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Abstract — Considering the increase of distributed generation
and the complexity in power electricity management, demand
response programs can be a way to reduce stress and strengthen
power grids. However, as demand response involves end users
changing their consumption patterns and adapting to on time
different scenarios, some decision-making support tools are
necessary. The present paper proposes and tests an energy
management and controlling framework to assist electricity end
users in decision making in a demand response scenario while
using a set of key performance indicators. The tool was tested
using a group of 20 end users and showed a consistent result
throughout all the elements in the consumers group, total
consumption presented a small decrease due to reduce of
comfort, especially during weekdays.

Index Terms-- Demand Response, Key Performance Indicators,
KPI, Monitoring, System Management

I. INTRODUCTION

Distributed generation is seen as af newhtrend,) from
residential apartments and commercial {buildings\in urban
centers to remote/isolated rural areas., Thereyare many reasons
for its implementation, in some, cases, it came,as/a way to
reduce energy costs, to mitigate climate change and to reduce
peak consumption, in other|cases, it came asthe’ most efficient
and least cost solution to‘bring electricity’ to more remote
areas, sparsely populated‘and difficult to access.

Based on thaty distribute, generation is considered a
necessaryppath to increase renewable generation and also to
reduce losses, costs and inefficiencies in the energy sector [1].

Distributed energyngeneration differ from the traditional
one, which isy¢omposed of centralized big power plants, far
from the consumption centers which generate energy to a
large group of passive consumers. With distributed generation,
the consumer is‘active (as it is also a producer and named a
prosumer), the energy is generated in small proportions to
self-consumption or to supply a small group of consumers,
who are localized near the producer.

Thus, to transition the power system from a traditional one
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to another with participationjof distributed geéneration, a new
model is being implementgd, the well know, smart grid.

Smart grid is defined as**a“generation, transmission and
distribution system equipped with a/two-way communication
system, controlledpby the grid “operator” [1] and has the
purpese of reduce stress andistrengthen the power grid. There
are many ways)of achieving that, including balancing supply
and demand andaveid overload the power grid.

Therefore, the collaboration with consumers by using their
flexibilityato change consumption pattern from peak periods to
periods with'less demand is vital. That change can be achieved
through Demand Response (DR) programs, where consumers
can change their demand as a response to an external signal.

So, in order to do this is necessary to access the
performance and have immediate feedback. Based on that, key
performance indicators (KPI), as the name suggests, a group
of the most significant variables to be measured when one aim
to access the success of a strategy or a management process,
which means, the effectivity to reach the expected goals, was
analyzed as a tool for managing and controlling a demand
response system as it can lead to a faster and more focused
analysis as it provide on time graphical information, which
results on faster analysis and decision making, with lower
margin for error or miss understandings.

In that context, a managing and controlling tool is
proposed and tested in the present paper to help evaluating end
users’ performance and facilitate the decision-making process.
The creation and testing of a tool were thought to support
electricity end wusers to make decision and change
consumption pattern in a DR scenario while using a simple,
visual and effective method, KPI.

This paper is organized in five sections: (1) introduction;
(2) a concise literature review; (3) methodology; (4) results
and discussion; and (5) the conclusions of this study.

II.  LITERATURE REVIEW

Demand response is defined by [2] as changes performed
by end-user electricity consumers that occur as consequence



of (1) changes in electricity prices over time; or (2) decrease
in electricity consumption as a result of incentive payments.

Thus, DR can be defined as end users intentionally
changing their consumption patter (period of the day,
instantaneous demand or total consumption). [2] presents three
general actions that cause such change:

e Same consumption during off-peak periods and small
consumption during peak periods: higher prices
during peak time and implies temporary reduction of
comfort;

e  Shifting demand from peak to off-peak periods: there
is no loss of comfort and, for residential customers,
there is no cost in the action;

e  Generating completely or partially their own energy:
none or little change in previous consume pattern.

Based on that, consumers can change their behavior and
consumption by reducing their comfort, which can be
associated with a gain that compensate the comfort loss;
shifting their demand, which is associated with a change in
habits/routine/schedule; or by starting to generate their own
energy, (total or partially) which means some investment and
conditions (structure, geography, among others) that may not
be available.

