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Summary 
This reports presents a collection of measurement protocols, guidelines and/or methodologies that 
have been developed within the framework of previous research projects or by other initiatives, 
related to measurement of comfort, well-being and health of buildings’ occupants as well as to identify 
energy human’ behaviours identified as as those parameters to be measured when evaluating the 
circularity.  
The report includes, for each of the protocols analyzed, a brief description of the framework in which 
they have been developed, their scope of application, as well as their objectives and main 
characteristics. Later, a more detailed analysis of each of them is performed, presented in a common 
template, which informs about their source, steps or aspects covered or not (regarding site analysis, 
study areas selection, info & awareness, planning, data collected, equipment,  monitoring campaigns, 
feedback, reporting, quality assurance, other), measurements (number, location, frequency, 
requirements, tools), and analysis suggested (techniques, indicators,  recommendations). Finally, a 
comparative analysis of the different protocols has been included, synthesizing the information in a 
single table. 
The second part of the report comprises the analysis of monitoring technologies, tools or devices, 
available in the market, for the monitoring of physical indoor environment Quality IEQ, comfort, and 
health and well-being parameters as energy (use and cost), water (use and cost), noise level, 
temperature, lighting and indoor air quality, and any other parameter to be measured when evaluating 
the circularity.  
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1 Introduction 
The objective of WP4 is to provide consumer/end-users, meant also as potential investors, of deep 
renovation projects, with attractive and understandable information of real total performances of 
their renovated homes. It is aimed to make circular renovation concepts both more attractive and 
more reliable to consumers. 
 
DRIVE 0 is being built upon the monitoring methodologies, data processing and the supporting 
methodologies to display and present this information to end-users, developed or being developed in 
recent H2020 projects among others. 
Task 4.1, Collection of monitoring methodologies and information services, concerns the collection and 
selection from previous projects of: 

 Specific measurement protocols to measure comfort, well-being and health of occupants as 
well as to identify energy human’ behaviours, based on questionnaires, diary studies, 
interviews, observation and focus groups for occupants. 

 Robust and cost-effective sensing technologies that can be deployed with minimal setup in 
small and large scale installation spaces. 

 
At the beginning of this task, project partners were asked to contribute with monitoring protocols 
and/or monitoring technologies they may know, to monitor any factor affecting circular principles in 
buildings throughout its lifecycle. For this purpose a template (ProtocolsToolsRecap_Template) and 
example (ProtocolsToolsRecap_Example) was developed to be filled in with the examples by partners.  
This report includes the comparative analysis of the monitoring methodologies and technologies 
submitted by partners, as well as others that were already known. 

2 Compilation of monitoring protocols  

2.1 Brief description of monitoring protocols: 
The following table shows the list of monitoring protocols/methodologies/guidelines compiled and 
analysed.  
 

Nº Name -Initiative 
1 BEEM_UP_D_3_1_Beem-Up Common guideline for the monitoring program 
2 EPA standardized IAQ base protocol for characterizing IAQ in large buildings 
3 Levels EU framework of building indicators 
4 BritaInPubs Monitoring Guidelines 
5 enCOMPASS D7.1.V1.0 
6 IPMVP 
7 MOBISTYLE protocol 
8 SSO Monitoring protocols 
9 ProGETone 
10 M&V-Net-ZEBs (Project SHC/ECBCS) 
11 Energy Performance Measurement and Verification - GSEP Energy Management Working 

Group - M&V Task Force 
12 TripleA-reno 
13 ASHRAE Guideline 14: Measurement of Energy and Demand Savings 
14* HERB protocol/methodology 
15* IPMS – International Property Measurements Standards: Residential Buildings 

*Both references are presented below, but are not described in detail later. In the case of HERB protocol/methodology, 
it is not available on the internet. Regarding the IPMS standard, we can not consider it as a monitoring protocol.  
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All monItoring protocols or methodologies are briefly introduced below, and are presented in 
greater detail later through the templates developed and completed for this purpose. 
 
BEEM-UP: 
The BEEM-UP project aims at demonstrating the economic, social and technical feasibility of 
retrofitting initiatives, drastically reducing the energy consumption in existing buildings, and laying 
the ground for massive market uptake. Performance monitoring is a key point for an energy 
efficient refurbishment program and was fully integrated in the BEEM-UP project. It aimed at 
verifying the true results of the implementation of the energy measures implemented on three 
pilot sites (social and public housing buildings). The monitoring guidelines supporting the 
monitoring and evaluation approach of the BEEM-UP project  define a set of actions proposed as 
a common performance evaluation process to be implemented in monitoring processes for 
refurbishment projects. It is also the basis for the definition of the monitoring programs for each 
pilot site. Guidelines are based on two main dimensions:  
- Monitoring procedure: it allows for the clear identification of each step of the implementation of 
the monitoring program, and specifies when specific tools are required.  
- The use of the IPMVP (International Performance Measurement and Verification Protocol) as the 
framework for the monitoring programme content, ensuring both quality of the assessment to be 
done and homogeneity between each pilot site.  
 
EPA: 
The protocol contains the specific details of the procedures that were employed in the study of 
indoor air quality (IAQ) conditions in public and commercial buildings, developed by U.S. 
Environmental Protection Agency (EPA). The primary goal of the studies was to define the status 
of existing building stock with respect to determinants of IAQ and occupant perceptions. The first 
versión of this protocol was developed by a steering committee of experts, created to provide their 
opinions on the study. The experts were asked to identify key parameters that should be measured 
at a minimum in each building. The protocol covers three major areas of investigation: comfort 
and environmental measurements; building and HVAC characterization; and an occupant 
questionnaire. The protocol is very specific so that data collected among all of the buildings studies 
will be comparable. While conducting the study, specific changes were made to the original draft 
protocol, all of them are specifically documented. The protocol addresses the following points and 
provides information on the procedures that are to be used in each of them: 

 Study Team Organization and Responsibility 
 Initial Building Visit 
 Selection of Study Area(s) and Monitoring Locations 
 Building Characterization and Monitoring 
 Administration of the Occupant Questionnaire 
 Sample and Data Management 

 
LEVEL(s): 
LEVELS is the European Commission’s voluntary and standardized framework to measure, report, 
and share the sustainability and circularity of buildings (office and residential). The most important 
feature of Level(s) is the fact that it embraces a life-cycle approach, looking at the performance of 
any building through its whole lifetime. Level(s) proposes 3 different levels of assessment of the 
performance of a building: Common performance assessment, Comparative performance 
assessment, Performance optimisation assessment. Each level of evaluation is associated with a 
level of complexity (from least to most) in the calculation of the proposed indicators, according to 
the objective / purpose of the evaluation (common reference, comparisons between functionally 
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equivalent buildings, optimize performance). Level(s) has indicators for six areas of sustainability 
(macro-objectives):  

1. Greenhouse gas emissions along a buildings life cycle 
2. Resource efficient and circular material life cycles 
3. Efficient use of water resources 
4. Healthy and comfortable spaces 
5. Adaptation and resilience to climate change 
6. Optimised life cycle cost and value.  

Level(s) describes a 5-step approach to perform the evaluation and reporting, which are: 
1. Define the building to be reported on 
2. Choose the level of performance assessment 
3. Follow the guidance and rules on how to carry out an assessment 
4. Complete the reporting format 
5. Determine the valuation influence and reliability of the assessment 

 
BRITA in PuBs: 
BRITA in PuBs - "Bringing Retrofit Innovation to Application in Public Buildings" is an Integrated 
Project within the 6th Framework Programme of the European Union. The project was run from 
2004 to 2008. It aimed at increasing the market penetration of innovative and effective retrofit 
solutions to improve energy efficiency and implement renewables, with moderate additional 
costs. In the first place, this was realised by the exemplary retrofit of 9 different-type 
demonstration public buildings from 4 different European regions (North, Central, South, East). 
Secondly, research work packages included the socio-economic research such as the identification 
of real project-planning needs and financing strategies, the assessment of design guidelines, the 
development of an internet-based knowledge tool on retrofit measures and case studies and a 
quality control-tool box to secure a good long-term performance of the building and the systems. 
The Monitoring Guideline for Energy Efficient Buildings, analysed here, was developed in the frame 
of the Quality Control Tool-box of the project and it aimed to provide a methodology for planning, 
managing and reporting building monitoring campaigns. The Monitoring Guideline presents in a 
very summarized way the parameters to be monitored, based on the objectives and items to be 
studied, the monitoring duration, and the reading and logging intervals, it gives also some hints 
about how and where to take measurements, as well as some data analysis considerations in order 
to reveal useful trends between, say, day/night, summer/winter, weekday/weekend, which could 
allow operators to compare actual consumption with targets, to see which way trends are going 
or spot things going wrong. 
 
enCOMPASS:  
This methodology was developed in the framework of enCOMPASS project (H2020).  The main goal 
of enCOMPASS was to implement and validate an integrated socio-technical approach to 
behavioural change for energy saving, by developing innovative user-friendly digital tools for 
making energy data consumption available and understandable for the different users and 
stakeholders (residents, employees, pupils, building managers, utilities, ICT providers) 
empowering them to collaborate to achieve energy savings and manage their energy needs in 
energy efficient, cost-effective and comfort-preserving ways.  
The objective of the documentation analysed in this report was to provide a basic methodological 
outline for the validation and the action plan for user engagement, technical deployment and 
feedback gathering in the enCOMPASS pilots, which were developed in three different European 
geographic areas, characterized by different climate conditions (humid continental in Hassfurt in 
Germany, Mediterranean in Athens and Thessaloniki in Greece and sub-continental in 
Gambarogno in Switzerland) and included the assessment of three different types of buildings 
(residential, schools and offices).  
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The detailed specifications of the methodology to reproduce it are disseminated in the different 
reports/deliverables of the project, not all of them publicly accessible. 

 
IPMVP: 
Since 1997, Efficiency Valuation Organization (EVO) develops, maintains, improves and publishes 
the International Performance Measurement and Verification Protocol (IPMVP). The IPMVP was 
originally developed to help increase investment in energy and water efficiency, demand 
management and renewable energy projects around the world. The IPMVP represents a structured 
presentation of common principles and terms that are basic to any good Measurement and 
Verification (M&V) process – however, it does not define the M&V activities for every application. 
Each M&V project must be individually designed to suit the objectives and desired accuracy of 
energy or water-saving efforts. This individual design is recorded in the project’s M&V Plan and 
savings are reported as defined by that M&V Plan.  
This protocol provides the core concepts of M&V. It defines the commonly used terminology and 
guiding principles for applying M&V. It describes the project framework in which M&V activities 
take place as well as the contents and requirements of adherent M&V plans and saving reports. 
Finally, it describes the attributes of fully adherent IPMVP projects. 
The IPMVP key principles (Accurate, Complete, Conservative, Consistent, Relevant, Transparent), 
provide the basis for assessing adherence to the M&V process. 
 
MOBISTYLE:  
Methodology developed in the framework of MOBISTYLE Project, whose aim is to motivate 
behavioral change by raising consumer awareness through a provision of attractive personalized 
information on user’s energy use, indoor environment and health, through information and 
communication technology (ICT) based services. 
The methodology provides information on the parameters that should be collected and a 
preliminary definition of sensor typologies that could be used to collect the data. Then, based on 
the defined parameters, a special focus is put on the definition and description of the Key 
Performance Indicators (KPIs) for energy, IEQ and health.  
Next to the transformation of the monitored data into KPIs, a key task regards the transformation 
of the KPIs into useful and understandable information for the end-users. Therefore, the 
established KPIs are evaluated for their expected level of comprehensibility by the building 
occupants. Indeed, the last section of the report gives a first overview on potential energy 
awareness campaign strategies that might engage different types of end-users/personas to adopt, 
in the long-term, a more healthy and energy-conscious behaviour. 
 
SSO: 
The Smart and Sustainable Offices project aims to test the relationships between indoor 
environmental quality (IEQ) with well-being performance in a real-office scenario, by carrying out 
empirical study in real-life living lab conditions. It has some clear contributions, since it goes further 
in the aspect of linking innovative and sustainable building systems and technologies with 
improved indoor environmental quality by taking into account the human factor at work: the office 
users. It aims at establishing a correlation between indoor environment quality (IEQ) and health, 
well-being, and productivity. Simultaneously, its purpose lies in decoupling the comfort due to 
improvement of IEQ conditions from energy consumption by looking at psychological 
determinants of the office users’ energy-relevant behaviors that impact energy consumption in 
the office buildings, triggering both environmental and economic benefits for the organization. 
Five different office buildings were monitored including 3 offices of medium size (15 offices in 
total). Monitoring was conducted in three different phases: the first measurement was conducted 
in winter 2014/2015 and was considered as a pilot measurement in order to validate the set of 
protocols which were going to be used for obtaining data about IEQ parameters and energy 
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consumptions in the buildings as well as data about health, subjective well-being and performance 
of employees (buildings’ occupants). After this pilot measurement, two more measurements, 
using validated protocols, were carried out in winter (Winter Pilot) and summer (Summer Pilot) in 
order to collect proper data.   
 
