The data owherciss-
tomer and the data are subject to data privacy. Therefmresaf third parties is very
limited.

Analysis that have been carried out show that it is sufficient to equip a omaxifn
10 % of the nodes in the grid with sensors in order to calculateealioltages and all
the currents with a sufficient accuracy of + 10 %. The dynamic datedfensors are
transported via power line carrier technologies, glass fibre cables or mobiteirtter
an analysis and control box that is positioned in the MV/LV transformer statizase
ofa LV grid and in the HV/MV substation in case of a medium voltaige Tine control
box contains the state estimation algorithm. It works with a séaiid sata describing
the grid topology and the on-line dynamic data. The control boxnpesfa grid anal-
ysis every few seconds. In case of the detection of an iefriagt of the acceptable
voltage band at a node or the maximum current in a line the control &lobe i® trigger
measures. It can address grid related actuators like adjustable MV/LV transformer
voltage controllers in lines but also customer related actuators. These can inffigence
reactive power or the active power of the customer. The smart home comtzollee
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used as an actuator of the smart dgFidy. 7 shows the basic design. Customer related
actions have to be minimum invasive. Furthermore, grid related acierperformed
first and customer related actions second.

Communication Actuator
with MV grid (customer)

13

Grid topology
data . o

Control S T Actuator
BG¥ &3‘:‘:‘::;::?::» Sensor (gfld)
@ ﬂ\ s *. -7w /’

*~.._ Sensor ‘ Sensor Y grid
o ‘ Actuator
e N 7 —  (grid)

Fig. 7: Smart grid structure

A low voltage smart grid with a smart grid control box in the MV/LV transfer
station can operate as a sensor and actuator for the superimposed médigengvial.
The control box has the on-line information on the aggregated powlee assigned
low voltage grid. Furthermore, the control box can react on power adjnstiemands
of the medium voltage control box.

Data management is key for smart grids. There is a huge amalyrarhic data to
be handled but also the static data have to be updated on a regular baséoimaredu
way in the smart grid control box. A geographical information systed an asset
database are prerequisites for this. Finally, a smart grid needs newatebigperation
rules.

Cdlular structures

The electricity system of the future will have a cellular structure. This atloresct
on the rather different local situations and to control the pronounced vgplatiktn
economic way. Applying the principle of subsidiarity, each cell hbs &®lf-sufficient
to a reasonable extent. According to the principle of Pareto, 20 % ekgenditure
leads to 80 % of the benefits. Self-sufficiency is power related and not litoithe
annual energy balance. Overproduction or additional demand of a cell hast b
changed with the superimposed cell. This power exchange shoatdibgted as pos-
sible. According td-ig. 8 the existing voltage levels are supporting the cellular struc-
ture. The hierarchy of this structure is established by buildings, villggesters or
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industrial sites, cities, regions and countries. Finally Eursfieiiiding the top cell.
Every cell contributes to the stabilization of the power balance to its abilitieslaggor
to the principle of Pareto. Powts-X technologies, i.e. coupling of energy forms and
sectors are playing a pivotal role.

It is obvious that the establishment of such a structure in an efficierf@ative
way requests on-line data collection and exchange.

Cellular system — electricity based and partially self-sufficient

Level 1: European interconnected
grid —
Connecting superregional
high voltage grids

Cell ,,Europe*

Cell ,region® ) .
el miogion Level 2: High voltage grids —

Connecting regional
medium voltage grids

Cells ,,quarter*,

e ” Level 3: Medium voltage grids —
»town¥, L village

Connecting local low
voltage grids

Level 4: Low voltage grids —
Connecting buildings

Cells ,,quarter,
Street*

Cell ,,building*
L

T
Technical subsidiarity and principle of Pareto

Fig. 8: Cellular structure of the energy system

Traffic light system for system stability

Under the moderation of the German Association or Power and Watetrindus
(BDEW) a traffic light system for system stability has been developdd].[8he focus
is put on the overall power balance and the management of local grid restraints

With respect to the overall power balance automated power frequency control is
considered as a prerequisite. The traffic light system starts with the panletmrice
setting on a 15 min time-period. This concerns trading, balancogpgrand supply.
When the grid traffic light stands on green there are no grid restaaidthe electricity
market can operate without any limitations. Normal grid fees and market based elec-
tricity prices are influencing the balance between offer and demandsdnteaproba-
bility for local or regional grid restraints is increasing the traffic liginh$ on yellow
in the cells concerned. Now, the distribution system operator triesebgfualjusted
grid tariffs or instantaneous flexibility auctions to release the griduandhe situation
back into the green state. The contribution of the customers take placeoamtary
base. There is no compulsion. However, there is a local interaction withatthet.
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Low energy prices are increasing demand and temporarily highdegsi@dre reducing
it. Whatever system is put in place, demand oscillations have to be aJdoidade the
situation is getting more serious the traffic light turns into red. Nbw distribution
system operator can take immediate action, e.g. in an automated wayshyettt grid.
The necessary devices in the grid or on the customer side will be addiressdirect
way.

