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1 Introduction  

This document describes the different subsystems and their functionality that -combined with the 
physical meters/sensors and hardware- will constitute the BENEFFICE system with the appropriate 
routines to fulfil the expected functionalities and related processing of collected data. 

Within this report, a presentation of all subsystems (sensing components, gateway, platform backend, 
mobile application, CO2 credit management system, energy disaggregation algorithm, data analytics, 
recommendation engine, green energy scheduling) is provided.  

The integration of all above mentioned subsystems will lead to the early integrated BENEFFICE 
prototype that will be described in the following deliverable D4.3: Initial version of the integrated 
system.  
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2 Demo presentation of the individual system components 

This section provides an overview of each of the different modules that are being developed as part 
of the BENEFFICE platform. Each module is described on its own subsection together with some 
screenshots of current version where available. 

2.1 Sensing components  

The sensing components consist of an energy consumption meter to be placed on the central electrical 
board of the residence, a temperature sensor to measure the indoor temperature of the residence and 
a gas consumption meter (optionally and only in a few selected users) to be placed on the gas meter 
of the residence depending on the primary heating source. A variety of sensors has been investigated 
and the final selection was performed in order to ensure that most of the cases of the pilot users will 
be accommodated. 

2.1.1 Energy consumption meter 

The Energy consumption meter will be used to measure the total electricity consumption of the 
residence. These measurements will be used by the energy disaggregation algorithm that will 
distribute the hourly consumption (KWh) to 9 clusters of devices.  

The Verbund power meter is a three phase bi-directional power meter for electricity and was selected 
as the energy consumption meter of BENEFFICE. It needs to be installed in the central electrical 
(switch) board and requires a free space of three horizontal pitches. The energy consumption data 
(measurements) will be collected from the Verbund power meter client that will be installed in the 
BENEFFICE gateway device. Communication with the BENEFFICE gateway will be established over 
the user’s home network. Then, the BENEFFICE gateway device will send the data to the BENEFFICE 
platform backend. Measured data such as active, reactive, apparent power and energy can be received 
in various formats. The standard resolution is one second but it can be easily adjusted to smaller or 
higher ones. The Verbund Power meter is shown in the figure below: 

 

Figure 1: Verbund Power Meter  
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2.1.2 Temperature/Humidity sensor  

The BENEFFICE Recommendation Engine, Data Analytics and Green Energy Scheduling modules 
require as input the indoor and outdoor temperature of the residence. For the indoor temperature a 
sensor that will measure and provide the temperature of the residence will be used as described in 
this section. The outdoor temperature will be provided by Weather API services depending on the 
location of each residence as described in Section 2.1.4.  

For all the residential users, the sensor that was finally chosen is the DS18B20 Temperature Probe. 
This sensor is going to be installed inside the gateway, it will be fully configured and it will have the 
cable/sensor hanging out of the gateway case to measure the temperature. 

 

 

Figure 2 DS18B20 Temperature Probe 

 

In addition, it was decided to use the Z-Wave Philio temperature sensor only to the few selected users 
that will have also the gas meter installed in their residencies since the gas meter also requires the Z-
wave protocol to communicate with the gateway.  
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Figure 3 Z-Wave Philio Sensor 

 

2.1.3 Gas consumption meter  

This meter is needed to measure the gas consumption related to heating in the residencies. The 
measurements will be an input for the Recommendation Engine and Data Analytics in order to 
produce recommendations and challenges related to the energy consumption focused on heating.  

The NorthQ Q-Gas Z-wave smart meter was selected for the gas consumption measurements.  

 

 

Figure 4 NorthQ Q-Gas z-wave meter 

 

2.1.4 Communication with external systems 

The BENEFFICE platform will support the communication with an external system that provides the 
weather conditions in the region of each residential house. The measurements will be an input for the 
Recommendation Engine and Data Analytics.  



 

      D4.2  Individually functional system components 

 

 

Page 10 of 28 

 

In order to obtain the outdoor temperature in the area near the residence, the OpenWeatherMap 
service which is a weather service API is going to be used. The OpenWeatherMap can provide the 
current weather, daily forecast for 16 days, and 3-hourly forecast for 5 days for more than 200,000 
cities with high geographic accuracy and more detailed forecast with precise weather model grid with 
improved degrees step.  

2.2 Gateway  

For the requirements of collecting the readings of the smart meters and sensors and sending them to 
the BENEFFICE platform Backend, a device that will act as a gateway between the sensors and 
platform backend is needed. The use of the gateway device will ensure that the local readings of the 
meters and sensors are collected and forwarded safely and securely to the platform backend.   

The RaspberryPi was selected to be used as a gateway device for the hardware part while the 
openHAB platform was selected for the software part.  

                             

Figure 5 RaspberryPi gateway device 

 

 

2.3 BENEFFICE Platform back-end  

The BENEFFICE Platform back-end is a collection of servers, databases and services that are used to 
facilitate collection, storage, processing and distribution of the BENEFFICE user profiling data and 
measurements.  

