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Abstract: Asthe telecom industry is looking for new opportunities to improve its commercial potential
by introduction 5G technology, energy industry is rising as potential area for deployment of smart Inter-
net of Things (1oT) solutions and information and communication technology (ICT). Following the recent
achievements in digitalization of energy industry, smart phones and mobile application, smart metering,
data analytics and artificial intelligence popularity, as well as the human decision-making and behavior
based on purely rational choice, we are proposing the consumer centric model for energy efficiency. The
model is considering the current communication network features, Wi-Fi and 4G/5G networks and a pos-
sibility to influence the consumer behavior in residential segment (households) and achieve reasonable
energy savings. Following this model adapted to the Macedonian energy and telecom market specifics,
we are estimating that the investment risk versus the potential energy reduction is worth to be further con-
sidered by deployment of the proposed system architecture.

Key words: energy efficiency; telecom networks; 5G; Wi-Fi; Internet of things; smart phones;
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MOJEJI BATIOJOBPYBAILE HA EHEPTETCKATA EOUKACHOCT CO YIIOTPEBA
HA MOBUWJIHU TEXHOJIOT'TIM HA UHTEPHET HA HELIITA

A mcTpack 1 TerekoMyHUKaIMCKaTa HHIYCTpHja 6apa HOBM MOXHOCTH 3a MOJ00pYBamke Ha KOMEPIIH-
jamHATE TIephOopMaHCH MPEKy MpoMOoBHpame Ha S[-TexHoJoTHjaTa, IpH MITO eHepreTcKaTa HHAYCTpHja e
obJacT co pacTeyky MOTSHIMjaJl 3a UMIUIEMEHTAIija Ha TAaMETHH pelleHnja 0a3upaHl Ha WHTEPHET Ha
memra (IoT) m urpopManuckn W KomyHukarmcku TexHomornd (MKT). Crenejkn M MOMEHTANHHUTE
JIOCTUTHYBamka BO JUTHTATU3aIMjaTa Ha eHepreTcKaTa WHAYCTPHja, MaMETHUTE Tesle)OHN M MOOWITHHTE
aTUTMKAaIIH, TAMETHUTE MEPHU YpEId, aHaIM3aTa Ha MOJaTOIM U MOMMYIapHOCTa Ha BEIITAYKATa HHTCIIU-
TeHIIMja, KaKO M YOBEYKOTO OJHECYBame W OJUTydyBame 0a3upaHo Ha paluoHalieH M300p, mpeaiaraMe
KOPUCHUYKH OpPHEHTHUpPAH MOJEJN 3a eHeprercka epukacHocT. Moaenor ru 3emMa IMpeABH MOCTOjHUTE
KapaKTePUCTHKA Ha KOMyHHKackute mpexu, mpexute Wi-Fi u 4G/5G u MoxHOCTa Aa ce BiHjac Ha
KOPUCHUYKOTO OAHCCYBAIKEC BO peSl/I[leHLIl/IjaHHI/IOT CETMEHT U Jia C€ NMOCTUTHAT Pa3syMHHU 3alITCIU Ha
eHepruja. AKO OBOj MOJIeJI C€ NPUMEHH Ha YCJIOBUTE Ha MAaKEJIOHCKHUOT SHEPreTCKH M TeJIeKOMYHHKa-
IUCKH T1a3ap, IEHUME JeKa MHBECTHUIIMOHHOT PU3UK HACIPOTH IOTEHIIMjaJIOT 3a €HepreTcKa 3amTena
3acay’XyBa BHHMAaHHE W pa3MHUCIyBame 3a HIHA HMIDIEMEHTAlldja Ha TIPEJIOKCHAaTa CHCTEMCKa
apXUTEKTypa.