Still many issues concerning the implementation of such a systestillawpen. E.g.
the question of global or specific compensation for customer relatedimragas the
red phase of the traffic light. However, it is evident that the exchange ofeadiaia
volume is a prerequisite for the establishment of such a system.

Detection of grid failures

The smart grid system described above needs a minimum set of marsdiettnig-
ity sensors in order to calculate the current in all branches and the satiadenodes
with a sufficient accuracy. It is possible to add facultative sensarsler to check the
quality of the calculation. However, this offers new options as wetlage there is a
deviation of the calculated value and the measured value in a facultatioe semsise
of a wrong grid topology for the analysis could be the mostgirletreason. The set of
static data in the control box describing the grid topology becomes \irthrege is a
failure in the grid, like a broken wire or an open switch in an interected low voltage
grid. In order to identify the location of the failure the underlying tblogy has to
be modified systematically until the measured value of the facultative semser
sponds with the calculated value. As a result, smart grids are able to identiilgrid
ures.

Quality assessment of assets

Again, a smart grid system is building the base for this featueec@immunication
between sensors and control box is done through power linerdachnologies. The
damping of the signal in the grid can be interpreted as a functtba oferall condition
of the insulation. The causality still needs further investigationsrendlentification
of patterns by the help of big data tools has not been analysed in degailtdovfever,
there is an option to use smart grid data for the evaluation of asset coaditidhe
implementation of predictive maintenance.

Anticipating grid congestions

Another option to extend the features of a smart grid system is to colleclifioad
to the dynamic load and voltage data of the grid other data like temperandehur
midity, date, day, clouds or sunlight. Big data tools can help to idgatfgrns for the
occurrence of congestions in the grid. These patterns can help to arpdittability
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increase for congestions. Pre-emptive and minimum measures can b tafdar to

avoid restraints for the customers. In order to turn this option intactigal tool, still

some research and development has to be done. Furthermore, there are legas question
concerning pre-emptive actions. The methodology of adaptive lednamtp be ap-

plied because the measures taken eliminate the predicted congestion.

Active contribution to power frequency control

A smart grid can also contribute to the power frequency control. Irefdimes the
direct coupling of electrical synchronous and asynchronous machities gwid in-
stantaneously reduced the load in case of a frequency drop. fidus is based on
physical effects and is called static of the grid. It is limiting the frequegdyction in
the time period between occurrence of the power plant outage and the falliactof
the primary reserve. The implementation of power controlled convertetisefaon-
nection of electrical machines has been reducing this effect substantiallpgAdfre-
quency sensor to the smart grid control box and defining aénegdoad curve in the
control algorithm reinforces the grid static in an active manner.

In case of a frequency drop the control box has to address astuatbe low or
medium voltage gridn order to reduce the customers’ loads. Again, this feature still
needs some research and development and also the question of cost abompars
the customer is still open.

Workfor ce management

A final option with a huge data volume are workforce management t8inise a
couple of years, incentive regulation is increasing the pressure on trsiosnaisd dis-
tribution system operators to improve their operational performanaadition, the
opeaational environment is getting more complex for distribution systeerabqrs.
Winning and loosing concession contracts is turning the gridisteea patchwork. A
huge variety of task combinations is occurring. All combinatioasset management
and / or asset service activities for the individual voltage levels of electrical forids,
gas grids, for street lighting, for water grids and electric meters are gxis{inactice.
A workforce management system can support the mobile workimiogrove its per-
formance even in such a situation.

Again, data is core. The first set of data describes the skills and the ftdbés o
workforce. The second set of data describes the requirements of théovioar done.
There are planned activities, like performing switching operations, woakoonstruc-
tion site, inspection, maintenance or renewal as well as unplanned activitiesitdige
management or repairs. A specific priority is assigned to each acfivieysystem
needs a geographical information system with the position of thefavoekand the
tasks. An algorithm- based on the Knapsack theorenis assigning the necessary
workforce to the tasks in order to optimize the overall performance andhiimize
driving time. The system also makes sure that the workforce hagthequipment
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and the right spare parts in order to perform the work properly. &sghtem is in the
position to increase efficiency by about 30 % compared to a static and tegied
organisation of the workforce. Warehouse, procurement and woekéoe operating
in a concerted manner.

