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Abstract— In the course of the ongoing transition of the en-
ergy supply towards a renewable and decentralized system, the
number of electric vehicles in Germany is also increasing. The
growing number of electric vehicles is an important part of the
energy transition, along with the expansion of decentralized gen-
eration facilities. While there is sufficient measurement technol-
ogy available at the transmission grid level to calculate the state
of the grid and the calculation algorithms focus more on the re-
dundancy of the measured values and their measurement er-
rors, there is hardly any measurement technology available be-
low the 110 kV level. As a result, the observability of medium-
voltage and low-voltage grids is severely restricted. This situa-
tion is historically conditioned and can be traced back to the
power supply by means of central large-scale power plants. This
paper highlights the added value of smart meters in the context
of the integration of electromobility. Furthermore, it will be pre-
sented how the combination of smart meters and decentralized
distribution grid automation systems can cost-efficiently in-
crease the transparency in the grid. Within this framework, an
intelligent Smart Meter Converter is presented, which provides
the decentralized grid automation system with scenario-specific
Smart Meter data in a usable form. The advantages and rele-
vance of such a module in the context of digitization and indus-
try 4.0 will be highlighted. Based on this, first steps for the prac-
tical realization of an intelligent Smart Meter Converter will be
presented.
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Grid Automation System, Energy Transition

1. INTRODUCTION

The transition of traffic initiated by the German govern-
ment has an increasing influence on the structures and supply
tasks in today's distribution grids [1]. Due to the low number
of electric vehicles, the effects are currently not widespread.
According to the Federal Motor Transport Authority, a total
of 47.1 million passenger cars were registered in Germany as
of 1 January 2019. Of these, 83,175 were electric vehicles, an
increase of 54.4 % over the previous year, and around 341,000
were so-called Hybrid vehicles, an increase of 44.2 % [2].
Thus, the share of purely electric cars is currently around
0.18 %. Through government incentives and subsidies, such
as the 0.5 % rule for company car taxation, combined with the

increasing development of charging infrastructure and the in-
creasing range of vehicles on offer, the National Platform for
Electric Mobility (NPE) assumes that the target of one million
electric vehicles will be achieved in 2022 [3].

Today, local grid bottlenecks are already occurring, for ex-
ample where a large number of charging points are bundled
together, such as in car parks or modern residential areas. A
positive example of a modern residential quarter where local
grid bottlenecks are avoided is the “Ddrnberg-Quartier” in Re-
gensburg, which, according to ChargelT [4], currently repre-
sents the largest charging infrastructure and load management
project in Germany, with 260 charging points being installed
in the first construction phase. With an output of 22 kW per
charging point, 5.720 MW would theoretically be possible.
Usually, these 260 apartments are supplied with a grid con-
nection of approx. 1 MVA. Intelligent charging management
will ensure that as many charging points as possible are served
and at the same time the power supply of the connected apart-
ments and commercial units is guaranteed. The way in which
the available power is distributed among the charging points
can be determined by different prioritizations of the users,
considering the principle of non-discrimination. The solution
comes from a single source and coordinated hardware and
software components that are compatible with each other were
already selected during the planning phase. Since everything
necessary can be regulated on site, communication with the
network operator is not necessary.

By contrast, the situation in the public sector is usually dif-
ferent. Various components from different manufacturers are
already installed here, and the distribution grid is already in
place and may need to be enhanced. In contrast to the residen-
tial area, decentralized feeders can also lead to internal over-
load situations which are not detected by the traditional grid
protection technology installed in the local grid transformer.
As in the neighborhood solution, the distribution of the avail-
able power should be non-discriminatory and based on differ-
ent user priorities.

Intelligent load management makes sense for this high
number of charging points. Currently, this requires communi-
cation between the charging points with a higher-level, decen-
tralized control system. Here the control can be taken over by
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a decentralized grid automation system. Depending on the
current load factor of the grid supply, the charging capacity is
limited by the medium-/low-voltage transformer that supplies
the grid.

A decisive advantage of such a residential area is that the
charging points in the underground car park can be connected
to a central control system via a network, as the paths and dis-
tances are short. In addition, such projects usually involve the
use of hardware from a single manufacturer. Communication
with the grid operator is not necessary, as decentralized con-
trol takes place.

