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Abstract: With the new challenges and complexity in power electricity management, demand response 

programs can be a way to reduce stress and strengthen power grids. However, as demand response 

implies end users to intentionally change their consuming patterns to adapt to grids needs, some decision-

making support tools are necessary. The present paper proposes an energy management and controlling 

tool to assist electricity end users to make their decision to change 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. 
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1. INTRODUCTION 

Nowadays, the growing demand, environmental concerns and 

protection needs, the increase in renewable energy generation 

and in distributed generation brought more complexity and 

difficulties to the already challenged power management 

(Faria et al. 2019). One of these new topics, already well 

know and much commented, is distributed generation which 

come, not only as an necessity for increasing renewable 

generation, but also as a solution to reduce losses, costs and 

inefficiencies (Mezouar, El Afia, & Chiheb, 2016). 

The predominant conventional power grid, usually focussed 

on big centralized power plants generating energy to a large 

group of passive consumers, is changing to adapt to the new 

reality/complexity created, and this new model is the well-

known Smart Grid. Smart grid is defined by (2016) as 

“a generation, transmission and distribution system equipped 

with a two-way communication system controlled by the 

grid operator”. In that way, one of Smart Grid’s purpose is to 

reduce stress and strengthen the power grid. One way to do 

that is by balancing supply and demand and avoid overload 

the power grid through Demand Response (DR) programs. In 

order to do that, some decision-making support system have 

been created to help evaluating performance and giving 

feedback. However, key performance indicators (KPI) can 

lead to a faster and more focused analysis, they provide on 

time information and are very graphical, which leads to faster 

analysis and decision making and lower margin for error or 

miss understanding.  

KPI are the most relevant variables to be measured in order to 

assess the success of a strategy or a management process, 

which means, the effectivity to reach the expected goals. 

In that context, a managing and controlling tool is proposed 

in the present paper to help evaluating end users’ 

performance and facilitate the decision-making process. The 

creation and testing of an energy management and controlling 

tool was thought to assist electricity end users to make their 

decision to change consumption pattern in a DR scenario 

while using a simple, visual and effective method, KPI. 

This paper is organized in five sections. The first one is the 

introduction, followed by a concise literature review; section 

3 presents the methodology, section 4 results and discussion 

and, finally, section 5 presents the conclusions of this study. 

2. LITERATURE REVIEW 

Demand response is defined by Albadi and El-Saadany 

(2008) as the changes performed by end-user electricity 

consumers that occur as consequence of changes in electricity 

prices over time or as the decrease in electricity consumption 

as a result of incentive payments. Which means, end users 

intentionally changing their consumption patter (time, 

instantaneous demand or total consumption). There are three 

general actions (Albadi & El-Saadany, 2008): 

1. Reduction of electricity consumption during peak time 

while keeping same consumption during off peak periods: 

a. Prices during peak time are higher; 

b. Implies temporary reduction of comfort. 

2. Shifting demand from peak to off-peak periods: 

a. There is no loss of comfort; 

b. For residential customers, there is no cost in the action. 

3. Generating completely or partially their own energy: 

a. None or little change in previous consume pattern. 
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Based on that, consumers can reduce their comfort, which 

can be associated with a gain that compensate the comfort 

loss; shift their demand, which is associated with a change in 

habits/routine/schedule; or 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 is an intentional change that 

consumers make in their own behaviour in order to reduce 

electricity use, and considering that this change can happen in 

different ways, it is necessary some measurements to analyse 

the results of the DR program, i.e. how the consumers are 

willing to change their behaviour. 

In order to help final consumers to make better-informed 

changes in their pattern to balance demand and supply, 

reduce the stress of the grid and reduce their own costs, a set 

of KPI was created to work as an energy management and 

controlling tool. KPI are a visual/graphic tool that allow clear 

and fast asses to information, reduce the time and increase the 

number and effectivity of responses. KPI have  already been 

used in some projects to assess energy efficiency in smart 

grid scenarios (Fadhel Khelifa & Jelassi, 2016; Hussain, 

Gabbar, Musharavati, & Pokharel, 2013; May, Taisch, & 

Kelly, 2013; Rasam, Hanif, Samad, & Hadi, 2013; Sanz et 

al., 2015) and  it is proven to be a reliable approach that 

provides decision support to stakeholders. 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. 

