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Abstract 
 

Future smart grid services are likely to be deployed in a 

distributed fashion in order to achieve a reasonable system 

management complexity. An adequate communication 

infrastructure is then crucial to enable scalable and 

seamless operations in the electrical grid. The paper main 

contribution consists of a quantitative evaluation of the 

quality of service in different wired and wireless 

communication systems, applied to two use case scenarios: 

the “collaborative load shedding for frequency support” 

and the “distributed optimal power flow management in a 

dc grid”. 

 

Introduction 
 

The initial concept of the smart grid (SG) started with the 

idea of advanced metering infrastructure (AMI) with the 

aim of improving demand-side management, energy 

efficiency, reducing carbon footprint, and constructing 

reliable self-healing grid protection against malicious 

interference and natural disasters. However, new 

requirements and demands drove the electricity industries, 

research organizations, and governments to expand the 

initially perceived scope of the SG to highly distributed 

monitoring/controlling schemes for distributed energy 

resources (DER) such as micro-grids. 

The global trend at the moment is to replace large 

generators such as coal-fired plants and nuclear plants with 

an entire fleet of smaller generators, mainly based on 

renewables and introduced at the distribution level and at 

the low voltage level. According to [1], 2015 was an 

extraordinary year for renewable energy, with the largest 

global capacity additions seen to date, and numerous 

countries positively changing their policies towards more 

adoption of renewables. For the European Union, 

renewables accounted for the majority (78%) of new 

generating capacity being installed for the seventh year 

running.  

As this trend continues to evolve, the clear border between 

the classical layers of the electrical grid, i.e., transmission 

down to distribution, and then to the end-user, will start to 

get blurred. These layers will start to blend between them, 

the concept of the micro-grid will start to be more and more 

relevant and a new structure will have to be defined. 

However, given the several game changers that are now 

active in the power system area, e.g., distributed 

generators, phase measurement units, energy storage, smart 

meters, electric vehicles, smart homes, smart buildings, and 

so forth, the new structure of the grid should allow for all 

these systems to be properly coordinated with high 

efficiency and reliability.  

The two roadmaps for smart-grids drafted by ADEME (the 

French Environment and Energy Management Agency) [2] 

and by ANCRE (the French National Alliance for Energy 

Research Coordination) [3], envision this structure to be 

directed towards distributed systems that optimally manage 

any locally available renewable sources operating together 

with a central manager that ensures the global equilibrium 

at a national or even European level.  

Looking at the smart grid research literature one can see 

that in the past few years a new trend started evolving 

around the concept of plug-and-play systems and 

distributed multi-agent systems [4-13].  

However, while the literature concerning viable algorithms 

and possible applications of distributed systems in the 

context of smart grids is expanding, most of the works in 

this area oversimplify the assumptions regarding the 

communication infrastructure.  

A reliable and secure communication infrastructure is 

required in order to connect the multitude of electric 

devices distributed in large geographical regions and to 

enable them to self-coordinate by exchanging status and 

control instructions. In this context, the development of 

networking technologies from the last decades is an 

important enabler for the next generation electric grid shift 

and should be properly leveraged especially in distributed 

SG applications. In this paper, we plan to identify certain 

communication scenarios that might arise in different 

distributed smart grid applications and evaluate the 

performance of the suitable network technology 

candidates. More precisely, we will analyze two possible 

scenarios, one related to the frequency control in ac 

networks and one related to voltage control in dc networks, 

and the requirements they impose on the communication 

infrastructure. 

 

Different control and management 

architectures for the smart grid 

 
At the moment, three different control architectures, 

namely, centralized, decentralized, and distributed are 

currently employed or are envisioned to be employed in the 

power system. 

 

Decentralized − In this approach each node controls its 

local state, but there is no coordination between the 

different nodes of the system. This system is highly 

scalable, and extremely robust, but it can never guarantee 

network-wide optimality.  



