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ABSTRACT 

The integration of modern energy storage systems into 
power grids allows the implementation of different use 
cases. However, the simultaneous activation of such use 
cases could lead to potential conflicting behaviour. 
Hence, this paper assesses the causes of conflicts within 
multi-functional energy storage systems. A methodology 
for the identification and handling of conflicts is suggest-
ed using a model-driven architecture approach together 
with the well-known Smart Grid Architecture Model 
(SGAM). The main goal of this paper is to demonstrate 
the usability of SGAM for the identification of potential 
controller conflicts. As a main result of this investigation 
the SGAM alone does not allow the identification of all 
possible types of conflicts; it needs to be complemented 
by other models.   

INTRODUCTION 

Today, the main usage of modern Energy Storage Systems 
(ESS) is characterized by energy costs savings. However, 
this is not the only use provided by ESS. Other Use Cases 
(UC) related to market operation or stabilization of grid 
parameters (such as frequency and voltage) are also need-
ed for further developments of smart grids [1]. A simulta-
neous operation of UCs could lead to conflicts within a 
Multi-Functional Energy Storage System (MFESS) [2] – 
for instance, a particular UC requires charging an ESS, 
and at the same time another UC requires discharging it. 
In order to identify such kind of conflicts a corresponding 
structured approach is necessary.  
The Smart Grid Architecture Model (SGAM ) provides a 
framework for the design of smart grid applications. 
However, no practical approach demonstrates the usabil-
ity of SGAM for the inference of new information from 
source data. The description of MFESS (control) func-
tions and services in the SGAM would provide a signifi-
cant amount of information and data about its operational 
possibilities. Following this, the information gather dur-
ing the design process of MFESS (control) functions 
could be used to identify conflicting situations.  
Hence, this paper proposes a methodology to identify 
conflicts within MFESS as well as to handle them in an 
appropriate way. The proposed approach is based on a 
Model-Driven Architecture (MDA) principle [3] and the 
well-known SGAM. The main goal of this paper is to 
demonstrate the usability of the proposed MDA/SGAM-
based approach for the identification of controller con-
flicts in MFESS.  

USE CASES RELATED TO MFESS 

The integration of a modern MFESS to the grid gives the 
possibility of implementing different UCs as pointed out 
by several technical reports like [1]. Some of those UCs 
are chosen for this work with the aim of analyzing differ-
ent types of conflicts for an appropriate categorization of 
them. Those UCs are depicted in Table 1, the description 
of them follow the representation of a typical MFESS 
setup as depicted in Figure 1.  

Table 1: Use cases related to MFESS 

Use Case Description 

Volt-VAr 
(VV) 

The voltage at the Point of Common Cou-
pling (PCC) is manipulated by controlling 
the reactive power Qbatt provision of the ESS  

Frequency- 
Watt (FW) 

The active power provision of the ESS 
(i.e., Pbatt) is manipulated as a function of 
the grid frequency (i.e., Fgrid)  

Voltage-Watt 
(VW) 

The voltage at the PCC is manipulated by 
controlling Pbatt  

Self-Consum-
ption (SC) 

The active power provision to the grid 
(i.e., Pgrid=0) is minimized  

Minimization 
of electricity 
cost 

The total electricity costs are minimized ac-
cording to: 
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with the feed-in tariff FiT  and the electric-
ity grid price EgP 

 

 
Figure 1: Battery connected to the grid 

APPLYING MODEL-DRIVEN DESIGN FOR 
MODELING SMART GRID APPLICATIONS 

MDA is a standard defined by the Object Management 
Group (OMG) used to separate the behavior from the im-
plementation of a system. Using this approach a data 
source is specified under well-defined models; enabling the 
query, analysis, and transformation of this model data. The 
inference of knowledge from a data source is also possible.  

