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Summary 

This protocol measures circularity concepts on a dwelling scale for the in-use phase to accomplish these 
objectives: 

- Awareness, engagement, and self-comparison of owners/ occupants (understanding decision processes 
and motivations of users); 

- Validation of principles and assumptions to improve circularity implemented in the project; 
- Justification of impacts according to EU-H2020 program. 

In order to meet the established objectives this protocol offers information about the data, measurements, 
methods, calculations and tools that can be used during the in-use phase and how to use these. 

Circularity measures will rely on data obtained from: 

▪ Monitoring building and service performances; 
▪ Surveying demonstration sites occupants and all the related stakeholders that may have valuable 

information, about a series of measurable parameters related to circularity concepts. 

Demonstration of project impacts will be evaluated using the above measures before and after the 
refurbishment of the demonstration sites. Pre-refurbishment data gathering will be exploited for the design 
stage of the retrofit. 

This protocol is a measuring framework for the development of further project calculations and 
developments, and for anyone who wants to assess circularity of a dwelling during its in-use phase. 
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Abbreviation List 

 

IEQ: Indoor Environmental Quality  

EE: Embodied Energy  

OE: Operational Energy  

HVAC: Heating, Ventilation and Air Conditioning 

IEE: Initial Embodied Energy  

DEE: Demolition Embodied Energy 

MCI: Material Circularity Indicator  

BCI: Building Circularity Indicators  

PCI: Product Circularity Indicators  

REE: Recurrent Embodied Energy 

RES:  Renewable Energy Supply 

EU: European Union 

EPC: Energy Performance Certificate  

DB: Databases 

NZEB: Nearly Zero Energy Building 

HDD: Heating Degree Days 

DHW: Domestic Hot Water 

LPG: Liquid petroleum gas 

ICT: Information and communication technologies 

IPMS: International Property Measurement Standards 

TVOC: Total Volatile Organic Compounds 

ATE: Air Temperature 

GTE: Globe Temperature 

RHU: Relative Humidity  

CO2: Carbon Dioxide  

VOC: Volatile Organic Compounds  

PM2: particulate matter 2 micrometres or less in 

diameter  

PM5: particulate matter 5 micrometres or less in 

diameter 

PM10: particulate matter 10 micrometres or less in 

diameter 

HCH: Hexachlorocyclohexane  

NOL: Noise Level 

ILL: Illuminance Level 

GDPR: General Data Protection Regulation 

GSM: Global System for Mobile communications 

MPRN: Meter Point Reference Number 

GPRN: Gas Point Reference Number 

ACR: Air Change Rate 

LCA: Life Cycle assessment 

QWB: Qualitative Well Being 

EPA: Environmental Protection Agency 

LCI: Living Condition Index 

NO2: Nitrogen Dioxide 

PPD: Predicted Percentage Dissatisfied 

PMV: Predicted Mean Vote 

SWB: Subjective Well Being 
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1 Introduction 

DRIVE 0 aims to come to a decarbonisation of the EU building stock and to accelerate deep renovation 
processes by enhancing a consumer centred circular renovation process in order to make deep renovation 
more attractive for consumers and investors, and more environmentally friendly. Drive 0 achieves this aim 
by following 4 steps:  

1. Developing proven deep renovation products based on local available materials and components, with 
emphasis on easy to install Plug & Play prefab solutions for envelope elements and building services. 

2. Developing attractive consumer centred business models based on circular renovation concepts 
supported by digitalization and gamification. 

3. Providing occupants with attractive and understandable information on total building performances in 
use. 

4. Providing stakeholders evidence of performance of the developed solutions by local study and 
demonstration cases initiated by 'local drivers’. 

In order to make renovation concepts both more attractive and more reliable to consumer/end-users 
(meant also as potential investors) an important objective in Drive 0 is to provide attractive and 
understandable information of the total performances of their renovated homes through a user-centred 
information service (digital platform). This implies the engagement of end-users into the renovation 
process from pre-design stage to the post-renovation occupancy stage with the monitoring of energy, 
comfort and indoor environmental quality (IEQ), and user behaviour, and translating the data into 
understandable information including guidance and tips. WP4 is in charge of proposing methodologies for 
monitoring and data processing to display and present this information to end-users by user-centred 
information services. 

The first phase of WP4 is focused on collecting real inputs in real scenarios. For this, the task 4.2, through 
D4.2, concerns the development of protocols that will be used in the demonstrators. Based on the work 
developed in task 4.1. Collection of monitoring methodologies and information services and task 6.1. 
Benchmarking on circularity of the demonstration sites, the protocol below presents the procedures 
needed to collect data in the demonstration cases as well as the tools that could be used and the timeline 
for the different monitoring campaigns. 

Deliverable 6.1 assesses the circularity level of a building around its Embodied Energy (EE). Buildings, 
globally, consume nearly 40 percent of the total annual energy consumption during their life cycle, which 
includes Embodied Energy (EE) and Operational Energy (OE). The first one is defined as the amount of 
energy used during the production, the maintenance and the demolition phase of a building, while the 
latter consists of the amount of energy needed for running Heating, Ventilation and Air Conditioning 
(HVAC) systems, as well as for the lighting and electrical and electronic equipment during the whole life 
of a building1.  

In past decades, OE constitutes the higher percentage of energy consumption of a building. On the 
contrary, Embodied Energy analysis emerged only in recent years due to the large diffusion of energy 
efficient equipment and management systems. The main three phases which constitute the Embodied 
Energy are: 1) the Initial Embodied Energy (IEE), i.e. the energy necessary to extract the raw materials, to 
process them into products, transport the components and, finally, to construct the building; 2) the 
Recurrent EE (REE), the energy used to maintain the building during its useful life and 3) the Demolition 
EE (DEE), the energy to dispose, recycle, re-use any building part after the useful life of the building. 

 
1 T. Ramesh, R. Prakash, and K. K. Shukla, “Life cycle energy analysis of buildings: An overview,” Energy Build., vol. 42, no. 10, 

pp. 1592–1600, 2010. 
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On the other hand, currently, the most recognized and worldwide adopted indicator is the Material 
Circularity Indicator (MCI) proposed by the Ellen MacArthur Foundation in 20152. An improvement of the 
MCI, applied to the built environment, is the Building Circularity Indicators (BCI) proposed by Verberne 
J.J.H. [8]. The BCI is based on the MCI, computed for each product (doors, windows, tiles, furnishing, …) of 
a building, and is improved by including design factors to “weight” the impact of each product in the 
environmental assessment of the whole building, from MCI, to Product Circularity Indicators (PCI), System 
Circularity Indicators (SCI), and finally, the BCI is obtained by multiplying each SCI for the level of 
Importance, a weighting factor between 0 and 1, based on the six building layers of Brand3. The shearing 
layers concept views buildings as a set of components that evolve in different timescales: Stuff, Space 
Plan, Services, Skin, Structure and Site. 

Therefore, taking into account that this protocol measures circularity concepts on a dwelling scale during 
the in-use phase, the data collection is focused on the OE and the REE phases and mainly on the stuff 
layer, and its subsequent analysis will allow to benchmark circularity by providing the dwelling scale in-
use phase (pre- and post-refurbishment) data, and contribute to the project objectives: 

- Awareness, engagement, and comparison of owners/ occupants: 
o provide attractive, understandable, and personalized information with the aim of supporting the 

owners in their decisions to carry out deep energy renovations in their dwellings, under the 
circularity scope 

o compare circularity before and after renovation (threshold) or transient behavioural change (e.g. 
self-comparing) 

o compare circularity among the different users and renovation projects (one to one comparison, 
ranking) 

o compare circularity related to summarized values from all data collected (norm comparison) 
- Validation of principles and assumptions to improve circularity implemented in the project: 

o provide a user-centred approach for implementing circular renovation activities 
o feed the user-centred information service (T4.4) with real inputs 
o quantify circular impacts by comparing before and after demonstration cases’ renovation (self-

comparing) 
o compare data collected among the different demonstration cases (one to one comparison, ranking) 
o provide recommendations to occupants in engaging with the retrofitting process (norm 

comparison) 
- Justification of impacts according to EU-H2020 program: 

o provide detailed information on energy consumption and renewable energy supply (RES) 
installation 

o get real inputs for circularity aligned with EU standards such as Level(s) - Building Sustainability 
Performance4, a voluntary reporting framework to improve the sustainability of buildings using 
existing standards and providing a common EU approach to the assessment of environmental 
performance in the built environment. 

Circularity measure carried out in this project will rely, besides the information coming from the 
renovation process and its various stakeholders, on the in-use dwellings’ data, obtained from monitoring 
equipment and information gathered from occupants about a series of qualitative and quantitative 
parameters related to circularity concepts. Therefore, this protocol covers 5 main areas of investigation 

 
2 E. Macarthur, “An Approach to Measuring Circularity,” Circ. Indic. An approach to Meas. Circ. Methodol., vol. 23, no. 1, pp. 

159–161, 2015. 
3 S. Brand, How buildings learn: What happens after they’re built. Penguin, 1995. 
4 European Commision. Level(s) Building sustainability performance Quick Links. Retreived from 

http://ec.europa.eu/environment/eussd/buildings.htm. Available on: 18/12/18 
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related to circularity: energy consumption and production, water consumption, materials use, occupants’ 
well-being (measured and perceived), and occupants’ behaviour and consciousness. 

This protocol is a measuring framework for the development of further project calculations and 
developments, and for anyone who wants to assess circularity by building upon its results. During Drive 0 
project, the methodologies, tools, supporting information services and derived end-user centred business 
models will be demonstrated and validated in a number of demonstration cases in real-life operating 
conditions, each representing an approach to come to circular way of renovation as well as a specific local 
driver (WP6). A case-specific Monitoring Action Plan will be devised for each demonstration case which will 
be the basis for the testing of the circular renovation concepts and will include instructions extracted from 
this document. The demonstrators will be used to (i) monitor performances, (ii) follow-up the information 
and communication from/to (end)users and user experience in general, (iii) validate business models, (iv) 
provide feedback to work package 2, 3, 4 and 5 to fine-tune the methodologies, identify required tools and 
supporting information services. Data management, validation and protection issues will be addresses in 
Deliverable 1.4. 
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2 Selection of demonstration cases 

Buildings that represent demonstration cases were selected when developing the proposal of Drive 0. They 
represent the complete residential building sector (residential use and residential and business mixed-use), 
demand side (condominiums, social housing companies - tenants, and privately owned single family 
dwellings – occupant/owner), and different user profiles (students, ageing people, one-persons’,  
children’s, or all adults’ households, etc.) 

The activities described in this protocol will be replicated in the 9 demonstration cases shown in the table 
below. 
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1 Family 
terraced 
dwelling  

Parkstad 
NL 

Single family 5 500 
(5units 
*100s
qm) 

owner owner 

 
2 Apartment 

building, 
“medianera
” wall 

Barcelona, 
Catalonia 
ES 

Multifamily 
apartment 
block 

4 770 
sqm 
only 
reside
ntial 
space  

owner owner 

 
3 Dublin 

social 
housing 
extensions 

Dublin IR Dublin city 
council social 
housing office 
Building 
occupants 
Maintenance 
engineers 
Building 
contractors 
Design team 

1 
(bef
ore-
2 
afte
r) 

110 Private 
owners 

Private 
owners 

 

 
4 Deep 

renovation 
of the 
residential 
building 
complex of 
“Villa 
Cuccoli” 

Argelato 
(Bologn) IT 

Multi-user 
social 
structure for 
disable people 
and 
disadvantaged 
families 

1 
(bef
ore) 
- 9 
(aft
er) 

470 Fondazio
ne 
Carisbo 
(owner) 

Fondazio
ne 
Carisbo 
(owner); 
A.S.P. - 
Azienda 
Pubblica 
di Servizi 
alla 
Persona 
(property 
manage
ment) 
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5 Apartments 
block 

Tallinn, 
Saue, EE 

Multi family 24 1766 

owner owner 

 
6 Free 

standing 
house 

Slovenia, 
Notranjska 

Single family 1  240 
(220 
heate
d) 

owner owner 

 
7 Free 

standing 
house 

Slovenia, 
Gorenjska 

Single family 1 160 owner owner  

8 Greek 
Residential 
units 

Attica 
Region 

Occupants and 
owners  

1 108.4 owner owner 

 
9 Greek 

Residential 
units 

Attica 
Region 

Occupants and 
owners 

1 109 owner owner 

 
Table 1: Demonstration cases 

Demonstration case holders and technical partners supporting demonstration case holders will be 
responsible for implementing the monitoring campaigns following the specific details of the Monitoring 
Action Plan designed for each demonstration case (Deliverable 6.2) based on procedures established in the 
following protocol, and taking into account the particularities of each building, the type of intervention and 
the occupants profiles. 

  



  
 

 
H2020 DRIVE 0_841850_WP4_Task 4.2                    11 
 

3 Selection and characterization of study areas 

In the event of the application of this protocol within the framework of a research project such as Drive 0, 
or any other equivalent situation, which seeks to study representative dwellings of a building, this section 
propose a methodology for the selection of representative residential units on which to perform the 
monitoring campaigns, calculate indicators, measure circularity and later on, test and evaluate project 
methodologies and tools. 

This protocol is proposed for the dwelling scale, therefore, for assessing the whole-building circularity 
during its in-use phase it is recommended to use this section advice to select the most representative 
dwellings to monitor (in terms of sizes, operational schedules and orientation), and to extrapolate whole-
building performances based on the weighted monitored results. Also, the consideration of common 
conditioned areas should be undertaken to improve the performance accuracy over the whole building. 

3.1 Initial visit 

The objective of this visit is to present the project to the building owner/manager and occupants, explain 
the activities foreseen and solve doubts and collect information needed for planning the measurements 
campaigns, in order to obtain the most reliable results for the project development. 

Activities for initial building visit might include: 

Step no. and 
Scope 

Purpose Activities 
Stakeholders 

involved 

1-Retrieve 
information 
on building 
case-study 

Obtain building plans, 
information on 
services, number of 
occupants per unit of 
floor area, energy 
bills, etc. 

Develop Ethics form to be approved by stakeholders 
to allow the share of information relevant to the 
project including access to MPRN and GPRN data, 
access to EPC data (see below), architectural plans, 
etc. 

Building Owners, 
Managers and 
Representatives  

Obtain insight of occupant profiles (potential local 
heroes, antagonists, early adopters…) 

Retrieve data from the National Energy Performance 
Certificate (EPC) and other databases: Certificate and 
report on tests & surveys done. 

EPC DB/ 
Cadastre, etc… 

2-Planning 
building visit 

Assess the potential 
access level to 
dwellings and foresee 
potential issues. 

Analyse features of interest according to building 
specifics (orientations, sizes, occupants…) 

Demonstration 
case team 

Prepare selection forms/tools to distribute and gather 
this information 

Prepare speech covering key points 

Notify Identify desired dwellings to monitor. Request 
meetings to present the project, document what will 
be done and requested and at what time, sign ethics 
and approval forms well in advance. 

Occupants 

3-Explain the 
scope of the 
study 

Present circularity 
concepts and 
methods; what will be 
required from 
building stakeholders 
and provided to them; 
and how data are 
managed 

Presentation and hand-over of documentations Building Owners, 
Managers and 
Representatives 
and Occupants  

Table 2: Initial visit planning 
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3.2 Selecting residential units 

For reliability and comparability matters it is highly recommended to select at least 3 residential units to 
study. 

Considerations to take into account when selecting study residential units are: 

- Occupants’ willingness to be involved in the study. This is the first parameter that must be considered 
as it is the one that affects the most the quality of the monitoring. 

- Enough space to install the monitoring equipment. 
- Select different orientations (if possible). 
- Preferably with different demographic structure (for example: elderly retired couple, young family and 

working coupe without kids). 
- Number of occupants in residential units (as much as possible – to increase the sample). 
- Higher energy consumption (higher potential for savings and for implementing renovation or 

behavioural change actions). 
- More time spent at home. 
- Floor area and number of floors (it is recommended that all the spaces in the residential unit are in the 

same floor). 
- Needs in relation to renovation actions and in terms of communication and information exchange. 

In order to increase occupants’ engagement, there are several key points that could be considered: 

- Knowing the target group: focusing on “early adopters’” or newcomers’ (points of transition as 
opportunities) 

- Providing a multiplicity of benefits, relying on incentives/ motivations such as knowledge, exhibition, 
competition or rewards: 
o simple reminders, thank you notes, smiley emoticons or badges (self-awareness of contribution to a 

noble goal, auto-satisfaction). 
o feedback on self-completion of the tasks related to other subjects of the experiment (status). 
o information on self-behaviour related to norms or tendencies (access). 
o capacity of reporting malfunctioning or any other eventuality (power). 
o potential savings or rewards, such as vouchers, coupons or discounts (stuff). 

- Tailored message: contextualized, direct, visually engaging and meaningful. 
- Communication channels and formats: verbal instructions, written communication in the form of 

notices, newsletters, brochures, social-media channels, notifications sent via mobile phone apps or e-
mails. 

- Aligning expectations: find solutions that meet the different goals and objectives of occupants, owners, 
managers and project partners. 

- Trust: using communicators who are close to the end-users to carry the message, role models such as 
neighbours or colleagues; or building on references to other similar projects that were successful. 

- Social drivers: “show off”, comparison, competition, certification, belonging (persuasion via 
participation to community events and general exhibitions). 

These key points should be addressed in the initial visit, in order to identify and select study units, and 
provide the appropriate tool for accurate reporting, motivating and encouraging participation during the 
measurements campaign. For example, if people selected as study units are not used to read and write, a 
written questionnaire is not a good tool…maybe a phone call is more effective. 
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Figure 3.1: friendly tools examples 

Tools selected will be identified by the responsible team in each country and will depend on the users’ 
profile in the selected residential units. As an example, picking an on-line tool for questionnaires (such as 
https://www.typeform.com/; https://www.1ka.si/d/en or https://survicate.com/) or a domestic air quality 
monitor (such as Awair5 or Netatmo6) might allow to present a user-friendly interface; send self-
notifications and user notifications, congratulations or reminders; directly store data on a downloadable 
spreadsheet or perform preliminary analytics; thereby reducing time and risks of data losses, and improving 
user motivation. However, this approach can present difficulties retrieving and integrating raw data. The 
selected approach should then find a balance between motivation and effectiveness. 

For the success of the campaign it is essential to design an efficient monitoring plan that is adapted to the 
occupants and ensure the quality of results. Each demonstration case holder could rely on ethnographic 
tools, such as individual interviews or focus groups, to refine the first visit information and distil what 
selected occupants actually and honesty think of the project and the campaigns they are participating in. 

In this context, each section of the protocol includes which data and information could and should be 
collected and under which specific conditions, but its actual implementation will depend on each 
demonstration case and will be included on each Monitoring Action Plan. In general: 

▪ for quantitative measurements, monitoring equipment will be used, and 
▪ for qualitative and perceived information, survey tools will be used, for example, face-to-face, call 

or online interviews, questionnaires or focus-groups 

Checklists are available on Annex 1: Reporting Templates & Checklists. Spreadsheet templates and 
checklists for planning and programming each Demonstration Monitoring Campaign are available on 
Deliverable 6.2. Also, a further insight on the user centred approach for designing the whole project 
process on each Demonstration case can be found in Annex 4: User centred approach, and for further 
exploration on users’ motivations and needs, ethnographic tools are described in Annex 3: Ethnography 
research means - a Quick Guide. 

  

 
5 https://getawair.com/ 
6 https://www.netatmo.com/ 
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3.3 Units characterization 

This part of the protocol aims to characterize the different selected units by using a common template, 
collecting data including building location, floor area, year of construction, energy consumption, tenure, 
number of residential units and number of occupants per unit. Within the Drive 0 project this information is 
contained in the Deliverable 1.4 regarding the project demonstration cases. 

These parameters are necessary to support the accurate characterization of the overall circularity 
impacts and for statistical analyses. 

