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ABSTRACT 

As the generation of electrical energy shifts into the 

distribution level more flexibility in this level is required 

to reduce the amount of necessary network extension. In 

low voltage networks, there is already a high potential of 

controllable loads available, e.g. night storage heaters or 

heat pumps. The SERVING project aims to make this 

flexibility available to the distribution system operator by 

establishing an independent platform. The features of this 

platform as well as the challenges observed and experi-

ences gained in this project are presented in this paper. 

INTRODUCTION 

Due to the increasing number of generation units installed 
in the distribution level, new approaches for grid 
planning and operation become necessary in distribution 
networks. The concept of Demand Side Management 
(DSM) utilizes the flexibility of controllable loads for 
grid-related applications, e. g. congestion management, 
and energy-oriented applications, e. g. variable tariffs. 
 
In low voltage networks, there is already a high potential 
of flexibility available, e. g. night storage heaters or heat 
pumps. In the near future, it is expected that electric 
vehicles also act as a source of flexibility. In the ENSO 
NETZ network with a peak load of about 1 200 MW, 
approximately 16 000 night storage heaters provide a 
controllable load of up to about 370 MW. ENSO NETZ 
is the distribution system operator in the eastern part of 
Saxony in Germany. 
 
The SERVING project aims to make this flexibility 
available to the distribution system operator (DSO) by 
establishing an independent platform that comprises the 
following properties: 

 utilizing flexibility of controllable loads, 
 providing communication infrastructure for 

energy suppliers and consumers, 
 enabling innovative energy products by flexible 

energy purchase of suppliers, 
 scheduling flexible loads considering grid 

restrictions,  
 increasing the potential to integrate distributed 

generation resources and electric vehicles. 

 

THE SERVING PROJECT 

The SERVING project started in 2015 and is planned to 
run until 2019. A key component of the project is the 
development of a platform for the provision of flexibility 
in low and medium voltage networks to the market, while 
considering the grid capability [1]. In a first step, night 
storage heaters and water pumps are included in the 
project. 
 
The platform collects data regarding the state of the 
network, establishes a communication link to the market, 
and controls flexible loads.  
 
During the course of the project, many challenges 
occurred, mostly regarding the communication link to the 
flexible units and measurement devices as well as the 
installation of measurement devices. Those of general 
interest will be discussed in the paper and solutions found 
will be presented.  
 
Currently, a field test with approx. 50 customers is 
running to evaluate the full process chain of SERVING. 
Preliminary results will be presented.  

THE SERVING-PRINCIPLE 

To achieve these above-mentioned goals, SERVING 
incorporates a two-step operation philosophy. At the day 
before, SERVING determines the grid capability based 
on grid data and forecasted load and feed-in profiles. 
Considering this capability value, the energy supplier 
purchases energy for his customers at the spot market at 
best prices. By load allocation SERVING reassigns the 
price-optimal cumulative schedule to each flexible unit in 
such a manner that no grid congestions occur.  
 
At the day of energy delivery, SERVING controls the 
flexible units with respect to the cumulative schedule and 
grid capability. Simultaneously, a state-estimation 
evaluates the behaviour of the units and gives insight into 
grid loading situation. The state-estimation results are 
additionally applied to improve the forecasting accuracy. 
 
Figure 1 depicts the functional interactions between all 
participants in SERVING and exchanged information. 
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Figure 1. Functional interactions of SERVING platform  
 

STATE ESTIMATION IN LOW VOLTAGE 

NETWORKS 

Currently, there exist almost no measurement devices in 
low voltage networks. Without generation, the highest 
current occurred at the ring main unit and it was 
straightforward to calculate the voltage profile based on 
the customer structure. With relevant generation, the 
usage of voltage and current information at the ring main 
unit is limited since the load flow direction can reverse in 
this case. Consequently, the loading condition in low 
voltage grids is unknown. 
 
Using smart meters with communication link, voltage and 
power measurement may be available at all customers. 
However, these devices were not available for roll-out in 
Germany at the time of writing this paper. Additionally, 
their measurements belong to sensible customer data and 
it is not clear yet, which information is allowed to be used 
by the DSO for network operation purposes. 
 
Therefore, a state estimation scheme for low voltage 
networks had to be developed. Goal of this state 
estimation is to obtain estimates of nodal voltages and 
branch currents in the network based on a small number 
of measurement locations. 
 
For observability even in case of a sparse measurement 
configuration, pseudo-measurements are usually applied 
to unmeasured nodes. Pseudo-measurements are 
artificially created values, e. g. based on profiles. In 
contrast to conventional approaches, the uncertainty of 
pseudo-measurements is described by closed intervals, 
rather than by probability distributions. The rated power 
of equipment or expert knowledge about customers, e.g. 
maximum power of a household, can be utilized as 
interval limits. 
 
