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Abstract— This work describes a representative set of 

measurements aiming at testing the transmission of IP data in 

presence of smart metering traffic over a NB-PLC network. The 

measurements were performed in a real microgrid including a 

smart metering system based on PRIME v1.3.6 with up to 

thirteen nodes. Three types of traffic and several configurations 

of TCP/IP packets were evaluated.  Additionally, two different 

sets of measurements were considered: direct communication 

between master node and service node and communication 

between services nodes. Results confirm the feasibility of 

transmitting IP data over PRIME subnetworks, in line with 

previous laboratory tests. Diverse types of traffic could therefore 

be transmitted over the NB-PLC network in addition to smart 

metering data. This enables a multiservice network over PRIME. 

Among the applications that can benefit from this feature, LV 

automation is the most relevant, as part of the Smart Grid 

concept.   

Keywords—Smart metering; smart grid; powerline 

comunications; internet protocol. 

I. INTRODUCTION  

Smart metering systems can be considered the first step in 
the introduction of Information and Communication 
Technologies within the electricity context, in their turn key 
agents towards the success of Smart Grids (SGs) [1] [2]. In this 
context, Narrow-Band Power Line Communications (NB-
PLC) is one of the most deployed technologies worldwide for 
smart metering purposes. Additionally, the use of NB-PLC can 
be extended to additional SG functionalities by taking 
advantage of the telecommunication infrastructure employed 
for smart metering systems.  

NB-PLC solutions have been used for home automation 
applications and are being progressively integrated into 
upcoming “smart” concepts [3]. In addition, some SG 
applications such as demand response, distributed generation, 
and demand side management can be supported by PLC-based 
smart metering systems [4]. In this sense, authors in [5] study 
the possibilities of existing NB-PLC subnetworks to support 
SG services, such as telecontrol, while authors in [6] 
demonstrate through simulations and laboratory tests the 
capabilities of NB-PLC to support internet protocol (IP) 
communications in the LV grid. 

The capacity of NB-PLC technologies to be a multi-service 
telecommunications network allows its use for other LV 

distribution applications, such as LV automation. 
Traditionally, the LV part of the distribution grid has been not 
part of the automation systems, mainly because of the 
pervasive needs of telecommunications required. A specific 
use case could be the installation of switches in LV lines which 
change the connectivity of the line from one transformer to 
another, adapting remotely the topology of the network in 
particular situations. For example, in case of an outage caused 
by a failure in one transformer, it could be recovered faster. 
This switching mechanism could be also used for load 
balancing and grid balancing, adapting to the impact of the 
expected increase in Distributed Energy Resources (DER) 
connected to the LV grid. 

The main objective of the work presented here is to test the 
capabilities of PRIME for IP-based applications beyond smart 
metering in a real and controlled environment. In particular, it 
aims at validating previous laboratory tests regarding 
feasibility of transmitting IP data over NB-PLC through field 
measurements performed in a real microgrid. Additionally, the 
wide range of different configurations considered form a 
representative set of possible real scenarios and the obtained 
results intend to be a guideline for future researches. The 
results can be also helpful in the design of SG applications 
using NB-PLC. 

The document is organised in six sections. Section I 
introduces the topic and the objective of the paper; Section II 
summarizes the main features of PRIME, the NB-PLC 
technology used in the tests; Section III describes the test 
bench and the different scenarios considered for the 
measurements; while section IV presents and analyses the 
results and Section V includes a comparison between the field 
results from Section IV and related laboratory tests. Finally, 
section VI summarizes the main conclusions of the study. 

II. PRIME 

PRIME (ITU-T G.9904) is a mature, consolidated and 
worldwide NB-PLC standard for advanced metering, grid 
control and asset monitoring applications, with 12,5 million 
PRIME meters deployed worldwide [7]. It employs OFDM in 
the PHY layer, which allows the use of the full available 
bandwidth, provides high data rates and robustness in noisy 
scenarios [8].  
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In the MAC layer, PRIME devices are disposed in a tree 
structure where two types of nodes are possible: Base Node 
(BN), which acts as a master node of the subnetwork; and 
Service Node (SN), in charge of keeping connectivity within 
the subnetwork and switching the data of other nodes to extend 
connectivity, if required [9]. While BNs are commonly 
embedded in Data Concentrators (DCs), the SNs are included 
in the Smart Meters (SMs). Both BNs and SNs can access the 
channel in the Shared Contention Period (SCP) or request a 
dedicated Contention-Free Period (CFP). The CFP requires a 
channel access arbitration (performed by the BN), but not the 
SCP. Hence, the transmitting devices need to respect the SCP 
timing boundaries defined in the MAC frames. Additionally, 
SCP includes CSMA-CA, a mechanism that avoids collisions 
resulting from simultaneous attempts to access the channel. 
Each device listens to the signal level to determine when the 
channel is idle prior to the transmission. Then, the device waits 
for a random amount of time before trying to send a packet [9]. 