Building description: 

- Highlights and pictures: literary description of demonstration case, background, motivation and 
highlights with building images (satellite, aerial & elevations) with source reference 

- Address: Street name or neighbourhood or district, postal code, city, region and country. 
- Climate zone / aspects / characteristics: select 1 to 5 according to nZEB climate zones for level(s) 

compliance (Figure 3.2) / (i.e. Heating Degree Days (HDD), design temperature, average yearly 
temperature, yearly solar energy, heating season duration, start and end of the heating season, winter 
and summer indoor design temperature, or minimum air exchange rate).  

 

Figure 3.2: European climate zones defined by HDD and CDD, as per Ecofys (2012) and Keepcool II (2010) 

- Ownership: Select from (i) condominiums, (ii) multifamily buildings owned by a social housing 
company, (iii) multifamily buildings owned by a municipality or (iv) privately-owned single-family 
dwelling 

- Year of construction: YYYY 
- Actual building use: Select from (i) Residential, (ii) Residential mixed-use or (iii) “Other: specify”. 
- Future building use: Select from (i) Residential, (ii) Residential mixed-use or (iii) “Other: specify”. 
- Number of buildings: list street numbers affected by the renovation. 
- Building form: Select from (i) Free standing, (ii) Detached house, (iii) Semi-detached house, (iv) Row or 

terraced house, or (v) Multi-family house or apartment block 
- Number of floors: Select from (i) up to 4, (ii) 5 to 9, or (iii) more than 9 (level(s) compliant) 
- Number of residential units: defined as a set of room(s) within a larger structure that provide a space 

for occupants making up a single household to live and eat. It must be distinctly separated from other 
living spaces within the building and must be directly accessible from an outer door or through an 
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interior door in a shared hallway, not by walking through another household's living space. Facilities 
with shared dining areas are typically excluded from this definition. 

- Floor area: measurement of the built area, comprised within the external perimeter of the thermal 
envelope, in square-meters (m2). 

- Conditioned floor area: the total floor area in m2 of enclosed conditioned space on all floors of a 
building, as measured at the floor level of the exterior surfaces of exterior walls enclosing the 
conditioned space (heated and/or cooled). 

- Was it inhabited before the renovation? Select from Yes or No 
- User profile: Select (one or more) from (i) young people, (ii) family, (iii) ageing people, or (iv) “Other: 

specify”, and add % for each one 
- Final users: Select from (i) tenant, (ii) owner, or (iii) “Other: specify” 
- Average number of occupants per residential unit: n, (= total inhabitants / number of residential units) 
- Total Non-Renewable Primary Energy consumption (from EPC): Total Non-Renewable Primary Energy 

Consumption in kWh/m2/yr.  
- Non-Renewable Primary Energy consumption for Heating (from EPC): Heating Non-Renewable Primary 

Energy Consumption in kWh/m2/yr. 
- Non-Renewable Primary Energy consumption for Cooling (from EPC): Cooling Non-Renewable Primary 

Energy Consumption in kWh/m2/yr. 
- Non-Renewable Primary Energy consumption for DHW (from EPC): DHW Non-Renewable Primary 

energy Consumption in kWh/m2/yr. 
- Non-Renewable Primary Energy consumption for Lighting (from EPC): Lighting Non-Renewable Primary 

Energy Consumption in kWh/m2/yr. 
- Final Energy consumption: total real building consumption obtained from energy bills per energy 

source, in kWh/yr. If some bills are missing, provide the different energy sources that serve the building 
(LPG, Natural Gas, Gasoil, Electricity, etc.) 

- Who pays the energy bills? Select from (i) occupant-owner, (ii) occupant-tenant, or (iii) owner that does 
not live in the building  

- Can you access energy bills? Select from Yes or No 

Systems: 

- In-built lighting system: Light fittings; Control systems and sensors. 
- Energy system: Heating system; Cooling system; Electricity generation (renewables); DHW system; 

Control of heating system; Control of cooling system; Heating/cooling plant and distribution.  
- Ventilation system: Air handling units; Ductwork and distribution. 
- Sanitary systems: Cold water distribution; Hot water distribution; Water treatment systems; Waste 

management system. 
- Other systems: Lifts/stairs; Firefighting installations; ICT & security installations; Telecoms & 

installations; Charging station for electric or hybrid vehicles. 

Construction elements (envelope):  

- Facades: Walls, cladding and shading devices; Windows; External paints, coatings & renders. 
- Roof: Structure; Weatherproofing 
- Fittings: Sanitary fittings; Ceilings; Wall and ceiling finishes; Floor coverings and finishes 
- Other elements: Foundations; Load bearing structural frame; Non-load bearing frame elements 

To align with Level(s) EU scheme7, data collected must include parameters from Table 3, for them to be 
adapted and integrated into the corresponding reporting format8. Specific fields for these parameters are 

 
7 Dodd.N, Cordella.M,Traverso.M and Donatello.S, (2017). Level(s) – A common EU framework of core sustainability 

indicators for office and residential buildings: Parts 1 and 2, EUR 28899 EN, Publications Office of the European 
Union, Luxembourg, 2017, ISBN 978-92-79-76914-6, doi:10.2760/827838, JRC109285.&Dodd.N, Cordella. 
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included in the common reporting spreadsheet available in Annex 1: Reporting Templates & Checklists. 
Spreadsheet templates and checklists for planning and programming each Demonstration Monitoring 
Campaign are available on Deliverable 6.2. 

 

Parameter Residential buildings 

Location Country and region 

Climate zone 

Select: Zone (from European climate zones defined by heating and cooling degree 
days according to Ecofys (2012) and Keepcool II (2010)) 
Heating and cooling degree days (obtained from local weather data or the energy 
performance assessment for a building) 

Project type 

Select: New build /Major renovation (where the total cost of the renovation 
relating to the building envelope or the technical building systems is higher than 
25 % of the value of the building, excluding the value of the land upon which the 
building is situated, or more than 25 % of the surface of the building envelope will 
undergo renovation) 

Year of construction For both new-build and major renovations 

Original year of construction For major renovations only 

Service life or holding period 
Clients intended service life or investment holding period. 
Warrantied service life of property for sale 

Building form 
Select: Free standing, detached house / Semi-detached house /Row or terraced 
house/ Multi-family house or apartment block (up to 4 floors/5-9 floors/more 
than 9 floors) If other describe 

Property schedule 

Schedule of accommodation for the development or renovated stock: Number of 
units per bed space/form type or Net useful floor area of each form type in the 
schedule (Measured in accordance with the International Property Measurement 
Standards (IPMS) as specified in Section 1.3.) 

Floor area measurement Sqm 

Market segment 
Select: Owner occupation / Leasehold, social / Leasehold, market rental / 
Leasehold, student / Leasehold, seniors 

Servicing With/without centralised heating, ventilation and/or air conditioning 

Conditions of use 
National calculation method for energy performance that defines the building's 
conditions of use 

Assumed void rate 
Applicable to leasehold property/space: proportion of lettable floor space 
projected, on average, to be vacant/unoccupied 

Table 3: Level(s) compliant parameters 

  

 
M,Traverso.M and Donatello.S, (2017). Level(s) – A common EU framework of core sustainability indicators for office 
and residential buildings: Part 3, EUR 28898 EN, Publications Office of the European Union, Luxembourg, 2017, ISBN 
978-92-79-76907-8, doi:10.2760/95143, JRC109286. 

8 Joint Research Centre. Resource Efficiency for the Building Sector. Documents and Stakeholders. (2018). Retrieved from 
http://susproc.jrc.ec.europa.eu/Efficient_Buildings/documents.html. Available on: 18/12/18 



  
 

 
H2020 DRIVE 0_841850_WP4_Task 4.2                    17 
 

4 Monitoring campaigns definition 

The necessary team to ensure the proper development and the success of the monitoring campaigns will 
be designated, considering activities, tasks, responsibilities and roles described below. 

Activities related to the residential units’ data collection (beginning with the initial visit and ending with the 
whole data stored in common database), filing system, administration recommendations and timeline 
requirements are listed below. The proposed tasks are indicative. 

4.1 Timeline 

Level(s) methodology identifies different stages in a project: 

- design stage (based on calculations), 
- completion stage (based on as-built drawings), 
- post-completion (based on commission and testing) and  
- occupation (based on measured performances). 

Therefore, measurements to assess performances are carried out in the occupation stage (i.e. the in-use 
phase), before and after renovation, in order to compare results. 

- Campaigns 1 & 2: Ex ante, pre-renovation, 1 in Winter, 1 in Summer.  
- Campaign 3 & 4: Post-renovation, 1 in winter, 1 in Summer. 

4.2 Duration 

The minimum monitoring time recommended follows the standard EN ISO 15251 recommending 
performing measurements for at least 10 days. Based on Environmental Protection Agency (EPA) 
protocols9, previous H2020 projects and Climate-KIC projects10, the planned activities could further 
recommend to include: 

- Preferred start and end on working days (e.g. starting on Mondays allow following working days to 
answer possible occupants’ questions and checking the correct operation of monitoring equipment) 

- Tasks might be performed by one or more persons, according to the responsibilities assigned to each 
team member, being recommended to be performed by the same person/ team for every residential 
unit in the demonstrator case. 

 
9 United States Environmental Protection Agency. (2003). A Standardized EPA Protocol for Characterizing Indoor Air 

Quality in Large Office Buildings. 
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Day Activity 

Pre-Monitoring 

 Initial visits and/or interviews 

 Calibrate monitors 

Monitoring campaign 

Monday a.m. Travel 
Meeting with building manager 
Supply information and tools to occupants 

Monday p.m. Collect data about the residential unit (for characterization and EC forms) 
Verify monitoring location 
Assemble instruments 
Set-up fixed-site sampling locations 
Deploy samplers if needed (e.g. TVOC) 
Take spotty measurement 1 
Start fixed-site continuous monitoring  
Check connectivity to storing system (if applicable) 

Tuesday to 2nd Thursday Continue fixed-site continuous monitoring  

2nd Friday a.m. Collect samples (and ship to laboratory) 
Take spotty measurement 2 
Finish fixed-site continuous monitoring 
Download data 
Validate integrity of data 
Pack equipment  
Change to next residential unit (if applicable) 

Post-Monitoring 

 Check documentation completeness and validate data 
Send to task leader 

Table 4: Proposed activity planning 

Checklists are available on Annex 1: Reporting Templates & Checklists. Spreadsheet templates and 
checklists for planning and programming each Demonstration Monitoring Campaign are available on 
Deliverable 6.2. 

4.3 Administrative guidelines 

The administrative activities could follow next recommendations based on previous experience in H2020 

and Climate-KIC projects10: 

- Use the checklists and templates for data collection 
- Assign a unique code to each residential unit FILE, including demo case number, country, building 

number and residential unit number (e.g. 02ES0101, meaning demonstration case number 2, Spain, 
building 1, residential unit 1), where: 
o Demo case number from 01 to 06 
o Country 2 letters acronym (according to ISO 3166 ALPHA-2) 
o Building number from 01 to 99 
o Residential unit number from 01 to 99 

 
10 Such as: Valencia Institute of Buildings - IVE, Universitary Institute of Research in Human Resources Psychology, 

Organizational Development and quality of Working Life – IDOCAL, Chalmers University of Technology. (2015). Smart 
and sustainable Offices (SSO) protocols for monitoring. BTA Flagship. Eit – Knowledge & Innovation Community. 
Climate-KIC. 
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- Assign a unique code to each measurement TAB, including the measurement number, season, phase, 
variable and number of same measurements done (e.g. 001SA-ATE01, meaning measurement number 
1, Summer, ex-ante renovation, Temperature, measurement of temperature number 1), where: 
o Measurement number from 001 to 999 
o Season 1 letter acronym: summer (S) or winter (W) 
o Phase 1 letter acronym:  ante, pre-retrofit (A) or post-retrofit (P) 
o measurement type such as air temperature (ATE), globe temperature (GTE), relative humidity 

(RHU), carbon dioxide concentration (CO2), volatile organic compounds concentration (VOC), 
particles concentration (P02 or P10), formaldehydes concentration (HCH), noise level (NOL), 
illuminance level (ILL), etc… 

o number of same measurements type in the residential unit, from 01 to 99 
- Store data fulfilling the legislation in force depending on the type of data stored 
- Review collected data and assure consistency and completeness 
- Send/integrate data only when measurement campaign is completed, and all data are validated. 

See Section Fout! Verwijzingsbron niet gevonden. for more information on Data Management.   



  
 

 
H2020 DRIVE 0_841850_WP4_Task 4.2                    20 
 

5 Data collection 

Circularity measures will rely on the data obtained from monitoring equipment and information gathered 
from occupants about a series of measurable parameters related to circularity concepts. Therefore, the 
protocol covers five areas of interest related to circularity that are approached in the DRIVE0 project: 

- Energy 
- Water 
- Materials 
- Well-being, and 
- Occupants’ Behaviour & Consciousness (organization and activities) 

 

Figure 5.1: Characteristics of a circular economy according to BREEAM (adapted from METABOLIC11) 

Common methods should be employed to provide harmonized data, with sufficient precision and 
accuracy, to adequately characterize the circularity as it exists, in a range of residential buildings, 
enabling aggregation and comparability between them. 

Moreover, measurement methods should be: 

- easily implemented in the field 
- create minimal burden on the residential unit and its occupants during monitoring 
- should be relatively inexpensive to perform. 

Therefore, the following considerations need to be kept in mind: 

- It is preferable that the installation of monitoring equipment and sensors is performed by the same 
person/ team in all residential units, to improve reproducibility and data quality. 

- Inform occupants about an upcoming campaign 
- Hand-out informed consents with detailed information sheets, compliant with GDPR and Ethical 

Principle, according to Data Management Plan (D1.4). 

 
11https://www.metabolic.nl/news/the-seven-pillars-of-the-circular-economy/ 

https://www.metabolic.nl/news/the-seven-pillars-of-the-circular-economy/
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- Arrange the schedule to install the equipment. 
- Be aware of the functionality of the equipment. This might require calibrating and perform in-house 

tests before installation (e.g. batteries, setup, connectivity, data storage, downloading) 
- Solve on-site demands for energy supply and connectivity of equipment via, for example, Wi-Fi, 

Bluetooth or GSM. Periodically check for potential issues during the measurements campaign. 
- Protect, as much as possible, equipment from eventual damages and wrongful manipulation. Properly 

fix the equipment to walls or furniture trying to prevent them from falling, getting wet or being hit. 
- Aim to install your equipment at the location best matching your measurement concept, keeping in 

mind that the preferred location might not be available. Annotate the location of equipment and, if an 
alternative non-optimal placement is used, identify potential issues that might generate data errors. 

- Act systematically, taking notes and documenting any deviations to your measurement concept. 

The following measurements and data collections are considered necessary for supporting the accurate 
characterization of the dwelling circularity level baseline and in-use performance. Mandatory parameters 
are indicated to assure a minimum comparability analysis between demonstration cases. For Drive 0 
demonstration cases, the measurements to be carried out in each specific demonstration case will be 
detailed in the Monitoring Action Plans including at least the minimum proposed and all the other 
parameters helping to achieve the goals set by the project.  

Finally, as stated before, the object of this protocol is to assess the circularity level of dwellings on their 
in-use phase. Nevertheless, if a demonstration case or other users want to use this protocol to assess a 
whole building, an extrapolation based on the monitored results and the consideration of common 
conditioned areas must be undertaken. To improve data accuracy, it is desirable that monitored dwellings 
represent the different sizes, operational schedules and orientations present in the building, in order to 
weigh their results. 
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5.1 Energy 

A project’s objective is to dissociate human well-being and environmental sustainability from high energy 
consumption through circularity, so that living spaces can simultaneously be energy-efficient and 
comfortable. In order to realise this goal, it is necessary to obtain accurate data about energy production 
and consumption, disaggregated by heating, cooling, ventilation, lightning, domestic hot water (DHW) and 
appliances. 

5.1.1 Energy consumption 

According to well-established energy consumption monitoring protocols already used in other H2020 and 
Climate-KIC projects by DRIVE0 partners, measurements may be performed following the next general 
guidelines. 

Energy consumptions can be obtained from energy bills (total electrical energy delivered at a dwelling), 
using advance modelling techniques considering user behaviour and environmental data collected 
(temperature) in order to estimate disaggregated energy consumption; a more direct method is using , as 
much as possible, disaggregated smart meters providing real-time energy consumption. 

However, in practice, not all disaggregated energy consumptions can be measured through smart meters, 
and therefore, it will be necessary to collect some data related to the residential unit energetic 
characteristics to be used for detailed modelling after on-site measurements. For this reason, a short on-
site observations questionnaire should be filled during the installation of energy monitoring equipment, 
including: 

- General building data: year of construction, refurbishments, certificates, floor area, heated area, 
volume, number of floors, orientation, occupancy. 

- Building construction elements and systems. 
- Ventilation systems (natural, hybrid, mechanical). 
- Mapping of energy distribution systems and schedule of operations (people using each space at each 

time range). 
- Lightning systems and types of luminaires. 
- Appliances and other equipment connected to the network. 
- Existence of thermostats and usage pattern. 

Some of these data can be extracted from the Unit Characterization form from Section 3.3, already 
included in D1.4 of Drive 0 demonstration cases.  

Spreadsheet templates are available on Annex 1: Reporting Templates & Checklists. Spreadsheet templates 
and checklists for planning and programming each Demonstration Monitoring Campaign are available on 
Deliverable 6.2. 

Measurements & Calculations 

Energy Consumption measurements provide users with an understanding of a dwelling's energy demand in 
the use stage. According to Level(s) protocol, the delivered energy demand is generally responsible for 
most of the life cycle energy use in buildings built before the year 2000, and up to 30-70% of the life cycle 
energy use, depending on the building type, form and specification of new buildings. 

In-situ measurements defined in this section consider: 

- Delivered energy demand (kWh/m2/yr) is the energy delivered to the dwelling in the form of electricity, 
heat and fuel. It is the energy per 'carrier' supplied to the dwelling, to satisfy the energy demand for 
heating, cooling, ventilation, domestic hot water, lighting and appliances. The delivered energy is 
generally the one metered by the utilities, that can be accessed through the electric meter and gas 
point reference number, Meter Point Reference Number (MPRN) or Gas Point Reference Number 
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(GPRN) respectively (MPRN will be 11 digits, and your GPRN will be 7 digits). Reporting is therefore to 
be as much disaggregated as possible into the energy used for heating, hot water, cooling, ventilation 
and lighting. Reporting of other aspects of occupant energy use is also encouraged. 

- Primary energy demand (kWh/m2/yr) is defined by Article 2 of the Energy Performance of Buildings 
Directive12 as 'the energy that has not undergone any conversion in the transformation process, 
calculated by energy carrier using a primary energy factor'. It is the generated energy that is required at 
the source to deliver the required building/residential unit energy demand. Reporting is disaggregated 
into renewable and non-renewable.  

- Renewable energy (%) is the fraction of renewable energy covering the dwelling energy demand from 
both renewable energies produced on-site and delivered by utilities that ensure 100% purchase of 
renewable energy; or % of renewable energy ensured by utilities in their mix. 

Multiplying the delivered energy demand by a CO2 factor for electricity that is based on gross calorific value 
of the fuels (oil or others) input to electricity generation stations provides the CO2 emission from electricity 
demand13. Whereas an overall reduction of the delivered energy measures will generally have a positive 
effect on air quality, a fuel switch may also lead to an increase of emissions of specific ambient air 
pollutants, and therefore it is important to also minimise primary energy use. 

Energy consumption and efficiency is highly affected by thermal losses through materials and elements 
shaping the dwelling/building envelope and by air infiltration accounting for 10% of heat loss through the 
fabric in a typical uninsulated dwelling14. Consequently, the air change rate (ACR) and the rate of transfer of 
heat through these materials are crucial for understanding the dwelling energy performance. 

- Thermal transmittance (W/m2K) is the rate of heat transfer through matter expressed by the term U-
value. Well-insulated parts of a building have a low thermal transmittance whereas poorly insulated 
parts of a building have a high thermal transmittance. Losses due to thermal radiation, thermal 
convection and thermal conduction are accounted for in U-value.  

- Air change rate at reference pressure is the air leakage rate per internal volume at the reference 
pressure (typically at 50 Pa) difference across the building envelope15. 

The above listed measurements are compliant with Level(s) scheme, thus, data collected will follow 
methods and formats needed for them to be extracted, transformed and loaded into the corresponding 
reporting format. 