The BENEFFICE Platform back-end will have the following functions: 

 1. Communicate with the BENEFFICE gateway, retrieve the measurements and store them 

2. Provide API services to the Data consuming Applications (Data Analytics, Recommendation       

      Engine, Green Energy Scheduling, Disaggregation algorithm) 

3. Provide API services to the BENEFFICE mobile application 

4. Provide API services to the CO2 Credit Management system backend 

5. Store the BENEFFICE metadata that are not measurement related (user profiling details, 
weather information from external weather service as well as the outcomes of the Data 
Consuming applications e.g. the calculated-earned CO2 coins per user, notifications, 
recommendations and challenges as produced by the recommendation engine, etc.). 

 

2.4 BENEFFICE Mobile Application  

The BENEFICE mobile application will be the main way of communicating and interacting with the 
residential users. The user will be able to see information about his/her energy consumption, the 
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outcomes of the disaggregation algorithm and the usage patterns of certain identified clusters of 
appliances, accept or decline proposed recommendations and challenges, see the earned CO2 coins, 
energy consumption related graphs and statistics as well as monitor his/her progress in adopting a 
more energy efficient behaviour for selected time periods (daily, weekly, monthly) compared to 
himself/herself or other users. The BENEFFICE mobile application is going to be available in both iOS 
and Android.  

In Figure 6 the login screen of the mobile application is presented while in Figure 7 the home screen 
is presented. In the home screen, the user is able to see at the top his/her energy savings as well as 
the earned CO2 Coins so far. The tree will grow in order to depict the progress of the user in terms of 
adopting a more energy efficient behaviour and in relation with the “tree growth” progress bar at the 
bottom. Successfully completed challenges will award the user with not only CO2 coins but also 

badges that will be displayed on the tree. The user by pressing the  button on the right, he/she can 
visit other supporting screens namely: to the CCO2 page that redirects the user to the CO2 Credit 
Management System, to the Profile page, to the Settings page or enables the user to Logout from the 
application as presented in Figure 8.  At the bottom of the Home screen, there are links to the Energy 
(Figures 9-12), My Advisor (Figure 13) and Challenges screens (Figure 14).   

In the Energy Screen, the user can see: 

a) general information about his/her consumption and for various time periods (overview tab, 
Figure 9),  

b) the outcomes of the disaggregation algorithm  (consumption distribution among predefined 
clusters of appliances, Figures 10 and 11) 

c) Graphs with analysis of the energy consumption values (Figure 12) 

In My advisor screen, the user is able to see all messages produced by the Recommendation Engine 
(tips, notifications, recommendations and challenges, Figure 13) 

The Challenges screen (Figure 14) is dedicated to displaying the challenges to the user along with the 
CO2 Coins and Badge to be earned if the challenge is successfully completed. The user has the option 
to opt-in or out of the challenge.   
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Figure 6 Login screen of the BENEFFICE mobile application 
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Figure 7 Home Screen of the BENEFFICE mobile application 
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Figure 8 Home screen options of the BENEFFICE mobile application 
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Figure 9 Energy details screen of the BENEFFICE mobile application 
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Figure 10 Energy Disaggregation Screen of the BENEFFICE mobile application 
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Figure 11 Energy Disaggregation Details 
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Figure 12 Graph analysis of energy consumption values 
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Figure 13 My Advisor Screen of the BENEFFICE mobile application 
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Figure 14 Challenges screen of the BENEFFICE mobile application 
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2.5 CO2 Credit Management System  

The CO2 Credit Management System is the neo-bank application responsible to enable the CO2 coins 
transactions within the BENEFFICE ecosystem and the exchange of CO2 coins with Euros. BENEFFICE 
users simply by following proposed recommendations and by completing challenges will earn CO2 
coins that can be spent in the BENEFFICE ecosystem via the Neobank application. By using the CO2 
Account on a daily basis, this creates traction on the CO2 currency, and thus encourages people to 
contribute to the green cause of climate change.  

Screenshots of the CO2 Credit Management System are presented in the Figures 20-22 below. 

 

                                    

Figure 15: Home screen of the CO2 Credit Management System 
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Figure 16: Login screen of the CO2 Credit Management System 
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Figure 17: CO2 coins transactions screen of the CO2 Credit Management System 

 

2.6 Energy (electricity) disaggregation algorithm (NILM algorithm 
presentation)  

Energy disaggregation allows determining appliance-specific consumption, using merely the 
aggregate power signal of a household as input. Effective application of NILM techniques contributes 
considerably in reducing domestic electricity consumption. The benefits associated with NILM, 
nevertheless, extend beyond energy savings, and pertain to the possibility of faulty component 
identification in electrical devices, as well as event detection in individual operating loads in smart 
grids in a timely manner, which may enable an early stage preventive or reparative intervention. 

By using post processing techniques the power distribution per class of appliances, over 1-hour time 
intervals is calculated. Table 1 presents the proposed classes of appliances for the BENEFFICE project. 

