25th International Conference on Electricity Distribution

Madrid, 3-6 June 2019
Paper n° 5

ADVANCED ENERGY METER WITH LOAD CONTROL BASED ON ESP8266 MODULE
AND MQTT PROTOCOL
Damir JAKUS
University of Split – Croatia
damir.jakus@fesb.hr

Josip VASILJ
University of Split – Croatia
psarajce@fesb.hr

ABSTRACT
At the EU and Croatian level, old generation energy
meters are being replaced with the new more advanced
smart meters allowing two-way communication between
the system operators /suppliers and the end-users. The
installation of smart meters is the first step necessary for
achieving and implementing smart power grid concept,
and this process is one of the priority projects at EU
level.
Smart meters provide constant monitoring of electricity
consumption and metering data both to system operators
/ suppliers and end-users. By introducing smart meters,
electricity consumption becomes completely transparent
and consumers gain a better insight into their energy
consumption, which ultimately results in more rational
use of electricity in most cases. In addition, system
operators have more detail network information that
enables more efficient planning, development, and
maintenance of the system. Better insight into network
conditions is a prerequisite for more efficient and reliable
network operation, network loss reduction, improvement
of power quality indicators, easier detection of
unauthorized power consumption, more accurate enduser cost accounting and a host of other benefits.
Potential savings or revenues are also created on
consumer side as they start to consume electricity more
rationally and more automated according to the
contracted tariff models but there is an opportunity of
earning additional revenue from participating in various
system auxiliary services. Consumer participation in a
provision of system ancillary services is necessary
condition for achieving the ambitious EU targets
regarding RES market share.
In this paper, a prototype of a developed advanced meter
based on the ESP8266 module with two-way
communication over the MQTT protocol will be
described

INTRODUCTION
According to the report of the International Energy
Agency, the share of the residential sector in total global
electricity consumption was 27% in 2015 [1]. On the
other hand, more and more households are opting for the
installation of PV modules driven by the lower
investment costs. With this transformation the household
consumers are becoming active prosumers.
The gradual reduction, and in the future the elimination
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of incentives for such form of a electricity generation,
necessarily leads to optimizing household consumption at
the individual level in order to adjust consumption
according to the available production resources while
maintaining approximately the same or higher consumer
standard. This advanced supply strategy reduces
household monthly costs. In order to implement such
advance supply control mechanisms, it is necessary to
have a much better insight into the consumption patterns
and behaviour both at the household level and at the level
of individual device within the household. Old electricity
meters are not compatible with such advance control
measures, so a replacement with a new generation of
advanced electric meters is necessary. The third energy
package requires Member States to ensure the
implementation of advanced measurement systems for
the long-term benefit of consumers. The available data
indicate that an advanced measurement system could cost
on average from 200 EUR to 250 EUR per consumer,
including the cost of the communication infrastructure.
The available data indicate a large dispersion of
installation costs for advanced energy meters at the EU27 level (77 EUR Malta - 766 EUR Czech Republic) [2].
Advanced energy meters that are nowadays installed
provide a wide range of information to end users and
suppliers, but still one of the main problems is related to
communication channels between the energy meters and
the central data collectors and concentrators. Most
systems are based on advanced meters that communicate
using bi-directional BPL (Broadband Over Power lines),
PLC (Power Line Communication), RF (Radio
Frequency) link with data collectors that collect data and
forward them to a central system for further processing.
This paper presents a prototype of an advanced energy
meter that communicates, using the MQTT protocol
through Internet based connection, to a data concentrator
(MQTT broker), from which data is forwarded to the
central system where further processing is carried out.
This provides two-way communication channel enabling
also the load control at household level. An advanced
meter communication is realized by implementation of
ESP8266 module. The developed system is flexible and
easily enables the implementation of other forms of
communication
RS
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Figure 1. Principal schema of advanced energy meter