Methods & Tools 

Each monitoring campaign team is responsible for the selection of the equipment needed to carry out the 
monitoring according to minimum conditions established in this protocol. 

Primary energy demand requires to be calculated from real data. Primary energy demand (kWh/m2yr) 
needs to be calculated by energy carrier using a primary energy factor at national level. It also needs to be 
reported disaggregated into renewable and non-renewable, not considering the exported renewable 
energy as it is considered separately. According to Level(s), calculation of primary energy demand should be 
aligned with EN 15603 and EN ISO 13790, or EN ISO 52000 standard series. 

 
12 Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on the energy performance of 

buildings (recast) 
13 SEAI (2017) Derivation of Primary Energy & CO2 Factors for Electricity in DEAP. Retrieved from 

https://www.seai.ie/publications/DEAP-Elec-Factors-2017.pdf. Available on: March 2020  
14 NSAI (2019) SR 54:2014 & A1:2019, Code of practice for the energy efficient retrofit of dwellings. Retrieved from 

https://shop.standards.ie/en-ie/Standards/S-R-54-2014-A1-2019-877610_SAIG_NSAI_NSAI_2749895/. Available on: 
March 2020 

15 EN ISO 9972, Thermal performance of buildings — Determination of air permeability of buildings — Fan pressurization 
method 
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Thermal transmittances of most walls and roofs can be calculated using ISO 6946, unless there is metal 
bridging the insulation in which case it can be calculated using ISO 10211. For most ground floors it can be 
calculated using ISO 13370. For most windows the thermal transmittance can be calculated using ISO 10077 
or ISO 15099. ISO 9869 describes how to measure the thermal transmittance of a structure experimentally. 

Mandatory (Mand.) energy consumption parameters can be monitored using monitoring equipment of 
minimum resolution (Resol.) with data logging time interval (Period.) described below: 

Measurement Mand. Scale Description Units Period. Resol. 

Primary energy 
demand 

Y Dwelling  Time 
series 

Renewable kWh/m2yr  1 

non-Renewable kWh/m2yr  1 

Delivered 
energy demand 

Y Dwelling  Time 
series  

Electricity kWh 5min/ 1h 1 

Gas m3 1d/ 1M 0.01 

Fuel l 1d/ 1M 1 

Thermal grid kWh 5min/ 1h 1 

RES kWh 5min/ 1h 1 

Disaggregate as much as possible heating, DHW, cooling, ventilation, lighting & appliances 

Renewable 
delivered 
energy demand 

Y Dwelling  Produced on-site  % 1 1 

delivered by utilities that ensure 
100% purchase of renewable energy 

% 1 1 

renewable energy ensured by 
utilities in their mix 

% 1 1 

Thermal 
transmittance 

Y Dwelling Spotty (one-time) W/m2K  1 

To be collected for every element part of the thermal envelope of the dwelling 

Table 5: EC Measurements characteristics 

The objective of the twofold time interval for some measurements is to obtain detailed (5 minutes interval) 
information for a representative period (e.g. 5 consecutive working days plus weekend) that might be 
missed or partially acquired over longer intervals (1 hour) during longer monitoring period (a minimum of 
10 days is  recommended, but each demonstration case can define longer periods for their specific 
objectives). 

The measurements are proposed to be collected at dwelling scale as this protocol measures circularity 
concepts on a dwelling scale for the in-use phase. Measurements at building level should be disaggregated 
as much as possible with the objective to obtain equivalent measures at dwelling scale. At times 
estimations are needed at dwelling scale, calculation methodologies must be provided with original data 
and calculated data that must be as realistic as possible. 
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Guidance on market available monitoring equipment is presented below: 
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Efergy efergy.com E2 Classic energy kWh home Y Y 
 

Y 
 

€80  

Engage Hub 
Kit 

energy kWh home N N Y Y Y €100  

Cliensol cliensol.es Energobox energy kWh home Y N Y Y Y - 

Plugsense energy kWh plug N N Y Y Y - 

Teckin teckinhome.com SP-22 energy kWh plug N N Y Y Y - 

TP-Link tp-link.com hs110 energy kWh plug N N Y Y Y -  

Koogeek koogeek.com KLSP1 energy kWh plug N N Y Y Y -  

Sense sense.com 
 

energy kWh home VS* N N Y Y Y €350  

Wibeee wibeee.com 
 

energy kWh home VS* N N Y Y Y €150  

*VS: virtual submetering 

Table 6: EC Market available tools 

Spreadsheet templates for reporting are available on Annex 1: Reporting Templates & Checklists. 
Spreadsheet templates and checklists for planning and programming each Demonstration Monitoring 
Campaign are available on Deliverable 6.2. 

5.1.2 Energy production 

According to the second pillar for circularity presented in Figure 5.1, energy supply should be based on 
renewable energy sources, and therefore, density of energy consumption should ideally be matched to 
density of local energy availability: conversion and transport of energy should be avoided and systems 
should be designed for maximum energy efficiency, without compromising performance and service output 
of the systems. 

Measurements & Calculations 

In this context, measuring energy production is needed, and considerations about energy consumption 
monitoring are applicable. We consider: 

- Total renewable energy production of the dwelling (kWh/yr) by renewable energy source. 
- Exported renewable energy (kWh/yr) by renewable source. This is so that the benefits of generating 

low carbon or renewable energy can be considered according to reference standard EN 15978. 

Methods& Tools 

Each monitoring campaign team is responsible for the selection of the equipment needed to carry out the 
monitoring according to minimum conditions established in the protocol. 

The total renewable energy production and the exported renewable energy or self-consumed renewable 
energy can be monitored using data from metering equipment. Mandatory and voluntary measurements, 
based on Level(s) guidance, are: 

Measurement Mand. Scale Description Units Period Resol. 

Total renewable energy production 
by renewable energy sources 

Y Dwelling Time series kWh 5min/ 1h 1 

Exported renewable energy by 
renewable energy sources 

N Dwelling Time series kWh 5min/ 1h 1 
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Table 7: EP Measurements characteristics 

The measurements are proposed to be collected at dwelling scale as this protocol measures circularity 
concepts on a dwelling scale for the in-use phase. In case the measurements are made at building level they 
should be disaggregated as much as possible with the objective to be able to obtain the equivalent 
measure at dwelling scale. In case an estimation is needed to be done to obtain the dwelling scale, it should 
be as much realistic as possible, and the methodology used to calculate such estimation should be provided 
together with the data. 

Guidance on market available monitoring equipment is presented below: 
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Efergy efergy.com E2 Classic energy kWh Home/ plant Y Y 
 

Y 
 

- 

Engage Hub 
Kit 

energy kWh Home/ plant N N Y Y Y - 

Cliensol cliensol.es Energobox energy kWh Home/ plant Y N Y Y Y - 

Sense sense.com 
 

energy kWh Home/ plant N N Y Y Y - 

Wibeee wibeee.com 
 

energy kWh Home/ plant N N Y Y Y - 

Table 8: EP Market available tools 

Spreadsheet templates for reporting are available on Annex 1: Reporting Templates & Checklists. 
Spreadsheet templates and checklists for planning and programming each Demonstration Monitoring 
Campaign are available on Deliverable 6.2. 
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5.2 Water 

According to the third pillar for circularity presented in Figure 5.1, water should be managed in a 100% 
circular fashion. Water use should be matched within the capacities of the local water cycle and ensure that 
all resources are successfully recovered from utilised water. 

Measurements & Calculations 

According to level(s) Macro-objective 3: Efficient use of water resources, action to minimise water use at 
the building level in all areas, the public water supply, the majority of which is used in buildings, accounts 
for around 21% of total water abstracted in the EU. In residential buildings alone, water consumption is 
around 160 litres/person/day on average across the EU and policy tools to address water consumption in 
buildings are needed16. In this context, the relevant indicator is: 

- Total water consumption (m3/occ.yr) is the amount of water consumed (m3) by appliances and sanitary 
fittings during the use phase of dwellings per occupant (occ) and per year (yr). Although the indicator 
refers to total water use, data can be disaggregated into potable and non-potable water use, for 
instance when rainwater or greywater collection systems are installed. 

Monitored data results will be reported on a per occupant basis at both measured daily or monthly level 
(m3/occ.d or m3/occ.m) and measured or calculated annual level. When converting daily or monthly data 
into annual data, it is necessary to state how many days the building will be used in the year, and to 
normalise cleaning or irrigation water consumption, it is necessary to know how many people (full-time 
equivalents) is using the dwelling. The dwelling should be fully occupied (by people who usually live in the 
house) during the measurements campaign to ensure that consumption patterns will be more predictable. 

Water consumption can be potentially disaggregated into individual (i) components such as sanitary fittings 
(e.g. toilets), irrigation systems and water-appliances (e.g. dishwasher, washing machine), or (ii) locations 
such as bathroom and kitchen. The total value or the sub-totals can be split into potable and non-potable. 

Methods& Tools 

Each monitoring campaign team is responsible for the selection of the equipment needed to carry out the 
monitoring according to minimum conditions established in the protocol. 

Actual water consumption can be monitored via water meter readings. For health and safety reasons, any 
use of harvested rainwater or greywater must run via separate tanks and pipework with a separate 
metering system to quantify the use of non-potable water. 

 
16 BIO, 2012. Water Performance of Buildings. Report for DG Environment of the European Commission by Bio Intelligence 

Service. Accessed online, July 2017. 
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Based on the COM (2014) 44517 and Level(s) guidance, the following measurements are proposed: 

Measurement Mand. Scale Description Units Period. Resol
. 

Water 
consumption 

N Dwelling Time series 
Total water consumption 
in relation to the 
dwelling occupants 

Potable m3/occ  
(report 
also as 
m3/occ.yr) 

1d/ 1M 1 

Non-
potable 

Disaggregate data as much as possible by components and/or locations 

Re-circulation 
of water 

N Dwelling Total re-circulated water  m3/occ  
(report 
also as 
m3/occ.yr) 

1d/ 1M 1 

Table 9: WC Measurements 

Water use can be calculated according to life cycle module B7 'operational water use' in the EN 15978 
standard. 

The measurements are proposed to be collected at dwelling scale as this protocol measures circularity 
concepts on a dwelling scale for the in-use phase. In case the measurements are made at building level they 
should be disaggregated as much as possible with the objective to be able to obtain the equivalent 
measure at dwelling scale. In case an estimation is needed to be done to obtain the dwelling scale, it should 
be as much realistic as possible, and the methodology used to calculate such estimation should be provided 
together with the data. 

Some guidance about monitors available in the market is included below: 
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Cliensol ciensol.es Relaysense water l or m3 home Y N Y Y Y  

Table 10: WC market available tools 

Spreadsheet templates for reporting are available on Annex 1: Reporting Templates & Checklists. 
Spreadsheet templates and checklists for planning and programming each Demonstration Monitoring 
Campaign are available on Deliverable 6.2. 

  

 
17 Communication from the commission to the European parliament, the council, the European economic and social 

committee and the committee of the regions on resource efficiency opportunities in the building sector, COM(2014) 
445, https://ec.europa.eu/transparency/regdoc/rep/1/2014/EN/1-2014-445-EN-F1-1.Pdf 
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5.3 Materials 

According to the fourth pillar for circularity presented in Figure 5.1, biodiversity should be structurally 
supported and enhanced: Habitats should not be encroached upon or structurally damaged through human 
activities. Preservation of ecological diversity is one of the core sources of resilience for our environment, 
and therefore, a pillar for circularity assessment would consider the daily products and services’ 
environmental footprint, use and management.18 

In this context, materials should be incorporated into the economy in such a way that they can be cycled at 
continuous high value. A priority is placed on preserving material complexity, by cascading materials in 
their most complex form for as long as possible (e.g., as products rather than components, and as 
components rather than materials). Material cycles should be designed to be of lengths relevant to human 
time scale and the natural cycles to which they are connected, matched to material scarcity, and as 
geographically short as possible. Materials should not be mixed in ways that they can no longer be 
separated and purely recovered unless they can continue to cycle infinitely at high value in their mixed 
form. Materials should be used only when necessary. 

Descriptions 

According to level(s) Macro-objective 2: Resource efficient and circular material life cycles, actions that can 
be taken at building level with a focus on material efficiency and circular utility, paying attention to 
selection, design, engineering and form of building materials, can support lean and circular flows, extend 
long-term material utility and reduce significant environmental impacts. 

The overall objective shall be to reduce waste, optimise material use and reduce the life cycle 
environmental impacts of products and material choices. In this context, the relevant indicators affecting 
the use phase of the dwelling should be related to: 

- Life span (years): the estimated service life of the dwelling elements profoundly affects the calculation 
of maintenance, repair and replacement costs.  

- Deconstruction(index): Assessing the potential to recover, reuse and recycle dwelling elements from 
the dwelling at the end of their service life and facilitate the future circular use of dwelling elements, 
components and parts. 

- Reuse/Recycle (index): understanding of the material flow in a dwelling as a whole and how much is 
reused and recycled. 

- Origin (km): Material and product should be selected to consider material scarcity, and as 
geographically short as possible. Travelling distances affect LCA and environmental impacts. 

Considering that this protocol work at a dwelling scale during its in use-phase, the elements described 
below are the ones considered in this section:  

- Contents: Understood as the movable products in the dwelling, mostly chosen by the occupants to 
serve them during their daily activities: appliances, furniture or fungible products. 

- Container replaceable items: Understood as the items that are part of the envelope containing the 
dwelling (container), that can be changed by the occupants without permission of the building 
manager/community, as finishing surfaces. 

All the elements of a house that are part of the building and whose change must be agreed by all owners of 

the building are outside the scope of this section. 

 
18 BREEAM 
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Methods& Tools 

Based on the COM(2014) 44519 and level(s) guidance, the following indicators are proposed in order to be 
able to measure the level of circularity and compare the impact of the products installed on issues related 
to circularity. 

Indicator Mand. Scale Description Categories 

Lifespan N Dwelling 
elements 

Information about estimated 
service life 

YES/NO 

Repairability N Dwelling 
elements 

Assessing the cost, easiness and 
accessibility to reparation to 
enlarge lifespan 

YES/NO 

Deconstruction N Dwelling 
elements 

Assessing the potential to 
recover, reuse and recycle 
dwelling elements. (see checklist 
of design criteria) 

YES/NO 

Origin N Dwelling 
elements 

Information about the origin of 
the elements 

YES/NO 

ECO-Labelling N Dwelling 
elements 

Elements (eco)labelled YES/NO 

Recycled and 
reused content 

N Dwelling 
elements 

Elements including recycled and 
reused content 

YES/NO 

Reused elements N Dwelling 
elements 

Elements acquired from the 
second-hand market or from 
other dwelling, used for either the 
same purpose it had or another 
purpose without changing the 
object's structure in a significant 
way. 

YES/NO 
% 

Toxic presence in 
paints and 
varnishes 

N Dwelling 
elements 

Percentage of elements with toxic 
presence in paints and varnishes 

% 

Table 11: M Data 

These indicators should be assessed by the Demonstration Case Team, who will get the information by 
making occupants answer the questions below through the most suitable tool, according to the occupants’ 
profile: reporting tools, questionnaires, interviews or observation exercises. All methods that involve 
ethnographic tools are described in Annex 3: Ethnography research means - a Quick Guide. 

 
19communication from the commission to the european parliament, the council, the european economic and social 

committee and the committee of the regions on resource efficiency opportunities in the building sector, COM(2014) 
445, https://ec.europa.eu/transparency/regdoc/rep/1/2014/EN/1-2014-445-EN-F1-1.Pdf 
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Tools selected should address and provide report on the questions below: 

When you make a purchase of an item that you are going to install or use in your home: 

1) Do you do an analysis of the cost of the item throughout its life cycle in order to buy the one that is 
cheaper for you in the long term (not just the cheapest) at the time of purchase? 

2) Do you find out about the durability of a product before buying it? 
3) Do you take notice of the ease of repairing the product? i.e. Connections are mechanical and reversible, 

elements and their parts are independent and easily separable, connections are easily accessible and 
reversible, the number and complexity of the disassembly steps are low. 

4) Do you consider the easiness of reuse and recycling the element? i.e. Constituent materials can be easily 
separated. 

5) Do you find out about the origin of the product prioritizing those that come from closer places? 
6) Do you prioritize buying products with eco-labels? 
7) Do you prioritize buying products that use recycled or reused materials or elements? 
8) Do you buy or acquire products in the second-hand market? In that case, what percentage of products that 

you have purchased in the last year were reused or bought in the second-hand market? 

In relation to the use maintenance of the different products and elements of your dwelling: 

1) Were you provided with the use and maintenance instructions of your dwelling when you started living in? 
In that case, do you follow the instructions? 

2) Do you read and keep the use and maintenance instructions of the elements you buy? 
3) When something breaks, do you try to fix it or buy a new one? 

In our homes there are many elements made of wood, such as floors, carpentry, doors, furniture, 
etc. Wood has many qualities: it is a natural product, it is renewable, it is recyclable, etc. but it is 
not always a sustainable product. 

1) Does the wood used for doors, carpentry, cladding and flooring have any seal or certificate? 
2) Does the wood used for furniture have any seal or certificate? 

Did you know that many materials can contain toxic substances that are dangerous to our health? 
To avoid this, we can use finishing materials such as low emission paints and varnishes. 

1) What paintings have you used for the interior walls of your house? 
2) What metal paints have you used for the metal elements in your home? (metal joinery and other metal 

elements in the home) 
3) What type of paints, varnishes and sealers for wood, carpentry and coatings have you used in your home? 
4) What type of varnish and wood floor covering have you used in your home? 
5) What type of varnishes for wood and steel furniture have you used in your home? 
6) What type of paint for wood and steel furniture have you used in your home? 

All the participants will be informed that the data in the study are strictly confidential. Consent forms and 
ethical templates compliant with GDPR and Ethical Principles, according to Data Management Plan are 
available in Deliverable 1.4. 

Spreadsheet templates for reporting are available on Annex 1: Reporting Templates & Checklists. 
Spreadsheet templates and checklists for planning and programming each Demonstration Monitoring 
Campaign are available on Deliverable 6.2. 
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5.4 Well-being 

Well-being and the indoor environmental quality (IEQ) depend on building design and technical features of 

integrated systems. Only the latter is addressed in this chapter. 

5.4.1 Objective Qualitative data 

Systems have a major influence on well-being and IEQ. For example, the central heating control in a 
building is worse than an apartment control or room control providing occupants with a chance to control 
indoor temperature fitting personal comfort levels. Therefore, qualitative features of the technical building 
systems shall be considered, since they can on one hand influence IEQ and occupant well-being in 
residential buildings, and on the other hand, be improved by renovation. 

Data & Descriptions 

Focus is given to dwelling characteristics that can be changed by (deep) renovation, such as: 

- Control of heating and cooling system: to adjust the air that surrounds people in a closed space, making 
it warmer or cooler, and thus comfortably facilitate the thermal transfer between the body and the 
environment, reaching thermal equilibrium without the need to sweat or feel cold20. The appropriate 
control of the heating/cooling systems is very important for achieving thermal comfort and increase 
user satisfaction. Occupants should be able to control the heating/cooling system in their homes to set 
indoor temperature to the desired value. Room temperature control is better than apartment or 
building temperature control, because in case of room temperature control the occupants can set the 
indoor temperature according to their specific needs. In case of central building control, the occupants 
only have limited influence on the indoor temperature. Besides the thermal comfort, user satisfaction 
and well-being are higher if the occupants have the possibility to regulate temperature in their home. 

- Fresh air flow (mechanical ventilation) per number of occupants (l/s): the primary reason for ventilation 
is to provide an indoor air quality that contributes towards a safe and effective internal environment by 
controlling airborne contaminants as well as temperature and humidity. The supply of ‘fresh’, outdoor, 
ventilation air into an occupied building is a fundamental requirement, both for occupant comfort and 
health, and for maintaining a productive living environment21. Inadequate ventilation is a well-known 
potential factor for sick building syndrome. If the air change rate is inadequate, the concentration of 
indoor contaminants, such as CO2 and VOC, will increase, which reduces the indoor air quality and 
occupants’ well-being and it is unhealthy. In case of natural ventilation, the good air change depends on 
the size and position of openings, which is part of designing of a new building. Since this protocol 
focuses on existing buildings, where are limited chance to change size and position of windows, the 
natural ventilation is not considered. 

