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0 Publishable Summary 

This deliverable summarizes WP7 monitoring process and data collection aspects in LH 

cities of the SmartEnCity project. It outlines the data collection sources and equipment 

(operational devices, surveys, databases) and data quality aspects as defined in D7.9. The 

input covers aspects from seven protocols of Energy Assessment, ICT, LCA, Mobility, Social 

Acceptance, Citizen Engagement, Economic Performance. This document covers the 

methodological aspects related to data used for the final performance estimation in D7.13. 

The document is structured by the input of the three LH cities.   
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1 Introduction  

1.1 Purpose and target group 

SmartEnCity project aims to contribute to Smart Zero CO2 cities in Europe with an extensive 

set of activities such as retrofitting of buildings and district integrated interventions, 

developing sustainable urban mobility, engaging citizens etc. The impact of these activities 

can be evaluated based on collected data from installed devices and sensors, surveying 

residents, using various databases and calculating different KPIs. Monitoring is, thus, an 

essential part of the SmartEnCity project. Previous deliverables in WP7 (e.g. D7.3, D7.4, 

D7.9) set a framework for data collection in seven different themes/protocols: Energy 

Assessment, ICT, LCA, Mobility, Social Acceptance, Citizen engagement, Economic 

Performance. In order to keep track of the data collection in every LH city, internal reporting 

was set up (see section 3).   

It was foreseen that at least two years of full set of data should be considered after the 

implementation of the activities in each LH demo site. However, the plans were greatly 

challenged by various factors such as the COVID-19 pandemic, increase of costs in the 

building and IT sector, the exit of certain company from the project, which lead to necessary 

amendments and an extension of the project time and monitoring time-period.   

In light of these challenges, the purpose of this deliverable is to document a summary of 

how the data gathering process took place in every LH city. This includes a description of 

what equipment and protocols were set up, what data was collected and how, and to give an 

overview of the data quality.   

This deliverable is targeted to all external stakeholders (other European cities, companies, 

universities, think-thanks, etc.) interested in data collection aspects of the SmartEnCity 

project. As this deliverable summarizes the main points regarding monitoring and data 

gathering, it also targeted to all internal partners who were involved in the project to have 

relevant methodological aspects documented for future purposes.  

 

1.2 Contributions of partners 

The structure for this deliverable is divided between LH cities. The responsible person from 

every LH city forwarded this task to other partners and many partners gave their input for a 

certain city. The following Table 2 depicts the main contributions from participant partners in 

the development of this deliverable structured by each LH city. 

Participant 

short name 

Contributions 

ZERO, ET, 

PLAN  
Content to sections 4.3, 5.3, 6.3, 7  

VIS, CAR  Content to sections 4.1, 5.1, 6.1  

TAR, UTAR, Content to sections 4.2, 5.2, 6.2  
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TREA, ET  

UTAR Content to sections 1, 2, 3, 7 

Table 2: Contribution of partners 

 

1.3 Relation to other activities in the project 

The following Table 3 depicts the main relationship of this deliverable to other activities (or 

deliverables) developed within the SmartEnCity project and that should be considered along 

with this document for further understanding of its contents. 

Deliverable 

Number 

Contributions 

D3.1, D4.1, 

D5.1 and 

D3.2, D4.2, 

D5.2 

City diagnosis and baseline have been described in D3.1, D4.1 and D5.1 

by each LH city (input for sections 11.1.8, 11.2.8 and 11.3.8), and baseline 

calculations that are presented in integrated planning reports before the 

interventions start for every LH city (D3.2, D4.2 and D5.2).  

D7.1, D7.2  D7.1 KPIs Definition for Pre-intervention Data Collection and D7.2 KPIs 

Definition for information.  

D7.3  D7.3 SmartEnCity Evaluation Protocols compiles the holistic methodology 

developed for the evaluation of the performance of the interventions 

carried out in the three LH cities participating in the SmartEnCity project. 

This methodology consists of seven protocols where each protocol covers 

the description of the objectives to be evaluated and the methods to be 

applied. These are represented by a set of KPIs which will be used as tool 

to quantify the results reached after the execution of the interventions and 

actions. Specific procedures are described for each city and further 

advanced in this deliverable regarding data quality.  

D7.4  D7.4 City Impact Evaluation Procedure defines the procedure proposed for 

the estimation of the impacts and performance of the actions at a city level 

by means of high-level indicators that allow explaining the impact of the 

integrated actions. Data collection and quality procedures advanced here 

related to impact measurement described in D7.4.  

D7.6, D7.7, 

D7.8  

Monitoring programmes (D7.6, D7.7 and D7.8) aim at the definition of a 

comprehensive and complete monitoring program in three subthemes: 1) 

district intervention, 2) vehicle and urban mobility, and 3) integrated 

infrastructure, that define the necessary requirements for monitoring and 

metering the actions selected in these three fields.  

D7.9  Data collection approach report identifies the procedure to collect the 

information for evaluating the impacts in each city based in the protocols 

and KPIs defined in deliverable D7.3  

Table 3: Relation to other activities in the project 
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2 Objectives and expected Impact 

2.1 Objective 

WP7 aimed to create a methodological framework for the evaluation of the intervention. This 

covers the selection and customization of evaluation topics (i.e. protocols), setting up a set of 

key performance indicators (KPISs) at city level, followed by the installation of equipment and 

setting-up technical systems and finally, gathering the data that will be used as an input for 

KPIs and performance analysis. This deliverable aims to provide a summary of the 

monitoring process in every LH city, an overview of data acquisition from sensors, surveys 

and databases, and to provide an overview of the collected data quality. This covers the 

outcome of the work done in Task 7.3.   

2.2 Expected Impact 

The expected impact of this deliverable is the existence of a document that covers all the 

relevant aspects related to data collection and monitoring process, which can be used for 

future purposes in similar projects in cities. This deliverable can be used by interested parties 

who want to learn the data collection approach in the SmartEnCity project. This deliverable 

goes hand-in-hand with D7.13, which reports KPIs and analyses final performance, whereas 

the current deliverable describes the methodological aspects of data collection.  
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3 Overall methodology for data collection and data quality 
in the lighthouse cities: Internal data collection and 
evaluation reports 

All deliverables in WP7 (led by partner CAR) have progressively led to the formation of 

comprehensive framework for monitoring and data gathering. D7.3 defined thematic 

protocols (Energy Assessment, ICT, LCA, Mobility, Social Acceptance, Citizen Engagement, 

Economic Performance, City Indicators). D7.6, D7.7, D7.8 defined monitoring in three 

subthemes: 1) district intervention, 2) vehicle and urban mobility, and 3) integrated 

infrastructure. D7.9 defines KPIs across protocols in every LH city.   

In order to keep track with equipment installation and data gathering process, internal 

reporting was set-up in WP7 Task 7.3. This includes the compilation of data collection and 

evaluation reports that covered the 6-months and 7-months periods. In the data collection 

and evaluation reports, an overview of data gathering and equipment installation had to be 

reported in different thematic protocols (Table 4) in every LH city.   

Topic  
M9  
City 

diagnosis  

M18  
Baseline  

M30  M36  M42  M48  M54  M60  
  

M67  M74  M78  

Energy 
Assessment  

–  
Baseline 

estimation  
Data collected between M19–M74  

Final 
performance  

ICT  –  
Baseline 

estimation  
Data collected between M19–M74 

Final 
performance  

LCA  –  
Baseline 

estimation  
–  

Final 
performance  

Mobility  –  
Baseline 

estimation  
Data collected between M19–M74  

Final 
performance  

Social 
Acceptance  

–  –  Data collected between M19–M74 
Final 

performance  

Citizen 
Engagement  

–  –  Data collected between M19–M74 
Final 

performance  

Economic 
Performance  

–  
Baseline 

estimation  
Data collected between M19–M74  

Final 
performance  

City 
Indicators  

City 
diagnosis  

–  

Indicators related to energy assessment and 
mobility protocols need to be coordinated with data 

collection under these protocols.  
Other data collected between M19–M74  

Final 
performance  

Table 4: Protocols and time-frame for data collection internal reporting 

The input from each LH city was retrieved to generate the data collection and evaluation 

report, that described the status of IT systems set-up, installed equipment and data collection 

protocol-wise. A request to responsible person from every LH city was made (ZERO, VIS, 

TAR) who collected the input from other partners working with certain protocols (e.g. in Tartu 

Citizen Engagement protocol – IBS, Social Acceptance protocol – UTAR, ICT – ET). All the 

collected information was finally reviewed and summarized by T7.3 leader UTAR. Finalized 

reports were sent back to LH cities and uploaded to project website EMDESK. 
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4 Monitoring programmes upgrade: update on final 
physical equipment and devices used for data 
acquisition, and commissioning plans accomplished 

4.1 Vitoria-Gasteiz 

4.1.1 Monitoring programme review 

The heterogeneous nature of activities done in the SmartEnCity project implies that data 

sources and means of data collection and storage will differ. In some cases, data were 

provided by systems that included sensors or data acquisition systems that automatically 

collect data and upload it to a repository. In other cases, it resides in another system’s 

repository and simply needs to be moved or copied. Data collected by other methods such 

as questionnaires, interviews, direct observations or detailed reports and their results were 

registered in forms (digitally or on paper).  