Furthermore, as DR implies an intentional change that
consumers make in their own behavior in order to reduce or
adapt electricity use, and considering that this change can
happen in different ways as presented, it is necessary some
measurements to analyze the results of the DR programyfi.e!
how the consumers are willing to change their behavior.

In order to help final consumers to make bettefzinformed
decisions to change their consumption pattern/and helping
balance demand and supply, reduce the stress of the,grid and
reduce their own costs, a set of KPI was createdito work as an
energy management and controlling [tool. KRI are” a
visual/graphic management fool that allow'¢lear and fast asses
to information, reduce the respomse time and increase its
number and effectivity.

Furthermore, KPI have already been used in some projects
to assess energy efficiency in‘Smart gridyscenarios ([3]; [4];
[5]; [6]; [7]) and it is proven to'be a\ reliable toolt provides
decision support tosStakeholders. However, the cited authors
do not evaluate the type of response action chosen by the
consumers and,some of them just present and explain the KPI
method without testing it with any group of real consumers.

Knowing that the goal of this research is to create and test
a managing and controlling tool for end users to assist in
decision makingtheir decision in a DR scenario, analyze their
predominant type of change and test it with a group of real
end-users was fundamental for the success of this research.

III. METHODOLOGY

This work is preceded by [8] research on aggregation’s
influence on final remuneration of the resources associated
with virtual power player. In such work, the consumers are
aggregated according to their actual participation in Demand

response events, so it is possible to achieve a number of tariff
groups for the remuneration of the demand reduction
provided.

The goal of the proposed methodology in the present paper
is to create and test an energy management and controlling
tool to assist electricity end users to make their decision to
change consumption pattern in a DR scenario with the support
of a selected KPI group. In order to build and test the tool,
data from 20 consumers were taken. The data comes from a
Virtual Power Player and all 20 elements from the sample are
only consumers (do not generate energy) of lficentive-based
Demand Response Program. That means the| only: tesponse
actions available are to reduce electricity consumptionor, to
shift the original demand. Furthermoregitiused two, periods of
analysis, the first one corrésponds to[the consumption” before
DR implementation and the second onejafter implementation.

Considering the interactions ‘between thisyesearch and [8],
Figure 1 presents the overyiew of the ptoposed methodology.

Scenario Creation Optimal Scheduling
Remuneration Aggregation
3
Management and Controlling
KPI
Efficiency Uncertainty
DR Impact Financial Benefits

Figure 1: Overview on proposed methodology

For this research, it was used the original database from
[9] which had its dimension adapted considering research
purposes (not all consumers were considered for testing this
methodology, although the selection was random).

Based on that, a group of 20 consumers were subjected to
a management and controlling framework with a group of KPI
presented as follow.

Furthermore, the KPI, as it intends to measure the
performance of each demand response goal and show if the
current strategy is bringing the expected results and access
how the variables are evolving, so, in order to do that the
following topics were analyzed: (1) Volume of energy
consumption in higher prices; (2) Volume of energy
consumption is lower prices; (3) Homogeneity of consumers;
(4) Daily price curve; and (5) Consumers that better adapt
their consumption considering the expected changes.

In order to access the homogeneity of the group it was also
necessary to measure the DR impact, which means, the
response rate of consumers after implementing DR.



DR Impact measures end users changes due to demand
response programs. In this group of interest, the before
consumption is measured before DR implementations and
after consumptions is measured after its implementation. It
was used three formulas to access this change, which were
previously used and can be seen in [3] and [10].

The first one is Change in Total Consumption and can be
defined as the change considering the periods before
(orig.consumption) and  after (new.consumption)
implementation.

orig.consumption — new.consumption

orig.consumption (1)

The second, Change in Consumption during Peak Periods
corresponds to the consumption between 8:00 hours and 22:00
hours, considering the periods before (orig.peak.consumption)
and after (new.peak.consumption) implementation.

orig.peak.consumption — new. peak. consumption
orig.peak.consumption

(@)

And Change in Consumption during Off-Peak Periods
correspond to all periods that were excluded in the previous
equation, also analysing periods before
(orig.offpeak.consumption) and after
(new.offpeak.consumption) implementation.

orig.of fpeak.consumption — new.of fpeak. consumption
orig.of fpeak.consumption 3)

The last equation in DR Impact group is Customer Response
Action, which measures the change in consumptiongper period
comparing the periods before and after DR implementation
and return the more frequent behaviour of eacheonsumer,
comfort loss (decrease in total energy/ comsumption) or
demand shift (decrease in energy consumption during a period
of the day with no or minimal change, in consumption
considering the entire day). The, results)obtained during the
test analysis can be found in section IV.

