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Abstract— Electric energy systems have been going through 

profound changes, both at the level of genesis and organization. 

Technological advances and changes in the type of loads and 

generators, higher demands on energy quality, market 

liberalization, concerns about environmental issues, dissemination 

of distributed generation, and the demands and information of 

customers being the main reasons for these changes. 

This paper develops an approach for the evaluation of energy 

storage systems technologies, taking into account the technical 

capabilities and opportunities that this type of equipment can 

contribute to an evolution of the electric sector. These equipments 

can contribute to more flexible cost management thus make 

possible to reformulate new investments. 

With the inclusion of energy storage systems distributed by the 

medium voltage network we can offer the distribution system 

operator new auxiliary services to the network management, in the 

sense of power supply or in order to increase the loads/storage of 

energy. Being able to act in a seller orientation, where it seeks to 

maximize the use of renewable energies for consumption in the 

final consumer's loads and to benefit from the business 

opportunities due to the flexibility given to the network. 

In this sense, a MATLAB model of Siestorage was developed to 

analyze the technical capabilities of the equipment. It is also 

presented a systematic review of the remuneration models that the 

market presents for this type of equipment, with a special focus on 

answering intelligent networks needs and the increase of the 

generation from variable renewable energy sources. 

 
Index Terms— electric energy systems, medium voltage grid, 

renewable energy, energy efficiency, smart grid, energy storage 

system remuneration. 

I. INTRODUCTION 

nergy storage has contributed to the operation of the 
electrical system for decades, based on technical and 

economic reasons of arbitration. Storage has been responsible 
for smoothing the average load diagram, as a function of the 
storage process in periods of lower demand and availability of 
energy stored during periods of higher demand, which typically 
occur during a daily cycle. Given that, in the past, electricity 
generation systems were based exclusively on fossil fuels, 
nuclear and hydroelectricity, generation variability was not a 
major challenge, and the need for energy storage was more 
limited and economically less attractive. The global installed 
capacity for electrical energy storage was estimated in 2014 in 
the range of 171 GW - approximately 2% of the total generation 

 
 

 

capacity - where to the present day, it is predicted 16 GW of 
new storage capacity installed or under construction globally. 
To this day, the main energy storage technology is the pumping 
hydro, which accounts for more than 97% of the existing 
electricity storage capacity. 

However, this paradigm is changing due to the increasing 
share of renewable energy in electricity production, which is 
particularly true in the EU which can be the key to the 
implementation of energy storage systems, due to the potential 
of these systems to complement the response to demand in 
smart grids and create network flexibility based on the impact 
of distributed generation. With the new generation standards 
there will necessarily be a change in the requirements of storage 
facilities.  

II. INTEGRATION OF ENERGY STORAGE SYSTEM IN THE MV 

NETWORK  

An ESS (Energy Storage System) consists of numerous 
components, all of which are vital to the system operation. 
Although there are differences between storage technologies, 
the diagram in figure 1 illustrates how the ESS are constituted. 

 
Figure 1- Diagram of ESS modules[1]. 

The main element of the ESS is the energy storage device 
itself where the physical process of energy storage takes place. 
In all ESS, an interconnection with the power grid is required, 
this connection due to the regulations of the QEE (Quality of 
Electrical Energy), which requires all generators connected to 
the power grid to not cause carrier disturbances and imbalances 
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between phases[2]. In order to guarantee the regulatory limits 
of the QEE it is necessary to have a voltage converter type 
inverter e.g. STATCOM. Controllers dedicated to the 
management of the physical state of the system, protection 
against defects, controllers of the system response, routers with 
digital protocols - DNP3, Modbus - for remote access to 
equipment, transformer and cooling systems are constituent 
elements of ESS[1]. 

 

A. Mathematical Model and Simulink Model 

A mathematical model and its modeling were developed in 
SIMPOWERSYSTEM (tool for modeling, simulation and 
analysis of dynamic systems, developed by MatWorks), MV 
network, load (Instituto Superior de Agronomia) and ESS 
control system. The ESS is in parallel with the network, as 
shown in figure 2, thus conferring an island-mode power supply 
to the load (Agronomy Pole of the University of Évora). 

