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Abstract—Voltage control, grid reconfiguration and adaptive 
protection are three representative intra-grid control 
applications that are relevant in the context of smart grids which 
is characterized by the presence of bi-directional power flow due 
to the presence of distributed generation. These applications will 
lead to an efficient electric power grid. The implementation of the 
three control applications requires ICT. This paper identifies the 
technical and non-technical barriers, which are present in today’s 
ICT, that impede the implementation of the three control 
applications. The technical barriers are ranked based on their 
severity in impeding implementation of the three control 
applications. The paper also provides the recommendations that 
will help in overcoming those barriers. 

Keywords- adaptive protection,  distribution network, grid 
reconfiguration, ICT,  Voltage control 

I. INTRODUCTION 
Voltage control, grid reconfiguration and adaptive 

protection are the three control applications dealt within this 
paper. They are seen as representative control applications 
needed to build the smart grids. In this paper ‘intra-grid 
control’ is meant as the control that will be implemented by 
using elements that are available within the distribution grid, in 
other words, the ‘intra-grid’ control applications do not involve 
curtailment of the central power plant (on the transmission 
grid) or demand side management for its implementation.  

The presence of DGs (Distributed Generators) is a 
characteristic feature of smart grids. Increasing level of DG 
penetration causes the voltage to rise above limits, presenting 
risks for customer equipment. Voltage control acquires 
significance in this context because it helps in keeping the 
voltage within the defined limits [1].  

It is interesting to see how minimum power loss can be 
attained even in the presence of less predictable generation due 
to DGs based on renewable sources of energy. The 
reconfiguration of the distribution grid aims at reducing the 
active power losses under normal operation of the grid. Under 
abnormal operating condition it aims at preventing voltage 
collapse of the distribution system. Distribution grid 
reconfiguration involves altering the topological structure of
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  distribution feeders by changing the open/closed states of 
sectionalizers and tie switches [2].  

The need for adaptive protection arises because rapid 
switching actions, including islanding, load shedding and 
generator tripping are beneficial in maintaining synchronism in 
unstable situations. Adaptive protection is a protection 
philosophy which makes adjustment to various protection 
functions in order to make them more attuned to prevailing 
power system conditions [3].  

The presence of DGs in smart grids and hence the bi-
directional power flow makes these control applications 
interesting and novel. ICT being one of the important 
ingredients of smart grid can be widely made use of in the 
implementation of these control applications [4]. For example 
in order to implement voltage control in the distribution grid, 
there has to be communication between the various elements 
like the central controller located at the substation, on load tap 
changer, DG units located in the field and chosen critical points 
in the network [5]. For implementing grid reconfiguration, 
there has to be communication regarding the various 
parameters of the DGs like the real power, voltage, the position 
(on/off) of the various switches etc. The communication 
between fault indicators and fault distance calculation devices 
[6] is necessary for implementing adaptive protection. These 
examples signify the role of ICT in implementing these control 
applications in a smart grid. 

Section II of this paper discusses the significance of ICT in 
smart grids, the technical and non-technical barriers for the 
integration of ICT in the three control applications and the 
methodology adopted in classifying and ranking the barriers. 
Section III discusses the recommendations for overcoming the 
barriers and will help the integration of ICT infrastructure into 
the electricity infrastructure, thus making the electricity grid a 
‘smart’ grid. The conclusions of the paper are included in 
section IV. 

II. BARRIERS FOR THE IMPLEMENTATION OF ICT IN INTRA-
GRID CONTROL APPLICATIONS 

As explained in section I of this paper and as per [7], ICT 
and electricity infrastructures are interdependent especially in 
the context of smart grids. This section identifies some barriers 
that are currently present and will impede the deployment of 
ICT in electric grids. A closer look at the parameters that are 
chosen for evaluation as barriers will reveal that most of them 
are the typical characteristics of ICT. These characteristics can 
act as barriers for wide adoption of ICT needed for the control 
applications. Whether a particular characteristic feature of ICT 
will act as a barrier depends on the requirement of the control 



application. The barriers are classified into technical barriers 
and non-technical barriers. 