Monitoring equipment for Energy Assessment for retrofitted dwellings are shown in Table 5. 

Variable  Definition  Meter  Location  

Building heating energy  
This variable provides the information about 
the consumption of the building related to the 
heating part of the energy.  

Heatmeter  

Output of the 
building 

substation 
(heating 
circuit)  

Dwelling heating energy  Similar to building, but at dwelling level.  

Heatmeter  Output of the 
building 

substation 
(DHW circuit)  

Building DHW energy  
Similar to the case of heating in the building, 
but for the DHW distribution circuit.  

Heatmeter  
Inlet dwelling 

(heating 
circuit)  

Dwelling DHW energy  Similar to building, at dwelling level.  Heatmeter  
Inlet dwelling 
(DHW circuit)  

Electricity  
Electricity consumption related to the 
dwelling, as well as some existing 
appliances.  

Wattmeter  
General circuit, 

appliances 
plugs  

Temperature  
For comfort conditions, the temperature 
inside the dwelling will be measured.  

Temperature 
probe  

Main room  

Outdoor temperature  
If a weather station is installed, the data are 
gathered via sensors.  

Temperature 
probe  

Roof  

Outdoor humidity  
Similar to temperature, this variable would be 
in case of installation of weather station 
physically, otherwise, see table below.  

Humidity probe  Roof  

Table 5: Monitoring equipment for Energy Assessment for retrofitted dwellings 

Other sources of relevant information are outlined in Table 6. 

Variable  Definition  Source  Type  

Energy demand  
This is the simulation result about the energy 
performance of the dwellings/buildings.  

Simulation 
engine  

CSV (or 
similar) files  

Costs/Investments  
The economic KPIs required some 
information, which is collected from bills, 

Bills  Files  
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investment plans, etc.  

Climate forecast  
For the aforementioned forecast services, 
the source of information is necessary to be 
collected.  

API  XML/JSON  

Weather conditions  
In case of weather station API, the 
information of the weather conditions is an 
external source.  

API  Rest  

Table 6: Other sources of relevant information 

In the case of dwelling monitoring, a number of ICT solutions were assessed to monitor 

energy and comfort parameters. There were certain constraints that conditioned the final 

selection of equipment. These constraints were:  

 Different electrical infrastructure was already installed in the houses (smart meters, 

electrical panels, etc.). While some dwellings already had smart meters others still used 

old meters that reduce the possibilities for connectivity. The location of those smart 

meters was also a constraint. There was a high heterogeneity among installations in the 

dwellings.  

 Legislation restricts the possibility to connect to smart meters to utilities in such a manner 

that third parties can only collect data through these institutions with previous consent 

from residents.    

 The objective was to install no invasive meters. That is, install equipment that does not 

require civil works or manipulation of other equipment such as the main electrical panel.  

 Try to install the same solution (energy-comfort) in all the dwellings/buildings.  

Having these constraints in mind, the selection of the equipment was the one represented in 

Figure 1, where the equipment is the following:  

 Energy Monitor: the energy monitor is a display that integrates the electrical energy 

measurements of several sensors (sensor clamps + mini transmitters). It is a multi-

channel device and can monitor up to 10 power sources. The monitor also gathers and 

collects data registered by the temperature sensor. The monitor is a device which 

receives real-time energy usage data from the sensors and sends 5 minutes average 

data (thus power, temperature and humidity will be calculated as the average in the 

indicated period of time) to a server by connecting with it through a modem or a 

broadband router. The measuring frequency is established to be every 5 minutes but may 

be varied.  

 Optic pulse current sensor: this sensor is the one used in most of the households as it is 

non-intrusive. It is installed in front of the smart meter and measures electricity 

consumption and production by reading the digital electricity meter’s optical impulse 

output on a digital electricity meter. The probe measures values from the electricity meter 

and gives them to the Transmitter which is connected with the probe by a cable. The 

Transmitter is attached near the electricity meter, collects the measured values from the 

probe and wirelessly sends the data to the Homebase every 6 seconds.  

 Temperature Sensor is a wireless sensor that measures the temperature of the location 

where it is placed (living room, bedroom, etc.). The sensor uses wireless technology to 

connect with the Energy Monitor and send temperature data about the location being 

measured. The Energy Monitor receives from the temperature sensor the temperature in 

Celsius degrees (ºC) (every 6 seconds). The Energy Monitor calculates the average 

temperature in Celsius degrees (ºC) for the last 5 minutes and sends that information to 

the remote server expressed as a single measurement.   
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Figure 1: Lab set up for dwelling monitoring equipment in Vitoria Gasteiz 

  

 

Figure 2: Current sensor in Vitoria Gasteiz  
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Figure 3: Dwelling monitoring infrastructure diagram 

The Home Energy Management Systems (HEMS) solution presented in the previous 

paragraphs by itself is focused on the private area of the house and requires connectivity to 

reach the monitoring platform. Additionally, the infrastructure can be used to offer 

applications and ICT solutions to the residents. The Building Energy Management System 

(BEMS) infrastructure for Vitoria included the usage of the CTI (Common 

Telecommunications Infrastructure) already available at building level to communicate the 

houses in a central point. That is, the BEMS communication system used the CTI 

infrastructure that covers from the television distribution system to the television sockets 

installed in every user’s home as seen in Figure 3. This avoided providing independent 

internet access for each of the dwellings and, consequently, reduced the cost of the 

interventions. It also provided a centralised point in the building to receive, send and share 

information, from private homes and public community places, like elevators, community light 

or heating.   
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District Heating Network monitoring equipment are explained in Table 7.   

Variable Definition Meter Location 

Generated DHW energy   

Total energy generated 
by the district heating for 
DHW feeding to the 
district.   

Heatmeter   
DHW main boiler output 
circuit   

Generated heating 
energy   

Similar as above, but for 
heating purposes.   

Heatmeter   
DHW main boiler output 
circuit   

Generated DHW energy 
by support boiler   

Total energy generated 
by the support boiler to 
cover the DHW demand 
peaks.   

Heatmeter   
DHW main boiler output 
circuit   

Generated heating 
energy by support boiler   

Similar as above, but for 
heating purposes.   

Heatmeter   
DHW main boiler output 
circuit   

Consumed fuel   

Total boilers fuel 
consumption, in terms of 
biomass (or gas if 
applicable), which is 
helpful to determine the 
performance of the 
boiler.   

Volume Meter/Counter   Boiler input   

Electricity   

Boiler and distribution 
elements electricity 
consumption for heating 
energy generation   

Wattmeter   Boiler room main cabinet   

Table 7: District Heating Network monitoring equipment 

 

Figure 4: District heating monitoring diagram 

Data collecting process for Life Cycle Analysis was carried out through an iterative process 

among partners requesting several information. The object of assessment in this case is the 

retrofitting and biomass district heating system implemented in the Vitoria-Gasteiz demo site 

to reveal the environmental impacts from different life cycle stages to compare them with the 

baseline, that is, the normal behaviour of the district functioning before SmartEnCity project. 

Data gathering was done through an Excel questionnaire, and additional data were gathered 

from official documents like the technical sheets of the materials.  
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Figure 5: Data gathering for LCA 

With regard to mobility, Smart Electric Bus (BEI), eVehicles used by partners in the demo 

area and eBikes are main actions in Vitoria-Gasteiz. In terms of monitoring, two levels of 

data are identified for Smart Electric Bus: monitoring equipment, which refers to hardware 

equipment, and other sources that provide information.  
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Variable  Definition  Meter  Location  

Speed, acceleration, 
braking, engine 
revolutions, electricity 
consumption, state of 
charge of the battery   

These variables are the 
basic ones that provide 
a proper assessment of 
driving performance. 
They are usually 
available through the 
vehicles CAN bus   

Assistance system for 
efficient driving   

Inside the bus   

Charging time, kW 
recharged in each 
charging process   

These are the basic 
variables required to 
monitor the charging 
process   

SCADA system      

CO, NOx emissions   

CO and NOx emissions 
sensors will provide a 
fair assessment of the 
actual pollution in the 
area.   

CO, NOx sensors   
Integrated in the 
assistance system for 
efficient driving   

Number of passengers   

This variable measures 
the occupancy rates. 
The installed system will 
allow more than 95% 
reliability   

Passenger counter 
system   

Inside the bus   

Abrupt turn while driving   
Unexpected and abrupt 
turning of the vehicle   

Accelerometer   
Integrated in the 
assistance system for 
efficient driving   

Table 8: Mobility monitoring 

For the electric buses there will be two main monitoring systems:  

 Assistance system for efficient driving: to monitor the buses driving performance  

 SCADA system: to monitor the charging process of the buses  

The assistance system for efficient driving is connected to the CAN bus and is able to store, 

process and send all the relevant variables which are related to the driving process every 10 

seconds. These data are downloaded at the central control system, in real time, to allow their 

analysis and the definition of real time guidelines that can lead to a more efficient driving 

process in terms of electricity consumption.  