- Air tightness of windows and doors is important for avoiding heat loss as it means less uncontrolled air 
movement in and out of the building. Less heat loss also means your heating system will work more 
efficiently, thereby reducing heating bills and energy wastage. It also contributes to maintaining 
thermal comfort, and it can improve health by preventing substances that can provoke allergies being 
carried into the building via air leakage. It can also result in better sound insulation within the home. 
Building durability is also enhanced by preventing damage caused by moisture-laden cold air leaking 
into the building envelope and condensing22.  

 
20https://www.idae.es/en/news/thermal-wellbeing-climate-controlled-environment 
21https://www.cibsejournal.com/cpd/modules/2014-10/ 
22https://passivehouseplus.ie/magazine/guides/the-ph-guide-to-airtightness 

https://www.idae.es/en/news/thermal-wellbeing-climate-controlled-environment
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- Exterior shading: can cut the investment cost for cooling and ventilation installations, reduce energy 
use and create the conditions for good thermal and visual comfort23. It also can provide better thermal 
comfort, since the temperature of indoor spaces and the glass of windows will not be so high, and on 
the other hand the same indoor temperature can be kept with lower energy use in the cooling season 
when using the exterior shading. Furthermore, the occupants are not so exposed to the weather 
conditions, therefore the user satisfaction and well-being will be better. 

- Radiant heating and/or cooling system: benefits include saved floor space, lower dust transportation 
and increased thermal comfort through the separation of temperature controls and outdoor air supply 
systems. In addition, with the use of radiant heating, the mean radiant temperature in a space can be 
kept lower compared to convective heating, providing the benefit of a slightly higher relative humidity 
in wintertime24. 

- Radiant temperature asymmetry leads to discomfort. Warm ceilings and cold windows cause greater 
discomfort than cold ceilings and warm walls: it is unpleasant to be warm around head and cold around 
feet25. 

- Thermal bridges: increase heat energy transmission by providing shortcuts through the insulated 
structure causing reduced indoor comfort and increased energy consumption. Thermal bridges may 
also cause condensation leading to mould growth that results in construction decay and health risks26. 

- Presence of humidity or moisture stains in the inner building envelope surface favour mould growth 
and other health issues. 

Methods& Tools 

Each monitoring campaign team is responsible for the selection of the equipment needed to carry out the 
monitoring according to minimum conditions established in the protocol. 

 
23http://www.es-so.com/component/content/category/179-solar-shading-benefits 
24https://standard.wellcertified.com/comfort/radiant-thermal-comfort 
25https://www.more-connect.eu/wp-content/uploads/2017/12/PT_2nd_training_module%C2%AD%C2%AD_Thermal-

Comfort-Monitoring-and-Measurement.pdf 
26https://www.eurima.org/about-mineral-wool/design-installation-principles/thermal-bridges.html 
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These are qualitative attributes that can be registered as existing or not, or into categories: 

Indicator Mand. Scale Description Categories 

Control of heating 
and cooling system 

N Dwelling No system/ No control/ Central 
(building) temperature control/ 
Apartment temperature control/ 
Room temperature control 

5 cats. 

Fresh air flow 
(mechanical 
ventilation) per 
number of 
occupants 

N Dwelling No mechanical ventilation/ EN 
16798-1 category I or category II/ 
EN 16798-1 category III/ Less than 
EN 16798-1 category III 

4 cats. 

Air tightness of 
windows and doors 

N Dwelling Poor airtightness (warped, poorly 
fitted or unsealed windows and 
doors)/ Medium airtightness 
(windows and doors with well 
fitted sealings)/ Good airtightness 
(factory-fitted shaped sealing 
profiles or certification document 
according to EN 12207 Class 4). 

3 cats. 

Exterior shading N Dwelling % of windows from East to West 
which have exterior shading 

10 cats. 

Radiant heating 
and/or cooling 
system 

N Dwelling % of the conditioned floor area 
(above or below 50%) 

YES/ NO 

Radiant 
temperature 
asymmetry 

N Dwelling ISO 7730:2005 Category A or B/ 
ISO 7730:2005 Category C or 
worst 

2 cats. 

Thermal bridges N Dwelling  YES/ NO 

Presence of 
humidity or 
moisture stains 

N Dwelling  YES/ NO 

Table 12: QWB Measurements 

This will be reported as a set of tables, one per dwelling, containing the Table 12: QWB Measurements. 
These tables should be filled by the Demonstration Case Team, who will get the information through the 
most suitable tool, according to the occupants’ profile: images, reporting tools, questionnaires, interviews 
or observation exercises. All methods that involve ethnographic tools are described in Annex 3: 
Ethnography research means - a Quick Guide. 

E.g. questionnaires could address and provide report with questions such as the ones below:  

Did you know that your well-being and comfort at home very much depend on the components 
and technical systems you have installed? (and they are changeable through a renovation, so take 
them into account when thinking about one) 
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1) Is there a heating system in the house? 

a) No 
b) No, but I use mobile electric or gas stoves 
c) No, but I have air conditioned in some rooms 
d) Yes, but I can’t control temperature 
e) Yes, with a home thermostat 
f) Yes, and I can regulate each room: 

If YES: Which one represents best your heating system?  

2) Do you notice air intake through the window joints? 

a) YES 
b) NO 

3) Are there sunscreens (overhangs, slats or awnings) on the windows located in the sunniest 
orientations (west, south and east) to reduce heat in summer? 

a) YES 
b) NO 
c) Partially 

4) Do you feel in the living room a cold/hot floor, celling or wall? 

a) YES 
b) NO 

Also, some parameters related to temperature distribution or apparent surface anomalies can be captured 
through images. According to ISO 6781-3:2015, building thermography is carried out by means of an 
infrared radiation sensing system, which produces an image based on the apparent radiance temperature 
of the target surface area. This image (thermogram) represents the relative intensity of thermal radiation 
from different parts of the surface. It allows for thermal anomalies to be reported, evaluated and analysed. 

Guidance on market available image capturing equipment which might be used for e.g. detecting thermal 
bridges or temperature asymmetry is presented below: 
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FLIR flir.com 
C2 Temp distribution ºC - ªF area Y     500 €  

E8 Temp distribution ºC - ªF area Y     3.000 €  
Table 13: QWB market available tools 

The use of these sophisticated/professional tools is described in Annex 2: How to use a thermographic 
camera. 

All the participants will be informed that the data in the study are strictly confidential. Consent forms and 
ethical templates compliant with GDPR and Ethical Principles, according to Data Management Plan are 
available in Deliverable 1.4. 

Spreadsheet/ checklists templates for reporting are available on Annex 1: Reporting Templates & 
Checklists. Spreadsheet templates and checklists for planning and programming each Demonstration 
Monitoring Campaign are available on Deliverable 6.2. 
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5.4.2 Objective Quantitative data 

The qualitative well-being and IEQ indicators inform end-users about the technical building systems and 
their capabilities but do not inform on quantitative performances. Onsite measurements are needed to 
inform end-users on satisfactory performances and related parameters, and those that need improvements 
to provide better IEQ and well-being through deep renovation. 

Measurements & Calculations 

Based on the Environmental Protection Agency (EPA) and Level(s) guidance, this protocol approach for 
environmental monitoring includes measurements for both air quality and comfort parameters. 

The main functions of buildings are to protect occupants from outdoor environmental conditions while 
providing health and comfort. Among other parameters, indoor air quality and thermal comfort, expresses 
satisfaction with the indoor thermal environment. Dissatisfaction can be caused by warm or cool 
discomfort of the human body as a whole or by an unwanted cooling (or heating) of one particular part of 
the human body27. Level(s) approaches the indoor environmental quality in its Macro-objective 4: healthy 
and comfortable spaces. The initial priority areas of focus for macro-objective 4 are indoor air quality and 
thermal comfort. For indoor air quality two composite indicators are provided, which each require the 
consideration of multiple parameters relating to the quality of the indoor air in the useful internal spaces of 
buildings; for thermal comfort, an assessment of the time out of thermal comfort range of a building’s 
useful internal space during an average year. 

 

Figure 5.2: Level(s) macro-objective 4 indicators 

In addition, recognising that the above-mentioned indicators represent only two of the many potential 
aspects of this macro-objective, initial guidance is also provided on performance assessment for two 
further aspects that may be considered for future indicator development: lighting and visual comfort as 
well as acoustic performance of the building fabric. It is stated that users of the Level(s) framework are 
encouraged to start to report on how they have addressed these two aspects.  

The quality of the indoor air as experienced by occupants of a building during the use stage consists, 
according to level(s) scheme, of two sub-indicators: the assessment of three parameters of good quality 
indoor air, with reference to ventilation rate, CO2 levels and relative humidity; and the assessment of the 
concentrations of a target list of pollutants for source control that are commonly found in indoor air. 

 
27International Organization for Standardization. (2005). Ergonomics of the thermal environment -- Analytical determination 

and interpretation of thermal comfort using calculation of the PMV and PPD indices and local thermal comfort criteria 
(EN ISO 7730) 
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The indicator on target air pollutants for source control includes the following pollutants: 

- TVOCs (µg/m3): Air pollutants measure target the most significant potential hazards to human health 
that can enter indoor air. Building occupiers can be exposed to a range of potential emissions of volatile 
and carcinogenic organic compounds.  

- EU LCI ratio (ratio of a substances measured concentration in product emissions to its LCI value) 
- Formaldehyde (μg/m³) 
- Mold 
- Benzene (μg/m³) 
- Particulates, PM 2,5 and 10 (μg/m³) 
- Radon, according to geographical risk (Bq/m3) 
- NO2 (µg/m3) 

Due to the extent of the project, we are not providing quantitative protocol to measure TVOCs, 
formaldehydes, mould, benzene, particles (PM2, PM5 and PM10), or radon, although it would be desirable 
to get measurements, when possible, and according to the geographic risk. 

And the good quality indoor air conditions indicator includes the following parameters: 

- CO2 (ppm): the rate of air change and the concentration of CO2, when used together, result in an 
important measure of the rate at which stale air is replaced with clean intake air.  The rate of air 
exchange also controls the build-up of other chemical and biological pollutants. 

- Relative humidity (% ratio of partial to equilibrium vapour pressure): The level of relative humidity is an 
important influencing factor on the comfort of occupants. High or low levels of humidity can create an 
uncomfortable sensation, for example by making hot conditions feel more intense or by drying out and 
causing irritation of the nose and throat. 

- Air flow (l/s per m2)/ Ventilation rate (fresh air flow per person: a calculated qualitative parameter, not 
measured, to be considered only where mechanical ventilation system supplies fresh air. 

Also, regarding thermo-hygrometric comfort, Level(s) focuses on the ability of the building to maintain pre-
defined conditions during the heating and cooling season. The indicator considered that measures thermo-
hygrometric comfort is the percentage of the time out of range of defined maximum and minimum 
temperatures during the heating and cooling seasons.  

For post-occupancy evaluation of satisfaction/dissatisfaction with the thermal environment, the PPD 
(predicted percentage dissatisfied) shall be estimated based on EN ISO 7730– Fanger Method (for 
mechanically cooled buildings) or the acceptable summer indoor temperature range (for buildings without 
mechanical cooling). PPD is an index that establishes a quantitative prediction of the percentage of 
thermally dissatisfied people (those who would vote hot, warm, cool or cold on a 7-point thermal scale) 
who feel too cool or warm. The estimate PPD can then be compared with the results form an occupier 
survey. 

The main indicator to evaluate the thermal environment is the operative temperature (temperature of an 
imaginary black enclosure in which an occupant would exchange the same amount of heat by radiation and 
convection as in the actual no uniform environment). Air and globe temperature, relativity humidity and air 
speed allow us to calculate the radiant temperature by using the calculation method established by EN ISO 
7726:2002, based on the Fanger method. Then, the operative temperature could be estimated as the 
arithmetic mean between the mean radiant temperature and the air temperature considering that the air 
speed measured was always lower than 0.2 m/s.28 

 
28 Mateo-Cecilia, C., Navarro-Escudero, M., Escrig-Meliá, T., Estreder, Y. (2018). Creating Office Spaces in the 

Mediterranean. The importance of well-being, health and performance of office users. Informes de la Construcción, 
70(549): e235. https://doi.org/10.3989/id.55050 
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For the post-occupancy evaluation of satisfaction/dissatisfaction with the thermal environment, according 
to EN ISO 7730, PMV and PPD shall be estimated. PMV is an index that predicts the mean value of the votes 
of a large group of persons on a 7-point thermal sensation scale based on the heat balance of the human 
body, while PPD is explained above. 

To calculate these values, the measurement of different IEQ parameters is needed: 

- Air temperature (ºC) 
- Globe temperature (ºC) 
- Radiant temperature (ºC) 
- Relative air velocity (m/s) 
- Relative humidity (%) 

In addition, the metabolic energy production (W/m2), the rate of mechanical work (W/m2), and the basic 
clothing insulation (clo) are also necessary. The rate of mechanical work is normally 0, while the metabolic 
energy production and the basic clothing insulation can be estimated according to the answers in the 
occupier survey. 

Also, the presence of humidity or moisture stains is related to the quality indoor air conditions and the 
thermal comfort. Since part of the measures proposed by Drive 0 project consist of adding new layers to 
the existing building envelope, there is a need to perform an hygrothermal analysis of the new thermal 
envelope to check the correct performing of the new system. Super-insulated assemblies can create 
dangerous levels of entrapped moisture that go undetected by traditional dew-point analysis.  

Dewpoint analysis does not allow for capillary moisture transport or sorption capacity of component 
materials. Both characteristics reduce the risk of damage due to condensation. Dew-point analysis does not 
incorporate short-term conditions such as rain events and solar radiation. For a more thorough analysis of 
how the new designs react to heat and moisture, a more complete, advanced, quantitative data via 
computer-aided hygrothermal analysis is needed. Hygrothermal analysis examines the intrinsic movement 
of heat, air and moisture flow through building enclosure assemblies (walls, roofs, floors, below-grade). 
Hygrothermal model results include temperature, humidity and moisture content data at materials and at 
interfaces throughout the assembly.29 

As expressed above, lighting and visual comfort as well as acoustic performance of the building fabric are 
also key indicators to consider when providing with comfortable and healthy spaces. Therefore, it is 
recommended (but not mandatory) to monitor the following parameters: 

- Noise level dB(A): The potential for acoustic disturbance from both inside and outside a building is cited 
as an important aspect of occupant satisfaction. Noise disturbance can have a significant detrimental 
effect on people's health and quality of life. 

- Illuminance level (lux): The availability and quality of light are important factors in the design of healthy 
and comfortable homes. Visual comfort can be understood both in terms of the light needed to carry 
out tasks but also in terms of what the human body requires and, where there is an excess of light, can 
tolerate. Natural light makes a significant contribution to visual comfort, is essential to the circadian 
rhythms – sleeping and waking cycles of the human body – and without sufficient exposure to natural 
light, a person's wellbeing and motivation can be affected. 

The above listed measurements are aligned with level(s) scheme, thus, data collected should comply with 
the methods and formats needed for them to be extracted, transformed and loaded into the corresponding 
reporting format. 

 
29"Criteria for Moisture-Control Design Analysis in Buildings," ASHRAE Standard 160, January 2009 
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Methods & Tools 

Each monitoring campaign team is responsible for the selection of the equipment needed to carry out the 
monitoring according to minimum conditions established in the protocol. 

According to EPA Protocols, monitoring and measurement methods can be categorized as real-time or 
integrated measurements. Methods that use real-time instruments are used to sample and measure the 
parameter continuously. Instantaneous measurements may be recorded, or they might be averaged over a 
designated time interval. When the instruments are portable, they can be moved through the residential 
unit to perform measurements at several locations. 

Other parameters require methods for collection of samples over selected (integrated) time period in the 
residential unit, then sent to a laboratory for analysis. These methods are used to collect samples at fixed 
sites. The time period chosen should match, preferably, the normal occupancy hours. 

Based on level(s)guidance, internal spaces within a building shall be tested and inspected on-site and upon 
full occupation of the building after a minimum of one year, by direct sampling of the air in rooms, or 
indirect sampling of exhaust air, over 1 week or 7 working days. Nevertheless, ISO EN 15251 recommends 
performing measurements for at least 10 days, therefore, to measure for at least 10 days is the minimum 
recommended.  

Depending on the possibilities of the residential unit and available measurement tools, at least 1 
measurement point in each residential unit will be installed, being desirable, for level(s) compliance, to 
monitor the main living rooms within a home, and in the case of assessment of multiple homes, each 
distinctive configuration and orientation shall be assessed. Monitors may be sited following the next 
general guidelines. 

For indoor measurements: 

- Representative living space 
- Minimize impact on daily activities 
- At least 0,5 m from corners or windows (if not possible, document) 
- At least 0,5 m from walls, partitions or any other vertical surfaces (ideally in the middle of the room – if 

not possible, document). 
- Not directly under or in front of air supply diffusers, induction units, fans or heaters 
- No direct sunlight impacts 
- 1,1 m above the floor 

For outdoor data: 

- Not directly under or in behind of air supply diffusers, induction units, fans or heaters 
- No direct sunlight impacts 
- 1,1 m above the floor 

If it is not possible to install devices to obtain the required outdoor measurements, public environmental 
sensor networks will be consulted. 

Measurements carried out through this protocol may comply when possible with the recommended 
parameters described in Table 14 for location of the monitors, type of measurement or frequency, and 
units, working range, tolerance and resolution of the data. 
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Measurement Mand. scale Description Units Period Resol. 

Air temperature 
Y 

Indoor + 
outdoor 

Time series ºC 5 min/ 1h 0,1 

Relative Humidity Time series % 5 min/ 1h 0,1 

CO2 indoor Time series ppm 5 min/ 1h 1 

Globe temperature* 

N 

indoor 

Time series ºC 5 min/ 1h 0,1 

Air velocity** Time series m/s 5 min/ 1h 0,01 

TVOCs Isolated measure μg/m³ 2/ campaign  

NO2 Isolated measure  2/ campaign  

Formaldehyde Isolated measure ppb 2/ campaign  

PM2,5 Isolated measure μg/m³ 2/ campaign  

PM10 Isolated measure μg/m³ 2/ campaign  

Noise Level Time series dB(A) 5 min/ 1h 0,1 

Illuminance level Time series lux 5 min/ 1h 1 

Global Solar Radiation outdoor Time series  5 min/ 1h  

Wind speed Time series m/s 5 min/ 1h  

Wind direction Time series 8 cats. 5 min/ 1h  

Precipitation Isolated measure l/h 1d  

Hygrothermal Analysis Envelope Isolated measure Pa Instantaneous  

* Equivalent to the air temperature except that big radiant surfaces exist (heated floors, cool chilled beams…etc) 
** It can be considered 0,2m/s in residential buildings where there isn’t mechanical air circulation. If mechanical air 
circulation exists, it should be measured. 
Table 14: MWB Measurements characteristics 

The operative temperature and the CO2 will be compared to the latest standard, which is EN 16798-1 and 
the relative humidity will be assessed according to CEN CR 1752. For doing so, it shall be taken into account 
the range wherein 85% of the measured values are. 