 
Figure 2 - Connection diagram of SIESTORAGE to the MV network. 

1) Characteristics of the substation and MV line 

The ESS and load are fed through a 15 kV MV line, from a 
substation with short circuit power of 25.79MVA. Table 1 
summarizes the characteristics of the ESS supply network and 
the load. 

Table 1 - Upstream features of the bus 

SC Power 
SC 

Current 
Supply 
Voltage 

Line 

Ssc=25,79MVA Isc=16kA Vgrid=15kV 
Rline=7,3Ω  

Lline=29,8mH 

 
The line is characterized by its impedance, which from the 

line parameters indicated in table 1, will be calculated using 
equation 1. 

 
where, 
Z – impedance [Ω], 
R – resistance [Ω], 
X –admittance[Ω]. 

The substation was designed from three sources of voltage 
controlled by the signals of equation 3. It was decided to use the 
sources of controlled voltage in detriment of the block already 
available by Simulink, since it did not confer the necessary 
flexibility for the simulation of the Tension winches. Assuming 
the network presented as a balanced three-phase system. 
 

 
 
In order to validate the model of the presented MV network 

a simulation of the voltage in the bus was obtained having 
obtained the expected result for the maximum peak voltage 
value, as shown in equation 4 and figure 3. 

 
 

 

Due to losses in the MV line the maximum peak voltage value 
observed in figure 3 will have to be less than that calculated 
from equation 4. 
 

 

 
Figure 3 - Bus voltage 

2) Load 

In the scope of this dissertation, a non-dynamic load is 
assumed with the nominal consumption, indicated in table 2. 

 
Table 2 - Nominal load consumption. 

Active Power Reactive Power Power Factor  

Pload=393kW Qload=119kVar FP=0,957 

 
3) ESS 

The ESS that will be analyzed in this dissertation is based on 
Siestorage, equipment developed by Siemens for the purpose of 
supplying power supply for a specific load. The ESS monitors 
the voltage difference in the bus and the load, this difference 
(error) allows the detection of disturbances in the network 
compensating them with the injection of current. In order to be 
able to more efficiently compensate for disturbances in the 
network, the ESS is installed in parallel with the load. 
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Considering that the ESS under analysis has the 
characteristics of table 3. 

 
Table 3 - Characteristics of ESS. 

Nominal Power Available energy 

Pn=472kW W=360kWh 

 
 

4) Current controller injected by ESS 

The voltage compensation will be performed from the 
reactive current injection. The dynamic model of the system is 
modeled by a linear designed controller that controls the current 
injection in order to mitigate the voltage dip. It is shown in 
figure 4 where the current is injected in order to compensate for 
the disturbances of the network[3]. 

 
Figure 4 - Simplified model of the system being analyzed. 

In order to simplify the analysis of the steady state voltage 
compensation regime, it will be necessary to transform the 
three-phase variable system into a two-phase invariant time 
system. Thus, it will be necessary to use the Concordia and 
Park transformations to obtain a linearly independent two-
phase coordinate system. 

According to figure 4, when the voltage drops in the bus are 
small compared to the mains voltage, the voltage in the bus 
can be expressed as[3]: 

 �"95 : �;6<8 =1 − >?4�8 − ><@AB5' C (6) 

Where, >DEF. – reactive power in load (kVar)  >GH
   – reactive power to be injected (kVar) 

 
From equation 6 we can express the voltage variation in the 

bus as: 
 ∆�JKL>GH


: −�M,G.BLN  (7) 

As it is intended to carry out voltage control by injecting 
current into equation 8, a linear relationship between voltage 
and current is established. 

 OP : −�M,G.BLN  (8) 

Where, 
KD - Differential gain with current dimensions [A] 
 

 
Figure 5 - Current controller from voltage variation. 

 
Thus, in order to control the current from the voltage 

variation, a PID controller is dimensioned, as shown in figure 
5. Table 4 presents the values obtained for the parameters of the 
controller. 

 
Table 4 - Parameters of the PID controller. 