ProGETone: 
ProGETonE develops and proves an integrated approach to tackle two important needs in existing 
buildings: safety upgrades to face future earthquakes in seismic zones and nearly zero energy 
consumption to be aligned with EU climate change reduction targets. Residents in two pilot sites 
in Greece and the Netherlands will be involved in the design and implementation process from the 
beginning to consider their views and motivations, so as to deliver satisfying renovations for them 
and spread them to other EU citizens. ProGETonE solutions are proposed for 4 case studies 
(Greece, Italy, Romania and The Netherlands). The project covers the development of feasibility 
studies for the cases in Greece, Italy and Romania, whereas for the case in Groningen only the 
structural study is undergone within project activities. In addition, the case in Athens will be fully 
implemented at real scale for demonstration purposes.  
The monitoring process was designed based on the ASHRAE Guideline 14 on Measurement of 
Energy and Demand Savings, a protocol which was designed for the following six performance 
categories: energy use, water use, thermal comfort, indoor air quality, lighting, and acoustics, 
measuring post-retrofit energy use and comparing that to the measured pre-retrofit use, which 
will take place after the construction is finished. The main goal of the investigation was to assess 
and compare the performance of the building before and after retrofit. 

 
M&V-Net-ZEBs : 
In October 2008, the IEA had approved the creation of a new five-year (to September 2013) 
international collaborative research initiative (Project SHC/ECBCS) between the Solar Heating and 
Cooling (SHC) and the Energy Conservation in Buildings and Community Systems (ECBCS) 
Implementing Agreements entitled “Towards Net-Zero Energy Solar Buildings”. The main aim of 
this Task 40/Annex 52 work is to study current net-zero, near net-zero and very low energy 
buildings and to develop a common understanding, a harmonized international definitions 
framework, tools, innovative solutions and industry guidelines. During the project, they adopted 
an adapted protocol focused on the energy performance and indoor environmental condition of a 
NZEB. It is derived by the whole building monitoring approach of the IPMVP. 

 
GSEP Energy Management Working Group - M&V Task Force: 
On July 20, 2010, at the Clean Energy Ministerial (CEM) in Washington, DC, government and 
corporate leaders announced a new initiative to accelerate energy efficiency improvements 
throughout industrial facilities and large buildings. The purpose of this initiative, called the Global 
Superior Energy Performance Partnership (GSEP), is to significantly cut global energy use by: 
Encouraging industrial facilities and commercial buildings to pursue continuous improvements in 
energy efficiency; Promoting public-private partnerships for cooperation on specific technologies 
or in individual energy-intensive sectors.  
In August 2014, they published a report about measurement and verification (M&V) of energy 
performance. This document seeks to provide assistance and guidance to global M&V 
practitioners, resulting in increased stakeholder confidence in M&V data quality and more 
informed decision making when analyzing and interpreting measured or derived M&V data 

 
TripleA-reno: 
The TripleA-reno project is focused on overcoming market barriers for deep renovation. The 
overall aim is to make acceptance and decision making on deep and nZE renovation attractive for 
consumers and end-users. TripleA-reno achieves this aim by developing an open end-user centred 
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gamified platform. Demonstrating the benefits and evidence-based solutions in live demonstration 
cases is the objective of WP5. WP5 “Demonstration and validation of methodologies” is specifically 
focused on the practical applications of this open gamified platform, the tools, apps and 
information/communication services, the demonstration of their usefulness, validity and 
practicability in real environments. The methodologies, tools, business and exploitation models 
will be demonstrated in real life operating conditions, in seven cases with following main 
objectives: 
1) The demonstration and the illustration of the approach and methodologies that are used to 
develop the ICT-tools and services by: 
a) The demonstration and evaluation of the open gamified platform during a decision-making 
process and/or for interactive following of overall performances (energy, IEQ and health) including 
end-oriented communication after renovation. 
b) The validation of tools, services and measurements 
c) The improvement and optimization of the platform, tools and services 
2) The demonstration and validation of the usefulness and acceptance of the platform, tools and 
services 
3) The demonstration of the additional value of offering combined decision tools, information 
services and community building. 
Each demonstration will address at least one specific theme. For each case, a basic monitoring/ 
information campaign will be devised, and specific campaigns and validations can be added during 
the project duration. Finally, the results of the validation will be used for further 
recommendations, especially on how to take into account ‘soft measures’ in energy performance 
regulations 
 
ASHRAE Guideline 14: Measurement of Energy and Demand Savings 
Guideline 14 was developed by ASHRAE to fill a need for a standardized set of energy (and demand) 
savings calculation procedures. The intent is to provide guidance on minimum acceptable levels of 
performance for determining energy and demand savings, using measurements, in commercial 
transactions. Note that it is entirely possible to have a sale/ purchase, lease, or other arrangement 
for energy-efficient equipment that does not involve measurements. However, if the savings 
determination is to be based on measurements, certain minimum requirements are necessary in 
order to avoid a process that appears to be based on actual savings but might be highly inaccurate, 
biased, or random. Other applications of ASHRAE Guideline 14 may include documenting energy 
savings for various credit programs, e.g., emission reduction credits associated with energy 
efficiency activities. Determining savings with measurements in accordance with this guideline 
involves measuring post-retrofit energy use and comparing that to the measured pre-retrofit use, 
adjusted or normalized, to act as a proxy for the conditions that would have prevailed had the 
retrofit not been performed. 
 
HERB - Holistic energy-efficient retrofitting of residential buildings: 
The Herb Project in the frame of HORIZON 2020 has been aimed at the creation of a framework of 
demonstration and dissemination of very innovative and cost-effective energy efficiency 
technologies for the achievement of very low energy new buildings creation. 
Several case studies have been developed such as the refurbishment of a 7 story social housing 
apartment building in Athens. Also in this case a protocol has been followed for the measurements. 
Different types of sensors have been installed in all dwellings in order to monitor different rooms 
and parameters. The following investigations have been done: 
Infrared thermography The infrared thermography has been used in order to detect potential 
problems on the building envelope (i.e., missing or damaged thermal insulation, thermal bridges, 
air leakages and vapor condensation).  The measurements have been performed during several 
days representing cold, warm and temperate weather conditions.  
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Air-tightness & ventilation rates testing In order to determine the airtightness and ventilation rates 
of the building. three apartments were chosen where measurements on these have been 
conducted twice during the experimental period. More specifically, the blower door method was 
used to estimate the air tightness of the building in accordance with EN 13829 (2001). To evaluate 
the indoor air quality under conditions of natural ventilation, the air change rate has been 
determined through standard tracer gas measurement. 
Energy use Smart meters have been installed in almost all the apartments. Energy Management 
Modules (EMM by Ether) have been used; these are electronic devices that record the energy 
consumption (electricity) and max power of electric energy and the indoor temperature with 
intervals of 15 minutes. 
Building environmental parameters (including thermal comfort and IAQ conditions). In order to 
assess the thermal comfort conditions inside the apartments, the following parameters have been 
monitored: air temperature, relative humidity, mean radiant temperature and air velocity. 
Measurements have been taken every 15 minutes on a continuous basis during the experimental 
period. The mean radiant temperature has been measured using a black-globe thermometer 
(Delta Ohm) and air velocity has been measured using an air velocity meter. These measurements 
have been done on selected dates representing hot, cold and temperate conditions during the pre 
retrofitting experimental period and in several apartments. Moreover, the indoor air quality has 
been assessed inside the apartments by measuring the concentration of CO2, VOCs and PMx. 
Concentration levels of volatile organic compounds (VOC) and carbon dioxide (CO2) have been 
surveyed with IAQ stations which record values every 15 min. Furthermore, the concentration of 
PM10, PM5, PM2.5, PM1, PM0.5, was conducted by a portable instrument for 10 minutes in each 
apartment with a 20s step. The concentration outside the apartment was also measured. 
Meteorological parameters A meteorological station measuring air temperature and relative 
humidity on a continuous basis has been installed outside the building. In addition the following 
meteorological parameters have been recorded from nearby stations of the National Observatory 
of Athens, on an hourly basis: Air temperature, Relative humidity, Wind direction and wind speed, 
Precipitation, Diffuse and total solar radiation, Air pressure. 
Lighting measurements The lighting parameters that have been recorded in indicative apartments 
of the Greek demonstration house are the Interior horizontal illuminance (lux) and the Exterior 
horizontal illuminance (lux). 
 
IPMS – International Property Measurements Standards: Residential Buildings: 
This standard is a shared international standard for property measurement developed by IPMS 
Coalition. The International Property Measurement Standards Coalition (IPMSC) is a group of more 
than 80 professional and not-for-profit organisations from around the world, working together to 
develop and implement international standards for measuring property.  The way property assets 
are measured varies dramatically from some parts of the world to others, and it makes it difficult 
for property users, investors, occupiers and developers to accurately compare space. Research by 
global property firm JLL shows that, depending on the method used, a property’s floor area can 
deviate by as much as 24%. So the main aim of IPMS is to ensure that property assets are measured 
in a consistent way, creating a more transparent marketplace, greater public trust, stronger 
investor confidence, and increased market stability. 
 

2.2 Detailed description of monitoring protocols: 
Below is a detailed analysis of the protocols briefly introduced in the previous section. In order to 
systematize the relevant information of each of the protocols, guides and methodologies collected, a 
template was developed with the most relevant aspects to be covered by a monitoring protocol. 
 

1 Beem-Up Common guideline for the monitoring program 
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Scope Target Year Adapted from? 

EU social housing 2013 IPMVP 

Source 

Project/ Org 
BEEM-UP - Building Energy Efficiency for Massive market Uptake 

EeB-ENERGY-2010.8.1-2 - ENER/FP7/260039/BEEMUP 

Author (country) Acciona - project leader (ES) – Nobatek – deliverable leader (FR) 

Links 
https://cordis.europa.eu/project/rcn/103631/factsheet/en 

http://s15723044.onlinehome-server.info/beemup/index.php 

Mandatory in - 

Publications   

Other   

Steps 

Site analysis 

☒Initial Visit:   

☒Characterization: systems; components; morphology 

Other: 

Study areas selection 

☒Selection criteria:   

☒Characterization: 
whole building; residential unit (number); room 
(which) 

☒Communication:   

Other: 

Info & awareness 
☐Campaigns:   

Other: 

Planning 

☒Timeline: 
time period for the baseline (1 year or a cold and a 
warm period); time period for the reporting 

☒Tasks:   

☒Responsible: site specific/ monitoring/ coordinator 

Other: 

Data collected 

☒Energy: 

per source & application 

energy generation per source 

energy price 

☒IEQ: temp, RH, CO2, lum 

☒OEQ: temp, RH, wind, sun 

☐HWB:   

☒Behaviour: presence 

Other: 

Equipment 

☒proposal:   

☒validation:   

☒preparation:   

☒installation:   

☒maintenance:   

☐packing:   
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Other: 

Monitoring 
campaigns 

☐Measurements:    

☐Questionnaires:   

☒Data recording:   

☒Data sharing:   

☒Data analysis: Regression analysis; Indicators; scenarios 

Other: 

Feedback 

☐Interviews:   

☐Focus groups:   

☐Questionnaires:   

Other: 

Reporting 

☒Local Reporting: participants 

☒Project reporting: Partners; diffusion 

☒Format: concerto; template 

☒Contents: 
measures implemented; impact; discrepancies; 
lessons learnt & conclusions 

☒Frequency:   

Other: 

Quality Assurance 

☐Data validation:   

☒Follow-up: Forms 

☒Data management: double saving 

Other: periodic validation of stored data 

Other   

Measurements 

Help  

Number/ Location at least 1 per residential unit 

Frequency 5min to 1 hour 

Requirements 

☐Precision:   

☐Accuracy:   

☐Resolution:   

☐Range:   

Other: 

Tools 

☐Observation:   

☒Interviews:   

☐Checklists:   

☒Forms:   

☒Bills:   

☒Simulations:   

☒Sensors:   

Other: 

Proposed tools ☐Energy:   
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☐IEQ:   

☐OEQ:   

☐HWB:   

☐Behaviour:   

Other: 

Other  

Analysis 

Techniques regression 

Indicators 

☒Energy: 
energy consumption; energy savings; greenhouse 
gases emissions 

☒IEQ: comfort level (hours outside comfort/year) 

☐OEQ:   

☐HWB:   

☒Behaviour: 
user behaviour (heating use; lightning use; windows 
use; occupation use) 

Other: 

Recommendations According to pre-set scenarios: winter, mid-season, summer 

Other  

Other 
  

 

2 A standardized EPA protocol for characterizing IAQ in large office 
buildings 

Scope Target Year Adapted from? 

US large office buildings 2003 

L. Sheldon, R. Fortman, 
Research Triangle 

Institute, EPA Large 
Building Studies 

Integrated. Protocol, 
dated March 3, 1993, 

Source 

Project/ Org 
  

  

Author (country) United States Environmental Protection Agency 

Links 
https://www.epa.gov/indoor-air-quality-iaq  

  

Mandatory in - 

Publications   

Other   

Steps 

Site analysis 

☒Initial Visit:   

☒Characterization: 
Building (space use, occupancy, climate and site, 
building and HVAC equipment, building envelope, 
potential pollutant sources.) 
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Other: Building Description checklist, and Source Information Checklist  are filled in. 

