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EXECUTIVE SUMMARY 

The methodologies for user energy profiling and user energy efficiency evaluation are presented in this report,  

highlighting the innovative aspects of the InBetween platform. These energy use profiles consider not only the 

total energy consumption or average daily consumption, but also normalize it to the number of people who use 

the building or house, and to the heated area. This allows the provision of more accurate and meaningful 

comparisons to users and energy managers alike. Fair comparisons and meaningful information on consumption 

not only increase user awareness to their consumption but are key for user engagement. The energy efficiency 

evaluation methodology presented in this report will allow for the measurement and evaluation of the 

InBetween innovative platform’s impact on actual energy performances. 
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1 INTRODUCTION  

In this report we present various categories of user profiles. The profiles are built upon an analysis of the 

disaggregated consumption (when available) as it was measured between Nov 2018 until May 2019 in the 

project’s two demo sites. Electricity consumption together with the non-energy data collected in the survey 

allowed us to provide more user-centric profiles. This in turn allowed us to compare and cluster users according 

to their profiles. Later in the project, when the NILM platform is fully developed and all the sensors constantly 

sending data, we will be able to add other profiles.  

In addition, we outline here a methodology for benchmarking users to allow a fair comparison between users 

energy use and later between level of demand reductions and energy saving. Fair comparisons and meaningful 

information on consumption not only increase user awareness to their consumption but are also key for user 

engagement. 

This benchmarking methodology together with the various profiles will enable us to evaluate the effectiveness 

of the platform.  

The profiles will be used to target inefficient behaviour and to examine the effectiveness of the interventions. 

For example, we will be able to see if inefficient households that used the InBetwen app improved their 

efficiency. 

The report presents the set of indicators, the insight they generate and how these contribute to the InBetween 

app promoting and enabling energy and money saving actions. 

2 PROFILES 

Each user is characterized by various indicators on a monthly (average and total consumption) basis between 

November 2018 and May 2019 (when data is available). The reason for the monthly aggregation is that during 

the months of November through May, temperatures changed dramatically, and because a significant share of 

the electricity in VIL is used for space heating, energy consumption changes between the months accordingly.  

2.1 INDICATORS, INSIGHTS AND ACTION 

For the purpose of energy savings, we profile users according to the below eight groups of indicators. This set of 

indicators measures various aspects of consumption for the entire household/building. For a number of them, 

we have presented in per capita and per heated area units as while total consumption by itself is important, it 

can be misleading when comparing to others. Hence, the per capita and per heated area benchmarks are 

provided as well to enable a fair comparison. 

 

01: Average daily consumption for entire household, per capita, and per heated area. 

02: Average week days/weekends daily consumption for entire household, per capita, and per heated area 

03: Average work hours (9-17h) Mon-Friday/non-working hours (0-9h, 17-24h) Mon-Fri consumption for entire 

household, per capita, and per heated area. 

04: Average peak (08:00-23:59) Mon-Fri/Off peak1 (00:00-07:59) Mon-Fri daily consumption for entire 

household, per capita, and per heated area.  

05: Average Consumption during PV production/non-production hours for entire household, per capita, and 

per heated area. 

06: Use of a washing machine in peak /off-peak hours. 

                                                           
1 Note that as we adopt a user-centric approach, our reference for peak/off peak hours is the ToU tariff structure (high and low tariff) in VIL and NOT the 

electricity grid requirement. Peak and off-peak hours vary between utilities and countries.    
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07: Use of a DHW heater (boiler) in peak /off-peak hours. 

08: Use of heating (radiator) when indoor temp is greater than 21°C or 23°C. 

 

Note that we only refer here to energy saving options and not to the non-energy benefits, such as level of CO2 

etc. In the future, when all sensors are sending on a constant basis data, we will also be examining the following 

aspects: 

 

09: Use of heating (radiator) when the room is not occupied.  

10: Levels of VOC in rooms. 

 

These indicators provide insights regarding energy consumption and energy anomalies, and they point at savings 

opportunities. These, in turn, will be used for sending tailored alerts, advice (or automation) as described below 

and summarized in table 1 below.  

2.1.1 Entire household, total, per capita, and per heated area consumption 

 

Indicator: This set of indicators measures the average daily consumption for the entire household, per capita, 

and per heated area. The total consumption by itself can be misleading when compared to others. Hence, the 

per capita and per heated area benchmarks are provided too, to enable a fair comparison. 

 

Insights: This set of indicators allows to see changes in the household consumption throughout the year, with 

the changing weather conditions (and therefore the need for heating), and holidays. It also allows a fair 

comparison between households’ and buildings’ energy consumption. The comparison between non-residential 

buildings is more complicated due to the differing usage. However, it still allows a comparison between months.   

The comparison highlights high consumption that can be targeted with automation control or with generic 

/specific advice. It will also be used to detect anomalies, for example a sharp increase in monthly consumption. 

In addition, it serves as a benchmark to evaluate future savings. 

 

Action: The app will provide information to users about their consumption compared to others (per capita/ 

heated area). High energy consumers will receive tailored / generic energy saving advice. Alerts about anomalies 

will be sent. 

2.1.2 Consumption during weekdays/weekends 

 

Indicators: Consumption changes between weekdays and weekends. This set of indicators provides information 

about average weekday / weekend consumption for the entire household, per capita, and per heated area. For 

the non-residential building this set of indicators is important because many of them operate mostly during 

weekdays. For the residential buildings, it is important for households in which during weekdays the residents 

are away for several hours (school, work) and are present during weekends. This set of indicators provides 

information about these patterns and changes.  