Considering that the goal of this research was to create and 

test a managing and controlling tool for end users to make 

their decision to change consumption pattern in a DR 

scenario, analyse their predominant type of change and test it 

with a group of real end-users was fundamental for the 

success of this research. 

3. METHODOLOGY 

This work is a continuity of (Silva et al. (2019) research on 

how aggregation can influence the 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 Incentive-based 

Demand Response Program. That means the only response 

actions available are to reduce electricity consumption or to 

shift the original demand.  Furthermore, it used two periods 

of analysis, the first one corresponds to the consumption 

before DR implementation and the second one, after 

implementation. 

Considering the interactions between this research and (Silva, 

Faria and Vale, 2019), Figure 1 presents the overview of the 

proposed methodology. 

 

Fig. 1. Overview on proposed methodology 

For the KPI, as it intends to measure the performance of each 

demand response goal, show if the current strategy is 

bringing the expected results and access how the variables are 

evolving through time, a set of 12 KPI distributed in four 

groups of interest were created. They are organized as in 

Table 1. 

Table 1.  KPI per interest group 

Interest Group KPI 

Efficiency 

Total Energy Consumption 

Maximum Consumption per Period 

Maximum Daily Consumption 

Peak Load Duration 

DR Impact 

Change in Total Consumption 

Change in Consumption during Peak 

Periods 

Change in Consumption during Off-Peak 

Periods 

Customer Response Action 

Uncertainty Power Deviation 

Financial 

Benefits 

Self-Elasticity 

Self-Elasticity – Negative % 

Correlation Between Cost and Demand 
 

Each KPI is described in the following sub-sections. Some 

were previously used and can be found in (Fadhel & Jelassi, 

2016; Thanos et al., 2013) 

2.1  Efficiency 

KPI from efficiency group are related to attend customer’s 

necessities and to describe demand critical aspects. 

The first KPI, Total Energy Consumption, represents the 

energy consumed during a period of time and can be 

expressed by equation 1. 
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            (1) 

where 

E – energy consumption 

 (t) – power delivered 

 – inicial time period 

 – final time period 

Maximum Consumption per Period corresponds to the 

maximum consumption during each period of the day. It 

calculates the peak demand and returns a visual 

representation of its curve. This KPI is represented by 

equation 2. 

  (2) 

Its goal is to help the end consumer to understand its pattern 

and to make decisions to shift the demand to periods with 

smaller energy costs. 

The third KPI, Maximum Daily Consumption, correspond to 

the daily load energy consumption and can be expressed as 

 (3) 

considering the time interval of a day. 

The last one, Peak Load Duration, gives an overview of the 

duration of the peak consumption for a customer. To 

calculate this KPI it is used a statistic analysis based on the 

peak consumption and the load behaviour. This KPI can be 

represented as in equation 4. 

  (4) 

where 

 - correspond to the load consumption during each 

time interval ti. 

2.2  DR Impact 

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. 

The first KPI of the second group is Change in Total 

Consumption and can be defined as the change considering 

the periods before (orig.consumption) and after  

(new.consumption) implementation. 

        (5) 

 

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. 

(6) 

And Change in Consumption during Off-Peak Periods 

correspond to all periods that were excluded in the previous 

KPI, also analysing periods before 

(orig.offpeak.consumption) and after  

(new.offpeak.consumption) implementation. 

 

(7) 

The last KPI in DR Impact group is Customer Response 

Action, which measures the change in consumption per 

period comparing the periods before and after DR 

implementation and return the more frequent behaviour of 

each consumer, comfort loss (decrease in total energy 

consumption) or demand shift (decrease in energy 

consumption during a period of the day with no or minimal 

change in consumption considering the entire day). 

2.3  Uncertainty 

This group has only one KPI, which is Power Deviation and 

represents the error or variability in customer demand during 

a day. Smaller values indicate smother load curve and smaller 

uncertainty. 

  (8) 

where 

p(t) – power consumption during period of time t 

 - average power consumption during the period (tf – ti) 

2.4  Financial Benefits 

The last group measures the gain and the cost-demand 

dependency. 

