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ABSTRACT 
The worldwide efforts to reduce CO2 and NOX emissions 
lead to a rapid increase in the installation of distributed 
generation, load and storage systems in the distribution 
grids. A direct result is a vast increase of the number of 
connection requests that have to be evaluated by distribu-
tion system operators. To handle the technical and eco-
nomic evaluation efficiently, new methods for data gather-
ing, aggregation, handling and calculation are necessary 
to benefit from innovative methods like optimization and 
machine learning. 
This paper presents a novel tool for the migration of data 
and automation of technical processes, exemplarily show-
ing the benefit of automatic placement and evaluation of 
charging stations for electric vehicles. Additionally, an in-
sight into the benefits of combining measurement data with 
static, technical data in the context of calculation, assess-
ment and planning of electrical grids within one platform 
is given. First evaluations of implementations show that 
the effort for technical processes like connection requests 
can be reduced drastically by the methods presented. 

INTRODUCTION 
Due to the increasing number of distributed energy re-
sources (DERs) [1] as well as distributed loads and energy 
storage systems, such as charging stations for electric ve-
hicles (CSEVs) [2], distribution grids face manifold tech-
nical and economic challenges. Among others, grid con-
nection requests by end-consumers for the installation of 
DERs and CSEVs are one of the most complex and time 
critical issues as they are required to be answered within 
several weeks according to the European laws (e.g. eight 
weeks by German law [3]). Because of the energy and mo-
bility transition, distribution system operators (DSOs) 
need to handle up to several thousand requests per month 
in rural and urban areas. The only economic way to cope 
with this “mass market” are intelligent automation pro-
cesses [4]. At the same time, the rising affinity for digital-
ization on the customer side allows new, rapid ways of in-
teraction between end-consumers and DSOs. A suitable 
automation approach for the operation and planning pro-
cesses of the DSOs allows thereby high-quality decisions 
with short response times and low operational costs. 
A precondition for the process automation is the availabil-
ity of a valid data basis, joined together from various inde-
pendent data sources, being a major concern in many cases 
today: Due to the extensive use of various expert tools for 
different applications – such as enterprise-resource-plan-

ning, geographical information systems, electrical infor-
mation databases or proprietary grid simulation system 
data – independent data silos arose during the last decades. 
These silos tend to be partly redundant, inconsistent and 
hard to combine. Potential benefits from linking different 
kinds of data sources cannot be gained efficiently, e.g. with 
regard to the assessment of electrical grids. In addition to 
the “classical” static data-sets, a variety of new data-
sources are appearing and are yet to come. One example is 
the increasing number of sensors and measurement de-
vices, providing a large amount of “live” data. One of the 
main motivations of installing these sensors is cost reduc-
tion, e.g. in grid expansion [5]. To allow this cost reduc-
tion, these new data sets need to be integrated into planning 
and operation processes, too. Therefore, a tooling is re-
quired, that is able 
1. to aggregate various different data silos into a con-

sistent data set by automated migration methods, 
2. to allow the easy integration and handling of new, un-

conventional data sources and 
3. to use latest and most advanced methods for the auto-

mation of operation and planning processes based on 
the combined data basis. 

This paper presents such an automation tool for grid mod-
elling and analysis: The Intelligent Grid Platform (IGP), 
which is based on the combination of grid operation and 
planning methods [6]. Within the IGP the data migration 
processes are accelerated by highly automated plausibility 
and consistency checks as well as automated data comple-
tion methods. Different data sets such as geo-referenced 
and electrical asset data are aggregated. Historic load and 
generation profiles can be included to improve the basis of 
the simulation. If sensors are available in the grid, real-
time measurement data can be added to further improve 
and validate the simulation results. Certain validations of 
the data are included such as systemic checks (e.g. missing 
or implausible data) and particular technical verifications 
based on load flow and short circuit calculations (e.g. to 
check against technical restrictions such as overloads and 
voltage range deviations). On this data basis the IGP pro-
vides automated processes for the DSO’s grid planning, 
grid control and grid protection handling. 
An exemplary insight into the benefits from an integrated 
consideration of measurement data along with grid analy-
sis and planning is shown in a case study. Furthermore, an 
automated process of public CSEV assessment, combining 
the end-consumer application Parkship, used for easy iden-
tification of charging position proposals, with grid calcu-
lation methods inside the IGP, is illustrated. 
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DATA MIGRATION  
The data migration process for each DSO consists of three 
major steps (see Figure 1 for 1. and 2.): 
1. sighting and acquisition of data pools 
2. interface design and data migration 
3. consistency and validation checks 
Additionally, a feedback loop for the correction of incon-
sistent data on the DSO’s side can be implemented to fur-
ther improve the data quality. Different methods are used 
for consistency and validation checks, such as automated 
consistency proofs for single data entries, machine learn-
ing algorithms for the correction of systemic data errors 
and manual corrections for not identifiable or missing data. 