Study areas selection 

☒Selection criteria: 
working spaces with more than 50% of the area 
occupied full time during normal work activity 

☒Characterization: 
necessary and preferred criteria based on number of 
occupants, air supply units, space, area 

☐Communication:   

Other: 

Info & awareness 
☐Campaigns:   

Other: 

Planning 

☒Timeline: one-week period 

☒Tasks:   

☒Responsible: 

field technicians/analysis technicians/field team 
leader/analysis team leader/Data management 
specialist/QA officer/study team leader/program 
manager 

Other: 

Data collected 

☐Energy: 

  

  

  

☒IEQ: 
temp, RH, CO2, sound, lum, pollutants (CO, 
PM2.5,PM10, VOC, form; bioaerosols; radon; 
biological agents), HVAC measurements,  

☒OEQ: 

temp, RH, CO, CO2, dew point. 
(Wind direction, wind speed, ambient temperature, 
ambient relative humidity, precipitation, and solar 
radiation, will be collected from the local National 
Weather Service) 

☒HWB: Users questionnaires 

☐Behaviour:   

Other: Monitoring Period Observations Checklist related to odors, noise, 
housekingg and pollutant sources. 

Equipment 

☒proposal:   

☒validation:   

☒preparation:   

☒installation:   

☒maintenance:   

☒packing:   

Other: 

Monitoring 
campaigns 

☒Measurements:    

☒Questionnaires:   

☒Data recording:   

☐Data sharing:   

☐Data analysis:   
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Other:Data management, data reduction, and data validation 

Feedback 

☐Interviews:   

☐Focus groups:   

☒Questionnaires:   

Other: 

Reporting 

☐Local Reporting:   

☐Project reporting:   

☐Format:   

☐Contents:   

☐Frequency:   

Other: 

Quality Assurance 

☒Data validation: 
Reasonableness Checks and Criteria for Validating 
Data 

☐Follow-up:   

☒Data management: 
Several samples/electronic and hard copy data . 
Double saving (backup copies) 

Other: Research Organization Quality Assurance Officer and Study Team Leader will 
ensure the validity, completeness, reasonableness, and appropriate formatting of 
the entire data set. 

Other   

Measurements 

Help  

Number/ Location Random selection process based on 5x5m tiles. Study areas include three fixed 
indoor locations, one outdoor location and five mobile indoor monitoring locations. 

Frequency Depending on the parameter. Fixed-Site Continuous monitoring using five minutes 
averages. 

Requirements 

☒Precision: Values depending on the parameter. 

☒Accuracy: Values depending on the parameter. 

☒Resolution: Values depending on the parameter. 

☒Range: Values depending on the parameter. 

Other: 

Tools 

☒Observation:   

☐Interviews:   

☒Checklists:   

☒Forms:   

☐Bills:   

☐Simulations:   

☒Sensors:   

Other: Questionnaires, Samples  

Proposed tools 

☐Energy:   

☒IEQ: Samples, Sensors, Forms, Checklists, Observation 

☒OEQ: Samples, Sensors, Forms, other resources 

☒HWB: Questionnaires 
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☐Behaviour:   

Other: 

Other  

Analysis 

Techniques  

Indicators 

☐Energy:   

☐IEQ:   

☐OEQ:   

☐HWB:   

☐Behaviour:   

Other: 

Recommendations  

Other  

Other 
  

 
3 Level(s) framework 

Scope Target Year Adapted from? 

EU office and residential buildings 2017   

Source 

Project/ Org 
European Commission, Joint Research Centre, Directorate B - Growth and 
Innovation. 
  

Author (country)  European Commission.  Collaborators: Skanska, Saint Gobain, Sustainable 
Construction Alliance (SBA) 

Links 
https://ec.europa.eu/environment/eussd/buildings.htm 

  

Mandatory in   

Publications   

Other   

Steps 

Site analysis 

☐Initial Visit:   

☐Characterization:   

Other:  

Study areas selection 

☐Selection criteria:   

☐Characterization:   

☐Communication:   

Other: The object of a performance assessment is a building, including its 
foundations and all external works within the curtilage of the building site. 

Info & awareness 
☐Campaigns:   

Other: 
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Planning 

☐Timeline:   

☐Tasks:   

☐Responsible:   

Other: 

Data collected 

☒Energy: 

  

  

  

☒IEQ:   

☒OEQ:   

☒HWB:   

☒Behaviour: 
Recommendable for the understanding of 
occupancy patterns and user behaviour 

Other:  Depending on the indicator, and level of assessment, Level(s) framework 
refers to different available data sources 

Equipment 

☐proposal:   

☐validation:   

☐preparation:   

☐installation:   

☐maintenance:   

☐packing:   

Other: Although for each indicator, options for monitoring are specified, as well as 
reference standards, there is no reference to the equipment. 

Monitoring 
campaigns 

☐Measurements:    

☐Questionnaires:   

☐Data recording:   

☐Data sharing:   

☐Data analysis:   

Other:Although for each indicator, options for monitoring are specified, as well as 
reference standards, there is no reference to the monitoring campaigns. 

Feedback 

☐Interviews:   

☐Focus groups:   

☐Questionnaires:   

Other: 

Reporting 

☐Local Reporting:   

☐Project reporting:   

☒Format: 
Reporting formats are included in level(s) 
framework 

☒Contents: 
Contents to be included according to different 
assessment levels are defined and explained 

☐Frequency:   

Other:  

Quality Assurance ☐Data validation:   
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☐Follow-up:   

☐Data management:   

Other: Each of the indicators includes a final evaluation step for Property valuation 
influence (on a market) and reliability rating of the performance assessment. 

Other   

Measurements 

Help  

Number/ Location  

Frequency  

Requirements 

☐Precision:   

☐Accuracy:   

☐Resolution:   

☐Range:   

Other: 

Tools 

☐Observation:   

☐Interviews:   

☐Checklists:   

☐Forms:   

☐Bills:   

☐Simulations:   

☐Sensors:   

Other:   

Proposed tools 

☐Energy:   

☐IEQ:   

☐OEQ:   

☐HWB:   

☐Behaviour:   

Other: 

Other 
For each indicator, options for monitoring are specified, as well as reference 
standards. This not only includes a traditional focus on energy and water 
consumption, but also the building materials used and their cost. 

Analysis 

Techniques 
Depending on the assessment level, use stage and foreseen scenario (in the case 
that the indicator analysis refers to LCA of the building), Level(s) framework leads to 
different reference standards, tools or methods. 

Indicators 

☒Energy: 
Use stage energy performance: Primary energy 
demand, Delivered energy demand 

☒IEQ: indoor air quality 

☐OEQ:   

☒HWB: time outside of thermal comfort range 

☐Behaviour:   
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Other: Resource efficient and circular material life cycles : Building bill of materials 
(BoM), Life span, adaptability and deconstruction, construction and demolition 
waste. Efficient use of water resources: use stage water consumption. Adaptation 
and resilience to climate change. Optimised life cycle cost and value: Indicator of life 
cycle costs, Indicator of value creation and risk factors. Cradle to cradle Life Cycle 
Assessment (LCA). 

Recommendations  

Other  

Other 
  

 
4 BRITA in PuBs - Monitoring Guidelines for Energy Efficient Buildings 

Scope Target Year Adapted from? 

EU PUBLIC buildings 2004-2008   

Source 

Project/ Org 
Bringing Retrofit Innovation to Application in Public Buildings - BRITA in PuBs 

 EU 6th Framework Programme (FP6-SUSTDEV) 

Author (country)   

Links 
http://www.brita-in-pubs.eu/  

http://www.brita-in-
pubs.eu/toolbox/Monitoring_files/Monitoring%20Guidelines.pdf 

Mandatory in - 

Publications   

Other   

Steps 

Site analysis 

☐Initial Visit:   

☐Characterization:   

Other:  This step is not mentioned 

Study areas 
selection 

☐Selection criteria:   

☐Characterization:   

☐Communication:   

Other: Some general recommendations on the parameters to be measured are given 
depending on the configuration of the building and the spaces. 

Info & awareness 
☐Campaigns:   

Other: 

Planning 

☒Timeline: 
One year (one-two weeks during significant 
periods: midsummer, midwinter, border periods) 

☐Tasks:   

☐Responsible:   
Other: Minimum requirements for appropriate monitoring duration and logging 
intervals are set depending on the monitoring purposes (certification, 
commissioning, demonstration). 

Data collected ☒Energy: Thermal (temp drop, flows, fuel) 
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Electricity (Heating/cooling, Ventilation, pumps, 
lighting, operating time for fans and pumps) 

Renewable(Temp drop, flows, electricity) 

☒IEQ: 

temp (room temp, vert temp difference, surface 
temp, radiant temp asymmetry, operative temp), 
RH, Local air velocity, CO2, lum, pollutants (CO, 
PM2.5,PM10, VOC, form)  

☒OEQ: 
Wind direction, wind speed, ambient temperature, 
ambient relative humidity, solar radiation, 
atmospheric pressure. 

☐HWB: 
Thermal comfort based on data analysis, through 
cumulative frequency curves of air temp. 

☐Behaviour:   
Other: Water consumption (water flows). The parameters recommended to be 
monitored depends on the monitoring purposes (certification, commissioning, 
demonstration). 

Equipment 

☐proposal:   

☐validation:   

☐preparation:   

☐installation:   

☐maintenance:   

☐packing:   

Other: 

Monitoring 
campaigns 

☒Measurements:    

☐Questionnaires:   

☒Data recording:   

☐Data sharing:   

☒Data analysis: 
Local weather, energy consumption, thermal 
comfort (cumulative frequency curves of air temp), 
multicriteria analysis 

Other: 

Feedback 

☐Interviews:   

☐Focus groups:   

☐Questionnaires:   

Other: 

Reporting 

☐Local Reporting:   

☐Project reporting:   

☐Format:   

☐Contents:   

☐Frequency:   

Other: 

Quality Assurance 

☐Data validation:   

☐Follow-up:   

☐Data management:   
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Other:  

Other   

Measurements 

Help  

Number/ Location Some general recommendations are given depending on the configuration of the 
building and the spaces/rooms and the parameters to be measured. 

Frequency 
Minimum requirements for appropriate monitoring duration, reading intervals and 
logging intervals are set depending on the monitoring purposes (certification, 
commissioning, demonstration). 

Requirements 

☐Precision:   

☐Accuracy:   

☐Resolution:   

☐Range:   

Other: 

Tools 

☒Observation: 
Periodicals readings of meters (electricity, gas, 
water) 

☐Interviews:   

☐Checklists:   

☐Forms:   

☐Bills:   

☐Simulations:   

☒Sensors:   

Other:  

Proposed tools 

☐Energy:   

☐IEQ:   

☐OEQ:   

☐HWB:   

☐Behaviour:   

Other: 

Other Two main typologies of measurement campaigns are distinguished: continuous and 
spot campaigns. 

Analysis 

Techniques  

Indicators 

☒Energy: energy consumption 

☒IEQ: 
thermal comfort (cumulative frequency curves of 
air temp) 

☒OEQ: Local weather 

☒HWB: 
thermal comfort (cumulative frequency curves of 
air temp) 

☐Behaviour:   

Other: multicriteria analysis (overall performance function) 

Recommendations  

Other  
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Other 
  

 

5 
enCOMPASS - Definition of the baselines of the pilots and the action 
plan for community engagement, technical deployment, feedback 
gathering and KPI validation 

Scope Target Year Adapted from? 

EU residential, schools and 
offices 

2017 eeMeasure 

Source 

Project/ Org 
enCOMPASS - Collaborative Recommendations and Adaptive Control for 
Personalised Energy Saving 
H2020-EE-07-2016-2017 Behavioral change toward energy efficiency through ICT 

Author (country) enCOMPASS consortium (EU) 

Links 
http://www.encompass-project.eu/ 

  

Mandatory in - 

Publications   

Other   

Steps 

Site analysis 

☐Initial Visit:   

☐Characterization:   

Other:  

Study areas selection 

☒Selection criteria: 

Initial pilots in the project were selected according to 
different urban contexts. (local, small and large 
urban). (100 households/1 school/1 public building - 
per urban context [country]) 

☒Characterization: 
Households  stratified by the following parameters: 
 Size, Type of house, Type of heating, Type of hot 
water boiler 

☒Communication: 

During recruitment activities, the energy utilities 
communicate with their customers (either by 
standard mail or by email), inviting them to join the 
trial phase. 

Other: All the buildings included in the pilot experience had smart energy meters 
installed beforehand or were installed before starting the pilot experience and 
monitoring the buildings. In the case of residential buildings two sample groups 
(intervention/control) were created. 

Info & awareness 
☐Campaigns:   

Other: 

Planning 

☒Timeline: 
Adapted according to the use and periods of 
occupation of the building 

☐Tasks:   

☐Responsible:   

Other: 
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Data collected 

☒Energy: 

Electricity consumption 

  

  

☒IEQ: temperature, humidity, luminance. 