PRIME specification defines a Convergence Layer (CL) 
for adapting specific upper layer services to the lower layers. 
The CL is separated into two sublayers: the Common Part 
Convergence Sublayer (CPCS), which provides a set of 
generic services; and the Service Specific Convergence 
Sublayer (SSCS), which contains services that are specific to 
one communication profile. SSCS includes, among others, the 
IP SSCS (both for IPv4 and IPv6), which provides an efficient 
method for transferring IP packets over PRIME subnetworks. 
Therefore, the BN is able to manage different communication 
profiles, such as smart metering profile (over 432‐SSCS) and 
any other application running over IP (over IP-SSCS). 
Therefore, when a SN initiates a connection to the BN, the CL 
is responsible for redirecting the connection to the 
corresponding SN; the type of connection included in the 
connection request specifies the CL to be used. 

III. TESTS AT CEDER-CIEMAT MICROGRID 

A. Measurement Set-Up 

The tests were carried out at CEDER-CIEMAT facilities, a 

national institution for the research, growth and promotion of 

renewable energies, where a real microgrid has been installed 

to be managed and monitored [10]. The microgrid has a smart 

metering system installed, based on PRIME v 1.3.6 standard. 

The measurements included in this work were performed in an 

area of the microgrid with a wide deployment of DER 

connected to a secondary substation (SS) with two power 

transformers (see Fig. 1). In this SS two different branches are 

deployed: on one side, the hydro system branch consisting of 

the turbine, the pump and the three-phased PV system; on the 

other side, the three single-phased PV systems and the battery 

charger. There is a single BN coupled to one of the LV 

branches and with an external connection (Ethernet) to an 

auxiliary device (PRIME modem with switch functionality) 

connected to the other branch with the purpose of reaching the 

remaining meters in the LV grid, as explained in [11]. There is 

a total amount of 13 single-phase and three-phase SMs, and 

therefore, 13 SNs in the subnetwork. 

In order to perform the TCP/IP measurements, three 
Portable Base Nodes (PBNs) [12] with IP capabilities 
(implementing IP-SSCS) were connected to the subnetwork.  

 

Fig. 1. Simplified scheme of the PLC subnetwork and the measurement 

setup. The SS is composed of two power transformers, located close to each 

other in the same building, therefore leading to two electrical branches, where 
different DERs can be identified. The dotted area represents the measurement-

setup for the TCP/IP measurements, including the PBNs and the PCs running 

iperf tool. 

PBNs can be configured as BNs, SNs or as 
communications sniffers. In these trials, one of the PBNs was 
configured as BN of the subnetwork (therefore, the BN 
functionality embedded in the DC was deactivated) and the 
other two PBNs were configured as SNs and connected to the 
subnetwork, as showed in the dotted area in Fig. 1. The PBNs 
will be referenced from now on as PBN-BN, PBN-SNA and 
PBN-SNB, respectively).  

Finally, the IP data is generated and measured by two PCs 
running iperf tool [13], and inserted in the network by 
connecting the PCs to the corresponding PBN. 

B. Test conditions 

Three different configurations of TCP/IP traffic were used 
in the trials. They are described in Table I and listed from C1 
to C3. These configurations include the default values and 
variations in the window (W) and segment size (M) values of 
the TCP/IP data. In all cases, a data stream of 100,000 B was 
used. On one hand, the window is the size of the buffer of a 
device and its value represents the amount of data that the 
receiver can handle from the sender before it continues to the 
application process. The window size must be chosen to ensure 
that the transmitter sends data just as fast as the receiver can 
handle it. On the other hand, setting the maximum segment 
size fixes the largest amount of data that a device can receive 
in a single TCP segment. In this case, the size must be chosen 
as large as possible as long as fragmentation is not required.  

For the measurements, a server-client configuration was 
used; this is, one of the devices connected to iperf acts as a 
client by sending the data to the server. The iperf tool provides 
both the instantaneous data rate for discrete time values and 
the average data rate of the test at the end of each measurement 
session.  
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TABLE I.  CONFIGURATIONS OF THE TCP/IP DATA PACKETS 

 
C1 C2 C3 

Window Size 

(W) 

Default 

(8 kB) 

Default 

(8 kB) 
10 kB 

Segment Size 

(M) 
Default 

(1460 B) 
300 B 

Default 
(1460 B) 

 

Different configurations of the TCP/IP data transmission 
were considered, in order to evaluate the significance of the 
different parameters under analysis. Regarding communicating 
end-points, two different configurations were tested: 

 Direct communication between the PBN-BN (client) 
and PBN-SNA (server).  