In a classic local grid, this spatial proximity is often miss-
ing and the charging infrastructure used is not uniform. Nev-
ertheless, these low-voltage grids are also affected by grid bot-
tlenecks due to electromobility. Standardized communication
protocols and an interface to the distribution grid operator are
prerequisites for interconnecting the various charging infra-
structures. Smart meters with control boxes could perform this
task in future in combination with grid automation systems, so
that the grid operator knows the grid state in the low-voltage
grid through smart meters and can thus influence the charging
behavior of the vehicles in terms of grid stability. In the course
of the smart meter rollout and the associated digitalization, a
steadily increasing volume of extensive data streams can be
assumed in the medium to long term, which need to be pro-
cessed sensibly. To this end, the data must be processed and
converted into a form that can be used by the grid automation
system. In addition, three scenarios will have to be anticipated
in the future in which smart meter data types (high-resolution
grid state data and meter readings) of varying granularity are
made available to the decentralized distribution grid automa-
tion system. For this purpose, case distinctions and scenario-
specific solution concepts must be developed.

In the context of this contribution, the University of Wup-
pertal, together with its partners DFKI, SPIE, STEAG, Vol-
taris and the VSE of the SINTEG showcase project Designetz,
will show how the combination of intelligent measurement
systems and decentralized distribution grid automation sys-
tems can cost-effectively increase transparency in the grid.
The work focuses on an intelligent Smart Meter Converter
(iSMC), which provides the decentralized grid automation
system with scenario-specific Smart Meter data in a usable
form.

The work is structured as follows. The scenario-specific
concepts have been concretized in earlier publications by the
authors involved. Chapter II explicitly mentions the associated
publications and concepts. Chapter III examines the ad-
vantages and relevance of such a module in the context of dig-
italization. Based on this, the first steps towards the practical
implementation of an iISMC are presented in Chapter IV.

II. INTELLIGENT SMART METER CONVERTER

Smart Meter data differ in their information content de-
pending on their granularity (resolution). Depending on the
granularity of the smart meter data, correspondingly tailored
concepts are necessary for their integration. To this end, three
scenarios are to be considered which differ in their data reso-
lution and in their data transmission with respect to the time
offset to real-time operation. The scenarios consider both the
legal framework [5] and the state of technical development. In
addition to the legally prescribed minimum technical require-
ments for smart meters [5] [6], so-called tariff application
cases indicate which measured values a certified smart meter

gateway must be able to provide. From a purely technical
point of view, most devices are capable of measuring a large
number of parameters (or better network status data?) such as
current, voltage, the current active power or the consumed en-
ergy over a certain period of time and transmitting them every
second. However, there is currently no obligation to transmit
the network status data in a uniform manner and without no-
tice. Scenarios must therefore be developed that allow maxi-
mum flexibility in handling smart meter data. The relevant
scenarios are briefly described below.

A. Scenarios and Their Data Volume

In the first scenario it is assumed that smart meters in a
grid variant provide network status data promptly and feed it
to the smart grid via a communication interface for further
processing. This data is usually incorporated in the same way
as the sensor technology of the Smart Grid (hereinafter re-
ferred to as the Smart Grid concept). This Smart Grid concept
is already simulated and validated. The added value of the
smart meters, which results from the simulation, can be found
in [7].

In the second scenario, it is assumed that Smart Meter does
not provide the Smart Grid with high-resolution grid state
data, but only with meter readings of electrical work deter-
mined every quarter of an hour directly or with a short-term
delay of one period rolling. Consequently, the meter reading
represents the integral of the electrical work. The measured
electrical work of the measuring period can be calculated from
the feed rate, as the difference between the current meter read-
ing and that of the previous period.

The third scenario is based on the same assumptions as the
second scenario, with the exception that the meter readings are
not sent to the Smart Grid individually and with a small delay,
but collected as a data package (e.g. at the end of a day). The
added value resulting from the developed concepts for the sec-
ond and third scenarios as well as a detailed explanation of the
respective concepts can be found in [8].

Based on smart meters, new business opportunities can be
developed and offered on the market or the aggregated infor-
mation can be used to introduce new services and improved
processes in the energy industry. The advantages for energy
suppliers are, for example, optimized grid control, lower costs
for meter reading or faster detection of partial failures or mal-
functions in the distribution grid [9] [10]. Furthermore, the
current requirements for smart meters provide for the imple-
mentation of dynamic electricity tariffs in order to be able to
influence the consumption behavior of end customers in a tar-
geted manner.

Beyond the potential benefits, however, there are also var-
ious challenges. These include, above all, guaranteeing data
security in terms of IT security and protection against manip-
ulation of aggregated data. For smart meters, these require-
ments are defined by the Federal Office for Information Secu-
rity in corresponding technical guidelines [6] [11]. The guide-
lines cover hardware, software and process requirements for
smart meters and communication via smart meter gateways.