As pseudo-measurements are affected by uncertainties, 
all related quantities, such as branch current flows or 
nodal voltages become uncertain, too. The uncertainty of 
pseudo-measurements thus propagates through the 
network. The uncertainty of branch currents and nodal 
voltages can again be represented as intervals.  
 
To guarantee predefined estimation error limits of 
voltages and currents, the associated uncertainty intervals 
must be smaller than the tolerable error. This is taken into 
account by the procedure of determining adequate 
measurement locations. 

Deriving a minimal measurement configuration belongs 
to the group of combinatorial optimization problems. Due 
to the high number of nodes and bifurcations in low 
voltage grids, a heuristic optimization technique, namely 
Genetic Algorithm (GA), is applied. GA is inspired by 
evolution theory and mimics the inheritance of features. 
The challenge is to decode the allocation problem into the 
required genome / chromosome structure of the GA. In 
[3], the procedure of finding a minimal measurement 
configuration based on voltage and current uncertainty 
intervals is explained in detail. Results show, that 
measurement boxes are only required at a small portion 
of households. Figure 2 shows the determined 
measurement configuration of a low voltage grid of the 
pilot region. 
 

Figure 2. Positions of measurement (MP) in feeder B 
 
 
From an algorithmic perspective, state estimation in low 
voltage networks differs significantly from high voltage 
networks. The three-phase, four-wire low voltage grids 
are characterized by a high 𝑅/𝑋-ratio, a radial structure 
and highly unbalanced currents. It was therefore 
necessary to develop adequate models for low voltage 
transmission lines, loads and distributed generators. So 
far, state estimation is not implemented in distribution 
level and there is only very limited practical experience. 
 
To take into account uncertainty intervals in the context 
of state estimation, the conventional Weighted-Least-
Squares (WLS) method is adapted and extended as 
follows: 

min ∑ 𝑤𝑖 ∙ (𝑧𝑖 − ℎ𝑖(𝒙))
2

𝑚

𝑖=1

 

s. t. 𝑃𝑗
− ≤ 𝑃𝑗(𝒙) ≤ 𝑃𝑗

+  ∀ 𝑃𝑗  ∈ 𝒫 
      𝑄𝑗

− ≤ 𝑄𝑗(𝒙) ≤ 𝑄𝑗
+  ∀ 𝑄𝑗 ∈ 𝒬 

(1) 

where 𝑧 denotes a measurement, ℎ is the associated 
estimate based on the state vector 𝒙 and 𝑤 a weighting 
factor. The inequality constraints account for the pseudo-
measurement uncertainty intervals of active [𝑃−, 𝑃+] and 
reactive power [𝑄− , 𝑄+ ]. 𝒫 and 𝒬 denote the sets of 
active and reactive power pseudo-measurements, 
respectively. 
 
Uncertainty intervals based on static information, e. g. 
rated power values, may be too large to effectively reduce 
the solution space. Moreover, they can contradict to 
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currently available measurement information. Therefore, 
dynamic intervals based on current measurements are 
calculated, exploiting consistency and functional 
relations. In [4] different methods for contracting 
uncertainty intervals by solving a sequence of nonlinear 
and linear optimization problems are compared. In [5] a 
new concept to obtain consistent pseudo-measurement 
uncertainty intervals is presented based on Affine 
Arithmetic, a self-validated numerical model. Using the 
boundaries of consistent uncertainty intervals in the WLS 
method according to Eq. (1) can significantly improve the 
estimation accuracy. 
 
Figure 3 shows the results of uncertainty reduction and 
state estimation of a real load of the pilot region. Based 
on the initial interval limit of 11.7 kW for phase a, the 
interval could be significantly contracted. The estimate of 
active power lies within the determined dynamic interval 
and suggests a plausible trend of the load. 
 
Hence, the developed algorithm for state estimation is 
able to obtain good estimation results even in case of 
limited measurement information. 
 

 
Figure 3. Estimate and interval limits of active power 
consumption of a real load 

CHALLENGES WITH NETWORK 

OBSERVATION 

To obtain state estimation results in a reasonable 
accuracy, it is sufficient to install measurement devices 
only at a small portion of all possible locations. At the 
time of application for the project, it was expected that 
smart meter devices, installed in each household in the 
pilot region, provide the necessary data. However, even 
now these devices are not ready for roll-out. Therefore, 
alternative devices for measurement had to be installed.  
 
According to a market research, no devices could be 
found which fulfil the following criteria of the project: 

 Measurement of voltage, current, active and 
reactive power in each phase simultaneously and 
in high timely resolution  

 Online transfer of the data to the SERVING-
platform 

 Data persistence if communication is unstable 
and transfer when stable communication is 
established 

 Fits into the house service connection box or 
into secondary substation 

 Fits into project budget. 