 

Insights: The indicators allow us to follow and better understand patterns of household / building weekday and 

weekend consumption. Accordingly, they can reveal anomalies such as high weekend consumption in non-

residential buildings in which no activities take place during weekends (e.g., schools).  In the future, coupled with 

motion sensors, it will allow the detection of high consumption during weekdays when the house is not 

populated.  
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Action: The app will provide comparative information about consumption during weekdays / weekends that will 

increase users' awareness to their consumption patterns in reference to others. The app will send tailored alerts 

about an unusual weekday or weekend consumption patterns. When applicable, the app will allow remote 

management of appliances.   

2.1.3 Consumption during working hours / non-working hours 

 

Indicators: In both the residential and non-residential buildings, consumption changes throughout the day, 

depending on the building function (e.g., school vs. gym) and on the households residents (e.g., children in 

school, employment status). This set of indicators provides information about average work hours (9-17h) Mon-

Friday/non-working hours (0-9h, 17-24h) Mon-Fri consumption for entire household, per capita, and per heated 

area during. 

Insights: This set of indicators will allow a better understanding of the patterns of household / building use and 

consumption. It will be useful in detecting non-residential consumption anomalies (e.g., high electricity 

consumption in office building / school during non-working hours), as well as households in which per capita 

consumption during working hours is very high.  Additionally, it will be useful for identifying opportunities for 

load shifting according to usage patterns. 

Action: The app will provide comparative information about consumption during working / non-working hours 

that will increase users' awareness as to their consumption in reference to others. In the non-residential 

buildings, and when applicable, the app will send alerts or remotely turn off appliances. In the residential 

buildings and when applicable, the app will send tailored suggestions for load shifting or turn off appliances 

remotely. In addition, it will send anomaly alerts and point at possible mal-functioning equipment.   

2.1.4 Consumption during ToU peak / off peak hours (high / low tariff) 

 

Indicators: ToU tariffs are deployed in VIL and there is an economic incentive for users to use electricity during 

off-peak hours and save money. This set of indicators focuses on VIL and provides information about the average 

weekly Peak (8AM and 11.59PM) Mon-Fri/Off peak (00:00 AM and 7:59 AM) Mon-Fri daily consumption for entire 

household, per capita, and per heated area. 

 

Insights: The indicator helps identify peak and off-peak consumption and highlights opportunities for saving 

money by load shifting. It will also help detect anomalies. 

 

Action: The app will provide information about consumption during the two ToU tariffs, and increase users' 

awareness to this aspect of consumption in total and with reference to others. The app will send suggestions for 

load shifting and provide information on the money that can be saved. When applicable, it will shift demand 

remotely.  

2.1.5 Consumption during PV production/non-production hours 

 

Indicators: Most of the non-residential buildings in SON have PV systems of their rooftops, generating electricity 

when the sun is out. It would both be efficient and environmentally friendly to consume locally generated 

electricity (e.g., reducing costs, consuming zero emissions electricity and saving energy losses in transmission 

and distribution lines). This indicator provides information on the consumption of electricity during the hours in 

which the PV generates electricity.  Note that we do not have information about the actual generation, thus we 

use other proxies for PV generation (presented in Table 4). 
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Insights: This indicator helps to identify consumption that takes place while local electricity is being produced 

and while it is not being producing. This in turn helps to detect loads that can be shifted to better match PV 

generation.  

 

Action: The app will provide information about consumption during PV production/non-production hours, thus 

increasing users’ and building energy managers' awareness to consumption in reference to renewable 

generation. The app will send advice or (when applicable) remotely turn on/off appliances according to the PV 

generation. If applicable, the app will also provide information about the environmental impact of using local 

electricity, such as emissions saved.  

2.1.6 Use of a washing machine during ToU peak and off-peak hours 

 

Indicators: One specific appliance where consumption is directly monitored in several households/buildings in 

VIL is the washing machine. This indicator provides information about the time in which the washing machine is 

working with references to peak or off-peak hours according to the ToU tariff.  

 

Insights: This indicator highlights patterns of washing machine use and helps identify opportunities to save 

money by changing the washing machine time of use. 

 

Action: The app will provide information about washing machine energy consumption, thus increasing users’ 

awareness to consumption in reference to peak and off peak tariffs. The app will send suggestions to change the 

washing machine time of use and when applicable, information on the money that can be saved by changing the 

time of use. 

2.1.7 Use of a DHW heater (boiler) during ToU peak and off-peak hours 

 

Indicators: In VIL, all the Domestic Hot Water (DHW) heater boilers run on electricity and their consumption is 

directly monitored. The DHW heater default setting is to work during Off Peak hours. This indicator provides 

information about the time in which the DHW is working with references to peak or off-peak hours according to 

the ToU tariff.  

 

Insights: This indicator highlights patterns of DHW heater operation and helps identify opportunities to save 

money by making sure that the DHW is indeed operating during off Peak hours. It will also help to identify 

anomalies, such as high consumption.  

 

Action: The app will provide information about the DHW heater use, thus increasing users’ awareness to  

consumption with a reference to peak and off peak tariffs. The app will send suggestions for changing the DHW 

heater settings and information on the money that can be saved by changing the time of operation.  It will also 

send alerts on anomalies. 

2.1.8   Use of heating system and indoor temperature  

Indicators: One important aspect which the InBetween project puts forward is users' comfort. This indicator 

focuses on thermal comfort. It provides information about the use of electric heating while the indoor 

temperature is greater than 21°C (or greater than 23°C in some cases).  Our assumption is that thermal comfort 
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varies with gender, age and other parameters. It is likely that the heater will be used when the indoor 

temperature is lower than 21°C (and in some cases lower than 23°C).  

Insights: The indicator helps to understand thermal comfort and draw preference profiles for each household or 

building usage. It also highlights opportunities to save energy while keeping indoor temperature in the comfort 

zone. 