Kuyunn 300poBu: eHepreTcka e(hMKacHOCT; TeIEKOMYHUKAMCKU MpexH; SI'; Wi-Fi; uHTepHeT Ha HemTa;
MaMeTHH Texe(oH; COPTBEPCKH pelIeHH]ja
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INTRODUCTION

Telecom industry is coming to the saturation
level of traditional services, like mobile voice and
data services, and it is looking to extend its opera-
tions in other service areas. This is mostly the
reason to drive towards 5G technology implemen-
tation, where except the increase of speed and
bandwidth, it will offer two other fields of opera-
tion: 1oT and massive machine communication and
ultra-reliability for critical machine communication
[1]. As it is presented in Figure 1, 5G should offer
to the end customers i) an unlimited experience in
broadband, ii) instant action and iii) service for
everything.
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Massive Critical
rmachine machine
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Fig. 1. 5G architecture: A system of systems

5G ambition is to cover all types of communi-
cations including machine type usage and must
therefore be very flexible and also support com-
pletely new business models. In 5G, verticals like
energy, manufacturing, healthcare and automotive
are envisioned as the new user spaces, enabling
new applications, markets and businesses.

From the economic aspects, traditional theory
postulates that human decision-making and beha-
vior are based on purely rational choice, that peop-
le have rational preferences among outcomes,
always strive to maximize utility, and act indepen-
dently based on full and relevant information.
Based on these assumptions, traditional economic
models predict that people will make decisions that
yield the optimal result given budget constraints,
and that behavioral choices can be improved by
providing people with more information (i.e. by
increasing knowledge/awareness) and/or more op-
tions (i.e. by increasing choices) [2].

The retail energy use [3] is characterized by a
wide range of decision types and contexts, as well
as psychological and contextual influences on be-

havior. Decision models from different research
traditions are all relevant to some aspect of resi-
dential energy use. Decision models can inform the
design of interventions to change behavior by iden-
tifying the key influences on decision making.
Each of the research traditions offers specific les-
sons for intervention design [4]-[7].

Understanding and changing household ener-
gy consumption behavior are considered as effec-
tive ways to improve energy efficiency and
promote energy conservation. With the increasing
penetration of conventional and emerging informa-
tion and communication technologies (ICTs) in
energy sector, traditional energy systems are being
digitized. The energy big data provides a new way
to analyze and understand individuals’ energy con-
sumption behavior, and thus to improve energy
efficiency and promote energy conservation [8].

Smart meters have been deployed in many
countries across the world since early 2000s. The
smart meter as a key element for the smart grid is
expected to provide economic, social and environ-
mental benefits for multiple stakeholders. There
has been much debate over the real values of smart
meters. One of the key factors that will determine
the success of smart meters is smart meter data
analytics, which deals with data acquisition, trans-
mission, processing, and interpretation that bring
benefits to all stakeholders [9].

Acrtificial intelligence is also frequently used
about early prediction of building cooling load and
heating load and can help engineers design energy-
efficient buildings [10]. Al-based approach uses
historical data to predict future energy use under
constraints. Owing to the ease of use and adap-
tability to seek optimal solutions in a rapid manner,
the Al-based approach has gained popularity in
recent years [11].

Considering above mentioned developments
in telecom network industry, the ICT usage in en-
ergy efficiency, smart meters deployment and big
data availability, artificial intelligence popularity,
but also the importance of consumer behavior and
decision making process of the consumer, in this
paper we are proposing consumer centric model
using smart phones and Al, changing the consumer
behavior over electricity consumption. We will
present the model that uses network technologies
for input data for geolocation, and the smart
phones applications for consumer communication.
The predictions about the applicability of the
model is also presented and the estimated benefits
of energy savings.
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BACKGROUND

In order to find the appropriate model for en-
ergy efficiency and explain the reasons behind
proposed model, on the beginning of this paper we
will consider a few approaches about 10T techno-
logies deployment in energy efficiency
applications, 5G applicability in energy use cases,
the Wi-Fi use for consumer positioning and coexis-
tence with 5G, and we will propose consumer
centric model based on smart phones usage and
artificial neural networks, and its influence over
consumer behavior.

