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1 Executive Summary 
This report presents the assessment of the performed monitoring campaigns and the evaluation of 

the monitored data and extracted information from the two pilots. 

The monitoring plan defined in T3.7 has been followed. The relevant data related to building’s energy 

performance and IEQ (well-being of occupants) have been stored, analysed and translated into 

information relevant for 1) homeowners and 2) local governments and municipalities, thanks to the 

new generation of holistic user-friendly Energy Performance Certificates (from H2020 U-CERT, TripleA-

reno) research. 
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2 Introduction 
Investments in renovations of homes are vital for the environment, economy, and people’s quality of 

life. Europe is struggling with an aging housing stock where only 10% of buildings currently have A or 

B class energy performance certificates. Next to that, the condition of a house is increasingly related 

to health due to demographic and climate change. Living in unrenovated homes can have major 

implications for your health while improved housing conditions may save lives, reduce health risks and 

increase quality of lives.  

In order to limit the global warming, the carbon dioxide emissions have to be reduced to zero. 

Buildings are responsible for more than 30% of the global energy consumption, so to reach the near 

zero-emissions goal, the global emissions from existing housing stock must have been decreased by 

80-90% in 2050 compared to the levels of 2010. To achieve this reduction, the renovation rate of the 

EU existing building stock has to increase. The building stock has a large energy saving potential by i.e. 

improving thermal insulation, energy efficiency of technical installations. 1 

Thus, by renovating residential buildings, an opportunity presents to achieve major improvements in 

health, comfort and well-being, and energy savings. However, the renovation process is complicated 

and unattractive for citizens due to many barriers in the renovation industry, such as the uncertainty 

of the results and related benefits (and co-benefits) and lack of available and reliable quality checks.  

Save the Homes wants to stimulate home renovation demand and increase the home renovation rate 

in the EU while simultaneously improving people’s health, living comfort, and well-being. This will be 

done by introducing within the Citizen Hub the needed monitoring services and protocols to 

demonstrate results and co-benefits and build trust in energy renovation processes and results. 

Therefore, the Citizen Hub will make renovation easier, faster and more affordable by providing 

Monitoring and verification of work, quality assurance, and independent support. 

This Deliverable 4.7. deals with the real implementation of the monitoring data plan in the context 

of the two pilot ecosystems, defining which specific measurements and measuring protocols (from 

D3.7.) are effectively applied throughout the different stops of the customer journey to obtain real 

data about energy, indoor environmental quality, satisfaction, and wellbeing of occupants in the 

pilot buildings.  

The real data obtained in the two pilots will be used to define the KPIs before and after renovation; 

and the common data management structure will later on allow harmonized data management, 

handling and sharing (always considering data privacy -GDPR compliance-, addressed in D3.9 Ethics 

Manual for the two pilots). 

 

  

 

1 IPCC, ‘Summary for Urban Policy Makers: What the IPCC special report on global warming of 1.5°C means for 

cities’, 2018 
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3 Save the Homes Customer Journey 
The customer journey describes the experiences, behaviour, and decisions of a customer when 

interacting with a brand, service or company in the process towards purchasing of goods or services. 

The full process describes the entire journey. From the very first contact until completing the actions 

and being an ambassador after. The journey consists of several steps that are walked through from 

the customers perspective, the exact number of steps depend on the customer journey model, 

however when comparing different models for a renovation customer journey a general built-up can 

be seen2: For Save the Homes, we translated these steps for renovations as seen in table below:  

customer journey model Save the Homes model 

1. Awareness and orientation 

2. Seeking advice 

3. Selecting option 

4. Execution 

5. Experience (and inspire) 

1. Onboarding 

2. Design 

3. Elaboration 

4. Construction 

5. In-use  

Table 1.- Customer journey steps 

These steps are the base of the customer journey model and follow the decision-making process of 

the customer. The transition from one step to the next is crucial. The points of interaction between 

the customer and the company or brand are so-called ‘touchpoints. The touchpoints link directly to 

the experience of the customer in each step of the journey. Each step has its own drivers and barriers 

which show the reasons for the potential customer to continue or to quit the process. 

Each phase of the customer journey intends to ease the renovation process and makes the whole 

experience user-friendly and appealing, and each has its own goal in terms of monitoring. The figure 

below represents in visual the key monitoring objectives for each of the customer journey phases: 

   

Figure 1.- Key monitoring milestones 

The following sections describe the process to effectively implement in each pilot the monitoring 

protocol from D3.8. The process has three phases: (I) design the monitoring plan, (II) implement the 

monitoring plan and (III) analyse the results from the collected data. Each pilot implements the 

monitoring plan from D3.8. on their own way attending to the available resources in each pilot. This 

document presents the application of the monitoring plan for each pilot in two different sections.  

 

2 N. Nieboer and A. Straub, ‘How do customer journeys regarding energy investments look like?’ Conference 

papers of the European Network for Housing Research (ENHR 2018): More together, more apart: Migration, 

densification, segregation ENHR, 2018. 
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4 Valencia Citizen Hub 

4.1 Design of the monitoring plan 

The following sections show the steps followed to define the monitoring plan in the Valencia pilot: 

4.1.1 Definition of the evaluation of the monitoring success. 

With the aim of assessing the success of the monitoring of the renovation benefits the following 

variables are measured in the monitoring process: 

Monitoring campaign dissemination 

a Number of people targeted by newsletters/ social media/ workshops… 

b Number of people who viewed the monitoring campaign   

c Number of clicks on the monitoring campaign  

d Number of dwellings registered in the monitoring campaign 

e Number of dwellings registered for Scenario A.1:  

Renovated dwellings (after 2020) that want to implement new measures. 

f Number of dwellings registered for Scenario A.2:  

Renovated dwellings (after 2020) that do not want to implement measures. 

g Number of dwellings registered for Scenario B.1:  

Non-renovated dwellings (after 2020) that want to implement measures. 

h Number of dwellings registered for Scenario B.2:  

Non-renovated dwellings (after 2020) that do not want to implement measures. 

 

Monitoring campaign scope 

i Number of monitored dwellings 

j Monitored dwellings for Scenario A.1.  

k Monitored dwellings for Scenario A.2.  

l Monitored dwellings for Scenario B.1.  

m Monitored dwellings for Scenario B.2.  

 

Monitors’ performance 

n Total number of monitors 

o Number of Hobo monitors (T°C and H%) 

p Number of Trotec BQ30 monitors (Air quality)  

q Number of dwellings monitored with Hobo 

r Number of dwellings monitored with Trotec BQ30 

 

Renovation Stories/Best practices map 

S Number of dwellings susceptible to appear on the Renovation Stories/Best practices map. 

t Number of dwellings accepting publication on the Renovation Stories/Best practices map. 

 

The above variables are combined to define different indicators that evaluate the success of the 

monitoring of the renovation benefits. The indicators that will be calculated are shown in the following 

table: 

1. Monitoring campaign dissemination success  

1.1. Views: Number of people who viewed the information about the monitoring campaign  b/a 

1.2. CTR Click Trough Rate: Number of people who clicked on the monitoring campaign c/b 

1.3. Conversion Rate: Number of dwellings registered in the monitoring campaign d/c 

1.4. Scenario A.1. registered rate: n of dwellings Sc A.1. registered in the monitoring campaign e/d 

1.5. Scenario A.2. registered rate: n of dwellings Sc A.2. registered in the monitoring campaign f/d 

1.6. Scenario B.1. registered rate: n of dwellings Sc B.1. registered in the monitoring campaign g/d 
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1.7. Scenario B.2. registered rate: n of dwellings Sc B.2. registered in the monitoring campaign h/d 

 

2. Monitoring campaign scope 

 

2.1. Monitoring campaign scope: Number of monitored dwellings i/d 

2.2. Scenario A.1. monitored rate: Number of monitored dwellings Sc A.1.  j/i 

2.3. Scenario A.2. monitored rate: Number of monitored dwellings Sc A.2. k/i 

2.4. Scenario B.1. monitored rate: Number of monitored dwellings Sc B.1. l/i 

2.5. Scenario B.2. monitored rate: Number of monitored dwellings Sc B.2. m/i 

 

3. Monitors’ performance 

 

3.1. Dwellings with Hobo monitors rate q/i 

3.2. Dwellings with Trotec BQ30 monitors rate r/i 

3.3. Total monitors’ performance  

3.4. Hobo monitors’ performance q/o 

3.5. Trotec BQ30 monitors’ performance r/p 

 

4. Renovation Stories/Best practices map success 

 

4.1. Renovation stories map rate: monitored dwellings susceptible to be included on the map s/i 

4.2. Renovation stories map success rate t/s 

 

4.1.2 Collection of already available renovation stories  

Previous experiences help people to feel more identified and better connect with the message. For 

Valencia pilot, the following renovation stories are available or are being developed . The format of 

the content will be adapted to audience and communication channel: 

 ELIH MED project video (Available experiences). ELIH MED project was focused on energy 

efficiency in low-income housing in the Mediterranean area. The video shows the experience of 

the energy renovation of two multi-family buildings told directly by the actors involved in the 

renovation process: residents, project architects… 

 

Figure 2. Video of ELIH MED project. Testimonies from real cases of energy renovations. 

 Renovation stories/best practices map (Tool under development): this map will show geolocated 

renovation stories based in two sources of data: 
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o Auto-map: renovation cases based on automated data from public sources. In Valencia the 

existing EPCs are public available. Comparing the pre-renovation and post-renovation EPCs 

from the same dwelling or building it can be estimated the pre and post energy performance. 

o Pin-map: when it is available, the map will show a ‘pin’ with a more defined renovation case 

based on real information provided by the owner, the tenant, or, for example, the architect in 

charge of the renovation.  When clicking the ‘pin’, a pop up will appear with the basic 

renovation data and it can be expanded with information about the building, photographs, its 

energy performance before and after the renovation, monitoring data and even experiences 

and testimonies from the occupants. The following figure shows a mock-up of this map and 

the pop-up of a renovation case. The rest of the pin-map information is provided in Annex 3 – 

Documents prepared to collect participants for the monitoring campaign. 

 

Figure 3.- Renovation stories/Best practices viewer mock-up. View of the renovation case pop-up. 

4.1.3 Collection of the energy monitoring cases. 

A. Definition of your dissemination documents and channels 

With the purpose of offering the monitoring campaign to the largest possible number of participants, 

several dissemination actions are planned in the Valencia pilot. The dissemination of the monitoring 

campaign is performed by IVE, VCE and VRCPA and will be developed both on ‘in person’ events and 

through online dissemination actions. Newsletters, emails, presentations, and other dissemination 

formats are prepared with the monitoring campaign information to share them with the widest 

possible audience with the aim of promoting citizen participation.  

To boost the participation in the monitoring campaign, participants will receive one of the following 

gifts free of charge: 

 Energy performance certification of the dwelling or the building.  

 Energy efficiency kit. It contains one 11W and one 6W LED bulb, a timer, a consumption meter 

and weather stripping for doors and windows. 
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Figure 4. Energy efficiency kit offered to the monitoring campaign. 

The monitoring campaign will be addressed to four different targets, sorted in order of priority, that 

defines four different scenarios: 

 Scenario A_Post-Monitoring: People who have already renovated or are renovating their dwellings.  

Through the energy consumption gathered from the electric distributor company platforms the pre and 

post energy performance of the dwelling can be compared. Monitoring the relative humidity and indoor 

temperature the indoor environmental quality can be observed, and through a questionnaire, the 

subjective wellbeing can be assessed. Finally, through an interview, their feedback about the renovation 

process can be gathered. Two subtypes can be found in this scenario: 

           > A.1. New renovation measures will be implemented.  

If new measures are implemented in the following months, a follow up can be done to analyse the 

usefulness of the customer journey, the services provided by the energy offices and the monitoring 

campaign. Through the energy consumption from the electric distributor company platforms, a 

new pre and post renovation energy performance can be made. 

            > A.2. No new renovation measures will be implemented. 

If no new measures are implemented in the following months, the follow up will not be done. 

 Scenario B_ Pre-Monitoring: People who haven’t renovated their dwellings. 

Through the energy consumption gathered from the electric distributor company platforms the energy 

consumption of the dwelling can be analysed. Monitoring the relative humidity and indoor temperature 

the indoor environmental quality can be observed, and through a questionnaire, the subjective wellbeing 

can be assessed. Two subtypes can be found in this scenario: 

             > B.1. Renovation measures will be implemented. 

If renovation measures are implemented in the following months, a follow up can be done to 

analyse the usefulness of the customer journey, the services provided by the energy offices and 

the monitoring campaign. Through the energy consumption from the electric distributor company 

platforms, a pre and post renovation energy performance can be made. 

                > B.2. No renovation measures will be implemented. 

If no renovation measures are implemented in the following months, the follow up will not be 

done. 
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The channels used to disseminate and recruit volunteers for the monitoring campaign are both 

physical (when ‘in person’ touchpoints occur) and virtual: 

 Physical proposal: 

- Personal appointment in the energy office. When people look for advice about energy 

saving and rehabilitation, they can be enhanced to participate in the monitoring of the 

renovation benefits measuring the data before and after the renovation works (scenario 1). 

When people look for advice about energy bills, right to energy, or renewable energy they 

can be enhanced to participate in the monitoring campaign although they have already 

renovated (scenario 2) or are not decided to renovate yet (scenario 3). 

- Workshops/webinars in the energy office with people interested in energy bills, right to 

energy, energy saving and/or rehabilitation and renewable energy. 

- Citizens’ School of Energy Renovation where people share their experiences and doubts 

about the renovation process.   

 Virtual proposal:  

- Newsletter for IVE subscribers, which are mainly technician profiles such as architects and 

building engineers. 

- Newsletter for energy office subscribers, which are people interested in the contents 

offered by the OSS: energy bills, right to energy, renewable energy and energy saving and 

rehabilitation. 

- Email to construction companies specialized in renovations works registered in IVE’s 

registry. 

- Email to specialist in renovation management registered in IVE’s registry. 

- Email to building administrators through VRCP contacts. 

- Email to previous attendees to workshops, webinars, personal appointments, and Citizen’s 

School of Energy Renovation in the energy office.  

- Social media sharing the monitoring plan information.  

In each stop of the customer journey for the Valencia pilot it is planned to perform actions to involve 

the occupants in the monitoring of the renovation benefits. The result expected from these actions is 

the collection of cases studies for the monitoring campaigns and that will feed the Renovation Stories 

visualization. The following sections show the scenarios covered and how the participation of the 

citizens in the renovation benefits monitoring is enhanced in each stop.  

› Stop 0 – On-boarding 

 

Scenarios covered in this stop: 

Scenario A_Post-Monitoring: People who have already renovated or are renovating their dwellings.  

           > A.1. New renovation measures will be implemented.  

           > A.2. No new renovation measures will be implemented. 

Scenario B_ Pre-Monitoring: People who haven’t renovated their dwellings. 

             > B.1. Renovation measures will be implemented. 

              > B.2. No renovation measures will be implemented. 