Data Sources 
Conventional Data Sources 
Currently, DSOs usually have a digital representation of 
the data of their technical and business processes in iso-
lated, specialized systems. These systems are often tai-
lored to fit the needs of specific departments within the or-
ganizational structure of the DSO. A typical set of data 
systems for the DSO, which supplies the most relevant 
data involved in the planning process, consists of the fol-
lowing data systems (see Figure 1): 
1. a geographical information system with the exact loca-

tion of the assets (such as lines, substations and net-
work connections) 

2. manually created, computable network models in a 
technical simulation software  

3. enterprise-resource-planning data for the technical de-
tails of assets and billing information of customers and 

4. measurement data of sensors and measurement devices 
in the field, usually from primary and secondary sub-
stations 

The platform approach of the IGP provides network mod-
els which are the basis for network calculations for plan-
ning processes by combining the existing data content of 
the conventional data systems of a DSO. For this task, the 
different data sources are individually analyzed and links 
between the data silos are identified. Based on these links, 
a consistent node-branch-model of the network with the 
electrical parameters of the asset data and the supply task 
of the modeled region is created. While the specific design, 
as well as the distribution and scope of the content, vary 
between different DSOs, the data necessary to create a pre-
cise network model can usually be combined from the 

different data sources. By creating interfaces, extracting 
the data in the original format of the source system of the 
DSO, the process of network modeling is automatized to 
consider all relevant data available to the DSO. At the 
same time the established data base systems of the DSO 
can remain unchanged, if desired, e.g. due to interlinks to 
different other processes within the DSO’s organization. 

Unconventional Data Sources 
The process of network modeling aims to represent the re-
ality of the grid utilization as closely as possible. Based on 
this model, future scenarios about the development of the 
network supply task and according planning measures are 
analyzed and identified. Because of the increasing com-
plexity of the network participants (esp. DER and CSEV), 
the quality of the analysis of the current network situation 
as well as the development of future scenarios can benefit 
from the utilization of additional data sources, which are 
currently not widely considered by DSOs. One example 
for that is the utilization of smart-metering data of house-
holds in the simulation of electricity networks, to represent 
the reality of the network situation as closely as possible. 
This kind of data source creates large amounts of data, 
even for small network areas, which requires high perfor-
mance data storage systems on the one hand, but particu-
larly scalable data management, interpretation and calcu-
lation solutions on the other hand to utilize their benefits 
efficiently and consistently in network simulations. 
While the utilization of large amounts of measurement 
data presents technical challenges (technical limitations in 
data management and computing power), the development 
of future scenarios faces additional challenges of a differ-
ent kind. Especially in the distributed, low voltage net-
works of DSOs, the changes of the supply task are directly 
influenced by the actions and preferences of the customers. 
At the same time a conflict of interest between the two par-
ties exist: network users want to maximize their benefit 
created by additional suppliers and loads, whereas the 
DSO prefers a technically optimal development. To bridge 
this gap and to enable the DSO to prepare for the changes 
in the supply task caused by the network users, efficient 
and purposeful ways of communication between the two 
parties are necessary. One example for such a novel com-
munication way is the end-consumer application Parkship, 
allowing an easy tagging of desired positions for CSEVs 
using a smartphone app, having a direct interface to the 
IGP. 

Benefits 
The merged data allows various novel analyses and auto-
mation processes such as efficient placement of measure-
ment units, grid studies for future load and generation sce-
narios, live monitoring and grid health assessment or iden-
tification of potential critical grid states in the near or mid 
future. An example is given for the utilization of measure-
ment data in combination with a network model and how 
potentially missing information can be derived from the 
combination of other data sources. For this analysis, the 
measurements of a primary substation are combined with 
the corresponding network model. 

