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ABSTRACT 
 
Management of various Distributed Energy 
Resources (DERs) in microgrids requires the 
integration of heterogeneous control devices and 
systems. Design and management of such 
integrated systems would benefit from the 
application of models that capture structural and 
functional aspects. These models are important in 
order to abstract the technical detail for planning 
and design in order to provide a basis for 
discussion amongst stakeholders and technical 
experts. Such models should provide semantics that 
adequately describe and define these aspects from 
the electro-technical to the information 
management perspective during design and 
implementation. In the discipline of IT 
management, Enterprise Architecture (EA) is a 
commonly used approach. The EA approach is 
typically based on metamodels with ArchiMate 
being one of the most well known. ArchiMate aims 
to enable holistic descriptions of businesses and 
their supporting IT using three layers, namely 
business, application and technology, from three 
perspectives, namely information, behavior and 
structure. While, invaluable for planning and 
management of large organizational IT, ArchiMate 
in its original form lacks the descriptive semantics 
required to specifically capture the high level of 
systems integration required for electrical process 
management. This paper proposes an extended 
ArchiMate metamodel for modeling microgrid 
components, the control systems, and the 
management and control of these integrated 
systems. The paper provides an example of how 
this can be applied to a proposed microgrid 
development project.  
 
Index Terms— Information architecture, Software 
systems, Control system synthesis, Networked 
control systems 
 
 
1. INTRODUCTION 
 
In recent years, Enterprise Architecture (EA) has 
become an established discipline for business and 
software system management (1). EA describes the 
fundamental artifacts of business and IT as well as 

their interrelationships (1,2,3,4,5), typically 
through dimensions such as Business, Application, 
Technology and Information (4). Architecture 
models constitute the core of the approach and 
serve the purpose of making the complexities of 
the real world understandable and manageable (5). 
EA ideally aids the stakeholders of the enterprise to 
effectively plan, design, document, and 
communicate IT and business related issues, i.e. it 
provides decision support for the stakeholders (6). 
 
In parallel with the development of the EA 
discipline, various smart grid-related concepts have 
become more consolidated and active research on 
topics such as microgrids have yielded valuable 
and applicable results. Microgrids research effort is 
highly focused on the fundamental aspects of 
microgrid control, for example, regulation of local 
voltage and frequency. Various techniques have 
been developed and tested and are described in the 
literature. When addressing the aspects of 
integrating microgrid control into existing 
distribution network managements systems or 
dealing with the complexity of a large number of 
heterogeneous components owned by various 
stakeholders with dynamic service agreements 
amongst one another however, there does not 
appear to be much coordinated research effort. In 
this paper we suggest a method for modeling 
microgrid control system architectures and 
functionality using recognized modeling 
techniques defined by the ArchiMate framework. 
The aim of applying the modeling framework is to 
provide tools for dealing with the complexity of 
such systems and providing decision-support 
during the design, implementation, and 
management of microgrid control systems. 
 
The remainder of this paper unfolds as follows. 
First, in section 2, scope and limitations are 
described. Followed by section 3 in which related 
work is discussed. Thereafter, in section 4 the 
ArchiMate modeling language is explained. 
Section 5 provides information on Microgrids. 
Section 6 thereafter, presents the contribution of 
this paper, an extended ArchiMate metamodel. An 
application of this metamodel is presented in the 
following, section 7. Section 8 discusses the 



contribution and compares it to related work. 
Finally, section 9 suggests future work and 
concludes the paper. 
 
2. SCOPE AND LIMITATIONS 

 
The scope is enterprise architecture and microgrids. 
The work is limited to the microgrid components 
of a development project at the Amrita University 
and uses this as the application example. A 
language is presented in order to describe 
microgrid control and management system 
architectures based on ArchiMate. 
 
3. RELATED WORK 
 
The contribution of the paper, presented section 6, 
connects enterprise architecture modeling to the 
microgrid domain, therefore these two areas are 
considered separately (section 3.a and 3.b) with 
regard to their relation to the presented 
contribution. Furthermore, the related field of 
smart grid modeling is considered as well (section 
3.c) 
 
a. Enterprise Architecture 
In the enterprise architecture community standards 
and frameworks such as (2) and (3) are typically 
used in order to define which aspects of an 
organization that needs to be described and how 
these descriptions should be structured. This is 
typically done using metamodels, which acts as 
patterns for the instantiation of the architectural 
models. In other words, a metamodel is a 
description language used to create models (2,4,6). 
In research, there are several metamodels 
proposed. Some of the metamodels are focusing on 
different aspects of architectural analysis, e.g. 
modifiability (17), system quality analysis (18), 
and business value analysis (19). 
Lankhorst (4) has probably published the most 
well-known and widespread metamodel, called 
ArchiMate. In (16), which, to the best of the 
authors’ knowledge, is the closest publication, a 
mapping between the Substation Configuration 
Language (SCL) of IEC 61850 (20) and ArchiMate 
is presented.  The authors of (16) consider the 
sixteen entities defined in SCL and identify for 
each of the entities whether it is a kind of or a part 
of a concepts of ArchiMate. Furthermore the 
authors suggest an extension of ArchiMate with an 
Equipment concept in order to cover the SCL 
concepts that have no corresponding entities in 
ArchiMate. Namely the SCL’s Transformer, 
Equipment, and Sub-equipment entities are 
suggested to be related to Equipment.  
 