The objective of the On-boarding stop is to establish contact with the citizen with the aim to create an 

emotional response and then provide more information to increase interest. To motivate citizens, they 

are offered with the Renovation Stories visualization through websites from Valencia energy office, 
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IVE, Xaloc and other dissemination channels: ads, RRSS or newsletters. In this regard, the following 

actions will be done in the Valencia pilot: 

a) Renovation stories maps/catalogue sharing using the Renovation stories viewer/map, Factsheets 

and Videos. 

b) Follow-up questionnaire on ‘in person’ events. The events where people participate will be 

leveraged to ask if they have previously seen the renovation stories. In Valencia pilot, the 

expected ‘in person’ events are: 

 Personal appointment. An expert of the energy office advises citizens about energy 

bills, right to energy, energy saving and rehabilitation and renewable energy.  

 Workshop/ webinar: thematic workshops organized by the energy office with people 

interested in energy bills, right to energy, energy saving and rehabilitation and renewable 

energy. 

 Citizens’ school for energy renovation: where citizens share their experience to be 

inspiration for other citizens.  

On the other hand, monitoring is offered to people attending the onboarding actions developed by 

the energy office in Valencia and to possible interested people from IVE and VCE data bases, although 

they are not in the customer journey yet. As the public of the actions is very broad, both Scenarios are 

covered in this phase: people who have renovated (ScA) and people haven’t renovated at that 

moment but are interested in know more about their dwelling’s energy performance (ScB). The 

actions established to offer the monitoring of the renovation benefits in this stop are: 

 Personal appointment in the energy office. When people look for advice about energy 

bills, right to energy, or renewable energy they can be enhanced to participate in the 

monitoring campaign although they are already renovating or have renovated (Sc2) or 

are not decided to renovate yet (Sc3). 

 Workshop/ webinar in the energy office with people interested in energy bills, right to 

energy, energy saving and rehabilitation and renewable energy. 

 Citizens’ School of Energy Renovation where people share their experiences and 

doubts about the renovation process.   

 Newsletter for IVE and the energy office subscribers.  

 Email to construction companies specialized in energy efficiency renovation, specialist in 

renovation management, building administrators, previous attendees to workshops, 

webinars, personal appointments, and Citizen’s School of Energy Renovation in the 

energy office.  

 Social media sharing the monitoring plan information.  

 Brochures and other signage formats in the energy office. 

› Stop 1 – Evaluation 

 

Scenarios covered in this stop: 

Scenario A_Post-Monitoring: People who have already renovated or are renovating their dwellings.  

           > A.1. New renovation measures will be implemented.  

Scenario B_ Pre-Monitoring: People who haven’t renovated their dwellings. 

             > B.1. Renovation measures will be implemented. 

The objective of this stage is to provide information & tools to citizens so they can gain more insights 

and orientate themselves. Then to get a personal appointment and personalized advice on renovation 

package to improve the performance of the home in a confidential manner. In this stage, participate 
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in the monitoring campaign is also offered and, since in this step people are willing to renovate their 

homes, this case covers Scenario A.1 and Scenario B.1 

The channels used to offer the monitoring campaign in this stop are:  

 Personal appointments where the experts of the energy office help citizens to design their 

renovation: analysis of costs and savings based on renovEU and analysis of best subsidies 

package. People is enhanced to monitor their dwellings and assess its potential based on real 

data. 

 Citizens’ School of Energy Renovation where people get references and advice from other 

citizens that have already renovated.   

› Stop 2 – Elaboration 

 

Scenarios covered in this stop: 

Scenario A_Post-Monitoring: People who have already renovated or are renovating their dwellings.  

           > A.1. New renovation measures will be implemented.  

Scenario B_ Pre-Monitoring: People who haven’t renovated their dwellings. 

             > B.1. Renovation measures will be implemented. 

The objective of this stage is to organize ideas, solve doubts, decision making and define the final 

renovation works. In this stop, Scenario A.1 and Scenario B.1 is contemplated since people are already 

decided to renovate their dwellings. This scenario is very interesting since it allows to obtain data from 

the state before and after the renovation works. Therefore, in this stage monitoring tools are offered 

to customers who previously rejected or were not offered. 

The channels used to offer the monitoring campaign in this stop are two:  

 Personal appointments where the experts of the energy office help citizens organizing financing, 

renovation packages, decision making and the preparations for the construction of the 

renovation works. 

 Citizens’ School of Energy Renovation where people get references and advice from other 

citizens that have already renovated.   

› Stop 3 – Realization 

 

Scenarios covered in this stop: 

Scenario A_Post-Monitoring: People who have already renovated or are renovating their dwellings.  

The objective of this stage is to realise renovation according to the plan agreed. In this stop, the 

monitoring tools are offered to people who is in the renovation process (Scenario A) to complete the 

before-status assessment (if the dwelling was previously monitored) or just for an after-status 

assessment in case the user didn’t use the monitoring service before.  

The channels used to offer the monitoring campaign in this stop are:  

 Personal appointments where the experts of the energy office solve doubts during the 

renovation process and give examples of other renovation works. 

 Citizens’ School of Energy Renovation where people get references and advice from other 

citizens that have already renovated or are in the renovation process.   

 Follow-up contact (phone call, mail) after 6-12 months to those who pre-monitored. 

› Stop 4 – Validation 
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Scenarios covered in this stop: 

Scenario A_Post-Monitoring: People who have already renovated or are renovating their dwellings.  

The objective of this stage is to monitor the performance of the dwellings by showing the original 

dwelling's performance compared to the performance of the improved dwelling. In this stop, the 

monitoring tools are offered to customers who previously rejected or were not offered or customers 

that monitored the before-status and agree to monitor the before-status as well. 

The channels used to offer the monitoring campaign in this stop are:  

 Personal appointments where the experts of the energy office train occupants to maximise the 

savings achieved and get feedback and satisfaction from the customers of the whole journey. 

 Citizens’ School of Energy Renovation where people share their experience and advice about the 

renovation process.  

B. Definition of the selection criteria for the monitoring cases 

The methodology to select the monitoring cases in the Valencia pilot will be as follows: 

a) For each campaign, a call for monitoring cases will be launched using the channels and materials 

explained above.  

b) It will be set a period (one month) for the citizens to show interest in the monitoring campaign. 

The interested people will sign a registration form showing their interest.  

c) Once the registration period is ended, the possible dwellings are listed and analysed. They will 

be ordered following the following priority criteria:  

1. Scenario A_Post-Monitoring: People who are involved in the renovation process or 

have already renovated. 

           > A.1. New renovation measures will be implemented.  

           > A.2. No new renovation measures will be implemented. 

2. Scenario B_ Pre-Monitoring: People who haven’t renovated yet but want to know 

how their houses perform. 

            > B.1. Renovation measures will be implemented. 

            > B.2. No renovation measures will be implemented. 

Inside each scenario, the criteria to order the monitoring cases will be the distance of the 

dwelling from Valencia city (location of IVE and energy offices) since several monitoring cases 

will be set at the same time and monitor dwellings located far from Valencia may not be 

feasible. 

4.1.4 Definition of the monitoring set for data collection 

TripleA-reno Monitoring Protocol, adapted to the available monitoring sets, is followed in the 

definition of the monitoring set for the Valencia pilot. The monitoring will consist of the following 

measurements and sensors: 

a) Indoor environmental Quality (IEQ) measurements 

The following table shows the IEQ measurements and sensors that will be used in the Valencia 

pilot and their characteristics. 15 HOBO data loggers and 3 Trotec BQ30 units are available for the 

monitoring campaigns. The monitors are small, wireless and they do not consume data. 
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Figure 5. Left: HOBO data logger. Right: Trotec BQ30 

 

Table 2.  Monitors characteristics 

The monitoring of the IEQ will consist, at a minimum, of 2 HOBO data loggers per dwelling (one 

located indoors and one outdoors) since only 3 Trotec BQ30 are available. Therefore, 7 dwellings 

can be monitored at the same time and 3 of them will count with the CO2, PM2,5 and PM10 

measurements from the Trotec BQ30. The Trotec BQ30 monitors will be installed preferably in 

the Scenario 1- Pre-Monitoring and Post-Monitoring cases. 

Air temperature and relative humidity will be stored in the data logger and, once the technician 

has collected the sensors, the data will be analysed. On the other hand, CO2, PM2,5 and PM10 

data cannot be stored in the Trotec BQ30 monitor so the methodology will be to write down the 

data during the installation and uninstalling of the monitoring set by the technician and, in the 

last visit, ask the occupants if the monitor has shown medium or poor measurements (the colour 

of the measurement change to orange, red or purple) or if an alarm has sound since the monitor 

has the option to set an alarm for values of PM 2,5 over 10, 35, 75. 100 or 200 μg/m³. If the 

occupant agrees, the monitor will be configured with an alarm for PM 2,5 over 75 μg/m³ (medium 

air quality). 

Measurement Sensor Units Mand. Scale Type Units Period Range Accuracy Resolution

Air Temperature Yes
Time 

series
°C 5 min -20 to 70

±0,53°C from 

0°C to 50°C
0,14°C at 25°C

Relative Humidity Yes
Time 

series
% 5 min 25 to 95 

±3,5% from 

25% to 85%

0,07% a t 25°C 

and 30%RH

CO2 No
Isola ted 

measure
ppm 2/campaign 0 to 9999

±5% /±75 

ppm
1 ppm

PM2,5 No
Isola ted 

measure
μg/m³ 2/campaign 0 to 2000 - 1 μg/m³

PM10 No
Isola ted 

measure
μg/m³ 2/campaign 0 to 2000 - 1 μg/m³

HOBO 

Data 

Logger

15

Trotec 

BQ30
3

Indoor + 

Outdoor

Indoor
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Figure 6. Trotec BQ30 screens for the different variables. 

b) Thermographic image 

In addition, a thermographic camera will be used to analyse the performance of the façade to 

observe, for example, the lack of insulation in the walls or the air infiltration from the windows. 

One thermographic image will be done during the monitoring campaign. Initially, and if the 

weather conditions allow it, it will be done the day the sensors are installed in the dwelling.  

 

Table 3.  Thermographic camera characteristics 

c) Energy measurements 

For the energy measurements, calculations will derive from energy bills and data accessed through 

utilities platforms.  

In the case of the electricity consumption, the analysis will be done directly using the information 

from the electric distributor company  through the access of the Meter Point Reference Number 

(MPRN). The energy office in Valencia has already implemented a free online tool that provides a 

report with recommendations on the changes you can make to your contract to reduce the 

electricity. This tool asks the user for an authorization to consult the consumption data 

corresponding to the indicated supply point using the MPRN. In the monitoring campaign, the 

same data will be requested from the users to obtain the MPRN and get the energy consumption.   

Measurement Sensor Units Mand. Scale Type Units Period Range Accuracy Resolution

Thermal image Flir i7 1 No Outdoor Image - 1/campaign -20 to +250 °C ±2°C 140x140
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The following images show the information that is commonly available in the electric distributor 

company  platforms. 

 Graphs with daily, weekly, monthly and for a specific period consumption: 

 

 

Figure 7.  Daily energy consumption 

 

Figure 8.  Hourly energy consumption 

 Excel/CSV file with the hourly consumption and production. 

 

 

Figure 9. Excel file with the hourly energy consumption for a specific period. 

In the case of dwellings with heating systems using gas as energy carrier, the consumption will be 

based on the energy bills provided by the occupants since the smart gas meters are not commonly 

used and there is not available information from the utilities using the Gas Point Reference 

Number (GPRN).  

d) Health and subjective wellbeing  

CUPS FECHA-HORA INV / VER PERIODO TARIFARIO CONSUMO Wh GENERACION Wh

ES0021000012175846HB2022/10/01 01:00 1 Valle 81 0

ES0021000012175846HB2022/10/01 02:00 1 Valle 77 0

ES0021000012175846HB2022/10/01 03:00 1 Valle 71 0

ES0021000012175846HB2022/10/01 04:00 1 Valle 68 0

ES0021000012175846HB2022/10/01 05:00 1 Valle 65 0

ES0021000012175846HB2022/10/01 06:00 1 Valle 62 0

ES0021000012175846HB2022/10/01 07:00 1 Valle 59 0

ES0021000012175846HB2022/10/01 08:00 1 Valle 54 0

ES0021000012175846HB2022/10/01 09:00 1 Valle 59 0

01/10/2022 - 31/10/2022
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Health and subjective well-being measurements will be performed through questionnaires which 

will mainly address the following components: 

 Occurrence of health symptoms due to indoor environment 

 Indoor environment characteristics - physical stressors 

 Type of clothing: to adjust PMV (thermal comfort indicator) 

 Activity: sedentary or active? to adjust PMV (thermal comfort indicator) 

The questionnaires will be performed twice by the technician that installs the monitoring: one at 

the beginning of the monitoring campaign and other at the end of the campaign.  

4.1.5 Creation of the monitoring campaigns 

In the Valencia pilot, it is planned to carry out one monitoring campaign in winter (during February 

2023). Depending on the number of people interested in participating in the monitoring campaign, 

the duration of the campaign will be established, with one week being the minimum duration.   

If enough participants are available, the maximum monitoring cases, with a one-week campaign, will 

be 28 dwellings per season (7 one-week monitoring cases at the same time for 4 weeks). However, 

the number of monitored dwellings will depend as well on the monitors and human resources 

available to perform the monitoring campaign. 

If there are not enough participants to fill the maximum monitoring cases, the monitoring campaign 

duration could be expanded. For example, if there are 14 possible participants, the campaign will last 

two weeks instead of one week.  

The monitoring campaign will be planned as follows: 

 

Table 4. Propose activity plan. 

Day Activity

Collect automated data

Calibrate monitors

Day 1 Travel

Meeting with the dwelling occupant

Supply information and tools to occupants

Collect data about the residential unit (for characterization and EC forms)

Health and subjective wellbeing questionnaire

Renovation Story questionnaire (if applicable)

Verify monitoring location

Take photogrpahs of the monitoring location

Assemble instruments

Set-up fixed-site sampling locations

Take spotty measurement 1

Start fixed-site continuous monitoring

Perform the thermographic analysis

Day 2 to last day Continue fixed-site continuous monitoring

Last day of the campaign Collect samples (and ship to laboratory)

Take spotty measurement 2

Finish fixed-site continuous monitoring

Download data

Validate integrity of data

Pack equipment

Health and subjective wellbeing questionnaire

Questionnaire form for data delivery

Change to next monitoring case (if applicable)

Analyse the collected data

Prepare the recommendation report

Send or give the recommendation report to the dwelling's occupants

Post-Monitoring

Pre-monitoring

Week of monitoring
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4.1.6 Creation of the monitoring registry 

As defined in D3.8. Monitoring plan, data will be collected under a common schema to easily register 

the data and build the monitoring labels to include them in the recommendation’s reports. The 

questionnaires and checklists used will follow the same schema to easily transfer the data collected 

on site to the registry. The monitoring registry is divided in two sections: 

 Building description: this registry contains the location and characteristics about the building 

and the dwelling that is going to be monitored. Occupant’s profile is also collected in this 

registry. The information to fill the registry is partially obtained automatically based on the 

location of the dwelling using the public data (cadastral data), and partially by interviewing 

the occupants of the building.  

 Monitoring data description: In this registry the measurements, season, scenario, family of 

indicators and variables are included. 

The monitoring data templates are available in Annex 1 – Benefits Monitoring templatesof this 

document.  

4.1.7 Creation of the questionnaires and checklists 

To create the questionnaires and checklist documents, TripleA-reno monitoring protocol and the Pin-

map questionnaire (provided in D3.8. Monitoring plan and in Annex 2 – Best practices map 

deployment plan) will be taken as a baseline and adapted to Valencia pilot. These documents will have 

the same variables as the registry to facilitate the transfer of data. The followings documents will be 

used: 

 Planned activities (based on TripleA-reno monitoring protocol): this document has all the 

actions planned to be done in the monitoring campaign of the dwellings and it is used as a 

checklist to facilitate the technician’s work. 

