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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 follow-
up 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. 

 

 

 

1 In addition to these five features, X-tendo will also provide a set of five features dealing with 
innovative handling of EPC data.  

https://x-tendo.eu/toolboxes/smart-readiness/
https://x-tendo.eu/toolboxes/smart-readiness/
https://x-tendo.eu/toolboxes/comfort/
https://x-tendo.eu/toolboxes/outdoor-air-pollution/
https://x-tendo.eu/toolboxes/real-energy-consumption/
https://x-tendo.eu/toolboxes/district-energy/
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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 cost-

effective 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.  

 

Figure 1: Overview of the five features 

 

•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

Smart 
readiness 

•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

Comfort

• 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 

Outdoor air 
pollution

•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

Real energy 
consumption

•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

District 
energy
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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.  

 

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:001:0065:0071:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:EN:PDF
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2018.156.01.0075.01.ENG
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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:  

• 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 

https://x-tendo.eu/
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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 

 

 

Comfort 

 

 

Outdoor air 
pollution 

 

 

Real energy 
consumption 

 

 
District 
energy 

Feature lead VITO BPIE NAPE VITO e-think
EASt 
(Austria/Styria) 

Implementer Implementer  Implementer  

DEA  
(Denmark) 

Implementer Implementer   Expert 

TREA  
(Estonia) 

Implementer/ 
Expert 

  Implementer  

CRES  
(Greece) 

Implementer Implementer    

ENEA  
(Italy) 

   Implementer Implementer 

NAPE  
(Poland)   

Implementer/ 
Expert 

 Implementer 

ADENE  
(Portugal) 

 Implementer    

AAECR 
(Romania) Implementer Implementer  

Implementer/ 
Expert 

Implementer 

EST  
(UK) 

   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 3: OUTDOOR AIR POLLUTION 

2.1 Air pollution levels across the EU 

Air pollution is perceived as the second biggest environmental concern for Europeans, after 
climate change [83]. Indoor and ambient air pollution in 2018 were recognised as one of the 
risk factors for non-communicable diseases [84]. The data gathered by the WHO from 
4,300 cities shows that the annual level of pollutants within the air can lead to health 
conditions such as asthma, lung cancer and heart disease. It is estimated that 90% of the 
population worldwide are breathing highly polluted air, while in the EU, 80% of monitored 
cities exceed the threshold levels recommended by the WHO [85]. Based on the EU air 
quality report [86] the concentration of particulate matter (PM) in large parts of Europe 
exceeded the EU limit values and the WHO air quality guideline. In 2017, 17% of the EU-28 
urban population was exposed to PM10 (particulate matter 10mm) levels above the daily 
limit, and 8% for PM2.5 (particulate matter 2.5 mm) It was even worst when the stricter 
WHO guidelines were taken as a limit level value: for PM10 it was 44% and for PM2.5 it was 
77% of urban population.  

 

Figure 4: The 50 most polluted cities in the world and in the European Union [85] 

The most visible symptom of air pollution is smog. Smog is an atmospheric phenomenon 
resulting from the mixing of fog with smoke and exhaust fumes. It is caused by the release 
of harmful chemical compounds into the atmosphere, such as sulphur oxides and nitric 
oxide, and solid substances, i.e. particulate matter, as well as carcinogenic polycyclic 
aromatic hydrocarbons. Two distinct types of smog are recognised: sulphurous smog and 
photochemical smog. Sulphurous smog, which is also called “London smog”, results from a 
high concentration of sulphur oxides in the air and is caused by the use of sulphur-bearing 
fossil fuels, particularly coal. This type of smog is aggravated by dampness and a high 

https://www.britannica.com/science/fossil-fuel
https://www.britannica.com/science/coal-fossil-fuel
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concentration of suspended particulate matter in the air [87]. Photochemical smog, which 
is also known as “Los Angeles smog”, occurs most prominently in urban areas that have 
large numbers of automobiles. It requires neither smoke nor fog. This type of smog has its 
origin in the nitrogen oxides and hydrocarbon vapours emitted by automobiles and other 
sources, which then undergo photochemical reactions in the lower atmosphere [87].  

The main contributors in PM10, PM2.5 and CO (carbon monoxide) emission are the 
commercial, institutional and household sectors. The SOx (sulphur oxides) emission is 
mainly related with the energy production and distribution sector and NOx (nitrogen 
oxides) with the road transport sector [86]. Twelve supreme audit institutions (SAIs) 
identified transport and/or industry as the sources with the biggest impact on air quality in 
their countries. In Eastern Europe, seven SAIs specified ‘low emission’ as the main source of 
air pollution in their country [84]. Low emission is related to fossil fuel combustion in 
individual heating sources, which causes locally emitted pollutants. 