Using SGAM for Modeling Smart Grids 
SGAM was introduced to design smart grid architectures, 
describing corresponding use cases as well as to improve 
the interaction between different stakeholders (manufactur-
ers, energy utilities, system integrators, aggregators, service 
providers, etc.). In this context, the SGAM is divided into 
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five interoperability layers. Those layers respond to the sep-
aration between technical (e.g., communication, hardware) 
and functional (use case behavior) issues. Additionally, 
SGAM proposes the classification of use cases under do-
main and zones. The study in [4] proposes an architectural 
framework for modeling smart grid applications based on 
SGAM. In addition, the so-called SGAM toolbox is provid-
ed in order to increase the applicability of SGAM in smart 
grid projects. The Unified Modeling Language (UML) is 
used in this tool for modeling the corresponding applica-
tions. A model-driven approach is also applied by Pröstl 
Andrén et al. [5] for the definition of a smart grid control 
application in a SGAM complaint way.  

Model-to-Model Transformation (M2MT) 
Information and data models can be exploitable by deriv-
ing implementable code or other models out of them. The 
M2MT approach involves automatic transformations from 
a Platform Independent Model (PIM) (i.e., the “source 
model”) to a Platform Specific Model (PSM) (i.e., the 
“destination model”). This transformation process follows 
certain rules – the so-called “transformation rules” – to 
meet the destination model requirements. The usage of the 
M2MT technique during the development of a control ap-
plication reduces usually the development time, increases 
the software quality, and reduces costs. It also helps to 
permits a consistency across the design, implementation, 
and realization phases of control application development. 
This approach has already successfully applied also to the 
domain of power and energy systems as described in [6].  

CONTROLLER CONFLICTS WITHIN MFESS 

Categorization of Controller Conflicts 
The simultaneous interaction of several controllers’ func-
tions in MFESS could lead to conflicts. The technical re-
port in [2] analyses the causes of conflicts in network op-
erations. Additionally, measurements of the conflict im-
pact as well as potential solutions for the handling of con-
flicts (e.g., multi-agent based cooperative approach) are 
addressed as well. Moreover, a classification of conflicts 
based on the impact on the system stability of the grid 
(frequency and voltage) is carried out. However, a meth-
od to identify the causes of conflicts is missing. In this 
context, the present work provides the following classifi-
cation of conflicts based on their causes (for each type 
two different use cases UC1 and UC2 are considered): 

Table 2: Categorization of conflicts within MFESS 

Conflict Type Description 

Conflict1 
Multi-objective 
optimization  

UC1 is minimizing a function f(x) and 
UC2 is minimizing a function g(x). More 
than one objective function needs to be 
optimized; e.g., FW sets Pgrid  to a certain 
value and “minimization of electricity 
cost” minimizes:  

����	
�� ∗ ���� − ��	
�� ∗ ����� 
 

with the feed-in tariff FiT  and the elec-
tricity grid price EgP 

Conflict2 
Limitations of 
control variable  

UC1 is controlling a variable U1 and 
UC2 is controlling a variable U2. Addi-
tionally the following statement is true: 
g(U2) < U1 < f(U2). The control value of 
U1 is limited by the value of U2; for ex-
ample VV mode controls Qbatt and VW 
controls Pbatt of a battery. The limits of 
Pbatt are given by:  
 

+-|������,���� − ������ 
|. 

 

A simultaneous operation of VV and VW 
requires an agreement to respect the capa-
bilities of the battery inverter (i.e,. Sbatt,max). 

Conflict3 
Incompatible 
setpoints for a 
control variable 
 

UC1 and UC2 control the same variable 
U of a physical device. However, the set-
point values are in contradiction; for in-
stance FW requires discharging the bat-
tery and SC mode requires charging the 
battery at the same time. 

Conflict4 
Coupling sys-
tems 

An UC1 is controlling a variable U1 to 
manipulate Y1 whereas UC2 is control-
ling a variable U2 to manipulate Y2. Addi-
tionally, the manipulated variable Y1 de-
pends on the control variables U1 and U2: 
 !"(#) = %""(#)&"(#) + %"�(#)&�(#), 
 

This control interaction could cause a de-
stabilization of the system. 