Table 1 The proposed classes of appliances  

Category 1 Heating/Cooling systems 
Air-condition, Fan heater, Electric heater, Heat pump, 
Electric radiator, Oil heater 

Category 2 Water heaters & Boilers Geyser, Water Heater, Water Boiler    
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Category 3 Kitchen related appliances Bachelor griller, Oven, Microwave, Stove 

Category 4 Freezers Freezer, Refrigerator 

Category 5 Washing machines 
Cloth dryer, Dishwasher, Combo washer dryer, Washing 
machine (clothes) 

Category 6 On/Off type machines 

Electric Radio Alarm, Receivers & Amplifiers, Kettle, Rice 
cooker, Lamp (floor, wall, table), Shaver, Mobile phone 
charger, Steam Cleaner, Paper shredder, Steam cooker, Pool 
pump, Toaster, Popcorn maker, Trimmer, Radio, Waffle 
maker 

Category 7 Finite state machines 
Air ionizer, Fan, Air purifier, Hair dryer, Attic fan, Hair Iron, 
Ceiling fan, Humidifier, Coffee maker, Steam iron, Electric 
Iron, Vacuum Cleaner, Exhaust hood    

Category 8 Continuously variable 
devices 

Blender, Kitchen mixer, Desktop, Laptop, Domestic robot, 
PlayStation, Garbage disposal unit, Power drill, Juicer, Xbox 

Category 9 Electric vehicles Car (electric), Motorcycle (electric), Car (hybrid AND plug 
in)    

 

2.7 Data Analytics  

Data analytics technologies and techniques aim at knowledge extraction, and provide a statistical 
insight (i.e. seasonal, temporal, and at appliances’ cluster’s level) regarding the user’s behaviour. 

At first, the data analytics module targets users individually, according to their consumption patterns 
(i.e. history of disaggregation output results). Data analysis is a complex procedure, where the 
information gained per user is a combination between statistical analysis from energy disaggregation 
outcomes and information derived from external data and basic user profile information (using the 
energy disaggregation results). The Data Analytics outputs will be the peak consumption times and 
the expected duration per cluster of appliances utilization, on a 24-hour base. Additional (optional) 
outputs will be various consumption trend related metrics.  

Moreover, the user’s past consumption patterns can be used to identify trends. That is a typical 
timeseries analysis approach, allowing to quantify the change in consumption patterns, which is 
directly related to the savings calculation for a household. Two time periods are considered, for the 
calculation of energy savings: a) monthly patterns and b) weekly patterns. 

 

2.8 Recommendation Engine  

BENEFFICE’s recommendation system addresses the problem of how we can motivate a user to 
reduce energy consumption, in a meaningful way to its consumption patterns. The Recommendation 
engine exploits all available information from energy disaggregation, data analytics and behavioral 
model modules through an efficient combination, to provide targeted energy efficient tips per class of 
devices and recommendations.  
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A set of messages are customized according to various criteria and are generated per user every time 
the Recommendation Engine runs. The high priority value messages will be sent to the users first. 

The current recommendation engine module supports an additional category of messages that can be 

used to trigger challenges. Each challenge is focused on a specific user attribute, e.g. total consumption 

reduction, peak hours consumption reduction, etc.  

In the current form, the Recommendation Engine contains more than 79 core messages 
(recommendations) and 10 challenges and it can support future updates. More than 50% of these 

messages can be parameterized according to the user’s status/segment/consumption behavior. 

 

2.9 Green Energy Scheduling  

The green scheduling modules aims in allocating the appliances load, so that the house owners can 
utilize any available renewable energy sources, minimizing energy consumption from the grid to the 
house.  

Green energy scheduling (GES) promotes the utilization of appliances in a household, according to a 
specific users’ patterns and the renewable energy production. The core idea lies in sources 
reallocation using a variety of algorithms as greedy algorithms, dynamic programming, convex 
programming, maximum flows, and other techniques. 

Given a set of tasks that has to be done during a day (e.g. cooking, laundry, vacuum, etc.) the green 
energy scheduling tries to minimize operational overlaps, which result in consumption peaks, 
ensuring that the energy demand is covered using the existing renewable energy sources. 

Below the screens of the application’s testing environment with simulated data are presented.  

 

 

Figure 18: User Registration to simulated (for testing purposes) GES environment 
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Figure 19:  User Login to simulated (for testing purposes) GES environment 

 

 

 

 

Figure 20:  Appliance name selection using the simulated (for testing purposes) GES 
environment  
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Figure 21: Appliance addition, removal and parameter initialization to the simulated GES (for 
testing purposes) environment 

 

 

 

 

Figure 22:  Module output of the simulated (for testing purposes) GES environment 
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3 Conclusions  

Following the presentation of the individual functional system components, it should be noted that at 
the current stage, where the development of individual components has been finalised, their 
functional prototypes are completed.  

The presented deliverable D4.2 indicates that the separate modules are implemented with their full 
functionalities and are ready to be integrated and form the early BENEFFICE platform.  

 