A further challenge is the large amount of data, as an ap-
propriate infrastructure is required to transport the data at the
required speed. Thus, a network with sufficient band-width is
the basic requirement for the communication of the future
large quantities of smart meters with a network participant,
such as a distribution system operator (DSO).



In order for a distribution grid operator to be able to opti-
mize the control of the monitored grid, a suitable process is
required to enable the use of the collected data in already es-
tablished grid control systems.

III. RELEVANCE OF THE INTELLIGENT SMART METER
CONVERTER

In the course of the increasing digitalization of the distribution
grids and the automation of local network stations as a re-
placement for the formerly largely performed operation by
control rooms by means of tele control technology, the amount
of data to be processed and the requirements for recording,
processing, transmission and storage are increasing. On the
one hand, distribution grid automation offers the added value
of'a less complex and cost-intensive infrastructure and simpler
operation, but on the other hand it demands a reliable handling
of large amounts of data as sensors and actuators become more
and more equipped. It is important to keep the error suscepti-
bility of critical systems, such as a decentralized grid automa-
tion system (DNA), as low as possible, since a failure of such
a system can have considerable economic consequences.
Therefore, it is necessary to find and implement innovative
solutions for the controllability of these complex data sets
without changing the basic functionalities of the underlying
highly sensitive systems. This ensures that the susceptibility
to errors is reduced to a minimum. The iSMC forms the link
for the future integration of different smart meter data by (1)
converting the previously unusable smart meter data into a for-
mat that can be used for DNA, (2) relieving the distribution
grid automation of the computational effort and (3) helping to
avoid further development effort for alternative forms of smart
meter integration.

ad (1): The aim of the additional data is to generate tech-
nological and entrepreneurial added value. Smart Meter data
offer both as high-resolution grid state data and as energy
measured values in 15-minute resolution an added value for
the grid state calculation [7] [8]. The smart meter data help to
improve the results of the substitute value calculation, as these
are directly related to the quality and information content of
the input data provided. Distribution grids only offer insuffi-
cient sensor equipment, therefore the calculation of the knot-
sharp replacement power in DNA is done by the linear distri-
bution of the power. Here, smart meters can be interpreted as
additional sensors and made usable by the iISMC. Up to now,
however, the data types provided by smart meters via Smart
Meter Gateway could not be retrieved in a compatible format,
which is why it is not possible to use them directly. The iSMC
enables the integration of smart meter data by converting the
available data into a format that can be used by a distribution
grid automation to calculate the grid state, independent of the
data type.

ad (2): This approach allows a relief of the distribution grid
automation system against the background of the problems.
and at the same time reduces the computing effort of the core
application by outsourcing the computing operations to an ex-
ternal module. Thus, time-critical calculations remain unaf-
fected and the error susceptibility of the system is not in-
creased by the outsourcing of the additional function.

ad (3): In addition, the avoided development effort for al-
ternative forms of smart meter integration should be included.
The iISMC is designed in such a way that it can communicate
with any distribution grid automation via standardized inter-
faces and transmission protocols. This makes the development

of isolated solutions for a DSO avoidable and future further
developments for additional Smart Meter data types beyond
the three out-lined scenarios take place exclusively in the en-
vironment of the iSMC.

IV. INTEGRATION OF THE INTELLIGENT SMART METER
CONVERTER INTO A GRID AUTOMATION SYSTEM

The process illustration in Figure 1 shows the necessary
integration steps of the iSMC module into a DNA. The
graphic illustrates the position of the iSMC in the overall data
processing process from the smart meter gateway (SMGW) to
the DNA.

ISMC Integration

SMGW -«

Smart
Meter
Access

TLS

Connection & Content data 1SO/0SI

Data encryption protocol stack
Modeling
Communi-
cation via b by D
SMGW-Admin ata request by DSO
| )
-
v
2L <+— FTP-Server —
request
| I §
Control
4 N
ISMC Modul
\ b,
Data
exchange

Substitute Value
Generation & Power
Flow Calculation

*—I

Definite
Grid State

DSM

J

Figure 1: Process representation of the integration of the in-
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The communication between the external market partici-
pant and the Smart Meter takes place directly or via the inter-
mediate step of an SMGW administrator. Since the DSO it-
self, as an authorized external market participant, must receive
the data or read the data from the SMGW in a corresponding
relation-ship, the data must also be made available to the
iSMC module.