Costly and complex laboratory analysis for TVOC and formaldehyde (ISO 16000) are not requirement, 
because its measurement is considered informative. Also, for the PM, the measurement can be 
implemented with light scattering air-borne particle counter according to ISO 21501-4, but is not 
mandatory, considering the measurement informative. 
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Some guidance about monitors available in the market is included below: 
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BAPPU 
bappu.
de 

EVO 

air temperature  ºC room Y Y N N N 

3.000 €  

globe temp ºC room Y Y N N N 

RH  % room Y Y N N N 

air speed  m/s room Y Y N N N 

noise level  dBA room Y Y N N N 

illuminance  lux room Y Y N N N 

CO2  ppm room Y Y N N N 

Delta OHM 
deltaoh
m.com 

HD 32.2 

air temperature  ºC room Y Y N N N 

2.000 €  
globe temp ºC room Y Y N N N 

RH  % room Y Y N N N 

air speed  m/s room Y Y N N N 

HD21AB 

CO2  ppm room Y Y N N N 

1.000 €  CO  ppm room Y Y N N N 

pressure hPa room Y Y N N N 

TROTEC 
trotec 
.com 

BZ30 

air temperature  ºC room Y Y N N N 

200 €  RH  % room Y Y N N N 

CO2  ppm room Y Y N N N 

BQ30 

air temperature  ºC room Y N N N N 

200 €  

RH  % room Y N N N N 

CO2  ppm room Y N N N N 

PM2,5  room Y N N N N 

PM10  room Y N N N N 

BQ16 
HCHO 

mg/m3 - 
ppm room Y N N N N 

200 €  

TVOC 
mg/m3 - 
ppm room Y N N N N 

SL400 noise level  dBA  Y Y N N N 150 €  

cliensol 
cliensol 
.es 

Airsense 
canary 

air temperature  ºC room Y N Y Y Y 

- RH  % room Y N Y Y Y 

CO2  ppm room Y N Y Y Y 

HOBO 
onsetco
mp.com 

U12-013 
air temperature  ºC room N Y N N N 

150 €  
RH  % room N Y N N N 

U12-012 

air temperature  ºC room N Y N N N 

150 €  RH  % room N Y N N N 

Light intensity lumens/ft2 room N Y N N N 
Table 15: MWB market available tools 

Spreadsheet templates for reporting are available on Annex 1: Reporting Templates & Checklists. 
Spreadsheet templates and checklists for planning and programming each Demonstration Monitoring 
Campaign are available on Deliverable 6.2. 
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5.4.3 Subjective 

As stated on the SSO subjective well-being and performances measurements protocol30, improving health 
and well-being at home improves individuals’ life. General tendencies in the study of subjective well-being 
(SWB) concern individual experiences referring to long time periods. In contrast, states (that may fluctuate 
even on a daily level) reflect how individuals feel about themselves and their environment at certain points 
in time. Thus, states, measured over short time periods, can explain within-person differences and may 
capture the influence of transitory situational, environmental (e.g., IEQ) and personal factors, in contrast to 
cross-sectional or long-term longitudinal designs, which can only capture the effects of (relatively) stable 
characteristics. 

This protocol comprises several aspects to consider for a correct measurement of subjective well-being and 
health and data collection process using a diary study. The target group are residential units’ occupants 
who would provide data on their subjective well-being and health. 

Measurements& Descriptions 

According to the SSO protocol30, Subjective Well Being (SWB) can be defined as the experiences of pleasure 
and purpose over time. The component of pleasure, also denominated “hedonic” well-being, refers to such 
aspects as e.g., positive affect, life satisfaction, job satisfaction, psychological health, feeling of comfort, 
and satisfaction with work environment. The component of purpose, also denominated the “eudemonic” 
component of well-being, refers to such aspects as e.g., feelings of worthwhileness of one’s activities, 
purpose in life, and personal growth. 

Well-being is achieved when maximizing both hedonic and eudemonic experiences. 

Health and subjective well-being measurements will be performed through diary studies which will mainly 
address the eudemonic components: 

- Occurrence of health symptoms due to indoor environment 
- Indoor environment characteristics - physical stressors 
- Perceived thermal comfort 
- Type of clothing: to adjust PMV (thermal comfort indicator)  
- Activity: sedentary or active? to adjust PMV (thermal comfort indicator) 

Level(s) methodology identifies different stages in a project: design stage (based on calculations), 
completion stage (based on as-built drawings), post-completion (based on commission and testing) and 
occupation (based on measured performance). In-situ measurements defined in this section are related to 
the last phase: occupation. 

Methods& Tools 

Each monitoring campaign team is responsible for the selection of the equipment needed to carry out the 
monitoring according to minimum conditions established in the protocol as for the necessary translations 
needed for occupants to fully understand questionnaires contents. Some guidance about monitors 
available in the market is included in this section. 

 
30 Valencia Institute of Buildings - IVE, Universitary Institute of Research in Human Resources Psychology, Organizational 

Development and quality of Working Life – IDOCAL, Chalmers University of Technology. (2015). Smart and sustainable 
Offices (SSO) protocols for monitoring. BTA Flagship. Eit – Knowledge & Innovation Community. Climate-KIC 
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Figure 5.3: Responsive on-line survey 

For one week, the participants will be provided with paper questionnaires, on-line surveys, tablets or 
mobiles apps. The chosen tools should considerate the user engagement key points addressed on Section 
3, for the Initial Visit and the residential units’ selection. It is recommended that twice a day (morning-
afternoon)–once a day mandatory - the participants will be prompted to respond to a brief questionnaire 
about their feelings and sensation during the past hour. The time needed to respond to the questions will 
not exceed 2 minutes.  

Measurement Mandatory scale Description Units Periodicity 

Health symptoms Y Occupant Intensity scale 5 cats. Twice a day 

Physical stressors Y Occupant Intensity scale 5 cats. Twice a day 

Thermal comfort Y Occupant Intensity scale 7 cats. Twice a day 

Clothing Y Occupant Intensity scale 4 cats. Twice a day 

Activity Y Occupant Intensity scale 4 cats. Twice a day 

Table 16: PWB Measurements 

These indicators should be assessed by the Demonstration Case Team, who will get the information 
through the most suitable tool, according to the occupants’ profile: reporting tools, questionnaires, 
interviews or observation exercises. All methods that involve ethnographic tools are described in Annex 3: 
Ethnography research means - a Quick Guide. 
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Tools selected should address and provide report on the questions below: 

Have you been feeling in the last hour….?   

(Please answer every question even if you do not have any symptoms) 
A rating of 0 means that you did not experience that feeling at all. A rating of 4 means that this 
feeling was a very important part of your last hour. 
 Not at 

all 
   Very 

much 
Fatigue 0 1 2 3 4 
Feeling heavy-headed  0 1 2 3 4 
Headache 0 1 2 3 4 
Dizziness 0 1 2 3 4 
Difficulties concentrating 0 1 2 3 4 
Itching, burning or irritation of the eyes 0 1 2 3 4 
Visual disturbances: blurring, difficulty focusing objects 0 1 2 3 4 
Irritated, stuffy or runny nose 0 1 2 3 4 
Hoarse, dry throat 0 1 2 3 4 
Respiratory problems (cough, shortness of breath, 
difficulty breathing, hoarseness 

0 1 2 3 4 

Sneezing, stuffy nose 0 1 2 3 4 
Other (please, specify): ……………………………………………… 0 1 2 3 4 

 
Have you been bothered by any of the following factors at your home in the last hour?  
A rating of 0 means that you did not experience that feeling at all. A rating of 4 means that this 

feeling was a very important part of your last hour. 
 Not at 

all 
   Very 

much 
Draught 0 1 2 3 4 
Stuffy “bad” air 0 1 2 3 4 
Dry air 0 1 2 3 4 
Unpleasant odour 0 1 2 3 4 
Noise 0 1 2 3 4 
Light that is dim 0 1 2 3 4 
Light that causes glare and/or reflections 0 1 2 3 4 
Dust and dirt 0 1 2 3 4 

 

How have you been feeling at your home in the last hour? 

 

 Hot 

 Warm 

 Slightly warm  

 Neutral 

 Slightly cool 

 Cool   

 Cold 
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What kind of clothes are you wearing now?  
 

Naked  

Light clothing (E.g.: Shirt or short-sleeved shirt / Long sleeve shirt 

 Medium clothing (Sweater or jersey, typical business suit, etc.) 

Heavy clothing (Jacket or other outerwear, dressing gown, etc.) 

 
What kind of activity have you been doing in the last hour? ... 
 
Sedentary (reading, watching TV, mostly seated) 

 Moderate (working on PC/laptop or similar) 

Active (cleaning, tidying up, arranging, DIYing) 

 Intense (mostly moving/ making any kind of intense effort or training) 
 

All the participants will be informed that the data in the study are strictly confidential. Consent forms and 
ethical templates compliant with GDPR and Ethical Principles, according to Data Management Plan are 
available in Deliverable 1.4. 

Spreadsheet templates for reporting are available on Annex 1: Reporting Templates & Checklists. 
Spreadsheet templates and checklists for planning and programming each Demonstration Monitoring 
Campaign are available on Deliverable 6.2. 
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5.5 Behaviour and consciousness 

On average, people spend around 80–90% of their lives inside buildings. Therefore, buildings must provide 
a healthy and comfortable environment for humans; but also, buildings account for approximately 19% of 
all global greenhouse gas (GHG) emissions in the world, and about 31% of global final energy demand. The 
amount of energy consumed depends not only on the criteria set for the indoor environment and applied 
technology but also on the behaviour of occupants and choices in the renovation phase. Embodied energy 
in EU buildings accounts for up to 60% of the building’s life cycle energy and embodied carbon. Within the 
EU more than 50% of all extracted materials are attributed to buildings. This may create a conflict between 
strategies that focus on the reduction of energy consumption, material choices and those to maintain a 
healthy and comfortable indoor environment. To achieve a balance between comfort and efficiency, 
synergies between building design, building climate control and occupant needs must be established. 

Data & Descriptions 

An extensive literature review about Healthy, Energy-Efficient and Comfortable Indoor Environment31, has 
classified the socio-technical factors influencing the gap between the predicted and actual energy 
performance, which also affects comfort, into:  

- occupants, when there are more occupants than planned, and/or based on their energy/environmental 
consciousness 

- technology, failure or bad design and installation affecting energy efficiency or sustainability 
- maintenance and management, bad management practices of the building management 

In this context, focus on people (occupants) is primal: where and when they are at home; their 
characterization, and their behaviour. 

In order to better profile users’ consciousness, it has also identified several occupant level scale factors that 
influence energy consumption: 

- the income level of building occupants, 
- the age composition of occupants and their educational level, 
- the available and perceived control of IEQ, 
- the effectiveness of training on building system operation control.  

And on the other hand, based on the assertion that “If a change occurs such as to produce discomfort, 
people react in ways which tend to restore their comfort.” This definition of adaptive principle, originally 
formulated for occupant behaviour regarding thermal discomfort32, is also applicable for all other 
measurable physical parameters defining their environment. 

Occupants can adapt to their environment through33: 

- organizational adjustments 
- physical adaptive actions (e.g., increase their physical activity, change their clothes, altering their 

environment); limited by occupants’ abilities and the accessibility to environmental altering control 
tools 

 
31 Šujanová, P.; Rychtáriková, M.; Sotto Mayor, T.; Hyder, A. A Healthy, Energy-Efficient and Comfortable Indoor 

Environment, a Review. Energies 2019, 12, 1414. Available at: https://www.mdpi.com/1996-1073/12/8/1414/pdf 
32 Nicol, J.F.; Humphreys, M.A. Adaptive thermal comfort and sustainable thermal standards for buildings. Energy Build. 

2002, 34, 563–572 
33 Baker, N.; Nikolopoulou, M.; Steemers, K. Thermal comfort in urban spaces: Diferent forms of adaptation. Proceedings 

Rebuild. In Proceedings of the 1999 REBUILD International Conference: The Cities of Tomorrow,Barcelona, Spain, 4–6 
October 1999. 
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- behavioural adjustment (e.g., change of habits or tolerance limits); limited by psychological barriers 
such as limited cognition of the problem, ideological worldviews, comparisons with other people, sunk 
cost and behavioural momentum, disregard towards experts and authorities, or perceived risk of 
change 

- physiological adaptation (e.g., accommodation of the eye); where limits of the adaptation are imposed 
by the human physiology in it of itself (human capacity to experience temperature and touch, light and 
colour, sound and smell). 

Methods& Tools 

Each monitoring campaign team is responsible for the selection of the equipment needed to carry out the 
monitoring according to minimum conditions established in the protocol as for the necessary translations 
needed for occupants to fully understand questionnaires contents. Some guidance about monitors 
available in the market is included in this section. 

Measurement Mand. Scale Description 

Profiling 
Y 

User/occu
pant 

Gender/Age/ education/employment 

Presence Y User Schedules or presence sensors 

Context   
Y 

Project 
developer 
and user 

Broad context of the project, including social, economic, 
geographical, historic and demographic factors 

Perception 
Y User 

Building 

Renovation 

key actors 
Y 

Project 
developer 

Set of questions regards individuals and institutions 
involved in the circular renovation project.  

Other key 
informants 

Y 

Case 
specific 

stakehold
ers 

Set of questions addressed to other key informants, such as 
representatives of institutions and businesses, likely to have 
a completely different view of the renovation projects. 

Stance and 
behaviour 

Y User and 
Project 

developer  

Circularity 

Energy 

Water 

Materials 

Well being 
Table 17: UB Measurements 

These indicators should be assessed by the Demonstration Case Team, who will get the information 
through the most suitable tool, according to the occupants’ profile: reporting tools, questionnaires, 
interviews or observation exercises. All methods included in this protocol that involve ethnographic tools 
that can be used are described in Annex 3: Ethnography research means - a Quick Guide. 

Tools selected should address and provide report on questions below: 

PROFILING 
What gender do you identify as? 

A. Male 
B. Female 
C. ________ (Short Answer Space) 
D. Prefer not to answer 

What is your age?" 

A. 0 - 15 years old 
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B. 15 - 30 years old 
C. 30 - 45 years old 
D. 45+ 
E. Prefer not to answer 

What is the highest degree or level of education you have completed? 
A. Some High School 
B. High School 
C. Bachelor's Degree 
D. Master's Degree 
E. Ph.D. or higher 
F. Trade School 
G. Prefer not to say 

What is your current employment status? 

A. Employed Full-Time 
B. Employed Part-Time 
C. Seeking opportunities 
D. Retired 
E. Prefer not to say 

PRESENCE 
In the case that information from presence sensors is not available, the following questions are 
proposed: 

How many people live at home? 
Do you often have visitors? If yes, estimate weekly number and on which days.  
Do all inhabitants live at home throughout the week? If not, how many inhabitants and on which 
days they do not sleep at home? 
Is there someone who comes home during the week to carry out an activity that involves energy 
consumption? If yes, Which days? 
Do you own any pets and do you leave any home appliances (such as AC, TV …) turned on while 
you are away, e.g. at work? 

Please collect the following information for every person living in the house: 
What time do you normally go to bed and get up during the week? And the weekends? 
During the week, what time are not you at home? If it depends on the day of the week, specify by 
days. And the weekends? 

 
CONTEXT: THE BUILDING AND ITS LOCATION 
Points of interests related to the broad context of the project, including social, economic, 
ecological, geographical, historic and demographic factors. 
 

What do you know about the building planned for renovation? What is the building’s individual 
historical narrative? 

When was it built? 
Who built it and why/what for/for whom? 
What materials did they use and why? 

How does the building fit in its surroundings? 
How does it fit in the location? 
How does it interact with social places? Consider bars, parks, streets, the neighbouring 
buildings? 
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Will the renovation in any way affect these neighbouring places? Long/short term? 
Positive/negative? 

How are geographic, historic, social and economic contexts of the location relevant to better 
understanding of the physical and social realities of the case you are researching? 

Please describe the biodiversity of the neighbourhood in terms of animals and plants.  
How would you describe biological surroundings in term of green spaces, old trees?  
Are there any community or individual allotments/vegetable gardens?  
Do you notice any animals living in the community beside pets?  
Are there birds, do people put up bird houses, are there any insects, do people set up “hotels 
for insects”, is there urban bee keeping?  
What measures could be done to improve other species presence?  
How is this related to pollution and human activities? 

 

PERCEPTION  
The following short sets of questions are focused on interviews with building occupants regardless 
of their stance towards the renovation project. 
 
The building 

Kick-off question: How did you end up living in this particular building? 
Why does the informant live in the particular house/flat? 
How do they perceive the neighbourhood/town/village in which they reside? 

Consider air quality, proximity of nature, aesthetics, sound landscapes, the climate, 
convenience services etc. 

What are their likes and dislikes related to the building? 
Consider its visual appearance, environment and outdoor conditions, neighbourhood, relations 
with neighbours etc.? 
What creates discomfort in the building? 
What is not working and should be made better? 

How does the informant compare the building with other buildings in the surrounding area? 
Are they better or worse? How/why? 
How do they view possible cases of energy retrofitting in the vicinity of their home? 

  
The renovation 

Kick-off question: Do you feel energy renovation of the building is relevant to you and your way of 
life? 
What does the interviewee understand by (deep, circular) renovation? 

Do they feel this is a relevant topic? 
Is it being discussed much in social circles they are part of? 

Has the building experienced (deep) renovation in the last 5 years (or similar building in the 
neighbourhood)? 

Who initiated the renovation process and why? 
Does (or did) the person participate in the renovation process? How and why? 
What were the key decision factors for renovation? Consider energy savings, financial savings, 
improving aesthetics / visual appearance, improving indoor quality, improving health and 
wellbeing etc. 
What were the main barriers for renovation and why? Consider achieving common and jointly 
agreed decisions, legal, costs etc. 
Examples of good and bad practices related to renovation process. What could be improved? 
What should be kept? 
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How would you describe collaboration process with different stakeholders involved in 
renovation? Consider collaboration with other residents, owners, housing corporation etc.? 

Did they have meters implemented in their home as part of the renovation (or on other occasion)? 
How do they comment on them – are they of any use, how do they use them etc.? 

Are there any elements/components in the existing building that could be reused? 
Which and how?  
In the same building or another? 
Do you know any cases where this was done? (give examples to initiate the debate) 
What do you think is in general possible to be used again for the same or new purpose? Ideas? 

How could biodiversity be improved as part of renovation? 
Is there an option for green roofs or facades?  
How is it with urban farming and bee keeping?  
Would there be interest in urban gardening spaces etc.? 

 
THE KEY ACTORS 
The following set of questions regards individuals and institutions involved in the circular 
renovation project. These can either promote or impede the project depending on their interests, 
actions, and level of involvement. Since an important goal of Drive 0 project is to learn how to 
renovate buildings in a circular way – or empower the existing – communities of individuals and 
institutions that promote circular building renovations, it is important to understand both the 
reasons for and against the renovation. 
 

Who and what is involved in the renovation project? 
What are the factors (both human and non-human) and who are the actors within the process? 
Who makes or (what) significantly influences the decisions? 
Who has interests, and what type (financial, well-being, environmental…)? 
How is the understanding of circular renovation and how to improve it? 

Who supports and promotes the renovation project and why? 
Who is part of/being associated with this community of individuals and institutions? 
Who is being left out – considered or rendered irrelevant? 
What are the motives and interests behind their agenda? 
Are there any patterns you can observe? Consider age, gender, social status, religion, political 
affiliations etc. 
Which individuals and institutions deny support of the renovation project or even obstruct it 
and why? 
What are the motives and interests behind their agenda? 
Are there any patterns you can observe? Consider age, gender, social status, religion, political 
affiliations etc. 

Think about the relations between different actors involved 
What defines them and how would you characterize them? 
Can you observe any type of formal or informal hierarchies (power relations)? 
How do they communicate – exchange information and opinions, seek common ground on 
relevant issues etc.? If they do not – why? 
Are the relations personal, ideological, political or strictly business? 
How do these relations reflect in the decision-making processes? 
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Think about the variety of relations between individuals or institutions and the building in 
renovation. 

How do these relations differ? In what way is the occupant’s relation with the building different 
from that of a housing corporation or a building designer? 

 

OTHER KEY INFORMANTS 
Other key informants, such as representatives of institutions and businesses, are likely to have a 
completely different view of the (circular) renovation projects. These will involve considerations of 
data and information from specific fields of expertise (building technology, regulations, building 
management business etc.). Some of the following questions might also be relevant for outside 
observers, such as neighbours of the building in renovation etc. When talking to them, consider 
thinking about what motivates them to promote (or hinder) the (classical and circular) renovation 
projects. 

What responsibilities do they carry? 
How do they collaborate with other actors involved in the project? 

Ask they for detailed descriptions of collaboration – e.g. what kind of meetings, how often, who 
initiates them, in which instances is collaboration systematic and in which more a consequence 
of individual initiative, what kind of information is shared …? 