 

Centralized − The centralized approach is the one that is 

most used in power systems control. In this approach a 

main central unit gathers the states of all the nodes, 

performs all the calculations and then sends back 

commands to each individual node. Unlike the 

decentralized approach this system ensures a global 

overview of the network but is not easy extendable and it 

has the vulnerability of a single point of failure. Another 

drawback of a centrally managed system is that it limits the 

innovation in the field. The long awaited wave of 

innovation will not arise in the power system unless this 

top to bottom, centralized architecture is replaced with 

some sort of plug-and-play system that allows different 

parts of the system to emerge and evolve in parallel, and 

finally connect and be able to work seamlessly together. 

This type of flexibility will allow for new actors to be 

involved in the energy infrastructure at all its levels: 

equipment, applications, control, data management, 

information and communication (ICT), and of course 

business and markets.  

 

Distributed − The distributed architecture combines the 

advantages of both centralized and decentralized 

architecture and it is mainly encountered in new research 

related to smart grids. In this approach the network nodes 

control their local states as in the decentralized case, but 

additionally they also have the capability of exchanging 

information and commands with the neighboring nodes.  

The system is highly scalable. As the system expands, each 

new added node will add its own computation power and 

communication mesh to the overall system, thus making it 

more difficult to break. When a new node is added to the 

system, there is no need for system-wide reconfiguration; 

the only requirement is for it to be informed of its 

communication partners and afterwards everything 

proceeds as before; thus enabling a plug-and-play behavior 

that would considerably ease the development and 

deployment of new systems. Another advantage of such a 

system is that it has no problems related to single-points of 

failure as there are no central units on which the operation 

of the system depends.  

Besides more complicated control algorithms, the major 

drawback of this approach is that it is more demanding on 

the communication infrastructure, i.e., in order to solve the 

same problem more messages and data have to flow 

between the nodes of the network than in the case of the 

centralized structure.  

This is the topic that this paper tries to clarify, i.e., to what 

extent the demand of increased communication 

performance can be fulfilled by modern communication 

networks. 

 

Case studies  
 

Case study 1: Distributed optimal control of a multi-

terminal dc network 

 

Figure 1. 27 terminals dc network [13]. 

 For the first study case we are going to focus on the 

problem discussed in [13] which addresses the optimal 

control of the voltage in a multi-terminal dc network. The 

network under study is composed of 27 nodes electrically 

connected as shown in Figure 1. Such a network could be 

representative for a future neighborhood in which each 

building has self-generation capabilities and when needed 

can exchange energy with the neighboring buildings.  

The method proposed in the original paper employs the 

alternating direction of multipliers method (ADMM) in 

order to solve online the optimal power flow of the network 

in a distributed fashion. As stated in the original paper, 

ADMM is known to be a slow converging algorithm 

requiring for this particular problem somewhere between 

150 and 250 iterations. However, having just the number 

of iterations required for convergence, without a proper 

assessment of the performance of the communication 

network that enables this system, does not provide a clear 

overview on the feasibility of this system. If the 

convergence takes one hour, minutes, or a few seconds 

depends almost exclusively on how fast the information 

can flow between the nodes of the network.  

 

Case study 2: Collaborative load shedding for 

frequency support 

 

For the second study case we plan to evaluate the 

communication requirements for the problem of distributed 

and coordinated demand response for the supply of 

frequency containment reserve (FCR) studied in [14]. 

Unlike the first study case that was fully distributed, this 

one involves a centralized data aggregator and therefore is 

less demanding on the communication network in terms of 

dataflow. However, small latencies and dynamic 

connectivity graphs that extend outside the boundaries of 

the AMI, could prove to extend the capabilities of the 

solutions proposed in the original manuscript.  

 

Communication network architecture 
 

The communication network architecture for the SG is 

composed of three hierarchical layers [15]:  

 



Home area networks (HAN) − serve for the 

monitoring/control of smart devices in the customer 

domain and to implement new functionalities such as 

demand response (DR) and AMI.  