An answer to the question about the design of an iISMC as
software or hardware has not yet been finally decided. The
data can be made available to the iSMC by the DSO in two
ways.

(1) On the one hand, this may take the form of integrated
software. For this purpose, an executable application is cre-
ated on an application server of the VNB or locally in a local
network station. The smart meter data is either trans-mitted
directly to the iISMC or made available on an FTP server to
which the iSMC has access.

(2) On the other hand, this can take the form of hardware
which is installed as an independent module comprising all
relevant interfaces as well as a computing unit. This is cur-
rently being implemented by the University of Wuppertal on
the basis of a WAGO SPS and validated with the help of part-
ners within the framework of the project Designetz in the
Saarland network of VSE AG in the municipality of Freisen.

The transferred measured values are converted by the
iSMC and made available to the downstream distribution grid
automation. The integration into the station control system is
carried out according to IEC 60870 or IEC 61850.

Furthermore Figure 1 shows the transmission path from an
SMGW via the iISMC module to a distribution grid automa-
tion. Communication between the SMGW and the iSMC or
distribution grid automation is bidirectional, so that controlla-
ble equipment can be connected to the LMN of the SMGW.
The data transmission block forms the link between iISMC and
distribution grid automation. The data transmission contains
the most important requirements for the communication be-
tween an external market participant and an SMGW. This in-
cludes the TLS connection as a basic requirement for commu-
nication. The connection between the file transfer protocol
(FTP) server, on which the iISMC accesses, can be made via
the SMGW Administrator and on the other hand there is the
possibility that an SMGW makes data directly available to a
trustworthy external market participant and thus sends it to the
corresponding address of the FTP server. The iSMC module
in turn performs a data retrieval of the Smart Meter data and
thus receives the necessary CSV files.

As you can see in figure 2, the communication between the
distribution grid automation and the iSMC is also bidirec-
tional, as both can provide data to each other. These include,
for example, the determined replacement performance or dy-
namic and static grid parameters.

The distribution grid automation block consists of the sub-
stitute value generation and power flow calculation, as well as
the subsequent resolution of the unique grid state. Based on
this grid state, a connected Demand Side Management System
can initiate a control intervention on controllable resources
connected to the SMGW in the event of a critical grid situa-
tion. For example, a heat pump can be controlled if required.

Figure 2 illustrates the design of the communication be-
tween iISMC and a distribution grid automation. The focus is
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Figure 2: Communication between the intelligent Smart Meter
Converter and the distribution grid automation system

on the physical interfaces of an iSMC computing unit as hard-
ware and the connection to the interface of the distribution
grid automation. The iISMC is connected to the station control
system via an interface. The station bus serves as a link be-
tween the distribution grid automation and the automation
components, in this case protective devices. The iSMC can be
connected either as an automation component via a Profibus
interface or via an Ethernet interface. Since Profibus does not
use a TCP/IP protocol and is primarily designed for control
purposes [12], the connection via an Ethernet interface is an
option.

The Ethernet interface enables the communication of inte-
grated external devices at station level. Data and information
are exchanged via the local computer network (LAN) accord-
ing to the Ethernet TCP/IP protocol. In this way, the iSMC can
be integrated at the station level.

As the iSMC is not intended as a hardware module for
communication with an external FTP server due to the in-
creased security requirements within the station control sys-
tem, the smart meter data must be provided via the distribution
grid automation. Access to public networks is secured via a
firewall.

The data exchange between the iISMC and a distribution
grid automation is shown in Figure 3. The iSMC processes
data in three main areas. First, all relevant data is read in.
These include static and dynamic grid parameters of the dis-
tribution grid automation, or grid districts, and sensor data and
smart meter data. The smart meter data can be made available
in the LAN or transferred directly from the respective VNB to
the iSMC. The data of the distribution grid automation are
needed for the topology, for the substitute value generation
and for the power flow calculation.

The required parameters are first read in by the DNA when
calling up the algorithm for network state estimation in the
form of static and dynamic grid parameters. The topology is
then built up in the DNA, from which the grid districts and the
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assignment of the load nodes to these follow. The output pa-
rameters resulting from the processing of the network param-
eters are made available to the iSMC as input data.

The next step is the plausibility check of the input data in-
cluding the prioritization of the input data depending on their
added value. The calculation method resulting from the plau-
sibility check and prioritization is then applied in the adaptive
power distortion. The calculated replacement services of the
load nodes are made available to the DNA and are used as new
replacement services in the replacement value calculation for
the phase-decoupled power flow calculation. The process is
terminated with the output of a unique grid state and the re-
sulting control interventions.