Following methodology has been adopted in identifying 
and ranking the barriers. The first step involved a plenary 
brainstorming with different stakeholders in order to identify 
the barriers to a wide deployment of ICT approaches for intra-
grid management applications. In the second step these barriers 
have been segregated into technical and non-technical barriers. 
The third step involved ranking of the barriers based on a 
survey. The survey included approximately 20 members in 
total from industry, R&D institutions and academia. The 
participants of the survey and the institutions to which they are 
affiliated to, is given in Section V – Acknowledgment. Each 
participant ranked the technical barriers based on their 
technical knowledge and experience. They also provided the 
reason for assigning a particular rank. The final ranking for 
each of the technical barrier was based on factors like the 
majority in the concurrence in the ranking, the rationale behind 
the ranking etc. The ranking allows the identification of the 
extent to which these barriers play a role in the intra-grid 
applications. 

A.  Technical barriers 
Bandwidth of the communication channel, latency 

supported by the communication channel, dependability, 

flexibility and security of the communication channel 
deployed, scalability, standardization, interdependency of the 
power system and ICT, control paradigm, controllability of the 
current power system and cost are the parameters that have 
been evaluated. The rank of each parameter shows the 
significance of the parameter in acting as a barrier for the 
deployment of ICT in the three exemplary applications of 
voltage control, adaptive protection and grid reconfiguration.  

Table I enumerates the parameters and ranks them for the 
different intra-grid applications on a 5-grade scale. 1 = not a 
barrier at all. 2 = a less intensive barrier and there are many 
factors that makes it a less intensive barrier. 3 = a barrier of 
medium intensity and there exists a few factors that will lessen 
its impact. 4 = a serious barrier and in the absence of proper 
remedial actions it can turn into a barrier of absolute intensity. 
5 = an absolutely intensive barrier in the presence of which the 
implementation of the control applications are impossible with 
the present day ICT. 

The ‘description’ column describes the parameter and 
wherever appropriate, questions relevant to the parameter 
which will aid its evaluation are included. The ‘ranking’ 
column for each control application provides the rank of each 
parameter along with the reason for the assigned rank.

TABLE I.  TECHNICAL BARRIERS FOR THE IMPLEMENTATION OF ICT IN THE THREE INTRA-GRID CONTROL APPLICATIONS 

No Parameters Ranking 

Description voltage control (VC) / adaptive protection (AP) / grid reconfiguration (GC) 
1 Bandwidth of the communication channel Rank: 3 

The bandwidth is the bits per second that can be 
transmitted via the communication channel. Is there a 
huge demand on bandwidth for any of the three 
exclusive intra-grid management applications that are 
dealt herewith? If so, is this requirement a barrier? 

For all three applications, the information needed for the real-time control is not enormous e.g. 
P, Q, V, I and switch gear status. So for all real time control functions, the bandwidth 
requirement is less [8] and is well within the capabilities of the presently available 
communication technologies for e.g. microwave and optical fibres, have capacity from 512 
Kb/s to a few Mb/s [9]. Hence bandwidth requirement is not a crucial barrier for the 
implementation of ICT in any of the three exemplary topics of grid control. 

2 Latency of the communication channel (VC) Rank: 2 
The latency is the elapsed time between the signal 
emission by the transmitter and the signal acquisition by 
the receiver. How much latency can the communication 
channel support? If there is a stringent requirement on 
latency then it will be a barrier for the implementation 
of that particular intra-grid management application. 
For example, the adaptive protection and grid 
reconfiguration when deployed during abnormal 
operating conditions have stringent requirements on 
latency. 
 

Usually the latency of communication to the generators or from the measurement devices is 
lower than the time constant the generators need to change the given set point. 
(AP) Rank: 5  
Adaptive protection is very latency sensitive, small response time is needed. Time scale is in 
milliseconds. Fault measurements and protection units are geographically closely located for 
low response time. Communication over greater areas requires adequate latency. E.g. latency 
requirement for adaptive protection / anti-islanding is less than 500 ms [10]. 
(GC) Rank: 3/5 (for non-protection  / protection application) 
If the reconfiguration is for non-protection application like load balancing or loss minimization, 
then latency is  not a critical paramater but if the reconfiguration is for supply restoration or 
protection of the power system then latency is critical and will be of the order of ms [10]. 

3 Dependability of the communication channel Rank: 5 
Dependability includes availability and reliability of the 
communication channel. 

Availability and reliability of the communication channel is indispensable to realize voltage 
control / adaptive protection (since it deals with the safety and protection of the electrical 
network) / grid reconfiguration (for both normal and abnormal operating condition). The 
availability is of the order of 99.9% and the reliability (quantified in terms of bit error rate) 
should be such that the information loss is smaller than .01% [10]. 