Action: The app will provide information about the operation patterns of the heating systems, thus increasing 

users’ awareness to consumption in reference to temperature and thermal comfort. The app will send alerts 

when the temperature is above 21°C or 23°C (depending on comfort). It will highlight opportunities to save 

energy and money. When applicable, it will remotely control the heating system. In the future, when data about 

occupancy is available from sensors, the app will send information about heating systems operating when rooms 

/ house is not occupied. 

Table 1 Summary of indicators, insights and engagement opportunities  

 Parameter / indicator Insights  Engagement   

01 Average daily consumption for 

entire household, per capita, and 

per heated area. 

Allows a comparison between hh and 

identifies high consumption that can be 

targeted with automation or advice.  

Detects anomalies. 
Serves as a benchmark to evaluate future 

savings 

Information about user 

consumption compared to 

others.  

Provides tailored and generic 

energy saving advice. 
Send anomalies alerts. 

02 Average weekdays/weekends daily 

consumption for entire household, 

per capita, and per heated area 

Understand patterns of household / building 

consumption. 

Detects anomalies such as high weekend 

consumption in non-res buildings in which 

no activities take place during weekends 

(e.g., schools). 

Send tailored massages about 

an unusual consumption 

patterns. 
When applicable, remotely 

manage appliances.  
Send anomalies alerts. 

03 Average work hours (9-17h) Mon-

Friday/non-working hours (0-9h, 

17-24h) Mon-Fri consumption for 

entire household, per capita, and 

per heated area. 

Understand patterns of household / building 

use and consumption. 
Identify opportunities for load shifting 

according to usage patterns. 
Detect consumption anomalies. 

Send suggestions for load 

shifting.  
When applicable shift 

remotely. 
Send anomalies alerts.  

04 Average weak Peak (8:00-23:59) 

Mon-Fri/Off peak (00:00-7:59) 

Mon-Fri daily consumption for 

entire household, per capita, and 

per heated area. 

Identify peak and off-peak consumption and 

opportunities to save money by load 

shifting. 

Send suggestions for load 

shifting + information on the 

money that can be saved.   
When applicable shift 

remotely. 
05 Average consumption during PV 

production/non-production hours 

for entire household, per capita, 

and per heated area. 

For SON – identify loads that can be shifted 

to better match PV generation. 

Send advice or (when 

applicable) remotely turn 

on/off appliances  

06 Use of a washing machine in peak 

/off-peak hours 
Identify opportunities to save money by 

changing the washing machine time of use. 
Send suggestions for load 

shifting + information on the 

money that csn be saved.   

07 Use of a DHW heater (boiler) in 

peak /off-peak hours. 
Identify opportunities to save money by 

changing the operation hour of DHW. 

Detect anomalies.   

Send suggestions for load 

shifting + information on the 

money that could be saved.  
Send alerts on anomalies.   
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08 Use of heating (radiator) when 

indoor temp is greater than 21°C 

or 23°C 

Identify energy that can be saved by 

changing  thermostat (or equivalent) setting 

while not effecting thermal comfort.  

Send alerts when temperature 

is above 21°C or 23°C 

(depending on comfort). 

Suggest opportunities to save 

energy and money. 
Remotely control heating 

(when applicable). 

 

3 STATISTICAL ANALYSIS AND VISUALIZATION OF ENERGY USE  

This section provides a visual representation of a statistical data set extracted from the measurements collected 

in the InfluxDB NoSQL timeseries IoT database combined with weather data from MySQL weather data 

designated to the InBetween project for both SON and VIL pilot sites.  

3.1 DATA DESCRIPTION 

As the InfluxDB holds on-change measurements from IoT sensors from the pilot sites, meaning that it stores 

values when sensors report a change in values, the first step required for statistical data extraction was to 

resample the data to obtain evenly spaced measurements separated by exactly one hour of time. To maintain 

compatibility with weather data, it too was resampled with the same sample rate. However, since the WeatherBit 

service sometimes reports duplicate observations at the same timestamp but can also skip some timestamps, 

weather data was interpolated using the following two rules: all duplicates that occur later in time than the initial 

observations are disregarded and all missing values are obtained by copying the first measurement before the 

considered timestamps. After this initial processing, statistical data was obtained for households in order to 

facilitate the depiction of data as described in the following table. Abbreviations used in these descriptions are: 
• EMI – External meter(ing) interface 
• PV – Photovoltaic(s) 
• DHW – Boiler 
• GHI – Global horizontal irradiance 

The average monthly data is given in graphs that are described as follows.  

 

Note that for simplicity we use the term household (hh) as a generic term, and refer also to the non-residential 

buildings. 
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3.1.1 Non-energy data  

Table 2 below provides non-energy information in SON and VIL from the survey. 

 

Table 2:  non-energy information 

 Code Heated area 
[m^2] 

