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EXECUTIVE SUMMARY
Energy performance certificate (EPC) schemes have not evolved much since their first
introduction in the Member States to meet the mandatory requirements of the Energy
Performance of Buildings Directive (EPBD). Stakeholders have questioned their reliability
but at the same time, they have been useful for the real estate industry. All the Member
States have legislation in place and existing infrastructure or systems to run EPC schemes.
These schemes require evolution with the changing needs of the built environment and
requirements to look beyond the energy consumption of buildings to take in elements such
as better indoor comfort, reducing air pollution and others. Public authorities view them as
potential instruments to improve the performance of the existing and new building stock.
Extending the functionalities of existing systems will create several pathways to update
and manage next-generation EPCs.
This report presents the preliminary scoping and analysis of the five technical features
related to developing innovative EPC indicators proposed within X-tendo1: (i) smart
readiness, (ii) comfort, (iii) outdoor air pollution, (iv) real energy consumption, and (v)
district energy. The outcome of this report is an initial mapping and selection of the
suitable options of methods for developing indicators for these five features. The followup activities in the project will take forward this work to elaborate and provide technical
specifications of the methodologies and concepts for the five features.
This report presents an overview of existing assessment approaches and methodologies
for each feature that could be adopted in the indicator development for the EPCs. Details
are provided of the most suitable existing methods that can be applied in the assessment
of five technical indicators when integrated with EPCs. Their suitability and applicability to
EPCs is analysed in a broader context, including building typologies and ranking/scoring
techniques.
The report also evaluates existing links between these methods and the energy
performance of a building/EPCs to determine how these can be integrated in the feature
development. Since most of the assessment methods require some type of data related to
end-users, therefore, their legal boundaries are also studied. Within the scoping and
analysis, a ranking and SWOT analysis of several methods is presented to assess their
suitability and feasibility of application in the development of the new features. Finally, a
conceptual approach is proposed for the development of each of the five features. Findings
are presented, highlighting the barriers, challenges and limitations of the assessment
methods for the five features.

In addition to these five features, X-tendo will also provide a set of five features dealing with
innovative handling of EPC data.
1
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Across all features, the following conclusions are made:
Indicators
 ‘Smart readiness’ approach presents a potential method for assessing the smartness
of buildings with nine domains (e.g. lighting, ventilation, envelope, monitoring and
control etc.)
 ‘Comfort’ approach incorporates four key indicators – thermal, visual and acoustic
comfort and indoor air quality – to be assessed through checklists, on-site
measurements and surveys
 ‘Outdoor air pollution’ approach addresses a building’s impact on air by two methods:
an outdoor air pollution contribution index and indoor air purity index
 ‘Real energy consumption’ approach outlines an assessment method based on
operational ratings, with options for normalisation to allow for better inter-building
comparison
 ‘District energy’ approach focuses on predicting the potential for future development
for buildings via two methods: expected future performance of district heating and
heat distribution and transfer system
Cross-cutting issues
 Technical challenges that constrain the application of existing methods such as
assessment time, accuracy, normalisation process, variable definitions and emission
factors could be overcome by certain modifications in approach
 Features should be aligned financially to increase market acceptance and costeffective assessments during the development
 Legal and governance issues should be addressed by dealing with challenges such as
development of universal methodologies, presence of multiple standards at Member
State level, control of citizen data and privacy, and acceptance of future estimations by
public authorities
 From a social perspective, user acceptance and public understating of the features are
key issues and should be considered in feature development
 If these indicators are well integrated within EPCs, significant environmental benefits
are anticipated
 Future implementation of indicators can be strengthened by addressing lack of
industry readiness, understanding of anticipated benefits and enforcement issues
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Certain limitations need to be overcome to implement these innovative indicators, such as
variable levels of implementation in the Member States due to different local requirements
and regulations. Some indicators require extensive monitoring and measurements, and a
lack or absence of data is a barrier in the development and acceptance of these features
within EPC schemes.
A concise overview of all the features is given in Figure 1. Overall, a promising picture is
visible with the proposed conceptual approaches for features combining new ideas with
existing methods to work towards developing innovative indicators that could be tested
and integrated into the EPC schemes of the implementing countries within the X-tendo
project.

Smart
readiness

Comfort

Outdoor air
pollution

• Possible to embed SRI methodology in EPC scheme frameworks
• Data from EPCs can be used in the assessments of SRI
• Emphasis on smart-ready technologies for energy transition
• Tentative assessment method based on checklist criteria

• Several methods exist for assessment of comfort indicators
• Limited measurements necessary for annual comfort evaluation
• Thermal comfort and indoor air quality are preferred comfort indicators
• Extensive assessment method requires skilled assessors

• Interference of buildings, outdoor air pollution and indoor air purity
considered
• Standards classfications exists for fuel emissions and air quality
• Simple to set criteria based on readily available data
• Measurement-free approach used on assessment

Real energy
consumption

• Multiple methods exists for real energy performance assessment
• Data available easily for good quality results
• Reduced energy performance gap and higher accuracy can be achieved
• Normalised energy consumption necessary for inter-building
comparison

District
energy

• Standards and calculation methods exist for energy factors
• Current state of indicator integrated in EPC systems will be advanced
further
• Role of district heating utilities and authorities important in assessment
• Site visits necessary for evaluation of future potential of district energy

Figure 1: Overview of the five features
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1 EXTENDING THE FUNCTIONALITIES OF EPCS WITH
INNOVATIVE INDICATORS: SCOPING AND ANALYSIS
Energy performance certificates (EPCs) are the key source of information on the energy
performance of the building stock [1]. Their role for the end-user and the real estate sector
has mainly been limited to indicating and comparing the energy class of the building,
helping to regulate property transaction prices and rents. They have also been attractive
for end-users and builders in gaining access to funds and incentives to conduct energy
efficiency improvements. EPCs have also been seen as an unreliable source of information
by stakeholders in some Member States [2]. Weak enforcement, low public acceptance and
awareness, quality of audits, qualifications of the auditors and widely varying certificate
costs all influence the role of EPCs and how they can affect the real estate market.
Many Member States stepped up efforts in the last decade to improve their EPC
frameworks after the introduction of the requirement of energy performance and
assessment systems under the EPBD (2002/91/EC) and EPBD recast (2010/31/EU). The
recent amendments in the EPBD (2018/844) further strengthened the existing provisions
by setting out that Member States should provide information to owners and tenants on
the purpose and objectives of EPCs, energy efficiency measures, and supporting financial
instruments through accessible and transparent advisory tools such as direct advice and
one-stop-shops.
In the current scenario, EPCs are viewed as instruments that can bring additional benefits
to the end-user (e.g. property seller, buyer, or tenant) by being a vehicle for additional
information other than energy efficiency.

1.1 Aim of the X-tendo project
The X-tendo project is developing a framework of 10 “next-generation EPC features”,
aiming to improve compliance, usability, and reliability of the EPC. The X-tendo partners
cover 10 countries or regions – Austria, Belgium (Flanders) Denmark, Estonia, Greece, Italy,
Poland, Portugal, Romania, and the UK (Scotland) as displayed in Figure 2.
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Figure 2: X-tendo consortium and target countries

The X-tendo project approaches next-generation EPCs by exploring 10 new features in
addition to their existing functionalities (see Figure 3). The features that will be explored in
the project fall into two broad categories:
•

•
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New technical features used within EPC assessment processes and enabling the
inclusion of new indicators in EPCs
1) Smart readiness
2) Comfort
3) Outdoor air pollution
4) Real energy consumption
5) District energy
Innovative approaches to handle EPC data and maximise its value for building
owners and other end-users.
6) EPC databases
7) Building logbook
8) Tailored recommendations
9) Financing options
10) One-stop-shops
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Figure 3: The X-tendo toolbox representing both innovative EPC indicators and novel ways of
handling EPC data

Existing EPC schemes lack focussed vision. In order to become a catalyst for energy
renovations, the next-generation EPC must provide an improved and more reliable service
to the end-users. The key output of the project will be the X-tendo toolbox, a freely
available online knowledge hub that will be continued beyond the project duration. For
each feature, the toolbox would include (i) solution concepts and good practice examples,
(ii) descriptions of methodological approaches, (iii) calculation tools, and (iv)
implementation guidelines and recommendations.