☒OEQ: temperature, humidity, luminance. 

☐HWB:   

☒Behaviour: attitudes and perception 

Other: Presence (true/false) , door/window status (open/close) 

Equipment 

☐proposal:   

☐validation:   

☐preparation:   

☐installation:   

☐maintenance:   

☐packing:   

Other: Smart sensors requirement specifications in D2.1 (not public) 

Monitoring 
campaigns 

☒Measurements:    

☒Questionnaires:   

☒Data recording:   

☐Data sharing:   

☒Data analysis: eeMeasure methodology  

Other: 

Feedback 

☒Interviews:   

☒Focus groups:   

☒Questionnaires:   

Other: 

Reporting 

☐Local Reporting:   

☐Project reporting:   

☐Format:   

☐Contents:   

☐Frequency:   

Other:  

Quality Assurance 

☐Data validation:   

☐Follow-up:   

☐Data management:   

Other:  

Other   

Measurements 

Help  

Number/ Location  

Frequency Depending on the parameter/meters pre-installed. 



                                                                                                                             
 

H2020 DRIVE 0_841850_WP4_D4.1                                                  25 
 

Requirements 

☐Precision:   

☐Accuracy:   

☐Resolution:   

☐Range:   

Other: 

Tools 

☐Observation:   

☒Interviews:   

☒Checklists:   

☒Forms:   

☒Bills: 
Electric Energy Consumption obtained through smart 
meters from utilities 

☐Simulations:   

☒Sensors:   

Other: Questionnaires, Samples 

Proposed tools 

☒Energy: Smart meters 

☒IEQ: Sensors 

☒OEQ: Sensors, other sources 

☐HWB:   

☒Behaviour: Questionnaires, focus groups, interviews 

Other: 

Other  

Analysis 

Techniques Regression techniques (public buildings), differences between intervention/control 
group (residential) 

Indicators 

☒Energy: 
KPIs related to energy consumption :Energy savings & 
CO2 emissions savings 

☐IEQ:   

☐OEQ:   

☐HWB:   

☒Behaviour: 

KPIs related to energy consumption awareness, 
knowledge, and intention to save energy (User 
awareness of energy consumption/User knowledge of 
energy saving actions/Perceived impact of 
enCOMPASS system on intention to save 
energy/Perceived impact of individual elements on 
user intention to save energy) 
KPIs related to usability and comprehension of energy 
consumption information, comfort level and 
recommendations for actions (Usability of the energy 
visualisation for consumers/User experience of the 
energy visualisation/User awareness of energy 
consumption/User comprehension of personal energy 
consumption/User satisfaction with in-door comfort 
level during usage of enCOMPASS/Perceived 
usefulness of context-based recommendations for 
energy saving) 
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Other: 

Recommendations  

Other 
KPIs related to exploitation (Cost-effectiveness of the enCOMPASS system – ROI 
/Open APIs for reuse of the enCOMPASS platform by third parties/Number of 
datasets published as open data) 

Other 

The information related to the methodology followed in the project is disseminated in the different project 
reports and deliverables. 

 
6 IPMVP - International Performance Measurement & Verification Protocol 

Scope Target Year Adapted from? 

International 
all kind of facilities, 

including buildings and 
industrial processes 

2016+ADDENDUM 2018   

Source 

Project/ Org 
Efficiency Valuation Organization (EVO) 

EVO 10000 - 1:2016 

Author (country)   

Links 
www.evo-world.org 

  
Mandatory in - 

Publications   

Other   

Steps 

Site analysis 

☐Initial Visit:   

☒Characterization: 

M&V Plan should provide an overall description of the 
facility and the proposed project along with the list of 
all the measures that are included as part of the 
energy efficiency project 

Other:  

Study areas selection 

☒Selection criteria: 

Depending on the Energy Conservation Measures to 
be implemented and the purpose of the reporting, the 
measurement boundary could be defined for the 
entire facility or a portion (some equipment).  

☒Characterization: 

IPMVP provides four Options for determining savings 
(A, B, C and D).Choosing options involves many 
considerations including the location of the ECM 
measurement boundary 

☐Communication:   
Other: IPMVP four options involve different methods of calculating savings. 
A-Retrofit-isolation: Key Parameter Measurement 
B-Retrofit-Isolation: All Parameter Measurement 
C-Whole Facility 
D-Calibrated Simulation 

Info & awareness ☐Campaigns:   
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Other: Info and awareness are actions out of the scope of this protocol. 

Planning 

☒Timeline: 
The protocol includes the issues to be considered to 
define and select the measurement period.  

☐Tasks:   

☒Responsible: 
The protocol establishes that the plan should assign 
responsibilities for collecting, analyzing, archiving and 
reporting the data. 

Other:  

Data collected 

☒Energy: 
The main scope of action of IPMVP protocol is  energy 

and/or water consumption and demand. 

☒IEQ: 
Some parameters could be measured, depending on 
the selected protocol option, and if that parameter is 
a variable that affects energy consumption. 

☒OEQ: 
Some parameters could be measured, depending on 
the selected protocol option, and if that parameter is 
a variable that affects energy consumption. 

☐HWB:   

☒Behaviour: 
Some parameters could be measured, depending on 
the selected protocol option, and if that parameter is 
a variable that affects energy consumption. 

Other:  Water consumption.  

Equipment 

☐proposal:   

☐validation:   

☐preparation:   

☐installation:   

☐maintenance:   

☐packing:   
Other: The plan should specify the metering points that will be used to gather M&V 
data that includes both spot and continuous metering. For non-utility meters, the 
M&V Plan should specify: 
» Meter - type, make, model and characteristics, » Meter specifications including 
accuracy and precision, » Meter reading and witnessing protocol, » Meter 
commissioning procedure, » Calibration procedure/process, » Method of dealing 
with lost data and data transfer 

Monitoring 
campaigns 

☐Measurements:    

☐Questionnaires:   

☐Data recording:   

☐Data sharing:   

☐Data analysis:   

Other: The M&V Plan should include the expected accuracy associated with the 
measurement, data capture, sampling and data analysis. 
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Feedback 

☐Interviews:   

☐Focus groups:   

☐Questionnaires:   

Other: 

Reporting 

☐Local Reporting:   

☒Project reporting: 
The protocol includes the minimum information that it 
should include 

☒Format: 
The plan should specify how results will be reported 
and documented for each of the Reporting periods 
including the frequency of reporting 

☐Contents:   

☒Frequency: Variable, should be defined in the M&V plan 
Other: The reporting period is a selected interval for evaluating and quantifying the 
post-installation performance of the measure. The M&V Plan shall identify the 
reporting periods for which the measure or a project is being evaluated. This may 
be for a short period of time right after the installation of the measure to ensure 
that the measure is performing as intended or it could be a longer time at periodic 
intervals such as a year, multiple years, or other time periods. 

Quality Assurance 

☐Data validation:   

☐Follow-up:   

☐Data management:   
Other: The M&V Plan should include quality-assurance procedures and processes 
that will be used for the baseline and post-retrofit M&V data collection, 
calculations, saving reports and any interim steps in preparing reports. Quality 
assurance should include inspections at regular frequencies to ensure that the 
measure and equipment continue to be operated per the contract. 

Other   

Measurements 

Help  

Number/ Location Will be defined in the M&V plan, it will depend on the IPMVP option considered. 

Frequency Measurement frequency ranges will depend on the IPMVP option considered. It will 
be defined in the M&V plan. 

Requirements 

☒Precision: 
The M&V Plan should include the expected precision 
of meters 

☒Accuracy: 
The M&V Plan should include the expected accuracy 
associated with the measurement, data capture, 
sampling and data analysis. 

☐Resolution:   

☐Range:   
Other:The plan should specify the metering points that will be used to gather M&V 
data that includes both spot and continuous metering. For non-utility meters, the 
M&V Plan should specify: 
» Meter - type, make, model and characteristics, » Meter specifications including 
accuracy and precision, » Meter reading and witnessing protocol, » Meter 
commissioning procedure, » Calibration procedure/process, » Method of dealing 
with lost data and data transfer 

Tools ☒Observation:   
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☐Interviews:   

☐Checklists:   

☐Forms:   

☒Bills:   

☒Simulations:   

☒Sensors:   

Other: The tools used will depend on the IPMVP considered. The tools used will be 
defined in the M&V plan draft. 

Proposed tools 

☐Energy:   

☐IEQ:   

☐OEQ:   

☐HWB:   

☐Behaviour:   

Other: The proposed tools depend on the IPMVP option (A,B,C,D).  

Other  

Analysis 

Techniques 

The M&V Plan needs to specify data analysis procedures, model descriptions and 
assumptions that are used to calculate savings for each of the reporting periods. 
For each model used, identify and define all independent variables, dependent 
variables, and other model-related terms. Report all coefficients, constants, 
statistical metrics (CV{RMSE}, MBE, R2, t-statistic, etc.) or other model elements or 
terms. Report the range of independent variables over which the models are valid. 

Indicators 

☐Energy:   

☐IEQ:   

☐OEQ:   

☐HWB:   

☐Behaviour:   

Other: 

Recommendations  

Other  

Other 
  

 
7 MOBISTYLE protocol 

Scope Target Year Adapted from? 

EU all buildings 2017   

Source 

Project/ Org 
MOBISTYLE - MOtivating end-users Behavioral change by combined ICT based 
modular Information on energy use, indoor environment, health and lifeSTYLE 

H2020-EE-07-2016-201/723032/MOBISTYLE 

Author (country) Huygen - project leader (NL) – POLITO – deliverable leader (IT) 

Links 
https://www.mobistyle-project.eu/ 

https://cordis.europa.eu/project/id/723032 
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Mandatory in - 

Publications   

Other   

Steps 

Site analysis 

☐Initial Visit:   

☒Characterization: 

Building’s uses and typologies, its functional zones, 
systems (space heating, space cooling, domestic hot 
water production, ventilation, and electricity), the 
Occupancy rate, and presence of existing energy, 
IEQ, behaviour (occupancy) monitoring system. 
Plant systems, generic information (i.e. system 
typology, generator type, nominal capacity of the 
generator), and specific distribution and operational 
data (i.e. system distribution typology, terminal 
devices type, presence of heat metering systems, 
operative months of the cooling/heating system) 

Other: To perform this activity and gather quantitative data, a detailed template 
was developed. 

Study areas selection 

☐Selection criteria:   

☐Characterization:   

☐Communication:   

Other: Building’s functional zones are identified at the collection of informational 
data of case studies stage 

Info & awareness 
☒Campaigns:   

Other: Uniform awareness campaign with tailored communication to the user. 
Fields addressed: Energy, Health, IEQ. 

Planning 

☐Timeline:   

☒Tasks:   

☐Responsible:   
Other: The methodological framework includes the following steps:  
- an accurate analysis of the building characteristics and environments, 
- the definition of parameters to be monitored and related data collection features, 
- the definition of KPIs (energy, IEQ and health), 
-  the definition of data analysis approaches for transforming monitored data into 
KPIs, and 
 - the definition of awareness strategies for transforming the KPIs into useful (and 
understandable) information for the end-users 

Data collected 

☒Energy: 

Natural gas, Heat, Cold, Electricity, Water: DHW and 
cold water 
  

  

☒IEQ: Temperature, RH, CO2 

☒OEQ: 
Temperature, RH, Solar radiation, Wind speed and 
direction 

☒HWB: 
Occupancy, Window and door openings, Thermostat 
adjustments, Light switching 

☒Behaviour: Skin temperature, Heart rate, Blood pressure 
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Other:  

Equipment 

☒proposal:   

☐validation:   

☐preparation:   

☐installation:   

☐maintenance:   

☐packing:   
Other: For each area of interest (energy, IEQ, health, outdoor, and occupant 
behaviour) an identified parameter is coupled with the sensor typology suitable for 
monitoring it. 

Monitoring 
campaigns 

☒Measurements:    

☒Questionnaires:   

☐Data recording:   

☐Data sharing:   

☒Data analysis: 
monitored data should be elaborated to arrive at a 
synthetic indicator, main formulas for transforming 
the raw data into KPIs are provided. 

Other: 

Feedback 

☐Interviews:   

☒Focus groups:   

☒Questionnaires:   

Other: 

Reporting 

☐Local Reporting:   

☐Project reporting:   

☐Format:   

☐Contents:   

☐Frequency:   
Other: This information is not detailed in the consulted document (D3.1 of 
MOBISTYLE project) 

Quality Assurance 

☐Data validation:   

☐Follow-up:   

☐Data management:   
Other: This information is not detailed in the consulted document (D3.1 of 
MOBISTYLE project) 

Other   

Measurements 

Help  

Number/ Location  

Frequency  

Requirements 

☐Precision:   

☐Accuracy:   

☐Resolution:   
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☐Range:   

Other: 

Tools 

☐Observation:   

☐Interviews:   

☐Checklists:   

☒Forms:   

☒Bills:   

☐Simulations:   

☒Sensors:   

Other: EMCSs, BEMS 

Proposed tools 

☐Energy: Bills, EMCSs, BEMS, sensors 

☒IEQ: Samples, Sensors 

☒OEQ: Samples, Sensors,weather stations 

☒HWB: Questionnaires 

☒Behaviour: Questionnaires 

Other: 

Other  

Analysis 

Techniques Main formulas (and units) for transforming the raw data into KPIs are provided. 