The assistance system for efficient driving is able to generate real time alarms, and on-line 

monitoring of the vehicles is possible from the central control system. Drivers are informed 

about potential driving-related incidents, and adequate recommendations are provided. The 

ultimate goal is to achieve environmental benefits, reduce maintenance service and increase 

the comfort of passengers thanks to an improved driving experience.  

The central control system has specific software to analyse the registered data. Different 

indicators are calculated to assess the efficiency of the driving process (electricity 

consumption of different buses lines, drivers, vehicles, etc.) Moreover, this central control 

system is integrated with the Tracking and Monitoring System and thus it is possible to relate 

relevant parameters (e.g. routes, demands, types of services, etc.) to the actual costs.  

The SCADA system is able to control the whole charging infrastructure. Different screens 

show the different charging stations with the related monitored information and generated 

alarms. 

Other sources of information for mobility monitoring and indicated in Table 9.   
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Variable Definition Meter Location 

Outdoor temperature   

This variable is useful to 
assess the performance 
of electric batteries 
under different outdoor 
temperatures.   

Weather station   Fixed locations in the city   

Table 9: Mobility monitoring data sources 

eBike hub at the Municipality offices for employees is under routine operation since 2020. 

Monitored data include number of users and travelled kilometres by each of the bicycles. The 

kilometres are obtained manually from the bike's own display. In the case of eVehicles to be 

used by partners in demo area replacing those with combustion engines, only mileage data 

is available in those cases where smart chargers aren’t available.  

Social acceptance data were retrieved through a phone survey among the beneficiaries of 

the project. The questionnaire was prepared by an iterative process with involved partners 

during last reporting period. The questionnaire includes a series of 40 questions related with 

social acceptance, citizen engagement and general satisfaction.  

Citizen Engagement protocol was treated jointly with social acceptance aspects, among 

others, in a comprehensive dedicated survey. This means data were as well retrieved 

through a phone survey among the beneficiaries. Regarding this, personal data protection 

needed to be a must of the actuation and to do so, Visesa checked all the privacy 

agreements previously signed with the participants to be sure that all the required protection 

was covered by them. In addition to that, Visesa prepared and signed a new agreement with 

the consultancy firm that carried out the survey so they were able to manage correctly all 

personal and contact data that they needed to accomplish their task. By means of this, the 

privacy of the participants was completely ensured in the whole chain of this task: 

Beneficiaries – Visesa, Consultancy Firm – Beneficiaries and Visesa – Consultancy firm.  

Apart from that, surveys always remained anonymous and only aggregated and treated data 

were used to extract conclusions.  

 

 

Figure 6: Example of survey 
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Figure 7: GDPR agreement signed with consultancy in charge of the survey 

 

Figure 8: GPRD agreement signed between SmartEnCity partners and beneficiaries. 
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For evaluating Economic Performance, data collecting process was carried out during last 

reporting period by partners in and will continue until the end of the project. The collecting 

method is an iterative process among partners requesting several information regarding 

economic data. Data gathering was done through an Excel questionnaire, and additional 

data were gathered from specific interviews with partners and data from the energy 

calculations shared from the Energy assessment protocol.  

 

Figure 9: Data gathering for Economic Performance 

Many of the City Indicators are coincident with KPIs already included on the assessment 

protocols. For these cases the data are already available or being processed. For the rest of 

cases, the data will be collected along project’s last reporting period (M75 – M78). 

 

4.1.2 Monitoring equipment commissioning 

The key objective during commissioning phase is to ensure all components of the critical 

infrastructure, as well as the system as a whole, operates as intended and in accordance 

with the requirements established in the design phase. Here, the medium/long-term tests 

have to be completed according to the test plan established during the design stage.   

Additionally, several days of continuous data gathering are run with the aim of checking data 

(i.e. correctly received within the envisaged features (range, frequency, etc.)) and also the 

communication is stable and available along time.  

Besides, fine-tuning is implemented in this phase. This process takes into account the 

performance of all the system working together, therefore, some modifications/adjustments 

of the parameters could be necessary in contrast to the initial setup. Thus, the optimal 

performance is determined.  

Last but not least, lessons learnt are extracted and documented in order to support 

maintenance and further installations. Moreover, the data sheets, installation schemas, etc. 

are also documented in this stage with the objective of keeping record of the installation in 

order to facilitate the maintenance.  

Energy assessment data collection was severely influenced by COVID-19 emergency 

situation as Spain remained during a long period of time as one of the countries from the EU 

with more severe restrictions.  

Comfort data sensors deployment in the dwellings had to be stopped due to the impossibility 

of interacting with tenants during the emergency situation and until beginning of 2021. From 

that date, installation process was resumed but progressed slowly due to social distancing 
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requirements and lack of specialized staff to carry out the installation task due to labour force 

adjustment plans in some of the participating partners forced by the economic difficulties 

derived from the pandemic.  

Sensor installation was carried out in several phases. In September 2021, the third and final 

round of installations was launched. With this final effort we aimed to install the sensors in 

the remaining 40 dwellings that, due to several circumstances, couldn’t be completed in the 

previous two rounds. After this actuation, all retrofitted buildings have most of the dwellings 

monitored.  

Invoice gathering with energy consumption data. This task was finalised in September 

2021. The District Heating service start make this task unnecessary because energy 

consumption is now gathered directly from dwellings through a new optic fibre network 

deployed in parallel with district heating infrastructure. Consumption data are saved in a 

database for analysis and KPI calculation.  

VIS, in coordination with MON and CAR, compiled invoices from electricity and gas 

consumption. One example of this data is depicted on Figure 10. Moreover, aggregated data 

from Nortegas (piped gas supplier) were obtained for January 2016 to May 2021 which were 

disaggregated by year. Figure 11 shows the aggregated consumption for the first 4 years. On 

a second step, based on monthly HDD (Heating Degree Days), the year consumption was 

monthly determined (considering also the heating season) in order to establish the process 

to inject data into the CIOP.  

 

 

Figure 10: Gas consumption of one dwelling. Source: MON 
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Figure 11: Thermal consumption from the distribution network. Source: MON 

 

The team in charge of implementing and deploying the services for the CIOP met the 

commitments on time. The services are set in place and running. The CIOP was given an 

access landing page common to all services. This landing page also shows a number of high 

level KPIs. This page (http://vitoria-gasteiz.smartencity.eu) is the common entrance gate for 

the services implemented and their supporting apps. It also manages the type of audience to 

which each of the services is oriented (public, residents, service providers) and also allows 

filtering the area of interest (energy consumption, comfort, citizen support, mobility). Each of 

the services has a login service enabled so that, unless public access, authentication is 

needed to enter the service and data. 

At a dwelling level, tenants may access their respective home data and comfort analysis in a 

confidential way with a user/password access. A communication campaign was carried out to 

provide the tenants with the access credentials and show them how to access their data and 

the features the comfort app gives them. This service is already implemented and acquiring 

data.  

http://vitoria-gasteiz.smartencity.eu/
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Figure 12: Vitoria-Gasteiz CIOP landing page 
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4.2 Tartu 

4.2.1 Monitoring programme review 

In terms of monitoring, two main sources of data gathering are used: monitoring equipment 

and other sources (API-s, questionnaires, surveys etc.) that provide information.  

The Smart City platform (CIOP), created by the project partner TELIA and based on the 

Cumulocity software, is used to monitor Tartu's activities in the project. Cumulocity was the 

one to outperform other similar platforms (WP6) and was implemented as the first part of the 

City Information Platform (CIOP).  

 

Figure 13: Tartu CIOP modules 

On top of Cumulocity and other data inputs, one of the most important parts of the CIOP is 

Data Access Layer (DAL). This is a secure gatekeeper module between data producers and 

consumers. All authentications are controlled by DAL, also sharing, delegation information 

and consent management is handled in this module. These are the components to secure 

the data and ensure the GDPR compliance.   

City Portal includes two strictly separate parts - Open Data portal and My Data portal. Under 

the Open part of the portal, everyone can see, free of charge, the data that has been 

published by the city or third parties.  
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Figure 14: CIOP technical architecture 

To calculate the KPIs, some variables needed to be measured with specific monitoring 

equipment, and this has been taken into consideration in the monitoring program. These 

variables characterize the performance of retrofitted buildings, EV-chargers, EV battery re-

use, bike-sharing, biogas buses, public lighting and district heating and cooling systems.   

For bike share system, variables of “Annual number of users” and “Annual distance driven” 

characterize the performance of bike-share system. GPS data logger is installed inside the 

bicycles.  

