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Abstract-The increasing interest in distributed energy
generation from renewable sources is enabling traditional energy
consumers to become active energy producers. They can be
formed into virtual clusters for easier management and to
reduce costs; the virtual clusters are usually referred to as
virtual microgrids (VMG). The VMGs are coordinated by
energy trading agents (ETA), a communication hardware or
software, which coordinates a population of prosumers of a
certain size. We examine the case when prosumers communicate
within VMGs via low-power wide area network (LP-WAN)
technologies, such as LoRaWAN, whose spreading factor (SF)
property affects the coverage distance and, consequently, the size
of the served population of prosumers. The SF property enables
the transformation of VMGs into dynamic schemes (i.e. varying
number of prosumers are seen per trading period). Based on this
formulation, we propose two energy trading cost models: one for
the energy and one for the LoRaWAN communication system.
Results show that the optimal techniques prescribed in this study
can reduce energy trading cost by 52% and energy consumption
for the LoRaWAN system by up to 45%. Lastly, we formulate a
closed form relationship to demonstrate that bit energy decays
with increasing distance for varying SF values.
Index Terms-CO2 emission, communication, distributed
energy trading, LoRaWAN, LP-WAN, peer to peer, smart grid,
virtual cluster, virtual microgrids (VMG).
I. INTRODUCTION

Low-power wide area network (LP-WAN) technologies
are playing key roles in energy management within the
telecommunication industry due to its tripartite capabilities
of coverage, energy efficiency and scalability [l], [2]. They
also have significant potential to impact other areas of national
critical infrastructure in the emerging Internet of things (IoT),
Industry 4.0, smart agriculture and smart energy city [3]. In
smart energy city framework, the energy distribution networks
of smart grids are devolved into smaller manageable clusters
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of diverse energy producers and consumers who are also
physically connected to the main distribution network. The
smaller clusters of energy prosumers (i.e. energy producers
who also consume energy) are equipped with energy trading
agents (ETA) for coordinating trading messaging services
among the prosumers. Thus the energy distribution networks
are equipped with communication systems which we will be
discussing as ETAs to coordinate information exchange among
energy producers and energy consumers.
In this study, we veer our interest towards the use of a
sample LP-WAN technology, such as the long range wide
area network (LoRaWAN), to serve as the ETA. Our interest
in LoRaWAN has been motivated by its popularity and
its scalability property based on the number of available
prosumers and the coverage area while expending low amount
of energy. The major determinant of the coverage size of
the LoRaWAN technology is the spreading factor (SF) which
swaps between energy performance and coverage [l], [4].
In this present study, we will show that the variation in
coverage is useful in deploying virtual prosumer clusters so
as to optimize the energy performance of the battery-based
LP-WAN such as the LoRaWAN. We will show also that
the variation in the coverage size of the LoRaWAN affects
not just the battery-life of the LoRaWAN device (e.g. in
cell-zooming [5]) but also the energy trading costs incurred
by the consumers in the smart grid.
LoRaWAN can derive its energy from renewable resources
and the backhaul can operate wirelessly as the front-end [2]. It
also employs adaptive data rate scheme to optimize lifetime of
end-node batteries and network capacity. These characteristics
are useful in peer to peer (P2P) energy trading [6], [7].
We exploit the communication capability to enable P2P
energy trading. For example, end-nodes communicate with
nearby LoRaWAN gateway by employing a single-hop and
a bi-directional (half-duplex) LoRaWAN protocol [2]. In this
study, the number of P2P energy trading prosumers covered
by ETA (i.e. LoRaWAN) within the single communication hop
will be referred to as virtual microgrid (VMG) [8], [9]. The
VMG, in other words, are the number of energy prosumers that
can be served in a single communication hop by a LoRaWAN
gateway. Since the coverage size depends on the node density
and the SF of the LoRaWAN, the number of prosumers served