4 Control Paradigm (VC) Rank: 3 
Central control is the paradigm in which a central 
controller gathers information from all the elements in 
the field and sends out command to control the various 
elements. 
Distributed control is the paradigm in which there are 
multiple local controllers which will gather information 
from local elements and control them. 
Co-ordinated control is a paradigm that includes aspects 

Central control could be a barrier for voltage control. It requires the data of each distributed 
element in the network to reach the central controller which will result in increased delays for 
the control action to be taken. Distributed or  coordinated control can be better control 
paradigms because voltage at a point is dependent more on the voltage and other electrical 
parameters of near by points that those of far away points and hence control actions taken by 
local controllers will suffice. Rank of 3 is assigned for control paradigm since the voltage 
coontrol can be achieved by any of the three control paradigms. 
(AP) Rank: 3 



of both central and distributed control paradigm. There 
will be a few local controllers which will do the local 
control actions and at the same time these local 
controllers will communicate and co-ordinate with each 
other. 
What is the best paradigm: central, distributed or co-
ordinated control? Can the use of any one particular 
control paradigm be a barrier for the implementation of 
the intra-grid management applications? 

A rank of 3 is assigned for control paradigm since the adaptive protection can be achieved by 
any of the three control paradigms but with the the powerful ICT infrastruture that is available 
now a days, efficieny of the control action can be increased by using co-ordinated control 
paradigm. 
(GC) Rank: 3 
Coordinated or central control paradigm suits grid reconfiguration since its implementation 
requires knowledge about  the status of various switches in the field and the closing and 
opening of the various switches should take place in a co-ordinated manner . If co-ordinated 
control paradigm is used then it makes use of strong ICT support. 

5 Flexibility of the communication technology  Rank: 2 
a. Can the deployed communication technology  
support additional applications other than what it is 
initially designed for to meet growing complexity? 
b. Can the deployed communication technology  
support physical mobility? E.g. wireless supports 
mobility and hence is flexible. 

The communication network should be shared among other services consequently, QoS 
(Quality of Service) policies are needed but still new applications will automatically fit in as 
they emerge. 

6 Security of the communication channel Rank: 5 
Security in this context includes both cyber security and 
physical security.  

Both cyber security and physical security requirements are stringent since all the three control 
functions will directly affect the security and reliability of the power system. The presence of 
DGs calls for distributed measuring devices or sensors in the field, the physical security of 
which are crucial. The use of wireless communication technology may pose threat to cyber 
security because of easy access and the open frequency which can be jamed easily. 

7 Scalability of the communication channel Rank: 3 
If the application is scaled up to large systems, does any 
bottleneck become apparent? 
 
 

It depends on the number of the involved points in the grid. For a large number of points, the 
scalability of the communication network is critical but a distributed architecture of the system 
can mitigate this aspect. If the network grows, then the throughput should also increase slowly. 
The communication processing capability for distributed and coordinated controller should 
increase faster (normally this increased requirement on bandwidth is not a problem).  

8 Standardization of the telecommunication mode Rank: 4 
Is there a standard for communication at hardware, 
software and protocol level for practical applications?  
 
 

The standardization is very important for all new technologies since it provides a provider-
independent platform on to which a power company can connect devices from different 
suppliers in the best quality and price. Still, lack of standardization does not avoid good and 
practical solutions, even if it does not promote interoperability and homogeneous solutions.  

9 Interdependency of the power system & ICT Rank: 5 
a. The failure of one infrastructure will affect the 

operation of the other 
b. Lifetime of electronic hardware (5-15 year) is 

smaller than lifetime of power system assets (+30 
year) 

c. Reliability/availability of power grid is not matched 
by some telecommunication means (for example 
wireless communication). 

Electric faults can have serious consequences on communication infrastructures and vice versa. 
For e.g. power line carrier communication will be influenced by power system failure directly 
whereas wireless communication will be influenced by the terrain. ICT for voltage management 
must work with grid operating and ICT for adaptive protection and grid reconfiguration must 
survive in grid failure conditions. These arguments justify the rank of 5 given for the 
interdependency of power and ICT systems in acting as a barrier. 