2.2 Overview of the methods for assessing the impact of buildings 
on outdoor air and indoor air 

Buildings affect both the quality of the outside air (pollutant emissions) and the purity of 
the indoor air (air filtration). The impacts of atmospheric air pollution can, therefore, be 
included in EPCs in two different ways: 

 First, the local air pollution contributor index will be used to assess a building’s effect 
on outside air quality. To determine this index a calculation of pollutants emitted by 
local energy sources will be calculated. The emissions will be compared with reference 
values. A weighting will be integrated to reflect the impact of each pollutant on air 
pollution (e.g. smog development). The local air pollution contributor index will be 
estimated based on the amount and type of fuels used in the building for the purposes 
of heating, cooling, hot water preparation and potentially electricity needs (e.g. a 
combined heat and power (CHP) system). 

 Second, the indoor air purity index will be used to assess the ability of a building’s 
ventilation system to purify outdoor air. This assessment will, for example, consider 
the type of filters used in the mechanical ventilation systems (if present), including 
their replacement and cleaning. Also, the historical measured data on outdoor air 
pollution (particulates, ozone, nitrogen oxides, etc.) from the surrounding monitoring 
stations will be taken into consideration.  

 Impact of buildings on ambient air pollution 

In the EPC calculation methodology, both building energy performance and installation 
characteristics are available. The main influencing parameter of the local ambient air 
pollution is the low emission from the production of energy in the buildings. The energy can 
be delivered to the buildings through different energy vectors: 

• Heating, cooling, and electricity from district network (city) (e.g. heat from 
district heating substation)  

https://www.britannica.com/science/photochemical-smog
https://www.britannica.com/technology/automobile
https://www.britannica.com/science/nitrogen
https://www.britannica.com/science/oxide
https://www.britannica.com/science/hydrocarbon
https://www.britannica.com/science/photochemical-reaction
https://www.britannica.com/science/atmosphere


Exploring innovative indicators for the next-generation EPC features 

 

 

13 

• On-site production of heating, cooling and electricity using renewable energy 
sources (RES) but without fuel combustion (e.g. biomass or biogas) 

• On-site production of heating, cooling, and electricity by fuel combustion.  

As the main focus of the feature is on the indicators for individual buildings and not on 
energy plants, district energy networks will be excluded from consideration of a building’s 
impact on local air pollution. Only buildings with local heat and energy production by fuel 
combustion will be considered.  

The energy sources can be sub-divided considering the general size (thermal capacity) and 
the combustion techniques applied. For residential purposes, heating sources like 
fireplaces, stoves and small boilers (<50 kW) can be used. In 
institutional/commercial/agricultural/other sectors heating sources like boilers, space 
heaters (>50 kW) and smaller-scale CHP generation are used [88]. Small combustion 
installations are characterised by their quantities, type of combustion techniques, fuels 
used and range of efficiencies. The plants and equipment in some buildings can be 
outdated and are polluting and inefficient. The emissions from such installations are 
significant. 

 Standards and regulations 

The simplest way of estimating pollutant emissions from an energy source is to use a 
method based on regulations and mandatory standards. The heating sources must fulfil 
the requirements of pollutant emission rate limits for exhaust gases that are described in 
EU standards or other regulation, such as EU directives. There are many standards that 
cover requirements for solid fuel heating appliances, including EN 16510-1:2018 (appliances 
fired by solid fuel); EN 14785:2006 (residential space heaters fired by wood pellets), EN 
15250:2007 (slow heat release appliances fired by solid fuel), EN 303-5:2012 (heating 
boilers for solid fuels) or EN 303-7:2006 (gas-fired central heating boilers). The pollutant 
emission rate limits for new appliances intended for sale must also meet the requirements 
of the Eco-design Directive [89]. For example, from September 2015, non-condensing gas 
boilers with an open combustion chamber cannot be sold in Europe.  

The pollutant emission rate limits can be estimated based on heating source type and 
emission class. However, to calculate the quantity of pollutant emitted in a specific period 
of time, exhaust gas flow must be measured. In addition, such a calculation does not 
enable an estimate of the influence of the total pollutant emissions on local smog 
development or outside air quality. 

 Emission rates 

The production of heat and energy from fossil fuels is related to the combustion process. 
Using the thermodynamic description of combustion processes (e.g. chemical reaction of 
fuel and oxidant such as atmospheric oxygen), emission rates of pollutants can be 
estimated per fuel unit (weight in Mg, volume in m3 or energy of used fuel in GJ). The 
emission rates consider the quality of the fuel, so its characteristic like sulphur or ash 
content must be known. In this method the following types of pollutants are considered: 
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- Sulphur oxides (SOx) 
- Nitrogen oxides (NOx) 
- Carbon monoxide (CO) 
- Total suspended particulates 
- Benzo(a)pyrene. 