Number  of 
residents 

How often feel 
cold in winter 
1: not at all 
5: very often 

Perception of 
ability to  shift  
demand 

SON 
Residential 

SON-B2 140 4 2 No ToU tariff 
offered SON-B6 180 3 1 

SON-B7 90 4 2 

SON-B9 149.95 5 2 

SON-B11 148 3 1 

SON-B12 142 2 3 

SON-B13 140 2 1 

SON  
Non-
residential 

SON-BA 543.2 3 2 No ToU tariff 
offered. 
PV installed on 
rooftops 

SON-BB 723 25 1 

SON-BC 395 35 1 

SON-BD 1076.18 85 1 

SON-BE 815.3 82 1 

SON-BF 1422 125 3 

VIL 
Residential  

VIL-117 46.5 2 2 no 

VIL-136 48 1 1 no 

VIL-150 65 NA (1) 0 no 

VIL-214 46.5 1 3 no 

VIL-255 68.5 1.5 2 no 

VIL-294 48 1 3 no 

VIL-318 46.5 2 3 no 

VIL-319 48 NA (1) 0 0 

VIL-421 68.5 3 5 no 

VIL-493 48 1 1 yes 

VIL-527 68.5 1 5 yes 

VIL-544 68.5 4 3 yes 

VIL-552 46.5 1 3 no 

VIL-574 87 5 3 no 

VIL-591 48 1 1 no 

VIL-633 66 3 5 no 

VIL-636 46.5 2 0 0 

VIL-729 68.5 2 3 no 

VIL-741 46.5 1 2 no 

VIL-744 65 3 4 no 

VIL-783 48 1 5 no 

VIL-882 65 NA (1) 0 0 

VIL-930 66 2 3 no 
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Table 3 provides non-energy information about the non-residential building in SON. 

Table 3: Non-residential building in SON 

SON 

Non-

resident

ial 

SON-BA SON-BB SON-BC 
SON-BD-

U1 

SON-BD-

U2 

SON-BE-

U1 

SON-BE-

U2 

SON-BF-

U1 

SON-BF-

U2 

Type 

Community 

Administrati

on, Music 

Room 

Office, 

Recepti

on, 

Events, 

Training

s 

Kindergar

den 

Element

ary 

School 

Gym 

Private 

Use - 

Resident

ial 

Commerci

al Use - 

Guesthou

se 

Private 

Use - 

Resident

ial 

Commerc

ial Use - 

Guestho

use 

People 3 10 - 25  4-54 0-30 7 7 10-45 2 3-120 

Space 2 Offices 

Recepti

on / 

Cafeteri

a 

2 Group 

Rooms 

4 Class 

Rooms 
Gym 

2 

Bedroo

ms 

12 Guest 

Rooms 

incl. 

Bathroom 

and 

Toilett 

Bedroo

m 

27 Guest  

Rooms 

 
Several 

Corridors 
Office 

Movemen

t Room 

Crafting 

Room 

Waredro

be incl. 

Toilett 

and 

Shower 

2 Kids 

Rooms 

3 

Appartme

nts 

2 Living 

Rooms 

3 

Breakfast 

Rooms 

 
4 Meeting 

Rooms 

3 

Archives 
Office  

Teachers 

Room 
  

3 Living 

Rooms 

3 Meeting 

Rooms 

Winter 

Garten / 

Office 

4 

Meeting 

Rooms 

 
Music 

Room 

6 

Toiletts 

Several 

Toiletts 

several 

Storage 

Rooms 

  Office 
4 Storage 

Rooms 
Kitchen 

Professio

nal 

Breakfast 

kitchen 

 Library  
Waredrob

e 

several 

Toiletts 
 

2 

Kitchens 

Roman 

Bath 

Bathroo

m 

33 

Toiletts 

 Archive     

3 

Bathroo

ms 

  

27 

Bathroo

ms 

         

Sauna 

and 

Steam 

Bath 

         
Cooling 

Room 
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3.1.2 Tailored Energy Indicators 

Table 4 below explains the various tailored indicators and benchmarking. 

Table 4: Tailored Energy Indicators 

Indicators 
Fig # 

Figure description 

01a 

Average daily consumption of energy for an entire household for each month. The total daily amounts of 

energy are summed up for all valid days for each household and then divided by the number of valid days. A 

valid day in this context is defined as a day in which the energy value reported by the EMI can be obtained at 

00:00 on the given day and at 00:00 on the next day. 

01b 

Average daily consumption of energy per habitant for each month. The total daily amounts of energy are 

summed up for all valid days for each household and then divided by the product between the number of valid 

days and the number of habitants as given in survey files. A valid day in this context is defined as a day in 

which the energy value reported by the EMI can be obtained at 00:00 on the given day and at 00:00 on the next 

day. 

01c 

Average daily consumption of energy per unit of heated area for each month. The total daily amounts of 

energy are summed up for all valid days for each household and then divided by the product between the 

number of valid days and the heated area value as given in survey files. A valid day in this context is defined as 

a day in which the energy value reported by the EMI can be obtained at 00:00 on the given day and at 00:00 on 

the next day. 

02a 

Average daily consumption of energy for an entire household for each month separated into energy spent 

during weekdays (Monday through Friday) and energy spent during weekends (Saturday and Sunday) 
for each month. The total daily amounts of energy, individually sorted into workday and weekend values, are 

summed up for all valid days for each household and then divided by the number of valid days for each 

individual category. A valid day in this context is defined as a day in which the energy value reported by the 

EMI can be obtained at 00:00 on the given day and at 00:00 on the next day. 

02b 

Average daily consumption of energy per habitant for each month separated into energy spent during 

weekdays (Monday through Friday) and energy spent during weekends (Saturday and Sunday) for each 

month. The total daily amounts of energy, individually sorted into workday and weekend values, are summed 

up for all valid days for each household and then divided by the product between the number of valid days for 

each individual category and the number of habitants as given in survey files. A valid day in this context is 

defined as a day in which the energy value reported by the EMI can be obtained at 00:00 on the given day and 

at 00:00 on the next day. 

02c 

Average daily consumption of energy per unit of heated area for each month separated into energy spent 

during weekdays (Monday through Friday) and energy spent during weekends (Saturday and Sunday) 

for each month. The total daily amounts of energy, individually sorted into workday and weekend values, are 

summed up for all valid days for each household and then divided by the product between the number of valid 

days for each individual category and the heated area value as given in survey files. A valid day in this context 

is defined as a day in which the energy value reported by the EMI can be obtained at 00:00 on the given day 

and at 00:00 on the next day. 