1.2 Scope and objective of this report
The purpose of this report is to identify suitable methods and approaches to assess the
five features (i) smart readiness, (ii) comfort, (iii) outdoor air pollution, (iv) real energy
consumption, (v) district energy. Before developing individual methods for their
assessment, a detailed review of the existing assessment and calculation methods is
presented for developing the indicators for all the five features in this report. Although the
goal of the next-generation EPC will be more holistic, the relation with energy performance
remains a key boundary condition for the selected approaches presented in this report.
The identification of the suitable methods will consider the objective of the modular
toolbox being developed specifically for EPC assessments. The results of the report will be
an initial selection of options for methods and indicators for features 1-5. Findings of the
scoping and analysis are gathered in this report for these indicators.
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Table 1 lists the five innovative EPC indicators that could make EPCs more than just an
informative tool. It also indicates the feature leads (VITO, BPIE, NAPE and e-think) who will
develop the innovative indicators and organisations (EASt, DEA, TREA, CRES, ENEA, NAPE,
ADENE, AAECR and EST) from implementing/expert partner countries that would support
them in the development and testing of the indicators on several test projects.
Table 1: Innovative EPC indicators

Smart
readiness

Feature lead
EASt
(Austria/Styria)
DEA
(Denmark)
TREA
(Estonia)
CRES
(Greece)
ENEA
(Italy)
NAPE
(Poland)
ADENE
(Portugal)
AAECR
(Romania)
EST
(UK)

VITO

Comfort

BPIE

Implementer

Implementer

Implementer

Implementer

Outdoor air
pollution

Real energy
consumption

District
energy

NAPE

VITO

e-think

Implementer
Expert

Implementer/
Expert
Implementer

Implementer
Implementer
Implementer
Implementer/
Expert

Implementer
Implementer

Implementer
Implementer

Implementer

Implementer/
Expert

Implementer

Implementer

The EPCs can become much more useful for the end-users, public authorities and
policymakers by providing more detailed information on the existing building stock and its
performance. Next-generation EPCs can support the transition to a low-carbon building
sector, provided they are revised considering new indicators, with effective mechanisms to
ensure compliance and high quality, reliable certifications.
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2 FEATURE 2: COMFORT
2.1 Overview of the methods to assess indoor environmental
quality (IEQ)
In today’s society people spend approximately 90% of their time in buildings, so IEQ has
become an issue of increasing concern [19]. This has become more relevant in the current
pandemic where people are staying indoors even more [18]. Occupant behaviour,
awareness and level of acceptance of the indoor environmental conditions is essential for
maintaining satisfactory IEQ. A large body of social science and environment-behaviour
research demonstrates that improving IEQ has health benefits for occupants [20]–[22]. The
International Performance Measurement and Verification Protocol (IMPVP) outlines
concepts and practices for improved IEQ, that can be associated with energy conservation
measures [23]. There are many energy efficiency related improvements (e.g. replacing
windows, adding insulation etc.) in buildings that improve IEQ, especially with respect to
thermal comfort, ventilation, lighting and acoustics. Current legislation under the EPBD [24]
and EED [25] has pushed Member States in Europe to address the existing building stock
through energy-efficient retrofits and achieve nZEB performance. EPCs present an
opportunity to investigate the feasibility of improving both IEQ and energy efficiency in the
existing building stock with well-designed retrofit measures.
Different retrofit measures under shallow, medium or deep retrofits hold great promise for
improving IEQ as well as the energy efficiency of buildings. IEQ is mentioned in the multiannual roadmap of 2020 [26] and recently amended EPBD (2018/844). However, the
impacts of retrofits on IEQ are not always addressed in a cost-effective manner [27]. Deep
energy retrofits (saving over 60% energy) can bring tangible and intangible benefits of
enhanced performance and improved productivity in indoor environments such as
residential buildings, offices, schools, colleges and commercial establishments. Only a few
projects like ALDREN and RE-BUS have attempted to outline new methods for the
evaluation of comfort in the light of harmonised EPC processes for the EU.
In this section, a comprehensive literature review from the existing research is presented
and analysed. We assess how different methods for evaluating IEQ can be integrated in
EPCs and applied to measure the “comfort” feature. The environmental factors of thermal
comfort, visual comfort, acoustics and indoor air quality define IEQ [28]. Each of these is
discussed in the following subsections with respect to the latest standards and research.
 Thermal comfort
According to ASHRAE 55 [29] and ISO 7730 [30] ‘thermal comfort is that condition of mind
which expresses satisfaction with the thermal environment’. ASHRAE 55 and ISO 7730
specify the combination of indoor thermal environmental parameters (temperature,
radiant temperature, humidity and air velocity) and personal parameters (metabolic rate
and clothing insulation) for acceptable comfort conditions to occupants. There are two
models to identify the thermal sensation in a space: the rational model (heat balance)
based on predicted mean vote (PMV)/ predicted percentage of dissatisfied (PPD),

11

Exploring innovative indicators for the next-generation EPC features

applicable in conditioned environments (e.g. during winters when the heating is
operational); and the adaptive comfort model, applicable in unconditioned environments
(e.g. during summers when the building is naturally ventilated) [29], [30].
 Indoor air quality
Indoor air quality refers to the air quality within buildings. Acceptable indoor air quality
refers to air without harmful concentrations of known contaminants, with which the vast
majority of exposed people are satisfied. Poor indoor air quality is known to have acute and
chronic effects on the health of the occupants [31]. It is directly related to the ventilation
rates and concentration of indoor pollutants, which in turn are related to sick building
syndrome (SBS), used to describe situations where occupants have acute health and
comfort effects [32]. In closed environments, indoor air quality is related to both chemical
and physical causes, such as carbon monoxide (CO) and dioxide (CO2), radon concentration,
environmental tobacco smoke, formaldehyde, volatile organic compounds (VOCs),
ventilation rate, temperature, dampness, humidity, ionising and non-ionising radiation [33].
Provision of good outdoor air supply is known to provide acceptable perceived indoor air
quality [34]. The World Health Organization (WHO) has published indoor air quality
guidelines for selected pollutants and their health effects with the target of ensuring the
provision of safer indoor environments [35].
 Visual comfort
Visual comfort is defined in the European Standard EN12665 as “a subjective condition of
visual well-being induced by the visual environment” [36]. Visual discomfort can occur
because of either too low or too high a level of light. Visual comfort is a subjective measure
dependent on certain factors such as illumination, luminance and brightness, luminous
spectrum and risk of glare [36]. The presence of a good visual environment (e.g. adequate
natural and artificial lighting, reduced glare discomfort etc.) may add to the well-being and
productivity of the occupants of a building [37].
 Acoustic comfort
Acoustic comfort is the presence of a comfortable acoustic environment without any
uncomfortable noise [38]. Acoustic comfort is considered crucial for non-domestic
buildings’ IEQ and is generally given high preference among other IEQ indicators in offices
and classrooms by occupants [39]–[41]. Occupants’ satisfaction in workplaces can be
improved by speech privacy and comfortable sound levels, which are identified as the main
problems regarding acoustic quality in office workstations [42]. Building elements play a
significant role in offering external and internal sound insulation by acting as a barrier,
absorbing or reflecting the sound waves [43].

Analysis of existing building assessment, rating and certification
systems for IEQ
There are several voluntary building rating and assessment systems around the world that
integrate IEQ with health and well-being of occupants. These rating systems have
established extensive, and very costly, criteria for evaluating both new constructions and
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existing buildings. Most of the indicators are based on best practices, national regulations
or national/international standards. However, these rating systems are not mandatory at
national level.
To understand comfort indicators and how they can be applied to EPCs, a few well-known
systems were reviewed, including:
 BREEAM: Building Research Establishment Environmental Assessment Method
(BREEAM) was launched in 1990 by Building Research Establishment UK, a worldleading, multidisciplinary building science organisation. BREEAM was the world's first
environmental assessment method for buildings and is defined by building science and
research. Performance is measured in nine categories: management, health and wellbeing, energy, transport, water, materials, waste, land use and ecology, and pollution
 DGNB: The basic system for assessing the sustainability of buildings was jointly
developed by the German Sustainable Building Council (DGNB) and the Federal Ministry
of Transport, Building and Urban Development (BMVBS), Germany in 2009. DGNB has
developed a complete certification system for a wide range of building uses and
quarters. The sustainability concept of the DGNB system is broad and extends beyond
the well-known three-pillar model (social, economic, and environmental). It
consistently considers all essential aspects of sustainable construction. These include
the six subject areas ecology, economy, socio-cultural and functional aspects,
technology, processes, and location.
 LEED: Leadership in Energy and Environmental Design (LEED) was created in 2000 by
the US Green Building Council (USGBC), for rating design and construction practices that
would define a green building in the United States. LEED consists of credits which earn
points in seven categories: site selection, water efficiency, energy and atmosphere,
materials and resources, IEQ, regional priority, and innovation in design.
 HPI: The Irish Home Performance Index (HPI) considers the quality of residential
development under three categories: (i) costs, including energy, water and transport,
(ii) wellbeing, such as comfort, indoor air quality, the levels of daylight, and other
issues, (iii) planet, by considering how homes may help in reducing the ecological
footprint.
 WELL: WELL is a performance-based system for measuring, certifying, and monitoring
features of the built environment that impact human health and well-being. It was
launched in 2014 by the International WELL Building Institute (IWBI). It assesses the
impact on health and well-being by looking at seven concepts: air, water, nourishment,
light, fitness, comfort, and mind.
In Table 2, a summary is given of the criteria related to comfort/health and well-being,
with details of the indicators taken into account and the standards applied.
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Table 2: Summary of criteria related to assessment of comfort in building certification systems
Assessment/
rating
system

Criteria

BREEAM

Visual
comfort

Indoor
quality

air

Indicators

Standards applied

1.

•

Glare control
(suggested design
measures)
2. Daylighting (average
daylight factor,
average daylight
illuminance)
3. View out (opening size,
distance of occupant)
4. Internal and external
lighting (EN13201 and
EN 12464-2)
1. Ventilation
(national/industry
standards)
2. VOC emission levels
(ISO standards)
3. Natural ventilation
potential (opening
area)

•

•
•
•
•
•
•

•

Thermal
comfort (for
conditioned
buildings)

Acoustic
comfort

1.
2.

1.

2.

3.

14

Thermal modelling
(PMV/PPD) (standard
based)
Thermal zoning and
controls (heating and
cooling strategy)
(standard practice)
Indoor ambient noise
(equivalent sound
pressure level –
national regulations or
good practice)
Sound insulation
(national regulations
or good practice
values)
Reverberation time
(national regulations

CIBSE Lighting Guide 10
Daylighting and window
design
BS 8206 Part 2. Code of
practice for daylighting

EN ISO 11890-2:2013 –
Paints and varnishes
Determination of VOC
content, Part 2 – Gas
Chromatographic
method
ISO 16000-4: 2011
Diffusive sampling of
formaldehyde in air
ISO 16000-6: 2011 VOCs
in air by active sampling
EN ISO 16017-2: 2003
VOCs - indoor, ambient
and workplace air by
diffusive sampling
ISO 16000-3: 201123
Formaldehyde and
other carbonyls in air by
active sampling

•

ISO 7730:2005

•

Measurement of sound
insulation: ISO 16283
series

•

Reverberation time: ISO
16283-1:2014

Ref

[44]
[45]
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or good practice
values)

DGNB

1.