 Communication between SNs. The PBN-SNA was 
configured as transmitter (client) and the PBN-SNB as 
receiver (server).  

Regarding the number of active SNs in the communication 
subnetwork, two scenarios were considered: 

 13 SNs, according to the topology shown in Fig. 2. This 
is the normal configuration of the SS when all the 
installed SMs are connected. There are 12 metering 
devices in this topology (10 SMs and the 2 internal 
meters of the DCs). 

 9 SNs, when four of the SMs were disconnected (see 
Fig. 3). The configuration of the SS allows the 
disconnection of an electrical branch without affecting 
the performance of the rest of devices. There are 8 
metering devices in this topology (6 SMs and the 2 
internal meters of the DCs) 

Finally, three different types of NB-PLC data traffic were 
considered for each of the above configurations: 

 PLC control data, i.e., automatically generated 
messages within the subnetwork for convergence, 
maintenance and performance purposes. This traffic is 
composed mainly of signalling and information of the 
subnetwork. 

 Basic instantaneous metering data values. This data 
request is configured in the DC, which requests all SMs 
within the subnetwork every minute regarding 
instantaneous measured consumption or generation. In 
terms of channel occupation, it implies a high number 
of small data packets every minute. This data is added 
to the control data traffic of the subnetwork.  

 Hourly load profile metering data values. This data 
request is also configured in the DC. The BN requests a 
specific SM to send all the stored metering data 
between a start and a stop date. This type of data 
consists of hourly measurements of consumption or 
generation recorded in the database of the SM. In this 
test, hourly load profiles were requested to a SM 
located at the same hierarchical network level as the 
PBN-SN under test. In terms of channel occupation, 
this type of traffic implies a lower number of long data 
packets. As it occurs with instantaneous data, hourly 

load profile traffic is added to the control data traffic of 
the subnetwork. 

During all the tests the smart metering subnetwork 

remained stable and with the topology showed in Fig. 2 and 

Fig. 3 for the scenario with 13 SNs and 9 SNs, respectively.  
 

 

Fig. 2. Test scenario with 13 SNs in the subnetwork.  

 

Fig. 3. Test scenario with 9 SNs in the subnetwork.  

IV. RESULTS AND ANALYSIS 

This subsection compiles the results obtained for the 

different configurations of the TCP/IP data packets (C1-C3), 

the type of PLC data traffic and the number of SNs.  

A. Communication between BN and SN without switching. 

In this scenario, the two PCs running iperf were connected 

to the PBN-BN (client) and PBN-SNA (server), respectively. 

Fig. 4 shows the average TCP data rate obtained in the 

measurements for each configuration. As observed in the 

figure, the data rate decreases for a higher number of SNs, 

except for the hourly load profile, where a lower number of 

SNs does not necessarily increase the data rate. In fact, the 

greatest differences are due to the type of traffic, being the 

hourly load profile the type of traffic which presents the lowest 

average data rate. 
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B. Communication between SNs, switched by the BN. 

In the second scenario, the TCP/IP communication was 
between SNs within the same subnetwork, as it is shown in 
Figures 1 to 3. The traffic between SNs necessary involves the 
BN. Hence, the two PCs running iperf were connected to PBN-
SNA (client) and PBN-SNB (server), respectively, and the 
results can be seen in Fig. 5.  

There is a clear reduction of the data rate with regard to the 

previous scenario, the maximum reduction being 3.37 kbps 

(control traffic in C1 configuration). Since all the traffic within 

the subnetwork has to be managed by the BN, the data packets 

between SNs are delayed before reaching their final 

destination and the data rate is reduced. The variations 

according to the number of SNs and the type of traffic become 

less evident than in the previous case. The hourly load profile 

for a higher number of SNs presents the lowest data rate 

values. 

V. COMPARISON TO LABORATORY TESTS 

 A set of laboratory tests aiming at determining the 
performance and best possibilities of IP transport in PLC 
networks was developed in [6]. These tests validated some 
simulations included in the same work, designed for estimating 
the maximum capacity of NB HDR PLC systems (ITU-T 
G.9904 technology) for IP data transmission in the presence of 
smart metering traffic, but the type of traffic is unspecified. 
The topology for the lab tests was composed of one BN, one 
DC and six SMs, which exchanged smart metering data but not 
IP traffic. Two additional SNs were used to send IP data over 
the PLC network, with no signal repetition (switching).The lab 
tests were performed with control traffic for two and eight 
SNs, and with smart metering traffic for eight SNs.  