ADVANCE ENERGY METER PROTOTYPE
Principal schema and functional capabilities
The advantage of the developed system is manifested in
modularity and applicability to a large number of existing
meters with their minor modifications. The developed
prototype of the advanced meter via the MQTT protocol
enables the implementation of the following functions:
•
automatic time synchronization with the NTP
server with automatic change of daily and
seasonal tariffs,
•
real time information regarding the actual energy
costs with automatic change and update of
energy tariff,
•
real time data delivery to the cloud service,
which is then forwarded to the final consumer /
supplier
•
remote consumer disconnection through the
main relay,
•
consumer load control through consumer relays
if such service is contracted with system
operator/supplier, consumer peak power
limitation,
•
automatic change of electricity pricing
models,…
The basic concept of advanced energy meter is shown on
figure 1.
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ESP8266 WiFi module
ESP8266 is the IC which has brought a real, small
revolution into the "makers" world, especially in the
world of Internet of Things. It is a complete 32-bit SoC
(System on Chip) with built-in flash memory, RAM and
EEPROM that can be directly programmed from different
interfaces without the need for an additional
microcontroller. In addition to this, the most important
thing is that it has built-in Wi-Fi with 802.11 b / g / n
connectivity (AP, STA, AP + STA) which enables
communication with the chip and control of devices
connected to it over the Internet.
There are different versions of ESP8266 modules
available with different levels of functionalities
specifically adapted for beginners and experienced
developers. In order to create a prototyping development
board for beginner users, newer versions of the module
typically include additional components, in particular a
serial TTL to USB adapter (sometimes referred to as a
USB-UART bridge) and a 3.3 / 5-volt power supply. The
frequently used development modules based on the
ESP8266 chip such as the NodeMCU module typically
include a USB UART bridge and a Micro-USB connector
connected to a 3.3V voltage regulator that is already
integrated into the development module itself, which
greatly facilitates and speeds up the prototyping of
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various solutions. When the development of the project is
completed, these components are no longer needed, and
the use of cheaper versions of the ESP-xx module can be
considered.

MQTT protocol
MQTT is a M2M protocol created by Andy StanfordClark and Arlen Nipper in 1999. and was originally used
to link sensors on oil pipelines with satellites. The
protocol development guidelines were focused on the
speed of transmission and low battery consumption since
the devices used a satellite connection, which was
extremely expensive at the time.
MQTT stands for MQ Telemetry Transport. It is a
publish/subscribe, extremely simple and lightweight
messaging protocol, designed for constrained devices and
low-bandwidth, high-latency or unreliable networks. The
design principles are to minimise network bandwidth and
device resource requirements whilst also attempting to
ensure reliability and some degree of assurance of
delivery.
The publish/subscribe model is composed of:
• Publisher: publishes a message to one (or many)
topic(s) in the broker.
• Subscriber: subscribes to one (or many) topic(s) in
the broker and receives all the messages sent from the
publisher.
• Broker: routes all the messages from the publishers
to the subscribers.
• Topic: consists of one or more levels that are
separated by a forward slash (e.g., consumerID/
active_power_consumption/max_power).
BROKER
PUBLISHER

TOPIC/subtopic

SUBSCRIBER

PUBLISHER

TOPIC

SUBSCRIBER

PUBLISHER

TOPIC

SUBSCRIBER

Figure 2. MQTT The Publish/Subscribe Model
The main differences between MQTT publish / subscribe
architecture in contrast to the HTTP request / response
paradigm is that the client does not have to retrieve the
necessary data, but the broker automatically passes
information to the client in case there is a change.
Therefore, each MQTT client has a permanently open
TCP connection with a broker. If this connection is
terminated for any reason, the MQTT broker can tampon
all messages and send them to the client when it is reconnected.
The Quality of Service (QoS) level is an agreement
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between the sender of a message and the receiver of a
message that defines massage delivery guarantee for a
specific message. There are three QoS levels in MQTT:
• QoS 0 (At most once) - the message is sent only once
without the recipient's feedback and without the
message storing and re-transmission by the sender.
• QoS 1 (at-least-once delivery) - this level guarantees
that the message will be delivered to the recipient at
least once, but may also be repeated. The sender first
saves the message and then sends it to the agent
which forwards the message to all subscribers and
returns the confirmation of sending the message in the
form of a Puback packet containing the package
identifier (packetId). After receiving the confirmation
of successful publication, the sender deletes the
message from the container.
• QoS 2-(exactly-once delivery) – is the safest but also
the slowest QoS level which guarantees that every
message is received exactly once. The guarantee is
provided by at least two request/response flows
between the sender and the recipient. The sender and
recipient use the packet identifier of the original
PUBLISH message to coordinate delivery of the
message.