Therefore, an own measurement box was designed and 
built (see Figure 4). The box uses a Janitza UMG 604 
network analyser for the measurement of voltage, current 
and power with an averaging window of 1 min. A 
Raspberry Pi is used as gateway in conjunction with a 
LTE modem to transfer the data to the SERVING-
platform [2]. 
 
As product design is not the main expertise of a 
distribution system operator, many lessons were learned 
during the development process. A large number of 
certificates and permissions were needed to be allowed to 
install the measurement boxes in the private house 
connection boxes.  
 

 
Figure 4. Measurement box 
 
In the past, these house connection boxes were installed 
in different designs. For each design a customised 
solution, how to integrate the measurement box into the 
house connection box had to be developed. For some 
types of house connection boxes it was necessary to use 
new covers, which were deeper than the original ones to 
allow the placement of a measurement box. 
 
In most of the houses the connection boxes are installed 
at the property border and are thus easily accessible for 
the employees of the DSO. But in case of houses, that are 
connected via low voltage overhead line, the connection 
boxes are usually installed in the attic, see Figure 5. This 
means, they are not accessible by the employees of the 
DSO without an appointment with the customer and only 
under supervision of the customer. Additionally, they are 
mounted in a surrounding of dry wood and stored 
inflammable goods. Hence, fire protection is important 
and poses additional challenges on the product design. It 
was solved by mounting the measurement boxes onto 
non-inflammable materials, using short-circuit-proven 
cables and sensitive fuses, which are selected to have a 
pre-arcing current characteristic I2t just above the inrush-
current characteristic of the power supply. 
 
Establishing the communication link to the measurement 
box was a challenging task, too. The selected grids for the 
pilot installations are in rural areas. In these regions, the 
distances between house connection boxes are too far to 
use power line communication. They are in the range of 
several hundred meters. As not all customers take part in 
the SERVING project, they cannot be used as repeaters 
either (as planned for the communication between smart 
meters). The telephone lines are used by the inhabitants 
of the houses and therefore are not available for the 
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network operator. The internet connection uses a 
customer owned router. There are many restrictions for 
the use of a customer owned router for communication 
purposes of the network operator. The communication 
can be established using a virtual private network (VPN), 
but still it is difficult to guarantee data privacy and 
integrity. If the customer reconfigures or shuts down its 
router, communication is no longer possible. In one test 
case, a customer router was used for the communication 
of the remote meter reading. The experiences are 
promising, but there are still strong reservations regarding 
such a configuration for critical infrastructure.  
 

 
Figure 5. Installation of modified house connection 
containing a measurement box in the cover box at private 
attic  
 
Therefore, mobile communication is preferred for the 
data transfer. However, in the selected rural regions, the 
mobile network coverage is highly improvable. The fact 
that the measurement boxes are installed in boxes, 
sometimes in the basement of the buildings makes acces-
sibility even more difficult. During the night, the commu-
nication providers reduce the transmission power of the 
cell towers worsening the network coverage further.  
 
To improve the connection quality, external antennas and 
different types of sticks (LTE, UMTS, GSM) were 
investigated. But bad network coverage in these rural 
areas seems to be a general problem posing a challenge 
for all applications that are intended to use mobile 
communication for any data transfer purposes. Some 
regions are located close to the Polish border causing the 
mobile sticks to connect to the Polish network. Activating 
the roaming option based on the new European roaming 
rules in 2017 fortunately solved this problem.  

CONTROLLING THE FLEXIBLE LOADS 

According to the two-step procedure of SERVING, a 
power schedule is generated by the SERVING platform 
for each individual controllable unit that ensures that the 
customer receives the required amount of energy. 
Additionally, the grid capability is taken into account to 
avoid grid congestions in the distribution network. This 
schedule consists of 96 quarter-hourly values for the next 
day and has to be transmitted each evening to the loads. 

At the day of delivery, each load is expected to satisfy the 
transmitted schedule. Online control is not planned for 
normal operation.  
 
Conventionally night storage heaters have a contract 
allowing them to charge for up to 8 hours each night 
(release time between 22:00 and 06:00 o’clock in the 
grids of ENSO NETZ) and some additionally for up to 2 
hours each day (release time between 14:00 and 16:00 
o’clock). These times are fixed and do not change. Each 
night storage heater is equipped with a central controlling 
device. It measures the current charging state and decides 
when to switch on during the release time in order to be 
fully charged at the end of the release time window. 
Depending on the control strategy the charging period is 
placed at the beginning of (forward), at the end of (back-
ward) or in-between (spread) the release time window.  
 