Indicators 

☒Energy: 

Primary energy consumption (EP), Emission of 
CO2,equivalent, Electricity consumption, Costs for 
electricity consumption, Electricity use ratio (EEUR), 
Normalized electricity use to occupant number, 
Natural gas consumption, Costs for natural gas 
consumption, Normalized natural gas use to 
occupant number, District heating consumption, 
Costs for district heating consumption, Normalized 
district heating use to occupant number, District 
cooling consumption, Costs for district cooling 
consumption, Normalized district cooling use to 
occupant number, Domestic water use, Specific 
domestic water use, Costs for domestic water use 

☒IEQ: 

PD based on ventilation rates, PD based on CO2, 
Indoor Air Quality category (human perception), 
Level of CO2, Level of Relative Humidity, Indoor Air 
Quality category (humidity), POR 

☐OEQ:   

☒HWB: 

Operative temperature, PMV, PPD, Thermal comfort 
category, Thermal comfort category (adaptive 
approach), Draught rate, POR 
Maintained luminance, UGR, Ra, Daylight 
distribution 
Mean arterial pressure (MAP), % of heart rate 
reserve (%HRR) 

☐Behaviour:   

Other: 

Recommendations  
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Other  

Other 
  

 
8 Smart and Sustainable Offices (SSO) protocols - BTA Flagship 

Scope Target Year Adapted from? 

EU Offices 2015   

Source 

Project/ Org 
Smart and Sustainable Offices (SSO) protocols - BTA Flagship  

Climate - KIC 

Author (country) Valencia Institute of Building (IVE) & IDOCAL -University of Valencia, in 
collaboration with Chalmers University of Technology 

Links 
  
https://www.climate-kic.org/success-stories/smart-sustainable-offices/ 

Mandatory in - 

Publications   

Other   

Steps 

Site analysis 

☐Initial Visit:   

☒Characterization: 

The building should host more than 3 offices, have an 
homogenous structure (e.g. in terms of building 
service systems) and be used as office building only. 
The building should be operational for at least one 
year (out of the commissioning phase). 

Other: During the energy measurement periods some energy consumptions can 
not be disaggregated, so in these cases energy modelling of offices are also carried 
out. For this reason some data is collected in advance (General building data, 
building construction elements and systems, type of ventilation systems, 
distribution and occupancy, lights systems, office equipment, etc..). 

Study areas selection 

☐Selection criteria:   

☐Characterization:   

☐Communication:   

Other:  

Info & awareness 
☐Campaigns:   

Other:  

Planning 

☒Timeline: 

Between 2 and 3 measurement periods were 
foreseen. A first period to validate protocols, the 
second before the intervention, the third after the 
intervention. 

☐Tasks:   

☐Responsible:   

Other:  

Data collected ☒Energy: Depending on the different devices: 
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Power Factor, Network tension, Current, Active 
Power, Reactive Power, Active Energy, Reactive 
Energy 
energy consumption (Kwh)/device 

☒IEQ: 
Air temperature, Globe temperature, Relative 
Humidity, air speed, noise level, illuminance, CO2, 
dust, VOCs, aerosols, speech intelligibility, NOx. 

☒OEQ: NOx, CO2, air temperature, relative humidity 

☒HWB: Subjective well-being, Orientation to happiness 

☒Behaviour: 
Employee performance, Sustainable behaviour of 
occupants 

Other: The study developed in the project tried to link innovative and sustainable 
building systems and technologies with improved indoor environmental quality, by 
taking into account the human factor at work (office employees), aiming at 
establishing a correlation between IEQ and health, well-being and productivity. 

Equipment 

☒proposal: 
Equipment used for the monitoring of energy 
consumption and IEQ is reported 

☐validation:   

☐preparation:   

☐installation:   

☐maintenance:   

☐packing:   

Other:  

Monitoring 
campaigns 

☒Measurements:  For energy and IEQ 

☒Questionnaires: For HWB and behaviour 

☐Data recording:   

☐Data sharing:   

☐Data analysis:   
Other: Focus groups (For HWB and behaviour). The purpose of focus groups was to 
get insight into the determinants of wellbeing and performance by identifying the 
perceptions, opinions, beliefs, and attitudes of employees towards their working 
environment, their reactions to it, as well as their ideas on how it could be 
improved. 

Feedback 

☐Interviews:   

☐Focus groups:   

☒Questionnaires: 
After the intervention employees are asked again 
about HWB and behaviour subjective perceptions 

Other: 

Reporting 

☐Local Reporting:   

☐Project reporting:   

☐Format:   

☐Contents:   

☐Frequency:   

Other:   
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Quality Assurance 

☐Data validation:   

☐Follow-up:   

☐Data management:   

Other:  

Other   

Measurements 

Help  

Number/ Location ? / If possible directly on vacant office workplaces (desks) or similar empty spaces 
close to employees. 

Frequency IEQ: 5 min granularity if possible. 2 types of measurements, spotty and time series 
(data loggers) depending on IEQ parameters and possibilities of measuring. 

Requirements 

☐Precision:   

☒Accuracy:   

☒Resolution:   

☒Range:   

Other: Depending on the measurements "tolerance" is also set. 

Tools 

☒Observation: 
Used in the measurement of HWB and performance 
subject percepcion 

☒Interviews: 
Used in the measurement of HWB and performance 
subject percepcion 

☐Checklists:   

☒Forms: 
Used in the measurement of HWB and performance 
subject percepcion 

☒Bills: Used in the measurement of energy 

☒Simulations: Used in the measurement of energy 

☒Sensors: Used in the measurement of IEQ/OEQ 

Other: Samples (in the case of VOCs measurement) 

Proposed tools 

☒Energy: Bills, sensors and simulation 

☒IEQ: Sensors and samples.  

☒OEQ: Sensors and samples. 

☒HWB: Questionnaires for subjective perception. 

☒Behaviour: 
Questionnaires for subjective perception of 
employees performance. 

Other: 

Other  

Analysis 

Techniques Not detailed 

Indicators 

☐Energy:   

☐IEQ:   

☐OEQ:   

☐HWB:   

☐Behaviour:   
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Other: 

Recommendations  

Other  

Other 
  

 
9 ProGETone Project monitoring 

Scope Target Year Adapted from? 
EU Student Housing 2017- 2021 ASHRAE Guideline 14 

Source 
Project/ Org Proactive synergy of inteGrated Efficient Technologies on buildings’ Envelopes 

Author (country) Task 8.1 National and Kapodistrian University of Athens 
Links https://cordis.europa.eu/project/rcn/211296/factsheet/en 

Mandatory in - 
Publications Deliverable 8.1 

Other  
Steps 

Site analysis 
☒Initial Visit:  
☒Characterization: systems; components; morphology 
Other: 

Study areas selection 

☒Selection criteria:  
☒Characterization: whole building 
☒Communication:  
Other: 

Info & awareness X Campaigns: Students campaigns on building retrofit 
Other: 

Planning 

☒Timeline: Indoor air quality monitoring = 1 year before retrofit, 
and after  
Electricity consumption Continuous for the whole 
period 
 

☒Tasks:  
☒Responsible: Monitoring WP Leader, also the owner of the building 
Other: 

Data collected 

☒Energy: Electricity consumption per floor and per rooms and 
overall 

☒IEQ: temp, RH, CO2, VOCs 
☒OEQ: temp, RH,  
☐HWB:  
☒Behaviour: Thermal behaviour of the building envelope, roof, 

bridges with the use of thermal camera 
Other: 

Equipment 

☒proposal:  
☒validation:  
☒preparation:  
☒installation:  
☒maintenance:  
☐packing:  
Other: 

Monitoring 
campaigns 

☐Measurements:  
☐Questionnaires:  
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Measurements 
Help  

Number/ Location For electricity central sensors, for IAQ 1 per floor 
Frequency  

Requirements ☐Precision:  
☐Accuracy:  
☐Resolution:  
☐Range:  
Other: 

Tools ☐Observation:  
  Interviews:  
☐Checklists:  
 Forms:  
☒Bills: When available  
☒Simulations: Model calibrated with the bills 
☒Sensors:  
Other: 

Proposed tools ☐Energy:  
☐IEQ:  
☐OEQ:  
☐HWB:  
☐Behaviour:  
Other: 

Other  
Analysis 

Techniques regression 
Indicators ☒Energy: energy consumption, greenhouse gases emissions 

☒IEQ: comfort level (hours outside comfort/year) 
☐OEQ:  
☐HWB:  
 Behaviour:  
Other: 
Energy signature /  

☒Data recording:  
☒Data sharing:  
☒Data analysis:  
Other: 

Feedback 

☐Interviews:  
☐Focus groups:  
☐Questionnaires:  
Other: 

Reporting 

 Local Reporting:  
☒Project reporting: From WP leader to the consortium 
☒Format: template 
☒Contents: measures implemented; impact; results  conclusions 
☒Frequency: Every 4 months 
Other: 

Quality Assurance 

☐Data validation:  
☒Follow-up:  
☒Data management: double saving 
Other: periodic validation of stored data 

Other  
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Thermal comfort 
Recommendations According to pre-set scenarios: at least 1 year of data 

Other  
Other 

 
 

10 M&V protocol for Net ZEB (A technical report of STA) 
Scope Target Year Adapted from? 

International Net ZEB buildings 2013 IPMVP 
Source 

Project/ Org 
International Energy Agency (IEA) Task 40 / Annex 52 - Subtask A 
  

Author (country) EURAC (Italy) 

Links 
https://task40.iea-shc.org/ 

https://task40.iea-shc.org/Data/Sites/1/publications/STA-MV-protocol-
for-Net-ZEBs-Final.pdf 

Mandatory in   
Publications   

Other ☒ 
Steps 

Site analysis 
☐Initial Visit:   
☒Characterization: Template for building data collection. 
Other:  

Study areas selection 

☒Selection criteria: 
Will depend on the aim of the study and other 
parameters. 

☒Characterization: 
Will depend on the aim of the study and other 
parameters. 

☐Communication:   
Other: The aim of this protocol is to compare design versus real performance of 
Net ZEB buildings or as a tool to further improve building performance. Study areas 
selection will depend on the aim of the study, the boundaries defined, etc. Besides, 
in the case of IEQ the study areas selection and characterization will depend also 
on the monitoring level applied. 

Info & awareness 
☐Campaigns:   
Other:  

Planning 

☐Timeline:   
☒Tasks:   
☐Responsible:   
Other:  

Data collected 

☒Energy: 
  
  
  

☒IEQ:   
☐OEQ:   
☒HWB: Perception of IEQ  
☐Behaviour:   
Other:  

Equipment ☒proposal: 
Energy: List of common sensors depending on the type 
of meter: electricity, gas, solid flow, liquid flow, heating 
and cooling. 



                                                                                                                             
 

H2020 DRIVE 0_841850_WP4_D4.1                                                  39 
 

IEQ: regarding measurement instruments refers to ISO 
7726 

☐validation:   
☐preparation:   
☐installation:   
☐maintenance: not addressed, not strictly relevant to Net ZEBs. 
☐packing:   
Other: Monitoring equipment or installation guidance, are not covered because 
they are not specific to Net ZEB. 

Monitoring campaigns 

☐Measurements:    
☐Questionnaires:   
☐Data recording:   
☐Data sharing:   
☐Data analysis:   
Other: 

Feedback 

☐Interviews:   
☐Focus groups:   
☐Questionnaires:   
Other: 

Reporting 

☐Local Reporting:   
☐Project reporting:   
☐Format:   

☒Contents: 
Organised in 3 sections (presentation of the building and 
its monitoring systems, results of current year, data for 
the overall monitoring campaign) 

☒Frequency: Annual reporting 
Other:  

Quality Assurance 

☐Data validation:   
☐Follow-up:   
☐Data management:   
Other:  

Other   
Measurements 

Help  

Number/ Location 

Energy: it will depend on the applied Net ZEB definition, and the physical and 
balance boundaries ("load/generation balance" and "import/export balance"). It is 
also dependent on the balancing period and the time resolution required. 
IEQ: Depending on the purpose of the monitoring and the level of monitoring. 

Frequency 

Energy: In case only the balance needs to be assessed, yearly recording time is 
sufficient. On the contrary, in order to evaluate the electricity and heat load match, 
at least monthly generation data, export and delivery are necessary. 
IEQ: The monitoring approaches are distinguished due to their duration and 
purpose: spot measurements, short-term (temporary), long-term (continuous) 

Requirements 

☐Precision:   
☐Accuracy:   
☒Resolution: For IEQ only 
☒Range: For IEQ only 
Other: Time span (only for IEQ) 

Tools 
☒Observation: Can also be used in the case of IEQ (site visit) 
☒Interviews: Can also be used in the case of IEQ  
☐Checklists:   
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☐Forms:   

☒Bills: 

Recording time used by the energy suppliers and the 
kind of data (estimated or monitored) could not be 
adequate for the analysis and may not match the 
monthly or yearly time span. Thereby, some adjustments 
could be required influencing the reliability of the 
results. 