 
Figure 1: Overview of the general data migration process 
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Use Case 1: Identification of load types of substations 
based on measurement data 
Figure 2 and Figure 3 show measurements taken by meters 
in two feeders (feeder 1 and 2) of a high voltage/medium 
voltage primary substation. The diagrams show the meas-
urements of current in the medium voltage network. The 
upper graph of each diagram shows a period of five days, 
whereas the lower graph depicts a summary of a full year 
of measurement data. Both measurements show a load 
dominated supply. The characteristic over time reveals sig-
nificant differences though. While in feeder 1 a consistent 
load over the course of the year is measured with short dips 
in irregular intervals, the measurements in feeder 2 reveal 
a significant seasonal variation. The intraday characteristic 
of feeder 2 is close to a typical curve for standard profiles 
of household customers at the same time. This curve con-
sistently shows a daily peak around 5 p.m. as well as a 
daily low around 2 a.m. Feeder 2 therefore can be assumed 
to be dominated by a big group of household customers, 
while feeder 1 shows the characteristic of a load based on 
an industrial process [8]. This assumption is confirmed by 
the network plans. 
As shown in these two graphs, the curve of the load differs 
between the two feeders. This is of significant relevance 
for any timeseries based load flow calculation, as the re-
sults of this kind of simulation depend heavily on the used 
timeseries. This use case shows that measurement data can 
on the one hand assist in the identification, or verification 
of the load or infeed characteristics of feeders along with 
the proper selection of a timeseries. Additionally, as soon 
as a statistically relevant number of measurements is avail-
able, the timeseries can be further improved based on data 
analysis techniques. 

Use Case 2: Identification of switch states and network 
topology based on feeder measurements 
In addition to the improvement of timeseries calculations, 
the interlink of measurement data with the network models 
in the same data model allows also structural deductions 
and validations. 
The following example shows the utilization of three par-
allel feeders, connecting a feeding substation with a unit 
substation of a large industrial load. During the standard 
grid state, usually only two of these three lines are live, 
whereas one line is usually unsupplied. An analysis of the 
measurements shows, that the feeder is unsupplied 
throughout the analysis period, with the exception of a pe-
riod of 48 hours (see Figure 4, Figure 5 and Figure 6). Dur-
ing this time-frame feeder 4 compensates the disconnec-
tion of feeder 1, ensuring the supply of the load. 
Although the switch-states are not directly monitored in 
the corresponding grid, these can be deduced from the cur-
rent measurements. The platform approach of the IGP, 
combining data sets from different isolated data silos, en-
ables the DSO therefore to gain a more detailed and vali-
dated view of its grid. 

 
Figure 2: Feeder 1 with industrial customers (sources: Leitung-
spartner GmbH and envelio GmbH) 

 
Figure 3: Feeder 2 with household customers (sources: Leitung-
spartner GmbH and envelio GmbH) 

 

 
Figure 4: Feeder 1 with a period of no current (sources: Leitung-
spartner GmbH and envelio GmbH) 

 
Figure 5: Feeder 3 with full utilization (sources: Leitungspartner 
GmbH and envelio GmbH) 