If a customer takes part in the SERVING project, his 
night storage heaters receive a new schedule every day. 
This schedule guarantees 8 (+2) hours charging time per 
day. But, the release time can be distributed freely in 
quarterly-hour steps over the day. Therefore, the control 
mode has to be changed to forward control for all 
participating devices. A stable communication connection 
is moreover required to ensure that a new schedule can be 
transmitted every day and is finally received with high 
probability. The signal has to be received by the central 
control devices. They are usually installed in the meter 
box – a sheet metal box placed usually in the basement. 
As explained above, the distances are too large for power 
line communication. Telephone lines are not available to 
the DSO. The coverage by mobile communication is too 
bad for a reliable communication in our case. 
 
Due to the above mentioned challenges, the long wave 
radio ripple control system is used to transmit the 
schedules. Because of the low frequency, these radio 
waves have a good penetration into buildings. They cover 
the full supply area. Each central controlling device has 
its individual address and can receive an individual 
schedule. Several devices can be grouped (depending on 
the used address scheme). The data rate is sufficient for 
the installed number of heating devices. Furthermore, the 
technology is well established as it is already used by the 
DSO to transmit possible changes of the release times. 
 
For the SERVING customers, new radio ripple control 
receivers had to be installed. Additional control contacts 
were needed to distinguish between SERVING and non-
SERVING loads in multi-family houses. Old receivers 
are not specified to receive schedules instead of release 
time periods, too.  

DATA PROTECTION ISSUES 

Another challenging topic was the data privacy and 
protection. Within the SERVING project, data is 
processed by different partners belonging to different 
institutions (measurement data gathered by the DSO, 
processed by TU Dresden; platform operation by 
University of Zittau/Görlitz; trading information by 
electricity trader). However, not all customers in the 
considered grid take part in the SERVING project.  
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It was quite difficult to bring the measurements in a form 
that allows performing a state estimation in a low voltage 
network but still does not contain personal data. In 
principle, the data is gathered by the network operator 
and then anonymised using translational tables. All the 
other partners then work on anonymous data. For the 
state estimation, only information about the electrical 
location must remain. The electricity trader needs to 
know the aggregated load curve of all relevant customers.  
 
The dilemma that a DSO needs to know voltages, 
currents and power flows at all locations of its network, 
but currently may not know the load curve of an individu-
al customer needs to be addressed by regulation. This se-
paration restrains an active grid operation of low voltage 
networks and is an obstacle for future Smart Grid 
applications. 

EXPERIENCES FROM THE FIELD TEST 

To test the SERVING project approx. 50 customers in 
two different network regions have been acquired to 
voluntarily take part in a field test. At each of these 
customers, a transmitter of the current meter reading 
(GSM-Skalar) and new radio control receiver were 
installed. At selected locations measurement boxes for 
the state estimation were placed. 
 
Starting in fall 2018, measurement data has been 
collected and schedules have been sent. About 70 % of 
the measurement boxes deliver measurement values with 
acceptable reliability. This is currently not sufficient for 
an on-line state estimation. More locations than originally 
determined need to be equipped with measurement 
devices to care for the unreliable communication.  
 
To test the control of the heating devices simple 
schedules were sent via radio ripple control. It could be 
shown, that the heaters receive the schedules and are able 
to process them correctly. It was possible to move the 
release times within the day (see Figure 6). The central 
control devices of the heaters responded correctly and no 
building went cold. In the next step, the optimisation of 
the procurement schedule will be tested. 
 
The test phase will last during fall and winter 2018/19. It 
is expected to yield results in spring 2019.  

SUMMARY 

The SERVING project has developed a platform that 
allows the usage of flexibility like night storage heaters, 
heat pumps, water pumps and other devices (in future 
possibly electric cars) for optimal energy procurement 
under consideration of network constraints. Such a 
platform requires communication connections to transfer 
measurement values from the low voltage network and 
control individual devices at customers’ premises. 
Neither measurement devices nor reliable communication 
structures for rural areas nor ways to control a high 
number of individual customer devices are currently 
available at the market.  
 
 

For a field test, individual solutions have been developed 
and tested. The gathering and transmission of 
measurement data is possible but the reliability of the 
communication still is not acceptable. The transmission 
of schedules to the individual devices and the processing 
of them could be successfully tested.  
 
The use of flexible loads can avoid network extensions, 
especially for the integration of electric vehicles. For a 
widespread application, ready-to-use devices for 
measurement and control in the low voltage network and 
reliable ways of communication have to be developed. 
Furthermore, regulatory actions are required to solve the 
issue of data usage by the DSO for network operation 
purposes. 

 
Figure 6. Example of change of schedule 
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