Thermal
comfort

Indoor
quality

air

Acoustic
comfort

Visual
comfort

LEED
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Minimum
indoor
air
quality

Operative temperature
(heating/cooling
period)
2. Drafts
(heating/cooling
period)
3. Radiant temperature
asymmetry
(heating/cooling
period)
4. Relative humidity
(heating/cooling
period)
1. VOCs measurement
(specified values)
2. Ventilation rate
(standard based)
1. Room acoustics class
(standard based)
2. Reverberation time
(standard based)
3. Average equivalent
sound absorption area
(standard based)

•

1.

Daylight factor
(standard based)
2. Annual relative motive
exposure (standard
based)
3. Visual link with outside
(specified values)
4. Absence of glare in
daylight (standard
based)
5. Artificial light
(standard based)
6. Daylight colour
rendering (specified
values)
7. Exposure to daylight
(specified values)
Outdoor
air
rate
(standard based)

•
•
•

Measurement and
simulation
DIN EN15251:2007
EN ISO 7730
DIN 4108-2

•
•

DIN ISO 16000:1/3/5/6
EN15251: 2007

•
•
•

VDI 2569: 2016-02
DIN 18041:2016-03
DIN EN ISO 3382-2

•
•
•

DIN V 18599
DIN 14057
EN 12464-1

•

ASHRAE 62.1: 2016

[46]

[47]

[48]

[49]

[50]
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Natural
ventilation:
opening location and
size (standard based)
IEQ
performance
Thermal
comfort

Interior
lighting
Daylight and
quality views

Acoustic
performance
HPI

Indoor
quality

air

Daylighting

Measurements of CO2
and TVOC (standard
based)
Thermal
comfort
analysis
conditioned
and
unconditioned
spaces
(standard
based)
1. Lighting quality
(luminance – specified
values)
1. Spatial daylight
exposure
2. Annual sunlight
exposure
3. Illuminance
4. Direct line of sight to
outdoors
1. HVAC noise
2. Sound transmission
3. Reverberation time
(specified values)
1. Ventilation (national
regulations)
2. VOCs level (standard
based)
1. Daylight factor

•

ISO 16000-6

•
•
•

ASHRAE Standard 552017
ISO 7730-2005
ISO 17772-2017

•

Specified values

•

Specified values

•
•

ASHRAE Handbook 2015
ASTM E336-17a

•

Building Regulations
Part F TGD Ventilation
2009
ISO 16000-4:2011
Code for Sustainable
Homes, HQE,
Miljöbyggnad
BS 8206-2:2008 –
Lighting for buildings
Adapted from
DGNB/BNB and
BREEAM
Building Regulations
2014 TGD Part E Sound
Appendix P in the DEAP
methodology, PHPP
(Passive House
Planning Package)
TGD Part L 2011
ISO 21542:2011 Building Construction
ASHRAE Standard 552013 Section 5.3,
Standard Comfort Zone
Compliance
ASHRAE Standard 552013 Section 5.4,
Adaptive Comfort
Model

•
•
•

Acoustic
comfort

1.
2.

Sound insulation
Indoor ambient noise
level

•
•

Summer and
winter
comfort
WELL
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Comfort

1.
2.

Summer comfort (risk
of overheating)
Winter comfort
(radiant asymmetry)

•

•
Accessible design
•
(accessibility)
2. Exterior noise intrusion •
(sound pressure level)
3. Internally generated
noise (equipment
sound level)
•
4. Thermal comfort
(conditioned and
unconditioned zones)
1.

[51]

[52]
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5.
6.
7.

Air

Light

1.

Radiant thermal
comfort (conditioned
spaces)
Olfactory comfort
(source separation)
Reverberation time
(standard based)

Ventilation
effectiveness &
increased ventilation
2. VOC reduction
3. Internal moisture
management
4. Operable windows
5. Displacement
ventilation
1. Visual lighting design
(illuminance level)
2. Electric and solar glare
control (shading)
3. Colour quality (colour
rendering index)
4. Daylight modelling
(spatial daylight
autonomy)
5. Daylighting
fenestration (size and
design)

•

•
•
•

ASHRAE 62.1-2013
(Ventilation Rate
Procedure or IAQ
Procedure)
CIBSE AM10, Section 4,
Design Calculations
ASHRAE Guidelines RP949
Specified values based
on ISO 8995-1:2002,
EN15251:2007

2.2 Description of assessment and calculation methods
The analysis of existing rating and certification schemes in Section 2.1 provided a glimpse
of well-known methods that are used in the assessment of buildings from an IEQ
perspective. This section elaborates on the selected methods and calculation approaches
behind them that are relevant to EPCs. Additional details on each method are provided to
understand their application in Section 3.3.

Thermal comfort
 Heat balance model
The heat balance model works in steady state conditions and assumes that the human
body’s thermoregulatory system maintains constant internal body temperature. It
assumes that the thermal balance of the body is influenced by human physical activity
(metabolic rate) and clothing preferences (clothing insulation). It also considers
environmental parameters: air temperature, mean radiant temperature, air velocity and
humidity. These factors form the basis of evaluation of thermal sensation for the whole
body using the PMV/PPD indexes.
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•

PMV/PPD

Occupant satisfaction has been investigated through surveys of subjects in laboratory
settings and actual buildings. In order to determine the physical and contextual conditions
in which acceptable thermal comfort can be evaluated, Fanger [53] performed an
experiment on 1,296 Danish students using a steady state heat transfer model. Fanger’s
model is a combination of theories of heat balance and physiology of thermoregulation to
determine the ranges of comfortable temperatures for the occupants of the building. The
comfort equation was derived and expanded into the ASHRAE seven-point thermal
sensation scale known as the ‘predicted mean vote’ (PMV) index. It has the following range:
+3 (hot), +2 (warm), +1 (slightly warm), 0 (neutral), -1 (slightly cool), -2 (cool) and -3 (cold).
The PMV equation is a function of environmental variables as:
PMV= f (ta, tmrt, v, pa, M, Icl)
where
•
•
•
•
•
•

ta
tmrt
v
pa
M
Icl

air temperature (°C)
mean radiant temperature (°C)
relative air velocity (m/s)
humidity (vapour pressure) (kPa)
activity level (w/m2)
clothing insulation (clo)

Further, based on the experimental studies by Fanger on PMV, an empirical relationship
was established with ‘predicted percentage dissatisfied’ (PPD) as:
PPD= 100 – 95 x exp (-0.03353 x PMV4 – 0.219 X PMV2)
This relationship indicates exact symmetry with respect to thermal neutrality i.e. (PMV=0).
This means that if PMV=0, a minimum of 5% dissatisfied people exists due to the difference
in thermal comfort from person to person [54]. Figure 4 shows the relationship between
PMV and PPD. The PMV/PPD model has been adopted by various standards e.g. ASHRAE
Standard 55 and ISO 7730.
Depending on the values of PMV and PPD four types of comfort ranges are defined in the
standard EN15251: 2007 [55] (superseded by EN16798-1 in 2019 [56]) based on previous
ASHRAE 55 and ISO 7730 standards. The comfort ranges form the basis of the design and
assessment of thermal comfort and energy performance of buildings as shown in Table 3.
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Figure 4: PPD as a function of PMV [29]

The PMV and PPD generally express thermal sensation as warm or cold for the whole body
but a different criterion of local thermal discomfort can also be applied for design and
dimensioning which includes draft, vertical air temperature differences, floor temperature
and radiant temperature asymmetry, as described in ISO 7730. This model applies to
people with light sedentary activity sensitive to local discomfort.
Table 3: Recommended categories for design of mechanically heated and cooled buildings [56]
Category

Explanation

PPD (%)

PMV

I

High level of expectation and is recommended for
spaces occupied by very sensitive and fragile
persons with special requirements like disabled,
sick, very young children and elderly people

<6

-0.2 < PMV < +0.2

II

Normal level of expectation and should be used for
new buildings and renovations

<10

-0.5 < PMV < +0.5

III

An acceptable, moderate level of expectation and
may be used for existing buildings

<15

-0.7 < PMV < +0.7

IV

Values outside the criteria for the above categories.
This category should only be accepted for a limited
part of the year

<25

-1.0 < PMV < +1.0

 Adaptive model
While the heat balance model is applicable to air-conditioned spaces, the adaptive model is
applicable to naturally conditioned spaces. This allows for the occupants to adapt to the
surrounding environment by three means: physiological (acclimatisation), behavioural
(changing activity, clothing level, opening/closing windows) and psychological (cognitive,
social and cultural variables) [57].
The experiments to establish the relationship between PMV and PPD were conducted in
climatic chambers, so did not reflect the thermal perception of occupants in environments
that allow adaptation [54]. The adaptive approach was derived from field studies that
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determined the real conditions of the thermal environment. In real situations, people
constantly interact with the immediate environment and adapt to it, making it comfortable
for themselves. To apply this method in the field, the space must have operable windows
with no mechanical cooling. There can be mechanical ventilation with unconditioned air,
and the heating system must not be in operation. Among the key findings from the field
studies on adaptive thermal comfort, a correlation was established between the mean
outdoor temperature (To) and indoor neutral temperature (Tn) by Humphreys [58] for ‘free
running buildings’ (without mechanical cooling):
Tn= 11.9 + 0.534 To (coefficient of determination R2= 0.94)
Figure 5 shows the acceptable operative temperature ranges for naturally conditioned
spaces as per ISO 7730. This model accounts for local thermal discomfort effects for
typical buildings. It also accounts for people adapting their clothing by relating indoor
operative temperature to the outdoor running mean temperatures and excludes the
humidity and air velocity from its calculations.