A. Business Management View

The use of the iISMC appears particularly attractive from a
business perspective, since optimized grid condition estima-
tions and the resulting more precise load flow control lead to
cost reductions. The iSMC enables a DSO to derive added
value from the aggregated smart meter data. The information
contained in the data only has an added value for a DNA with
a suitable preparation. In addition, a suitable process for data
acquisition and preparation is necessary. Due to the high de-
mands placed on DNA with regard to its availability and sus-
ceptibility to errors, this process must be avoided in the DNA
itself. The iISMC as a supplementary module maps these pro-
cesses in a compact and efficient form without having to adapt
the existing DNA to the basic functions. It guarantees the re-
liability of the transmitted data in terms of quality, correctness
and completeness and thus relieves the effort of a DSO when
integrating smart meter data.

The added value of the iSMC therefore lies not only in the
more precise grid state calculation, but also in the avoidance
of high implementation costs on the part of a DSO. Thus, the
integration of smart meters as innovative resources can be ac-
celerated in comparison to the process of developing isolated
solutions and enables a DSO to use the data to optimize the
respective DNA at an early stage. In addition, further savings
can be realized with the use of smart meters, because smart
meters enable dynamic pricing that reduces peak demand and
reduces the need for operating expensive peak power plants.
The current value of savings on peak infrastructure could be
up to 67 billion euros for the EU [13].

The simulation results from Figure 4.2 show a significant
improvement compared to the calculation without additional
Smart Meter measurement values from Figure 4.1. This ap-
plies especially to the case of measured grid state data (avail-
able results). A more precise determination of the grid condi-
tion confirms that grid conditions classified as critical and in
need of control are actually within the respective tolerance
range. Additional costs for these control interventions are thus
eliminated.

The use of smart meter data also opens up the possibility
of directly assigning grid states to specific nodes. With the
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help of this information, control interventions can be carried
out in a targeted manner. Targeted controls make it possible
to operate the distribution grid with a lower cable capacity. It
is also possible to remunerate end customers for grid services.
In the case of a critical grid condition, targeted control of re-
newable energy systems and innovative operating resources,
such as storage, serves to maintain system stability and will in
future be associated with monetary incentives, as end custom-
ers are more willing to control their current consumption situ-
ation if they participate in the avoided grid expansion and op-
erating costs.

Furthermore, the efficient use of available renewable en-
ergy systems and controllable consumers holds a large long-
term savings potential of gases harmful to the climate, since
CO; neutral renewable energy systems can use their maximum
feed-in potential in critical load situations thanks to the precise
control of innovative resources at the distribution grid level.
Since the feeds from renewable energy plants only have to be
throttled in highly critical load situations, their share of total
energy generation in Germany is increasing. As a result, con-
ventional power plants with a poor climate balance have to
generate less energy and thus lead to an overall better climate
balance for German energy generation.

V. CONCLUSION AND OUTLOOK

On the basis of the results obtained, the present work al-
lows conclusions to be drawn about the added value of intel-
ligent measurement systems with regard to the integration of
electromobility. The work makes it clear that grid transpar-
ency is increased with the help of smart meters and that the
effects of electromobility can thus be anticipated more pre-
cisely, thus facilitating integration.

In addition, a concept for integrating smart meter data into
any distribution grid automation system was presented. The
concept of the intelligent Smart Meter Converter takes over
the collection of different Smart Meter data and converts them
into a DNA compatible format. The intelligent Smart Meter
Converter is to be offered in the future as a supplementary
Plug & Play module. This is connected upstream of a DNA in
order to make the added value of existing Smart Meter data
usable for distribution network operators.

The results of the present work demonstrate a consider-
able added value of smart meter data in the context of efficient
control and utilization of the distribution grid. The possibility
of active influence of the individual grid connection users
increases with increasing Smart Meter equipment [7].
Information on the grid state of each load node in the
monitored grid can, for example, be used in the future to
establish high-resolution and demand-oriented demand side
management [ 14]. The future rollout of smart meter technolo-
gies will create the basis for this. If smart meters are able to
communicate via a smart meter gateway, they can be
integrated into autonomous DNA within the framework of
operating resources. As a prerequisite for this, the respective
grid connection user must have controllable terminal devices,
such as the charging station of an electric car, and have agreed
to the control of this system via an appropriate control device.
Legal framework conditions should create active incentives
for this development, similar to the provision of control power
in the area of the transmission network.
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