 
 

b. Microgrids 
There exists a wealth of active research on 
microgrid control and optimization (12,13,14,15). 
In terms of models of microgrid control systems, 
the primary focus of much of this work is at the 
component model or control algorithm level. In 
(10) a detailed architecture for coordination of 
heterogeneous DER is described, but the focus is 
technology specific and not generalizable. 
 
c. Smart grid modeling 
From the more general smart grid perspective, 
there have been various efforts in order to provide 
models for structured analysis of designs and 
configurations (11). Due to the wide scope 
encompassed by the smart grid concept, these 
models need to be general enough to encompass 
organizational, market, and regulatory aspects, 
meaning that they would not be well-suited for 
application in specific and more focussed case of 
microgrid control systems. 
 
4. ARCHIMATE 
 
In this paper an extended ArchiMate Metamodel 
for Microgrid Control System Architectures is 
presented (cf. section 6). Since the ArchiMate 
metamodel is an open, independent, and general 
modeling language for enterprise architecture, it is 
suitable to use as basis. The primary focus of 
ArchiMate is to support stakeholders how to 
address concerns regarding their business and the 
supporting IT systems. ArchiMate is extensively 
presented in (4) and is partly based on the 
ANSI/IEEE 1471-2000, recommended Practice for 
Architecture Description of Software-Intensive 
Systems, also known as the IEEE 1471 standard 
(7). The Open Group accepted the ArchiMate 
metamodel as a technical standard (8) and as a part 
of The Open Group Architecture Framework 
(TOGAF) in 2009 (2). 
The ArchiMate metamodel consists of three layers; 
the Business layer, the Application layer and the 
Technology layer. The technology supports the 
applications, which in turn support the business. 
Each layer consists of a number of entities and 
defined entity relationships. 
The entities in each layer are categorized into three 
aspects of enterprise architecture: (i) The passive 
structure - modeling informational objects. (ii) The 
behavioral structure - modeling the dynamic events 
of an enterprise. (iii) The active structure - 
modeling the components in the architecture that 
perform the behavioral aspects. 
 
 
 
 
 



5. MICROGRIDS 
 

Microgrids are a design paradigm that has begun to 
develop into a well-defined concept primarily for 
use in middle-voltage (MV) and low-voltage (LV) 
electrical distribution networks. Most definitions of 
microgrids focus on the integration of DER and 
distributed generation (DG) to the point that the 
network can be "islanded" meaning that it can 
operate independently of the external transmission 
supply provided that it can control internal supply 
and demand to the point that it can maintain its 
internal stability. 
Microgrid control requires low-latency control 
loops, this is a requirement because the power 
flows on a MV/LV network can be quite dynamic 
causing voltage drops or spikes and degradation of 
power quality in a very short time. 
Also, during the instant that the microgrid is 
islanded or reconnected to the overlying network 
the DER may need to be adjusted very rapidly in 
order to maintain safe levels. 
The many micro-sources (DER and DG) in the 
microgrid may be heterogeneous and vary 
considerably in the degree to which they can be 
controlled. These capabilities must be handled by 
the control system, in (9) the microgrid central 
controller (MGCC) uses an auctioning mechanism 
to balance supply and demand in the microgrid. 

From a more technical perspective, various 
stakeholders operate the sources and loads. This 
has implications for the control and monitoring of 
the primary equipment. In these situations simple 
automation system messages can no longer capture 
the detail required. In many cases where a single 
operator had run the system, a command message 
to perform an action would have sufficed. In a 
system with these new stakeholders, the command 
could have to be replaced by a negotiation between 
stakeholders in order for them to agree on an action 
that is an acceptable benefit or compromise for 
both parties.  
 
6. A METAMODEL FOR MICROGRID 

CONTROL SYSTEMS ARCHITECTURE 
 

In this section the contribution of this paper is 
presented, a metamodel for microgrid control 
system architectures. The proposed metamodel 
extends the previously explained ArchiMate 
metamodel and thereby creates a language to be 
used to describe microgrid architectures (cf. Fig. 
1). How the proposed, microgrid specific, 
extensions relate to the original version of 
ArchiMate is explained in this section. ArchiMate 
is extended on each of the three layers (Business, 
Application, and Technology) the extensions are 
therefore described from business to technology.  

 
Fig. 1: The suggested extended ArchiMate metamodel (the extensions are highlighted). 