Figure 5: Acceptable operative temperature ranges for naturally conditioned spaces, 𝜽𝒓𝒎 =
𝒐𝒖𝒕𝒅𝒐𝒐𝒓 𝒓𝒖𝒏𝒏𝒊𝒏𝒈 𝒎𝒆𝒂𝒏 𝒕𝒆𝒎𝒑𝒆𝒓𝒂𝒕𝒖𝒓𝒆 𝒂𝒏𝒅 𝜽𝒐 = 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒗𝒆 𝒕𝒆𝒎𝒑𝒆𝒓𝒂𝒕𝒖𝒓𝒆 (𝒊𝒏𝒅𝒐𝒐𝒓) [30]
Table 4: Adaptive comfort temperature limits [30]
Category

𝜽𝒐 (°𝑪)

I

𝜃𝑜 − 2 ≤ 𝜃𝑖 ≤ 𝜃𝑜 + 2

II

𝜃𝑜 − 3 ≤ 𝜃𝑖 ≤ 𝜃𝑜 + 3

III

𝜃𝑜 − 4 ≤ 𝜃𝑖 ≤ 𝜃𝑜 + 4

IV

𝜃𝑖 < 𝜃𝑜 − 4 𝑎𝑛𝑑 𝜃𝑖 > 𝜃𝑜 + 4

The adaptive approach to comfort includes conditions compatible with low-carbon
buildings [59]. Studies have shown that adaptive opportunities should be made an
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important part of future refurbishment strategies for existing office buildings, and that
adaptive comfort models predict thermal sensation and thermal comfort better [60][61].
Adaptive comfort limits are given in Table 4.
•

Running mean outdoor air temperatures

To calculate the adaptive comfort ranges during summer, the indoor air operative
temperatures are predicted based on a function of the exponentially weighted running
mean of the outdoor temperature [55]. The exponentially weighted outside running mean
temperature accounts for time-dependency over which the occupants adapt to their
environment and is calculated based on equations (1) and (2) below:
(1)

𝑡𝑟𝑚 = (1 − 𝛼)𝑡𝑒𝑑−1 + 𝛼𝑡𝑟𝑚−1

𝑡𝑟𝑚 =

𝑡𝑒𝑑−1 +0.8𝑡𝑒𝑑−2 +0.6𝑡𝑒𝑑−3 +0.5𝑡𝑒𝑑−4 +0.4𝑡𝑒𝑑−5 +0.3𝑡𝑒𝑑−6 +0.2𝑡𝑒𝑑−7

(2)

3.8

where
•
•
•
•
•

trm
the running mean indoor air operative temperature for today
trm-1
the running mean indoor air operative temperature for the previous day
ted-1
the daily mean external temperature for the previous day
ted-2
the daily mean external temperature for the day before (and so on)
α
a constant between 0 and 1 (recommended as 0.8 for use if the running
means are calculated weekly)

The indoor air operative temperature (trm) obtained for the rooms using the outdoor air
temperature (ted) was used to determine the comfort ranges and cross-evaluate them
based on categories defined in EN 16798-1 [56]. These are shown in Table 5.
Table 5: Indoor operative temperature limits – EN16798-1[56]
Category

Lower limits

Upper limits

I

ti min = 0.33trm + 18.8 - 2

ti max = 0.33trm + 18.8 + 2

II

ti min = 0.33trm + 18.8 – 3

ti max = 0.33trm + 18.8 + 3

III

ti min = 0.33trm + 18.8 - 4

ti max = 0.33trm + 18.8 + 4

Note: These limits apply when 10 < trm < 30°C for the upper limit and 15 < trm < 30°C for the
lower limit.
 Overheating risk
Overheating is a growing risk in Europe’s residential building stock. Overheating is
described as situations where the indoor temperature of a home becomes uncomfortably
or excessively warm. This happens most often during warm weather in the summer
season, but it can also happen in winter months due to airtightness and internal gains.
Both sudden spikes in temperature and prolonged periods of excess heat can be difficult
for people to cope with, especially if they have an underlying health condition. Only a few
Member States have requirements regarding the overheating risk in existing buildings and
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new buildings. The UK standard assessment procedure, for example, includes an additional
appendix for its calculation. This evaluates the risk of overheating for the months of June,
July and August. Average mean temperature above 23.5°C is predicted to bring a high risk of
overheating. Several factors are considered in the calculation such as solar gains, natural
ventilation, air change rate, thermal mass, weather data and internal gains. Chartered
Institution of Building Services Engineers (CIBSE) standards specify the criteria for
overheating [62]. The EN 16798-2:2019 (Annex-E) [63] also specifies a method for
evaluation of annual temperatures in terms of percentage outside the comfort ranges.
These criteria can be used for assessment of overheating in summer and winter; however,
this requires measurements.

Indoor air quality
A common standard index for indoor air quality does not exist. Indoor air quality is
therefore expressed as the required level of ventilation or CO2 concentrations. It is
accepted that the indoor air quality is influenced by emissions from people and their
activities (bio-effluents, cooking), from the building and furnishings and from the HVAC
system [63]. A recent study among European countries showed that regulations for indoor
air quality in domestic buildings were not comprehensive and need additional attention as
they were recognised to be the most crucial aspect in building codes by the focus
countries: Belgium (Brussels Region), Denmark, France, Germany, Italy, Poland, Sweden
and the UK (England and Wales) [64]. A review of studies on indoor air quality highlighted
[65] inadequate ventilation causes health-related symptoms due to high concentrations of
CO2, exposure to VOCs, moulds and microbial VOCs and allergens. Many studies have
investigated the influence of indoor CO2 on occupants’ health and perceived air quality
[66]–[68]. A study on the association of CO2 with occupants’ health in commercial and
institutional buildings, covering 30,000 occupants in about 400 buildings, indicated the
prevalence of SBS symptoms [69].
 CO2 concentration
The CO2 concentration is considered an effective indicator of the rate of ventilation per
occupant [69]. Since there are no other low-cost methods available for measuring the
concentration of indoor pollutants, it is used as a reliable proxy for measuring indoor air
quality [70][55]. European standard EN 6798-2:2019 [63] defines the limits of concentration
expected in different IEQ categories based on non-adapted occupancy requirements above
outdoor concentration (default: 400ppm) assuming a standard CO2 emission of 20
L/h/person.
 Ventilation rate or air change rate
The outdoor ventilation rates vary in different zones of buildings and depend on the fresh
air requirements for that zone and requirements of different health criteria. Ventilation
rate impacts the indoor air quality in terms of concentration of indoor airborne pollutants
and CO2 [71]. It also affects the thermal comfort and indoor humidity levels. The steady
state decay method using the concentration of CO2 can be used to determine the air change
rate in a zone.
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The air change rate (𝐴𝑆 ) can be calculated based on the average CO2 generation rates
[72][73] as:
6 𝑋104 𝑛 𝐶𝑝

𝐴𝑆 = {𝑉(𝐶

𝑆 −𝐶𝑅 )}

where 𝐴𝑆 is the air change rate [h-1], n is the number of people in the space, Cp is the
average CO2 generation rate per person (generally 0.46 [l.min-1.person-1]); V is the volume
of the room [m3]; Cs is the steady state indoor CO2 concentration [ppm]; CR is the CO2
concentration in supply air (outdoor air) [ppm].
Ventilation rate requirements are defined for residential and non-residential buildings in
EN 6798-2:2019 [63] for different categories under three different methods: (i) perceived
air quality, (ii) using limit values of gas concentration (CO2), and (iii) based on pre-defined
ventilation flow rates. Ventilation rates can be achieved by different ventilation systems:
mechanical, natural or hybrid (which combine mechanical and natural principles)
•

Mechanical ventilation

Mechanical residential ventilation systems mostly consist of self-contained equipment
with elementary air ducts if needed. Mechanical ventilation ensures the provision of
regulated ventilation control for different zones of the building. These are identified in four
categories: (i) exhaust ventilation systems, (ii) supply ventilation systems, (iii) balanced
ventilation systems, and (iv) un-ducted units for single rooms.
•

Natural ventilation

Residential natural ventilation systems use stack effect and wind pressure to drive the
ventilation airflow through the building. Typical inlet components are facade grilles,
window grilles, roof window ventilation flaps and air inlets. Typical extract components
include extract stack ducts. The system is typically designed to allow air entry in living
rooms and bedrooms, and to extract air from kitchens, toilets and bathrooms. The
operation of the ventilation system can be based on always-open ventilation openings,
which provide acceptable indoor air quality on weekly, monthly and annual levels. The
operation can also be automated, based on sensors of e.g. humidity or CO2. Manual control
of ventilation is not considered a natural ventilation system as it must be observed and
regulated manually. EN 6798-2:2019 [63] lists the natural ventilation requirements based
on (i) air changes per hour (ACH), (ii) supply air flow per person, and (iii) perceived indoor
air quality for adapted persons.