IV. RESULTS AND DISCUSSION

A group of 20 consiumers were subjected to a management
and controlling frameéwork with a group of KPI presented in
section 33 The sample data were collected with a time interval
of 15 minutes, and, for ‘the analysis, were used four time
frames, WeekdayspSaturday, Sunday and Whole Week, this
difference is\duesto costsyvariability, as during Sundays there
is no difference in electricity price through the day, and on
Saturdays this variability is less frequent than the one during
weekdays.

Furthermore, all of the sample elements are domestic
consumers who does generate neither part nor total electricity
they consume. It was considered the prices and time periods
used in [8] and it was, also, considered two periods, one
before (January/2018) and one after (February/2018)
implementation, for comparison. When analysing change in
patters, the first 3 days of January were ignored, so both

periods would have the same length and start in the same
weekday.

Figure 1 presents the daily price curve to which the
consumers were subject to during the periods of January and
February 2018.
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Figure 2: Price curve

Note that, between midnightgand 07:00 a.m. there is no
price difference in'the three,periods. The highest consumption
periods)start andsends few minutes later on Saturday when
compared to weekdays, and also has a longer duration.

Considering 3 different periods, low price (0,1016 €),
medium,price (0,1765 €) and high price (0,2253 €), Figure 3
shows the'total consumption of a random consumer from the
selected group*and for the total group (energy community)
during the studied time.

From Figure 3 one can notice that the consumption had a
small decrease in the second month (period with demand
response) during all the analyzed periods and that all elements
of the group has a very similar consumption pattern (similar
demand curve), which shows some homogeneity in the group.

However, in order to measure how homogeneous the
group is when responding to the system, Table 1 presents the
total impact of demand response and Figure 4 presents the
consumption curve for three consumers, when comparing the
periods before and after implementation.

From Table 1, one can notice that all consumers presented
a positive change due to DR impact, which means that all
customers intentionally changed their consumption patter.
However, in all cases their response was, predominantly, due
to a loss in comfort and not a shift in demand. Another aspect
that should be noticed is that the electricity consumption
presented a decrease during both periods, peak (when the DR
system send signals to the consumer to reduce their demand)
and during off-peak periods (when the reduction was not
necessary). To better understand that, a deeper analysis will be
necessary.

Considering the members of the analysed group, the
results were very uniform. All the members presented the
same total change, however, when analysing the change
during peak and off-peak periods, the consumer C18 is the one
who got the most different result from the group presenting
the least change in both situations.