Energy efficiency approaches

There are many approaches for ICT deploy-
ment in the energy industry [12]. Which model
will be used is a question of preference of the user
— consumer, whether it is a residential or business
user, and the final goal of deployment as it is ex-
plained in Figure 2. The 10T techniques, applicable
for energy efficiency approaches, are:

— Software based loT techniques, where one im-
portant part are the smart phones. Smart phones,
having strong sensing power, are a driving force
in the technology industry especially in the emer-
ging loT domain, using data logging, prediction
models and resource behavior analysis, recording
data in different applications, contexts, locations
and time to predict the energy consumption in
smart phones;

— Hardware based loT techniques, using smart de-

vices with embedded sensors and processing
power;

— Policy based techniques, practice by the policy
makers and regulators;

— Awareness based techniques, mostly influenced
by the relevant stakeholders in energy industry
towards the consumer population;

— Changing habits towards green energy;

— Recycling rules for protection of environment —
green loT.
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Fig. 2. Taxonomy of green energy loT techniques

10T and 5G applicability in energy use cases

Current telecom networks (2G, 3G, 4G-LTE)
are the usual communication solutions for smart
solution deployment in energy industry. They are
standardized and reliable, and a good base to count
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on 5G as even more adequate technology for fur-
ther use, improved by several functionalities
critical for use in energy industry. One of the im-
portant expectations from 5G is its security and
reliability for monitoring and control of the smart
grid, considering it as a critical operation for Dis-
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tribution System Operators (DSOs) with very low
risk for outage. In this manner, smart meters are
devices with signific- ant role in the communica-
tion activities, which will use 5G services for
communication, storage, processing and control of
operations of the network. Additional role of the
smart metering and smart grid is given by new
models of localized production of renewable en-
ergy, where the control and balance of the energy
in the network is becoming more complex [13].

As it is shown in Figure 3, role of the 5G and
I0T solutions could be oriented in few segments of
the smart grid:

— Generation of the energy — loT solutions with
high reliability and low latency networks are of
significant importance to monitor and control
global production of power plants (e.g. nuclear),

cross-border interconnection, local generation
and plants (e.g. Macedonia), renewable genera-
tion (e.g. solar, wind, biomass...).

— Transmission and distribution — 10T solutions for
grid automation, intelligent stations, smart swit-
ches and distribution automation, as well as ICT
systems for remote control, condition monitoring
and wide-area monitoring.

— Commercial and industrial — smart building with
distributed generation of solar energy, distributed
energy management system, energy storage and
control, Electronic Vehicle Chargers (EVC) sys-
tem in car park.

Residential — cmart meter with advanced me-
tering infrastructure, energy storage, home auto-
mation, smart appliances.

Generation ransmission &
Muclear

P Imipeard .

O o - M

Crosa-Boeder . e

Intercormaction - — il =
[

B

Local Generation

=4
Gried Awalarmealan

Rerewabla = .
Geraration

=

Power Matwark

Car Park with Beciric Wehicle Charging

|efpcormmunicalion

s

1 Remate Contral / Condition Monitoring ¢

© i

Smart Control
Smar Applicances

X 7 | |

Wite-Area Maonltadng Hame Display Lini
- — L ]
~k ' EEE
i ' __:_;F‘_ l Ensrgy Storage s
l--—f—1 @)

Irtedligent Srmar Swilch & Srrart Malaer/
SBubstation Distribution Advanced Metedng
A tomation Infragtructure

Lrstributed
Genaratian

@ &

L1

7 |
g
= N

= l

Distriouted Energy
Managermant Syatem

Smart Builcing

Fig. 3. Smart grid

Basic idea of the model

In this paper we will consider the last two
segments of the energy ecosystems, related to resi-
dential and business energy efficiency, because
these are the segment that could be influenced by
consumer behavior. According to the latest statistic
in EU countries [14], 52% of the energy consump-
tion is related with residential and business
segment, more that 34% is on the transport seg-
ment and the rest is for other services. A model
that is considered in this paper is characterized
with three modes of consumer stage: private mode

(at home) — C1, working mode (at work) — C2, and
moving mode — C3, as it it is shown in Figure 4.
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Fig. 4. Three modes of consumer stage: moving,
private (home) and business (office)
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The providers of the electricity are shown on
the right side of the Figure 4, represented and
measured as P1 to PN in real time. Starting from
the assumption that energy consumption and provi-
sioning are equal on both sides, we can calculate
the total power as:

N M
pr(cy) = Ptotal = pr .
x=1 x=1

y=1

The idea of the model is to identify the mode
of the consumer (a) and location (b), to measure
the electricity consumption is each of the stages
(c), to predict further activities with artificial neu-
ral networks and to influence consumer behavior
via mobile application [15].

a) Mode of the consumer in real time:
Cx(ta) = C1 or CZ or C3.

b) Location of the consumer — provider of the
electricity:

P, = f(Cy, geolocation).
¢) Volume of electricity used by consumer:
Px(Cy) = f{Cy‘ time}.