Visual comfort
Standard EN 12464-1 [74] describes minimum standards of illuminance for workplaces that
are required to be maintained to fulfil visual comfort and performance needs [74]. EN
6798-2:2019 [63] also lists the criteria for lighting required in different buildings and
spaces. A literature survey by Fabi et al. [75] covered several psychological (attitudes),
social (occupancy), physical (direct sunlight) and contextual (orientation) driving forces
responsible for visual comfort in buildings. Occupants find it challenging to maintain good
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visual comfort as individuals have varied perception of glare and lighting levels in
workplaces [76]. Loss of privacy is also a factor that could be considered for visual comfort.
There are three aspects that are generally studied to evaluate visual comfort, and these
include the lighting levels, presence of glare and quality of outdoor view. Some of the
commonly used metrics to assess visual comfort are described below.
 Assessing lighting levels
•

Illuminance

Illuminance at a surface ID is defined as a physical quantity measured in lux that is
calculated as a ratio between the luminous flux falling on the surface with an area (Aill).
𝑑𝜑

𝐼𝐷 = 𝑑𝐴 [lux]
𝑖𝑙𝑙

where ID is illuminance [lux]; φ is luminous flux.
Therefore, illuminance is used as a single criterion to assess the availability of the amount
of light falling at a single plane that is easy to measure using a lux meter. As per the
standard EN-12464-1 [74], the minimum amount of illuminance required in a standard
office work plane is 500 lux. This metric has certain limitations as (i) it does not indicate
any information about the quality of light, (ii) it does not refer to the type of light such as
artificial or daylight, and (iii) it does not account for glare as it does not measure the
observer’s perspectives.
•

Daylight factor

The daylight factor (DF) for daylight access is applicable under the International
Commission on Illumination (CIE) overcast sky. It is useful for early design decisions and is
a useful technique for assessing daylight potential of interior spaces. Daylight factor does
not consider direct sunlight and its effects.

𝐷𝐹 =

𝐸𝐼
𝐸𝑂

× 100%

where:
• 𝐷𝐹
• 𝐸𝑖
• 𝐸𝑜

the daylight factor measured at a specific point (%)
available lux indoors at a specific point on a working plane (lux)
simultaneous available lux outdoors under a CIE overcast sky (lux)

The daylight reaching any point inside a room is usually made up of three components: (i)
sky component, (ii) externally reflected component, and (iii) internally reflected
component.
If there is no external obstruction like trees, buildings etc. the externally reflected
component is omitted. Several techniques, manual as well as computerised, may be used
to calculate these components for a building. In side-lit rooms, the maximum DF is near the
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windows, and is due to the sky component. In the initial stages of building design, the
average DF may be used to assess the adequacy of daylight:
Average DF =

Tθ
W
A (1 - R 2 )

where:
•W
•A
•T
•Θ
•R

area of the windows (m2)
total area of the internal surfaces (m2)
glass transmittance corrected for dirt
visible sky angle in degrees from the centre of the window (deg)
average reflectance of area A

The values of these quantities are determined from the given data and W, T and R are
corrected by using factors given in the EN 17037 Daylight Code [77][78].
•

Spatial daylight autonomy

Spatial daylight autonomy (sDA) is defined by the amount of daylight that a particular
space receives during the standard operational hours (8:00 to 18:00) on an annual basis
[79]. The hourly illuminance grids are used on the horizontal work plane to map the
daylight received. sDA is calculated through computational simulation with parameters
such as location and weather conditions throughout the year. The percentage of light that
a specific point receives above a required threshold illumination within the annual daytime
hours is termed as sDA [79].
𝑠𝐷𝐴 =

∑𝑖(𝑤𝑓 .𝑡𝑖 )
∑𝑖 𝑡𝑖

1 𝑖𝑓 𝐸𝑑𝑎𝑦𝑙𝑖𝑔ℎ𝑡 ≥ 𝐸𝑙𝑖𝑚𝑖𝑡
∈ [0, 1] with 𝑤𝑓𝑖 {
0 𝑖𝑓 𝐸𝑑𝑎𝑦𝑙𝑖𝑔ℎ𝑡 < 𝐸𝑙𝑖𝑚𝑖𝑡

where ti is each occupied hour in a year; wfi is a weighting factor depending on values of
EDaylight and Elimit that are the horizontal illuminance at a given point due to the sole daylight
and the illuminance limit value, respectively.
sDA uses the geographic location and annual weather data containing the global, diffuse
and direct irradiance measurements. Therefore, it is advantageous over the daylight factor,
DF. Another benefit of this metric is the ability to calculate artificial light savings, which is
possible by measuring the daylight received during each hour and providing sufficient
artificial light if the total is below a minimum threshold.
 Measuring the impact of glare
•

Daylight Glare Index

To measure the impact of glare on visual comfort, metrics like the Daylight Glare Index
(DGI) are used. This considers large glare sources such as windows and specifically diffuse
sky visibility through the window. The DGI metric was studied using human subjects in daylit interiors, where the sky brightness was measured and given a position index and size
[79]. This is not considered to be accurate when there is direct light or reflections present
in the field of view. DGI is a correlation between the source of luminance, size and its
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position in the field of view against a background of sky luminance, with a small
percentage of the source luminance compensating for additional eye adjustment to the
visible luminance. The DGI value generally varies from 18 to 31, where 18 corresponds to
barely perceptible glare and 31 or greater corresponds to intolerable glare.
•

Annual sunlight exposure

The annual sunlight exposure (ASE) metric is intended to help designers limit excessive
sunlight in a space. While ASE is a crude proxy for glare phenomena, it measures the
presence of sunlight using annual hourly horizontal illuminance grids rather than
luminance measures, so it is technically not a glare metric. It evaluates the potential source
of visual discomfort from direct sunlight. LM-83 [77] provides preliminary guidance for
recommended ASE limits, cautioning that spaces with ASE values exceeding 10% will likely
result in visual discomfort. ASE is defined as the percentage of an analysis area that
exceeds a specified direct sunlight illuminance level, e.g. 1000 lux, for more than a specified
number of hours, e.g. 250 hours per year. ASE values range from zero to 100%, with the
latter suggesting that the entire floor area of the space in question exceeds the simulated
value of 1000 lux for at least 250 hours per year. To reduce the potential for glare and
thermal stress, designers should aim for low ASE values (preferred threshold: ASE1000,250h<
3% of analysis area, and nominally acceptable threshold: ASE1000,250h< 7% of analysis area).
 Outdoor views
It is desirable to provide comfortable outdoor views for building occupants to connect
them to the natural environment. Views connect the indoors with outdoors and are highly
desirable for residential, office, healthcare and commercial buildings. The factors on which
outdoor views depend are the optical characteristics, colour of glazing, size and shape of
openings, surrounding lighting levels and composition of the outdoor scene. For this
purpose, the method defined in LEED manual BD+C [50] can be used to determine the
quality of views:
A direct line of sight to the outdoors via vision glazing for 75% of all regularly occupied
floor area must be achieved. View glazing in the contributing area must provide a clear
image of the exterior, not obstructed by frits, fibres, patterned glazing, or added tints that
distort colour balance.
Additionally, 75% of all regularly occupied floor area must have at least two of the
following four kinds of views:
•
•

•
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multiple lines of sight to vision glazing in different directions at least 90 degrees
apart
views that include at least two of the following: (1) flora, fauna, or sky; (2)
movement; and (3) objects at least 25 feet (7.5 metres) from the exterior of the
glazing
unobstructed views located within the distance of three times the head height
of the vision glazing; and
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•

views with a view factor of 3 or greater, as defined in “Windows and Offices; A
Study of Office Worker Performance and the Indoor Environment”

Calculation should include any permanent interior obstructions. Movable furniture and
partitions may be excluded. Views into an interior atrium may be used to meet up to 30% of
the required area.

Acoustic comfort
The indoor system noise criteria (sources such as ventilation system, dishwasher etc.) of
some spaces and buildings are given in terms of A-weighted sound pressure levels (dB(A))
normalised with reverberation time in EN16798-1 [56]. These criteria are used to assess the
relative loudness as perceived by the human ear using a measuring instrument. These
criteria apply to sources from both outside and inside the building so that relative loudness
is measured and used to limit the sound pressure levels inside the space. This method is
very much suitable for assessment in EPCs.
Noise levels can exceed these levels in case of occupants opening windows or the
operation of HVAC units. Retrofits can enable the reduction of indoor noise, while
addressing solutions for thermal comfort and energy efficiency [80]. Noise criteria do not
causally relate to energy performance, but the relationship depends on the opening of
fenestrations. For example, to minimise outdoor noise occupants may close windows in
summer; this would limit natural ventilation and cooling energy may be required to
maintain indoor thermal comfort. The WELL standard comprehensively lists several criteria
such as sound barriers, masking, absorption and mapping to assess the acoustics of a
space in dwellings, offices and commercial buildings utilising on-site assessments and
document verification processes [52]. Similarly, LEED also outlines a comprehensive set of
criteria that may be applicable to assessment for EPCs [50].
Table 6 shows a list of indicators that could potentially be explored and used for
assessment of acoustic comfort. All the associated standards are also listed in the table.
Table 6: Description of some acoustic indicators used [81]
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Indicator

Description

Standards

STC

Airborne sound transmission
class, calculated as Rw

ASTM E413

LAeq,nT

Equivalent continuous sound
pressure level (background
noise levels)

EN 16798-1:2019

Ln,w

Weighted standardised impact
sound pressure level

ISO EN 12354-2

Rw

Apparent
airborne
reduction index

ISO EN 12354-1

Rt

Reverberation time

sound

ISO 3382-2:2008
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2.3 Application of assessment methods for the indicator
Voluntary or mandatory methods for EPCs
Table 7 gives an indicative list of indicators under each category. To assess each category
minimum and alternative/additional indicators have been identified and listed. However,
no assessment has yet been made on which category is voluntary or mandatory for EPCs.
This will be further studied in X-tendo based on individual country and building stock
requirements.
Table 7: List of required indicators
Category

Thermal comfort

Visual comfort

Minimum required indicators
PMV/PPD
(conditioned
spaces),
overheating
risk
(summer, winter)