03a 

Average daily consumption of energy for an entire household for each month separated into energy spent 

during working hours (9-17h Monday through Friday) and non-working hours (0-9h and 17-24h 

Monday through Friday) for each month. The total daily amounts of energy, individually sorted into 

working and non-working values, are summed up for all valid days for each household and then divided by the 

number of valid days for each individual category. A valid day in this context is defined as a day in which the 

energy value reported by the EMI can be obtained at 00:00, 09:00, 17:00 and 00:00 on the next day. 

03b 

Average daily consumption of energy per habitant for each month separated into energy spent during 

working hours (9-17h Monday through Friday) and non-working hours (0-9h and 17-24h Monday 

through Friday) for each month. The total daily amounts of energy, individually sorted into working and 

non-working values, are summed up for all valid days for each household and then divided by the product 

between the number of valid days for each individual category and the heated area value as given in survey 
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files. A valid day in this context is defined as a day in which the energy value reported by the EMI can be 

obtained at 00:00, 09:00, 17:00 and 00:00 on the next day. 

03c 

Average daily consumption of energy per unit of heated area for each month separated into energy spent 

during working hours (9-17h Monday through Friday) and non-working hours (0-9h and 17-24h 

Monday through Friday) for each month. The total daily amounts of energy, individually sorted into 

working and non-working values, are summed up for all valid days for each household and then divided by the 

product between the number of valid days for each individual category and the heated area value as given in 

survey files. A valid day in this context is defined as a day in which the energy value reported by the EMI can 

be obtained at 00:00, 09:00, 17:00 and 00:00 on the next day. 

04a 

Average daily consumption of energy for an entire household for each month separated into energy spent 

during peak hours (8:00-23:59) and off-peak hours (00:00-7:59) for each month. The total daily amounts 

of energy, individually sorted into peak and off-peak values, are summed up for all valid days for each 

household and then divided by the number of valid days for each individual category. A valid day in this 

context is defined as a day in which the energy value reported by the EMI can be obtained at 00:00, 07:00, 

09:00, 17:00, 21:00 and 00:00 on the next day. 

04b 

Average daily consumption of energy per habitant for each month separated into energy spent during 

peak hours (8:00-23:59) and off-peak hours (00:00-7:59) for each month. The total daily amounts of 

energy, individually sorted into peak and off-peak values, are summed up for all valid days for each household 

and then divided by the product between the number of valid days for each individual category and the heated 

area value as given in survey files. A valid day in this context is defined as a day in which the energy value 

reported by the EMI can be obtained at 00:00, 07:00, 09:00, 17:00, 21:00 and 00:00 on the next day. 

04c 

Average daily consumption of energy per unit of heated area for each month separated into energy spent 

during peak hours (8:00-23:59) and off-peak hours (00:00-7:59) for each month. The total daily amounts 

of energy, individually sorted into peak and off-peak values, are summed up for all valid days for each 

household and then divided by the product between the number of valid days for each individual category and 

the heated area value as given in survey files. A valid day in this context is defined as a day in which the energy 

value reported by the EMI can be obtained at 00:00, 07:00, 09:00, 17:00, 21:00 and 00:00 on the next day. 

05a 

Average daily consumption of energy for an entire household for each month separated into energy spent 

during PV production hours (GHI at the considered timestamp has a non-zero value) and non-PV 
production hours (GHI at the considered timestamp has a non-zero value) for each month. The total daily 

amounts of energy, individually sorted into PV production and non-PV production values, are summed up for 

all valid days for each household and then divided by the number of valid days for each individual category. A 

valid day in this context is defined as a day in which there are 24 measurements of both energy consumption 

and GHI. 

05b 

Average daily consumption of energy per habitant for each month separated into energy spent during 

PV production hours (GHI at the considered timestamp has a non-zero value) and non-PV production 
hours (GHI at the considered timestamp has a non-zero value) for each month. The total daily amounts of 

energy, individually sorted into PV production and non-PV production values, are summed up for all valid days 

for each household and then divided by the product between the number of valid days for each individual 

category and the heated area value as given in survey files. A valid day in this context is defined as a day in 

which there are 24 measurements of both energy consumption and GHI. 

05c 

Average daily consumption of energy per unit of heated area for each month separated into energy spent 

during PV production hours (GHI at the considered timestamp has a non-zero value) and non-PV 
production hours (GHI at the considered timestamp has a non-zero value) for each month. The total daily 

amounts of energy, individually sorted into PV production and non-PV production values, are summed up for 

all valid days for each household and then divided by the product between the number of valid days for each 

individual category and the heated area value as given in survey files. A valid day in this context is defined as a 

day in which there are 24 measurements of both energy consumption and GHI. 

06a 

Ratio between average daily energy spent by a washing machine in peak and off-peak hours for each 

month. If the energy spent by a washing machine is non-zero, the total amounts of energy that is spent during 

previously defined peak hours and off-peak hours are divided. Labels associated with the x-axis provide an 

answer to the related question from the questionnaire appended to the name of the household that is being 

plotted. For example, VIL-100-no means that that household answered “no” to the question regarding load 

shifting. 
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06b 

Ratio between time when a washing machine is being used in peak and off-peak hours for each month. If 

the energy spent by a washing machine is non-zero, the total amounts of time that passes while a washing 

machine is on during previously defined peak hours and off-peak hours are divided. Labels associated with the 

x-axis provide an answer to the related question from the questionnaire appended to the name of the household 

that is being plotted. For example, VIL-100-no means that that household answered “no” to the question 

regarding load shifting. 

07a 

Ratio between average daily energy spent by a DHW heater in peak and off-peak hours for each month. 