Predictive maintenance is an important tool in order to define the pridrity o
measures. Importance of assets with respect to reliability of supplgcauaiition of
assets are taken into consideration in order to calculate the priority of cspetoifty .
In terms of efficiency, it has to be mentioned that workforce pmifgy activities on
site is also doing the necessary inspection simultaneously.€thised the driving time
of teams substantially and allows the gathering of requested data. Werkianage-
ment systems are in place in many utilities. However, the analysie obllected data
with big data tools is at the beginning.

All activities concerning work force management have to be closstyssed and
coordinated with the trade unions. Workforce management is cttgangirk philoso-
phy and culture within a company. E.g., tracking of workfascecreasing transpar-
ency of the individual performance, however, it is also supportinggtieized use of
workforce and the safety of staff. In case of an accident the loaattithe workforce
can be identified easily.

5 New data sourcesfor big data

The technologies discussed above provide a huge amount of new statymanmc
data sources. Above all smart meters and smart home applications includieg-con
ience, security and health care tools have to be mentioned. But alsacemastters
for batteries or photovoltaic devices and the smart charging infrastructwiedtrical
vehicles offer new data sources. There is no doubt that these data can teiosed
prove the quality of the customer service and to contribute to an efficiertf uke
infrastructure. However, the aspect of data privacy has to be considered as well.

6 Big data, predictive maintenance and infrastructure
improvement

There are two further applications of big data which have the potenti&late gub-
stantial benefits with respect to technical and building infrastructure.

Additional sensorsin generatorsand machines

All kind of sensors are getting constantly cheaper. Also data tran§ées afany
options. As a consequence, current, temperature, pressure or vibratiors sBso
added to generators or machines in operation, while new devices are alreaggequip
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with those sensors. When the dynamic data are gathered in a datdthefes help of

big data tools the correlation between specific circumstances and the occofifaiiee
ures or outages of generators and machines can be identified. Vice vess® &nspe-
cific data constellation is observed the probability of a substantial risklfteakdown
of the device is substantially increased. This strategy allows predictive naeiogetit

is applied in power plants but also in trains, metros and tramways. Theldtgilyol-

ume is immense and exceeds by far the daily data volume of social media.

Big data and infrastructure improvement

With respect to energy efficiency, the energy demand for the heating biilding
stock is playing an important role. In Germany 50 % of the overaliggrdemand is
assigned to heating, while electricity and mobility amount to 25 % €adhic availa-
ble data as well as utility data describe quality and age of infrastruotaténg systems
as well as insulation. There are information about inhabitants and annual eoergy
sumption. Consistency of data is pivotal. In addition, the potentialeafig measures
to be taken- e.g. exchange of heating system or windewan be described with price
and impact. As a result the most effective measures can be assigned to eaalp buildin
and a strategy for the improvement of the energy efficiency withuagter or a town
can be developed. The specific cost for the reduction of carbondioximbcaiculated.
This helps the municipality to develop their decarbonisation strategy or thexgurer
to set proper incentives for the modernization. Also utilities can take tadyaor such
an analysis. They are in the position to develop new offersdarustomers, e.g. con-
tracting offers.

7  Summary and conclusions

The implementation of an energy system based on dispersed andlvenenergy
source as well as on energy efficiency is not possible without pnoaducollection
and exchange of on-line data. This is a prerequisite for system staRiifjitglata tools
allow the identification of new relations without knowing the exact causiléyronal
networks, combined with adaptive learning help to control the significdatilitg in
the system. Energy and digitation are converging. Flexibility is key.

The paper describes specific options for the use of these two instsumender to
make smart energy systems become reality. Some of the options are airdlaely
demonstration phase while others still need some research and development.

In order to make big data a susseknow-how on energy business, technology and
digitation has to be combined. According to [10] the following questiawve to be
considered by companies in order to make big data approaches successful:

What about the added values of big data? What is the specific benefit of data collec-
tion and analysis? What is the cost reduction or the additional revenues?
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Do we have the right data sources? What about data quality? How can we get the

data? Are there legal restraints?

What about our technology? Do we have sufficient performance in curd® we

have to invest?

Who or what is the driving force? Big data means a turnaroonadn experienced

management style to a data based management style. Therefore, bighdgfasisan

IT

issue, it is a management philosophy and touches the strategy ofrthargo
Do we have the right people? The implementation of big data toof®atienited

to technical and IT questions. Of course, experts dealing with data colleefidation

an

d applying big data tools are needed, however, the chance of the camlpargyis

a prerequisite of success.
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2.
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