 
Figure 6: Feeder 4 with a period of current (sources: Leitung-
spartner GmbH and envelio GmbH) 
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SHOW CASE E-MOBILITY 
The increase of the share of electric vehicles in the indi-
vidual transportation sector in Germany has been politi-
cally enforced within the last years [9]. Recently issued 
partial driving bans for diesel driven vehicles in German 
cities, due to NOX limits, can be expected to further boost 
the trend. Therefore, the placing and supply of charging 
infrastructure in urban and rural areas will remain chal-
lenging. Especially in urban areas, two major challenges 
compete: finding suitable spots for charging poles from the 
point of view of the end-consumer along with technical 
feasibility regarding the DSO’s grid infrastructure.  
While the placing of private charging infrastructure is de-
termined by structural conditions, the determination of 
public charging spots, which are suitable from a consumer 
point of view, is challenging. With the help of the end-user 
interface Parkship, end-consumers are able to track possi-
ble charging locations directly using a smartphone app (see 
Figure 7). Once a location is submitted, the geoinformation 
is directly provided to the IGP. Within the IGP different 
possible connection points are automatically assessed. The 
geographic closest connection is always taken into ac-
count. Additionally, a variable number of additional rea-
sonable connection options is created, based on a combi-
nation of geographic and electrical specifications. Each of 
these options is investigated afterwards using a diversity 
factor calculation as well as an annual time-series simula-
tion (15 minutes resolution). Based on the results, possible 
overloads as well as violations of voltage limits are de-
tected, allowing an assessment of the technical feasibility. 
Furthermore, a first cost-indication of the connection op-
tions is made based on cost specifications, parametrized by 
the DSO. Up to now, material costs of necessary electrical 
equipment as well as general costs for ground- and con-
struction-works are taken into account. 
An excerpt of the results for a connection request, issued 
on a public parking lot within the grid of the Westnetz 
GmbH, is shown in Figure 8. A cumulated installed power 
of 88 kW is exemplarily taken into account, e.g. resem-
bling a mixture of 11 kW, 22 kW or 43 kW charging poles. 
The geographic closest connection is rated with the lowest 
approximate cost with a total length of 40 m (A). Still, the 
direct connection line has a maximum load of up to 91 % 
(all values resembling max value from yearly simulation). 
A combination of the closest geographic and the electrical-

ly shortest connection to the next station results in a line-
length of 58 m (B). At the same time the maximum line 
loading in the existing grid is reduced to 61 %, appearing 
directly at the transformer. Alternatively, the geographic 
closest connection to the adjacent feeder is analyzed, re-
sulting in slightly higher approximate costs, leading to a 
maximum utilization of 52 % in the original grid (C). The 
last exemplary result shows the option of a direct connec-
tion to the station, resulting in a line-length of 77 m and the 
lowest impact to the existing grid, but being the most ex-
pensive (D). The present station has a vacant connection 
point, which can be used in the present case.  
The solutions from the automated calculation are assessed 
and ranked regarding their feasibility. In reality additional 
factors will come into account in detail, resulting in addi-
tional technical and economic advantages and disad-
vantages for the connection options. Today, these can be 
judged the best by the experienced grid planners and staff 
of the DSO.  
The grid planner therefore receives a structured overview 
of the relevant results based on the feasibility ranking list, 
along with detailed results, if needed. In case none of the 
automatically generated options for a single suggested 
charging position is favored by the grid planner, one or 
more additional connection options can be created within 
the graphical user interface. These are automatically cal-
culated and assessed afterwards. Based on the sets of re-
sults the grid planner can give a qualified feedback on the 
technical feasibility of the proposed and requested connec-
tion points, being the basis for the decision whether and in 
which way the charging infrastructure is to be build and 
electrically connected. 

 
Figure 7: Flowchart of identification of possible CSEV locations 
with Parkship, automated identification of connection options, 
calculation and pre-assessment for grid planner (sources: 
DigiKoo GmbH, Westnetz GmbH and envelio GmbH) 
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Figure 8: Exemplary results from charging infrastructure calcu-
lations (88 kW cumulated) on a public parking lot in the Westnetz 
GmbH grid area (sources: Westnetz GmbH and envelio GmbH) 
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CONCLUSION AND OUTLOOK 
Conclusion 
This paper presents a novel tool for the aggregation of con-
ventional and unconventional data sources, thus building 
the basis for complex automation processes that can sup-
port technical assessment and economic decision making. 
The main idea is to, firstly, aggregate conventional data 
such as topological, electrical and asset information, which 
is commonly stored in data silos due to the use of special-
ized expert tools. Secondly, this data is combined with new 
data sources such as online measurements or end-con-
sumer data. The combined data can then be used to im-
prove the grid models such as the automated identification 
of load types of substations or the automated approval of 
switch states and grid topologies. 
An exemplary show case presents the assessment of charg-
ing points of electric vehicles in combination with end-
user data: With the help of the end-consumer app Parkship, 
possible charging point locations can be identified, tracked 
and assessed technically and economically. The exemplary 
result shows that different solutions arise even in a simple 
case with the installation of only one charging point in a 
public parking area. The envelio IGP automatically identi-
fies reasonable options, which can then be assessed by a 
grid planning engineer. 
First evaluations of a similar procedure for connection re-
quests of distributed energy resources show that the man-
ual work of the grid planner can be reduced drastically: 
Whereas the whole process can sometimes take up to sev-
eral weeks (from data acquisition to the integration of his-
toric measurements), the whole automated process takes 
only several minutes. Furthermore, the method uses annual 
time series simulations instead of worst-case analysis with 
less realistic assumptions on grid utilization factors. There-
fore, it can be concluded that: 
1. Automation processes are necessary to handle the 

“mass market” of distributed energy resources and 
electric vehicle charging infrastructure efficiently. 