What kind of issues do they have to deal with in their line of work? 
How do they tackle them? 
Who or what could help them resolve these issues more efficiently? 
Have them provide concrete examples of the issues they encounter in their work. 
What additional problems will the need to include circularity bring them? How to overcome 
this? 

Are they in contact with the occupants of the building which is planned for renovation? 
How does (or could) the prospective successful realisation of the specific project affect them or 
the institution they represent? How about its possible failure? 

 

STANCE AND BEHAVIOUR  
Circularity 

Kick-off question: Do you ever repurpose/reuse materials or things in your household or your 
building in general? Can you describe the most recent or interesting project you did? 
What do research participants already know about circularity of personal items and building 
elements? 

Where did they get information about circularity of materials and/or products? Is it easily and 
widely accessible? 
How do they feel about circularity, reusing, sharing, repairing, repurposing, recycling materials 
– is it important for them, why? Is repurposed clothing for instance a source of pride or shame? 
What influenced their perception – let them think about what their friends and neighbours say 
or do, the effect of marketing and the imperative of having new items etc. How would they feel 
if certain building elements would be recycled/reused (e.g. windows, kitchen table, 
furniture…)?  

What kind of skills did they have to possess or learn for their DIY projects? How did they acquire 
those new skills? Accessibility/availability of the necessary tools for DIY reuse/repurpose projects? 

Do they own a set of tools, what kind? 
If any tool is missing, where do they get it (friend, neighbour, are there any existing 
organizations which facilitate sharing of tools, invest in buying that tool, possibility of leasing 
…)? 
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Access/availability of reuse/repurpose/recycle services. 
Are there any existing services, businesses etc. available, which they use to 
repurpose/recycle/reuse different items, e.g. “flea markets”, online buy-and-sell digital 
marketplaces, social media websites, repurposing businesses …? 
What is their experience with these services/facilities, how could these be improved 
(access/reputation …)? 

Have they ever lived in a dwelling with recycled or repurposed building elements or construction 
materials used for parts of the building that they are aware of?  

What was their experience with that?  
How do they feel about the idea of having recycled materials used for buildings?  
Is it important to them because it’s environment-friendly?  
Would it impact the quality of the building?  
Do they have any safety concerns?  
Do or would they use e.g. old kitchen table or does it have to be new. Why? 

Sharing allows existing goods and resources to be used more fully, rather than letting them lay 
dormant 

Do you use sharing platforms to share goods or resources? Which ones? 
Do you share goods or products with individuals other than your immediate family? In that 
case, which ones? i.e. car, books, tools, etc. 
Do you rent instead of buy any day-to-day item? In that case, for which purposes? i.e. car, 
clothes, books, tools, etc. 
Do you pay for a service instead of buying a device to do some day-to-day activities? In that 
case, for which activities? i.e. laundry, gym, outdoor activities equipment etc. 
Did you join a community to buy a product or resource together? In that case, Which product 
or resource? i.e. energy 
Do you share certain items with your immediate/local community (e.g. neighbours)? Which 
items? 

Doing moderate physical activity helps reduce the risk of diseases such as diabetes, obesity, 
cardiovascular problems and other chronic diseases. Walking, biking or climbing the stairs, instead 
of using the elevator, are some small actions that help us to be physically active on a daily basis 
and reduce the environmental impact. 

Do you do at least 30 minutes a day of physical activity (including walking)? 
In your daily commuting, what means of transport do you use? How does the time spent in the 
car vs on public transport differ to you? 

 
Energy 

Kick-off question: Is it a lot of trouble to maintain your home and cover the bills? What do you do 
to make it better? 
How do they manage the energy costs? 

Consider heating, cooling, general electricity use etc. 
Who manages the energy consumption? 
What proportion of the household finances is spent on various types of energy consumption? 
How does it compare with other monthly/yearly expenses (telecommunications, water and 
waste management etc.)? 
What are their daily management practices? 

Do they use energy savings technologies? 
Consider thermostatic radiator valves, smart electricity/gas meter, indoor environment 
sensors, presence detection sensors, window sensors, room thermostat with clock timers, light 
switch with timers or daylight sensor etc. 



  
 

 
H2020 DRIVE 0_841850_WP4_Task 4.2                    53 
 

Have them provide concrete examples of good and bad practices related to energy 
consumption in their household and possibly demonstrate them to you. (physically/smart 
phone camera live/send a video recording …) 

  

Water 
Is water saving an issue in your community? 

Are water costs relevant?  
Do you pay by the consumption?  
Are they supply shortages?  
Do you drink tap water or in plastic bottles?  
Are you aware of the water quality in your area?  
Is toilet flushed with drinking water? 

 What habits/behaviours do you adapt due to water scarcity? 
 
Materials 

Which materials are most commonly repurposed/reused in their household and how? 
Think about wood, fabric, paper, parts of home appliances, glass bottles etc. 
What kind of “new” items are produced? 
Are these Do It Yourself (DIY) projects, or do they engage experienced professionals (e.g. 
different crafts persons)? 

Have they previously renovated any of their dwellings (apartment, house) or parts of the dwelling 
(including individual building systems/elements, e.g. HVAC etc.)? 

What was the scale of renovation? 
What kind of materials were used and how did they choose them, who advised them, where 
were they bought/acquired …?  
Were any of these materials recycled, reused? Which and how? 
Which of the used materials could, in their opinion, be recycled/reused (and which not)? 

What triggers their decision to reuse/repurpose materials in their homes? 
Think about costs, environmental concerns, the DIY-hype, influence of family and friends, 
examples of interesting repurpose projects in their neighbourhood etc. 

Where do they find information/instruction for repurposing/reusing materials? 
Think about YouTube videos, other online resources, knowledgeable family/friend … 

What would support them in deciding to reuse/repurpose materials more often in the future? 
For example, different services, better accessibility of information, strengthened knowledge 
about possibilities of material reuse, recycle, repurpose; e.g. acquiring new skills (availability of 
DIY courses etc.), availability of tools for hire, accessibility of professional assistance … 

What materials do they recycle? 
Do they separate and recycle plastic, metals and containers? 
Do they separate and recycle organic waste? 
Do they separate and recycle paper and glass? 
Do they separate and recycle batteries? 
Do they separate and recycle clothes and fabrics? 
Do they separate and recycle used oil? 

 
Well being 

Kick-off question: Is your house/flat pleasant to live in? Does it change much throughout the year? 
Are the household members satisfied with indoor environment quality? 

How do they perceive the air quality? Does it vary significantly throughout the year? 
How do they perceive the temperature? How do they feel in summer, winter…? 
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How do they perceive the acoustic qualities of their home? Is it an issue? 
Are they content by the (outside) looks of their home? What do they like most/least? 
Do they consider their home as healthy? 

What do they do to improve the indoor environment quality? 
Have them provide concrete examples and possibly demonstrate them to you?  
When, for how long and why do they open windows (natural ventilation)?  
Are there any devices for mechanical ventilation installed?  
Are fans for air circulation used?  
Is IEQ monitored in any way?  
Why do you change or make new habits related to indoor environment improvement e.g. due 
to mold growth, health, interaction with surroundings? 

What creates discomfort in their home / apartment? What is not working and should be made 
better?  

 

All the participants will be informed that the data in the study are strictly confidential. Consent forms and 
ethical templates compliant with GDPR and Ethical Principles, according to Data Management Plan are 
available in Deliverable 1.4. 

Spreadsheet templates for reporting are available on Annex 1: Reporting Templates & Checklists. 

Spreadsheet templates and checklists for planning and programming each Demonstration Monitoring 

Campaign are available on Deliverable 6.2. 
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Annex 1: Reporting Templates & Checklists 

Planned activities checklist 

This template is indicative and is not mandatory, but checklists can help planning and monitoring progress 

of the mandatory activities. Deliverable 6.2. deals with managing the Demonstrator Action Plan and 

provides its own tools. 

 

Table 18: Planned activities checklist 

Initial visit checklist 

This template is indicative and is not mandatory, but checklists can help planning and monitoring progress 

of the mandatory activities. Task 4.3 deals with the interaction activities with occupants and provides its 

own tools. 

 

Table 19: Initial visit checklist 

  

Building selected 0 DTL 0 0

Renovation possible 0 EIE 0 0

Contingency plan 0 HWB 0 0

Manager contacted 0 DMS 0 0

1 1 1

0 1 1

0 1 1

0 1 1

0 1 0

1 1

1 0

1 1

1 0

0

Occupants contacted

Schedule arranged

Load into project templatesConfidentiality notice*

Saved in Field Computer

Monitors protection

Saved in Team File Server

Data Validation

Task completed

Task completed

Task completedPack monitors

Load into project DB

Send template to Leader

Saved in Leader File server Download data

Pre-Monitoring

Documents completeness

Data completeness

Post-Monitoring

Initial visit planned

Tools calibrated

Connectivity check

On-site questionnaire

Collect surveys

IEQ

EC

HWB

Consent forms signed*

Explanations to occupants

Energy supply check

Monitors deployment

Monitoring

0. PLANNED ACTIVITIES

Demo case Team definition Tools prepared

project materials

Name 0 When Date/ time 0 0

Phone 0 Location 0 0

e-mail 0 Equipment 0 0

Plans 0 Presenter 0 0

Visit 0 Testimony 0 0

BC form 0 Notifications sent 0

What Materials ready 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
Green?

Problems? 

Solutions!

Role Models

Benefits

Demo

Willingness

will  you explain contribution/ savings? Want to participate?

will  you distribute rewards/ gifts? Techie?

will  you allow using using sensors?

professionals/occupants with you? Time spent at home

will you explain other precedents? Living  here from

is it user oriented/ comprehensible? Energy Bill

will  you explain some examples? Number of Occupants

will  you allow testing apps? Saver?

Potential

Does your presentation cover these Keypoints? Do your questionnaires contain information about these topics?

Channels

Feasibility

Engaging
is it understandable? Orientation

is it friendly? Floor area

will  you show a ppt/ video?

will  you distribute flyers/brochures?

Number of Floors

Space for equipment

MaterialsMeeting Preparation

Building info

Questionnaires

Rewards

Presentations

Printed brochures

Social-media ready
Where

Who

Building 

manager

2. INITIAL VISIT
Previous requirements
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Unit characterization template 

See Monitoring Protocol Spreadsheet file (DRIVE 0 data template.xlsx). 

 

Table 20: DRIVE 0 data template: Demonstration case (location) characterization tab 

 

Table 21: DRIVE 0 data template: Building characterization tab 

 

Table 22: DRIVE 0 data template: Residential unit characterization tab 

Remember: 

- Assign a unique code to each residential unit FILE, including demo case number, country, building 
number and residential unit number (e.g. 02ES0101, meaning demonstration case number 2, Spain, 
building 1, residential unit 1), where: 
o Demo case number from 01 to 06 
o Country 2 letters acronym (according to ISO 3166 ALPHA-2) 
o Building number from 01 to 99 
o Residential unit number from 01 to 99 
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char char int int char char char int float float int int varchar float char varchar

'BuildingID+unit number' Building(BuildingID) N N level(s): A level(s):

NE NE Students B occupant-owner

E E Young people C occupant-tenant

SE SE Families D owner that doesn’t live in the building 

S S Seniors E

SW SW Social exclusion F
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Collected Data template 

See Monitoring Protocol Spreadsheet file (DRIVE 0 data template.xlsx). 

Data regarding the measurements metadata and related values should be stored together in these tables 

below (Table 23 and Table 24). But for simplification matters, each dataset can be reported using the 

Measurement Summary tabs (Table 25). 

 

Table 23: DRIVE 0 data template: Measurement characterization tab 

 

Table 24: DRIVE 0 data template: Values registry tab 

Remember: 

- Assign a unique code to each residential unit FILE, including demo case number, country, building 
number and residential unit number (e.g. 02ES0101, meaning demonstration case number 2, Spain, 
building 1, residential unit 1), where: 
o Demo case number from 01 to 06 
o Country 2 letters acronym (according to ISO 3166 ALPHA-2) 
o Building number from 01 to 99 
o Residential unit number from 01 to 99 

- Assign a unique code to each measurement summary TAB, including the measurement number, 
season, phase, variable and number of same measurements done (e.g. 001SA-ATE01, meaning 
measurement number 1, Summer, ex-ante renovation, Temperature, measurement of temperature 
number 1), where: 
o Measurement number from 001 to 999 
o Season 1 letter acronym: summer (S) or winter (W) 
o Phase 1 letter acronym:  ante, pre-retrofit (A) or post-retrofit (P) 
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char char int char varchar varchar varchar varchar varchar varchar varchar varchar varchar date date

'UnitID+measurement number' Unit(UnitID) EN Winter Pre-renovation Consumption Air Temperature Indoor city YYYY-MM-DD YYYY-MM-DD

WA Summer Post-renovation Production Globe Temperature Outdoor home

MA Use Relative Humidity living-room

WB Qualitative Velocity of Air kitchen

HB Measured Noise Level bathroom

…. Perceived Iluminance Level bedroom

Schedulling CO2 corridor

Customs VOCs closet

… Formaldehydes …

PM2,5

PM10

General

Heating

Cooling

Ventilation

DHW

Lighting

Appliances

Symptoms

Bothering Factors

Thermal Comfort

Clothing

Activity

…
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'MeasuremID+value number' Measurem(MeasuremID) YYYY-MM-DD HH:MI:SS (‘1970-01-01 00:00:00’ UTC) depends on Measurem(variable)
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o measurement type such as air temperature (ATE), globe temperature (GTE), relative humidity 
(RHU), carbon dioxide concentration (CO2), volatile organic compounds concentration (VOC), 
particles concentration (P02 or P10), formaldehydes concentration (HCH), noise level (NOL), 
illuminance level (ILL), etc… 

o number of same measurements type in the residential unit, from 01 to 99 

 

Table 25: DRIVE 0 data template: Measurement Summary tabs 

  

header

demo number int

building number int

unit number int

measurement number int

data char (select) EN WA MA

season varchar (select) Winter Summer

phase varchar (select) Pre-renovation Post-renovation

family varchar (select) Consumption Production Use

variable varchar (select) Air Temperature Globe Temperature Relative Humidity

location varchar (select) Indoor Outdoor

scale (location) varchar (select) city home living-room

tool varchar

unit varchar

time lapse (frequency) varchar

Date ini date YYYY-MM-DD

Date fin date YYYY-MM-DD

values

va
lu
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p

 (
?)
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lu

e

int date time timestamp float / varchar

YYYY-MM-DD HH:MI:SS (‘1970-01-01 00:00:00’ UTC) depends on variable

(this AND this) OR this
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Annex 2: How to use a thermographic camera 

According to ISO 6781-3:2015 Building thermography is carried out by means of an infrared radiation 
sensing system, which produces an image based on the apparent radiance temperature of the target 
surface area. The thermal radiation (infrared radiation density) from the target area is converted by the 
infrared radiation sensing system to produce a thermal image (thermogram). This image (thermogram) 
represents the relative intensity of thermal radiation from different parts of the surface. The radiation 
intensity indicated by the image is directly related to (i) the surface temperature and distribution, (ii) the 
characteristics of the surface, (iii) the ambient conditions, and (iv) the sensor itself. 34 

Reporting 

The monitoring team which will conduct the thermal scanning should include the following data, on the 
exact time/day of the measurements:  

- Wind speed and direction: _ 
- Last precipitation: _ 
- Last pre*: _ 

*A day with partly cloudy skies should be chosen / measurement should be conducted early in the morning 

In order to avoid thermal anomalies, the following conditions should be taken into account (Guideline No. 
GB-009: Thermal Imaging35): 

- Necessary surfaces free from direct solar radiation for at least one hour prior to survey. 
- No precipitation either just prior to or during the survey. 
- Ensure that all building surfaces to be inspected are dry. 
- Wind speed to be less than 10 m/s during the operation 

Generally, the below mentioned parameters may be considered as recommended prerequisite for the 
environmental conditions before proceeding with the thermal imaging for building diagnostics 

- Temperature difference across the building fabric to be greater than 10ditions 
- Internal air to ambient air temperature difference to be greater than 5ditions before proceeding hours 

before survey. 
- External air temperature to be within +/- 3ference to be greater than 5ditions before proceeding 
- External air temperature to be within +/- 10erence to be greater than 5ditions before proceeding 

Survey & Analysis 

The survey must collect enough thermographic information to demonstrate that all eligible surfaces have 
been inspected so that thermal anomalies are reported and evaluated. Images of anomalies must be 
captured in such a way that they are suitable for further analysis. Some conditions are stated as under: 

- The image is square to any features of the wall or roof. 
- The viewing angle is nearly perpendicular to the surface being imaged. 
- Interfering sources of infrared radiation such as lights, heat emitters, electric conductors, reflective 

elements are minimized to the extent possible. 

  

 
34 ISO 6781-3:2015 
35 Thermal Scanning, Guideline for Thermal Imaging, Sustainability Department (Green Building Department),2013 
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Annex 3: Ethnography research means - a Quick Guide 

How to talk to people? 

The following is a quick guide through an ethnographic procedure tailored to the needs of Drive0 project. 

Ethnography is the trademark methodology of anthropology. Its conventional primary method is 

participant observation, in which the researcher takes part in the daily activities, rituals, interactions, and 

events of a group of people as one of the means of learning the explicit and tacit aspects of their everyday 

life. Such methods will help us understand the relations between building occupants and the building, as 

well as their relations and roles within the circular renovation processes. 

Prepared by: 

Domen Bancic, Gregor Cerinsek, Dan Podjed for TripleAreno project, adapted by Jure Vetršek (IRI UL) 

 

How to: Ethnographic Research 

All right, so you have some ethnographic action to take on, but you are not quite sure how to go about it? 

What follows is a quick guide to help you organise your quest for results into a simple step-by-step process. 

You can find more details on how to prepare and execute individual segments of the research in the tools 

section below.  

1st step: Analyse the situation ● All projects start and end in the office. Before you head to the field and 
take on the challenge of becoming a true ethnographer, you should think about the current state of affairs:  

a. What do you know about your case and its contexts? (historical, geographical, socio-cultural and 

socio-economical contexts, properties of the building etc.) 

b. Whom do you know that might be willing to help you with the research? (your potential 

informants or people who can provide you with contacts) 

c. Are there potential issues you might encounter on the field? (tensions between involved 

individuals and/or institutions, fear of unwillingness for taking part of the research etc.) 

 

2nd step: Plan and study ● Based on your analysis and project deadlines, prepare your research plan as 

detailed as possible. Study the case to an extent that you have the basic idea of what and whom you are 

dealing with before you head out to the field. Ideally, you should have a general idea of: 

a. who the key protagonists and antagonists of the renovation are, 

b. what kind of renovation is planned to take place, or rather, what does it include, 

c. the basic information about the building (age, an estimate number of occupants, etc.),  

d. the ownership structure and possible different purposes of use of the building (dwellings, storages, 

business premises etc.). 

 

3rd step: Make the contact ● Plans are only good intentions unless they immediately degenerate into hard 

work. Call around, seek out for contacts of your potential informants. Once you acquire them, here are a 

couple of things to keep in mind. 

a. Local heroes are your heroes ● Start talking with the person who is invested most in the success of 

the building renovation. The so-called “local hero” will be your gateway to understanding the 

“native point of view” and possibly a source for further relevant contacts.  
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b. Be clear, professional, and humble ● You are a researcher (not a salesperson) and their partaking in 

the research is both highly appreciated and crucial for the success of your awesome research. It 

should be your top priority to make all your potential informants to realize these truths ASAP!  

c. Be brief and goal oriented ● In person or by phone – the first contact should be in function of 

arranging an interview. Give them time to think about what you are interested in and build 

confidence in their willingness to communicate with you. You do not want to make them feel being 

caught unprepared.  

 

4th step: Prepare yourself ● Nice, you have just arranged your first meeting. But wait, you are not sure 

what to do when you actually meet those people on the field? No worries, we have you covered. Use the 

tools below to prepare yourself and get an idea of the how-s and what-s of interviews and focus groups.  

5th step: Go to the field ● It is happening! You are well prepared for action and is time to leave the office. 
a. Double check before you leave! Make sure you have everything you need for a successful field visit 

on you – a notebook, a pen, your telephone (camera and audio recorder) and the necessary forms.  

b. Reassure yourself. Write down the key questions in your notebook, have a one last look at the tools 

for ethnographic research and, if necessary, bring a cheat-sheet.  

c. At the field: take notes, observe, be curious, relax and try to enjoy the interaction. 