10 Controllability of the current power system Rank: 4 
Only very few control knobs (hardware) like switches, 
OLTC transformers are available at Low Voltage (LV) 
levels for controlling the power system. 

The control and communication systems are rendered useless without the availability of control 
elements / hardware. 

11 Cost effectiveness of the communication technology Rank: 4 
What will be the cost of the primary communication 
technology deployed for the particular intra-grid 
management application? Will there be a need for a 
back up communication? Hence, what will be the total 
cost involved and will it become a barrier? 

Depending on the degree of automation (for example, voltage control achieved using tap 
changer alone vs. that achieved by coordinated control) the costs can be crucial to the 
deployment. Deployment of total back up for all the communication could be too expensive. 

   
B. Non-technical barriers 

The following are the non-technical barriers that have been 
pointed out during the survey. They are enlisted here for the 
reader to get a glimpse of some of the non-technical barriers. 
However, it is outside the scope of this paper to detail or justify 
them. 

1 Stakeholders are yet to develop and endorse a well defined 
communication architecture that will meet the requirements 
of the modern grid or the transition plan needed to achieve 
such architecture. 

2 Utilities are skeptical and are reluctant about the use of new 
open technology for critical applications for distribution 
grids since the communication companies fail to 
demonstrate service guarantees at a reasonable price.  

3 The regulatory aspects of the smart grids are currently 
ambiguous.  

4 Vendors who supply sensors, IEDs (Intelligent Electronic 
Devices), DERs (Distributed Energy Resources), and other 
end-use devices are reluctant to invest in these products 
until universal standards are adopted and return on 
investments is guaranteed. 



5 The reliability of the distribution network also depends on 
the reliability of the participating communication 
companies, which may be owned by different owners.  

6 There is obscurity on who pays for what, since ownership 
for the various aspects of the distribution system between 
the end users, DSOs (Distribution System Operators), 
suppliers and ESCOs (Energy Service Companies) is not 
well defined. Some electric power utilities are reluctant to 
forgo the monopoly that they had in the electric sector. 

7 Regional and national demonstrations of communication 
technologies fail to create interest, excitement, and the 
societal, political and economic stimuli that would 
accelerate their deployment. 

8 The consumer education to create interest and motivation 
among the consumer groups is lacking.  

9 Lack of training and technical staff for deploying and 
operating intra-grid control applications. 

III. RECOMMENDATIONS FOR BETTER USE OF ICT FOR  
INTRA-GRID CONTROL APPLICATIONS 

The recommendations focus only on the scope of intra-grid 
control applications mentioned above. Each has been assigned 
to one of three identified key areas: ‘ICT infrastructure’, ‘intra-
grid applications with ICT support’ and ‘facilitating ICT and 
intra-grid applications by shaping the context’. 

Following methodology has been applied in stating these 
recommendations. The first step included a scope survey of 
existing recommendations and policy actions on international, 
European and national level, from R&D institutions, academia, 
industry, and regulatory bodies. In the second step existing 
standards have been screened for interoperability and cyber 
security for ‘intra-grid’ control applications to summarize them 
to the recommendations [11]. In the third step for each 
recommendation suggested actions/initiatives/existing solutions 
and limits in implementing the recommendation, priority of the 
action, scope of the action, target of the recommendation, first 
impacted stakeholders, expected impact and the impact time 
horizon have been provided in a structured form and assessed 
consensually among the SEESGEN-ICT partners [12]. Table II 
enumerates the recommendations. 

TABLE II.  RECOMMENDATIONS AND THEIR RANKING 

No. Recommendation Description  Action/initative/existing solution 

A Design and development of open, robust and secure ICT infrastructures 

A1 Adopt interoperable communication 
protocols and information models 
based on open standards and open 
source 

• Interoperable and open communication standards 
to avoid proprietary protocols 

• Technology independent communication standards 
to be future-proof [13].  

• Implementation and tools for open standards 
should be based on open source software. 

Examples are 4DIAC[14] for distributed control, 
Mango[15] for SCADA, openPOWERLINK [16] as 
well as OpENer [17] for Industrial Ethernet, openPMU 
[18] for Phasor Measurement Units, CIMTool [19] for 
the Common Information Model, mySmartGrid [20] 
and OPENmeter for Smart Meters [21] and many more. 