☐Simulations:   

☒Sensors: 
Energy: list of common sensors depending on the type of 
meter: electricity, gas, solid flow, liquid flow, heating and 
cooling. 

Other: Questionnaires 

Proposed tools 

☒Energy: Bills, energy companies meters, sensors. 
☒IEQ: Sensors, questionnaires 
☐OEQ:   
☐HWB:   
☐Behaviour:   
Other: 

Other 

Energy: 3 categories of measurements exits depending on their duration: spot (up 
to 1 day)/short time (days/months)/long time (min 1 year) 
IEQ: 4 IEQ measurement levels are proposed aligned with standards (ISO EN 15251 
and ASHRAE 55-2010) 

Analysis 

Techniques 
Energy: One possibility is to use the Net ZEB evaluation tool (available for free 
download at http://task40.iea-shc.org/net-zeb) 
IEQ: Different analyses and data visualization are possible 

Indicators 

☒Energy: 

Whole building energy balance, Thermal energy 
consumption, Electric energy consumption, Primary 
energy consumption, Sub-metered energy 
measurements 

☒IEQ: 

Analysis of ambient temperature and relative humidity, 
Thermal comfort analysis during winter with Fanger 
model, EN ISO 7730, Thermal comfort analysis with 
psychrometric chart and ASHRAE comfort zones, 
Thermal comfort analysis in hot climate/summer or 
tropical regions with the Givoni comfort zones, Comfort 
evaluation in compliance with standard EN 15251:2008, 
Analysis of CO2 measurements. 

☐OEQ:   
☐HWB:   
☐Behaviour:   
Other: Post Occupancy Evaluation results (the protocol shows several examples) 

Recommendations  

Other  

Other 
  

 

11 Energy Performance Measurement and Verification. Guidance on Data 
Quality. 

Scope Target Year Adapted from? 

International 
Any kind of facility and type of 

project (EEDSM project) 
2014   

Source 
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Project/ Org 
Global Superior Energy Performance Partnership (GSEP) 

  
Author (country) GSEP Energy Management Working Group (EMWG) M&V Task Force 

Links 

http://www.cleanenergyministerial.org/initiative-clean-energy-
ministerial/energy-management-working-group 

http://www.cleanenergyministerial.org/sites/default/files/2018-
08/EMWG_energy_demand_performance.pdf 

Mandatory in   
Publications   

Other  

Steps 

Site analysis 

☐Initial Visit:   
☐Characterization:   
Other: First steps to develop a project specific M&V implies:   
1-a "project classification", following the templates and flowchart provided 
2- provide a short description of the project (site identification & description, total 
annual energy cost, description/cost/annual performance of measures to be 
implemented) 
3-definition of boundaries (whole facility/subsystem considering or not interactive 
effects)  
4-Analysis of standard elements /categorisation 
5-Define responsibilities for gathering/supply the parameters for the M&V 
verification 

Study areas selection 

☒Selection criteria: 

One of the essential points is to define the 
boundaries of the project (whole 
facility/subsystem considering or not interactive 
effects) 

☒Characterization: 

Depending on the boundaries consider: 
description of the facility/subsystem, justify the 
choice considered, describe supply points and 
energy flows 

☐Communication:   
Other:  

Info & awareness 
☐Campaigns:   
Other:  

Planning 

☐Timeline:   
☒Tasks:   
☐Responsible:   
Other:  

Data collected 

☐Energy: 
  
  
  

☐IEQ:   
☐OEQ:   
☐HWB:   
☐Behaviour:   
Other:  

Equipment 
☐proposal:   
☐validation:   
☐preparation:   
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☐installation:   
☐maintenance:   
☐packing:   
Other:  

Monitoring campaigns 

☐Measurements:    
☐Questionnaires:   
☐Data recording:   
☐Data sharing:   

☒Data analysis: 

The four principal ways (methods) proposed to 
determine the parameters affecting energy usage 
are: stipulation, measurement, inference and 
simulation. 

Other: 

Feedback 

☐Interviews:   
☐Focus groups:   
☐Questionnaires:   
Other: 

Reporting 

☐Local Reporting:   

☒Project reporting: 
The guideline deals with the specifications of M&V 
reports, including content, format, 
implementation/timeline and reporting intervals. 

☒Format: 

Reporting format should be specified in the M&V 
plan (also for the case of pre- and post-
implementation reports). It will also include the 
format of data that should be collected (electronic 
formats). 

☒Contents: 
The M&V plan should specify the content of the 
reports (also for the case of pre- and post-
implementation reports) 

☒Frequency:   
Other:  

Quality Assurance 

☐Data validation:   
☐Follow-up:   
☐Data management:   
Other: For the quality assurance of the M&V plan the guideline sets the aspects to 
be included: metering specifications (how, duration, intervals, accuracy, schedule), 
sampling requirements, checks and balances. 

Other   
Measurements 

Help  

Number/ Location They will depend on the characteristics of the project and the boundaries 
considered.  

Frequency They will depend on the characteristics of the project and the boundaries 
considered.  

Requirements 

☐Precision:   
☐Accuracy:   
☐Resolution:   
☐Range:   
Other: Trade-off between accuracy and M&V cost. 

Tools 
☐Observation:   
☐Interviews:   
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☐Checklists:   
☐Forms:   
☐Bills:   
☒Simulations:   
☒Sensors:   
Other: utility meters 

Proposed tools 

☒Energy:   
☐IEQ:   
☐OEQ:   
☐HWB:   
☐Behaviour:   
Other: 

Other The aim of the M&V is to quantify the impact of implemented Energy Efficiency 
and Demand Side Management (EEDSM) projects. 

Analysis 

Techniques 
The four principal ways (methods) proposed to determine the parameters 
affecting energy usage are: stipulation, measurement, inference and simulation. 
These four methods are also referred to develop the M&V baseline. 

Indicators 

☐Energy:   
☐IEQ:   
☐OEQ:   
☐HWB:   
☐Behaviour:   
Other: 

Recommendations  

Other  

Other 
  

 
12 TripleA-reno Monitoring Protocol 

Scope Target Year Adapted from? 

EU Residential buildings  2019 LEVEL(S)+EPA+others 

Source 

Project/ Org 
TripleA-Reno: Attractive, Acceptable and Affordable deep Renovation by a 
consumer orientated and performance evidence based approach  

  

Author (country) IVE (Spain) 

Links 
https://triplea-reno.eu/ 

https://triplea-reno.eu/wp-content/uploads/2020/09/20190215_TripleA-
Reno_D5_1_MonitoringProtocol.pdf 

Mandatory in   

Publications D5.1 TripleA-reno Monitoring Protocol  

Other   

Steps 

Site analysis ☒Initial Visit: 
The objective of this visit is to present the project to 
the building owner/manager and occupants 



                                                                                                                             
 

H2020 DRIVE 0_841850_WP4_D4.1                                                  44 
 

☒Characterization: 
Common template (collecting data about building 
description/systems/construction elements/others) 

Other:  The info collected include the parameters needed to align with the Level(s) 
EU scheme. 

Study areas selection 

☒Selection criteria: 
Considerations to take into account when selecting 
study residential units are listed. 

☐Characterization:   

☒Communication: 

Tools selected for accurate reporting, motivating and 
encouraging participation during the measurements 
campaign will 
depend on the users’ profile in the selected residential 
units 

Other:  

Info & awareness 
☐Campaigns:   

Other:  

Planning 

☒Timeline: 
Timeline for pilot monitoring and timeline for 
measurements 

☒Tasks:   

☒Responsible:   

Other:  

Data collected 

☒Energy: 

Delivered energy demand (As much disaggregated as 
possible) 
  

  

☒IEQ: 
 (Air and Globe temp, RH,Air velocity, CO2, TVOCs, 
Formaldehyde, PM2,5, PM10, Noise Level, Illuminance 
level) 

☐OEQ:   

☒HWB: Eudemonic components 

☐Behaviour:   

Other:  

Equipment 

☒proposal:   

☐validation:   

☐preparation:   

☐installation:   

☐maintenance:   

☐packing:   

Other: Annex 2: Affordable monitors for TripleA-reno measurements, including IEQ 
monitors and Energy Consumption meters 

Monitoring 
campaigns 

☒Measurements:    

☒Questionnaires:   

☒Data recording:   

☐Data sharing:   

☒Data analysis:   

Other: 
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Feedback 

☐Interviews:   

☐Focus groups:   

☐Questionnaires:   

Other: 

Reporting 

☐Local Reporting:   

☐Project reporting:   

☒Format: 
Spreadsheet templates for reporting are available on 
Annex 1 

☒Contents: Contents detailed in the reporting templates 

☐Frequency:   

Other:  

Quality Assurance 

☒Data validation:  inspired on the EPA protocol 

☐Follow-up:   

☒Data management:  inspired on the EPA protocol 

Other:  

Other   

Measurements 

Help 
IEQ: Based on EPA and level(s) guidance 
Energy: Based on level(s) guidance 
HWB: based on SSO protocol  

Number/ Location 
IEQ: min 1 measurement point /residential unit, preferably located in main living 
rooms). When assessment of multiple homes, each distinctive configuration and 
orientation shall be assessed. 

Frequency 

Energy (Time series (recommended each 5 min – as much continue as possible)) 
IEQ (Depending on the parameter measured Time series (each 5 min) or 
Cumulative/ spotty) 
HWB (diary studies /recommended twice a day (morning-afternoon) – once a day 
mandatory) 

Requirements 

☐Precision:   

☐Accuracy:   

☒Resolution:   

☒Range:   

Other: Tolerance 

Tools 

☐Observation:   

☐Interviews:   

☐Checklists:   

☒Forms: HWB 

☒Bills: Energy measurements 

☒Simulations: Energy measurements 

☒Sensors: IEQ & Energy 

Other:  

Proposed tools 
☒Energy: Meters (Direct & indirect access to raw data) 

☒IEQ: Monitors (Direct & indirect access to raw data) 
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☐OEQ:   

☒HWB: Questionnaires 

☐Behaviour:   

Other: Annex 2: Affordable monitors for TripleA-reno measurements, including IEQ 
monitors and Energy Consumption meters 

Other  

Analysis 

Techniques 
Statistical methods, and also standard indicators built on multiple measurements 
will be delivered, according to tasks 5.3 and 5.4 requirements, or level(s) mandatory 
indicators 

Indicators 

☒Energy: Delivered energy demand 

☒IEQ: 
Indoor air quality (good quality indoor air & pollutants) 
and time outside thermal comfort range 

☐OEQ:   

☒HWB: 

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

☐Behaviour:   

Other: 

Recommendations  

Other  

Other 
  

 
13 ASHRAE Guideline 14: Measurement of Energy and Demand Savings 

Scope Target Year Adapted from? 

International 
Residential, commercial, 

and 
industrial buildings. 

2002   

Source 

Project/ Org 
ASHRAE Guideline Project Committee 14P 
Cognizant TC: TC 9.6, Energy System Utilization 
  

Author (country) ASHRAE (US) 

Links 
https://www.techstreet.com/ashrae/standards/guideline-14-2002-
measurement-of-energy-and-demand-
savings?product_id=1645226#jumps 

Mandatory in   
Publications   

Other   
Steps 

Site analysis 
☐Initial Visit:   
☐Characterization:   
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Other: This guideline presents three basic approaches for determining savings. The 
approaches are (1) whole building metering, (2) retrofit isolation metering, and (3) 
whole building calibrated simulation. The 3 approaches to determining savings use 
similar concepts in savings computation. They differ in their ways of measuring the 
actual energy use and demand quantities to be used in savings determination.  

Study areas selection 

☒Selection criteria:   
☐Characterization:   
☐Communication:   
Other: will depend on the approach selected for determining energy savings. 
Where the energy use of a system must be isolated from that of the rest of the 
facility (retrofit isolation approach), it is vital to identify and measure all secondary 
energy flows between the system and its surroundings. 

Info & awareness 
☐Campaigns:   
Other:  

Planning 

☐Timeline: 
Duration and frequency of monitoring should be 
selected when deciding the approach to follow. It 
should be documented in the M&V Plan.  

☒Tasks: 

The general methodology of all compliant approaches 
is :  
-Prepare a measurement and verification plan 
- Measure the energy use and/or demand before the 
retrofits are applied (baseline).  
- Measure the energy use and/or demand after the 
retrofits are applied (post-retrofit period). 
- Project the baseline and post-retrofit period energy 
use and demand measurements to a common set of 
conditions.  
- Subtract the projected post-retrofit period use 
and/or demand from the projected baseline period to 
calculate the savings.  