For biogas buses, variable of “The accuracy of timekeeping for public buses” characterizes 

the performance of public transport. GPS data logger is installed inside the bus.  

For EV battery re-use, variables of “Renewable energy coming from PV that is stored in the 

batteries”, “Energy used for recharging purposes” characterize the performance of EV-

battery re-use system. Data loggers (electricity meters) are installed in electricity cabinets.  

For EV-chargers variables of “Annual number of users” and “Amount of kW recharged” 

characterize the performance of EV-chargers. Data logger is installed inside the equipment.   

Variables describing the performance of the CIOP such as “Used storage space for 

gathered data”, “The number of communication messages” and “Connected data sources 

(sensors etc.)” are calculated based on data, which is gathered from the system.    

Data related to District heating and cooling is connected with CIOP. Fortum Tartu (new 

business name “Gren”) has its remote metering system for central heating that sends daily 

heat consumption to their information system. Fortum pushes then heating data directly to 

CIOP. New cooling station stores all the data to separate Fortum system that is not 

accessible for 3rd parties due to security reasons. Monthly based data is reported by Fortum 

to city manually and then added into CIOP. Variables such as “PV-plant production”, “Energy 

used for production of heating and cooling” characterize the performance of district heating 

and cooling system. Data loggers (electricity meters) are installed in electrical cabinets.  
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During the SmartEnCity project, 321 smart lights with controllers and more than 60 different 

sensors (movement, environment, video, noise) were installed in Tartu by Cityntel. Before 

the project started, Cityntel had installed another 1000 smart lights. After integration, all 1300 

lights and sensors are reporting data to CIOP. Besides Cityntel smart lights, there is another 

smart lighting company, Gridens Technologies that has installed ~1200 smart lights – as the 

API integration had been unified before the SmartEnCity project. Now all ~2500 Tartu smart 

lights are connected into CIOP. Data loggers are installed inside the sensors.   

The smart home solution for Tartu pilot area apartment buildings ‘smartovkas’ was 

produced and installed by the company EnLife Ltd. Both wired and wireless solutions are 

installed depending on house association preference. Every house got a central server 

device which works independently but is connected to the internet to share data with CIOP. 

The role of the central device is:  

 to gather and store data from sensors and meters  

 to communicate with controllers and repeaters   

 to deliver commands to heat and ventilation system  

 to serve a web and app interface for home users  

 to exchange data with CIOP   

In addition to the central server, the signal amplifiers, controllers, radio access points, 

impulse counters, thermostats, temperature and smoke sensors, tablet computers (control 

panels) were installed. Energy use (electricity, heating, gas, water) and electricity production 

of PV-panels characterize the performance of building retrofitting activities.  

 

Figure 15: Smart home solution scheme 
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The smart home solution covers the following functionalities:  

 Heat control – apartment owner can see and regulate the room temperature from the 

control panel and/or directly on radiator thermostats  

 Ventilation control – apartment ventilation is controlled automatically based on apartment 

CO2 level, the owner can maximize or minimize the ventilation for a shorter period and 

see current CO2 concentration  

 Remote metering – apartment’s electricity, gas, and water meters are equipped with 

digital consumption readers; the consumption is displayed on the control panel and 

automatically delivered to the service provider  

 Solar production – every ‘smartovka’ has installed solar panels for its’ own small power 

station. The building will consume most of its’ produced electricity, in case of extent 

production, the rest of the electricity is sold to the grid. The production information of the 

station is displayed on the home control panel.  

 Smoke detection – every apartment gets a connected smoke detector and alarms will be 

delivered also to the mobile app and to other inhabitants  

 Other data – current date, time and outside temperature are also displayed on the control 

panel  

 Data interchange – energy consumption data is replicated to CIOP for pilot area 

monitoring  

4.2.2 Monitoring equipment commissioning 

For calculating the KPIs specific monitoring equipment is used. According to monitoring 

programme in general different energy and flowmeters are used for data gathering of 

variables. For mobility interventions GPS equipment is also used. The figure below illustrates 

the general monitoring schema in Tartu and how the monitoring system is connected to the 

CIOP.  

  

 

Figure 16: Monitoring system in Tartu 

Building retrofitting interventions require various monitoring equipment in order to perform 

control actions at building and dwelling level. As the reconstruction projects of the buildings 

were prepared by different companies, the monitoring equipment in the renovated buildings 
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is often from different manufacturers. The smart home solution was procured centrally and is 

the same in all buildings and apartments, manufactured by EnLife OU.  

The list of equipment for monitoring energy use and energy production in retrofitted buildings 

is as follows: gas meters, heat meters, electricity meters, flowmeters for hot and cold water, 

temperature thermostats, CO2 sensors. Below are the illustrations for the equipment.  

 

Figure 17: Smart Home System apartment 
unit 

 

Figure 18: CO2 sensor 

 

Figure 19: Electricity meter – apartment unit 

 

Figure 20: Electricity meter – building unit 
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Figure 21: Gas meter 

  

Figure 22: Water meter  

  

Figure 23: Heating energy meter  

  

Figure 24: Inverter – PV plant 

 

 

Figure 25: Thermostat – apartment unit 
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District heating and cooling. The block of cooling energy measuring devices is the 

measuring block of the Kamstrup 801 cooling meter (Type 67G06770N519, qp 500 m3 / h). 

The flowmeter is Siemens SITRANS FUE080, the flowmeter is Siemens SITRANS FUE080 

7me3410-3bc31-4br2-z Y17 DN400.  

The block of the heat energy measuring device for district heating is the measuring block of 

the Kamstrup 801 heat meter (Type 67G0677B1231, qp 250 m3 / h). The flow meter on this 

circuit is Kamstrup ULTRAFLOW 54 (Type 65-5-FDCN-219, DN150 PN25 dP 0.055bar).  

The electricity meter for solar panels is ISKRA MT174-D1A52R62-G22-M3K03Z, a 3-phase 

electricity meter.  

The solar panel inverters are from Solaredge SE17K, SE17K and SE25K.  

 

Figure 26: Inverters 

 

Figure 27: Electricity meter 
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Figure 28: Heat meter 

 

 Figure 29: Flowmeter 

 

The public street lighting is controlled by the controllers installed in each luminaire and 

centrally also by the cabinet controllers installed in the electrical cabinets of the street 

lighting. The luminaires communicate with the management system via controllers and 

gateways. Controllers and complex sensors are produced by Cityntel OÜ.  

 

Figure 30: Cabinet controller 

 

 

Figure 31: Environmental complex sensor  
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Figure 32: Luminaire controller  

 

 

Figure 33: Movement sensor 

 

 

In the case of EV-chargers, the main indicator is the charged electricity, which is measured 

by an electricity meter. In addition, the charger is equipped with automation from the 

manufacturer, which controls the operation of the device and allows to get information about 

other indicators: number of charges, length of charging sessions, etc.  

  

Figure 34: EV-charger 

  

Figure 35: Electricity meter of EV-charger 

 

 

GPS devices installed on bicycles and buses by manufacturers are mainly used to monitor 

mobility activities (bike-sharing, biogas buses).  
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4.3 Sonderborg 

4.3.1 Monitoring programme review 

The main change in the data collection approach was introduced in the middle of the project, 

when Sonderborg’s ICT partner (Vikingegaarden) exited the project. It was then decided to 

have ET as the new ICT partner who would implement the same ICT system as in Tartu 

called CIOP – City Information Open Platform. The Vikingegarten proprietary devices had 

to be changed to standard devices that were purchased from the open market.   

Other change that came with the CIOP change, was the open API that allows multiple data 

providers to send data to the CIOP and/or interested and validated partners to request data 

from the CIOP.  

The final equipment installed in Sonderborg is related to the energy retrofitting of the 

housing associations a part of the SEC project in the city. The main purpose of the 

equipment is described below and is referring two demo phases – Phase 1 is the originally 

planned retrofitting projects implemented 2017-2019 and Phase 2 is the solar PV and battery 

projects implemented in 2020-2021 according to the Amendment 3:   

Housing associations Phase 1: Energy efficiency measures in buildings are monitored from 

2019. Heating consumption and electricity consumption are monitored in all buildings. 

Electricity production in buildings with solar PV installed.   

Housing associations Phase 2: Solar PV and battery systems installed and monitored from 

2021. Phase 2 covers buildings additional to buildings in Phase 1.   

A list of the equipment type, main characteristics and purpose is seen in the table below.   

Equipment type Description / Main characteristics 
Purpose (EV, buses, 

housing association, etc) 

Phase 1: Gateway IMON U300  Collects all the data from local 
devices (EM24; ModBus) and send 
it to the CIOP  

For datalogging electricity 
meters  

Phase 1: Traditional electricity 
meters EM24-DIN  

Reads the buildings electricity 
consumption and where applicable 
also PV panels production  

Monitoring solar PV 
production  

Phase 1: High gain outdoor 
antenna 3G 900/2100  

To increase the GSM reception in 
the basement, external antennas 
were installed.   