 

6th step: Analyse and report ● Success! You have just returned from the field with a ton of interesting data, 

information, impressions and ideas. Now it is time to make something out of it. 

a. Act swiftly! Do not wait too long for those ideas and impressions to fade away. Write a short section 

about your experience in your fieldwork diary, go through your notes, systemize your materials and 

do a preliminary analysis of them ASAP.  

b. Evaluate your performance. Think about your performance on the field and the quality of the 

gathered material. Think what could be done better, where you did well, and which information you 

are lacking. 

c. Prepare yourself for the following field visits according to your evaluation conclusions.  

 

7th step: Repeat and/or rejoice ● There is no way back now. You are an ethnographer! Or rather, you are 

becoming one… Anyhow, rejoice! And then repeat the process. As with anything, practice makes perfect. 

By the time you finish all the necessary tasks, you shall be an experienced ethnographer. To rejoice is all 

what you will have left to be doing until you get a chance to use your newly acquired skills once again.  

 

The Tools Section 

The List of Topics ● Sets of questions and considerations for general preparations (to be adapted to each 

demo case specifics) based on the   
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Behaviour and consciousness section of this document. 

The Focus Group Guidelines ● A short how-to guide for facilitated discussions. 

The Interviewer’s Guidelines ● A few guidelines for conducting an interview. 

 

List of Topics 

A short introduction 

We must observe the situation holistically and avoid focusing our analytical lens exclusively on particular 

elements, which interest us most. To the same extent, we have to be careful not to be carried into 

extremes of over-generalising our scope of interest and over-discussing particular topics with limited 

relevance. 

The following list of topics is primarily a researcher’s tool for preparations before going on the field. It 

covers a broad spectrum of information that we are hoping to gather with the research. The first section is 

a short set of general contextual topics and questions related to the renovation projects. These are meant 

to be answered by the researcher himself using literature, internet, relevant documentation and other 

reliable resources. The answers can (and will) be complemented by data and information gathered on the 

field. The second section focuses on the interaction with informants. Most of it is focused on the building 

occupants. However, as you will interact with other actors, such as individual representatives of the 

involved institutions, we prepared a corresponding set of questions for you to consider as well.  

The topics and questions are – again – guidelines for the researcher, who should form his own set of 

questions for each individual interview depending on where, why, and who he will be talking to. As these 

are guidelines for semi-structured interviews, we also provide examples of “kick-off” questions that could 

serve the researcher to start a meaningful debate with their informants through which they will then 

gather the bulk of information they require. 

The contexts 

The building and its location 

Points of interests related to the broad context of the circular renovation project, including social, 

economic, geographical, historic and demographic factors.  

The key actors 

The following set of questions regards individuals and institutions involved in the circular renovation 

project. These can either promote or impede the project depending on their interests, actions, and level of 

involvement.  

The informants 

Occupants of the building 

Questions on general topics. They are focused on interviews with building occupants regardless of their 

stance towards the renovation project. The questions focus predominantly on indoor environment qualities 

– thermal comfort, sound, air quality, and light. 
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Other key informants 

Other key informants, such as representatives of institutions and businesses, are likely to have a completely 

different view of the renovation projects. These will involve considerations of data and information from 

specific fields of expertise (building technology, regulations, building management business etc.). Some of 

the following questions might also be relevant for outside observers, such as neighbours of the building in 

renovation etc. When talking to them, consider thinking about what motivates them to promote (or hinder) 

the renovation projects. 

Focus group guidelines 

General recommendations 

Focus groups are a great tool to gather large quantity of useful information from our informants. It is 

especially good for individuals, who would otherwise decline an interview or claim they do not have 

anything relevant to say about the discussed topic. The goal is to encourage the participant to share 

opinions, experiences and discuss different viewpoints. Mind, however, that focus groups and interviews 

are just augmented realities, which get our informants to reflect on their everyday life in a way that is 

informative to us as researchers. This is why they must be complemented with other ethnographic 

methods, such as field visits.  

Note that the meeting with participants should not take more than an hour and a half. It is important how 

you facilitate the debate. Most importantly, be communicative and ready to accept different or even 

opposing viewpoints of participants. Please keep in mind that the whole process, including preparations 

and analysis, should not take you more than one workday (8 hours). 

Preparation 

This is a general guideline for making all necessary preparations for focus group activities. If necessary, 

adapt the preparations to your local situation. 

- Invite 3-8 people, best from the building planned for renovation, for a debate. If possible, establish 

a contact with the people who are already familiar with the project or ask someone you know from 

the building to help you connect. 

- Find a space, ideally a quiet and comfortable room within (or close to) the building planned for 

renovation, where you will be able to have an uninterrupted conversation with your informants.  

- Prepare a set of questions you would like to discuss. They can be broad as the participants will 

determine which direction the debate shall go.  

- Ideally, your focus group should include some activity-related questions. It can be a simple 5 

minute brainstorming exercise (individual or group) or more elaborated, such as a quiz or a short 

game. Whatever it is, make sure you prepare all necessary materials beforehand. 

- The testing should be carried out in the native language of workshop participants.  

- Audio record the full conversation (for example with you smartphone or any other appropriate 

audio recording device). Explain the participants that the recordings are exclusively for your 

personal needs and that all the information used in the analysis is strictly anonymous. If the 

participants have not yet signed the DRIVE 0 informed consent, have them sign it. Have few printed 

copies prepared. Make photos of the process. 

 

Process 
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Introduction 

- Have participants of the focus group introduce themselves briefly. If they know each other already, 

have them focus more on their motives and hopes for the process of the renovation rather than 

who they are and what they do for living. Set an example and be the first to present themselves. 

- Briefly present the objectives of the Drive 0 project. 

- Present the purpose of the focus group – e.g. getting end-users involved in the design of the 

solutions and getting a real life perspective of renovation projects.  

- Tell them about the timeframe of the meeting (not more than 1.5 hours). 

- Establish at the beginning that this is an exercise of discussion, not of exchanging (or starting) 

arguments.  

 

The opening activity 

After the introduction you can start with a simple activity to prepare the grounds for discussion. Here are a 

couple of ideas with examples in italic. None of the activities should take more than 5 minutes. 

- Brainstorm exercise ● Prepare a poster (or whiteboard), some post-its, and pens. Set a question or 

an unfinished statement and have the participants brainstorm on it. Have them write each of the 

answers on a separate post-it. Once they are finished, have them stick the post-it’s on the 

poster/whiteboard. In case of similar or repetitive answers to your questions, group them together 

to see which are more frequent than others and use the results as a vantage point for discussion.  

o What are the elements of circular renovation? 

o The obstacle for the (circular) renovation of our building are … 

o What makes deep renovation of our building attractive? 

- Fill-in statements ● Similar as above but without the post-its, prepare a set of unfinished 

statement and have the participants fill them in. Read the statement out loud, give them a few 

moments to think and then ask them to fill it in with a word or a short sentence in a random or 

circular order.  

o The biggest problem of my flat is… 

o We need to circularity because… 

o If I would be the manager of the housing corporation, I would… 

o The façade renovation sounds great, but I think we should also think about…  

- Agree-disagree ● Prepare a set of statements and have your participants decide whether they 

support them or not by raising their hands or sticking post-it’s on “agree” or “disagree” side of a 

whiteboard/poster.  

o The façade renovation is the most important thing that our housing community should be 

addressing this moment. 

o The biggest obstacle to the progress of the renovation is lack of communication.  

o Our renovation should include also ventilation and recuperation.  

- A quiz ● Prepare a set of (tricky) questions related to the topic and have them answer it as a group. 

o What is the percentage of final energy used by buildings in EU? 

o Which is the EU member state with the highest percentage of renovated housing stock? 

o How much embodied energy is there in a house?  

o How much dies a house weight?  

- Post-it confession ● Give each of the participants two post-its and follow the example below. The 

question content depends on what exactly you wish to learn from the participants.  
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o On one of them, have them write how they think they could contribute to promotion of the 

building renovation. On the other, have them write what they could do to make their flat 

more energy efficient, healthy and safe to live in. On the flip side of each post-its, have them 

write reasons why they did not engage and do what they think they could. To finish, 

participants should stick the post-its to the “building” or “flat” side of a whiteboard/poster. 

 

Debate 

After the activity continue with the debate. Focus on the topics that you find most relevant and important 

with respect to the information you have gathered with your research by now. Build on the answers and 

interactions you got from the participant during the activity. Possible questions for discussion are: 

- What makes the renovation attractive for you? How about other individuals and institutions 

involved? What would make it unacceptable? To which point do you find it affordable? 

- Would you say your building is or will be an exemplary case of deep renovation? 

- How will the renovation affect you as individuals? How will it affect the housing community? How 

will it affect the wider community of X town? 

 

The closing activity 
 

After the discussion, take the last chance to get specific answers and feedbacks. Simply use one of the 

activities described above or think of your own tailored to your needs. Finally, thank the participants for 

their time and contribution. 

 

Analysis 

After you are done with the focus group, analyse it as soon as possible and prepare a short report. Use the 

audio recording and post-it posters, if you used them. First, include the metadata of the focus group (Title, 

Date, Type, Recorder/Facilitator, Duration, Location, Prepared by) and include your short comment at the 

beginning, explaining if there were any special circumstances or issues which affected the procedure. After 

that, prepare an anonymized list of participants’ names and their initials (or even made up names), which 

are used in the report. Prepare a list of keywords, i.e. the main topics of the discussion. Describe each topic 

shortly (add a subtitle above the paragraph(s) with a new topic) and present the key findings in short bullet 

points. 

Finally, reflect on the results of the focus group with a reference to the project aims. The recommendations 

can include your personal impression and possibilities for improvement. 

 

Interviewers' guidelines 

Key points to follow during the interview. 

Practicalities 

- Be polite and patient ● Things that we ask our informants might be clear and self-evident to us but 

not to the person we are talking to/interviewing. 
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- Get them interested ● Try to frame the interview so that the informant will find a bit of himself in 

the conversation and that it will resonate with his beliefs, wants and hopes. Give them a brief 

preview of the research topic and stress the relevance of your informant’s role within it. 

- Ask general questions, seek for specific information ● If possible, do not stick (exclusively) to a 

strict set of questions but try to pitch a field for a meaningful discussion. Many times specific 

information we seek for will emerge as part of a coherent discussion which will enable us to 

understand and interpret them better. 

- Take time for discussion ● Even with structured interviews, discussing certain points in detail or 

even deviations from specific questions often turn out to be a meaningful contribution to our 

research, enabling us to understand the broader context of our informants’ answers. 

- Keep track of time and flow of the interview ● Keep track of time and the content of information 

you have exchanged throughout the interview. If you have limited time, make sure you get all the 

information you need. If you have unlimited time, make sure you do not exhaust your informant 

and waste their willingness to participate in the research further. 

- Avoid suggestive/biased questions, let your informant talk, and listen ● Set the direction of the 

conversation and try not to influence the answers with suggestive remarks or responses. However, 

do show that you are interested in what your informants are saying.  

- Do not rush from one question to another ● If you get an idea for a further question while your 

informant is speaking, jot it down in your notebook for later reference. 

- Take notes ● The key is to understand the answers, not to write down exact structure of the 

sentences. Try to record the conversation (smartphone will normally suffice) and use your 

notebook/piece of paper to keep track of your thoughts and the flow of the conversation. 

 

Formalities 

- Briefly present the Drive 0-project ● Tell your informants something about the project and explain 

how your interview fits in this context, why it is relevant and valuable, and how you are planning to 

meaningfully use the gathered information.  

- Ask kindly to record the conversation ● Recording the conversation will allow you to stay in 

contact with your informant rather than diverging your focus to trying to make notes. It will also 

enable you to return to the interview and extract points you might have missed or misunderstood 

during the conversation. Ask your informant kindly if you can record the conversation. Reassure 

them that it is exclusively for your needs, that the recording will not be shared or published and 

that all information are strictly anonymized and securely stored.  

- Ask the informant for a written consent AT THE END of the interview ● Written consent is a due 
formality, however, it may steer our informants towards negative emotions if we ask them to sign it 
before they are familiar with the content of the interview. First build trust through the 
conversation, then ask for consent. 
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Annex 4: User centred approach 

Introduction 

The user centred design framework followed is the one presented in ISO 9241-210:2010 and in many ways 

it is a process that can sustain circularity as it minimises the chances of producing something that does not 

meet user needs and therefore minimising unwanted waste of resources. It is represented in Figure 4 

below. 

 

Figure 4: User centre design process according to ISO 9241-210:2010  

Some of the key aspects to be covered are: 

• Considering the user as the building owner, the user as the building occupant. 

• User engagement for requirement specification at design stage 

• Engage user with low fidelity prototypes reviews process wherever possible. 

• Assessing user needs, educate users on new technology and potential benefits to be offered 

• Address needs and long-term benefit/issues at design stage 

• Monitor performance of the as built, communicate monitoring data to uses and plan for 

• user/building plants/system interaction  

• Learn from the process for future projects. 
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PEOPLE-CENTRED DEVELOPMENT AND DESIGN APPROACH FOR DRIVE 0 

 

Figure 5: Steps in the User need analyses process proposed by Arko (2020)  

BACKGROUND 

Energy, building, and all other technologies are inseparably embedded in the wider social, cultural, and 

economic systems. The development of technological and non-technological solutions for sustainability, 

circularity, and energy-efficiency that are accepted widely, used properly, and are efficient is dependent 

not only on beyond the state-of-the-art technological expertise, but also on the relevance and meaning 

these solutions bring to their intended users.  

Applying a people-centred development approach to circular renovation of buildings means that the 

development process is built around people and puts them “in the driver’s seat”. The goal is to make all 

key stakeholder groups co-creators in the development process – an active and integral part of the 

solutions being designed and implemented, increasing their energy and circularity awareness and ensuring 

their sense of ownership of the developed solutions, technological or non-technological. 

The people-centred development approach is grounded in sociocultural anthropology, the study of people, 

the interactions between them and their specific environments; however, it builds on a number of cross-

cutting fields of study outside of social sciences, and a number of design and development practices, 

approaches and methods, including user-centred design, participatory design, co-creation, interaction 

design etc. While the majority of user- / human-centred design, or participatory design approaches do 

place their focus on the needs of the intended users of products or services, an ethnographically-informed 

development process provides answers to the often-unanswered question of “WHY”. Why do people use 

energy in a particular way? Why do they decide for or against circular products? By “going deep” with 

smaller samples through participant observation, open-ended interviews etc., ethnography provides the 

culturally and socially contextualised “thick data”, which can support the uptake of circular building 

renovation and increase the relevance of the solutions implemented in the project.  

The key premise of people-centred development is that it is an iterative process, which means that we 

continuously return to users of products or services and other key stakeholders to repeatedly ask questions 



  
 

 
H2020 DRIVE 0_841850_WP4_Task 4.2                    69 
 

that shed light on how our solution meets their needs and requirements. Being an inherently inter-

disciplinary process, it runs in parallel with quantitative measurements – such as energy use, or IEQ 

measurements, which provides us with a number of dimensions to understand and potentially impact e.g. 

the renovation process, the circularity uptake, or energy efficiency.  

IDENTIFICATION  

The first step is identification, where we define whose problems are actually being addressed or who are 

the people in focus – it is important to consider all key stakeholder groups, not just the immediate “users” 

(e.g. building occupants). This ensures that an optimal co-creative process is established between those 

individuals and institutions that can influence or be impacted by our project. 

In the example of building renovation, these key stakeholder groups could include: building occupants, 

building owners, construction company, architects, city administration, social housing company, circularity 

experts, and even neighbourhood entities, such as residents’ associations.  

The methods we can most efficiently use in this step include preliminary interviews with key actors or a 

preliminary focus group, involving 4-5 representatives of those stakeholder groups we have already 

identified as most important. These first step is also an opportunity to initiate the awareness-raising and 

can be effectively combined with a presentation of circularity in renovation and Drive 0 approach, or a 

thematic workshop.  

These discussions would focus on questions that will help us to understand the existing networks and 

identify the key “players” and take advantage of the already established networks. The questions might, for 

example, include: how the residential community is organised, who are their key service providers, how do 

they take decisions related to building management, who is their representative, where and how often 

have they previously interacted with other stakeholders, where are there gaps in communication etc.   

RESEARCH 

In the second step, we carry out more in-depth research and analyse their needs, using and combining 

different approaches, in order learn about people’s everyday experiences, existing practices and habits and 

to find out what they need and require. 

Focusing on circularity and buildings, our goal would be to get a better understanding of the building users’ 

perceptions of circularity and circular products, how they how they interact with existing building/energy 

technologies, when and why they experience difficulties, what kind of services or information they would 

need to more fully embrace circularity. An additional focus might be on how these elements are enacted on 

wider levels, such as neighbourhood and local community – e.g. which relevant services are available, how 

decisions are made.  

All key stakeholders identified in the first step are also engaged in the research process. The methods that 

can effectively elicit qualitative data in a limited available time include surveys, in-depth interviews with 

key actors, targeted focus group discussions with diverse stakeholders, or more creative ones, such as e.g.: 

video/photo assignments in which building users document their daily practices or particular difficulties 

they encounter with their building/technologies.  

This part of the process runs hand-in-hand with quantitative data on buildings and energy use, including 

energy use monitoring, IEQ monitoring etc. The researchers contrast and compare the qualitative and 

quantitative data, which enables us to identify gaps and provide any corrective measures in time.  
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INTERPRETATION 

The third step is interpretation. On the basis of qualitative and quantitative research data, 

recommendations for design and development are prepared. This is not, however, only a solitary task of 

experts and researchers, and our key stakeholders play a crucial role in this part of the design process. This 

is important, as it enables researches to verify their data and it supports the stakeholders’ ownership of 

what is being developed. The sense of ownership is often key in how people subsequently use the 

developed products or services. This is also the most creative part of the development process and an 

opportunity to further build a community around our project, which can have a positive impact on its 

success.  

The methods to use in this stage can include design workshops, prototyping exercise, scenario 

experimenting, or various events, where stakeholders can take an active part and express their views on 

what is being developed. An example of such a co-creative event would be to organise a workshop, where 

the project team would present a preliminary research analysis, lead a Q&A session, followed by a hands-

on task in which teams of different stakeholder groups’ representatives would co-design a poster on e.g. a 

circularity-oriented local community, imagining how such a community might function and what elements 

would be needed to enable it. 

Data from the research analysis and from co-creative sessions is translated / feeds into recommendations 

for development.  

TESTING 

Testing assures optimal user experience. In this phase, when we already have a detailed design of the 

renovation process or a prototype of the product, the central question is why and how these are relevant, 

important and meaningful to people. We test these with the stakeholders and use different techniques to 

assess their suitability. The data feeds into recommendations for improvements.  

In practice, this means that different co-creative sessions or focus groups and interviews are organised 

several times during the development process, which allows us to continuously verify whether we are 

successfully addressing the needs, but also to sustain the community and the support we are building 

around our project. All key stakeholders should participate in these sessions, as this supports a continuous 

exchange of information between e.g. building residents, community, municipality as investor, construction 

company, and project team. It also assures that any potential concerns are addressed on time and that any 

misunderstandings are prevented or addressed with corrective measures.  

This feedback loop is in the centre of the iterative people-centred development approach, as it ensures that 

we keep returning back to our key stakeholders and evaluate/assess how the identified needs are being 

met by our project.  

UC activities and tools in each Renovation Phase 

Figure 5 represented the Key phases, goals and methods for the end user engagement in the circular 

renovation process envisaged in the Drive-0 pilots. 
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Figure 6: USER CENTRED APPROACH IN CIRCULAR RENOVATION PHASES FOR DRIVE-0 as proposed by ZUYD 

Table 26 reports some examples of actual activities to be carried out with the end users and other 

stakeholders involved. 