Adaptive
(unconditioned
radiant
thermal
drafts

Illuminance level,
fenestrations

Spatial daylight autonomy,
daylight factor, glare control,
luminance quality, annual
sunlight exposure,

size

of

comfort
spaces),
comfort,

Indoor ambient noise level

Sound
insulation,
reverberation time, exterior
noise
intrusion,
average
equivalent sound absorption
area

Ventilation
concentration,
windows

VOC level, internal moisture
level, olfactory comfort

Acoustic comfort

Indoor air quality

Alternative/additional
indicators

rate,

CO2
operable

Applicability of methods to different building typologies
Table 8 lists several indicators (methods) showing their applicability to different building
typologies along with existing and new buildings. Out of all the indicators only radiant
asymmetry and drafts are generally not applicable to new buildings, though may apply if
they are poorly designed. They are often a problem in old buildings with cold surfaces due
to insufficient insulation causing uneven heating of air in the room. The building envelope is
generally leaky and may have developed gaps or cracks causing drafts.
Table 8: Overview of applicability of each indicator to different buildings

Category

Thermal
comfort
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Indicators
(methods)
PMV/PPD
(conditioned
spaces)

Existing
buildings

New
buildings

Residential
buildings

Non-residential
buildings (office,
hospitals, hotels,
schools etc.)
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Overheating risk
Adaptive
comfort
(unconditioned
spaces)
Radiant
asymmetry
Drafts
Illuminance
level
Daylight factor

Visual
comfort

Size
of
fenestrations
Spatial daylight
autonomy
Annual sunlight
exposure
Outdoor view
Indoor ambient
noise level
Reverberation
time

Acoustic
comfort

Exterior
intrusion

noise

Average
equivalent
sound
absorption area
Ventilation rate

Indoor air
quality

CO2
concentration
Operable
windows
Olfactory
comfort

The application of several indicators to different building typologies does not vary much
for residential and non-residential buildings. In the case of thermal comfort, PMV/PPD
have not been tested or robustly developed for residential buildings and are more suitable
for non-residential buildings with varying activities. Methods such as equivalent sound
absorption area might not be suitable for residential buildings as the volume of spaces is
generally not large. Indicators such as radon concentration are more relevant for
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residential buildings as radon tends to accumulate in high concentration areas such the
lower ground floor, basement and ground floor that are not well ventilated and often
occupied in residential buildings.

Presentation of the indicator
Table 9 illustrates a few examples used for presentation of ranking or score. Many
methods have no scale but are represented only by their threshold criteria as defined in
standards. It is possible to define innovative scales for the purpose of EPCs depending on
the method to be used in the assessment of comfort.
Table 9: Examples of ranking/scale/score/threshold used for indicators
Category

Indicators

Ranking/Scale/Score

PMV/PPD
(conditioned
spaces)

ASHRAE scale (-3[cold], -2[cool], -1[slightly cool], 0 [neutral],
+1[slightly warm], +2[warm], +3[hot])
Adaptive comfort
(unconditioned
spaces)

Acceptability limits used (70-90%) based on number of
occupants. Light grey area represents 70% acceptability and dark
grey represents 80-90% acceptability

Illuminance level

Minimum requirements according to occupancy (e.g. office=500
lux, corridor 100 lux etc.)

Daylight factor

50% of usable area throughout the building should have DF (> 3%
very good, > 2% medium, > 1% slight, < 1% none)

Thermal
comfort

Visual
comfort
Size
fenestrations

of

Spatial
daylight
autonomy
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Values for WWR (window-wall ratio) should be between 20-60%.
Refers to the % of floor area that receives 300 lux of daylight for
min. 50% of annual occupied hours (LEED requirement 55-75%)
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Annual
sunlight
exposure

Refers to the % of floor area that receives 1000 lux of direct
sunlight for min. 250 occupied hours per year (LEED requirement
max. 10%)

Indoor
ambient
noise level

Should not exceed 40 dB indoors

CO2 concentration

Specified values based on occupancy in standards

Acoustic
comfort

Indoor
air
quality

Source: https://iotfactory.eu/

2.4 Linking indicators to energy performance and EPCs
 Thermal comfort
Thermal comfort has a direct correlation with indoor air temperature. To maintain indoor
air temperature heating/cooling is required, which consumes energy. The changes in the
energy performance of buildings can be observed during different seasons across different
climate zones where the requirements for heating or cooling vary. In Northern Europe, the
31
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indoors requires heating in winter months and energy consumption is highest in these
months to ensure thermal comfort. Provision of energy efficient strategies can also
maintain thermal comfort effectively, such as natural ventilation, solar-shading and
passive solar gain. Approximately 64% of the energy used in households is used in meeting
the required heating demand [82].
 Visual comfort/daylight
Adequate lighting is necessary for comfortable viewing and strongly depends on the
activity and areas where lighting is required. To maintain a required level of illuminance
throughout the day, artificial lighting is used, which consumes energy on a daily basis.
Achieving visual comfort by means of artificial lighting affects the energy requirement of a
building and thus impacts its energy performance strongly. Approximately 14% of energy
used in households is used in lighting [82].
 Acoustic comfort
Acoustic comfort has an indirect relation with energy performance. The acoustic
performance of a space is influenced by the level of insulation. Often thermal insulation
improves the acoustic performance of a space as well as the energy performance.
Similarly, windows affect thermal as well as acoustic insulation. Often, houses with poorly
insulated or leaky windows provide low acoustic comfort from outdoor noise. The
presence of ventilation openings also negatively affects acoustic comfort.
 Indoor air quality
A supply of fresh outdoor air improves indoor air quality. The outdoor air can be provided
either by natural ventilation or mechanical ventilation. Mechanical ventilation maintains a
required level of indoor air quality and, therefore, impacts the energy performance of a
building. Next to the auxiliary energy needs, ventilation also requires conditioning of
supplied air, for which energy is used.
IEQ indicators are strongly linked with building energy consumption. There are aspects of
IEQ in several EPC schemes, e.g. overheating, ventilation, lighting, heat comfort, etc.
However, only a few countries have specific indicators for this, or one aggregated
indicator. Countries such as Greece, Ireland and Italy collect very rudimentary information
on comfort aspects, such as good air quality, thermal comfort satisfaction or overheating
risk, based on observation or off-site calculations made by the auditor. Although the
extension of EPC aspects such as comfort has been highlighted by many Member States,
there has been no progress in the EPC schemes in this regard.

2.5 Legal boundaries or requirements of assessment methods
During the assessment of comfort indicators, the auditor or assessor would collect data on
aspects such as temperature, humidity, CO2 levels, usage of spaces, temperature
regulation etc. Additionally, specific photographs or notes would be taken during the
assessment. Collection of data on several indicators would require consent from the
owners as the analysis of data would reveal occupant behaviour, making it vulnerable to
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misuse. Data could be exploited commercially if not regulated. Therefore, for data privacy
and security purposes compliance with GDPR must be followed along with regulations
under current EPC systems. There are no legal boundaries already defined for any of the
listed methods, so each method would be checked for its legal boundaries separately in
terms of data being collected.

2.6 Ranking of assessment methods to evaluate their feasibility for
the feature
Table 10 evaluates the assessment methods for the four indicators discussed earlier for
their application to EPCs based on their feasibility of use. Although there are no prior
references to identify the suitability of methods for EPCs, their feasibility is assessed
through expert judgement considering the complexity of their use in terms of evaluation
procedure (e.g. measurements, on-site/off-site assessment), time, cost and overall effort.
Table 10: Feasibility of assessment methods for EPCs
Ranking

Comment on feasibility/
explanation

***

Requires extensive monitoring
and occupant data collection
(clothing, metabolic activity
etc.)

Adaptive comfort

***

Only indoor temperature
monitoring required
(applicable only in nonconditioned period e.g.
summer)

Thermal satisfaction survey

****

Can be conducted easily onsite with the occupants in
high-occupancy buildings

Overheating risk

****

Requires annual evaluation of
indoor temperature levels

Radiant asymmetry

**

Suitable for existing buildings
and can be determined with
on the spot measurement

Drafts

**

Suitable for existing buildings
but requires expensive
instruments for measurement

Illuminance

*****

On the spot measurement and
easy to determine but does
not differentiate between
artificial and daylight

Daylight factor

****

Only applicable for assessing
daylight levels indoors but
ignores effect of direct

Method
Thermal comfort
PMV/PPD

Visual comfort
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sunlight

*

Requires annual simulations
for calculation but calculates
only daylight during
operational hours

Annual sunlight exposure

*

Used to measure direct
sunlight and as a proxy for
glare. Determines visual
discomfort due to glare

Outside views

*****

Easy to determine and
calculate

*****

Relatively easy for on-site
assessment and usually
available as an input for EPC
assessment

Indoor ambient noise level

****

Easy to measure and
determine

Reverberation time

**

Exterior noise intrusion

****

Easy to measure and
determine

Average equivalent sound
absorption area

****

Can be calculated using
information about the building

Ventilation rate

****

Requires expensive
instruments for measurement
but can be calculated using
CO2 in non-conditioned zones.
Easily determined where
mechanical systems are
present

CO2 concentration

****

Easy to measure on-site and
small-time interval for
reading

Operable windows

*****

Easy to note and use the
information

VOC concentration

*

Expensive measurement
device

sDA (spatial daylight autonomy)

Size of windows
Acoustic comfort

Suitable and relevant for
larger spaces only

Indoor air quality

Olfactory comfort

*****

Suitable for commercial/
office buildings and easy to
determine based on subjective
outputs

Likert scale used for suitability: not at all (*), slightly (**), moderately (***), very (****), extremely
(*****)