The first KPI, Self-Elasticity, represents end users demand 

sensitivity to changes in electricity price. 

    (9) 

where  

δe - demand change  

δp price change 

Considering that consumption should decrease as the 

electricity cost increase and increase or remain constant as 

the cost decrease the Self-Elasticity should always be a 

negative value. However, during the analysis it was noticed 

that the majority of self-elasticity values were positive, 

meaning that demand is not strongly influenced by changes in 

price. In order to re-evaluate this fact a new KPI was 

introduced, Self-Elasticity – Negative %, which measures the 

amount of demand and cost variation that respect that 

premise. 
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The Correlation Between Cost and Demand correspond to the 

correlation coefficient between cost and before DR demand, 

cost and after DR demand and cost and measured change in 

demand. The results for each of these KPI that was obtained 

during the test analysis can be found in section 4. 

4. RESULTS AND DISCUSSION 

A sample composed by 20 consumers were subjected to the 

management and controlling tool with all the 12 KPI 

presented in section 3. The sample data were collected with a 

time interval of 15 minutes and, for the analysis, were used 

four time frames, Weekdays (WD), Saturday (Sat), Sunday 

(Sun) and Whole Week (WW), this difference is due to costs 

variability, 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 (Silva et al., 2019) 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. Fig. 2 presents the main information 

generated after analysis, which is used to create the visual 

feedback for end-users. It is an example of the summary 

provided for each KPI with necessary information to analyse 

the DR performance for each consumer. Fig. 3 presents the 

result for KPI change in consumption patter for customer C1.  
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Fig. 3. DR impact - C1 Change in Consumption 

Not only C1 customer, but 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. 

Fig. 4 presents the correlation between cost and demand for 

C8 and C15. The Financial Benefit KPI didn’t show a strong 

correlation between demand and electricity price, in fact, the 

Self-Elasticity, which should be a negative value, is majority 

positive for all changes in electricity price. Which means that, 

for the 20 customers analysed in this test, the decrease in 

electricity consumption is not a result of an increase in price. 

 

Fig. 4. Financial Benefit – (a) C8 and (b) C15 Change in 

Consumption 

However, all sample elements have an almost zero 

correlation coefficient on Sundays, which was expected as 

there is no variation in price during this period. Another 

interesting result is that the correlation coefficient before DR 

implementation and after DR implementation are very 

similar, which causes an overlap in the graphics of Fig. 4. 

Fig. 5 presents the uncertainty result for C1. For customer C1 

and for all other elements in the sample, uncertainty also 

presented a decrease, which means a smoother demand curve, 

even on Sundays. 

Finally, Fig. 6, Fig. 7 e Fig. 8 presents the global results for a 

hypothetical energy community composed by the 20 

consumers. Fig. 6 correspond to the DR impact, Fig. 7 to the 

correlation between demand and cost and Fig. 8 to the power 

variation in the community. 

From the community results, one can notice that the 

difference in uncertainty before and after is much smaller 

than the one presented in Fig. 5, which means that some 

consumers continue to have an accentuated peak demand 

even after DR implementation. That would be expected as the 

decrease in consumption occurred during peak and off-peak 

periods. 

Based on that, KPI showed a consistent result throughout the 

sample and presented itself as a reliable way to analyse end 

users’ performance in a DR system and also to 

indicate/highlight when results or consumers' behaviour do 

not correspond to previously established assumptions. 
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Fig. 2. Summary of the information provided for each KPI 
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Fig. 5. Uncertainty – C1 Power Deviation  

0,00

0,05

0,10

0,15

0,20

WW WD Sat Sun

C
o

n
su

m
p

ti
o

n
 

C
h

an
ge

 R
at

e

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

0,18

WW WD Sat Sun

Change in Total Consumption

Change in Consumption during Peak Periods

Change in Consumption during Off-Peak Periods  

Fig. 6. DR impact - Community Change in Consumption  
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Fig. 7. Financial Benefit – Community Change in 

Consumption  
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5. CONCLUSION 

The goal of this study was 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 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.  

However, a deeper analysis is necessary to better understand 

the price-demand behaviour and its influence in persuading 

consumers to change their behaviour in order to adapt the 

Financial Benefit KPI group. 
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