☐Responsible:   
Other:  

Data collected 

☒Energy: 
  
  
  

☒IEQ:   
☒OEQ:   
☐HWB:   
☐Behaviour:   
Other:  

Equipment 

☒proposal: 
 Guideline 142002 contains extensive 
recommendations about the choice of instruments. It 
also contains advice about the installation of 
instruments, instrumentation calibration, recalibration 
and maintenance methods.  

☒validation: 
☒preparation: 
☒installation: 
☒maintenance: 
☐packing: 
Other:  

Monitoring campaigns 

☒Measurements:    
☐Questionnaires:   
☒Data recording:   
☐Data sharing:   
☒Data analysis:   
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Other: 

Feedback 

☒Interviews: 

In the case of "Whole Building Calibrated Simulation 
Approach", interviews with operators and occupants 
to confirm schedules of occupancy and operation 
should be performed.  

☐Focus groups:   
☐Questionnaires:   
Other: 

Reporting 

☐Local Reporting:   
☐Project reporting:   

☒Format: 
Savings reporting format should be documented in 
the M&V Plan.  

☐Contents:   

☒Frequency: 
Savings reporting frequency should be documented in 
the M&V Plan. 

Other:  

Quality Assurance 

☒Data validation: 
The guideline provides information about data 
validation methods (In-Situ Data Validation and 
Computerized Data Validation Methods ). 

☐Follow-up:   
☐Data management:   
Other:  

Other 

 One of the most useful sections of Guideline 14-2002 will most likely be the 
discussion about the determination of uncertainty. Extensive information is 
provided regarding the calculation of uncertainty, including procedures for 
estimating sampling error, measurement error, model prediction uncertainty, and 
procedures for calculating the end-to-end uncertainty.  

Measurements 
Help  

Number/ Location The number and location will depend on the approach (three approaches) for 
measuring savings selected.  

Frequency 

Duration and frequency of monitoring should be selected when deciding the 
approach to follow.  The guideline provides information about the duration of 
measurements, including: spot measurements, short-term measurements, and 
long-term measurements.  Spot measurements: typically portable survey or hand-
held instruments,  <1 hour per point or test condition. Instrumentation is not left 
in place and the data gathered are only a small sample of actual conditions. Short-
term measurements: typically with temporarily installed instruments, short-term 
test period (1 day to 6 months). Long term measurements (>=6 months) typically 
utilize permanently installed instrumentation.  

Requirements 

☒Precision: 
Selection of a data recording device will depend, 
among others, upon these terms.  Some suggestions 
are given in ANNEX A: PHYSICAL MEASUREMENTS  

☒Accuracy: 
☒Resolution: 
☒Range: 
Other: 

Tools 

☐Observation:   
☐Interviews:   
☐Checklists:   
☐Forms:   

☒Bills: 
The tools will depend in some way on the approach 
followed, e.g. Whole Building Approach uses a “main” 
meter to measure the energy flow to the whole 
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☒Simulations: 
building, this approach may involve the use of 
monthly utility bill data or data gathered more 
frequently from a main meter.  The whole building 
calibrated simulation approach involves the use of a 
computer simulation tool to create a model of energy 
use and demand of the facility. The retrofit isolation 
approach uses meters to isolate the energy use 
and/or demand of the subsystems (e.g., lighting, 
chiller, boiler) affected by the ECM from that of the 
rest of the facility. 

☒Sensors: 

Other:  

Proposed tools 

☒Energy: An informative annex on physical measurements is 
provided. Including a list of potential measurement 
instrumentation.  

☒IEQ: 
☒OEQ: 
☐HWB:   
☐Behaviour:   
Other: 

Other  

Analysis 

Techniques 

Guideline 14-2002 also provides extensive advice regarding the most widely used 
regression procedures, including: one parameter or mean models (1P), two 
parameter linear models (2P), three parameter change-point models for cooling or 
heating (3PC or 3PH), four parameter change-point models for cooling or heating 
(4PC or 4PH), and five parameter change-point models for systems that heat and 
cool (5P). Information is also provided about eliminating net bias, procedure for 
considering multiple variables, models based on indoor and outdoor temperature, 
and variable-based degree day models.  

Indicators 

☐Energy:   
☐IEQ:   
☐OEQ:   
☐HWB:   
☐Behaviour:   
Other: 

Recommendations  

Other  

Other 
  

 

2.3 Comparative analysis of monitoring protocols:   
The comparative analysis of the protocols, guidelines and methodologies compiled can be consulted 
in the excel " D41_Comparative_analysis_monitoring_protocols.xlsx ", attached to this document. 
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3 Compilation of monitoring technologies: 
 

Manufacturer Name: Efergy 
Links: https://efergy.com/ 

System Name: E2 Classic with USB 
Data collected / Application: Energy 

Link: https://efergy.com/e2-classic/ 

Measurements 
Indoor data: Energy consumption, Energy Generation, Resource/Energy 

Cost, CO2,  
Outdoor data:  

Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Efergy 

Links: https://efergy.com/ 
System Name: Online Energy Monitor Engage kit 

Data collected / Application: Energy 
Link: https://efergy.com/engage/ 

Measurements 
Indoor data: Energy consumption, Energy Generation, Resource/Energy 

Cost,  
Outdoor data:  

Specific/ Lab data:  

Image: 

 
 

Manufacturer Name: Efergy 
Links: https://efergy.com/ 

System Name: Efergy Pro 
Data collected / Application: Energy 

Link: https://efergy.com/efergypro/ 

Measurements 
Indoor data: Energy consumption, Energy Generation, Resource/Energy 

Cost,  
Outdoor data:  
Specific/ Lab data:  
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Image: 

 

 
Manufacturer Name: Efergy 

Links: https://efergy.com/ 
System Name: Engage Hub Solo 

Data collected / Application: Energy 
Link: https://efergy.com/engage-hub-solo/ 

Measurements 
Indoor data: Resource/Energy Cost,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Efergy 

Links: https://efergy.com/ 
System Name: Submetering kit 

Data collected / Application: Energy 
Link: https://efergy.com/engage-sub-metering-kit/ 

Measurements 
Indoor data: Energy consumption, Energy Generation,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Efergy 

Links: https://efergy.com/ 
System Name: Engage Hub kit 

Data collected / Application: Energy 
Link: https://efergy.com/engage/ 

Measurements Indoor data: Energy consumption, Energy Generation, Resource/Energy 
Cost,  
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Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Active Energy Control 

Links: http://www.aec.ie/ 
System Name: Glass Energy Technology GET-1032WM 

Data collected / Application: All 
Link: 0 

Measurements 
Indoor data: 

Energy consumption, Energy Generation, Resource/Energy 
Cost, Air temperature indoor, Relative Humidity, CO2, 
Illuminance level, Water Flow Meter, Water Heat Meter, 
Presence,  

Outdoor data: Air temperature outdoor, Illuminance level outdoor,  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Libelium Comunicaciones Distribuidas S.L 

Links: http://www.libelium.com/ 
System Name: Ambient Control (SAB-W Plug & Sense! SA WiFi) 

Data collected / Application: Ambient Enviro: Weather/Indoor 
Link: http://www.libelium.com/products/plug-sense/models/ 

Measurements 

Indoor data: Relative Humidity, Illuminance level, Noise Level,  

Outdoor data: Air temperature outdoor, Atmospheric Pressure, Air velocity, 
Rainfall, dew point, humidity, Illuminance level outdoor,  

Specific/ Lab data:  

Image:  

 

 
Manufacturer Name: Libelium Comunicaciones Distribuidas S.L 

Links: http://www.libelium.com/ 
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System Name: Smart Environment PRO 
Data collected / Application: Air Quality + Weather 

Link: http://www.libelium.com/products/plug-sense/models/ 

Measurements 

Indoor data: Air temperature indoor, Relative Humidity, CO2, VOCs, PM1, 
PM2,5, PM10, Illuminance level, Presence,  

Outdoor data: Air temperature outdoor, Atmospheric Pressure, Illuminance 
level outdoor,  

Specific/ Lab data: Other. 

Image: 

 

 
Manufacturer Name: Libelium Comunicaciones Distribuidas S.L 

Links: http://www.libelium.com/ 
System Name: Smart Cities PRO 

Data collected / Application: Noise + Air Quality + Weather 
Link: http://www.libelium.com/products/plug-sense/models/ 

Measurements 

Indoor data: Air temperature indoor, Relative Humidity, CO2, VOCs, PM1, 
PM2,5, PM10, Illuminance level, Noise Level, Presence,  

Outdoor data: Air temperature outdoor, Atmospheric Pressure, Illuminance 
level outdoor,  

Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Libelium Comunicaciones Distribuidas S.L 

Links: http://www.libelium.com/ 
System Name: Smart Security 

Data collected / Application: Security + Water + Weather 
Link: http://www.libelium.com/products/plug-sense/models/ 

Measurements 
Indoor data: Air temperature indoor, Relative Humidity, Illuminance level, 

Water Flow Meter, Window/door opening, Presence,  
Outdoor data: Air temperature outdoor, Atmospheric Pressure,  
Specific/ Lab data:  
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Image: 

 

 
Manufacturer Name: Libelium Comunicaciones Distribuidas S.L 

Links: http://www.libelium.com/ 
System Name: 4-20 mA Current Loop 

Data collected / Application: Could connectivity of 4-20mA loop 
Link: http://www.libelium.com/products/plug-sense/models/ 

Measurements 
Indoor data:  
Outdoor data:  
Specific/ Lab data: Other. 

Image: 

 

 
Manufacturer Name: Nietzsche Enterprise 

Links: http://www.nhr.com.tw/ 
System Name: Smartlifekit (Wireless ZigBee communication) 

Data collected / Application: Indoor 
Link: http://www.smartlifekit.com/ 

Measurements 
Indoor data: Energy consumption, Air temperature indoor, Relative 

Humidity, CO2, Window/door opening, Presence,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: ReMoni 

Links: https://www.remoni.com/ 
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System Name: ReMoni sensors and gateways 
Data collected / Application: Power + Water 

Link:  

Measurements 
Indoor data: Energy consumption, Water Flow Meter, Water Heat Meter,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Schneider Electric 

Links: https://www.se.com/ 
System Name: Schneider Electric Sensor Power Tag 

Data collected / Application: Power 
Link: 0 

Measurements 
Indoor data: Energy consumption. 
Outdoor data:  
Specific/ Lab data:  

Image: 

  
 

Manufacturer Name: Testo 
Links: https://www.testo.com/ 

System Name: Testo air quality and comfort instruments 
Data collected / Application: Specific/lab (Pre/post refurbish & Occupancy) 

Link:  

Measurements 

Indoor data:  
Outdoor data:  

Specific/ Lab data: Radiated heat, Comfort level (PMV/PPD), U-value and flow 
meas, Thermobarometry, Sound,  
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Image: 

 

 
Manufacturer Name: Smilics Technologies 

Links: https://wibeee.com/ 
System Name: Wibeee 

Data collected / Application: power consumption & generation 
Link:  

Measurements 
Indoor data: Energy consumption,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Tempcon 

Links: www.tempcon.co.uk 
System Name: Vantage Pro 

Data collected / Application: Weather 
Link:  

Measurements 

Indoor data:  

Outdoor data: Air temperature outdoors, Atmospheric Pressure, Air velocity, 
Rainfall, dew point, humidity, Solar Power (W/m2), Other. 

Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Paragon Robotics 

Links: http://paragonrobotics.com/ 
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System Name: Paragon Robotics Monitoring&Logging 
Data collected / Application: All wireless sensors 

Link:  

Measurements 

Indoor data: 
Energy consumption, Air temperature indoor, Relative Humidity, 
CO2, PM1, PM2,5, Illuminance level, Water Flow Meter, 
Window/door opening, Presence, Other. 

Outdoor data: Air temperature outdoors, Atmospheric Pressure, Rainfall, dew 
point, humidity, Illuminance level outdoor, Other. 

Specific/ Lab data: Other. 