In this model we will consider software based
loT techniques, awareness and changing habits
techniques. Also, 5G and Wi-Fi networks coexis-
tence will be used as the tools for identification of
the consumer position/mode, having in mind that
the Wi-Fi is the technology mostly used in residen-
tial and business environment.

Coexistence of 5G and Wi-Fi technology
for energy efficiency solutions

The very ambitious goals of 5G are difficult
to be achieved as a standalone solution for IoT in-
cluding here the energy efficiency solutions. Even
more, considering that 5G community is still de-
veloping the standards for 10T and on the other
side capital investment that should bring 5G in life.
So, in the first stage of further development of
smart solutions, in the cases related to smart home
and smart buildings, the role of the Wi-Fi will be
primary.

There are few segments of coexistence of
these two technologies. One reason is the capacity
of the network throughput, where 5G and Wi-Fi
could share the unlicensed spectrum. Even in cur-
rent 4G-LTE cases, there is a spectrum sharing in
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order to offload the traffic from LTE to Wi-Fi net-
work, and in some cases it goes up to 50% traffic
offload. This case is relevant for the stationary us-
ers in home and office, knowing that most of the
time Wi-Fi is preferred over LTE because of the
cost of services.

Also, it is almost necessary for 5G to use the
unlicensed spectrum because of the flexibility and
the economy. Flexibility in a manner of openness
to include as many devices as possible in a short
time and with no barriers on number and data vol-
ume transmission, and from economy aspect to use
unlicensed spectrum with no spectrum fee to de-
crease the cost of deployment of new loT
solutions.

For the model that we are offering as a con-
cept for energy efficiency, the network preference
is explained in the Table 1.

Table 1

Network preference for consumer mode detection

Mode Wi-Fi 5G
Home (private) Preferred Back-up
Office (working) Preferred Back-up
Moving mode (transport) Preferred

Actually, the Wi-Fi network will be used to
identify the home and office location/mode, and
use it for further processing with artificial neural
networks.

Wi-Fi location positioning in home and office

There are few methods for positioning of the
smart phone in Wi-Fi environment. Cell of origin
(COOQ) is a mobile positioning method for locating
a mobile device, which relies on the fact that cellu-
lar networks can identify the approximate position
of a mobile handset, e.g. in which cell the device is
at a given time. The accuracy of this method de-
pends on the size of the cells of the network. The
primary advantage of this technique is easy im-
plementation since it does not require complex
algorithms, which makes position estimation very
fast [16].

Trilateration, uses the distances of an object
from three known points, which are usually fixed
points with known coordinates to determine the
position of an object. This method has been widely
used in conventional surveying and GPS position-
ing [17].
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The fingerprinting technigue has been used
for indoor positioning for several years. Its main
advantage is that it can use existing WLAN infra-
structures or other network environments. It is
relatively simple to be deployed. If there are no
specific hardware requirements at the mobile de-
vice, any existing WLAN infrastructure can be
used for positioning.

As the demand for indoor location based ser-
vices (LBS) is increasing, indoor positioning, one
of the key techniques for indoor LBS development
has been hot research topic. However, a general
solution for indoor positioning has not been dis-
covered, yet. In our model we will use COO
method as a positioning method.

Consumer behavior at home and office

The energy efficiency is influenced by the
used technology and by the consumer behavior. As
we have seen, the use of technology at home and in
the office is highly depending on ICT tools and
smart solutions. In the same time, it should be cov-
ered by investment in new systems — smart home
systems in the home. The other approach with less
investment is changing the consumer behavior with
existing ICT tools that are available at homes and
offices. Mostly, these are communication network
represented by Wi-Fi technology and smart
phones, highly penetrated over 70% in the con-
sumer residential usage.