Labels associated with the x-axis provide an answer to the related question from the questionnaire appended to 

the name of the household that is being plotted. If the energy spent by a DHW heater is non-zero, the total 

amounts of energy that is spent during previously defined peak hours and off-peak hours are divided.  

07b 

Ratio between time when a DHW heater is being used in peak and off-peak hours for each month. If the 

energy spent by a DHW heater is non-zero, the total amounts of time that passes while a DHW heater is on 

during previously defined peak hours and off-peak hours are divided. Labels associated with the x-axis provide 

an answer to the related question from the questionnaire appended to the name of the household that is being 

plotted. For example, VIL-100-no means that that household answered “no” to the question regarding load 

shifting. 

08a 

Ratio between time when at least one radiator is turned on and the average indoor temperature is 

greater than 21 degrees Celsius for each month. For each timestamp when all the radiator aggregated are 

reporting a demand greater than a given threshold (30 W), the average temperature is evaluated, and the 

appropriate time category is incremented. When each day is evaluated, the total values are divided. Labels 

associated with the x-axis provide an answer to the related question from the questionnaire appended to the 

name of the household that is being plotted. For example, VIL-100-3 means that that household answered “3” 

to the question regarding load shifting. 

08b 

Ratio between time when at least one radiator is turned on and the average indoor temperature is 

greater than 23 degrees Celsius for each month. For each timestamp when all the radiator aggregated are 

reporting a demand greater than a given threshold (30 W), the average temperature is evaluated, and the 

appropriate time category is incremented. When each day is evaluated, the total values are divided. For 

example, VIL-100-3 means that that household answered “3” to the question regarding load shifting. 

 

The total monthly data is given in graphs that are described as follows and presented in the annex (each figure 

is very similar described to its counterpart from the previous table with the substitution of the averaging 

operation with summation). Table 5 provides information about the figures presented in the report. Note that 

we only present a small number of graphs. 

 

 

3.1.3 Notes on missing data 

The tables that follow contain the aforementioned figures. Some of these figures are completely filled with 

negative (invalid) entries and therefore are removed from this presentation. The figures are assigned a 

descriptive title that alludes to the description from the tables given in this section and are also denoted with a 

corresponding month (e.g. Y19-Apr denotes April of 2019). 

 

NOTE: All given figures depict some type of energy on the y-axis. Since energy consumed cannot be negative, 

negative entries that appear on some of the following figures indicate that there is an issue with data validity. 

Reasons for the appearance of such cases can be various. For example: If the average energy consumed by an 

entire household appears negative, that indicates that there were no valid days for that concrete calculation. 

Furthermore, if negative values appear on figures that depict energy per habitant or per unit of heated area, it  

might also mean that the habitant or area information is missing from the associated csv file that was used to 

load the static parameters for each of the households. Also, some questionnaire answers have invalid values (e.g. 

0 instead of “yes/no” and 0 instead of “1/2/3/4/5”) 
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NOTE: The WeatherBit service that is in charge of obtaining weather observations that are ultimately stored in 

the MySQL database for InBetween has for some reason failed to correctly report GHI values for the SON pilot 

after a certain point in time. The following figure represents these measurements. 

 

 

4 ILLUSTRATING THE USE OF INDICATORS TO GENERATE INSIGHTS AND ACTION 

Below we use selected figures to demonstrate the usefulness of the indicators for the generation of user-centric insights 

and tailored recommendations for action. 

4.1 SON NON-RESIDENTIAL PILOT SITE 

SON-BA SON-BB SON-BC 
SON-BD-

U1 

SON-

BD-U2 

SON-BE-

U1 

SON-BE-

U2 
SON-BF-U1 SON-BF-U2 

Community 

Administration, 

Music Room 

Office, 

Reception, 

Events, 

Trainings 

Kindergarden 
Elementary 

School 
Gym 

Private Use 

- 

Residential 

Commercial 

Use - 

Guesthouse 

Private Use - 

Residential 

Commercial 

Use - 

Guesthouse 

 
Note that we use the term 'household' to refer to the building. 

The analysis below allows us to observe energy consumption behaviours which on the surface appear inefficient. To 

illustrate: 

Fig 01a below provides information on the consumption of SON-BC (school) during March, April and May. The figures show 

that consumption was significantly higher in April (95kWh) compared to March (65kWh). This is surprising and should 'raise 

a flag' for the reason that there were no school holidays in Austria during March, while there were 6 school holidays in April 

(see: https://calendar.zoznam.sk/school-enat.php). 

Figure 1 - GHI at SON pilot 
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In addition, the consumption of SON-BA (Community Administration, Music Room) changes significantly between March, April 

and May. The reduction between March and April might be due to Easter but the sharp increase in May should be further 

investigated. 

 
Fig 

# 
Figure description 

01a 
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Fig 02a provides information on consumption by weekday and weekends, and it shows that during Mar-Apr-May, 

the consumption of SON-BC on weekends was similar to weekdays. Unless the school was used for different 

activities during weekends, such consumption needs to be investigated. Fig 02a also shows that during May, 

SON-BA (Community Administration, Music Room) weekend consumption was more than 5 times higher 

compared to the other buildings.  

 

  

02a 

 

 

 

 
  

 

Fig 03a and 03c provide information about total / per capita / per heated area consumption during working hours and non-

working hours. Obviously, each building has its own working hours and accordingly, patterns of energy consumption. In both 

figures, the high consumption of SON-BC after working hours is high and needs to be investigated.  
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03a 
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03c 
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Figure 5a shows the energy consumption with references to the PV electricity production hours in March. Overall, 

in most buildings, aside from SON-BF (guesthouse) most of the consumption takes place during the PV generation 

hours.  