 Building characteristics form (based on TripleA-reno monitoring protocol): this checklist has 

two sections: (1) Pre-monitoring section: checklist for the automated data that can be filled 

before the initial visit and (2) On site visit section: with the data that must be filled with the 

on-site information of the initial visit. 

 Initial visit checklist (based on TripleA-reno monitoring protocol): this checklist includes the 

actions to be carried out in the first visit. Depending on the monitoring scenario (Pre-

Monitoring, Post-Monitoring or both), the checklist will automatically adapt to the required 

information in each case.  

 Health and subjective wellbeing questionnaire (based on TripleA-reno Labelling Wizard): this 

questionnaire, performed to the occupants in the initial and final visit of the monitoring 

campaign, provides the subjective information about the occupant’s comfort in the dwelling.  

 Renovation story questionnaire (based on Pin-map questionnaire): in the case of the Scenario 

2 – Post-Monitoring, this questionnaire includes the information about the renovation of the 

dwelling and contains: implemented measures, economic cost, photographs, energy 

performance certifications (before and after) and measured energy and/or IEQ data (if 

available). 

The baseline questionnaires and checklists are available in Annex 2 of this document. 

4.1.8 Creation of other required documents: consents and forms 

During the monitoring campaign, other documents are required. These documents are consents and 

forms that must be signed by the occupants of the dwellings.  

 Expression of interest form: This form is shared in the dissemination of the monitoring 

campaigns. If a citizen is interested in participating in one of the monitoring campaigns, the 
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first step is to complete this form. Once this person has registered the dwelling, it is considered 

in the list of possible monitored dwellings. In this form it is asked if the dwellings have been 

renovated recently and if they will be renovated or further renovated with the aim of 

categorize each case in one of the four scenarios and sort them in order of priority:  

o Have they renovated and are going to implement new measures  Sc A.1. 

o Have they renovated and are not going to implement new measures  Sc A.2. 

o Haven’t they renovated and are going to implement measures  Sc B.1. 

o Haven’t they renovated and are not going to implement new measures  Sc B.2. 

 

 Consents forms: they content the authorization for monitoring the dwelling, for monitoring it 

after the renovation (if it is the case), for consulting the energy consumption data using MPRN 

and for incorporating the data in the Renovation Stories map.  

 Factsheet about the monitoring campaign: A short document with information about the 

sensors installed in the dwelling and how to use them (in the case of Trotec BQ30). 

4.1.9 Creation of the visualizations or outputs  

The output of the monitoring campaign consists of a Recommendations Report for the occupants of 

the monitored dwellings. The objective is to provide personalized recommendations based on the 

monitored data for both reducing the energy consumption and improving the indoor environment 

quality and the wellbeing of the occupants.  

The first part of the report shows the monitored data in an easy and attractive way for the occupants, 

highlighting the indicators that show the room for improvement and, in the case of the dwellings that 

have been already renovated (Scenario A.1 and A.2), the energy consumption pre and post the 

renovation process. The second part shows the recommended measures linked to the previous 

monitored data.  

A list of recommendations has been created based on previous projects and measures that the energy 

office in Valencia is already providing to the citizens. The recommendations cover measures for 

reducing the energy consumption of the dwelling and measures to improve the indoor air quality of 

the occupants. The list of measures is divided as well in three categories depending on the size of the 

action and one colour is assign to each one to facilitate the differentiation:  

 M1 - Measures without economic cost – New habits and free measures. In this set of 

measures, it will be included the Optimization of the electricity tariff, a free service that the 

energy office in Valencia is now providing to the citizens. Other measures that will be included 

in the list are based on measures from previous projects (Elih-Med, TripleA-reno, Drive 0) and 

measures and recommendations that the energy office in Valencia is providing to the citizens 

 M2 - Measures with a low economic cost – Incorporation of small and easy measures. In this 

set of recommendations, the measures have a low economic cost but can provide important 

energy savings for the occupants and the improvement of their wellbeing.  

 M3 - Measures with an economic investment – Renovation of the dwelling. In this set of 

measures, the results from the online pre-diagnosis tool renovEU will be included as the 

options for the energy renovation of the dwelling.  

Depending on the scenario a different set of measures is provided to the dwelling’s occupants: 

Scenario A_Post-Monitoring: People who have already renovated or are renovating their dwellings.  

           > A.1. New renovation measures will be implemented: M1 + M2 + M3 

People in this scenario want to implement new renovation measures, therefore the three sets 

of measures are useful for them: new free habits, small interventions, and options of 

renovations to decide which one fits better suits them. 
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           > A.2. No new renovation measures will be implemented: M1 + M2 

People in this scenario already renovated their dwellings, therefore, they will be interested in 

how to introduce new habits or small and easy measures that complement the renovation to 

reduce the energy bills and improve their comfort.  

Scenario B_ Pre-Monitoring: People who haven’t renovated their dwellings. 

             > B.1. Renovation measures will be implemented: M1 + M2 + M3 

People in this scenario want to renovate, therefore the three sets of measures are useful for 

them: new free habits, small interventions, and options of renovations to decide which one 

fits better suits them. 

              > B.2. No renovation measures will be implemented: M1 + M2 + M3 

People in this scenario are not decided to renovate but want to know how their dwelling 

performs. Although they don’t want to renovate, they have interest in reducing their bills and 

improve their wellbeing, so this report is a good opportunity to show them the whole picture: 

free habits to implement at home and easy and cheap measures but also the renovation 

options with their costs and the possible grants. 

As mentioned above, the interest of this report is to provide personalized measures and 

recommendations depending on the results of the monitoring campaign. For this reason, the 

measures from the list are linked to the possible results of the monitoring campaign and will be shown 

only if the indicator is activated. For example, if the occupant does not feel any symptom related to 

poor indoor air quality (fatigue, headache...), the measures listed to improve these symptoms are not 

provided to the occupant. The objective is to create an “automated” list of measures connected to the 

monitoring registry and the monitoring campaign data that directly provides the list of personalized 

recommendations.  

The format of the report will be adapted to the reader keeping it as simple as possible to avoid 

overwhelm the dwelling’s occupant. With this purpose, the recommendations will have two levels of 

information. In the report it will be indicated a brief explanation of the measured and it will also 

contain direct links to other documents to expand this information if the reader is interested in 

knowing more about it. The report will be provided to the monitored dwellings occupant physically or 

via email based on their choice. 

The Recommendation Report is divided in 4 pages:  

1. Page 1 - Monitored data: The first page summarizes the data monitored and collected in the 

dwelling. The first part shows the data from the dwelling and the thermographic image. The 

rest of the page is divided in four sections showing the different monitored variables: 

 Energy consumption: in this section it will be highlighted how far the consumption is 

from the optimum consumption (based on renovEU data) and, in the case of the 

dwellings that have been already renovated (Scenario A.1 and A.2), the energy 

consumption pre and post the renovation process. 

 Indoor conditions (temperature and relative humidity): in this section it will be 

highlighted the percentage of the time that the dwelling was in a discomfort situation. 

 Health and wellbeing: in this section the data about the symptoms, indoor thermal 

feeling and the data displayed by the Trotec BQ30 and/or collected from the 

questionnaire and the occupants’ interview is shown.  

 Energy Performance Certificate: in this part the energy label, if it is available, is shown, 

and it is highlighted the percentage of dwellings with certificate that has a better 

energy rating.  
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The following image shows a mock-up of the first page of the recommendations report with 

the monitored data: 

 

Figure 10. Draft of the first part of the Recommendation report. Monitored data. 

2. Page 2 - Measures without economic cost. On both sides of one page, the list of habits and 

free measures that respond to the monitored data of the dwelling are shown. To easily 

identify this type of measures, the pages are designed using the colour for this type of 

measures: green. One side of the page shows the measures for saving energy and the other 

side shows the recommendations that help to improve the health and wellbeing of the 

dwelling. The information includes the Optimization of the electricity tariff as one of the 

measures and the complete report is also provided physically and by QR code (Annex 4 shows 

an example of this report).  The following image shows a mock-up of the recommended habits 

and free measures: 
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Figure 11. Draft of the second part of the Recommendation report. Measures without economic cost. Left: measures to save 

energy. Right: measures to improve indoor comfort. 

3. Page 3 - Measures with a low economic cost. Following the same schema as in the previous 

one, one sheet is used to show the low-cost measures: one side of the page shows low-cost 

measures to save energy and the other side shows low costs measures to improve the indoor 

comfort of the occupants. The following image shows a mock-up of the recommended habits 

and free measures: 
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Figure 12. Third part of the Recommendation report. Measures with a low economic cost. Left: measures to save energy. 

Right: measures to improve indoor comfort. 

4. Page 4 - Measures with an economic investment. This page shows the renovation options for 

the monitored dwelling. The information is obtained from the online diagnosis tool developed 

during the project RenovEU. This tool provides different combination of measures. The 

measures that are considered are: 

 Windows: windows renovation 

 Insulation: thermal insulation installation in façade and roof.  

 Aerothermal: systems renovations using an aerothermal heat pump for heating, 

cooling and produce DHW 

 Aerothermal for DHW: aerothermal heat pump only used to produce domestic hot 

water. 

 Photovoltaic: installation of photovoltaic panels to produce electricity for self-

consumption. 

The information is provided on both sides of the page. The first side of the page is divided in 

three sections: 

1. Estimation of the energy performance of the current state of the dwelling. 

2. Graph with the different renovation options showing the energy savings, comfort 

improvement, economic cost per dwelling and cost considering the available grants. 

3. Explanation of the Deep renovation option (windows + insulation + aerothermal). It is 

shown the CO2 emissions, percentage of time out of comfort, the energy consumption 

for the pre and post renovation status, and the cost per dwelling with and without 

grants. A brief explanation of the measures is shown and QR codes link to the 

complete report, the budget, the grants information, and the energy offices.  

The other side of the page presents eight more options of renovation showing the comparison 

between the pre and post renovation state for the CO2 emissions and the energy 
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consumption. It is also presented the cost of the measures with and without grants. The seven 

sets of renovation measures presented are: 

1. Intervention on the envelope: windows + insulation 

2. Systems renovation: aerothermal  

3. Windows renovation + hot water: windows + aerothermal DHW 

4. Photovoltaic installation: photovoltaic 

5. Intervention on the envelope + photovoltaic installation: windows + insulation + 

photovoltaic.  

6. Systems renovation + photovoltaic installation: aerothermal + photovoltaic 

7. Windows + hot water + photovoltaic installation: windows + aerothermal DHW + 

photovoltaic 

8. Deep renovation + Photovoltaic: windows + insulation + aerothermal + photovoltaic 

In each renovation option, a QR code is included that links to the RenovEU preliminary report, 

and the detailed budget of each renovation measures set. In Annex 5 – Example of renovEU 

preliminary report for a Deep renovation and its budget.an example of the report for the Deep 

renovation option and the detailed budget is presented. 

  

Figure 13. Draft of the fourth part of the Recommendation report. Measures with an economic investment. Left: Current 

state. Right: measures to improve indoor comfort. 

 

4.2 Implementation of the monitoring campaigns 

This section presents the information and reports about de field activities performed during the 

monitoring campaign developed in the winter season in Valencia. It is explained the whole process to 

select the monitoring cases, the monitored parameters, and the documents prepared.  
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4.2.1 Collection of the energy monitoring cases. 

This section presents how the monitoring cases were chosen and the documentation prepared.  

To boost the participation in the monitoring campaign, and as it was explained in the dissemination 

of the campaign, participants were rewarded with a gift. They could choose between two options: 

 Energy performance certification of the dwelling.  

 Energy efficiency kit. It contains one 11W and one 6W LED bulb, a timer, a consumption meter 

and weather stripping for doors and windows. 

The monitoring campaign addressed 4 different case studies targets: 

Scenario A_Post-Monitoring: People who have already renovated or are renovating their dwellings.  

           > A.1. New renovation measures will be implemented.  

           > A.2. No new renovation measures will be implemented. 

Scenario B_ Pre-Monitoring: People who haven’t renovated their dwellings. 

             > B.1. Renovation measures will be implemented. 

             > B.2. No renovation measures will be implemented. 

The dissemination of the monitoring campaign started on the 21st of December 2022 and participants 

could register their homes until 20th of January 2023. 

A. Dissemination documents and channels 

The collection of the monitoring cases started preparing the dissemination documents and 

distributing them through the different available channels. The campaign was called “¡Conoce y 

mejora tu casa!” (“Know and improve your home!”),  

 Website 

A web page located on IVE’s website was created with the monitoring campaign explanation:    

https://www.five.es/campana-gratuita-conoce-y-mejora-tu-casa/. This web site contained the link to 

the free registration. 

 

Figure 14. Website of the monitoring campaign. 
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 Registration form 

In this form, participants were asked to provide basic information in order to characterize each case: 

- Contact details 

- Location of the dwelling 

- Have you made any improvements to your home? 

- When were the measures implemented? 

- Will you make improvements? 

- When will you make them? 

 

Figure 15. Part of the form prepared for the registration in the monitoring campaign. 

 Presentation 

Presentation prepared to be shared with the participants of the energy office’s activities. 

 
Figure 16. Cover of the presentation about the monitoring campaign. 

In Annex 3 – Documents prepared to collect participants for the monitoring campaign.it is shown more 

details about the documents prepared.  
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 Channels used for the dissemination. 

The dissemination of the monitoring campaign was done virtually and physically: 

o Newsletter – IVE  

o Social media – VCE and VRCP 

o Personal appointments – VCE 

o Workshops/ Citizens’ School of Energy Renovation – VCE 

 

Figure 17. Channels used for the dissemination of the monitoring campaign. 

The result of the dissemination of the monitoring campaign was that 252 participants registered their 

dwellings in the registration form. 

 

Figure 18. Result of the dissemination of the monitoring campaign. 

B. Definition of the monitoring campaign – based on registration and resources. 

Once the registration period ended and the number of possible cases studies was known, and 

considering the available resources, the monitoring campaign details could be established.  
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Regarding the resources, finally 13 temperature and relative humidity sensors were available to be 

used. On the other hand, the staff available for this task was 1,5 people one month (one person the 

whole monitoring campaign and one persona half of the monitoring campaign). 

Other consideration for the definition of the monitoring campaign was its duration. Since it was a 

winter campaign, it had to ended before spring started. The campaign was established from 13th of 

February to 13th of March 2023.  

With all these factors and considering that enough possible case studies were registered, the result 

was that 21 dwelling could be monitored for 7 days. A first monitoring calendar was prepared:  

 

Figure 19. First calendar to define and organize the monitoring campaign. 

C. Selection of the monitoring cases  

The result of the dissemination campaign was that 252 houses were registered for the monitoring 

campaign, but only 21 could be selected for this campaign. Therefore, a three steps process of filtering 

the possible cases was performed.  

 First step – from 252 to 75 dwellings 

The first filter was the proximity to Valencia, and it was established that the houses had to be less than 

30 minutes away by car. Using this filter, the cases are reduced to 108. 

The second filter in this step was to select the cases that belong to one of the 4 scenarios proposed:  

Scenario A. Renovated dwellings (from 2020) 

A.1. Renovated dwellings that want to add new measures.  