34

Exploring innovative indicators for the next-generation EPC features

2.7 SWOT analysis of the comfort assessment methods
Overall, there are many assessment methods available to assess the IEQ indicators. Each
method has its pros and cons but a general evaluation of the methods in the context of
EPCs is given in Table 11 for each indicator.
Table 11: SWOT analysis of the IEQ assessment methods for EPCs
Strengths

Weaknesses

Thermal comfort
EN/ISO standard methods available for
assessment of summer/winter comfort

Long-term and short-term monitoring
necessary for assessment
(seasonal/annual)

Variety of measuring instruments are
available

Few experts with knowledge of all the
indicators

Online training material and tutorials
available

No established rating or scale to be used
directly in EPCs

Indoor air quality
EN/ISO standard methods available for
assessment

Measurements necessary for evaluation

Proxy measurement possible through CO2

Variation in assessment for different
buildings

Visual scale available to use

Expensive instruments to measure air
quality

Visual comfort
EN/ISO standard methods available to
assess lighting levels and glare

Simulations necessary for most methods for
evaluation

Guidelines available for different building
typologies

Difficult to assess during overcast
conditions on-site

Acoustic comfort
EN/ISO standard methods available to
assess acoustic performance

Measurements necessary for evaluation

Guidelines available for different building
typologies
Opportunities

Mostly suitable for office and commercial
buildings
Threats

Thermal comfort
Most important driver for renovation for
residential and tertiary sector

Potential on negative impact on energy
performance score

High awareness of thermal comfort among
end-users

Variable benchmarks for thermal comfort in
different climates of Europe

Very relevant for productivity gains

Objections against using too expensive
measurement methods

Indoor air quality
Ventilation guidelines already included in

35

Health impacts are not well understood by

Exploring innovative indicators for the next-generation EPC features

building regulations of many Member
States

end-users

Very relevant for productivity gains

Too many metrics to select for assessing
indoor air quality

Visual comfort
Relatively low investments needed to meet
the standard guidelines

Confusion in selection of best method for
measurement

Well-established guidelines that can be
adopted in EPCs

Low priority given compared to thermal
comfort and indoor air quality

Acoustic comfort
Well-established guidelines that can be
adopted in EPCs

Expensive instruments for measurements

Can be combined with thermal comfort
measures

Not considered as an important driver in
renovation

2.8 Proposed approach to develop the feature
The literature review of the existing rating and certification systems and IEQ indicators
provided details regarding the relevant indicators, criteria and parameters used to assess
comfort in buildings. Most of the existing systems focus on granting rankings based on
extensive criteria (e.g. technical, verification, measurements and assessments), generally
with longer monitoring time requirements for evaluation (e.g. monthly/annual). The
assessment of comfort for EPCs should be done in a relatively shorter time and with less
effort to reduce the cost of assessment and increase the affordability for the end-user
(cost is a big barrier for many households).
For the further development of the comfort indicator in the X-tendo project these
constraints will be addressed and considered in the approach that will be tested in
buildings.
The
assessment
methods
would
consist
of
checklists
(observations/measurements), surveys and on-site monitoring depending on the
requirements of the individual parameter (see Figure 6). The approach will be developed to
keep the assessments adaptable, affordable and time effective.
Four main indicators will be assessed within the comfort feature: (i) thermal comfort, (ii)
indoor air quality, (iii) visual comfort, and (iv) acoustic comfort. To identify the overall IEQ
level, all four indicators will be assessed independently based on multiple criteria. Under
each criterion, certain parameters must be met to achieve a required score. The score will
be awarded using the relevant assessment method (e.g. checklist, survey, monitoring etc.).
A description of indicators, criteria and parameters is given below with an indication of the
weightages assigned to them. An individual rating/scoring process is proposed for the
comfort feature as shown in Figure 6. A combined rating with a single value will give an
overall idea of the indoor environment but will not specify the problem areas and there is a
greater chance of making errors in applying corrective measures. Therefore, an individual
rating for all four indicators is proposed to provide more details for interventions.
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Figure 6: Individual rating process

Figure 7: An example of two levels of weightage for the thermal comfort indicator

A description of the terms used in the comfort feature assessment is given below (refer to
Figure 6 and Figure 7):
1.
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Indicators: This refers to the four main components of the comfort feature. These
components will be assigned equal or different relative weightage (e.g. in Figure 7,
thermal comfort = 25%, visual comfort = 25%, indoor air quality = 25%, acoustic
comfort = 25%) depending on the different aspects, e.g. region, type of buildings
etc. Each indicator will be assessed based on several criteria.
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2. Criteria: The criteria are the aspects that are required to be assessed under each
indicator. The list of criteria is prepared based on existing literature. Criteria will be
assigned different or similar relative weightage (e.g. in Figure 7, for indicator
thermal comfort: summer comfort = 35%, winter comfort = 40%, occupant control =
25%) based on expert inputs. A criterion of occupant control is also included for all
indicators, as this has been found to be an essential aspect in maintaining a
satisfactory level of indoor comfort. Since each indicator interacts in certain ways
with the other, which are often complicated to determine in the assessment.
However, the occupant control criterion does consider how occupants may react to
the combined effect of two or more main indicators (e.g. closing the window
partially to block noise but continue to ventilate for fresh air). Occupant behaviour
is generally challenging to measure and predict. Each criterion will be evaluated
based
on
certain
parameters
via
different
assessment
methods
(checklist/survey/on-site monitoring).
3. Parameters: A list of parameters will be prepared to assess each criterion based on
the impact on comfort and health and well-being of the occupants. A relative
weightage will be assigned to each parameter based on expert inputs (e.g. in Figure
7, for the criterion summer comfort: overheating risk = 60%, adaptive comfort =
40%). Each parameter can obtain a score of 0 (worst) to 10 (best) which is assessed
using a checklist, survey, on-site monitoring etc. Individual scales for each
parameter will be developed in further work.
An example of an exhaustive list of criteria and parameters (description tree) is given in
Figure 8.
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Figure 8: A description tree of indicators, criteria and parameters
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The proposed scale to be used for the comfort feature in EPCs is given in Table 12.
Table 12: Scoring to the corresponding labels
Label for comfort feature

Score (maximum achievable fraction)

Very bad

0% < score ≤ 30%

Bad

30% < score ≤ 40%

Acceptable

40% < score ≤ 60%

Good

60% < score ≤ 80%

Excellent

80% < score ≤ 100%

The scores will be calculated individually for the four indicators (see Table 13) based on
Table 12.
Table 13: Individual ratings for indicators
Indicator

0%-----------------------100%

90%

Thermal comfort

80%

Indoor air quality
Acoustic comfort
Visual comfort

40

65%
50%

Label
Excellent
Good
Good
Acceptable
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3 FINDINGS
This section presents a summary of key findings (Table 14) related to the indicators that
will be developed for the five innovative features in the X-tendo toolbox. This summary will
be a precursor for further work in WP3. The findings have been categorised into key
barriers, challenges, limitations, delivery actors, presentation, target audience and link with
energy performance.
Table 14: Key findings of the scoping and analysis of all features

Feature 1:
smart
readiness

Feature 2:
comfort

Feature 3:
outdoor air
pollution

Feature 4:
real energy
consumption

Feature 5:
district
energy

Key barriers
Technical/
methodological

Dealing with
differences in
building
services
(heating, EV
presence, etc.)
and
characteristic
s (age, type or
geographical
location)

Assessment
methodology
for different
building
typologies

Proper
definition of
outdoor air
quality

Length of the
monitoring
duration

Implementati
on of a
certification
scheme for
calculating
future PEF,
REF and CEF
could be a
major barrier
for some
countries

Existence of
several
schemes
(market
saturation)

-

-

Normalisation
for user
behaviour
financially

-

Differences
across MS in
smart
readiness
levels

Various
standards at
MS level

-

Enforcement
frame

-

Novelty of the
indicator
requires the
presence of
useful
information

Benefits are
not well
understood
by public

-

Weighted
measures and
theoretical
building
maximums
need to be
developed
Financial
/economic

Legislative/
governance

Social
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Accounting for
bulked
quantities
Landlord/tenan
t split

-
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for the
majority of
the public
Environmental

ICT
technology
might have a
significant
environmenta
l impact

-

-

Monitoring
infrastructure
cost in relation
to benefits

Additional
efforts and
committing
to values
stated in
EPCs might
be a reason
for district
heating
utilities to
oppose
these
indicators

Industry

Potential lack
of readiness
of the
industry to
satisfy the
demand of
new ICT

Application of
industrybased
solutions in
building
sector

-

Strict
enforcement is
difficult or even
not feasible

Implementati
on of a
certification
scheme for
calculating
future PEF,
REF and CEF
could be a
major barrier
for some
countries

Quick
assessment > Method A is
created to
reduce
assessment
time

Provision of
single
rank/score

Estimation
of filter
classificatio
n for each
county

Development
of suitable
models for
missing data
(e.g. DHW
energy
consumption)

Variable
definitions of
PEF, REF and
CEF

Key challenges
Technical/
methodological

Accuracy of
methods with
or without
measuremen
ts

Proper
definition of
reference
values of
emission
rates
Scale of
indexes and
weights for
each
country

Differentiation
of method for
various
functions
(especially
nonresidential)
Normalisation
versus
maintaining the
link with actual
measured
energy
consumption
Normalisation
for indoor
environmental
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quality and
service
provision

Financial/
economic

Legislative/
governance

Low cost and
easy-to-use
option

Developing
costeffective
assessment
criteria

-

Cost/accuracy
or
effectiveness
balance

Estimation of
data for
future years
for a district
heating
system
(mainly plant
capacities
and full load
hours)

Universal
methodology
applicable to
all MS (in
contrast to
EPC)

No reference
for EPCs
available
from MS

Multiple
standards
and
regulations
in different
MS

Minimising
fraud

Estimation of
data for
future years
for the public
electricity
grid so that it
is accepted
by the
district
heating
utilities and
authorities

GDPR
(especially in
the case of
individual
dwellings or
buildings with
low number of
users)
Citizen security
and data
privacy

Social

Acceptability
and
appropriation

-

-

User
acceptance;
maintaining the
link with
energy
billing/meterin
g information

Method for
verification
between
roadmap of
district
heating
utility and
estimated
data

Environmental

Benefits vs.
costs
understudied

Integration in
decisionmaking for
renovation
measures

Integration
of variable
sources of
emissions in
different MS

Positive
balance of
environmental
benefits of EPC
method
effectiveness
improvement
versus
environmental
impact

-

Industry

Demand
satisfaction

Quantified
benefits not
well
integrated in
assessments

-

-

-
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Limitations

Might work at
the level of
some MS but
not all

Reduction of
measuremen
ts for costeffectiveness

Higher
smartness
levels should
reflect better
quality of life
for occupants
and building
performance

Limited
complexity to
simplify
training of
experts

Presentation

Welldeveloped
presentation
approach

Few
examples of
presentation
available

Existing
colourful
scale exists

As part of EPC,
printed, digital,
as part of
building
logbook,
complementary
to current EPC
information or
replacing it.