Exchange of information between the consumer /
Operator / Supplier using MQTT broker
Figure 3 shows the way information is exchanged
between the relevant entities through the intermediate
MQTT broker. As shown, the individual entities have the
ability to change (publish)/access(subscribe) only certain
topics. For example, in the proposed version, an
advanced meter sends measured data to the MQTT broker
while other entities have only the ability to access this
data but not to modify them. Of course, this does not
necessarily have to be done in such a way and it is
possible to allow the change of individual values (topics)
by several entities. Similarly, if we look at the part
referring to the load management, then we can see that
the consumer can not only choose whether or not to
participate in load management service but it can also
define some basic parameters related to such regulation
service such as:
• The relay activation order when the service activation
is called upon,
• Maximum level of load reduction and its duration;
• Minimum load level below which service cannot be
activated,…
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Figure 3. Illustration of data exchange via the MQTT broker

Figure 4. Screenshot of consumer application on Android platform
However, the Operator is the only entity responsible for
issuing load control request depending on the
system/market position needs and control restrictions
defined by consumer. The conformity of consumer in
relation to Operator control request is checked using the
measured data that is published by advanced smart meter.
Despite the request issued by Operator, the consumer can
cancel the participation in load management service at
any time, which is detected by the Operator in a similar
manner.

MEASUREMENT RESULTS
Figure 5 shows measurement results for some
characteristic types of household appliances. Although
the figure shows only active power measurements, the
energy meter measures and publishes other parameters
such as: voltage, current, frequency, reactive power,
active/reactive energy in both directions, ...
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We can see from figure 5 that certain household
appliances show a characteristic consumption pattern that
can be identified and detected as such using
measurements at household level. Today, significant
research efforts are being made in the field of nonintrusive load monitoring, which provide algorithms and
approaches to disaggregate appliances load from total
household load. Using such approach one can determine
the dynamics of individual appliances, the proportion of
its consumption in total monthly consumption, and other
practical benefits for consumers. The algorithms and
approaches for load disaggregation are based on methods
such as: hidden Markov models, artificial intelligence,
machine learning, neural networks and deep learning, ...
Further development of the described prototype will be
directed towards integration of load disaggregation
algorithms which will open other interesting
opportunities and services on the consumer side like
appliance
diagnostics
and
monitoring.
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Figure 5. Load for characteristic types of household appliances
REFERENCES

CONCLUSION
This paper describes the realization of advanced energy
meter that provides two-way communication between the
consumer and the operator / supplier via the ESP8226
module and the MQTT protocol. This solution enables a
much better insight into the way electricity is consumed
both for the operator / supplier and for the end user. The
proposed solution also allows easy load control for users
who are willing to participate in load management service
in discrete steps according to user defined relay switching
sequence. The system is modular and easily extendable
according to which the range of measurement details can
also vary.
Further functional upgrades will be aimed towards the
implementation of additional measurements such as
power quality indicators as well as software upgrades that
allow automatic load disaggregation.

CIRED 2019

[1] World energy outlook 2017, International Energy
Agency
[2] Benchmarking smart metering deployment in the
EU-27 with a focus on electricity, European
Commission
[3] https://www.hivemq.com/blog/how-to-get-startedwith-mqtt
[4] José Antonio Hoyo-Montaño ; i dr. ; Jesús Nairn
Leon-Ortega: „Overview of Non-Intrusive Load
Monitoring: A way to energy wise consumption“,
2016 13th International Conference on Power
Electronics
[5] Ahmed Zoha, Alexander Gluhak, i dr. : „NonIntrusive Load Monitoring Approaches for
Disaggregated Energy Sensing: A Survey“, Sensors
2012, 12, 16838-16866;

5/5