A.2. Renovated dwellings that don’t want to add new measures. 

Scenario B. Not renovated dwellings. 

B.1. Not renovated dwellings that want to add new measures.  

B.2. Not renovated dwellings than don’t want to add new measures.  

For example, houses that were renovated before 2020 were not selected since the purpose was to 

compare the energy performance before and after the renovation and the energy consumption could 

be obtained only since 2018.  

Using this second filter, the cases are reduced from 108 to 75 cases divided as follows: 

A.1.  13 units 

A.2.  9 units 

B.1.  41 units 

B.2.  12 units 
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Figure 20. Analysis of the cases and categorization in the four scenarios. 

 Second step - from 75 to 21 dwellings 

New filters were required to reduce the number of cases. A second form was sent to the 75 pre-

selected houses. In this new form it was asked if a neighbour with a different scenario could be 

interested in monitoring campaign as well. The purpose was to compare easily renovated vs not 

renovated similar houses. A detailed calendar of the 21 cases was defined and this form also asked if 

they were available in the defined dates for the sensor’s installation and collection.  

 

Figure 21. Detailed calendar of the monitoring campaign 

The result was that 51 of the 75 pre-selected houses filled out the form. Among these 51 cases, 21 

were selected considering their availability for the defined dates, the presence of possible interested 

neighbours and trying to have representation of all the possible cases and scenarios.  

A.1.  6 units 

A.2.  3 units 

B.1.  10 units 

B.2.  2 units 

 Third step - from 21 to 23 dwellings 

Once the 21 cases were selected, they were notified, and a third form was sent in order to: 

- Confirm the participation in the monitoring campaign. 

- Confirm the compliance with the date for the installation and collection of the sensors. 
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- Confirm the participation of the neighbours. 

- Provide other relevant data such us if they have the gas bills since 2018, an energy 

performance certificate or previous measurements (CO2, temperature, relative 

humidity…) 

The result was that 1 dwelling was cancelled by the owner and 3 dwellings from the neighbours were 

confirmed. The final number of dwellings were 23, divided as follows: 

A.1.  6 units 

A.2.  5 units 

B.1.  9 units 

B.2.  3 units 

The following map shows the location of the selected dwellings: 

 

Figure 22. Location of the selected dwellings for the monitoring campaign. 

4.2.2 Monitoring set for data collection 

Once the list 23 dwellings were selected, the monitoring set for the data collection was prepared. The 

set consisted of indoor environmental quality measurements, a thermographic study, energy 

consumption measurements and healthy and subjective wellbeing questionnaires.  

A. Indoor Environmental Quality (IEQ) measurements 

This section shows the sensors used in the monitoring campaign for the IEQ measurements: 

 Hobo data loggers 

HOBO data loggers were used for the register of the temperature and the relative humidity. Finally, 

13 data loggers were available, and they were installed as follows to cover all the cases: 
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› Dwellings outside Valencia city:  2 Hobos installed (one inside, one outside)  7 dwellings. 

› Dwellings in Valencia city:  1 Hobo installed inside each house  16 dwellings. 

1 Hobo installed outside IVE’s office. 

The criteria was that the outdoor data for the cases located in the city of Valencia was collected by a 

common sensor installed in the courtyard of the IVE’s office. However, in the dwellings located outside 

Valencia city, one Hobo was installed outside in each case since there could be important differences 

in the data with respect to Valencia city.  

 Trotec BQ30 

This monitor shows (but not register) levels of CO2 concentration, particle concentration PM 10 and 

PM 2.5, humidity and temperature.  Three units of this monitor were available, and they could be 

installed in 7 of the dwellings. 

 

Figure 23. Pictures of the installation of the monitors. 

B. Thermographic study 

A thermographic study was performed in all the cases. Several thermographic photos were taken 

inside and outside the dwellings. People were asked to switch on heating 2 hour before the visit with 

the aim of having the greatest possible thermal contrast between the interior and exterior of the 

house. 

 

       

Figure 24. Pictures of the thermographic studies performed inside and outside the dwellings. 



D.4.7.  Evaluation of the monitored data and the extracted information 

 

- 32 - 

 

C. Energy measurements 

For the energy measurements, three actions were done in each case: 

 Energy bill optimization 

For this analysis, the online service provided by VCE was used. The data required to perform the 

optimization is: ID card images, last electricity bill and the consent of using the data.  

 

Figure 25. Website of the free of charge service to optimize the electricity bill. 

 Electricity consumption 

For the electricity use, the data is collected from the web site of the electric distribution company 

platform: www.i-de.es that uses the Meter Point Reference Number (MPRN) to register the energy 

consumption. The data is available in an hourly basis and since 2018.  

The process to obtain the date is: 

1. Registration as a client of the contract holder. 

2. Authorize third parties to access the contract. 

3. Send us the email account used in the registration. 

4. Send the contract holder a request for access to the data. 

5. Acceptance of the request for access to the data. 

 

Figure 26. Platform of the electric distribution company. 
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 Gas consumption 

In the case of dwellings with heating or DHW systems using gas as energy carrier, the consumption is 

known gathering the gas bills, preferably since 2018 if it was possible. 14 dwellings had gas for heating 

or DHW.  

 

Figure 27. Example of a gas consumption bill. 

D. Health and subjective wellbeing   

A questionnaire was prepared to collect the health a subjective wellbeing data of the occupants. They 

were asked to fill out the questionnaire once a day during the monitoring week. This questionnaire 

contained: 

 Hours of stay in the house. 

 Turn on air conditioning? When? 

 Thermal discomfort? When? 

 Indoor parameters felt? excessive humidity, air stream… 

 Occurrence of health symptoms due to indoor environment 

 Trotec monitor: Any relevant indicator? 
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Figure 28. Questionnaire provided to the dwelling’s occupants. 

4.2.3 Building characteristics and occupants’ profile  interview 

During the first visit to the dwelling, the technician collected the building/dwelling characteristics and 

occupants’ profile. To facilitate the process, a form with 4 sheets was developed. The first one was 

completed before the visit using the cadastral reference and the data collected during the selection 

process. The rest of the sheets were implemented interviewing the occupant/s. 

 Initial data 

The first one contains general data from cadastral and the selection process: personal data, building 

and facilities data, other available data, renovation measures after 2020 and planned renovation 

measures in the following months.  

 Dwelling data 

The second one provides data about the dwelling with general information such as number of rooms, 

use profile, more information about the facilities: lighting, heating systems, cooling systems, 

ventilation, photovoltaic installation, appliances; and information about building elements: windows, 

façade, roof, and floor. This information is used as well to elaborate the energy performance 

certificate (for the cases that chose it as a reward). 

 Subjective wellbeing data 

The third form collects the subjective wellbeing of the occupants living in the dwelling. It asked how 

often they feel discomfort due to indoor parameters quality such as dry air, humid air, bad smell, 

noise, air stream, high/low temperatures, etc; the type of discomfort that they usually feel such as 
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fatigue, headache, dry throat, breathing problems, etc; the general thermal feeling in winter and in 

summer and the clothing they usually wear in both seasons.  

 Renovation measures data 

Finally, the fourth form deals with the energy renovation measures and there are two types of form 

depending on the case:  

A) Houses that already implemented measures. 

In these cases, occupants were asked to explain the measures implemented, when they were done 

and the reasons to implement them. Then it was asked their appreciation of the measures and the 

work done, the hardest part of the process and if their problems were solved. They were also asked 

about the cost of the measures, if they had grants and their experience asking for the grants among 

others. Finally, they were asked if they planned to do new measures and the reason.  

B) Houses that don’t have implemented measures yet.  

In the second type, when the houses are not renovated, they were asked if they were going to do 

energy renovation measures, the reason, the budget and if they were going to ask for grants.  

 

Annex 6 – Questionnaire for collecting building characteristics and occupant profile. shows the whole 

forms used in the interviews with the dwelling’s occupants.  

4.2.4 Photographic report 

In all the cases a photographic report of the outside and inside of the dwelling was made. Special 

attention was paid in the envelope characteristics and facilities features. The pictures are use as well 

to elaborate the energy performance certificate.  

       

Figure 29. Example of the photographic report done in each monitoring case. 

4.2.5 Other documents prepared. 

The organization of the monitoring campaign required to prepare other documents: 

 Monitoring campaign consent 

Explanation of the Save the Homes project, the monitoring campaign and the consent form. 
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Figure 30. Document for the monitoring campaign consent. 

 Fact sheet about grants and information 

o Next Generation grants. Explanation of the available grants and the requirements for 

both options: buildings and dwellings. 

o Xaloc network and energy offices in Valencia with contact details and QR links to the 

websites. 

 

Figure 31. Fact sheet with the Next Generation grants and the Energy Office and Xaloc network information. 

 Fact sheet Trotec BQ30 monitor. 

Information about the data provided by the monitor and the meaning of the colours.  
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Figure 32. Fact sheet about the indoor environmental quality provided by the Trotec BQ30 monitor. 

 Renovation stories/best practices map consent 

Information about the renovation stories maps with an example and consent form of the 

specific parameters they allow to be published on the map. This consent was only shared with 

the occupants of dwellings that had already done renovation measures.  
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Figure 33. Explanation and consent for the renovation stories map 

 Checklist of the monitoring cases 

Internal form with all the data to be collected for each case study. It was used to track the 

information gathered.  

 

Figure 34. Checklist of the data gathered for each case study during the monitoring campaign. 

 

4.3 Analysis of the monitoring campaigns results 

This section presents the results of the monitoring campaign in the Valencia pilot from two 

perspectives: the monitoring process and the monitoring data gathered. 

4.3.1 Evaluation of the monitoring campaign success. 

The procedure showed in section 4.1.1 Definition of the evaluation of the monitoring success. 

Executive Summaryis used to evaluate the performance of the monitoring campaign implemented in 

the Valencia pilot.  

The following table shows the collected variables during the process of the campaign: 
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Monitoring campaign dissemination 

a Number of people targeted by newsletters/ social media/ workshops… 35.3344 

b Number of people who viewed the monitoring campaign   15.863 

c Number of clicks on the monitoring campaign information 551 

d Number of dwellings registered in the monitoring campaign 252 

e 
Number of dwellings registered for Scenario A.1:  

Renovated dwellings (after 2020) that want to implement new measures. 
34 

f 
Number of dwellings registered for Scenario A.2:  

Renovated dwellings (after 2020) that do not want to implement measures. 
15 

g 
Number of dwellings registered for Scenario B.1:  

Non-renovated dwellings (after 2020) that want to implement measures. 
170 

h 
Number of dwellings registered for Scenario B.2:  

Non-renovated dwellings (after 2020) that do not want to implement measures. 
33 

 

Monitoring campaign scope 

i Number of monitored dwellings 23 

j Monitored dwellings for Scenario A.1.  6 

k Monitored dwellings for Scenario A.2.  5 

l Monitored dwellings for Scenario B.1.  9 

m Monitored dwellings for Scenario B.2.  3 

 

Monitors performance 

n Total number of monitors 16 

o Number of Hobo monitors (T°C and H%) 13 

p Number of Trotec BQ30 monitors (Air quality)  3 

q Number of dwellings monitored with Hobo 23 

r Number of dwellings monitored with Trotec BQ30 7 

 

Renovation Stories/Best practices map 

s Number of dwellings susceptible to appear on the Renovation Stories/Best practices map. 11 

t Number of dwellings accepting publication on the Renovation Stories/Best practices map. 6 

 

The above variables are combined to calculate different indicators to assess the success of the 

monitoring campaign. The results are shown in the following table: 

1. Monitoring campaign dissemination success 

1.1. Views: Number of people who viewed 

the monitoring campaign information  
b/a 45% 

45% of people in the target audience 

viewed the dissemination content. 

1.2. CTR Click Trough Rate: Number of people 

who clicked on the monitoring campaign 
c/b 3,5% 

3,5% of people who viewed the 

dissemination content clicked on the 

monitoring campaign information. 

1.3. Conversion Rate: Number of dwellings 

registered in the monitoring campaign 
d/c 45,7% 

45,7% of the people who clicked on the 

monitoring campaign registered  

1.4. Scenario A.1. registered rate: 

Number of dwellings Sc A.1. registered 
e/d 13,5% 

13,5% of the registered dwellings were A.1 

(renovated + upcoming measures) 

1.5. Scenario A.2. registered rate: 

Number of dwellings Sc A.2. registered 
f/d 6% 

6% of the registered dwellings were A.2 

(renovated + no upcoming measures) 

1.6. Scenario B.1. registered rate: 

Number of dwellings Sc B.1. registered 
g/d 67,5% 

67,5% of the registered dwellings were B.1 

(non-renovated + upcoming measures) 

1.7. Scenario B.2. registered rate: 

Number of dwellings Sc B.2. registered 
h/d 13,1% 

13,1% of the registered dwellings were B.2 

(non-renovated + no upcoming measures) 
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2. Monitoring campaign scope 

2.1. Monitoring campaign scope: 

 Monitored dwellings rate 
i/d 9,1% 

9,1% of the registered dwellings were 

monitored.  

2.2. Scenario A.1. monitored rate: 

 Monitored dwellings Sc A.1. rate 
j/i 26,1% 

26,1% of the monitored dwellings were A.1 

(renovated + upcoming measures) 

2.3. Scenario A.2. monitored rate: 

 Monitored dwellings Sc A.2. rate 
k/i 21,7% 

21,7% of the monitored dwellings were A.2 

(renovated + no upcoming measures) 

2.4. Scenario B.1. monitored rate: 

 Monitored dwellings Sc B.1. rate 
l/i 39,1% 

39,1% of the monitored dwellings were B.1 

(non-renovated + upcoming measures) 

2.5. Scenario B.2. monitored rate: 

 Monitored dwellings Sc B.2. rate 
m/i 13% 

13% of the monitored dwellings were B.2. 

(non-renovated + no upcoming measures) 

 

3. Monitors’ implementation and performance 

3.1. Dwellings with Hobo monitors rate q/i 100% 
100% of the monitored dwellings had Hobo 

monitors. 

3.2. Dwellings with Trotec BQ30 monitors  

 rate 
r/i 30,4% 

30,4% of the monitored dwellings had 

Trotec BQ30 monitors. 

3.3. Total monitors’ performance i/n 1,44 
With each monitor, 1.44 dwellings have 

been monitored 

3.4. Hobo monitors’ performance q/o 1,77 
With each Hobo monitor, 1.77 dwellings 

have been monitored 

3.5. Trotec BQ30 monitors’ performance r/p 2,33 
With each Trotec BQ30 monitor, 2,33 

dwellings have been monitored 

 

4. Renovation Stories/Best practices map success 

4.1. Renovation stories map rate: 

 Monitored dwellings susceptible to be   

 included on the map 

s/i 47,8% 
47,8% of the monitored dwellings were 

susceptible to be included on the map. 

4.2. Renovation stories map success rate t/s 54,5% 

54,5% of the susceptible monitored 

dwellings to be included on the map 

accepted.  

If we analyse those indicators in the customer journey validation dashboard, we observe the following 

trends: 
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Figure 35.- Customer journey assessment dashboard filtered for monitoring actions. 

The customer journey assessment dashboard, filtered for focusing on the monitoring activities shows 

some of the previous data in a visual way, where we can see: 

 Onboarding actions target and reach many citizens, in the form of events and publications, which, 

even if they consume some time, worth the effort when compared to the average time dedicated 

to each potential user. 