Transmission of data from 
datalogger to CIOP  

Phase 1: Kamstrup Modbus 
module 67-00-67  

Reads Modbus registries in the local 
heating meters and sends the data 
to the gateway  

For transmissions of 
monitored district heating 
consumption to CIOP   

Phase 2: Solar PV + batteries: 
Huawei Sun2000 KTL inverters.  

Data monitored by the 2 inverters 
for solar PV and for batteries are 
stored in the inverters, Access to the 
data via the website for the Danish 
dealer of Huawei batteries, the 
company Photomate. Work is 
ongoing to establish connection 
from Huawei Inverters to CIOP.  

One inverter for the solar PV 
system monitors energy 
consumption in buildings and 
solar energy production from 
PV panels to the battery. 
Another inverter for batteries 
monitors distribution of the 
solar stored electricity to the 
building consumption and to 
the grid.  

Table 10: Monitoring equipment 
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Regarding GDPR aspects in connection with the monitored data of energy consumption, the 

project partners do not have access to the consumption for the individual families or 

apartments, but only the consumption for the whole housing blocks aggregating all values 

from the different apartments. 

 

4.3.2 Monitoring equipment commissioning 

After Vikingegaarden was terminated from the project, Sonderborg decided to use the same 

CIOP that was already implemented in Tartu city within SmartEnCity project. After analysing 

the Vikingegaarden installed data-loggers, it turned out to be both faster and cheaper to 

change the equipment to the Telia recommended universal loggers than to reprogram all the 

Vikingegaarden proprietary devices. Mainly the change was smooth, but during installation 

there were some issues encountered with reception of 4G that needed additional antenna 

instalments.   

After physical system upgrade, the CIOP was able to collect monitoring and third-party data 

as described in D7.9. To further automate the data collected from citizens by surveys, a new 

questionnaire module was developed into the CIOP.  

 

Figure 36. 60 kWh battery installation in the basement in SAB Department 13. 
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Figure 37. EV-charger at the court Sonderborg. 

 

Figure 38. Battery storage facility at SAB. 
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Figure 39. PV and battery systems at SAB department 22. 

 

Figure 40. PV and battery storage at SOBO department 21 with board members. 
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5 Update on other data acquisition methods: 
questionnaires and other sheets 

5.1 Vitoria-Gasteiz 

Social Acceptance and Citizen Engagement data were retrieved through a phone survey 

among the beneficiaries of the project. The questionnaire was prepared by an iterative 

process with involved partners during last reporting period.  

The communication process with the beneficiaries was carried out by an external third party 

to ensure its impartiality, fairness, neutrality and objectiveness. The questionnaire was 

announced in advance through posters (in Basque and Spanish) in each building entrance to 

maximize the results (Figure 41).  
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Dear neighbours: 

Over the next few days, as part of the accompaniment process that 

Visesa is carrying out with the consultancy firm ATARI, you will receive a 

telephone call to carry out a brief satisfaction survey on the SmartEnCity 

project in which you have participated over the last few years.  

We encourage you to participate and share your impressions with us. We 

want to collect constructive opinions that will help us to improve in the 

future and that will allow us to draw conclusions from the work carried out 

since February 2017.  

Over the next few days, we will contact you, but if you have any question, 

you can contact Maite XXXX* from ATARI CONSULTORA SOSTENIBLE 

on XXX XXX XXX*. 

To close the Accompaniment Process, ATARI will be at your disposal in 

the Aldabe Civic Centre to help you personally to solve any pending 

doubts during June 1st (from 10:30h to 13:30h) and June 2nd (from 16:30h 

to 19:30h). 

Thank you very much for your kindness and collaboration over the years! 

 *Hidden values because of privacy issues 

Figure 41. Information poster for the survey and its translation. 

The questionnaire includes a series of (maximum) 57 questions related with social 

acceptance, citizen engagement, general satisfaction and personal data. The survey was 

carried out during May 2022, from 18th to 25th. The response rate was good – 170 

questionnaires from 268 possible answers were retrieved (63,4%). 2,9% of the 

questionnaires were carried out in Basque and 97,1% in Spanish. Average length of the 

questionnaire was of 11’02’’. Longer one took 23’ and shorter one 6’. Main reported reasons 

for not answering the questionnaire were: 

▪ Rejection to answer 

▪ Erroneous contact data 

▪ Not the owner anymore, the dwelling was sold during the project. 

▪ Impossible to reach 

▪ Trust level: 95%, p=q=0,5 for total data. 

 

5.2 Tartu 

In order to measure the Social Acceptance, Citizen Engagement and satisfaction of the 

performed actions in Tartu, numerous surveys and studies have taken place.  Five studies 

(surveys and individual interviews) have been conducted and they are listed below in the 

order in which they were conducted. First survey was conducted in order to map the 

residents’ interest towards energy-efficient reconstruction of buildings in the pilot area and 

the means of communication people prefer at the very start of the project. Second, a survey 

of the residents of the pilot area was conducted before the start of the renovation to map the 

baseline (pre-reconstruction survey). Thirdly, in-person oral interviews were conducted with 

dwellers living in 8 different khrushchevka-type buildings in the pilot area. Fourth, a city-wide 
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and mobility survey was conducted as part of a bigger survey called “Tartu citizens and the 

environment”, which is regularly carried out. Fifth, the survey after the reconstruction was 

conducted (post-reconstruction survey). An initially planned focus group study (see D7.9) 

was cancelled because the topic was covered in sufficient detail in the post-reconstruction 

survey.   

In addition to these surveys, feedback sheets from every pilot area event were collected by 

partner IBS and used for internal engagement activities. Continuous media monitoring took 

place during the project. In 2016-2022, more than 220 media coverage was published in the 

national or local media channels.  

Preliminary survey of the demo area. For designing the project activities, getting an 

overview of the interest towards participating in the project and finding out which 

communication channels pilot area residents prefer, a survey was conducted in summer 

2016. The questionnaire could be filled on paper and in the website. 213 responses were 

received. The results are published in Tark Tartu website and used in an open access 

academic publication (Ahas et al 2019). The results of this survey are not used for calculating 

the KPIs.   

The preliminary survey was anonymous. The survey was sent to people by mail, and there 

were asked only the house number, which allowed to ensure people's privacy.  

 

Pre-reconstruction survey. A questionnaire survey was conducted in the pilot area of Tartu 

before retrofitting works of the apartment buildings had started. The aim of the questionnaire 

survey was to evaluate the satisfaction with indoor climate, household bills, overall 

SmartEnCity Tartu activities, and environmental awareness before the large-scale retrofitting 

works. The survey is an important input for measuring the results of SmartEnCity Tartu 

project because change in the satisfaction scores in comparison of before and after 

retrofitting helps to evaluate the impact of renovation activities from social perspective. The 

results of this survey is used for calculating the KPIs and were published in Tark Tartu 

website and used in a popular science magazine Horisont article.    

The topics of the pre-renovation survey were as follows: satisfaction with household bills, 

satisfaction with indoor climate, opinions about the SmartEnCity project, opinions about the 

environmental problems, everyday practices of tracking energy consumption, socio-

demographic background and indicators of the apartment.  

The questionnaire survey was conducted in the pilot area of SmartEnCity Tartu consisting of 

22 apartment buildings in total of 816 apartments (checked with official Building Register). 

Most of the apartments were residential but a few were also for businesses. The survey was 

conducted in March 2018 and responses collected within a 2-week period. The total 

population was comprised of apartments, i.e. max number of responses could have been 

816. One response from every apartment was expected, regardless of the age or gender of a 

respondent. The decision, who fills out the form, was up to the people living in the apartment.   

The data was collected by using paper survey and an online survey. The online survey was 

conducted in University of Tartu survey environment (www.survey.ut.ee). Paper 

questionnaire forms and filling instructions (including the webpage for online survey) were 

placed in the mailbox of each apartment. A respondent had to choose whether to answer on 

https://tarktartu.ee/kusitluse-kokkuvote/
https://link.springer.com/chapter/10.1007/978-3-030-23392-1_17
https://tarktartu.ee/wp-content/uploads/2018/05/K%c3%bcsitlusuuringu-raport-2018.pdf
https://tarktartu.ee/wp-content/uploads/2018/05/K%c3%bcsitlusuuringu-raport-2018.pdf
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paper or in the Internet. Paper survey was in Estonian and Russian, online survey was in 

Estonian, Russian, and English.  