Renovation Phase  Description for pilot Stakeholders 
for pilot 

UC activities for 
pilot  

Tool Resource reference 

Renovation 
user/building 
owner request 
initiative 

Initial stages of user 
needs for renovation 

Occupant/ 
building 
owner 

Specifying 
requirements/ 
needs 

Requirements specification/ 
Terms of Reference. Possible 
preliminary interview/ 
questionnaires with building 
occupants 

Documentation for 
building as is Draft 
of options for 
renovation budget 
discussion etc. 
Defining 
requirements  

Monitoring current 
usage of building, energy 
efficiency and 
thermography of 
building as it 

Design 
team, 
building 
owner (e.g. 
also 
including 
social 
housing 
institution)  

Monitoring 
current usage of 
building, energy 
efficiency and 
thermography of 
building as it 

Monitoring protocol from 
D4.2 and mapping of deep 
renovation technology 
option from D2.1 

     

Conceptual design 
and option 
evaluation in 2D 

Drafting of possible 
sketches for option. 
Verification with building 
owner/users  

Design 
team, 
building 
owner (e.g. 
also 
including 
social 
housing 
institution) 

Low fidelity 2D 
or 3D prototype 
to engage users 
on possible 
alternative 
options 

Low fidelity 2D sketches and 
3D prototypes (to be 
included in WP2) 

Feasibility Study 
 

Verification with design 
team, with construction 

Design team Detailed info on 
possible 

Constructions guidelines and 
regulations 
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Renovation Phase  Description for pilot Stakeholders 
for pilot 

UC activities for 
pilot  

Tool Resource reference 

guidelines, and structural 
reliability verification, 
implications for 
constructions, times and 
costs 

alternative 
options 

Specification and 
Use of 2D &3D to 
generate detailed 
design 

Detailing of the options 
evaluated and 
implications for 
constructions and costs 
Verification with building 
owner/users 

Design 
team, 
building 
owner (e.g. 
also 
including 
social 
housing 
institution) 
and tenants 

Worksop with 
end users and 
design team 3D 
model review at 
30% completion 

For the workshop it is 
important to have a 3D 
sketch for non-expert users 
to visualise the changes of 
their living environment and 
be able to comment on 
those. IT is also good to 
explain where circular 
elements have been 
implemented and how they 
can impact their space, and 
or the quality of their living 
in it. 

Tender for 
Fabrication and 
material 
requisition/ 
contractors 

Tender process, with 
circular options to 
inform the contractor of 
the scope and detail of 
the project, the 
conditions under which 
the work will be 
executed, and they 
identify the rights and 
obligations of the various 
participants under the 
proposed contract  
 

Design team 
and 
construction 
contractors, 

Tender process 
documentation 
detailing:  
drawings, 
specifications 
and bills of 
quantities and 
summarises their 
status/nature 
full output/ 
performance 
specification as 
part of 
employer’s 
requirements.   
 

Many, of the financial 
problems in building 
originate in inadequate or 
unclear tender documents, 
culminating in disputes 
between employers and 
builders over what is 
included in the price for the 
work. It is important 
therefore, that they provide  
a clear understanding of the 
nature and purpose of the 
various documents used for 
tendering purposes and that 
a workshop is also organised 
to go over all the items in it. 

Preparation for 
renovation 

Design team and 
contractors to Map out   
the phases of renovation 
process. And build a 
timeline chart 

Design 
team, 
contractors, 
building 
owners 

Map out o key 
phases, and 
timeline for 
critical paths. 

Gantt and critical path 
mapping, identification of 
key milestones and 
bottlenecks. 

Table 26: Example of table to be filled for a Pilot case 

Key concepts and relevant sources for Initial phases 

The objective of this phases is to map out the current building owner needs explain the phases and 
activities foreseen in the renovation project, introduce circularity options and possible relevant ideas for 
the project, solve doubts and collect information needed for planning and agreeing the required steps, in 
order to obtain the most reliable results for the project development.  

Activities for Initial phases may include: 

- Meeting with building owner/manager/representative to define the scope and possible phases of the 
project 
o Map out key stakeholder needs in relation to possible renovation project 
o Gather building plans, HVAC information, average occupants’ density per residential unit, etc.  
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o Agreeing a common outline for staged activities 
- Planning the project phases with all the actors involved 

o To define location, schedule and materials 
o Notifying occupants well in advance 
o Prepare key points and information to be discussed 

- Collect background information needed to identify key requirements to verify at critical control point 
during the phases of the projects 
o Analyse features of interest according to building specifics and considerations regarding 

orientations, sizes, occupants etc. 
o Prepare selection forms/tools to distribute and gather this information 
o Map out expected project phases and roles in the project phases for each stakeholder 
o Map out relevant users’ needs also in terms of information exchange 

▪ Map identify phases and actors of the process as is 

▪ Map/identify phases and actors of the circular process “to be” 

▪ If possible Estimate costs and benefits for the process “as is” and compare with cost 

and benefits for the process “to be” 

- HFE Area 

of Design 

Related existing standards / best 

practices 
Possible issues/ gaps we may address in Drive-0 

Design of physical 
built environments 

ISO 21542:2011(en) 

Building construction — Accessibility 
and usability of the built environment 

 

ISO/IEC Guide 71, Guidelines for 
standards developers to address the 

needs of older persons and persons with 
disabilities 

This International Standard provides building users, architects, designers, engineers, 

builders, building owners and managers, manufacturers, policy makers and 

legislators with requirements and recommendations to create a sustainable built 
environment which is accessible. Use of technologies such as 3D model reviews is 

not mentioned but can be integrated.  

Human Factors 

Engineering at 
Design stage 

ASTM F1166 / MIL-STD 1472G 

These standards provide detailed criteria for applying Ergonomics principles to 

design, however some of their recommendations are related to old and out dated 

technologies and may no longer apply. They lack a methodology and review 

structure for screening design projects or defining a team for review. But are quite 

details on issues related to accessibility 

Human Factors 

engineering at 
Design stage 

OGP report no. 454 

This publication is not a complete design guide but provides a general idea of a 

HFE philosophy for design phase. Its methodologies for design review and 

ergonomic principles implication are very brief just for the purpose of giving an 
overview. The are aimed at safety critical industry but suggest some ideas on 

necessary design review stages that can be adopted by us too.  

Table 27: Summary of relevant Human Factors standards for design 

User centred approach & Occupants’ Behaviour – organization and activities 

On average, people spend around 80–90% of their lives inside buildings. Therefore, buildings have to 
provide a healthy and comfortable environment for humans; but also, buildings account for approximately 
19% of all global greenhouse gas (GHG) emissions in the world, and about 31% of global final energy 
demand.  

The literature shows that for successful uptake and installation of new construction solutions and or 
renewable technology, the occupants must be able to use the technology effectively (Moore 2015). 

In this project we need to monitor how different stakeholders and organizational aspects are taken into 
account in circular renovation process (such as the ne about social housing properties in Dublin) from both 
the building owner’s experiences, the occupants’ experiences and the other stakeholders involved such as 
a design team, a building contractor etc. The user centred design protocol followed is the one presented in 
ISO 9241-210:2010 and in many ways it is a process that can sustain circularity as it minimises the chances 
of producing something that does not meet user needs and therefore minimising unwanted waste of 
resources.  
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In the project we will also pay attention on the implications for tenants that are older, or in a vulnerable 
category (e.g. people coming from a disadvantage background, with low level of education and income, and 
or with reduced mobility and or a disability) as a key group of users. The study will aim to develop an 
understanding of the service delivery from the tenants’ interactions with the landlord, the construction 
company and service providers and other potential stakeholders (such as building maintainers) and the 
new building structure, solutions and heating system, sought to identify any need for improvement of this 
experience and propose measures to address these issues from an inclusive user centered prospective 
(Moore 2019). 

Furthermore the amount of energy consumed depends not only on the criteria set for the indoor 
environment and applied technology but also on the behaviour of occupants. This may create a conflict 
between strategies that focus on the reduction of energy consumption and those to maintain a healthy and 
comfortable indoor environment. To achieve a balance between comfort and efficiency, synergies between 
building design, building climate control and occupant needs have to be established. Furthermore it also 
highlight the relevance of some key aspects such as: 

1. User engagement for requirement specification at design stage 
2. Engage user with low fidelity prototypes reviews process wherever possible. 
3. Assessing user needs, educate users on new technology and potential benefits to be offered 
4. Address needs and long-term benefit/issues at design stage 
5. Monitor performance of the as built, communicate monitoring data to uses and plan for 

user/building plants/system interaction.  

MEASUREMENTS & DESCRIPTIONS 

Among the identified socio-technical factors influencing the gap between the predicted and actual energy 
performance, which also affects comfort, there are:  

- occupants, when there are more occupants than planned, and/or based on their energy/environmental 
consciousness 

- technology, failure or bad design and installation affecting energy efficiency or sustainability 
- maintenance and management, bad management practices of the building management 

In this context, focus on people (occupants) is primal: where and when they are at home; their 
characterization, and their behaviour. 

In order to better profile users’ consciousness, literature has identified the occupant level scale main 
factors that influence energy consumption: 

- the income level of building occupants, 
- the age composition of occupants and their educational level, 
- the available and perceived control of IEQ, 
- the effectiveness of training on building system operation control;  

And on the other hand, “If a change occurs such as to produce discomfort, people react in ways which tend 
to restore their comfort.” This definition of adaptive principle, originally formulated for occupant behaviour 
regarding thermal discomfort, is also applicable for all other measurable physical parameters defining their 
environment. 

Occupants can adapt to their environment through: 

- organizational 
- physical adaptive actions (e.g., increase their physical activity, change their clothes, altering their 

environment); limited by occupants’ abilities and the accessibility to environmental altering control 
tools 
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- behavioural adjustment (e.g., change of habits or tolerance limits); limited by psychological barriers 
such as limited cognition of the problem, ideological worldviews, comparisons with other people, sunk 
cost and behavioural momentum, disregard towards experts and authorities, or perceived risk of 
change 

- physiological adaptation (e.g., accommodation of the eye); where limits of the adaptation are imposed 
by the human physiology in it of itself (human capacity to experience temperature and touch, light and 
colour, sound and smell)36. 

Example of short survey for tenants of social housing case study for preliminary user engagement 

Informed Consent form for the residents of XXXX,  

Consent to participate in the case study for survey, Building Monitoring and retrofitting 

From Researchers involved XXX 

Dear Madam/Sir,  

We are conducting a research project titled “Driving decarbonization of the EU building stock by enhancing a 
consumer centred and locally based circular renovation process” with the acronym “Drive0”, Contract No 841850. The 
project coordinator is the Huygen Installatie Adviseurs and we, TU Dublin and Coady, as project partners, are in 
charge of supporting the monitoring of the XXXXXXX which is part of this project and in which you will reside. 

This Informed Consent Form has two parts: 

• Information Sheet (to share information about the research with you) 

• Certificate of Consent (for signatures if you agree to take part) 

You will be given a copy of the full Informed Consent Form 

PART I: Information Sheet 

The aim of the DRIVE 0 project is the decarbonization of the EU building stock and to accelerate deep renovation 
processes by enhancing a consumer centered circular renovation process in order to make deep renovation more 
attractive for consumers and investors and more environmental friendly. This will be achieved by combining the need 
for a circular building industry with the identification of specific local or national drivers to trigger and to motivate 
end-users for deep renovation, supported by an anthropology based and environmentally friendly approach to make it 
costumer-centered and respectful of local geo-material areas, by following 4 steps:  
1. Developing proven deep renovation products and concepts for example from several recent EU projects, further to 
circular renovation products and concepts based on local available materials and components, with emphasis on easy 
to install Plug & Play prefab solutions for envelope elements and building services.  
2. Developing attractive consumer centered business models based on circular renovation concepts supported by 
digitalization.  
3. Providing occupants with attractive and understandable information on total building performances in use.  
4. Providing stakeholder’s evidence of performance of the developed solutions by local study and demonstration cases 
initiated by ‘local drivers’. 
 
In order to measure the achievement of the objectives, the case studies will need to be monitored for collection of 
data regarding the energy consumption and production as well as the indoor environmental conditions, and possibly 
water consumption. For this purpose, monitoring equipment (i.e., sensors, meters) will be installed in selected spaces. 
The installed monitoring equipment is not expected to cause any discomfort. We shall make necessary adjustments in 

 
36 https://www.mdpi.com/1996-1073/12/8/1414/pdf 
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case any discomfort is caused. Post retrofit monitoring will further assist in studying your comfort and your interaction 
with the building. This includes replying to a standard questionnaire regarding your environmental conditions (e.g., 
thermal comfort, visual comfort etc.) and the usability of your building/home space. 

In the project we will ask you to participate in a semi structured questionnaire to collect information about your 
current use of the building and possible issues and or desires in relation to retrofitting it. 

For monitoring purposes the following data will be collected and sent to a database: air temperature and relative 
humidity outside and inside your residence, carbon dioxide (CO2) concentration, heating/cooling set point and energy 
consumption (electricity and gas) of lights, appliances, heating and cooling systems, ventilation and/or overall energy 
consumption of the building.  

Through and after the realization of the project data will be rendered anonymous and will be used for research 
purposes (i.e., scientific publications, articles). Access to the data will be granted to the project partners for the 
purposes of the project which all are from EU member states or third countries for which there is an adequacy 
decision by the Commission. The data collected from the monitoring will be processed for deducing useful conclusions 
on the indoor environmental quality and comfort of your house, as well as on the energy performance of the houses, 
the technologies and the circularity as a whole. The collected data will be stored for a maximum period of five year, 
after the research project has finished.  
At all times you maintain the right to withdraw from the process, to request data correction or data erasure, as well as 
the right to request restriction of data processing. Your withdrawal shall not affect the lawfulness of processing based 
on consent before its withdrawal. Furthermore, you have the right to lodge a complaint with a supervisory authority. 

Finally, you have the right to decline to participate. Withdrawal from the process, denial to participate, or failure to 
reply shall not impose any consequences on you. Your participation in this monitoring is fundamental for the success 
of the project.  
We, thus, thank you in advance for agreeing to take part, and look forward to sharing with you the results and insights 
of our research once completed. 
If you have any questions you may ask them now or later. If you wish to ask questions later, you may contact any of 
the following: 
Contact Name (email): XXXXX 
Organization (case study support partner): XXXXX 
Contact Name related to Surveys & User satisfaction (email): XXXXXX 
Organization (case study support partner): XXXXXX 
 

Survey for tenants 

1. On a scale of 1-5, how environmentally conscious would you say you are? 1-being not very conscious 5 -being very 

conscious 

 

2. On a scale of 1-5 what control do you have on the use and planning connected to the house you are living in? 

Please explain your answer. 

 

3. Do you know the positive effects of energy retrofitting for houses? Would you consider this option for the house 

you are living in? 

 

4. In a circular economy, we aim to use less material, use components and materials longer, using resources that can 

also be recycled. What implications can this have on what choices can be made when retrofitting houses in your 

opinion? 
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5. Does it matter to you, if the building materials in your home are made of recycled material? 

• Yes 

• No 

Why? 

…… 

6. In the case of a home retrofit, would you prefer to be involved from the early stages of design? Or to be presented 

with details of the project near the final stages? (please select as appropriate) 

 To be involved from the early stages of design  

 To be involved towards the end when details can be presented  

 Others. Can you please clarify?........... 

7. Have you ever been involved in a house retrofitting and or construction project before? 

• Yes 

• No 

If YES have you any thoughts or ideas learned from the previous project? 

If NO is there any with concerns you would like to be addressed before the project starts or during the project? 

 

8. Works carried out on your home may include, the replacement of the current heating system to a new technology 

heating system called a “Heat Pump”.  Have you heard of a Heat Pump prior to this project? 

 

9. Do you believe that that the changes being made to your home are necessary?  

☐  Yes 

☐ No 

Please give a reason for your answer 

10. What do you believe are the advantages of this retrofitting project? Please state. 

 

11. Do you feel that there are disadvantages associated with this retrofitting project? If so, please describe. 

 

12. Prior to the Covid-19 pandemic and consequent restrictions, what approximate time would your home typically 

remain unoccupied (tick a box as appropriate): 

• During weekdays: 

☐ 0-8h (Home is occupied most of the time); ☐ 8-12h; ☐ 12-16; ☐ 16-24h (We only spend time at home to 

sleep 

• During weekends: 

☐ 0-8h (Home is occupied most of the time); ☐ 8-12h; ☐ 12-16; ☐ 16-24h (We only spend time at home to 

sleep) 

13. Please rate your level of comfort in your home in terms of: 

• Temperature (1-very uncomfortable to 5 –very comfortable all year long in all areas of my home): __/5 

Comments: 
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• Humidity (1-Major problem to 5 –Not a problem):  __/5 

Comments: 

 

• Natural Outdoor Lighting (1- very unhappy to 5 –very happy in the rooms exposed to the sun):  __/5 

Comments: 

 

• Air Draft (1- very unhappy to 5 – very happy, I do not suffer, nor I am concerned about air circulating in my 

home) __/5 

Comments: 

 

• Air-quality including allergens, street pollution, smell from gutters, smell from paint (1- very unhappy to 5 – 

very happy, I do not suffer, nor I am concerned about air quality in my home):  __/5 

Comments: 

 

• Noise including sounds coming from the street and indoor sound propagating in my home (1-very 

uncomfortable to 5 –very comfortable at all time):  __/5 

Comments: 

 

• Hot water availability (1-very unhappy to 5 –very happy, I have all the hot water I need at any time of the 

day): __/5 

Comments: 

 

14. If you suffer from discomfort at home, please order the barriers that prevent you from making your home 

comfortable (1-Main barrier to 7-Least important): 

It is too expensive to maintain a comfortable home  __ 

I don’t know what the origins of discomfort issues are __ 

I don’t have control on the electrical equipment in my house __ 

I don’t know what to do to make my home comfortable and healthy  __ 

Too complicated to change, I need guidance __ 

There is nothing I can do as I am not the owner __ 

Other, please describe: __ 

 

15. What would you like to improve in your home? Give a priority from 1 (low priority) to 5 (high priority). 

The space available __/5 

How it looks outside and inside __/5 

Reduce the energy consumption and associated cost __/5 

Improve health and comfort in my home __/5 

The garden and the use of the outdoor area __/5 

Other, please specify: __/5 

 

16. Which of the following works would you consider beneficial to reduce the energy consumption of your home? 

Please tick all that apply. 

☐  Replacing my heating system with a “Heat Pump” that improves indoor temperature while lowering the cost of 

electricity bills 

☐  New radiators 
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☐  Installing on the roof photovoltaic (PV) panels that generate electricity or solar thermal collectors that generate 

heat from the sun. 

☐  New hot water boiler 

☐  Hot water pipes heat insulation 

☐  Attic heat insulation 

☐  External wall heat insulation 

☐  New Doors & Windows limiting air draft 

☐  Improved Ventilation 

☐  Live information about the energy consumption in my home 

☐  Live information about the temperature, humidity and air-quality in my home 

☐  Automatic messages on what I should do to maintain comfort and reduce electricity bills 

☐  Change my habits on how I use my house 

☐  All the above  

☐  None of the above  

☐  Other please specify:…… 

 

17. What would you like to improve in your home? Give a priorityt from 1 to 5. 

• The space available (1-low priority 5 –very high priority) 

• How it looks outside and inside (1-low priority 5 –very high priority) 

• The energy efficiency how it uses energy to keep warm and dry (1-low priority 5 –very high priority) 

• The garden and the use of the outdoor area (1-low priority 5 –very high priority) 

• Other: please specify 

 

18. Which of the following works would you consider beneficial to your home? Please tick all that apply. 

• Replacement of the heating system to a new technology heating system called a “Heat Pump” 

• New radiators 

• Attic insulation top up  

• External or internal wall insulation 

• New Front/Back Doors & Window Replacement/Upgrade 

• Improved Ventilation 

• All the above  

• None of the above  

• Other please specify:…… 

 

19. Have there been any changes made to your home prior to this project? If so, did you find that communication from 

the local authority regarding these changes, was satisfactory? 

 

 

20. How would you prefer to receive information regarding the retrofitting project? You can pick more than one option 

By means of: 

 A Leaflet 

 A one to one Meeting with design team 

 A Workshop/Meeting with design team and other tenants too 

 A Presentation 
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 By Email  

 By Phone 

 

21. Any other comments or questions? 
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