 For this reason, actions are focused on that stage. Even when its conversion rate is quite low 

(slightly over a 1%), it is enough, since more than 200 applicants for monitoring is in fact too high! 

 Nevertheless, management of applications is simple because of the use of just one automated 

process (tool), making the selection easier and the time spent efficient. 

 It is to be noted that the low conversion rate into stage 2 (users assisted in the design of their 

potential renovation, i.e., dwellings monitored in a pre-renovation stage, and therefore advised) 

was due to the limited resources of the OSS to perform the monitoring (human resources, sensors 

and monitors) 

 Post-renovation monitoring was quite less successful than pre-monitoring, which is evident 

because of the reduced incentives (they already renovated) 

 Even so, more than a half of them found the experience interesting enough to consent to share it 

with other users, in order to let them know the benefits of their renovation. 

 The negative side of these data is the monitoring actions themselves, in terms of time spent. This 

has two readings: on one hand, some actions (e.g., visits) consume too much time, so they do not 

worth it; but on the other hand, they throw high conversion rates and help to validate or improve 

the customer journey and explain the benefits of the renovation and drawn attention to its 

bottlenecks or problems. 

 When comparing time spent per user, automatization is something to address, since it has proven 

to be highly efficient. 

 When comparing users reached, publications are the most effective. 

 When comparing conversion rates, visits are the most successful. 
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As a conclusion, a higher level of automatization in the monitoring activities could allow for repeating 

these campaigns at least once a year, so renew success stories and best practices, and re-evaluate the 

services offered by the OSS. 

The following table shows the data collected during the monitoring campaign. When the number is 

coloured green means that the data is completed, and the information was correctly gathered, or the 

occupant provided the information. If it is orange, it means that some data is still missing. 

 

*It reflects the dwellings that provided gas consumption bills, but it is still required to check if all the 

dwellings have provided bills since 2018. 

** Despite most of the dwellings switched on the heating system 2 hours before the study, in some 

cases the thermal contrast between the outside and the inside of the dwelling was not enough. In these 

cases, the thermographic study could be redone in summer to try to get better results.  

As a conclusion, data collection that relies solely on the technician is easier to collect than data that 

relies on the occupant. This is seen in the energy measurements. Since the occupants had to provide 

documents and register online, we still do not have some of them. In some cases, the problem was 

due to difficulties with the website or app (people with low technological skills) and in other cases the 

problem was due to a lack of interest on the part of the owner. 

At this point, we list below the conclusions that can be drawn so far: 

- Monitoring campaign 

• People showed special interest in the thermographic photos because it is a very visual and 

easy to understand tool  Energy offices could have a lending service and provide a 

thermographic camera and a brief explanation of how to use it to allow them to do a 

thermographic study of their houses.           

- Indoor environmental quality 

• People also showed much interest in the Trotec BQ30 monitor. For example, the owners of 

one of the monitored dwellings were concerned about the level of CO2 in their dwelling during 

Hobo data logger - T°C/RH% 23/23

Trotec BQ 30 -  CO2, PM, T°C/RH% 7/7

Energy bill optimization - Online 15/23

Electricity consumption - Utility 17/23

Gas consumption - Bills 14/14*

23/23**

23/23

22/23

22/23

22/23

22/23

23/23

23/23

23/23

23/23

7/7

6/11

7/9

14/14

0/23

0/23

Fact sheet about grant and information

Building characteristics and 

occupant profile - Interview

Other documents

Monitoring set

Indoor Environmental Quality 

Energy measurements

Photographic report 

Thermographic study - Indoor/outdoor

Health and subjective wellbeing - Questionnaire

Initial data

Dwelling data 

Subjective wellbeing data 

Renovation measures data  - Done or Planned

Indoor

Outdoor

Monitoring campaign consent

Recommendations report
Recommendations reports done

Recommendations reports delivered

Fact sheet Trotec BQ30 monitor

Renovation stories map consent

Energy performance certificate

Energy efficiency kit
Reward
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the monitoring week and bought a CO2 monitor and installed it in their house. Now they are 

ventilating the house twice otherwise the CO2 level rises too much  Energy offices could 

have a rental service and provide this type of sensors to encourage people to monitor their 

indoor air quality.  

• People are not aware of how harmful it is to live in unhealthy environments, for example, with 

damp and mould on their walls.  More awareness is required 

- Renovation process 

• In many cases the neighbours community is the biggest obstacle to perform a deep renovation 

of the whole building  More awareness is required 

• Some of them complained about the work done (PV installers not qualified)   More training 

in energy renovation for installers and builders is required 

• Some of them did a whole renovation without energy efficiency perspective or focused only 

in PV  More training in energy renovation for architects and technicians is required 

• In some cases the community agrees to renovate but for other reasons  IEE (Building 

evaluation report) must be exploited 

- Renovation grants 

• Some had problems with NextGeneration grants (burocracy, not expert technicians...)  

More certiffied experts and training in managing grants are required 

- Other 

• In some cases the property manager does not promote the renovation  More 

training/incentives are require for property managers 

After implementing the monitoring campaign and having had direct contact with the home-owners of 

the monitred dwellings (who are the potential users of the customer journey), some important 

conclusions can be drawn and implemented in the OSS: awareness and/or specific training of all the 

customer journey stakeholders is key: users, technicians, property managers, neighbours community, 

etc. On the other hand, providing users with a lending service of self-use monitoring tools can improve 

user’s engagement and boost renovations processes. 

4.3.2 Evaluation of the data collected during the monitoring campaign. 

As indicated in section 4.3.1 Evaluation of the monitoring campaign success, 252 homes registered to 

participate in the monitoring campaign, 23 of which were selected.   

Also as already indicated in section 4.3.2, the 23 selected dwellings covered the following scenarios:   

Monitoring campaign scope 

Number of monitored dwellings 23 

Monitored dwellings for Scenario A.1:  

Renovated dwellings (after 2020) that want to implement new measures. 

6 

(26%) 

Monitored dwellings for Scenario A.2: 

Renovated dwellings (after 2020) that do not want to implement measures.  

5 

(22%) 

Monitored dwellings for Scenario B.1: 

Non-renovated dwellings (after 2020) that want to implement measures.  

9 

(39%) 

Monitored dwellings for Scenario B.2: 

Non-renovated dwellings (after 2020) that want to implement measures. 

3 

(13%) 

 

It should be noted that the 23 selected dwellings have also tried to cover two main typologies: single-

family dwellings and dwellings located in multi-family buildings:   
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Monitored dwellings 

Single-family houses. 07/23 (30%) 

Dwellings in multi-family houses. 16/23 (70%) 

 

It should also be noted that the selection of both typologies has been carried out trying to maintain 

the percentage of typologies of the housing stock in the Valencia region. An attempt is made to 

summarize graphically in tables the main data on the age and the location of the selected dwellings: 

 

The location of the dwellings can also be seen on the map in section 4.2.1.c. It should be noted that 

all the single-family houses selected are located outside the city of Valencia (in other localities of the 

province) while practically all the dwellings located in multi-family buildings (more than 80% of them) 

are located in the city itself. 

As for the age of the selected housing stock, while most of the single-family houses are of relatively 

recent construction (about 67% of them are from 2005 and 2006), more than half of the dwellings in 

multi-family houses (12 out of 23) predate 1979, when energy insulation of buildings was not 

mandatory.  

A. Energy 

Another interesting fact to highlight about the selected housing stock is the fact of having already 

been retrofitted or not. An effort has also been made to try to include dwellings in which energy 

renovation actions have been carried out. The higher percentage of energy retrofitted single-family 

houses (more than 70%) compared to only 25% of energy renovation actions in the case of multi-

family houses stands out significantly: 

 

The type of interventions carried out also seems representative depending on the housing typology: 

while in the case of the selected single-family houses, 60% have implemented several energy 

renovation measures, in the case of the selected dwellings located in multi-family houses the most 

common is to carry out punctual interventions, with window replacement being the most common 

measure (75% of the rehabilitated houses). 

With respect to non-retrofitted dwellings, an attempt is also made to graphically summarize some of 

the main data on their energy status: 

City of Valencia 

itself

Towns in Valencia 

province

Before 

1900

1900-

1920

1921-

1940

1941-

1950

1951-

1960

1961-

1970

1971-

1980

1981-

1990

1991-

2001

2002-

2011

SINGLE-FAMILY HOUSES 0/7 7/7 - 1 - - 1 - - 1 - 4

Dwellings in MULTI-FAMILY HOUSES 13/16 3/16 - - 1 - 1 6 3 - 4 1

13/23 10/23 - 1 1 - 2 6 3 1 4 5

LOCATION YEAR OF CONSTRUCTION

Recently 

refurbished
Insulation Windows PV Aerothermal Several

SINGLE-FAMILY HOUSES 5/7 3/5 3/5 4/5 2/5 3/5

Dwellings in MULTI-FAMILY HOUSES 4/16 1/4 3/4 2/4 0/4 1/4

9/23 4/9 6/9 6/9 2/9 4/9

ENERGY RETROFITTING DATA
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As can be seen in the table, 75% of the non-retrofitted dwellings located in multi-family buildings have 

an E rating. Half of them (of the non-retrofitted dwellings located in multi-family buildings) could have 

a potential of reduction of more than 60% of their average annual consumption. 

B. Indoor conditions 

As in the beginning of the basic data analysis of the monitored dwellings above, an attempt has been 

made to break down the results for the typologies of dwellings participating in the campaign: 

 

In the case of single-family houses, there are data for 5 of the 7 participating in the monitoring 

campaign. In 80% of them (4 dwellings), the percentage of time out of comfort has always been higher 

than that recorded in comfort conditions. It should be noted that, in 3 of them, the time out of comfort 

has been between 96-100% of the monitored time, despite the fact that all 3 have undergone some 

type of energy renovation. 

As per the dwellings in multi-family houses, data are available for 15 of the 16 dwellings. As in the case 

of the single-family houses, in 80% of them (12 dwellings), the recorded percentage of time out of 

comfort has always been higher than that recorded in comfort conditions. However, only two of these 

dwellings have undergone some renovation action. Regarding the reason/degree of discomfort, the 

most common was experiencing temperature below and humidity above the comfort ranges. 

C. Health and subjective well-being 

As explained in 4.1.7, a health and subjective well-being questionnaire was also created and 

distributed among the occupants of the dwellings to obtain -although not directly- data on their IEQ. 

Through the questionnaires, occupants were asked about health symptoms experienced at home, as 

well as about their general thermal sensation and other environmental conditions: 

 

Figure 36.- Health and subjective wellbeing results 

Potential reduction in 

average anual 

consumption >40%

Potential reduction in 

average anual 

consumption >50%

Potential reduction in 

average anual 

consumption >60%

Potential reduction in 

average anual 

consumption >70%

Potential reduction in 

average anual 

consumption >80%

Potential reduction in 

average anual 

consumption >90%

E D

SINGLE-FAMILY HOUSES - - - - - - - 2/2

Dwellings in MULTI-FAMILY HOUSES 8/12 7/12 6/12 3/12 2/12 1/12 9/12 3/12

9/14 5/14

ENERGY LABELENERGY CONSUMPTION

NON RECENTLY REFURBISHED DWELLINGS

ONLY TEMPERATURE ONLY HUMIDITY TEMPERATURE + HUMIDITY GENERAL

Time in discomfort > 

Time in comfort

Time in discomfort > 

Time in comfort

Time in discomfort > 

Time in comfort

Time in discomfort > 

Time in comfort

SINGLE-FAMILY HOUSES - - 1/7 3/4

Dwellings in MULTI-FAMILY 

HOUSES
2/7 1/7 3/7 6/9

2/7 1/7 4/7 9/13

*Aggregate data for 13 dwellings*Data only broken down for 7 dwellings (1 SFH + 6 dwellings in MFH)

INDOOR CONDITIONS
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 Regarding the health symptoms detected, about 20% of the participating households (80% of 

which are dwellings located in multi-family buildings) expressed to have experimented some 

symptom, mainly headache or dry throat. 

 Regarding environmental conditions, a distinction should be made between the general 

perception of the occupants of single-family houses or of dwellings in multi-family buildings: 

while the presence of air currents and noise affect about half of the apartments, humid air is 

the main problem reported in single-family houses (in more than 80% of them, compared to 

40% of the apartments). 

 With respect to the thermal sensation, the feeling of being somewhat cold is the majority in 

single-family homes (67% of them). In the case of apartments, the sensation of being very hot 

in the summer months or somewhat cold in the rest of the year is similar (30%). 

 

Figure 37.- Example on the health and subjective well-being expressed by the occupants of a dwelling having participated in 

the monitoring campaign. Information included in the Recommendation Report (Annex 7) 

D. Potential measures with no financial investment to be implemented 

As part of the information provided at the end of the monitoring campaign, the occcupants of the 

homes were provided with a series of energy saving and well-being improvement measures -relatively 

easy to implement and at low or even no cost. The main measures proposed, of a personalized nature 

based on the observations made during the visits to the dwellings and on the data collected (energy 

consumption, monitoring, occupant questionnaires, etc.) are as follows: 

 Measures at no economic cost: 

o For energy savings. In both types of dwellings, advice was provided to users on the 

use of heating, where high savings potential was detected. The anticipation of energy 

bills (to avoid estimated readings) was recommended to occupants too. In the case of 

single-family homes, room for improvement was also observed in hot water 

consumption, while in the case of apartments, a wide margin for optimisation was 

detected in the consumption of household appliances and lighting.  

o For the improvement of well-being, improvements were recommended to promote 

natural ventilation and the use of solar protection elements (blinds and curtains), 

following the general observation of no/low use of these measures in both housing 

typologies. Other measures recommended were the use of thermal inertia (taking it 

into account and taking advantage of it) and the optimization of thermostats. 
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Figure 38.- Example of potential no-cost measures recommended for one of the homes participating in the campaign 

 Low-cost measures: 

o For energy saving. In both housing typologies, the use of saving devices and systems 

for electricity and water was recommended, after observing a wide margin for 

improvement through both measures. 

o For the improvement of well-being. Measuring air quality and using vegetation was 

recommended to occupants of both building typologies to improve comfort. Margin 

for improvement was also detected through mechanical ventilation. Other measures, 

such as air purifiers/humidifiers or CO2 and humidity monitoring, were only noted as 

necessary -and therefore recommended- in very specific cases.  

 

Figure 39.- Example of potential low-cost measures recommended for one of the homes participating in the campaign 

E. Interventions requiring an economic investment 

In addition to the above measures, eight renovation scenarios, with different economic costs and also 

different energy savings/emission reduction potentials, were proposed for dwellings that had not 
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undergone any renovation in recent years (in total, 13 dwellings in multi-family buildings and 2 single 

family houses). 

In these scenarios, the cost of the interventions (with and without subsidy) and the energy label, 

emissions reduction and energy savings obtained through them have been rated. 

