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Abstract.- This paper shows the proposal of the use of linked data for smart metering systems. The 
aim of linked data in smart grid applications such as smart metering systems is to give semantic 
knowledge of the energy transactions between all participators in the power markets. In 
combination with other technologies like blockchain, the linked data could improve decentralization 
and security in the world's energetic future. 
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Introduction 

Energy systems are the main engine of human activities; mainly, the electrical energy developed at 
the end of the 19th century has been a key element in transforming human society. On the other 
hand, information and communication technologies' maturation is integrated into industrial 
activities, changing the world we live in and managing it increasingly digital. This digitization has 
fallen on the electrical power systems, providing them with communication and processing 
capabilities that provide a specific intelligence to the traditional electrical grid. The smart grid (SG) 
allows the generation, transmission, distribution, and electrical energy consumption to be made 
more efficient, making it more environmentally friendly, reliable, and cheaper for end users. One of 
the smart grid's fundamental areas is smart metering systems (SMS). The electric energy meter 
called smart meter allows continuous monitoring of electricity consumption and reporting it to the 
electricity company's facilities without an operator's need. Besides, power outages and 
reconnections can be dynamically automated. Currently, end-users have stopped being passive 
consumers of micro electricity generators by using renewable energy sources such as solar panels 
and wind turbines, which are becoming cheaper; for this reason, smart meters can measure 
electrical energy production to integrate into the electrical grid. More and more functionalities are 
being added to smart meters (SM), such as measuring electrical power quality events, integrate with 
demand response systems, and electrical energy management. The cost of energy can be managed 
in various schemes such as flat rate, time zone, and recently working prices in real-time. 

End-users can view their electrical energy consumption and cost data through web portals and 
mobile applications. Generally, the data can be displayed graphically, querying historical data and 
performing data analysis that determines electricity consumption/production patterns. 
Unfortunately, this data does not store information. Data analytics applications such as energy theft 
and fraud, fault detection, improvement of power quality, forecast of demand, and energy 
consumption, among others, are required data with significance. 

The data has been found in SM with simple embedded database systems, but as hardware gets 
cheaper and cheaper, they begin to integrate more robust databases. Generally, the data has stored 
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in intermediate devices called data concentrators (DC) that collect the information from a set of 
smart meters in a given region and then send it to other larger concentrators or directly to the 
electric company's data centers. The servers in the utility's data centers concentrate a large volume 
of immense data. The computing architecture at the edge-fog cloud can be integrated into the 
architecture of smart metering systems. Still, the data has no meaning that allows it to be operated 
and integrated into other schemes within the applications that smart cities require. 

The main contribution of this work is to be useful to a better power market with the use of open 
linked data, which improves the operation of SG and its technological infrastructure. This work could 
reduce the rates of electricity with better participation of all the parties in the power market. 

State of the art 

The use of semantics in smart grids has been around for several years now, but as of today, it has 
not yet been fully exploited. Resource Description Framework (RDF) and ontologies have been 
handled, as well as generic standards such as the Common Information Model (CIM) [1]. 
Additionally, the use of graphs and other semantic technologies have been applied in different 
applications included the SG [2]. 

Several works have been carried out to standardize smart grids data, particularly in smart metering 
systems, such as Smart Meter Ontology [3] and the OMS ontology [4]; these two works focused on 
the research part. In the practical part, some consortia, such as the Smart Electric Power Alliance, 
have focused their efforts on standardizing semantic measures in the Smart Grid Ontology [5]. Given 
that electrical power systems are critical infrastructures for all nations of the world, governments 
have taken it upon themselves to standardize and control their use. For this reason, for example, in 
the United States, the National Institute of Standards and Technology (NIST) has been in charge of 
defining an open standard for the development of ontologies for the smart grid [6].   

Recently, interest in standardizing semantic data for the smart grid has returned [7]. Studies have 
been carried out to handle semantic data in specific domains such as buildings [8] and the flexibility 
of electricity demand [9]. Other works are focused in ontologies [10], databases [11], and semantic 
graphs [12]. 

Below a comparison of the related works is shown in Table I 

Table I. Related Works 

Work Semantic Technology SG/SMS Power Market 
[1] RDF SG Billing 
[3] Ontology SMS  
[4] Ontology SMS Billing 
[5] Ontology SG  
[6] Ontology SG Trading/Commercialization 
[7] Ontology SG  
[8] Ontology SG  
[9] Ontology SG Commercialization 
[10] Ontology SG  
[11] Database SG  
[11] Database SG/SMS  
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[12] Ontology SG  
This work JSON-LD SMS P2P Transactive Energy 
 

Despite the existence of several works in charge of defining data in the smart grid, there is a lack of 
definitions that allow integration to the new data domains of smart grid applications such as 
transactive energy systems, detection, and location of faults, detection of theft and energy fraud, 
improvement of energy quality, among others. 