The results obtained in the lab and field tests are 
summarized in Table II. The results of lab tests were carried 
out for the default configurations of iperf tool, while for the 
field tests both results for the default configuration and the best 
results obtained from different configurations are shown.  

The results obtained for default configurations (W = 8 kB 
and M = 1460 B) in laboratory tests and field measurements 
are quite similar with only control traffic, and also in the 
presence of metering data, as in all cases the measurement 
results are within the boundaries of the laboratory results.  

When different configurations are compared (3
rd

 group in 
Table II), the default configuration still provides the best 
results for BN-SN communication with control traffic only. 
This is also confirmed by the authors in [6]. However, when 
metering traffic is introduced, the C3 (W = 10 k) configuration 
shows better results than the default configuration regarding 
hourly load profile. For communication between SNs, the 
default configuration also provides the best results. When 
metering traffic is included, the C2 (M = 300 B) configuration 
shows the highest improvement with regards to the default 
configuration.  

 The analysis of the results obtained in lab and field tests 
reveal that the network topology is the most relevant aspect in  

 

 
Fig. 4.  Average TCP data rate for communication between the BN and 

the SNA.  

 
Fig. 5. Average TCP data rate for communication between the SNA 

and the SNB. 

TABLE II.  DATA RATE (KBPS)  

1. LABORATORY TESTS [6] – Default Configuration  

Traffic/ 

SNs 

Control traffic Control  + metering traffic 

2 8 8 

BN – 

SNA 
4,50–5,29 4,06– 4,32 3,31–3,75 

SNA – 

SNB 
1,52–1,85 - - 

2. FIELD MEASUREMENTS – Default Configuration (C1) 

Traffic/ 

SNs 

Control traffic 
Control + 

Instantaneous data 
Control + Hourly 

load profiles 

9 13 9 13 9 13 

BN – 

SNA 
4,88 4,46 4,47 3,52 2,39 2,88 

SNA – 

SNB 
1,51 1,32 1,55 0,95 1,26 0,96 

3. FIELD MEASUREMENTS – Best Case and corresponding 

Configuration 

BN – 

SNA 
4,88 (C1) 4,52 (C2) 4,47 (C1) 3,9 (C2) 3,17 (C3) 2,88 (C1) 

SNA – 

SNB 
1,51 (C1) 1,61 (C2) 1,62 (C3) 1,5 (C2) 1,38 (C3) 1,09 (C2) 
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the calculation of the data rate for TCP/IP data transmission in 
a PRIME metering network. Hence, the comparison of the 
results of Fig. 4 and Fig. 5 show a significant difference for all 
the configurations of the rest of the parameters (this is, number 
of nodes, type of metering traffic and TCP/IP configuration). 
The reason of this difference is the consideration of different 
branches of the network in the TCP/IP data transmission and 
the role of the Base Node, as both aspects reduce the TCP/IP 
traffic load.Then, the type of metering traffic is also an 
important factor. Metering data concentrated in hourly 
measurements require a higher percentage of time slots of the 
transmission channel, and therefore, the available throughput is 
lower. 

 The number of the smart metering nodes has also influence 
in the results, providing lower data rate for a higher number of 
Service Nodes. Last, the configuration of TCP/IP data 
generates some differences in the results, both for variations in 
the segment size and the window size. For example, a shorter 
segment size may help for a higher number of nodes.  

These preliminary results will be completed with a wider 
range of TCP/IP configurations and network topology 
structures. 

VI. CONCLUSIONS 

In this paper, the use of Smart Metering Networks (NB-
PLC) for additional data transmission beyond Smart Metering 
is analyzed. For this purpose, field trials performed in a real 
microgrid are described, and the results analyzed and 
compared to results obtained in previous lab tests. These field 
trials were focused on assessing the throughput available for 
TCP/IP data transmission in a NB-PLC network working with 
PRIME 1.3.6, for different window and segment sizes of 
TCP/IP data.  

Both laboratory tests and field trials demonstrate that it is 
possible to use Smart Metering Networks (NB-PLC) for 
additional data transmission. The data rate obtained in the 
trials depend on the number of the SMs in the subnetwork, and 
mainly, on the need of involving a BN in the data transmission 
(as it has been demonstrated by comparing results of Section 
IV.A and Section IV.B); moreover, the throughput may vary 
with time due to the number and type of metering data requests 
to the SNs of the subnetwork. The configuration of the IP data 
traffic (window and segment size) can be adapted for a better 
performance. 