A2 Enhance communication 
redundancy 

• Automatic alternative communication routing QoS 
is essential for mission-critical applications 

• Prioritization in the communication protocol for 
mission-critical functions [22] 

The principle of automatic alternative communication 
routing is already supported by existing standards for 
telecontrol like TCP/IP, IEC 60870-5-104. 

A3 Ensure information security • Well established security objectives such as 
privacy, integrity, availability, non-repudiation and 
confidentiality must be assured 

Review, adapt and enhance standards to support security 
across wireless and wired connections. Developed 
standards should consider security aspects. Awareness of 
the new risks and threats are important [23]. 

A4 Interconnect local and wide area 
systems 

• Wide Area Monitoring System (WAMS) adapted 
to the properties of LV and Medium Voltage (MV) 
networks for the operation of the grid by DSOs 

Utilization of smart meter data and the infrastructure for 
data concentration and meter data management systems. 
WAMS already being used by TSOs (Transmission 
System Operators) can be extended to DSOs with  
modifications. 

A5 Map interdependencies and 
decrease vulnerabilities 

• Mapping of the interdependencies between 
communication and electricity infrastructure to 
make the communication system resilient 

• The impact of the interdependency should be 
thoroughly investigated and analyzed [24] 

Simulation and testing in real time will help in knowing 
the impact and implications of communication failures, 
hardware / IEDs , data acquisition, etc and in 
developing solutions to decrease vulnerabilities. 

B Design, development and  validation of intelligent intra-grid applications with the help of ICT 
B1 Incorporate additional actuators 

and sensors for improved 
controllability 

• Additional sensors and control knobs  lead to 
increased controllability of the distribution system  

• Hardware components to be installed near to 
distributed load, DG and charging stations of EV 
(Electric Vehicle) to improve controllability 

For example fault indicator has been identified as a 
control knob that needs to be installed for implementing 
adaptive protection [6] . 
Retrofitting the existing components instead of 
replacing the old ones with new will help in curbing the 
cost of implementing intra-grid control applications. 

B2 Enhance research and  
exchange information 

• Research on the various control paradigms: 
central, distributed and coordinated control 

• Separate analysis will help in choosing the 
appropriate control method 

• DSOs and other stakeholders will have to actively 

TSOs and DSOs must exchange information and 
improve their coordination especially in mutually 
affecting activities such as power flow management, 
voltage control, alarm surveillance & fault 
management, in order to maintain a safe, reliable and 
stable system [25].  



participate in innovative voltage control, power 
flow management etc 

Interoperability must be extended beyond the 
distributed generation to the communication with the 
transmission and bulk power system. 

B3 Enhance research on models for 
data exchange 

• Similar to CIM, a common descriptive and 
validated exchange of distribution grid and DER 
models and their control information is necessary 

• The exchanging, validating and interfacing of 
models for different applications will lead to reuse 
and evolvement of the developed intra-grid 
applications 

Currently the projects CIM for Dynamics (models at 
transmission level) and the CDPSM (Common 
Distribution Power System Model) within the CIM 
standard are developed to cope with these issues. 
Accompanying research work on distribution level with 
DER is ongoing within EU research activities [26].  

B4 Enhance shift from passive to active 
systems by incentivizing DGs 

• Appropriate framework and incentives for DG to 
provide a range of ancillary services (e.g. voltage-
reactive power control, etc) 

Detailed analysis on the impact of DG and high-power 
charging of EV  on reliability and systems stability.  
Incentivizing ancillary services provided by DGs. 

C Facilitating the take-up by shaping the context 
C1 Go for unified open standards • Harmonization of standards with the various 

standardization organizations for speeding up the 
standardization process and be compatible with the 
concepts of the smart grid 

For example the M441, M468 is the standardization 
mandate for the development of an open architecture for 
utility meters [27] and M490  is the standardization 
mandate for deployment of smart grid [28]. 
Inform and promote stakeholders about the capabilities, 
benefits and limits of the various available standards. 
Collaboration between standardization organizations is 
necessary for having unified open standards. 

C2 Take a security mindset • Specification of a dedicated set of security controls 
in all aspects of ICT (e.g. perimeter security, 
access control, security standards, security of 
physical hard ware etc) to protect the smart grid 
needs 

Today there are no common definitions within the smart 
grid community including the terms “security” and 
“critical asset”. Also, there are no common control 
system security policies or procedures. 
Groups such as ISA, NIST and IEC TC57 are working 
on generic policies and procedures [11],[27]. 