Various measures were taken to ensure the collection, storage and processing of the data 

could be in accordance with the GDPR. The survey did not collect personal data (name, 

phone number, etc.). As the goal was to link the pre-reconstruction survey and post-

reconstruction survey answers, the ID codes for each apartment were used to ensure 

anonymity. Every apartment was assigned a random unique ID code which was listed on the 

paper survey form. It wasn`t not known exactly who answered the survey. Filled paper forms 

were asked to put in closed envelop (included to the sent survey) the apartment association’s 

mailbox where it was later collected by the chairman of the association and given to 

University of Tartu team. The answers from paper forms were then entered in the online 

survey webpage.The table with the IDs connection to the apartment numbers was kept 

separate and secure from the survey responses and it was only available to the survey 

organisers on University of Tartu. Analysis of survey responses was anonymous (there were 

no apartment numbers in the data).  The data table with survey responses was only available 

to project partners. 

To encourage more people to fill out the forms, all respondents were included in the lottery, 

where they could win either a gift token to Ahhaa Science Centre in Tartu or a LED-bulb 

collection. There was also a separate lottery for the apartment associations. The most active 

apartment association (most participants/apartments per building) won a prize.  

The interview study was conducted to understand people’s opinions, fears and motivations 

in participating the project activities. Based on the study, open access academic articles 

(Mooses et al 2022; Ahas et al 2019) were written. As the interview data is qualitative, no 

specific KPIs were calculated based on this data, however, they help to understand the 

reasons behind people’s perceptions and satisfaction scores.  Data collection method was in-

person oral interview. Interview study was conducted in two stages. In the first stage, 

interviews were conducted in 2017. Invitations to participate in the interview study were sent 

to dwellers living in 8 different khrushchevka-type buildings in the pilot area. The houses 

were chosen depending on their activity level (active or inactive) to participate in the 

SmartEnCity project and the level of previous retrofitting activities (more retrofitted, less 

retrofitted). Apartments in every building were chosen by random sampling. There were two 

waves of invitations (the second wave invitations were sent to those who had not replied in 

the first wave). The invitations were sent to the letter boxes both in Estonian and Russian. 

100 invitations were sent out to participate in the interview. The participants were offered a 

10€ gift token as a reward for participating. The invitation allowed to be interviewed in 

Estonian, Russian or English.   

In the first round 14 interviews with pilot area khrushchevka-dwellers were done, all 

participants wished the interview to be conducted in Estonian. Two interviewers carried out 

the interviews based on the interview questionnaire. Respondents were at first introduced 

about the study aim and focus. Then a consent letter describing data collection and data 

analysis procedures and confidentiality measures, were signed by the participants. 

Participants were promised full confidentiality upon publishing the study results. Interview 

questions were both closed and open-ended. In the second stage, additional 6 in-depth 

interviews were conducted in June 2019. Two additional respondents per each specific 

research category were chosen for making extra in-depth interview. Interviewees were 

dwellers from SmartEnCity Tartu project houses. Interviewees were reached through the 

https://doi.org/10.17645/up.v7i2.5020
https://link.springer.com/chapter/10.1007/978-3-030-23392-1_17
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established contacts from social innovation experiment (Housing Association Ambassadors 

program) and also by using snowball sampling (interviewees recommended their neighbors 

for interview and provided their contact information). Interview aimed at letting informants 

freely talk about their understanding and opinion towards environment, environmental views, 

consumption habits, experience and fears with technology. Interview was structured into 

three pre-given themes: (1) everyday mobility, (2) consumption behaviour and (3) domestic 

practices. At the end of the interview, also socio-demographic data was asked, such as 

gender, age, ethnicity, education, income, ownership status (owner, renter). Interviews in the 

second stage were conducted by one researcher.   

The average duration of interviews in the first stage was 60 minutes; in the second stage 1h 

and 14 minutes. Interviews were audio-recorded.  

Voice recordings from the first stage do not contain the name or the address of the 

respondent, a person was given an ID code and voice recordings were renamed according to 

this ID code. Although, there’s a chance that a respondent mentioned some information (e.g. 

address) during the interview that gives hints to his residential location or personality. Voice 

recordings, transcripts and ID codes are kept in a separate computer and external memory 

drive that can be accessed only by certain researcher with password in certain internet 

network.   

Voice recordings from the first stage were transcribed at first by using open-source web-

based speech recognition for Estonian language developed by Tallinn University of 

Technology. It is fully automated system, no one listens to the voice recordings or reads the 

transcriptions. However, it is stated that for research purpose, some parts of the randomly 

selected recordings from all uploaded recordings might be used for discovering transcription 

mistakes. Nevertheless, the probability of our audio-recordings to be picked is very small. 

After getting the transcriptions, we discovered that the transcription quality was very poor. 

Some parts of the text were missing, some sentences were merged, wording and spelling 

mistakes occurred. To enhance the readability of the text, a person was hired to check the 

spelling and wording of the transcriptions with actual voice recordings. A data agreement 

with the person was signed and she was obliged to delete all the transcriptions and voice 

recordings after handing over improved transcriptions.   

In the second stage voice recordings were transcribed by the researcher who conducted the 

interviews by using NVivo software.   

 

City-wide and mobility survey. All the KPI’s listed in D7.9 were thoroughly checked and 

discussed within Tartu engagement working group. A collective decision was reached among 

the Tartu SmartEnCity partners, that separate survey for mobility action is not feasible. 

Firstly, the KPIs outlined in D7.9 were not sufficient enough to conduct a separate survey to 

monitor mobility action. Secondly, in D7.9 it was anticipated that mobility action users will be 

reached through service providers, however, under the different data protection regulations, 

it is not possible to deliver surveys on behalf of University of Tartu (who is responsible for 

data collection in social acceptance protocol in Tartu) to bike-share users. For this reason, it 

was decided that city-wide survey and mobility action surveys are united into one survey.  

City-wide and mobility KPI questions were integrated to the periodical city-wide survey “Tartu 

citizens and the environment“ which is regularly carried out after every 5 years. City of Tartu 

orders regular surveys (conducted by a survey company) among city inhabitants based on 
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representative sample. Luckily, next survey was about to be conducted in Spring 2021 and 

we got the permission to add SmartEnCity block of questions to the survey. It is reasonable, 

because city-wide and mobility actions were finished by the time when survey data was 

collected, the sample is representative, professional survey company is hired to collect the 

data and it is possible to generalize the results to the whole city. Since a limited amount of 

space was dedicated to us in the questionnaire form, we carefully went through the initial list 

of KPIs in D7.9, and selected the most important, clear and appropriate questions to be 

included in the city-wide survey. Some KPI questions were modified for clarity and some 

were eliminated due to unclear content and for being inappropriate.   

The questions and KPIs about SmartEnCity actions in general and mobility actions in specific 

were added to the survey, which were then overlooked and modified by Tartu city and survey 

company. The survey was conducted among Tartu citizens from 8th of June to 4th of July 

2021 by a survey company. It was a combination of telephone and online survey. The ones 

who decided to opt for online survey, a web link with a specific password was sent to the 

person’s e-mail. Reminder letters were sent, when necessary. It was possible to answer in 

Estonian and Russian language. It was not possible to answer to the survey from the same 

e-mail multiple times.   

The target group for the survey were Tartu citizens aged 16 and above. The size of the 

sample was 1000 citizens. The basis of the sample was constructed based on Tartu’s 

population statistics. From the population register, a systematic random sample of Tartu 

citizens aged 16+ was taken. Unfortunately, it was not possible to retrieve the information on 

the residential districts of the people from population register. 

Professional survey company was responsible for the collection and storage of the city-wide 

survey “Tartu citizens and the environment“ data. This company transmitted the data to the 

project partners, where the respondents were anonymous. 

The aim of the post-reconstruction survey was to find out the satisfaction of the residents 

of the house with the reconstruction. The results of this survey is used for calculating KPIs 

and the results are published in popular science portal ERR Novaator and Tark Tartu 

website. The survey consisted of five thematic blocks: project satisfaction, indoor climate, 

project involvement, environmental awareness and mobility, and personal issues. The survey 

was conducted among pilot area residents from 4th to 20th of March 2022. The survey was 

sent by post to all apartments in the pilot area houses, total to 688 apartments. The survey 

could be answered both on a paper form sent by post and on the Internet in University of 

Tartu survey environment (www.survey.ut.ee; 

https://survey.ut.ee/index.php/411513?lang=en). A web link had been written on the paper 

survey sent by post. The paper forms were accompanied by a return envelope, which was 

used to return the answers to the survey organisers by regular mail. The answers from paper 

forms were then entered in the online survey webpage. It was possible to answer in 

Estonian, Russian and English language. The questionnaires were coded so that the 

answers could be linked to the apartments, and to the answers of the pre-reconstruction 

survey. We asked each apartment to answer once. We received 132 responses to the 

survey, out of which 127 could be linked to a specific apartment. One answer was excluded 

from the analysis because there were two answers per apartment, but we expected one 

answer from each apartment.   