  

Figure 40.- Internal working document. Main data on the interventions requiring an economic investment per dwelling 

The eight proposed renovation scenarios are as follows: 

1. Actions on the thermal envelope (including window replacement). 

2. Photovoltaics. 

3. Appliances replacement (installation based on a single heat pump, air/water or aerothermics). 

4. Window replacement + aerothermics for DHW. 

5. Actions on the thermal envelope + photovoltaics (1 +  2). 

6. Appliances replacement + photovoltaics (2 + 3). 

7. Window replacement + aerothermics for DHW + photovoltaics (2 + 4).  

8. Actions on the thermal envelope + appliances replacement + photovoltaics (1 + 2 + 3). 

Some interesting conclusions drawn from the analysis of the proposed renovation scenarios would be, 

in the case of dwellings located in multi-family buildings: 

 The minimum benefit of the lower impact interventions (measures 1 and 4) would result in a 

minimum reduction of CO2 emissions of 15% and energy savings of 18%, with average 

reductions of around 30%. 

 Measures such as appliances replacement, with an estimated average cost of about 11,000€ 

per dwelling (without taking subsidies into account), would lead to a reduction of at least 50% 

of emissions and 44% of energy savings, reaching a reduction of more than 50% of energy 

savings in some cases. 

 All homes would have the capacity to achieve an A energy label (being the initial one D or E) 

by implementing comprehensive actions (intervention on the thermal envelope + 
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replacement of equipment + photovoltaic installation), which would result in a reduction of 

more than 90% of emissions and energy consumption in them. 

In the case of single-family houses, although the size of the sample is not as representative since 

renovation scenarios have only be proposed for two homes, it should be noted that the reductions 

achieved through these renovation scenarios both in terms of CO2 emissions and energy consumption 

would always be higher, as would logically be the cost of the interventions. 
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5 Rotterdam Citizen Hub 

5.1 Design of the monitoring plan 

Change towards energy reduction 

The climate is changing worldwide and also in the Netherlands. The average temperature over the 

past century has risen, the amount and intensity of precipitation has increased and very hot days are 

more common. Achieving the Paris climate goals (2015) is necessary to prevent further global warming 

and its consequences as much as possible. To comply with the Paris agreements, the Netherlands must 

switch from fossil fuels to sustainable energy sources such as solar and wind. The (draft) Climate 

Agreement lays down the measures and agreements for this energy transition. The goal of the Climate 

Agreement is a reduction of greenhouse gases by 49% in 2030 and by 95-100% in 2050. The measures 

in the Climate Agreement can yield benefits for health, safety and nature due to the disappearance of 

fossil sources. In order to make use of the opportunities for health, safety and nature in realizing the 

energy transition and to prevent or limit negative effects as much as possible, further systematic 

assessment of this is necessary.  

In the last years quite a lot of steps have been taken for home-owners in terms of reducing the energy 

usage in their homes. One of these things in order to make this easier is the use of smart meters. The 

large-scale 'roll-out' of the smart meters started in January 2015. By the end of 2022, the smart meter 

has been offered to virtually all households and over 80 percent of the households has a smart meter. 

Each network operator has a schedule of who will receive a smart meter and when.  

Change towards cost reduction  

In regards to the monitoring plan for the Dutch demo case, it differs quite a bit from the Valencia 

demo case. This is the case because of the availability and resources that are available in the 

Netherlands. Our current society allows home-owners to take steps into looking in their energy uses 

of their home without any extra facilities. These facilities were also available when the project started, 

but because of rather low energy prices people did not look at it. In the past most people paid a 

monthly amount, got a yearly bill, but most people did not know how much energy they used 

throughout the year. Now, because of rising energy prices,  people are more aware of their energy 

use and are using the means available. Energy company’s all provide a way to measure the individual 

energy consumption, based on the data from the smart meter. That means additional measuring is 

not always necessary. But getting people to know that it is available could be improved. 

Due to the rising energy prices the Dutch government introduced a energy-cap for 2023. This means 

that each individual household gets to pay a guaranteed price of € 0,40 / kWh and €1,45 / m3 gas or 

€ 47,38 / GJ. These are the prices for the first 2.900 kWh and 1.200 m3 and 37 GJ. After that, 

commercial prices have to be paid. This energy-cap is divided over the whole year. With this 

Figure 41 Division of the electricity cap over the year 
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(temporary) measure people want to know better how their energy use is, so energy company’s show 

this in their overview. This government measure makes people more aware of their energy bills. 

 

 
Figure 42 Availability  of smart meters in dwellings (2020) 

Because of this smart meter the use of a monitoring campaign in the Netherlands is a bit different as 

people can monitor the energy usage themselves. Therefore, it would only be an added value if we 

were to retrieve the data – with permission of course – from before and after the renovation from the 

energy companies. The Sensi – that do measure these energy usages and health of the homes – have 

had a different function in the last years as it was a measure used for raising awareness about energy 

and health. Due to the war in Ukraine and the rising gas prices, people now know about the urgency 

to do something about their homes, mainly due to the ever rising costs associated with gas. The Smart 

meter and the Sensi will be explained in the following paragraphs. 

 

Smart meter, longer than 2 year 

Smart meter, unknown how long  

Unknown if there is a smart meter 

Smart meter, less than 2 year 

No smart meter 

Not applicable 
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5.1.1 Smart meter 

The smart meter is a digital meter whose readings are read 

remotely by the energy supplier and the network operator. You 

no longer have to pass on meter readings to your energy supplier. 

And there is no longer a need for a meter reader to come by once 

a year. The smart meter measures your power consumption and 

transmits the readings of the gas meter. Old gas meters cannot 

'talk' to the smart meter. That is why the network operator 

replaces it at the same time as the electricity meter. 

The smart meter sends meter readings via the mobile telephone 

network (GPRS or CDMA), not via WiFi. The smart meter itself has 

a kind of built-in mobile phone. So you don't need an internet 

connection or mobile phone. That data connection is called the 

'P3 port'. And the network operator's computer server where the 

data is collected is called the 'P4 port'. 

You do not save energy with just the smart meter, it is merely for 

registration. But thanks to the monthly consumption and cost 

overview from the energy supplier, you can keep track of your consumption. It is even possible let the 

energy company show your daily consumption, and (with extra tools) you can manage your real-time 

consumption. So with the smart meter, you can check more easily and quickly whether your 

consumption does not increase unexpectedly. However, energy suppliers do not take any action if 

your consumption suddenly rises sharply, that is up to yourself. If you do not want to share data with 

the energy supplier they can switch of the communication. In that case no data will be sent and you 

still are asked to report your meter readings once a year. But switching off the data has to be 

requested, the default is data switched on.  

This kind of monitoring has also advantages for grid operators. They can detect and rectify faults more 

quickly and cheaply, thanks to smart meters. The network operator no longer has to wait for telephone 

reports of power outages in a district. Or dig in 20 gardens to find a loose connection in the power 

grid. Unsafe (fire) situations are also more likely to be noticed, such as the illegal tapping of power. 

Because smart meters of local residents, for example, show different values of the mains voltage. 

 

Figure 43 Example of additional P1 meter 

You can also link all kinds of handy energy consumption managers to the smart meter. They can help 

you save energy. The smart meters have an open port (P1) which you can use to connect your own 

energy monitor. These products, connect to wifi and show the actual current energy consumption in 

an application. This way it is possible to monitor your own situation. 
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Thanks to the information from smart meters, network operators can work better on the future of our 

electricity network. This anonymous data allows them to see, for example, in which neighborhoods 

there are already many electric cars. The necessary reinforcement of the grid can therefore be done 

much more locally, instead of providing a large area with thicker cables. This saves the network 

operators and therefore the consumer a lot of costs. 

The supply of electricity will fluctuate more, due to more and more solar and wind energy. One of the 

ways to deal with this is to adjust supply to demand. For example, you can give permission to run your 

washing machine when there is a large supply of electricity. Or you opt for an energy contract where 

the price depends on the supply at that time of the day (hourly contracts). To arrange all this 

technically, smart meters are needed. The government and network operators want everyone in the 

Netherlands to have a smart meter. That is why it costs nothing if the grid operator installs a smart 

meter. 

GDPR in monitoring 

There has been much discussion about the privacy aspects of a smart meter. If the meter can be read 

remotely, your usage data will go 'outside'. The data connection with the smart meter itself has been 

rigorously subjected to hack sensitivity testing by the Digital Security section of Radboud University. 

These tests showed that the connection is properly secured. The Consumers' Association does 

advocate 1 clear code of conduct for grid managers, energy suppliers and ODAs (offices registered to 

handle private data). These parties are independent service providers, such as the provider of a 

consumption manager. Currently, different codes of conduct apply to different parties. As a result, it 

is not easy to find out, for example, who is allowed to view data from the smart meter. And under 

what conditions.  

You can connect an energy consumption manager to your smart meter to easily monitor your energy 

consumption. The connection is direct. Or indirectly, by giving permission to a third party. You then 

give permission to a specific ODA (independent service provider) to read your smart meter. You can 

then follow your consumption live via an app or website. You can revoke your permission to share. 

But this will also cause to terminate the information to yourself. 

 

Figure 44 Example of energy monitoring provided by energy company(left) and report of additional monitoring (right) 
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5.1.2 Sensi monitors 

 

A. Sensi in save the homes 

In the beginning of Save the Homes we would introduce the Sensi monitoring system. Although this is 

a monitoring system and it can be used to monitor temperature, energy use and indoor comfort 

before and after, its main goal was to get people aware of their energy use and indoor quality so they 

would start thinking about energy renovation.  In Save the Homes, this awareness was already part of 

the activities of Alex Energy, and Sensi’s did not add to that. Especially when combined with the 

(growing) insight of energy consumption, the added value was reduced. So to reach out to more 

people would require more devices, and the costs of maintaining them. Because the change in attitude 

towards energy consumption, the availability of free tools to monitor energy, and the pace of Alex 

Energy as lead partner in the neighborhood we decided not to use Sensi monitoring in Prins Alexander. 

With the introduction of Alex Energie the first point of contact was already made. Next to that the 

home owners of the first project already gathered information about the quality of their homes. 

Therefore it would not do any good to repeat this path. 

In the upscaling in Pirns Alexander the amount of available Sensi’s was too small (5 pieces) so not 

enough people could be reached. We will give an overview of the possibilities anyway, so follower 

cities can choose to put Sensi’s (or similar) to use. Sensi’s are also part of the toolbox that is provided 

in the Remodules project (Horizon No 955529). 

B. Sensi’s explained  

The Sensi Family was developed in collaboration between BouwhulpGroep, Alliantie+, Huygen 

Installatie Adviseurs and Durocan, as a way of informing residents about the current qualities of their 

homes by placing smart sensors in their home. The sensor collects data about energy consumption, 

living comfort and the health of the home. This data is later fed back to the resident in a final report 

so that they can start to make their homes more sustainable.  

The idea of the Sensi started to take shape during a brainstorm session when it was concluded that 

the ‘customer journey’ of Alliantie+ (the Woning Paspoort) was an independent online ‘journey’ of the 

home-owner with no interference from other parties. This would be applicable for the monitoring as 

well, without any obstacles or barriers. This was also a way to improve the brand positioning. And 

from this idea the Sensi Family was born: a family traveling through the Netherlands and to raise 

awareness for sustainability of the living space among private home-owners. This is applicable for both 

awareness about the indoor climate as well as awareness for the structural construction of the house 

and the renovation possibilities. The Sensi’s all have their own face, story and journey they take. The 

idea is based on the Dutch concept of the ‘Logeerbeer’: the logeerbeer is a teddy bear that a teacher 

would give to a child for a couple of days. The teddy bear is transported in a suitcase, in which there 

are toys, clothes and other stuff to play with. The parents of the child write in an accompanying 
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notebook the adventures of their child and the teddy bear. After a short period the bear would be 

brought back to school, to tell ‘all it’s adventures’ and then go off to another child. This was also the 

aim of the Sensi, go to a house for a few weeks, let people see what was going on in their home 

concerning indoor climate and energy use and then go back. People were given a report of their 

situation with tips for improvement, for example renovation measures.  

Sensi’s were used in Triple A Reno as a means of raising awareness. This was also the aim of the Sensi’s 

in Save the Homes. Residents do not need to be persuaded to participate in the research, by promoting 

the Sensi’s as a free gadget.  

It is quite hard to gather data about residents 

and their way of living. Residents usually have 

to be persuaded to work on a monitoring 

campaign together, by for example receiving a 

compensation. Research has shown that 

multiple factors influence residents and home-

owners to either renovate or not. Not only 

financial factors play a large role in the 

decision, but health, comfort and wellbeing are 

often important motivations for residents in 

the final decision to renovate. The concept of 

the Sensi Family tries to help make that 

decision. By using the Sensi concept, residents 

are trying to be made more aware of the 

qualities of the indoor environment in their 

homes. The Sensi’s measure temperature, 

humidity, CO2 concentration and light intensity. 

At the same time the Sensi connects with the 

smart meter of the home. The resident has a 

personal login code with which the results of 

the Sensi can be viewed in a personal 

dashboard. The distinction between the good 

data and data that has room for improvement 

can be made in colors.   

Next to this, an Instagram account was made 

for the Sensi Family to build a community and share stories about where the Sensi’s have been and 

where they will go. Residents can also sign up here to be a host family for the Sensi. The host families 

can share photos of the Sensi in their homes. When a resident signs up for the Sensi, they give online 

permission to gather their data according to the AVG guidelines (monitoring information, smart meter 

data). After a period of four weeks the resident get the Woning Paspoort in combination with the 

monitoring report of the four weeks.  

C. Technical details 

The Sensi’s are climate sensors that work via the LoRa network, by which real-time data can be 

clarified. This data is also saved in a database whereby they can be edited. LoRa is the specification for 

a telecommunications network and is suitable for long distance communication with as little power as 

possible. This means that sending data takes little to no energy, which results in a battery power of 

approximately ten years. In the Netherlands, KPN has a 99% coverage of the LoRa network. As a result 

of this network, the Sensi’s send their data anyplace at all times. There is no installation or 

configuration needed and it is possible to send the Sensi’s to host families through the post. If Sensi’s 

would be used outside of the Netherlands it is good to check the coverage of LoRa. 
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The climate sensors that are used for this project measure temperature (+/- 0.2 °C), humidity (+/- 2%), 

CO2 (+/- 50 ppm / 3% of reading), light (+/- 10 Lux) and movement (PIR). There is a connection with 

the smart meter in the home by means of available tooling when the barcode on the smart meter is 

known. By means of an API, this data is also visualized on the resident’s dashboard and the data is 

written in the same database as the data from the climate sensors. 

 

5.2 Implementation of the monitoring campaigns  

The difference between the Netherlands and Spain is the technology that is already available. If we 

were to monitor in the same way that Valencia does, it would only add to the existing solutions and 

options and would add nothing new. Therefore, it would be much easier and better to ensure that the 

people who undertake a renovation give permission for the use of their energy bills before the 

renovation and after the renovation as in that way we can make a clear distinction between the 

current and new situation and take conclusions from it. As mentioned before, we do have the Sensi 

available in the Netherlands, but that is currently losing its (added) function. Another option to 

implement the monitoring campaign in an easy way is by the use of the app of the energy service that 

home owners are using.  

Going into the meter cupboard with pen and paper every year to record the stand is no longer 

necessary thanks to the smart meter. This automatically transmits meter readings to the energy 

supplier. By downloading the accompanying app you will gain more insight into your energy 

consumption. The app shows in detail - sometimes even per hour or per device - how much gas and 

electricity is used. This way you know exactly where you can save. The apps are also called energy 

consumption manager. Each energy company has its own app, but there are also independent apps. 