 
Four types of conflicts have been defined; all of them can 
be analyzed and identify during the design phase of MFESS 
applications. The present study focuses mainly on the iden-
tification and handling of controller conflict type ‘Con-
flict3’. However, the values of the setpoints are no consid-
ered. By this, ‘Conflict3’ type arises when at least two UCs 
control the same variable. Thereby it can be also the case 
that during operation this conflict type – detected by the 
proposed MDA approach during design time – is not active 
(e.g., two use cases require the charging of a battery). 

MFESS Use Cases Representation in SGAM 
For this work the SGAM toolbox is used where UCs are 
usually being described in UML notation. UML covers 
the representation of the behavior and the structure of a 
system. The structural diagrams are used to provide a 
static view of a system. On the other hand, with the be-
havioral diagrams the dynamic aspects of a system can be 
modeled. The most convenient UML diagrams for repre-
sentation MFESS applications are depicted in Table1. For 
the identification of conflicts, only three interoperability 
layers are considered in this work. The classification of 
SGAM elements per layer is also depicted. In this sense, 
High Level Use Cases (HLUC) describe the main func-
tionalities of a MFESS application, for instance FW and 
SC. The specification of a HLUC is given by Primary Use 
Cases (PUC), for instance the PUCs ‘Data Setting’ and 
‘Data Acquisition’ are covered by the HLUC FW. The ac-
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tors within such applications are represented by Logical 
Actors (LA); for instance, the battery and meters are LAs 
defined in a MFESS. The interactions between actors are 
defined by so-called Information Objects (IO). The identi-
fication of ‘Conflict3’ is based on the analysis of the IOs. 

Table 3: SGAM implemented using UML 

Layer SGAM Element UML Profile 

Business  Business use case, 
Business actor,  
Business goal 

use case 

Function HLUC, PUC, LA  use case, activity dia-
gram, sequence diagram, 
state machine, etc. 

Information IO, Data Model sequence diagram 

Identification of Conflict3 Type  
As mentioned before one advantage of the MDA ap-
proach is the inference of knowledge from the source 
model. Because of this, a SGAM complaint model is de-
fined for the description of MFESS control applications. 
The conflict-related part of this model is depicted in Fig-
ure 2. Those statements are derived from this model; a 
conflict contains at least two IOs. An IO contains at most 
one source and one destination element. They are of type 
DataModel. Additionally one PUC contains many IOs.  
‘Conflict3’ type occurs when two different HLUCs (e.g., 
FW and SC) contain at least one IO with the same desti-
nation value (e.g., Pbatt of a battery).  
 

 
Figure 2: Conflict data model 

Handling of Conflict3 Types 
The handling of ‘Conflict3’ types is based on the defini-
tion of priorities at the HLUC level. As PUC are con-
tained by HLUC they inherit also the priority defined in 
the corresponding HLUC. By this basis, when a conflict 
is identified the following chain of actions is taken: (1) 
record of IOs related to the conflict, (2) tracking of LA 
and PUCs related to those IOs. Then, (3) priorities of 
those PUCS are checked, the PUC with the highest priori-
ty is chosen to control the LA.    

From SGAM Representation to Exploitable Code 
The conflict data inferred from MFESS applications de-
fined in SGAM can be exploitable during the design and 
implementation phases of the MFESS control develop-
ment. This would improve the development time and also 
the consistency across the different phases of the MFESS 
development (i.e., design, validation, and prototype). To 
this end, M2MT from the MDA approach is employed. 

M2MT is a feature of MDA that enables the transfor-
mation of a PIM into a PSM (see Figure 3). In the pro-
posed MDA approach, the PIM is represented by SGAM 
and the conflict model. On the other hand the PSM is for 
example represented by a Power System Simulator (PSS) 
during simulation phase, or a development environment 
for control applications (CODESYS, 4DIAC, etc.), or 
other corresponding design/programming tools.  
 