 

05a 

 

 
 

 

 

4.2 SON RESIDENTIAL PILOT SITE 

Fig 01a shows total consumption in March, April and May. SON-B6 seems to consume at least twice as much as all the other 

households in all months. Is it because the house is bigger? Or maybe the number of residents is higher?    

Further information is needed to determine if this high consumption is true when we consider other variables as well. The 

information provided in figures 01b and 01c shows that the consumption is high also in per capita and heated area terms. 

Assuming that SON-B6 does not use electricity for heating, this household will receive notification regarding its high 

consumption and tips for energy saving.  

 
Fig 

# 
Figure description 

01a 
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01b 
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01c 

 

 
 

 

 

Fig 02a indicated that during March approximately half of the SON-B6 and SON-B9 consumption takes place 

during weekends. SON-B11 consumption during March was twice as high in weekends compared to weekdays. 

Given that weekends are only 2/7 of the weekdays, this high consumption might indicate a consumption anomaly 

and be monitored for the following months. Fig 02b and 02C present the information in per capita and per heated 

area terms and further support the anomaly assumption.  

   

02a 
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02b 

 

 

02c 

 

 
 

 

  

 

While SON-B6 is a high consumer during the three months, the analysis reveals that the consumption pattern of 

SON-B12 changes from low consumption per heated area  in working and non-working hours in March and April, 

to a much higher consumption in May, most of it during working hours. While this might be due to changes in 

employment status, is might also point to an anomaly or to mal-functioning appliances.  
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03c 
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4.3 VIL RESIDENTIAL PILOT SITE 

Total consumption, as presented in 01a shows the impact of temperature on electricity consumption: May 

consumption is much lower as compared to previous months.  
Fig 

# 
Figure description 

01a 

 

 

 

 
 

Per resident consumption figures presented in 02b indicates that VIL-527 consumed at least two times more 

electricity compared to its neighbours in March and remains significantly higher during April and May. VIL-527 

will be notified about this.   
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01b 
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At the same time consumption per heated area, presented in 01c below, reveals that during March, VIL-150 

consumed more electricity per heated area than all other VIL residents. This may indicate a very inefficient use 

of energy.  

01c 

 

 
 

 

 

Figure 02a suggest that VIL-527 consumes more energy during weekends on a regular basis, and this pattern 

remains after we consider consumption per-capita and per heated area presented in 02b and 02c.   

02a 
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02b 

 

 
 

 

 

02c 
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Figures 03a,b,c indicate that most energy is consumed during non-working hours, suggesting that the residents 

are not at home during working hours.  

03a 
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03b 

 

 
 

 

 

03c 
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Figure 04a shows that between March and May in most households energy was consumed during peak hours. 

However, given that the off-peak hours are 00:00-07:59 this is reasonable.   

 

04a 
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When divided by number of residents (04b) and heated space (04c), this pattern of consumption becomes even 

clearer. This might imply that the opportunities for demand shifting from peak to off-peak are limited.  

 

04b 

 

 
04c  
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The use of washing machines during peak and off-peak is presented in figures 06. Here we focus on households 

who said in the survey that they cannot shift their demand, either because they already done so or due to other 

reasons. The figures examine March, where 06a suggests that most of the energy was consumed during peak 

time and 06b suggests that most households indeed used the washing machine during peak hours, aside from 

VIL-318 who used it only during off-peak.  As mentioned earlier, the off-peak hours are challenging for washing 

machine operation, not only due to the late hour but also because, as mentioned in the survey, the washing 

machine makes noises that disturb the neighbours. 

   

06a 

 

 

 

 

 
 

 

06b 
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DHW heaters are supposed to be set to operate during off-peak hours. Data presented in Fig 07a and 07b for 

February and March indicates that during these months most DHW heaters were operating during peak hours. 

This pattern needs further investigation. Notifications will be sent to the relevant households.   

 

07a 
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07b 

 
  

Figures 08a and 08b focus on thermal comfort. Here we focus on the coldest months of January and February. 

Fig 08a indicates that in Jan aside from two households (VIL-425 and VIL-783) all households operated the heating 

system when indoor temperature was 21C or lower. This was repeated in Feb with VIL-319 and VIL-421 using 

heating systems when temperatures were higher than 21C. 

Fig 08b indicates that no household used heating when indoor temperatures where higher than 23C. This implies 

that there is only limited opportunity to save energy by influencing the heating systems.  

 

08a 

 

 



 

 

D3.5–USER PROFILES  

 

InBETWEEN (GA:768776)                                                                                       35 

 

 

 
 

 

 

 

08b 
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5 ENERGY EFFICIENCY PERFORMANCE EVALUATION AND USER BENCHMARKING 

The main objective of this task was to provide a mechanism for evaluation of energy performance of the energy 

consumers at each demo site, aiming to provide fair comparison (benchmarking) between them and deliver 

overall performance ranking. Furthermore, the same mechanism enables self-assessment and comparison with 

prior energy performance for a particular energy consumer. Both aspects were considered for inducing and 

motivating a behaviour change towards more energy efficient lifestyle through unique social pressure and 

competition.  

Therefore, it was necessary to choose appropriate key performance indicators (KPIs) to be used to normalize 

consumption and reflect true energy performance adequately. Apart from the consumed energy, which is 

inevitably the most influential factor, other factors were also considered such as climate conditions, indoor 

environment requirements, number of occupants, building construction parameters, past behaviour etc. 