2. A data basis of high quality is necessary to enable au-
tomation processes. 

3. Data aggregation of separated data silos with conven-
tional and unconventional data into one homogeneous 
data pool is necessary to reduce redundancies and in-
consistencies. 

4. The data quality cannot be solely verified by simple 
data comparisons and matching algorithms. More elab-
orated technical verifications using the combination of 
power flow and measurement analysis are necessary to 
build a reliable grid model. 

5. End-consumer tools are an efficient way to acquire fur-
ther data for strategic network planning such as the 
evaluation of site locations. 

6. Instead of a full automation, a semi-automated process 
for the decision maker is more useful to become robust 
against impacts that cannot be captured by non-struc-
tured data. 

7. Digital automation can reduce the time and operational 
costs for technical processes dramatically by up to sev-
eral days for each process. 

Outlook 
The presented platform, application and methods will be 
used in large-scale rollouts in the near future: Among oth-
ers, the entire city of Düren, Germany, and the whole dis-
tribution grid of the Westnetz GmbH will be integrated 
into the platform and into the associated applications. 
Therefore, the main goal for the near future are further in-
vestigations on the scalability of the system for additional 
performance and capacity optimizations. Furthermore, in-
telligent solutions for user interactions to large scale data 
analytics need to be investigated in order to minimize the 
manual effort for improving the data quality. Regarding 
the customer applications, feedback loops with the users 
themselves might be applied such as polls for the most eco-
nomic and most popular locations of charging stations. 
The interaction of the processes presented will be applied 
to the integration of renewable energies, whereas the user 
interaction will be the direct connection request by the end-
customer to the DSO. 
 
REFERENCES 
 
[1] P. Djapic, C. Ramsay, D. Pudjianto et al., 2007, 

“Taking an active approach”, IEEE Power Energy 
Mag., vol. 5; 68-77. 

[2] A. Nait-Sidi-Moh1, A. Ruzmetov, M. Bakhouya, et 
al., “A Prediction Model of Electric Vehicle Charg-
ing Requests”, 2018, Procedia Comput. Sci., vol. 
141, 127-134. 

[3] Federal Ministry of Justice and Consumer Protection, 
“Gesetz für den Ausbau erneuerbarer Energien (Er-
neuerbare-Energien-Gesetz - EEG 2017)”, 2017. 

[4] W. Biener, K. Dallmer-Zerbe, B. Krug, G. Gust, B. 
Wille-Haussmann, “Automated distribution grid 
planning considering Smart Grid and conventional 
grid reinforcement technologies”, 2015, Interna-
tional ETG Congress 2015; Die Energiewende - 
Blueprints for the new energy age, 1-6. 

[5] M. Eisenreich, Y. Farhat and M. Freunek (Müller), 
“Measurement concept for efficient planning of dis-
tribution grids, CIRED - Open Access. Proc. J., 2017, 
vol. 2017, 2411-2414. 

[6] S. Koopmann, F. Potratz, P. Goergens, M. Cramer, 
“Automated smart grid planning considering flexibil-
ity options and voltage regulating assets”, 2017, 
CIRED - Open Access. Proc. J., vol. 2017, 2122-
2126. 

[7] B. Degraeuwe, M. Weiss, 2017, “Does the New Eu-
ropean Driving Cycle (NEDC) really fail to capture 
the NOX emissions of diesel cars in Europe?”, Envi-
ron. Pollut., vol. 222, 234-241. 

[8] A. J. Collin, 2015, Advanced Load Modelling for 
Power System Studies, Dissertation, Edinburgh, 
United Kingdom, University of Edinburgh. 

[9] N. Wang, L. Tang, H. Pan, 2019, “A global compar-
ison and assessment of incentive policy on electric 
vehicle promotion”, Sustain. Cities. Soc., vol. 44, 
597-603. 