Behavior is a combination of many factors
(Figure 5), related by the technology which is avai-
lable at home, like appliances in home, but also it
depends on social elements of the consumers: hab-

its, emotions, normative factors. Usually, energy
consumption behavior is depending of daily habits
and routines (like usage of lights, heating, cooling,
cooking...) which are repetitive, and less on the
actions which are one-shot behavior (like invest-
ment in home energy insulation).

There are many researches on energy effici-
ency behavior which shows that habits can be
changed by building awareness on energy con-
sumption, and to encourage households to reduce
consumption 5-15%. The main driver in changing
this behavior is saving money, as a direct benefit.
Even in the deployment of the smart home solu-
tions, energy efficiency is the second strongest
driver to purchase (with 68%) after safety and se-
curity (with 75%) [18].

Intervention measures such as feedback on
consumption via energy bill or energy display (e.g.
smart phone) should be clearly presented and con-
sisting of simple messages, relevant to the house-
hold savings. It should also contain a kind of goals
or commitments, and be consistent and frequent.

There are experimental researches [19] which
are estimating which behavior measures can
achieve most, long term energy savings: with dis-
play units at home, parameters to be measured,
location of units, smart meters, better billing mod-
els, frequency of billing, historical data, renewable
sources, goal settings and commitments, etc.

In the model that we are proposing, all of
these factors will be included by using smart phone
devices, as a tool for identification of the status of
the consumer and in the same time as a display for
consumer guidance.

Social
Individual Level Cultural and Household Level
Peer
Influence Household
Employment Characteristics
Status u
Factors | Vintage of House |
Education Influencing
EZ] .{:_r Size of the house
Age (Residential
Sector) Household income
—1
Gender Appliance Usage/
Q Appliance Quality
Environmental
Awareness Concerns and
Attitudes Number of
Occupants

Fig. 5. Factors affecting consummer behaviour (residential)

J. Electr. Eng. Inf. Technol., 3 (1-2) 91-100 (2018)




Models for energy efficiency improvement by using mobile technologies and internet of things 97

SYSTEM ARCHITECTURE

There are several elements of the architecture
for the proposed model, presented in Figure 6.
Within the smart home environment, the network
which will be used is the existing Wi-Fi network,
and will consolidate the data from all smart de-
ViCes.

The second element is the smart phone, which
is in the permanent communication on IP level via
the Wi-Fi network. The smart phone is the element
which is defining the mode/stage of the consumer,
in this case the home mode. The third element is
the back-end system, where the data is stored and
processed with artificial neural network (artificial
intelligence — Al). Following the processing rules,
this server is communicating via the 4G/5G net-
work to the consumer (smart phone) or to the home
devices on any loT platform.

Fig. 6. System architecture

These modules in the systems could be deve-
loped independently, and the system is scalable. It
means that in the basic level of developments, the
provider of the electricity could use the smart
phones and mobile application to influence the
consumer behavior. The next level of deployment
could be individual measurement of the consump-
tion of electricity on home level, by deployment of
smart meters, which will improve the quality of
data for analysis. Independently, on the later phase
the Al modules could be developed and used for
automatic management of electricity consumption.

Depending on the movements of the con-
sumer, the smart phone changes the network access
from Wi-Fi to 4G/5G and vice versa, as it is ex-
plaining in flow chart on Figure 7. If it is in the 5G
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network, then it is obvious that the consumer is in
moving mode. If it is under Wi-Fi coverage, the
consumer is either at home or at work. In that case,
there is an electricity consumption measurement
available with smart metering devices, and the
change in the electricity consumption is registered.