The condition is therefore that you have a smart meter. But almost everyone has it. And every energy 

service has an app in which your energy usage can be tracked and compared. 

5.2.1 Energy apps 

An oversight of some (but not 

exclusive) of the available apps: 

Eneco app 

In the Eneco app, customers stay 

informed of their consumption in a 

user-friendly manner. It is possible to 

adjust data, such as the installment 

amount, and to view all payments. 

The consumption is transparent per 

hour, day, week and month, as is the 

return supply of any solar panels. 

Vattenfall app 

The Vattenfall Energie app offers 

more or less the same as that of Eneco, namely tracking consumption and changing data. Users also 

receive a signal if the consumption costs are higher than normal and the app gives tips for saving. 

Essent app 

The Essent Consumption Manager+ can be used both online (via My Essent) and via the free app. The 

app gives advice on the monthly amount and shows the consumption per day, month or year. It also 

states what the return supply of solar panels is. 

Figure 45 Example of energy consumption manager 
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Oxxio app 

The Oxxio app does more or less the same as the apps above. Users can read the consumption per 

hour, view invoices and change the monthly amount. There is also a paid version of the app: Oxxio 

Pro. 

Greenchoice app 

Greenchoice also has an app for customers to monitor consumption per month, day or hour. Just like 

the return delivery of solar panels. Find payments and annual invoices or change the monthly amount. 

5.2.2 Independent energy apps 

There are also apps that are not tied to an energy supplier. These are not free, for example the 

SlimmeMeterPortal.nl app costs 1.50 euros per month (price September 2022), while the service on 

the PC is free (after registration). The aim is that you register, get a better insight in your energy 

consumption, and it will be anonymously compared to other subscribers in your city. The 

‘MijnEnergieinzicht’ service is also free to use, but does not have an app – although it does give that 

impression on the website. There are even more apps related to energy consumption on the site 

Energiegebruiksmanagers.nl. Some of these sites use the data provided by the grid operator. Others 

rely on a dongle that connects with an existing Wi-Fi signal. 

 

Figure 46 report of monthly energy consumption, provided by portal 

 

5.3 Analysis of the monitoring campaigns results 

In the case of Rotterdam, the first pilot started in an early stage with house visits (even in the 

onboarding phase). During these visits the energy bill was looked at and dissected by experts of Alex 

Energy. During early planning stage the energy consumption was the start of the measures and looked 

at in detail. The measures were explicitly aimed at reducing the individual het losses. This is a very 

time-consuming way to monitor energy performance. 
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In following phases people will be pointed towards energy monitoring to get a better view of their 

actual energy consumption. This will be part of the awareness campaigns. The tools and instruments 

described in 5.2 are all possible instrument to use. 

 

Figure 47.- communication on energy reduction in the customer journey 

In the customer journey it would be good to give a first indication of possible energy reduction in the 

onboarding phase, for example a range of percentages. In the design phase this can be more a price, 

for example a range of reduction in m3 or kWh, perhaps transformed in euros, because that is what 

people care about. In the Elaboration phase it can be put in line with the current energy consumption, 

so a more elaborated view of your new energy consumption can be given. Because the pilot in 

Rotterdam was lead by people with profound knowledge on energy the three different levels of 

communication were already discussed in the first phases. 

Now, at the end of Save the Homes, two pilot projects are finished/ongoing. In both cases 

communication with the participants was done by experts of Alex Energy.  Each individual citizen chose 

his own set of measures. Some of them went of the natural gas, others did no go that far and kept 

their gas fired boiler. From the house visits some remarks can be derived on the overall energy 

performance in relation to the expected performance. For example, one building was not insulated all 

around, but still chose for a heat pump. This building now has troubles with reaching the desired 

temperature.  This is a risk between advice and implementation. With proper energy monitoring (as 

described in the previous paragraph, a broader insight can be created on this level, to be more 

accurate in the future. This is also one of the lessons for the future, what are the right assumptions 

with these houses/ these situations. 

The first pilot project aimed had a prognosis of 30% energy reduction. Initially they did not intend to 

place heat pumps. But due to the energy crisis and the war in Ukraine they changed the plan and six 

of them went for a heat pump. The average energy reduction reached 54%. 

% of energy 

reduction 

Range of energy 

reduction 

Future energy 

consumption 
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The second pilot 2 out of 6 buildings are off natural gas, and 4 deep renovations. They are almost 

finished, but the prognosis is that they will also reach an energy reduction higher than 50%.  

After the two pilots the next step would be upscaling of deep renovations, aimed at 350 homes in the 

Bazelbuurt. Due to lack of workforce, this upscaling trajectory has never started. The plan was to use 

Ikwoon.io to inform people and use that app to form groups. From that point on, several groups (as 

much as needed to handle all the interest) would be formed. And in each group the energy 

performance would be point of discussion. In such a group the differences between people become 

clear and can partly be explained (occupancy, behaviour, large users). But when these indicators are 

known, they can be used in the expected energy consumption s well.  But as already mentioned, this 

part did not start as planned. Instead, to react towards the citizens (and not doing anything) another 

track was chosen, instead of ROUTE C: COLLECTIVE DEVELOPMENT OFFER-DEMAND, a ROUTE B: 

COLLECTIVE OFFER was realised. This accounts for a much lower energy reduction (aimed was 30%), 

because instead of a deep renovation, just one or two individual measures were taken (i.e. installing 

PV or floor insulation). Of the 350 homes 55 household showed up and 33 chose for one or more 

measures (reaching a conversion rate of 10%). Ther are no definite numbers of the reduction in this 

case. 
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6 Follower cities  
According to Objective 4 (To deliver real benefits to citizens and other stakeholders in two cities as a 

result of the Citizen Hubs operating locally), the objective is not only to provide the integrated 

renovation services to the specific homeowners groups identified in the two pilot cities (Rotterdam 

and Valencia) but also to demonstrate the potential of the Citizen Hub concept to all relevant 

stakeholders in other municipalities, to regain trust and interest in building renovations and to further 

expand the Citizen Hub business model.  

In this context, and in order to roll out the Citizen Hub concept on a wider scale (regional, national and 

European), the Citizen Hub models developed for Valencia (ES) and Rotterdam (NL) will be one-on-

one assessed with the two follower cities, Sant Cugat (ES) and Ljubljana (SI). 

After defining the monitoring plan together with the cities of Valencia and Rotterdam during the 

implementation activities of WP4, a meeting to discuss them will be set-up with follower cities Sant 

Cugat and Ljubljana to find out current initiatives and lessons learned. With this in mind, both cities 

receive this draft methodology for building their Monitoring Plan (assisted by templates that can be 

found on the Annexes) and assess its applicability in their context. 

After the implementation of the monitoring plan in the cities of Valencia and Rotterdam, it will be 

organized a meeting to discuss the results with follower cities Sant Cugat and Ljubljana. The objective 

is to share with them the lessons learned during the process and assess its applicability in their context. 

Sant Cugat – ES 

The objective is to test the replication in the same country for Spanish pilot in Valencia and follower 

city Sant Cugat. The aim is to analyse all the benefits of having the structure and services developed 

in national language and based on national circumstances, legislation, culture and habits. 

Sant Cugat Municipality is assessing the methodology and feedback will be reported during WP4 and 

WP5 activities for pilot experiences and replication and exploitation activities. 

Ljubljana – SI 

The objective is to test the replication between EU countries where the Citizen Hub mapping 

methodology and results for the Dutch city of Rotterdam will be replicated for the City of Ljubljana in 

Slovenia. The aim is to validate the effectiveness of the replication process between the different EU 

countries. 

The city of Ljubljana is assessing the methodology and feedback will be reported during WP4 and WP5 

activities for pilot experiences and replication and exploitation activities 
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7 Conclusions 
The evaluation of the monitoring campaign performed in the Valencia pilot shows that onboarding 

actions targeted and reached many citizens, in the form of events and publications, which, even if they 

consumed some time, worth the effort when compared to the average time dedicated to each 

potential user. Indeed, when comparing users reached, publications are the most effective. On the 

other hand, when comparing conversion rates, visits are the most successful. The negative side is the 

time required for some of the monitoring campaign actions, especially the site visits. This has two 

readings: on one hand, some actions (e.g., visits) consume too much time, so they do not worth it; but 

on the other hand, they throw high conversion rates and help to validate or improve the customer 

journey and explain the benefits of the renovation and drawn attention to its bottlenecks or problems. 

As a conclusion, a higher level of automatization in the monitoring activities could allow for repeating 

these campaigns at least once a year, so renew success stories and best practices, and re-evaluate the 

services offered by the OSS. 

Regarding the data collection, when the data successfully collected is analysed, it can be concluded 

that data collection that relies solely on the technician is easier to collect than data that relies on the 

occupant. This is clearly shown in the energy measurements. Since the procedure required the 

owner’s intervention (homeowners had to provide documents and register online), we still do not 

have some of them. In some cases, the problem was due to difficulties with the website or app (people 

with low technological skills) and in other cases the problem was due to a lack of interest on the part 

of the owners. 

Finally, the direct contact with the occupants of the monitored dwellings (who are the potential users 

of the customer journey) allowed to draw some conclusions to be implemented in the OSS: awareness 

and/or specific training of all the customer journey stakeholders (users, technicians, property 

managers, neighbours’ community, etc,) is key to provide updated, objective, and truthful 

information. On the other hand, providing users with a rental service of self-use monitoring tools can 

improve user’s engagement and boost renovations processes. 

In the case of Rotterdam pilot, the first pilot case started in an early stage with house visits, where 

the energy bills were looked at and dissected. During early planning stage the energy consumption 

was the start of the measures, it was looked at in detail, and the measures were explicitly aimed at 

reducing the individual het losses. The conclusion was that this is a very time-consuming way to 

monitor energy performance. Therefore, it was concluded that it would be much easier and better to 

ensure that the people who undertake a renovation give permission for the use of the data from the 

smart meters using the app of the energy service before the renovation and after the renovation as in 

that way we can make a clear distinction between the current and new situation and take conclusions 

from it. Besides, in following phases people will be pointed towards energy monitoring to get a better 

view of their actual energy consumption. This will be part of the awareness campaigns. 
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Annex 1 – Benefits Monitoring templates 
 Building description: 

Hoja1 Tab (themes and variables): 

 

Location Tab: 

 

Building Tab: 

 

Dwelling Tab: 

 

 

 

Location Building Dwelling Data

reg buildinguse floor energyconsumptionkwhm2yrfrombills

country buildingtypology numberletter energycertificate

building buildingform orientation1 primaryenergyconsumptionkwhm2yrfromcertificate

unit market orientation2 whopaysforenergy

region b_height refurbishmentsyear mainnonres

city year u_area mainres

b_area u_height heatingcontrol

b_numberofoccupants numberoffloors coolingcontrol

u_numberofoccupants windows

shadowing

heatingsystem

coolingsystem

asymmetry

shadowingsystem

respercentage

resproductionkwhm2y

climatezone

numberofresidencialunits

userprofile

reg country building unit region city climatezone

int select int int string string select

Reg Building buildinguse

buildingtypol

ogy buildingform market b_height year b_area

b_numberofo

ccupants

numberofresi

dencialunits

from Location int select select select select select int int int int

Building Dwelling floor numberletter orientation1 orientation2

refurbishmen

tsyear u_area u_height

numberofflo

ors

u_numberofo

ccupants userprofile

from building int int string select select int int double int int select
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Other data Tab: 

 

 

  

Dwelling Data

energycons

umptionkw

hm2yrfrom

bills

energycerti

ficate

primaryene

rgyconsum

ptionkwhm

2yrfromcert

ificate

whopaysfor

energy mainnonres mainres

heatingcont

rol

From 

Dwelling int int select int select select select select

heatingcont coolingcont

rol windows shadowing

heatingsyst

em

coolingsyst

em asymmetry

shadowings

ystem

respercenta

ge

resproducti

onkwhm2y

select select select select select select select int int
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 Monitoring data description 

Hoja1 Tab (themes and variables): 

 

Measurements Tab (description): 

 

Values Tab (data collection): 

 

Variables Tab: 

     

reg country building unit season phase family variable timestamp value

Winter Ante Energy Home energy consumption

IndoorEQ CO2

Air Temperature

Relative humididty

Illuminance level

TVOC

Formaldehydes

PM2.5

PM10

Activity

Clothing

Stressors-

Symptoms-

Thermal comfort

from alldesfrom alldesfrom alldes

Wellbeing

PostSummer

from alldes

unit measurement season phase family variable

from Dwelling int select select select select

measurement timestamp value

int timestamp double/ string

season phase family variable

Winter Ante Energy Home energy consumption

Summer Post IndoorEQ CO2

Wellbeing Air Temperature

Relative humididty

I lluminance level

TVOC

Formaldehydes

PM2.5

PM10

Activity

Clothing

Stressors-

Symptoms-

Thermal comfort
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Annex 2 – Best practices map deployment plan 
Based on the benefits monitoring data, ‘best practices’ map deployment plan for the Spanish case is 

based on a twofold approach. On one hand, automatic data coming from public/ open data sources: 

 

Figure 48.- Automatic data for benefits monitoring map 

Data Unit Source Priority Notes

DWELLING DATA -

Cadastra l  reference - IEE/CAT 1 IEE: 14 Digi ts

CAT: 20 Digi ts

CEE. 20 Digi ts

Yea r of construction - IEE 1 In CAT i t i s  a l so avai la ble but i t is  changes  when i t appea rs  a  renova tion

Current regulation - CEE 2

Nº Floors - IEE/CAT 2

Nº Dwell ings - IEE 2

Li sted bui lding - IEE 2

Bui lding typology - IEE/CAT/CEE 1 IEE*: PB2, PB3, PM2, PM3, UA2, UA3, UH2, UH3

CAT: 111 open bui lding, 112 clos ed block, 121 s ingle fa mily homes, 122 

terrace houses , 131 rural  hous e

CEE: Individual  dwel l ing, s ingle fami ly home, Res identia l  bui lding (whole  

block). *CEE does  not indica te  i f i t open bui lding or clos ed block. 

Cas e typology - IEE/CEE 1 Individua l  dwel l ing, s ingle family home, Res identia l  Bui lding (whole 

block)

IEE are a lways  Res identia l  Bui lding (whole block)

CEE ca n be Individua l  dwel l ing, s ingle family home, Res identia l  Bui lding 

(whole block)

Address - CEE 1 Is  i t a va i lable in CAT a nd IEE?