C3 Enhance cooperation and funding 
for research 

• A common standard format for the exchange of 
network data models and the necessary simulation 
model data (e.g. based on CIM) to enhance 
collaboration between research institutes: e.g co-
simulation of electrical and communication 
network 

For example, cooperation of TSOs and DSOs with 
focus on bi-directional electricity flows and co-
operation among EU regions and various stakeholders 
to provide sufficient funding for fundamental research, 
academia and education has to be promoted. 

C4 Benchmarking • The existing best practices from member states 
where considerable DG already exists should be 
benchmarked in developing new approaches 

• ICT has to be energy efficient itself. There has to 
be energy efficiency in computing and networking 

• Regional and national demonstrations of 
communication technologies should be carried out 
which will help in creating interest, excitement and 
provide the societal, political and economic stimuli 

Reference models and validated systems should be 
provided. Developed algorithms should be based on 
standards (e.g. IEC 61499) and provided with reference 
implementations or benchmark models to verify and 
validate the expected results. 
For objective comparisons and evaluations of 
benchmarking studies, test facilities and necessary 
infrastructures should be as interoperable as possible, 
supporting common information models, references and 
descriptions. 

C5 Ensure adequate market context 
and regulatory framework 

• Regulatory framework should create sufficient 
motivation for fostering the market 

• Adequate market context can be achieved  by 
cooperation between various stakeholders (e.g. 
include exchange of information on energy 
production between TSOs and DSOs, percentage 
of renewable energy between the TSOs, DSOs and 
the DG owners etc.)  

This can be achieved by incentivizing certain aspects of 
electricity sold, for example quality of the electricity 
sold to the consumer. 

C6 Provide education • Consumer education to create sufficient interest 
and motivation to actively participate in the energy 
market 

• Education of the various stakeholders to actively 
participate in the energy market. They have to be 
updated about progress and innovations, especially 
the use of standards for interoperability 

Education of consumers, TSOs, DSOs, ESCOs, energy 
providers etc via all possible communication media. 
Education and training of technical staff. 
Disseminate the results of different projects as 
education tools in two levels: basic for electricity 
consumers and higher level for grid operators. 

C7 Strengthen research infrastructure • Research infrastructures must be able to develop 
new methods and control strategies, and must be 
investigated and validated in close to reality, 
hardware-in-the-loop, real-time, multi-agent 
simulation environments 

As an application of open standards based on open 
source technologies, these research interfaces should 
elaborate an interoperable operation to realize bigger 
virtual test facilities and enable multiple co-simulation 
environments. 
Reality set-ups and virtual test facilities will help in 
strengthening research infrastructure. 

    

Reference [29] provides the recommendations from the different work packages of the SEESGEN-ICT.



IV. CONCLUSION 
This paper classifies the barriers to the implementation of 

ICT in smart grid applications broadly into two classes, 
namely, the technical barriers and the non-technical barriers. 
The technical barriers have been ranked according to relevance. 
Latency supported by the communication channel, 
dependability, security of the communication channel 
deployed, interdependency of the power system & ICT are the 
parameters that have a rank of 5 which means that they are a 
very important barriers to be overcome especially for the power 
system protection applications of adaptive protection and grid 
reconfiguration. The problem of ownership for the various 
aspects of the distribution system, the lack of eagerness to use 
new open technology for critical applications, the lack of 
clarity in the regulatory aspects of the smart grids, vaguely 
defined communication architectures, lack of consumer 
education and hesitation to invest by the vendors are some of 
the non-technical barriers for the deployment of ICT in smart 
grids. 

The deduced recommendations for overcoming the listed 
barriers are categorized into the design and development of 
ICT infrastructure, the design and development of intra-grid 
applications based on ICT, and facilitating ICT and intra-grid 
applications by shaping of the context. While the reliability and 
safety of the electric power system stands clearly above all, 
intra-grid control applications for integrating the distributed 
generation require a reliable communication infrastructure. Not 
only the redundancy, availability, security, interoperability and 
non-interdependency are prerequisites for enhanced intra-grid 
controllability, but also the interoperable and standardized 
exchange of information, models and control algorithms, their 
benchmarking and validation in dedicated test environments 
are necessary to cope with the increased complexity. Without 
the right dissemination, education and training, the deployment 
and step towards the smart grid will not be accomplished. 
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