 

Neighbor area networks (NAN) − aggregate data from 

multiple HANs and enable the information exchange 

between distribution and transmission networks.  

 

Wide area networks (WAN) − constitute the 

communication backbone to connect smaller area networks 

that serve the power systems at different locations and 

convey the information to the utilities.  

 

In the two case studies, the involved communication 

network is located mainly at the HAN and NAN levels. 

  

Communication technologies for the smart 

grid 
 

Various network technologies can be used for 

communications in the transmission and distribution areas 

in the smart grid. They can be categorized into three 

classes: 

 

Power line communication (PLC) − power lines used for 

electrical power and data transmission. 

 

Wireline network − dedicated wireline cables for data 

communication. Depending on the transmission medium 

used, the wireline networks can include for example the 

coaxial cable access network, optical fiber access 

networks, and DSL.  

 

Wireless network − connects devices in a wireless way, 

without a physical medium. Wireless technologies include 

for instance the Wifi, Zigbee, and cellular network 

technologies such as UMTS and LTE. 

 

Depending on the smart grid application, the choice of 

technology is motivated by the deployment cost in addition 

to different communication requirements such as the 

latency, data delivery, security, and synchronization. 

 

 

Quality of service model 

 
The distributed management approach applied in the 

discussed case studies may cause high communication 

overhead. When the cluster of agents is composed of 

thousands of nodes, the most significant bottleneck is the 

communication.  

Therefore, depending on the communication infrastructure, 

it is interesting to evaluate the response time of electrical 

devices data exchange, especially since some SG 

applications, such as supervisory control and data 

acquisition (SCADA) systems, have latency requirements 

measured in milliseconds. In this context, dedicated 

wireline communication are fast and reliable but very 

expensive, thus rarely considered in large scale 

deployment. Additionally, despite its cost-efficiency, the 

use of PLC is very restricted due to the existence of several 

sources of noise/ interference, significant signal 

attenuation/distortions when crossing transformers, and 

limited data rate [16]. Consequently, we will focus on 

wireless cellular networks technologies in this paper and 

consider the PLC as a reference technology for 

performance assessments. 

 

Figure 2. represents our proposed data transmission model 

in wireless communication networks. Each communication 

node is modeled by a tandem of queues corresponding to 

uplink and downlink data transmission chains. The traffic 

generated in an area 𝑆  by the mobile users is a non-

homogeneous Poisson process of time-dependent 

intensity 𝜆(𝑡). All the packets sent by the mobile and SG 

terminals have the same length and are served by the 

closest communication node. In each node  𝑖 , the packet 

requires a service time 𝜇𝑖  in the uplink and 𝜇𝑖′  in the 

downlink. When the destination is located in another area, 

the packets are relayed to further nodes to reach the final 

users.  

 

 
 

Figure 2. Data transmission model in Wireless 

communication network model. 

 

We are interested in the response time 𝑡𝑅 of a SG device 

request 𝑟 sent at a time 𝑡. We note 𝑡𝑅
𝑖  the response time at 

a node  𝑖 , which corresponds to the sum of waiting and 

service durations in the uplink and downlink queues: 

 

𝑡𝑅
𝑖 = 𝑤𝑖

𝑟 + 𝜇𝑖 + 𝑤𝑖
𝑟′

+ 𝜇𝑖
′. 

 

The overall response time is calculated by including all the 

intermediary communication nodes as follows: 

 

𝑡𝑅 = 𝑡𝑅
1 + ∑ 𝑡𝑅

𝑖

𝑖  ℎ𝑜𝑝𝑠

.  

 

Results 
 

In this section, we will discuss the convergence of the 

control algorithms used in the two use case studies 



presented earlier. Then we will analyze the time allocated 

to communication in the overall process for multiple 

scenarios, in which the SG communication infrastructure is 

operated by different wireless network technologies. 

Finally, we plan to compare the obtained results to a 

reference case where the PLC is considered for SG data 

exchange.   
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