Type of renovation - CAT 2 R: Integra l  renovation

O: Total  renova tion

E: Medium renovation

I: Minimum renova tion

Yea r of renovation - CAT 2

Surface m2 CAT 2

Cadastral  category - CAT 2 1 excel lent - 9 ba d

Cadastral  photograph - CAT 1

Before and a fter photogra phs - GOO 2

RENOVATION INDICATORS -

Pre-renovation state

Energy certi fi ca tion da te - IEE/CEE 1

Link to EPC - CEE 2

Hea ting energy demand kWh/m2year IEE 2

Cool ing energy demand kWh/m2year IEE 2

Overa l l  non-renewable prima ry energy use kWh/m2year IEE/CEE 1

__Domes ti c hot water non-renewable primary energy use kWh/m2year IEE 2

__Heating non-renewable  primary energy us e kWh/m2year IEE 2

__Cool ing non-renewa ble  primary energy use kWh/m2year IEE 2

Energy effi ciency rating - IEE/CEE 1 Not ava i lable before 2018

Overa l l  carbon dioxide emiss ions kgCO2/m2year IEE 1

__Domes ti c hot water carbon dioxide emis s ions kgCO2/m2year IEE 2

__Heating ca rbon dioxide emis s ions kgCO2/m2year IEE 2

__Cool ing carbon dioxide emiss ions kgCO2/m2year IEE 2

Envi ronmental  impa ct (CO2) rating - IEE/CEE 1

Post-renovation state

Energy certi fi ca tion da te - IEE/CEE 1

Link to EPC - CEE 2

Hea ting energy demand kWh/m2year IEE 2

Cool ing energy demand kWh/m2year IEE 2

Overa l l  non-renewable prima ry energy use kWh/m2year IEE/CEE 1

__Domes ti c hot water non-renewable primary energy use kWh/m2year IEE 2

__Heating non-renewable  primary energy us e kWh/m2year IEE 2

__Cool ing non-renewa ble  primary energy use kWh/m2year IEE 2

Energy effi ciency rating - IEE/CEE 1 Not ava i lable before 2018

Overa l l  carbon dioxide emiss ions kgCO2/m2year IEE 1

__Domes ti c hot water carbon dioxide emis s ions kgCO2/m2year IEE 2

__Heating ca rbon dioxide emis s ions kgCO2/m2year IEE 2

__Cool ing carbon dioxide emiss ions kgCO2/m2year IEE 2

Envi ronmental  impa ct (CO2) rating - IEE/CEE 1

Carbon dioxide emissions

Energy needs

Energy use

Carbon dioxide emissions

Energy needs

Energy use
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Where: 

 IEE is Building Evaluation Report 

 CAT is Cadastral database 

 CEE is Energy Performance Certificate 

 GOO is Google Street view 

On the other hand, data introduced by the user: 

 

Figure 49.- Manual data for benefits monitoring map (I - input) 

Data Unit Options Notes

Envelope improvement: Thermal  insula tion - yes/no

Envelope improvement: Windows repla cement - yes/no

Systems replacement: Aerothermal for hea ting, cool ing 

and DHW

- yes/no

Systems replacement: Aerothermal for DHW - yes/no

Energy production: photovol ta ic panels - yes/no

Description - Description of the intervention

Tota l  cost (whole bui lding) €

Tota l  cost (per dwel l ing) €

Tota l  cost per m2 per dwel l ing €

Received grant (whole bui lding) €

Received grant (whole bui lding) - percenta ge %

Received grant (per dwell ing) €

Monthly cost/per dwel l ing/24 months  (inc. gra nts ) €

Estimated Next Genera tion gra nt (whole bui lding) €

Estimated Next Genera tion gra nt (whole bui lding) - 

percenta ge 

%

Estimated Next Genera tion gra nt (per dwel l ing) €

Estimated Next Genera tion monthly cost/per dwell ing/24 

months  

€

Photogra phs - Photographs  of the renovated s tate, deta i l  of 

rehabi l i tation elements  (windows, 

photovol ta ic...)

Energy Class - Al ign with national  energy performance 

certi fication (EPBD)

Calculated tota l  primary energy use kWh/m²a Al ign with EN 15603 and EN ISO 13790, or 

EN ISO 52000 s tandard series

Calculated del ivered energy use kWh/m²a Al ign with EN 15603 and EN ISO 13790, or 

EN ISO 52000 s tandard series

__Calculated del ivered energy use (fuel ) kWh/m²a Al ign with EN 15603 and EN ISO 13790, or 

EN ISO 52000 s tandard series

__Calculated del ivered energy use (electri ci ty) kWh/m²a Al ign with EN 15603 and EN ISO 13790, or 

EN ISO 52000 s tandard series

__Calculated del ivered energy use (di s tri ct energy) kWh/m²a Sum of a l l  ca lculated del ivered energy 

use

Mea sured del ivered energy use kWh/m²a Based on measurement or energy bi l l s . 

Energy consumption wi thout a ny 

correction

__Mea sured del ivered energy use (fuel) kWh/m²a Based on measurement or energy bi l l s . 

Energy consumption wi thout a ny 

correction 

__Mea sured del ivered energy use (electri ci ty) kWh/m²a Based on measurement or energy bi l l s . 

Energy consumption wi thout a ny 

correction 

__Mea sured del ivered energy use (dis tri ct energy) kWh/m²a Sum of a l l  measured energy use

Share of RES % Renewable  primary energy use divided by 

tota l  primary energy use

Area weighted average therma l transmittance W/m2K Rega rding above ground s tructures . Uavr = 

∑Ai*Ui  / ∑Ai

RENOVATION INFORMATION

MEASURES

ECONOMIC COST

OTHERS

ENERGY INDICATOR

COMBINED PERFORMANCE LABEL ON ENERGY, IEQ AND WELL-BEING
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Figure 50.- Manual data for benefits monitoring map (II - selection) 

Data Unit Options Notes

Control  of heating system  - No hea ting system

No control

Centra l  (bui lding) temperature control

Apa rtment temperature  control

Room tempera ture control

Control  of cool ing system  - No cool ing system

No control

Centra l  (bui lding) temperature control

Apa rtment temperature  control

Room tempera ture control

Fresh a i r Flow (mechanica l  venti lation) per number of 

occupants

l/s No mechanica l  venti la tion

EN 16798-1 category I  or category I I

EN 16798-1 category I I I

Less  tha n EN 16798-1 category I I I

Air tightness  of windors  and doors  - Poor a ir-tightness : warped, poorly fi tted or 

unsealed windows and doors .

Medium ai r-tightness : windows and doors  

with wel l  fi tted seal ings .

Good a ir-tightness : factory-fitted shaped 

seal ing profi les  or certi fi cation document 

according to EN 12207 Class  4.

Exterior shading in windows from East to west % 100%

90-99%

80-89%

70-79%

60-69% 

50-59%

40-49% 

30-39% 

20-29% 

10-19% 

0-9% 

Radiant heating and/or cool ing system % ≥ 50% of the condi tioned floor area

< 50% of the condi tioned floor area

Radiant temperatura  asymetry - ISO 7730:2005 Category A or B

ISO 7730:2005 Category C or worst

Operative tempera ture – heating season °C No hea ting system

No measurement

EN 16798-1 Category I I

EN 16798-1 Category I I I

EN 16798-1 Category IV or worst

- Selection of the category: 85% of the 

measured va lues  shal l  meet the selected 

category.

Operative tempera ture – cool ing season °C No cool ing system

No measurement

EN 16798-1 Category I I

EN 16798-1 Category I I I

EN 16798-1 Category IV or worst

- Selection of the category: 85% of the 

measured va lues  shal l  meet the selected 

category.

Relative humidi ty of indoor a i r i s  between 30 % a nd 70 % % No measurement

30%  ≤ RH ≤ 70%

RH < 30% or RH > 70%

- Selection of the category: 85% of the 

measured va lues  shal l  meet the selected 

category.

CO₂ concentration ppm No measurement

EN 16798-1 Category I I

EN 16798-1 Category I I I

EN 16798-1 Category IV or worst

- Selection of the category: 85% of the 

measured va lues  shal l  meet the selected 

category.

TVOC μg/m³ No measurement

TVOC < 500 μg/m³

TVOC ≥ 500 μg/m³

- Selection of the category: 85% of the 

measured va lues  shal l  meet the selected 

category.

Formaldehyde ppb No measurement

Formaldehyde < 100 μg/m³

Formaldehyde ≥ 100 μg/m³

- Selection of the category: 85% of the 

measured va lues  shal l  meet the selected 

category.

PM2,5 μg/m³ No measurement

PM2.5 < 15 μg/m³

PM2.5 ≥ 15 μg/m³

- Selection of the category: 85% of the 

measured va lues  shal l  meet the selected 

category.

PM10 μg/m³ No measurement

PM10 < 50 μg/m³

PM10 ≥ 50 μg/m³

- Selection of the category: 85% of the 

measured va lues  shal l  meet the selected 

category.

RENOVATION INFORMATION

QUALITY WELL-BEING AND IEQ

MEASURED WELL-BEING AND IEQ INDICATOR

ENERGY INDICATOR

WELL-BEING AND IEQ

COMBINED PERFORMANCE LABEL ON ENERGY, IEQ AND WELL-BEING
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Figure 51.- Manual data for benefits monitoring map (III - upload) 

Then web map service will show, for each location, a pin. When click in the pin, a pop-up will show the 

summary data (coming from the automatic dataset): 

 

Figure 52.- Best practice pop-up information mock-up 

If the user wants to update the best practice case and add the manual information, they can do it 

directly on the web map, by clicking on the ‘Add Information’ button. If the information is already 

input, when clicking the ‘More Information’ button, the user will be shown a set of structured 

information in several tabs: 

Data Unit Options Notes

Air temperature ºC Priori ty 1

Globe temperature ºC Priori ty 2

Relative temperature % Priori ty 1

Air Velocity m/s Priori ty 2

CO2 ppm Priori ty 1

TVOCs μg/m³ Priori ty 2

Del ivered energy demand W/h Priori ty 2 It ca n be provided by bi l ls

MONITORING BENEFITS OF RENOVATION

RENOVATION INFORMATION

COMBINED PERFORMANCE LABEL ON ENERGY, IEQ AND WELL-BEING
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Figure 53.- Best practice case building/dwelling information 

 

Figure 54.- Best practice case renovation information (if one dwelling) 
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Figure 55.- Best practice case renovation information (if whole building) 
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Figure 56.- Best practice case impact information (measurable data) 
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As a complement, the success story can also be uploaded and shared with the users community: 

 

Figure 57.- Best practice case impact information (perceived data) 
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Annex 3 – Documents prepared to collect participants 

for the monitoring campaign. 
 Landing page with the monitoring campaign information and link to the free registration 
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 Registration form to participate in the monitoring campaign 
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 Presentation prepared to be shared in the energy offices activities 
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Annex 4 – Report for the optimization of the 

electricity tariff. 
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Annex 5 – Example of renovEU preliminary report for 

a Deep renovation and its budget. 
A. RenovEU preliminary report 
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B. Detailed budget (extract) 
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Annex 6 – Questionnaire for collecting building 

characteristics and occupant profile. 
1. Initial data (from cadastral and information gathered during the selection process) 

 

 

1. General data # number of monitoring case

Type of monitoring

Typology

2. Personal data Name

Address

City

Climate zone

Email

Telephone number

3. Dwelling data Constructed surface (Cadastral)

Year of construction

Current regulation

Cadastral reference

Listed building

Typer of building 

Number of floors (building)

Dwelling location in building

4. Facilities data DHW

Heating

Cooling

Other

5. Other data Layouts

Energy performance certificate

Registered data

Gas bills

Windows

Insulation (façade or roof)

DHW

Heating/Cooling

PV

Other

Date of measures

Windows

Insulation (façade or roof)

DHW

Heating/Cooling

PV

Other

Expected date of measures

6. Renovation 

measures after 

2020?

INITIAL DATA

7. Upcoming 

renovation 

measures?
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2. Dwelling data (from occupants’ interview) 

 

 
 

Orientation

Number of floors 

Number of rooms

Number of baths

Tenant/Owner

Home occupancy range

Number of occupants < 18

Number of occupants 18-65

Number of occupants > 65

Lighting

Type

Control system and sensors

DHW

Type

Year

Heating system

Type

Year

Control system and sensors

Setpoint temperature

Months of use

Cooling system

Type

Year

Control system and sensors

Setpoint temperature

Months of use

Ventilation

Type

Control system and sensors

Year

Photovoltais panels

kWp

Year

Appliances

Fridge

Washing machine

Dryer

Dishwasher

Oven

Type of cooker

Control system and sensors

Windows

Type of glass

Type of frame

Type of opening

Air tightness

Blinds

Curtains

Solar protection

Façade

Width

Type

Roof

Sloping/flat 

Type

Floor

Type

3. Facilities

4. Envelope

DWELLING DATA
1. General info

2. Occupant profile
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3. Subjective wellbeing data (from occupants’ interview) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How often do you experience discomfort due 

to…?
Never Hardly ever Sometimes Frequently Quite often

Dry air

Humid air

Stuffy "bad" air

Unpleasant odour

Dust and dirty

Noise

Draught

Indoor temperature too high

Indoor temperature too low

Light that is dim

Light that causes glare and/or reflections

How often do you experience the following 

complaints…?
Never Hardly ever Sometimes Frequently Quite often

Fatigue

Feeling heavy-headed

Headache

Dizziness

Difficulties concentrating

Itching, burning or irritation of the eyes

Visual disturbances

Irritated, sutffy or runny nose

Hoarse, dry throat

Respiratoyry problems

Sneezing, stuffy nose

Other….

Do you feel the floor or wall cold/hot? Never Hardly ever Sometimes Frequently Quite often

cold wall/window in winter

hot wall/window in summer

4. Thermal 

feeling

Indoor thermal feeling
Hot Warm

Slightly 

warm
Neutral Slightly cool Cool Cold

In winter, in your house it usually does…

In summer, in your house you usually do…

Clothing Nothing/Un

derwear
Light clothing 2 layers

Coat or more 

than 2 layers

In winter, you usually wear...

In summer, you usually wear...

SUBJECTIVE WELLBEING DATA
1. Indoor 

parameters

2. Symptoms

3. Cold/hot 

wall

5. Clothing
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4. Renovation measures data (from occupants’ interview) 

4.1. Dwellings with measures implemented. 

 

 

 

 

 

 

 

 

 

 

 

Implemented measures

Windows

Insulation (façade and/or roof)

DHW

Heating/Cooling

PV

Other

Date of the renovation measures

Reasons for the renovation

Too cold in winter

Too hot in summer

Too noisy

High humidity and/or mold

High energy consumption/cost

Other problems

It didn't have problems

Pictures previous state

Global appreciation of the works

Global appreciation of the measures

What has been the most difficult part of the process?

Have pre-existing problems improved?

Have you reduced your energy bills?

Cost of the measures

Have you applied for Next Generation grants?

Has it been easy for you to process the grants?

Have you used the renovEU tool?

Has the renovEU tool been useful to you?

Have you gone to the Energy Office/Xaloc?

Has the OE/Xaloc been useful to you?

Are you going to implement more measures?

Windows

Insulation (façade and/or roof)

DHW

Heating/Cooling

PV

Other

Reasons for further improvements

Are you going to apply for Next Generation grants?

1. Measures 

after 2020

DWELLINGS WITH MEASURES IMPLEMENTED

2. Feedback

3. Cost

4. Tools

5. Upcoming 

measures
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4.2. Dwellings without measures implemented. 

 

  

Are you going to implement renovation measures?

Windows

Insulation (façade and/or roof)

DHW

Heating/Cooling

PV

Other

Planned date

Razones para llevar a cabo mejoras

Too cold in winter

Too hot in summer

Too noisy

High humidity and/or mold

High energy consumption/cost

Other problems

It didn't have problems

3. Budget Estimated budget

Are you going to apply for Next Generation grants?

Are you going to use renovEU tool?

Are you going to visit the energy office/Xaloc?

5. Problems Biggest obstacles in the process so far

1. Upcoming 

measures

4. Grants

DWELLINGS WITHOUT MEASURES IMPLEMENTED

2. Reasons for 

renovation
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Annex 7 – Recommendation Reports 
Recommendation reports provided to four homes having participated in the monitoring campaign. 

 