Proportional Gain Integral Gain Differential Gain 

Kp=0.01 Ki= 300 KD= 1,7 [A] 

 

B. Test Cases 

With the integration of ESS in the EES, a number of 
functionalities are available, such as voltage cell compensation, 
interruption reduction or elimination, frequency control, 
smoothing of the load diagram, PQ and PV control, reduction 
Harmonics, among others. The tests carried out were aimed at 
analyzing two critical functions at the level of service continuity 
criteria, voltage cell compensation and island mode operation. 
 
1) Dips compensation 

After carrying out numerous simulations, two of the 
simulations representing the performance of the ESS in voltage 
compensation mode are presented below. The purpose of these 
two test cases is to evaluate the functional limits of the 
equipment at the level of voltage compensation. Since in the 
first test case a disturbance of 9% of the nominal voltage is 
carried out in the three phases and in the second one a 
disturbance of 14% of the nominal voltage is realized in the 
three phases. 

a) 1st Test case 

A nominal voltage perturbation of 9% in the three phases at 
t = 1s was observed, as can be seen in figure 6. The decision to 
present a test case with a 9% perturbation took into account the 
analysis of the controller. If facing a wrongly sized controller, 
the ESS startup transient could aggravate the defect for a few 
seconds, which was not the case. 

 

 
Figure 6- Dip of 9% of rated voltage. 
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With the present test case, it is validated that the ESS has the 
capacity for fast and precise reaction to the network 
disturbances, compensating of dips. 

b) 2nd Test case 

This test case was intended to validate the maximum voltage 
variation limit for which the ESS becomes unable to guarantee 
the regulated values. After successive simulations (initiated 
with a disturbance of 12% increasing successively 0.1%), the 
maximum limit of the voltage variation was found, 
corresponding to a perturbation of 14% of the nominal voltage 
in the three phases, at t = 1s, as shown in Figure 7. 

 

 
Figure 7 - Dip of 14% of rated voltage. 

It was verified that, contrary to the first test case, after the 
disturbance, the bus voltage did not recover enough to remain 
within the +15% / - 10% regulatory range, and the bus voltage 
value recovered to 10.4 % of their nominal value. 

 It is concluded that the ESS as dimensioned will only 
guarantee regulatory limits for dips not exceeding 14% of the 
nominal voltage, and this is essentially due to the difference 
between the power injected by the ESS and the short-circuit 
power upstream of the bus. 

 
2) Island Mode 

In case of failure of the network upstream of the bus, there 
must be a network isolation at the level of the Cutting Station, 
so that, starting at no load, it is desired to put voltage on the 
unloaded bus in a first phase, in offer to protect Customers from 
equipment damage. Only in a second phase will the load be 
connected in parallel to the ESS. 

Figure 8 shows the time evolution of the bus voltage efficacy 
values, with the start of the ESS in case of blank load. It is found 
that the restoration of normal bus values occurs at the end of a 
network period. 

 

 
Figure 8 - Temporal evolution of the voltage values, until the voltage 

on the bus is restored. 

Figure 9 shows a connection of the load to the bus at the end 
of the restoration of the voltage without bus (t = 0.4s), verifying 
the restoration of the current that serves to consume the load. 
For the present dissertation it is assumed that load is constant, 
with a consumption of 18,17 A. 

 
Figure 9 - Load connection for t = 0.4s. 

C. Discussion 

Analyzing the final results obtained for the voltage cell 
compensation mode, it is concluded that the proposed controller 
complies with the Siestorage specifications concerning 
compensation of disturbances in the network. It was obtained a 
maximum value for dips compensation similar to the real 
system, since the real system has the capacity to compensate for 
perturbations not higher than 13.5% of the nominal voltage and 
the value obtained in this dissertation was 14%. 

As for the results obtained in the test case in bus island mode, 
it can be concluded that, with the implementation of these 
elements along the distribution network, a better service to the 
customers can be provided, contributing to the reduction of the 
duration of interruptions and guaranteeing higher rates of 
distribution network continuity of service. 

It has been verified that the designed model meets the 
specifications of the actual system, thus validating the designed 
controller, at least for the compensation of voltage cells and the 
mitigation of the interruptions in the network. 

III. REMUNERATORY MODELS 

The purpose of this chapter is to present a systematic review 
on the remuneration models that the market has developed or is 
in the process of implementing for this type of equipment, with 
a special focus on the responses to smart grids needs and their 
ownership. It is intended to address issues related to equipment 
ownership - management responsibility and remuneration for 
equipment and distribution network. 