These tests confirm the usability of PRIME PLC as a 
multiservice network. It has been demonstrated that the 
available bandwidth can be particularly useful for LV 
automation. For example, to remotely monitor and operate line 
switches in the LV section of the distribution grid, being able 
to modify dynamically the LV topology in particular 
conditions, such as outage recovery or load balancing.   

Finally, future work will involve field trials in 
communication networks with a higher number of SNs and the 
evaluation of the network response to stress conditions in 
terms of data traffic and electromagnetic interferences (EMI) 
generated by surrounding electrical devices. Since the analysis 
regarding TCP/IP configurations (window and segment size) 

does not show conclusive results, future tests will address 
these parameters in detail. Additionally, UDP tests will be 
performed to study jitter and datagram lost. 

ACKNOWLEDGMENT  

 This work has been partially supported by Microgrids with 

Renewable Distributed Generation (MIGEDIR) (project 

713RT0468), funded by the Science and Technology for 

Development Iberoamerican Program (CYTED), by the 

University of the Basque Country (UFI 11/30) and by the 

Basque Government (IT-683-13 and Elkartek program). The 

authors would like to thank R. Gómez and S. Soria for their 

help in the measurement setup. 

REFERENCES 

 
[1] D. M. Laverty, D. J. Morrow, R. Best and P. A. Crossley, 

“Telecommunications for smart grid: Backhaul solutions for the 
distribution network,” in Power and Energy Society General Meeting, 
IEEE, 1-6, 2010. 

[2] A. Sendín, M.A. Sánchez-Fornie, I. Berganza, J. Simón and I. Urrutia, 
“Telecommunication Networks for the Smart Grid”, Artech House Inc, 
July 2016. 

[3] S. Galli, A. Scaglione, and Z. Wang, “For the Grid and Through the 
Grid: The Role of Power Line Communications in the Smart Grid,” Proc. 
IEEE, vol. 99, no. 6, June 2011, 998–1027 

[4] L. T. Berger, A. Schwager and J. Escudero-Garzás, “Power Line 
Communications for Smart Grid Applications,” Journal of Electrical and 
Computer Engineering, vol. 2013. 

[5] A. Sendin, I. Urrutia, M. Garai, T. Arzuaga, and N. Uribe, “Narrowband 
PLC for LV smart grid services, beyond Smart Metering”. In 
Proceedings of the 18th IEEE International Symposium on Power Line 
Communications and its Applications (ISPLC), Glasgow, Scottland,  
March 2014, 168–172. 

[6] A. Sendin, T. Arzuaga, I. Urrutia, I. Berganza, A. Fernandez, L. Marron, 
A. Llano and A. Arzuaga, “Adaptation of Powerline Communications-
Based Smart Metering Deployments to the Requirements of Smart 
Grids”, Energies 2015, 8, 13481–13507. 

[7] PRIME Alliance. Available online: http://www.prime-alliance.org/ 
(accessed on 8 November 2016). 

[8] M. Korki, C. Zhang and H.L.Vu, “Performance evaluation of PRIME in 
smart grid”. In IEEE International Conference on Smart Grid 
Communications (SmartGridComm), Vancouver, Canada, 2013, 294-
299, 21-24.  

[9] PRIME Alliance. Draft Standard for Powerline Intelligent Metering 
Evolution. Version R.1.3.6. Available online: http://www.prime-
alliance.org/wp-content/uploads/2013/04/PRIME-Spec_v1.3.6.pdf 
(accessed on 10 May 2016). 

[10] N. Uribe-Pérez, L. Hernández, R. Gómez, S. Soria, D. de la Vega, 
I.Angulo, T. Arzuaga and L. Gutiérrez, “Smart management of a 
distributed generation microgrid through PLC PRIME technology. In 
International Symposium on Smart Electric Distribution Systems and 
Technologies (EDST), 2015, 374-379. 

[11] A. Sendin, R. Guerrero and P. Angueira, "Signal Injection Strategies for 
Smart Metering Network Deployment in Multitransformer Secondary 
Substations," in IEEE Transactions on Power Delivery, vol. 26, no. 4, pp. 
2855-2861, Oct. 2011. 

[12] PBN PRIME Base Node, Metering Solutions. Available online: 
http://www.meteringsolutions.ziv.es/documentacion/manuales/english/da
ta_Sheets/ZIV_PRIME_BASE_NODE_SERVICE%20NODE_E_CG.pd
f (accessed on 10 July 2016). 

[13] IPERF Tool. JPERF, Graphical Frontend for IPERF – Network 
Performance measurement graphical tool (Version jperf-2.0.2). Available 
online: https://github.com/AgilData/jperf (accessed on 7 June 2016).  

5