 
Figure 3: Transformation process from SGAM to PSM  

PROTOTYPICAL REALIZATION AND 
PROOF-OF-CONCEPT VALIATION  

From SGAM toolbox to Matlab/Simulink 
With the aim of exploiting data defined under SGAM a 
modeling framework is needed. The Eclipse Modeling 
Framework (EMF) is a framework that enables the build-
ing of tools on a data model basis. Models in EMF are 
specified by the XML interchange (XMI) format. On the 
other hand, MFESS is defined using the SGAM toolbox. 
This toolbox is available as a plugin extension of the En-
terprise Architecture (EA) modeling software from 
SPARX Systems. The information related to MFESS de-
fined in EA need to be mapped into an EMF project for 
further MFESS data analysis (see Figure 4). Once the in-
formation is in an EMF project, inference of new infor-
mation and code generation techniques can be applied 
(e.g., M2MT). The M2MT consists of a source model that 
is represented by the SGAM and the conflict data model; 
the targeted model for example is represented by a power 
system simulation (e.g., Matlab/Simulink in this work).  
 

 
Figure 4: Transformation approach from SGAM toolbox to 
Matlab/Simulink 

MFESS Implementation Example 
As a proof of concept an implementation example is car-
ried out. A MFESS is represented by a FW and a SC mode. 
The FW mode is represented by a HLUC that aims for grid 
stability, this UC is mainly supported by the Transmission 
System Operator (TSO). On the other hand, a customer is 
interested in economizing the energy costs; this is achieved 
by the activation of SC. To fulfill the requirements of those 
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HLUC, a battery need to be charged/discharged (this bat-
tery is represented by a LA). To this aim the variable to be 
controlled is Pbatt (see Figure 1). A conflict arrives when 
FW and SC mode control Pbatt distinctly (e.g., charge and 
discharge at the same time). From this, the conflict de-
pends on the value set to Pbatt. However, the proposed 
MDA approach does not take into account the value of set-
points sent by the UCs. Because of this, the conflicts iden-
tified by the MDA approach have to be analyzed manually 
in order to determine the gravity of the conflict.  
Once the MFESS is defined using the SGAM toolbox the 
proposed MDA approach identify automatically the con-
flicts. It involves the HLUC, conflict variables and LA. 
This procedure is shown in Figure 5. With the aim of ex-
ploiting the conflict data inferred from the MFESS, Mod-
els Transformations (MT) are carried out. The first MT 
generates a Matlab/Simulink model that represents the 
FW and SC modes, the battery, and a conflict resolution 
block. This conflict block contains two Pbatt values intend-
ed to be set by the UCs and also a unique Pbatt value that is 
sent to the battery controller. Additionally, for the han-
dling of conflicts different algorithms can be defined with-
in the conflict resolution block as outlined above. It is 
based on the definition of priorities for each HLUC. In 
this example, a higher priority is defined for the FW mode 
(i.e., FW’s priority is set to ‘2’ and SC’s priority is equal 
to ‘1’). A second transformation, model to text transfor-
mation, is encouraged for the handling of conflicts. The 
identification and handling of conflicts are automatically 
generated in Simulink/Matlab as shown in Figure 6. 
 

 
Figure 5: Identification of conflicts within FW and SC modes 

CONCLUSIONS 

MFESS become more common and provide additional 
services for utilities in managing grid issues. As the inter-
action of controller functions within MFESS could cause 
conflicts this paper proposes a classification of conflicts 
and presents a MDA approach for the identification and 
handling of them. This approach is based on the inference 
of knowledge from SGAM and model transformations for 
the generation of models and code.   

 
Figure 6: Automatic model generation in Matlab/Simulink 

Following this, a MFESS represented under SGAM is as-
sessed with the aim to identify and handle conflicts. Later 
on, this conflict data is implemented in software specific 
platform The MDA approach ensures an early detection 
of conflicts within MFESS during the design phase as 
well as an automatic transformation from design to im-
plementation phase for the rapid prototyping of MFESS 
applications. The SGAM model enables the analysis of 
information exchange across actors in a MFESS. It made 
it possible to identify conflicts (i.e., ‘Conflict3’ type).  
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