5.1 METHODOLOGY 

The state of the art methodologies in this field were studied through desk research through relevant scientific 

publications and, consequently, a novel improved approach was designed. The proposed performance 

evaluation methodology takes into account a weighted combination of four distinct factors to calculate the 

efficiency rating of each individual energy consumer/household. Namely, they are Data envelopment analysis 

(DEA), as a state of the art methodology, IOT data-driven machine learning consumption prediction algorithm 

(MLA), as the main novelty introduced by this approach, correlation measurement between energy 

consumption and production by renewable sources (CORR) and responsiveness to client-issued messages for 

energy conservation (RES). Therefore, efficiency ranking is given as  

 
where each �� represents independent, previously described, ranking element and �� its associated weight that 

signifies its importance. More precisely, �� depicts performance measurement relative to others according to 

DEA, �� represents performance measurement relative to previous behaviour (MLA), �� illustrates the level of 

correlation between the end user demand and its local energy production from renewable sources (CORR) and 

�� describes the level of responsiveness of the end user to the energy conservation messages coming from the 

platform (RES). 

The DEA unit provides ranking from 0% to 100% for each decision making unit DMU (household/building) in 

accordance with the ration between the distance from the origin to that DMU and the distance from the origin 

to the (in)efficiency frontier, which is a convex hull of the data, through that DMU, using linear programming. 

Therefore, considered KPIs that form the DMUs space were defined. Owing to the fact that benchmarking 

rankings are provided for each demo site, independently, the construction parameters and global outdoor 

climate parameters, such as cooling/heating degree-days, were not considered as inputs as they are the same 

for all DMUs. On the other hand, the following inputs were considered: heated area, total energy consumed, 

average occupancy for entire household/building and average absolute difference between indoor and 

outdoor temperature. 

The general idea behind the MLA factor was to provide a “derivative like” rating in terms of energy performance 

for individual households/buildings. Namely, the goal was to estimate the consumption of household based on 

the current indicators applicable to the considered household and by assuming previous behavior. This was done 

by employing suitable Machine Learning (ML) algorithm trained on data recorded previously. Finally, the ranking 

given by MLA is defined as 

�� 	 
��� ����������
���������

�, 
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where ���������� is amount predicted by MLA assuming previous behaviour over current indicators, ���������  

the actual amount of energy that is being spent for the considered timeframe and 
��� a normalization function 

that should provide limited negative values when behaving inefficiently and positive when behaving efficiently. 

Following extensive testing, Random Forest (RF) technique was employed as the most suitable ML algorithm. 

 

 

 

 

 

The CORR factor was defined to account for correlation between the consumption profile and local energy 

production from renewables, aiming to motivate consumers to “move” their consumption towards periods of 

local production and, hence, “reward” them if they manage to do so or penalize them on the contrary. However, 

due to the fact that the VIL demonstration site, whose data was used for testing the proposed method, does not 

have any renewable sources, this factor has not been implemented yet. Moreover, the RES factor can be crucial 

from a behavioural aspect, as users will be encouraged to follow the given suggestions by ranking reward. 

Nonetheless, data on users’ responsiveness is not available yet, so this part of the service will be added in the 

future. 

5.2 RESULTS 

Finally, apart from the methodology definition, the development has been done, as well. Namely, DEA and MLA 

factors were implemented in Python using available data from the VIL demonstration site. Ranking given by DEA 

is shown in Figure 2 below and Table 6 above, whilst dependence between the real consumption and one 

estimated using MLA is given in Figure 3 below.  

 

Table 5: DEA ranking for VIL pilot data 
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Our future work will be focused on dockering this module and deploying it as a service. Moreover, after some 

time MLA module will be trained with more data in order to increase its performances. Finally, a RES module will 

be integrated when necessary information on responsiveness will be available. 

6 CONCLUSIONS 

The methodologies for user energy profiling and user energy efficiency evaluation presented in this report 

highlight the innovative aspects of the InBetween platform.  The energy use profiles consider not only the total 

energy consumption or average daily consumption, but also normalize it to the number of people who use the 

building or house, and to the heated area. This allows the provision of more accurate and meaningful 

comparisons to users and energy managers alike. Fair comparisons and meaningful information on consumption 

not only increase user awareness to their consumption but are key for user engagement. 

Furthermore, in this report we present how the insights generated from the profiles can be used to engage users, 

demonstrated in several examples.    

Beyond detecting inefficient use or mal-functioning appliances, the profiles also target specific loads that can be 

shifted from peak to off-peak hours in order to save money. We focused on washing machines and DHW heaters 

based on the installed metering equipment. The analysis shows that most people in VIL use their washing 

machines during peak hours. This makes sense, given that the off-peak hours are late at night thus changing the 

time of use will negatively impact users’ comfort. However, the analysis also shows that the DHWs are operating 

during peak hours, and this needs to be tackled, as DHW operation is an ‘easy to shift’ load, and unlikely to 

negatively impact users’ comfort. 

The profiles also focus on thermal comfort, which is crucial from user perspective, and from the energy 

management point of view a load that could be tackled.  The indicators examine if the VIL residents use their 

heating system when the temperature is higher than 23C. Analysis shows that none of the monitored heaters 

were on when the indoor temperature was greater than 23C. In the future, when information from sensors on 

the presence of people in households will be available, information and insights about the operation of heating 

systems while the household is not occupied will be provided to users, with advice on energy savings. 

And last, we examined the match between electricity consumption and PV generation hours. We only applied 

this indicator to SON non-residential. In the future, when the share of electricity generated by PVs will be more 

significant, this kind of indicator will be much more important for the stability and security of the grid. 

Figure 2 - DEA ranking for VIL pilot data   Figure 3 - Dependency between the MLA 

output and the real value 
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The energy efficiency evaluation methodology presented in this report will allow the measurement and 

evaluation of the InBetween innovative platform’s impact on actual energy performances. 

 