Various measures were taken to ensure the collection, storage and processing of the data 

could be in accordance with the GDPR. The same ID codes were used in the post-

https://novaator.err.ee/1608618904/renoveeritud-hrustsovkade-elanikud-raagivad-oma-majast-uhkusega
https://tarktartu.ee/wp-content/uploads/2022/06/SmartEnCity-2022-kusitluse-kokkuvote.pdf
https://tarktartu.ee/wp-content/uploads/2022/06/SmartEnCity-2022-kusitluse-kokkuvote.pdf
http://www.survey.ut.ee/
https://survey.ut.ee/index.php/411513?lang=en


 
D7.12 – Monitoring Summary  

 
SmartEnCity - GA No. 691883 46 / 54 

 

reconstruction survey as in the pre-reconstruction survey. Every apartment was assigned a 

random unique ID code which was listed on the paper survey form. Survey forms were sent 

by mail. The survey form was accompanied by a return envelope, with which the paper 

questionnaire could be mailed to the survey organizers at the University of Tartu. When 

answering online, had to add the ID code to the answer. The answers from paper forms were 

entered in the online survey webpage. The table with the IDs connection to the apartment 

numbers was kept separate and secure from the survey responses and it was only available 

to the survey organisers on University of Tartu. Analysis of survey responses was 

anonymous (there were no apartment numbers in the data). The data table with survey 

responses was only available to project partners. 

To encourage more people to fill out the forms, all respondents were included in the lottery, 

where they could win a gift (one iPhone 8, five Xiaomi Redmi battery banks, three pairs of 

Sony wireless headphones from Telia and three Tartu bike sharing 1-year membership 

cards). The most active apartment association (most participants/apartments per building) 

won a prize worth 300 euros from gardening store.  

 

5.3 Sonderborg 

The data collected outside the sensor/logger-based data are regarding: Mobility, Social 

acceptance, Citizen engagement, LCA and Economic performance protocols. The data was 

acquired using questionnaires, surveys, interviews, Excel files and getting in contact with 

direct suppliers/owners of data.  Social Acceptance and Citizen Engagement. Resident 

surveys have been implemented as part of the SmartEnCity project. A paper-based 

questionnaire was distributed to involved resident-families in June 2019 and an online 

questionnaire was distributed in May 2022. First survey was distributed to all originally app. 

800 resident-families. Feedback received was less than 15%, the answers were coded 

manually and reported in the D5.8 report. The second survey was distributed to a larger 

population of app. 1,800 families as it also included the Amendment 2+3 extensions 

regarding PV battery systems. Almost 200 families have responded from the three housing 

associations. The change from a paper/manual-based survey to an online questionnaire has 

further implications than just technology, as also a lack of email addresses had to be 

considered. However, it was concluded that a paper-based survey would be considered too 

old-fashioned for the residents and too time-consuming for the staff implementing the survey.  

Mobility bus-data have been collected frequently as part of the D7.9 periodic reports from 

Sydtrafik (regional public transport operator) regarding reliability of arrival/departures, 

Sonderborg Municipality regarding consumption of gas and the Umove (local operating 

company) regarding km-driven.  

Charging data regarding the 24 EON EV-chargers have been collected frequently as part of 

the D7.9 periodic reports from EON.    

The input data for the LCA is a mix of general data from standard LCA databases (primarily 

Ökobau.dat) and local Sonderborg data including specific data regarding local energy 

production and supply. Data about energy production and supply in Sonderborg is gathered 

via an Excel based tool called Energy Balance. The Energy Balance is created by PLAN by 

collecting various energy data for Sonderborg from local and national stakeholders and 

results with an energy balance for the geographical territory of the municipality. After that, the 
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results are used for the LCA data reporting in regard to assessing the impact of energy 

consumption as part of the LCA perspective.   

The data for the Economic Performance is gathered from one of ZERO’s project managers 

and then is applied manually in the formulas defined in D7.9. The results will be reported in 

D7.13.  
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6 Data quality aspects 

Regarding the information coming from the different LH demo sites concerning data quality 

aspects, as a general comment, it should be noticed that some information gathered comes 

from external sources and, in these cases, the data quality surveillance is not possible, 

because it is done by external entities (the information is already pre-processed before being 

sent to the project partners). 

Subsections below describe some of the aspects taken into consideration on the quality of 

the data coming from the demos. 

 

6.1 Vitoria-Gasteiz 

Sections 4.1 and 5.1 presented the different data sources and equipment used to collect data 

for the pilot in Vitoria-Gasteiz. This section addresses how that data was commissioned in 

each domain (energy, comfort, mobility …) and level (dwelling, building, district) in order to 

assure quality of data at platform level, so applications and KPIs can function properly.  

Data is stored in the CIOP platform built for Vitoria-Gasteiz by the partners in the project. 

These partners provided the means to upload the data from different sources. Those data 

are stored in different database repositories and are consumed by applications developed 

within the project (added value solutions). Refer to Deliverable 3.8 for more information on 

the data collection techniques employed, the data repositories available and the applications 

developed for Vitoria-Gasteiz LH in the project. 

Most data sources come from commercial solutions (SCADAs, CPS, sensors …) which 

interfaces for communication are well known (APIs, OPC-UA, data bases …). 

Communication between those solutions and the CIOP platform was prepared and 

commissioned once for municipality infrastructures, mobility, energy data providers, etc. 

From that point data collection was managed automatically and unless a network failure 

occurred data collection took place without human intervention. For municipality 

infrastructures, mobility and ESCO data sources data collection converged in one point that 

sent all the information. Guaranteeing the connection between that central point and the 

CIOP platform meant that data collection functioned correctly. 

While most systems collecting data are commercial solutions that have been tested before 

commercialization, the main challenge in our case was to assure the correct collection of 

data from sensors installed in the dwellings. Remember that these sensors collect energy, 

comfort and CO2 information from the dwellings. These devices are also robust commercial 

solutions, but they are exposed to conditions were there is no control and maintenance was 

not guaranteed. This is, sensors are installed in the houses and when something goes wrong 

(disconnection, network malfunction, battery discharge …) nobody was assigned to control 

their behaviour or was prepared to solve issues. To solve that issue we designed and 

developed an application that detects sensors no providing data to the platform and a 

procedure to solve issues in the network that stopped data from entering the CIOP platform. 
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The application is available in the CIOP with the name “Tools to support the installation and 

management of measurement equipment”1 and offers several web applications. The web 

tools support the installation and management of measurement equipment (sensors). The 

web applications developed in this block support installers and platform managers by 

providing information on the status of sensor installations and allow monitoring their 

behaviour. They also make it possible to obtain and download data and provide alarms on 

the malfunctioning of the installations. The specific objectives of these tools are: 

1. Create forms to facilitate the automatic registration of dwellings and metering 

equipment in the DB during installations. 

2. Create a system for monitoring the status of the sensors of the installations 

3. Enable data collection and validation. Ensure correctness of data, determine data 

frequency and completeness, etc. 

4. Create an alarm system that reports malfunctioning of the installations 

5. Create a tool that facilitates the collection of missing information 

6. Create a tool that facilitates data consumption (download). 

In the following paragraphs the results proposed to address these objectives are presented. 

Figure 42 presents the web application that enables the registration of new metering 

equipment in the CIOP. It consists mainly of a form to introduce building and equipment 

information but also presents a list of devices installed (Objective 1). 

 

Figure 42: Automatic registration of metering equipment  

Figure 43 presents the web application developed to monitor the status for sensors in 

dwellings. The application shows all the dwellings in a building and the status for the sensors 

installed in that dwelling. The CIOP receives data from all sensors. The applications show 

the day the sensor was installed and the last day data was received. If everything is correct 

the status is green (as in the figure). If data from one sensor has not been received for some 

time the status of the sensor changes to red and the colour of the dwelling to yellow. If no 

data from all sensors in a dwelling is received the building turns to red. If there has never 

been information from a sensor registered in the CIOP platform the sensor turns to black. 

This tool allows to easily detect malfunctioning devices/sensors (Objective 2). In addition, we 

have established a data flow in a background application that informs about data collection 

failures to the maintenance team. These alarms are triggered when data is not received after 

72 hours (Objective 4). 

                                                
1 https://vitoria-gasteiz.smartencity.eu/installations 
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Figure 43: Dwelling Sensor Status  

Figure 44 presents a web application deployed at the CIOP platform that allows to 

commission, validate and download data. This tool allows to easily detect missing data and 

request it from the data source. This complies with the commissioning and validation strategy 

established in Objectives 3 and 5. In addition, we have enabled an export utility that allows 

the download of data (Objective 6). 

 

Figure 44: Data collection commissioning, validation and download  

 

At the support level, the team defined several procedures: 

1. A procedure for new installations at dwelling level. This was followed by Ondoan 

when new gateways and sensors were installed. 
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2. A support procedure in the event of an incident (via telephone or web). This 

procedure was activated to support residents for equipment malfunctioning or 

maintenance. 

3. A procedure to notify the support team about connectivity lost to a 

building/dwelling/sensor. 