Consumer/
Smartphone

<

Wi-Fi
Moving mode

Home [/
Business

Home

Electricity
consumption

—

Data
processing

Wb

Al predictions
 —

Consumer
advice

4
Notification

.~ J

No

Yes =
o
Energy
reduction
Fig. 7. Flow chart

The information is registered, storage and
processed, compared with the historical data of
home consumption with artificial neural networks,
and prediction for further behavior of consumer is
identified. Furthermore, if there is a need to change
of the electricity consumption, the system gener-
ates notifications towards the consumer, expecting
to take an action.
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Fig. 8. Final electricity consumption by sectors (Preliminary data)

MACEDONIAN USE CASE
AND SAVING POTENTIALS

In Macedonian case, saving of electricity in
residential segment could contribute the most of
overall energy efficiency. According to the Mace-
donian Statistic Office [20] residential segment in
Macedonia is consuming more than 3.000 GWh
per year, almost 50% of the total energy consump-
tion of the country. This is higher rate of residen-
tial consumption compared to EU where residential
segments participate with approximately 30-35%.
This shows that in Macedonian case, the proposed
model will have more effects considering its con-
sumer centric logic.

The gross national electricity consumption
per capita is approximately 4.200 kWh, and the
final electricity consumption in household per cap-
ita is app. 1.600 kWh [20]. In the same time,
Macedonia is among the countries with the lowest
electricity price in Europe. According to the Euro-
stat analysis, electricity prices in Macedonia are by
55 % lower than the European average [21]. Hav-
ing in mind that the average is 3.6 inhabita-
nts/household, the total electricity expenses per
household annually are approximately 450 EUR.

One dilemma which needs to be analyzed in
the future works is the percentage of consumers
which will use the model, i.e. mobile application
and act accordingly to the energy efficiency initia-
tives. If we compare the consumer behavior in

similar processes for actionable insights of the
consumers, like for example in the retail sales and
e-commerce statistics, it shows that 15% of the
consumers are lead to the purchase intention. In
our case for energy savings, where we are discus-
sion about the opposite operation (instead of
buying we are discussing about the savings for the
household budget) we assume that the conversion
rate for actionable inside of the consumers could
reach the same or higher level of 15% [22] [23].

Considering that our model is using mobile
application as the communication tool with the
consumer, and having in mind that penetration of
the smart phones in Macedonia is 60% [24], the
average level of penetration of the utility mobile
application could go over 200.000 [25]. With this
number, the actionable intention of 15% as it was
explained in previous paragraph, will trigger the
actions in almost 30.000 household for saving of
electricity. It is approximately 5% of the total
564.000 households in Macedonia [26].

If we follow the benchmarking from the pre-
vious projects related to the influence of consumer
behavior on electricity efficiency [27] the expected
effect is within range of 5-20% savings per house-
holds, or the average of 12% savings. If we calcu-
late this 12% saving on 5% households, the total
savings in household lead to 0.6% savings, or 1.5
million EUR in total national saving.

On the other side, if we calculate the cost of
the deployment of the model according to the sys-
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tem architecture in the previous chapter, it could be
deployed for less than 50.000 EUR (approximately
10.000 EUR for dual-server, 20.000 EUR for the
software development and 10.000 for internet and
cloud services, and 10.000 EUR for marketing
cost).

It shows that the investment in such model is
highly financially beneficial, with very low risk on
return of investment and high potential for further
operational improvements.

CONCLUSION AND FUTURE WORK

One of the main drivers of any application for
energy efficiency is to be accepted by the main
stakeholders of the energy ecosystem and to in-
clude financial benefits. In the proposed model,
both prerequisites are fulfilled: first, we are using
smart phone penetration and its influence over
consumer behavior as a wave to trigger energy ef-
ficiency actions on consumer side, as second, the
expected financial benefits of energy savings are
high above the forecasted investment.

The model is using software based platform
with embedded artificial intelligence, and Wi-Fi
and 4G/5G networks for identification of the con-
sumer behavior. It also considers smart meters
deployment on the electricity provider side, which
is regular obligation for DSOs on EU market.

Deployment of this model on Macedonian
market shows that there is a reasonable potential
for savings compared to the initial investment. All
of the assumptions of the proposed system are al-
most fulfilled, with some consideration on the
smart meters deployment and the integration in the
communication platform of DSO. But, if this as-
sumption is not fulfilled, there should be
considered alternative scenarios on household side
(like smart home devices) that could replace this
requirement.

Future works will be focused on deployment
of this system in Macedonian market and analysis
of the effects over household savings, to confirm
the estimated savings of energy. It will include de-
velopment of the SW and mobile application,
deployment of the system and building awareness
of use of application.
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