 



 
The extensions to the standard ArchiMate 
metamodel in the business layer are found in the 
information perspective where specialized business 
objects for DER and microgrid management 
components are introduced. Namely the introduced 
components are Battery, PMG, Pumped Hydro, 
PMU, FC-TCR, WRIM, Statcom, Solar Panel, 
TSC-TCR and SM, representing typical entities 
found in microgrids.  
Each business object specialization represents a 
DER component class. For each of the DER 
classes, there will exist an associated set of 
application components that are specific to the type 
of DER being monitored and controlled. Fig. 2 
shows a simplified block-diagram of the physical 
components and associated local control 
functionality of a wound-rotor induction machine. 
In order to distinguish between the physical 
equipment and the control functionality that is 
relevant to microgrid control, the equipment is 
mapped to business object specialization entities in 
the business layer whereas the local control 
components are mapped to application component 
specializations in the application layer. 
The existing entity application component was 
specialized: four DER controller interfaces are 
added to cover the interfaces between 

heterogeneous control system components, namely, 
DG Interface, Measuring, Compensation, and 
Storage Control.  
The decision to add specializations at this level of 
abstraction is thus motivated in order to provide the 
modeler with a clear entity for describing the DER 
components and their control functionality. 
The modeler must be able to model the distinction 
between the physical equipment and the associated 
local control systems – The process data and 
parameters in the local control that are accessible 
from the microgrid control system are then 
captured as application components as shown in 
Fig. 2. 
Finally, in the technology layer and structure 
dimension, both device and network are specialized 
to model the physical control devices and the 
communication infrastructure used. 
 
7. EXTENDED ARCHIMATE INSTANCE 

MODEL EXAMPLE 
 

For illustration the pumped hydo-electric energy 
storage component based on the expanded 
metamodel discussed in the previous section is 
described. 
Beginning at the highest level the pumped-hydro 
business object represents the physical resource 
itself. At the business object level the aim is to 
capture static attribute data such as name, 
geographical location, capacity (energy or water) et 
cetera.  
At the next level the data object provides a digital 
representation of the business object. This 
specialization would include operational data such 
as current state, water level et cetera.  
For internal representation in the automation and 
control system on the lowest layer the data object is 
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Fig. 2 Equipment and associated functionality. 
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Fig. 3: The considered subset of the micro grid. 

 



instantiated as an artefact in the format of an IEC 
61850 Logical Node schema. 
The data object may be queried and manipulated 
by a collection of application functions such as 
day/hour-ahead operational planning (Hydro 
planning) or real-time operational monitoring 
(Hydro monitor) . 
The application functions are themselves offered 
by the hydro storage control specialized application 
component. 
The application component uses an IEC 61850-8-1 
MMS interface to facilitate monitoring, control and 
parameterization of the pumped-hydro storage 
control application component.  
This interface is itself a component of the physical 
control device: an IEC 61850-compliant Intelligent 
Electronic Device (IED). The active process on the 
IEDs is called a Logical Device (LD). The internal 
representation of the hydro storage controller used 
by the LD is assigned according the LN schema 
artifact mentioned above. 
IEDs are capable of communication over Internet 
protocol-based (IP) packet data networks. In the 
design presented here the pumped-hydro storage 
control IED communicates with a centralized 
control device.  The server runs a real-time 
operating system (RTOS), which is also composed 
of an MMS interface. 
The MMS interface allows the centralized 
Management Applications to coordinate and 
control microgrid resources. 

 
8. DISCUSSION 
 
Within this paper an extension of the ArchiMate 
metamodel is presented. The extension allows to  
capture structure and functionality of more general 
systems in contrast to the extensions that were 
presented in (16). In (16) an effort was made to 
specifically capture the Substation Configuration 
Language of IEC 61850, whereas the extensions 
suggested in this paper also allow to entities 
outside substations, such as solar panels or wind 
turbines. This facilitates the creation of holistic 
models to be used as a management tool.  
 
9. FUTURE WORK AND CONCLUSIONS 
 
In this paper an extended version of the ArchiMate 
modeling language was presented. The use of an 
Archimate-type language makes it possible to 
apply enterprise architecture and thereby model 
based IT management for microgrid control 
systems.  
The extensions that are presented within this paper 
can be considered as a first step of an application 
of the EA approach within the microgrid field. 
Models created based on the proposed extensions 
remain descriptive and can be used to illustrate 

either a current “as-is” state or a possible “to-be” 
situation.  
Regarding future work, one possible next step is to 
further develop the extended ArchiMate 
metamodel in order to also feature an analysis 
mechanism. Thereby it would be possible to 
incorporate system quality analysis into the 
metamodel in the same fashion as it was done in 
(21) for availability analysis. Such an analysis 
could, as seen in (21), be aided by software tool 
support using the Enterprise Architecture Analysis 
Tool, as presented in (22). 
Another area of future work identified is to 
investigate to what extent enterprise architecture 
can support the management tasks that are related 
to microgrids. One example of such a case is where 
the system designers need to make decisions on 
what level of coordination and communication is 
required to satisfy certain requirements. Evaluation 
of centralized versus decentralized control 
architectures require holistic models for analysis. 
As a future project, a detailed case study of a 
microgrid with the aim of evaluating a set of 
control and management architectures given both 
high-level market and regulatory requirements 
while still addressing low-level network 
management aspects could be an interesting 
environment for testing the proposed metamodel.   
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