For this second point there are two main alert systems. First, LKS IT, as infrastructures 

provider, monitors all the equipment that offer building connectivity. When a device goes 

down, LKS detects it and notifies the support team so that the device can be checked. 

Second, the data failure detection system has been connected (web background application) 

to inform the support team about data outbreaks. The support team is informed by email 

when a sensor does not send information after 72 hours. Both alert systems use a ticketing 

system provided by LKS that enables registering the incidents. The support team has access 

to the ticketing platform to monitor the status of incidents. The platform can be accessed 

through this URL: https://apps.lks.es/servicedesk/customer.pl. Incidents can be also reported 

by telephone at 902.158.717. 

 

6.2 Tartu 

The implementation of the monitoring program in Tartu has generally been quite successful, 

but there have also been several difficulties. The main challenge has been the integration of 

different data sources into the CIOP platform and fluctuating data quality. The latter is 

particularly relevant for data from sensors. The main problem here is power outages, energy 

service provider databases connection timeouts, the technical quality of the sensors and 

wireless sensors’ battery life (shorter than promised). We have had to contribute more to 

ensuring the quality of data transmission than planned. As data transmission is mainly via 

mobile communications, radio interference in the urban environment has a significant impact 

on the quality of data transmission.   

Data is stored in the Cumolocity platform. Regarding bike-share, we get the data from the 

supplier’s database (Bewegen). The overall mileage of the bikes and the number/length of 

usage session is of particular interest in SmartEnCity project. The data and its quality are 

closely and continuously monitored by the bike-share system operator and city government. 

Data about bus traffic is collected from service operator GoBus and accuracy of timekeeping 

from Ridango. The data passes double-checking procedures. Data from other external 

sources is usually with a good quality and checked by data provides. However, we perform 

random checks on the data and in case of deviations, the problem is usually solved quickly 

by the data providers. 

Indicator  Procedure  

Data completeness (%) – 90%  
The majority of data for monitoring of renovations, 
mobility and integrated infrastructures is gathered 
through APIs, and a smaller part is gathered either by 
sensors or manually (measurement readings at 
locations). The data that is received via APIs or 
collected manually is of high quality and there are 
practically no defects. There are quality problems 
(partially missing data) in data collected by sensors 

Frequency of quality checks: Data quality is 
checked on an ongoing basis using error 
agents, where an error message is sent to the 
administrator in case of missing data. More 
generally, data quality is regularly checked 
once a month when all incoming data is 
reviewed. If defects in data quality are 
discovered during the inspection, the missing 
data will be restored if possible (if the data is 
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(mainly street lighting and EV battery re-use).  
   

available on the sender's server). To a lesser 
extent, it is not possible to recover all the data 
(mainly in the case of sensors or data 
transmission failures, when no data was 
collected).  

Out of range[1] (%) – 3%  Frequency of quality checks: same as above  

Table 11: Data quality 

Next, the data quality issues regarding surveys and interviews are explained.   

The timing of the first preliminary survey of the pilot area survey was not great (summer); 

thus, the number of responses was not very big. The response rate could not be calculated, 

but since no KPIs are calculated using this data, this is not an issue.   

Overall, the pre-reconstruction survey was successful, and 255 answers were received out 

of 816 distributed; 172 received on paper and 83 on the web. The response rate can, thus, 

be considered rather good – 31% ((255/816) ×100). One apartment answered twice, both on 

the web and on the paper, but it was counted once. The response rate for the most active 

apartment association was 45%. Data completeness for most of the questions was 98%-

99%. Every question had at least 1 missing answer and the maximum number of missing 

answers was 6.   

Interviews data quality is affected by the small response rate from the first round of the 

interviews. The response rate was low – 14% ((14/100) ×100). Unfortunately, it was very 

time-consuming and difficult to find the people who were willing to give interviews, thus, the 

collected dataset is not as big as was initially hoped. Also, females and people with higher 

education were over-represented.  

City-wide and mobility survey. One response category (“rather don’t agree”) for KPI 

“Further investment to energy related projects” was missing in the final data file received 

from the survey company.    

Weights based on gender, age and city district were calculated in order to be able to 

generalize the results a) to the whole Tartu population aged 16+; b) to the Tartu city districts 

for population aged 16+. The margin error does not exceed 3.1%.  Quota sampling was used 

(1000 residents), thus, response rate is not applicable for this type of sample. Data 

completeness is 100%.  

The responses of the survey were stored in an Excel and SPSS files received from the 

survey company. All the data related to this survey was kept at the premises of Tartu City 

government and University of Tartu. The survey was anonymous, i.e. it is not possible to link 

the answers to specific people.   

The response rate for post-reconstruction survey was 19%. The responses received on 

the paper forms were entered in the internet survey form so that the answers would be in one 

form and in a table. The responses of the survey are stored in an Excel file, which is 

downloaded from internet platform. All the data related to this survey is kept at the project 

partners of Estonia: University of Tartu, IBS, Tartu City government. The survey was 

anonymous, i.e. it is not possible to link the answers to specific people.  

It was not possible to link all the responses to the survey to the apartments, because when 

answering the online survey, 4 codes were entered incorrectly, which did not match the 

codes given to the apartments in the questionnaires sent by post and one response was 

missing code. Responses with incorrect codes were taken into account in the calculation of 
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the overall distribution of answers, but not in the comparison with the pre-reconstruction 

survey and in the analyses related to houses. The majority of the respondents had 

completed the questionnaire. 2 respondents had unanswered questions. Data completeness 

varies from 94% to 100%.  

 

6.3 Sonderborg 

Mobility. Quality of bus-operating data seems to be reliable, however there are variations in 

fuel consumption per km-driven that the stakeholders involved cannot explain.  

Extract-data from EON regarding EV-charging events has during each D7.9 report have 

suffered from EON staff not having sufficient discipline in creating the extract. However, 

failures have been corrected after several attempts and the concluding/resulting data seems 

to be reliable. No data quality issues have been found with the BILSTATISTIK.DK data used 

in the surveys and reports.  

Housing associations. In some of the monitoring periods a few of the datalogger equipment 

has been out of function. This has been reported in all the periodic “Evaluation reports of 

data collection, quality and surveillance and procedures”. As an example, in one department 

there are 19 similar buildings, each of them with monitor and datalogger equipment for 

heating consumption, electricity consumption and electricity production. Occasionally a few 

of these dataloggers did not transmit data to the CIOP. In these situations, the ZERO 

engineers have calculated the expected consumption for those specific buildings based on 

the consumption from similar buildings, from previous similar periods compensated for 

differences in the “degree-days” (the differences in outdoor temperatures and solar radiations 

in the specific periods). In this way it has always been possible to report data, which are 

reliable for the specific periods. In situations with failure on dataloggers, they have been 

repaired. In a few situations, failures were registered on district heating meters owned by the 

heating distribution company, and they have replaced the heating meter. In a few other 

situations it technical was not possible to install dataloggers directly on the official heating 

meter. In these situations, an extra parallel heating meter was installed. In general, problems 

with dataloggers primarily occurred in combination with district heating meters and more 

rarely in combination with electricity meters.  

Social acceptance and citizen engagement. Changing from paper-based survey to an 

electronic survey makes a lot of sense from a technology/efficiency point of view, however, 

as majority of residents are older than 51 years, citizens might be lost and did never answer 

the second questionnaire. The survey #2 also showed that 36% of the respondents has lived 

less than 4 years in the apartment – this indicates that there is a “memory-method challenge” 

when asking citizens questions about actions in the past. Not asking residents with a foreign 

background seems to be a wrong decision looking back now, as more than 20% of the 

residents come from other countries. However, and in case this approach was chosen, there 

should have been multiple language questionnaires and also language skilled supporters to 

secure that the questions were understood and answered, based on learnings from other 

meetings/discussions with the SAB housing association.  
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7 Deviations to the plan  

There were no big changes to the data collection plan., but considerations have to be done 

to highlight some of the difficulties encountered by the demo teams due to external factors as 

the COVID-19 pandemic. 

Due to the COVID-19 pandemic, the project was extended and two additional internal Data 

collection and evaluation reports (M61-M67, M68-M74) were added. It has to be kept in mind 

that due to the pandemic, people’s behaviour changed and they were more immobile. This is 

evident in the data that has been collected during the pandemic and it makes the 

comparisons with earlier periods more difficult. For example, LH city Sonderborg reports that 

the number of passengers using the bus has declined more than 30% during COVID-19, 

citizens were driving less during lockdowns and therefore also charging less, housing 

association energy consumption has increased as residents have been working from home, 

eating less out etc.  

In Vitoria-Gasteiz, some data loss occurred during the pandemic lockout when any 

equipment failed and it was not possible to get into the private homes to repair it. In other 

cases, delays occurred on the installation of some sensors for this same reason. 

In Sonderborg they were reported difficulties too when connecting some meters to the data 

logger system. The main reason being difficulties with access to the main district heating 

meters again due to COVID-19 restrictions. 

 

 