The value created by the ESS implementation in the EES is 
recognized, and duly substantiated throughout the present 
dissertation. But a series of market imperfections present in the 
current energy markets are placing barriers to its spread, 
making it harder for private investors to look for these types of 
equipment. In addition, innovation and market introduction of 
new technologies may also require specific support to validate 
and accelerate their integration as well as appropriate business 
models. However, there are a number of research projects 
funded from R & D budgets at European and national level, and 
above all with the introduction of InnovFin technologies, there 
will be additional funding for more mature storage technologies 
available through the European Structural and Investment 
Funds, the Connecting Europe Facility and the European Fund 
for Strategic Investments[4]. 
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The main challenges for storage are: 

a)  Technology 

- Increase the capacities and effectiveness of existing 
technologies, 

- Development of new technologies for local (domestic), 
decentralized development or centralized application e.g. large 
wind or PV plants, 

- Creation of economies of scale by disseminating the 
application of batteries across various sectors. 

 

b) Market and regulatory issues 

- The market should encourage the construction and 
provision of storage services, 

- Creation of a European energy market and common 
equilibrium generation markets, strengthening interconnections 
and scheduling investment plans for new plants. 

-Development of a new market model within the MIBEL at 
the level of complementary services. 

 

c) Ownership and management 

- Clear definition of ownership models based on installed 
capacity. 

- The TSO (Transport Systems Operator) should not hold the 
assets, but should be able to control them, as is already the case 
with the EPR regulations. 

- The DSO (Distribution Systems Operator) may hold this 
type of asset in the event of a need to improve the quality of the 
network, but in essence should let the market hold the asset, 
having only the power of control. 

d) Strategy 

- Development of a systemic approach to storage, 
- Forcing EU member states to transpose regulations and 

accept the recommendations of the European Commission. 
 
It is concluded that one of the main challenges for the 

development of energy storage systems, in the first stage, is the 
economic viability. Storage solutions should not be limited or 
regulated for a single purpose while conferring clear advantages 
on the stability of the ESS. Moreover, both adequate taxation 
on CO2 emissions and the creation of a model for 
complementary services should be put in place to make it 
economically attractive for investors[5]. 

IV. CONCLUSION 

With the results obtained, it is possible to evaluate the impact 
of the ESS on the mains voltage, having verified that for 
transient fluctuations (dips) of more than 14% of the nominal 
voltage, the ESS does not have the capacity of compensation, 
which is within the regulatory requirements. It was also 
concluded that the island-based ESS functionality presents clear 
advantages to the customer both in eliminating interruptions 

before re-establishing the distribution network and as an 
element of ensuring continuity of service. 

 It has been proven that the designed model meets the actual 
system specifications, thus validating the designed controller. It 
can be said that the Siestorage device is adequate solution in the 
ESS market, as a support element for critical loads where it is 
essential to respect the regulated values and the shortest 
downtime. 

It was intended to obtain answers for the questions related to 
equipment ownership - management responsibility and 
remuneration for equipment and network distribution - but 
throughout the research developed to support the systematic 
review of the remuneration models proposed by the market, I 
came across the impossibility of producing an assertive 
response to each of these questions. All ESSs implemented so 
far have been designed for a specific function, and their 
remuneration, ownership and management come down to a 
single entity. The ESS systems with a broader scope and 
functionalities dedicated to intelligent networks that respond to 
the increase of generation from inconsistent Renewable Energy 
Sources are in a pilot stage, where the main concern is the 
acquisition of knowledge, therefore it is not possible to reach 
conclusions as the definitive business models. 

It was concluded that due to the existence of technologies 
with higher returns, without the creation of regulatory regimes 
and incentives to the implementation of these equipments, the 
dissemination of ESSs faces quite challenging difficulties in the 
short term. In response to market needs, with more demanding 
customers and equipment increasingly sensitive to small 
disturbances in the network, each country's regulatory 
authorities and the European regulator ought to develop a 
specific regulatory framework for such equipment, as today we 
only have recommendations and future prospects. 
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