TABLE L. TABLE 1: DR IMPACT

(a)
Change in Consumption Customer Predominant £ 500
Consumer . =
Total | Peak | Off-Peak Response Action 400
300
Cl 0,12 0,12 0,11 Comfort Reduction 200
C2 0,12 0,12 0,11 Comfort Reduction 100
: 0 A2 V20 120 120 V2 ¥ 20 /2 1
Co 0,12 0,12 0,11 Comfort Reduction \'& RS \'& \'& \'& \'& \'& \'& \'&
: & » S S A I O R W)
C7 0,12 0,12 0,11 Comfort Reduction &\0 &\0 é’\Q ‘0\0 "?\0 &\0 O\Q '&\0 '\9\0
C8 0,12 0,12 0,11 Comfort Reduction —Low cost —Medium cost —High cost
C4 0,12 0,12 0,11 Comfort Reduction (b)
Cl6 0,12 0,12 0,11 Comfort Reduction ; ::
C17 0,12 0,12 0,11 Comfort Reduction 15
C19 0,12 | 0,12 0,11 Comfort Reduction 10
5
C3 0,12 0,11 0,10 Comfort Reduction ° \ J y—\V
Cc9 0,12 0,11 0,11 Comfort Reduction N Nd \&Q’ N N \»Q’ \'3’ \»3’ \-3’
- \Q\ \Q\, \Q‘\ \QN \0", \6\« \6\« \6\' \6\'
Cl11 0,12 | 0,11 0,11 Comfort Reduction N4 & N e > & NV 3 W
c12 0,12 | 0,11 | 0,10 Comfort Reduction e mes e
(c)
C13 0,12 0,11 0,11 Comfort Reduction é 500
Cl4 0,12 0,11 0,10 Comfort Reduction o 400 f ‘
Cl15 0,12 0,11 0,10 Comfort Reduction 300 /\ ‘\ /\
€20 0,12 | 0,11 0,10 Comfort Reduction 200 H ’\ \ }\
Cl10 0,12 | 0,10 0,09 Comfort Reduction 100 |
C5 0,12 0,09 0,08 Comfort Reduction 0 A s N N o < K o
W W W W W W W W
C18 0,12 | 0,02 | 002 Comfort Reduction & & \o“'\ & \6"\ \Q'»\ & \5»\
N @ O P N o e
Community | 0,12 0,12 0,11 Comfort Reduction b ° » v v N e e v
—Low cost —Medium cost
) ) ) (d)
From Figure 4 one can notice that C1 has_a* higher 'é 500
consumption curve when compared to the, lother two 400 ‘
consumers in the figure (but not when compared \to all the 300 \ \ |
other consumers). C1 is also between the ones,who presented 200 f ‘ \
the higher changes in consumption behaviour as presented-in } \ ’ \ }
Table 1. The lower change in consumption presented by CS8 it ‘
may be explained by its consumption, pattern, which is the 0
smaller consumption consideringithe 20°consumetssand almost O W O '\«\'&
do not have consumption peaks (biggest variation is between P P O P T o T
the period of time when we can consider as sleep time). K
—Low cost —Medium cost
Moreover, the only period when we can notice a shifting in (e)
the demand is in €1 during weekdays, when there is a £ 7
decrease in energy Consumptiomduring most of the day and an s g
increase during and after, what can be assumed as, dinner time 4
(this period 1s'the one that'presents the smallest variation in 3
consumption, patternSpin general). However, the observed i
increase in consumption is not enough to consider “shifting 0 NN NN NN NN
the demand” as\the customer predominant response action. W W W W W W W W
N PN NN
o B g S e g
Furthermore, ffom Table 1, 9 out of 20 consumers had a S & B P D o
very similar result and are in the top group consumers in what e C
concerns changing their consumption behaviour. Figure 4

presents the minimum, maximum and opening for all the three Figure 3: Volume of energy consumption per price per day

periods considering all 20 consumers. (a) and (b) randon consumer and community weekday consumption; (c) and
(d) randon consumer and community Saturday consumption; (e) randon

Figure 5 shows that C8 very distant from the other consumer and community Sunday consumption.
consumers, when considering DR impact rate, probably due to
its singular characteristics already presented.
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Figure 4; Consumption curve

(a) Consumption before implementation, all consumersywith C1, C10 and
C18 highlited in black;
Consumers C1, C10 and C18: (b) Weekday; (c) Sarurday; (d) Sunday.

The change in consumption dueto implementation had it
maximum, values duringiweekdays,, achieving 0,15 DR impact
rate, and minimum in Sundays, when it achied values as low
as 0,02 DRiimpactitate, even by members from the top group
consumers

I.  CONCLUSIONS

The goal of this study was to create and test an energy
management and controlling framework to assist electricity
end users to make decisions regarding to changing their
consumption pattern in a DR scenario while using key
performance indicators. The tool was tested using a group of
20 end users and showed a consistent result throughout all the
elements in the sample. It presented a decrease in energy total

energy consumption after DR implementation, especially due
to decrease in comfort. However, a deeper analysis is
necessary to better understand the price-demand behavior and
its influence in persuading consumers to change their
consumption pattern. Another subject for future research is to
analyze the top consumers group, their pattern and behavior
and answer why some succeed while others are below
expectations.
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Figure 5: DR Impact change
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