For this reason, our proposal consists of analyzing more analytically through experimentation and 
taking into account other factors such as portability and use of a data set as an ontology in the 
domain of smart metering systems and adding the definition of terms of missing applications. It is 
proposed to use Python language to ease use and possible integration into machine learning 
libraries. 

 

A Linked Data Architecture for Smart Metering Systems 

The most implemented SMS architecture is the Advanced Metering Infrastructure (AMI) [14], which 
consists of a set of SM, Data Concentrators (DC), DBMS, wired and wireless communication means. 
The SM is the key component of SMS due to its capabilities to process, store and communicate 
electrical data. The data has been visualized into Web or mobile applications where the end-users 
can check their energy consumption and pay it. Besides, the utility can automate some processes 
such as cuts and reconnection without human operators.   

The proposed solution consists of standardizing and using a smart metering system with linked open 
data. Through a web portal and mobile application, they can connect with other public service 
companies and applications. It will give meaning to the data and improve the power grid's operation 
in its IT infrastructure. 

Traditionally power markets are focused on big parties: utility operators, generators, transmitters, 
distributors, commercialists, aggregators, among other participants. With the proliferation of lower-
cost removable Distributed Energy Resources (DER) like solar panels and wind turbines, the role of 
end-users has changed from consumers to prosumers (producer and consumer) [15]. One of the new 
applications of SM is related to handle dynamic prices and rates of energy. If there is a high energy 
production or offer, the utility can send discount signal prices to their clients with the idea of 
increment consumption. On the other hand, if there is a lack of energy production, utilities can buy 
energy from the prosumer with low costs. For these reasons, data in SMS must have significance. 

It is intended to use the JSON-LD format where the data once exposed on the Web can be used by 
third parties. A relevant part is the management of security and privacy schemes that allow having 
granularity schemes that allow reliable, complete, and available access to the data. One of the most 
vital trends in information security and privacy is distributed ledger technology schemes such as 
blockchains. Blockchain systems such as cryptocurrencies allow the decentralization of electrical 
energy consumption/production transactions, making it ideal for managing transactive energy 
systems, where prosumers can exchange energy widely.  
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The proposed linked data architecture for SMS has shown in Figure 1. 

 

 

Figure 1. A linked data architecture for smart metering systems. 

 

We can observe that SM is connected to loads as appliances and other electrical devices. Also, SM 
can be connected with microgeneration (DER). Notably, some loads and devices have intelligent 
consumption, such as smart appliances (SA). The communication between SM, SA, and I in some 
cases, DER produce a home area network (HAN) similar to a local area network. 

The communication of SM between other SM and DC forms a neighborhood area network (NAN). 
This network is similar to a campus area network or metropolitan area network, depending on the 
geographical distance. 

The DC can communicate with other DC large distances using the transmission and distribution lines 
or fiber optics. This last communication is called field area network (FAN) that in essence, is a vast 
area network with the difference of use rugged devices. 

At the headend, the final DCs arrives at the Data Center where the utilities are applications such as 
metering data management system (MDMS), billing, outages, geographical information systems 
(GIS). 

This architecture must adapt to an edge-fog-cloud architecture where the edge has represented by 
the HAN devices (SM, DER, SA), the fog layer is composed by NAN/FAN devices (SM, DC), and finally 
the cloud tier is represented by the servers at the data center. 

Bellow, we presented a scenario where prosumers, utilities, and other power market participants 
can interact. 
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Scenario 1: In zone part of Mexico North, there was a snowfall, and some of the generation plants 
were down. The utility sends signals to other market participants, mainly prosumer in central and 
south of Mexico, with attractive prices for buying energy surplus. The prosumers through SM can 
decide if they send their production or store his energy (if they have electrical storage).   

Figure 2 shows an example of linked data using JSON-LD in SMS. 

Price signal sent to prosumers Prosumers response 
{ 
  "@context": 
"http://dsc.morelia.tecnm.mx/smste", 
  "@type": "Price Signal Request", 
  "name": "EnergyPlus", 
  "cost": "$3kWh" 
 } 

{ 
  "@context": 
"http://dsc.morelia.tecnm.mx/smste", 
  "@type": "Price Signal Response", 
  "name": "EnergySurplus", 
  "Power Quality": "95%" 
 } 

Figure 2. Open linked data for Scenario 1. 

Conclusions and Further Work 

Smart metering systems could be more important to the smart grid than today is. For this reason, it 
is necessary that the SMS and SG data can be open, linked, and with significance. JSON-LD can better 
understand all the concepts applied on power markets in Machine to Machine (M2M) 
communications. 
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