Image: 

 

 
Manufacturer Name: Energomonitor 

Links: https://www.energomonitor.com/ 
System Name: Energomonitor 

Data collected / Application: Power consumption & generation 
Link: Catalogo_Energomonitor_2018.pdf 

Measurements 
Indoor data: Energy consumption, Energy Generation, Air temperature 

indoor, Relative Humidity, CO2, Water Flow Meter, Other. 
Outdoor data: Air temperature outdoor,  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Teckin 

Links: https://www.teckinhome.com/ 
System Name: Smart Plugs SP22/SP21 

Data collected / Application: Energy consumption / home appliances 
Link: https://www.teckinhome.com/sp22 

Measurements 
Indoor data: Energy consumption,  
Outdoor data:  
Specific/ Lab data:  
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Image: 

 

 
Manufacturer Name: TP-link 

Links: https://www.tp-link.com/ 
System Name: Smart Plugs Wi-Fi (Tapo P100/HS100-110) 

Data collected / Application: Energy consumption / home appliances 
Link: https://www.tp-link.com/en/home-networking/smart-plug/ 

Measurements 
Indoor data: Energy consumption,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Netatmo  

Links: https://www.netatmo.com/ 
System Name: Smart Home Weather Station 

Data collected / Application: Climate measurements 

Link: https://www.netatmo.com/en-
row/weather/weatherstation/specifications 

Measurements 

Indoor data: Air temperature indoor, Relative Humidity, CO2, Noise Level,  

Outdoor data: Air temperature outdoor, Atmospheric Pressure, Air velocity, 
Rainfall, dew point, humidity,  

Specific/ Lab data:  

Image: 

  
 

Manufacturer Name: Netatmo  
Links: https://www.netatmo.com/ 
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System Name: Smart Indoor Air Quality Monitor 
Data collected / Application: Indoor air quality 

Link: https://www.netatmo.com/en-
row/aircare/homecoach/specifications 

Measurements 
Indoor data: Air temperature indoor, Relative Humidity, CO2, Noise Level,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Evehome 

Links: https://www.evehome.com/ 
System Name: Eve Room 

Data collected / Application: Indoor air quality 
Link: https://www.evehome.com/en/eve-room 

Measurements 
Indoor data: Air temperature indoor, Relative Humidity, VOCs,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Evehome 

Links: https://www.evehome.com/ 
System Name: Eve Aqua 

Data collected / Application: Outdoor smart water controller 
Link: https://www.evehome.com/en/eve-aqua 

Measurements 
Indoor data:  
Outdoor data: Other. 
Specific/ Lab data:  
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Image: 

 

 
Manufacturer Name: Amphiro AG 

Links: https://www.amphiro.com/ 
System Name: Amphiro (a1 basic/b1 connect) 

Data collected / Application: Water and energy consumption meter for the shower 
Link: https://www.amphiro.com/en/#our_products 

Measurements 
Indoor data: Energy consumption, Water Flow Meter, Water Heat Meter, 

Other. 
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: ELK GmbH 

Links: https://www.bappu.de/en/ 
System Name: BAPPU evo 

Data collected / Application: Multi measuring device of Indoor environmental-health quality / 
Workplace Analysis 

Link: https://www.bappu.de/en/components-bappu/bappu 

Measurements 
Indoor data: 

Air temperature indoor, Globe temperature, Relative Humidity, 
CO2, VOCs, PM1, PM2,5, PM10, Illuminance level, Noise 
Level, Other. 

Outdoor data:  
Specific/ Lab data: Comfort level (PMV/PPD),  

Image: 
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Manufacturer Name: Leapcraft ApS 
Links: https://getairbird.com/ 

System Name: Airbird 
Data collected / Application: Indoor air quality 

Link: https://getairbird.com/collections/frontpage 

Measurements 
Indoor data: Air temperature indoor, Relative Humidity, CO2, Illuminance 

level,  
Outdoor data:  
Specific/ Lab data:  

Image: 

  
 

Manufacturer Name: Trotec GmbH 
Links: https://trotec.com/ 

System Name: BZ30 
Data collected / Application:  Indoor air quality 

Link: 
https://uk.trotec.com/products-services/measuring-
devices/climate/climate-data-loggers/bz30-co2-air-quality-data-
logger/ 

Measurements 
Indoor data: Air temperature indoor, Relative Humidity, CO2,  
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Trotec GmbH 

Links: https://trotec.com/ 
System Name: PC220 

Data collected / Application:  Indoor air quality 

Link: https://uk.trotec.com/products-services/measuring-devices/air-
quality/particle-counter/pc220-particle-counter/ 

Measurements 
Indoor data: Air temperature indoor, Relative Humidity, Formaldehyde 

(H2CO), PM2,5, PM10, Other. 
Outdoor data:  
Specific/ Lab data:  
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Image: 

 

 
Manufacturer Name: Delta OHM 

Links: https://www.deltaohm.com/en/ 
System Name: HD37AB1347 (instrument)+P37AB147 (prube) 

Data collected / Application:  Indoor air quality 

Link: 
https://www.deltaohm.com/en/wp-
content/uploads/document/DeltaOHM-HD37AB1347-Indoor-
Air-Quality-Datasheet-en.pdf 

Measurements 
Indoor data: Air temperature indoor, Relative Humidity, CO2, Other. 
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: ONSET 

Links: ttps://www.onsetcomp.com 
System Name: HOBO MX1104 

Data collected / Application: Indoor temp, RH, and Light intensity 
Link: https://www.onsetcomp.com/datasheet/MX1104 

Measurements 
Indoor data: Air temperature indoor, Relative Humidity, Illuminance level, 

Other. 
Outdoor data:  
Specific/ Lab data:  

Image: 

 

 
Manufacturer Name: Smappee 
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Links: https://www.smappee.com/ 
System Name: Smappee Energy 

Data collected / Application: home energy monitor 

Link: https://www.smappee.com/app/uploads/2020/07/Smappee-
Energy-Installation-and-Product-Manual_EN.pdf 

Measurements 
Indoor data: Energy consumption, Energy Generation,  
Outdoor data:  
Specific/ Lab data:  

Image: 

  
 

Manufacturer Name: Tongdy Sensing Technology Corporation 
Links: https://en.tongdy.com/product/indoor-air-quality-monitor-tsp-18 

System Name: Tongdy TSP-18 
Data collected / Application: Indoor Air Quality Monitor 

Link: https://en.tongdy.com/product/indoor-air-quality-monitor-tsp-18 

Measurements 
Indoor data: PM2.5/PM10, CO2, TVOC and Temperature & humidity data 
Outdoor data:  
Specific/ Lab data:  

Image: 

  
 

Manufacturer Name: Omega Engineering, Inc. 
Links: https://www.omega.com/ 

System Name: AQM-101 
Data collected / Application: Formaldehyde Monitor and Data Logger 

Link: https://www.omega.com/en-us/data-acquisition/data-
loggers/specialty-data-loggers/p/AQM-101-HCHO-Monitor 

Measurements 
Indoor data: HCHO, Temperature, RH 
Outdoor data:  
Specific/ Lab data:  
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Image: 

  
 

Manufacturer Name: Omega Engineering, Inc. 
Links: https://www.omega.com 

System Name: HHLM-1  
Data collected / Application: Stick Type Light Meters, EOL 

Link: https://www.omega.com/en-us/test-inspection/handheld-
meters/light-meters/p/HHLM-1-EOL 

Measurements 
Indoor data: Lux measurement  
Outdoor data:  
Specific/ Lab data:  

Image: 

  
 

3.1 Detailed description of  monitoring technologies and comparative analysis: 
 
The detailed description of the functionalities and main characteristics of the tools presented in the 
previous section has been developed in the excel file 
"D41_Comparative_analysis_monitoring_tools.xlsx", which is included as an annex to this report. An 
example of the template followed and the information collected for each of the tools analyzed can be 
seen below. 
 

Manufacturer Name  
Country  

Links  
Availability  

Other / Comment  
System Name  

Data collected / Application  
Link  

Scope 
Indoor:   

Outdoor:   

D
at

a 

In
d
oo

r Energy consumption:   
Energy Generation:   

Resource/Energy Cost:   
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Air temperature (indoor):   
Globe temperature:   

Relative Humidity:   
CO2:   

(T) VOCs:   
Formaldehyde (H2CO):   

PM1:   
PM2,5:    
PM10:    

Illuminance level:    
Noise Level:    

Water (Flow) Meter:    
(Water) Heat Meter:    

Window/door opening:    
Presence:    

Other    

O
ut

do
or

 

Air temperature (outdoor):    
Atmospheric Pressure:    

Air velocity:    
Rainfall, dew point, humidity:    

Solar Power (W/m2):    
Illuminance level (outdoor):    

Other    

Sp
ec

ifi
c/

 L
ab

 Radiated heat    
Comfort level (PMV/PPD)    

U-value and flow meas.    
Thermobarometry    

Sound    

  Other:    

Analysis 

Screen:   
Datalogger:   
Dashboard:   
Download:   

Other   

Action 

Alarm/warning:   
On/off:   
Timer:   

Program:   
Other:   

Fe
at

ur
es

 

Expandable:   
Auto-installation (easy?):   

C
om

m
un

ic
at

io
n 

Wireless & Internet   
GSM   

with Smartphone   
Repeater available    

with PLC    

M e m Cloud    
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Internal (no wifi needed)    

Power 
Internal battery (works with electricity cuts?)   

Cable   
PV Cell   

Cost Retail Unit Price (ex-VAT?):   
Other:   
Other   
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3.2 Comparative summary of  monitoring technologies: 

A comparative summary of monitoring technologies, including the data that are available to measure, as well as the direct/indirect access to data and their 
friendly interface, is available in the attached excel file "D41_Comparative_summary_monitoring_technologies.xlsx", and can be seen in the image below. 
 

 

 

othersdata accessOutdoor Specific/ LabIndoor

tool

Energy consumption

Energy generation

Resource/Energy Cost

Air temperature

Globe temperature

Relative Humidity
CO2

VOCs

Formaldehyde
PM1

PM2,5
PM10

Illuminance level

Noise Level

W
ater (Flow) M

eter

(Water) Heat Meter

W
indow/door opening

Presence
Other

Air temperature

Atmospheric Pressure

Air velocity

Rain fall, dew point, humidity

Solar Power (W/m2)

Illuminance level
Other

Radiated heat

Comfort  (PMV/PPD)

U-value&flow meas

Thermoagrometry
Sound

Other
direct

indirect

friendly info
price Comments

E2 Classic with USB 85

Online Energy Monitor Engage kit 100

Efergy Pro 160

Engage Hub Solo 75 Needs submetering kit; E2 Classic
Submetering kit 30 Needs E2 Classic or Engage kit
Engage Hub kit 100

Glass Energy Technology GET-1032WM 800 additional costs of sensors not included
Ambient Control (SAB-W Plug & Sense! SA WiFi) 570 additional costs of sensors not included
Smart Environment PRO ? The price will depend on the equipment range and sensors/accessories included.
Smart Cities PRO ? The price will depend on the equipment range and sensors/accessories included.
Smart Security ? The price will depend on the equipment range and sensors/accessories included.
4-20 mA Current Loop ? 4 channels to transmit 4-20mA process to the cloud
Smartlifekit (Wireless ZigBee communication) ? The price will depend on the equipment range and sensors/accessories included.
ReMoni sensors and gateways ? The price will depend on the equipment range and sensors/accessories included.
Schneider Electric Sensor Power Tag ? The price will depend on the equipment range and sensors/accessories included.
Testo air quality and comfort instruments 1624 additional costs of sensors not included
Wibeee ? The price will depend on the equipment range and sensors/accessories/services included.
Ventage Pro 585

Paragon Robotics Monitoring&Logging ? The price will depend on the equipment range and sensors/accessories included.
Energomonitor ? The price will depend on the equipment range and sensors/accessories included.
Smart Plugs SP22/SP21 10

Smart Plugs Wi-Fi (Tapo P100/HS100-110) 10

Smart Home Weather Station 170 additional costs of sensors not included
Smart Indoor Air Quality Monitor 100

Eve Room 100

Eve Aqua 100 Outdoor water  controller
Amphiro (a1 basic/b1 connect) 80 Water and energy consumption meter for the shower
BAPPU evo 2068 additional costs of sensors not included
Airbird 240 Extra costs for the connection of multiple devices
BZ30 164

PC220 1174 Video and photo recording available
HD37AB1347 (instrument)+P37AB147 (prube) 952

HOBO MX1104 174 extra costs for other available sensors to connect
Smappee Energy 170

Tongdy TSP-18

Omega AQM-101 $318.55

Omega HHLM-1  $95
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4 Conclusions 
This report has compiled and analysed 13 protocols, guides or methodologies related to the evaluation 
of the performance of different aspects of a building and the perception by its users. 
The documents analysed cover different objectives and apply to different frameworks. Some of them 
have been developed in the framework of a research project (e.g. Mobistyle, TripleA-reno), which 
included pilot or demonstrator projects, and whose objective was to define a common and precise 
methodology that would allow validating the initial hypotheses, and obtaining comparable results. On 
the other hand, other documents analysed (e.g. IPMVP, ASHRAE Guideline 14) aim to provide guidance 
on the steps or processes to be followed, and on the aspects, criteria, and/or variables to be covered 
when designing a monitoring protocol or plan, for a specific building and project.  There are also other 
documents, such as Level(s), which aim to evaluate the sustainable performance of a building, and 
which define the indicators to be considered, the monitoring options and the reference standards for 
measuring and calculating them. 
We can highlight the complementarity point of view of the protocols, methodologies and guides 
consulted and analysed. Most of them incorporate some noteworthy aspect to be considered when 
defining the future D4.2 Monitoring Protocol. 
With regard to the tools analysed for monitoring and measuring different data, there is a wide range 
of devices that cover practically the entire spectrum of variables to be monitored in a building. We can 
observe two lines of equipment, on the one hand those oriented towards management and monitoring 
by professionals, with "complex" software for data analysis. On the other hand, we find a range of 
tools and devices aimed at non-professional users, with a green eco-conscious profile, with elegant 
and attractive designs, usually associated with friendly and intuitive applications (app), which inform 
about the behaviour/consumption of your home/devices, while offering tips to improve their usual 
practices (energy consumption/environmental quality). 
 

 