-

Delivery actors

EPC
assessors,
qualified
experts but
also owners
(selfassessment)

EPC
assessors,
qualified
building
professionals

EPC
assessors,
energy
auditors

EPC assessors,
qualified
building
professionals/
experts

EPC
assessors,
district
heating
utilities

Target
audience

Whole
building
ecosystem:
property
owners,
buyers,
renters,
tenants,
facility
managers,
public
authorities

Property
owners,
buyers,
renters,
tenants,
facility
managers

End-users,
owners,
occupants

Same as
current EPC
target
audience,
although focus
is more useroriented.

Property
owners,
buyers,
renters,
tenants,
facility
managers,
research,
public
authorities
responsible
for planning
heating and
cooling

Link with
energy
performance

Monitoring
and operation
at the building
level and

Thermal
comfort and
indoor air
quality have a

Pollutant
emission
and indoor
air purity

Real energy
consumption
directly links
with energy

All indicators
have a
strong link to
the energy
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AQI data is
required

For the design,
calculation is
still required;
duration of
measurement
period
(relevant for
new/renovated
buildings)

-

Monitoring
infrastructure
roll-out may
not be
supported in all
MS

Depending on
data
availability,
potentially fully
automated
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improved
interoperabilit
y with the grid
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strong link
with energy
performance

have a
strong link
with
building
thermal and
installation
characteristi
cs

performance
and additional
operational
(energy)
performance
Potentially
contributes to
mitigation of
energy
performance
gap

performance
of the
building
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4 CONCLUSIONS
This report provides useful and crucial insights into working out the indicators for the five
features during the X-tendo project. For all features, we have outlined details of the
existing assessment/calculation methods in the context of EPCs. Their application domain,
legal boundaries, and links with energy consumption and EPCs were also studied and
evaluated. A SWOT analysis and ranking of methods were presented highlighting the best
fits for each of the indicators. However, further work and adjustments to these methods
would be required to make them available for real testing. A proposed approach for the
development of each feature based on a preliminary concept for the indicator is also
presented. Finally, across all features, key findings have been presented, leading to the
following conclusions in two groups:
Indicators
 ‘Smart readiness’ approach presents a potential method for assessing the smartness
of buildings with nine domains (e.g. lighting, ventilation, envelope, monitoring and
control etc.)
 ‘Comfort’ approach incorporates four key indicators – thermal, visual and acoustic
comfort and indoor air quality – to be assessed through checklists, on-site
measurements and surveys
 ‘Outdoor air pollution’ approach addresses a building’s impact on air by two methods:
an outdoor air pollution contribution index and indoor air purity index
 ‘Real energy consumption’ approach outlines an assessment method based on
operational ratings, with options for normalisation to allow for better inter-building
comparison
 ‘District energy’ approach focuses on predicting the potential for future development
for buildings via two methods: expected future performance of district heating and
heat distribution and transfer system
Cross-cutting issues
 Technical challenges that constrain the application of existing methods such as
assessment time, accuracy, normalisation process, variable definitions and emission
factors could be overcome by certain modifications in approach
 Features should be aligned financially to increase market acceptance and costeffective assessments during the development
 Legal and governance issues should be addressed by dealing with challenges such as
development of universal methodologies, presence of multiple standards at Member
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State level, control of citizen data and privacy, and acceptance of future estimations by
public authorities
 From a social perspective, user acceptance and public understating of the features are
key issues and should be considered in feature development
 If these indicators are well integrated within EPCs, significant environmental benefits
are anticipated
 Future implementation of indicators can be strengthened by addressing lack of
industry readiness, understanding of anticipated benefits and enforcement issues
Certain limitations need to be overcome to implement these innovative indicators, such as
variable levels of implementation in the Member States due to different local requirements
and regulations. Some indicators require extensive monitoring and measurements, and a
lack or absence of data is a barrier in the development and acceptance of these features
within EPC schemes.
A range of delivery actors was identified for all the features, including EPC assessors,
qualified experts, building professionals, and auditors. It is especially important to focus on
them while developing the features as they will directly affect the outcomes of the
assessments. While developing the features, links with energy performance are being
explored and studied with reference to interoperability with the grid, energy consumption,
and operational energy performance. To successfully develop the indicators and their
implementation in the EPC schemes of the Member States, the features should ensure
compliance with the requirements of the target audience and the framework principles of
the cross-cutting criteria in X-tendo.
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GLOSSARY OF TERMS
Term/words

Meaning/definition

Air Quality Index (AQI)

Index used by government agencies to communicate to
the public how polluted the air currently is or how
polluted it is forecast to become

Building smartness

A building’s capacity to communicate with its occupants
and the grid and to monitor and regulate efficiently the
use of energy and other resources. It exemplifies the
ability of the building to adapt to internal and external
situations, relies on information and connectivity, and
requires an appropriate level of cybersecurity.

Carbon emission factor (CEF)

A coefficient which allows conversion of activity data
(process/processes) into CO2 emissions

Emission rate

The emission intensity of a given pollutant relative to
the intensity of a specific activity, or an industrial
production process; for example grams of carbon
dioxide released per megajoule of energy produced, or
the ratio of greenhouse gas emissions produced to
gross domestic product (GDP)

Energy
Performance
Buildings Directive (EPBD)
Expectable
temperature (ERT)

The EPBD covers a broad range of policies and
of supportive measures that will help national EU
governments boost energy performance of buildings
and improve the existing building stock

return Average temperature to be expected in the return of a
building's heat distribution system

Filtration

A physical, biological or chemical operation that
separates solid matter and fluid from a mixture with a
filter medium that has a complex structure through
which only the fluid can pass

Final energy consumption

Final energy consumption is the total energy consumed
by end users, such as households, industry and
agriculture. It is the energy which reaches the final
consumer's door and excludes that which is used by the
energy sector itself.

IEQ encompasses the conditions inside a building – air
Indoor environmental quality quality, lighting, thermal comfort, acoustic conditions,
(IEQ)
ergonomics – and their effects on occupants or
residents
Information
communication
(ICT)

and
Infrastructure and components that enable modern
technologies
computing

Internet of Things (IoT)
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Enabling of everyday devices to send and receive data
through the internet
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Emission of combustion products of solid, liquid and
gaseous fuels to the atmosphere from emission
sources (emitters) located at a height of not more than
40 m

Low emission

nZEBs have very high energy performance, and the low
Nearly zero energy building
amount of energy they require comes mostly from
(nZEB)
renewable sources
Necessary
supply
temperature (NST)

Maximum temperature that is necessary to be supplied
line to a building's heat distribution system in order to
ensure that the heat load can be supplied to each part
of the building on the coldest day of the year

Overheating risk

Situations where the indoor temperature of a home
becomes uncomfortably or excessively warm

PM2.5/PM10

Particles with an aerodynamic diameter smaller than
respectively 2.5 and 10 µm

Pollutant

A substance or energy introduced into the environment
that has undesired effects, or adversely affects the
usefulness of a resource

Primary energy factor (PEF)

A PEF connects primary and final energy by indicating
how much primary energy is used to generate a unit of
electricity or a unit of useable thermal energy

Primary energy consumption

Primary energy consumption measures the total energy
demand of a country. It covers consumption of the
energy sector itself, losses during transformation (for
example, from oil or gas into electricity) and
distribution of energy, and the final consumption by end
users. It excludes energy carriers used for non-energy
purposes (such as petroleum not used not for
combustion but for producing plastics).

Primary resource factor (PRF)

The ratio between fossil energy supply and energy used
in a building

Renewable
(REF)

energy

factor The share of renewable energy in the heat supplied by
the district heating system

Sick building syndrome (SBS)

Smart
(SRI)

Smog
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readiness

A condition affecting office workers, typically marked
by headaches and respiratory problems, attributed to
unhealthy or stressful factors in the working
environment such as poor ventilation

Measure of the capability of buildings to adapt their
operation to the needs of the occupant, optimising
indicator
energy efficiency and overall performance, and to adapt
their operation in reaction to signals from the grid
(energy flexibility)
An atmospheric phenomenon resulting from the mixing
of fog with smoke and exhaust fumes
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Organic chemicals that readily produce vapours at
ambient temperatures and are therefore emitted as
Volatile organic compounds
gases from certain solids or liquids. All organic
(VOCs)
compounds contain carbon, and organic chemicals are
the basic chemicals found in all living things.
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