In this method a pollutant emission reduction device efficiency can also be included. The 
pollutant emissions can be estimated based on the quantity of fuel used and the calculated 
emission rate. This method allows values to be estimated for each pollutant emission in a 
given period. However, it does not enable an estimate of the influence of the total pollutant 
emissions on local smog development or outside air quality. 

 Air quality index (AQI) 

To estimate the local air pollution contributor index, the calculated values of pollutant 
emissions must be compared with reference values and weighted. The methodology used 
for the AQI can be used for this purpose. AQI is used by government agencies 
internationally to communicate current and future air pollution estimates to the public. 
Different countries have their own quality indices like the Air Quality Health Index (Canada), 
the Air Pollution Index (Malaysia), and the Pollutant Standards Index (Singapore) 2. 

In Europe, the Common Air Quality Index (CAQI) was used from 2006. In 2017, this was 
changed by the European Environment Agency (EEA) to the European Air Quality Index 
(EAQI). The EAQI is based on concentration values for five key pollutants: 

- Particulate matter (PM10) 
- Fine particulate matter (PM2.5) 
- Ozone (O3) 
- Nitrogen dioxide (NO2) 
- Sulphur dioxide (SO2) 

It reflects the potential impact of air quality on health. The AQI is determined by the 
pollutant for which concentrations have the highest impact on human health. EU 
legislation sets air quality standards for both short-term (hourly or daily) and long-term 
(annual) air quality levels. Standards for long-term levels are stricter than for short-term 
levels since serious health effects may occur from long-term exposure to pollutants. 

The AQI relies on the measured hourly data and corresponds to the poorest level for any of 
five pollutants. Although it does not correspond directly to the pollutant emissions from 
buildings, the methodology used in determining the AQI can be used to estimate the local 
air pollution contributor index.  

 

2 https://en.wikipedia.org/wiki/Air_quality_index 

https://en.wikipedia.org/wiki/Air_Quality_Health_Index_(Canada)
https://en.wikipedia.org/wiki/Air_Pollution_Index
https://en.wikipedia.org/wiki/Pollutant_Standards_Index
https://en.wikipedia.org/wiki/European_Environment_Agency
https://www.eea.europa.eu/themes/air/air-quality-index#tab-based-on-data
https://www.eea.europa.eu/themes/air/air-quality-index#tab-based-on-data
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 Impact of outdoor air pollution on indoor air purity 

The building performance in the EPC scheme depends on characteristics of building 
installations like ventilation systems. Fresh air can be delivered into buildings by natural or 
mechanical ventilation systems. The concentration of pollutants in indoor air is a function 
of outdoor air quality and the ability of the ventilation system to purify the incoming air.  

There are different methods to assess indoor air purity in rating systems that assess 
filtration system efficiency. These assessments also consider the level of outdoor air 
pollution. 

 WELL Building Standard  

The American WELL Building Standard [52] is a performance-based system based on the 
interactions between humans and the built environment. Air filtration is one of the 
categories included because of its impact on human health, including the cardiovascular, 
immune and nervous systems. In order to assess the air filtration system within a building, 
three criteria are considered: filter accommodation (free space for additional filters), 
particle filtration (minimum filter class in terms of filtration efficiency or low polluted 
ambient outdoor air) and air filtration maintenance (verification with manufacturer’s 
recommendations). A building can achieve a higher rating when air filtration is optimised 
by, for example, an advanced air purification system that includes carbon filters and/or air 
sanitisation, properly maintained.  

 LEED  

The American LEED (Leadership in Energy and Environmental Design) includes indoor air 
purity in its rating system [50] for sustainable buildings. It includes basic requirements (in 
accordance with ASHRAE Standard 62.1-2010 [90] or CEN Standard EN 15251-2007 [55] and 
EN 13779-2007 [91]) and some additional requirements, including details of higher class 
filters. Buildings collect points for fulfilling these additional requirements, and for 
innovation within indoor air purity. 

 BREEAM  

The British BREEAM (Building Research Establishment Environmental Assessment Method) 
rating system [92] requires buildings to fulfil national standards to provide outdoor air into 
the building, including EN 13779-2007 [55] for the location of the building’s air intakes and 
exhausts and filter class level. This system considers the use of specific filters depending 
on the expected purity of the indoor air and evaluated pollution of the ambient outdoor air 
(level of pollution is assessed on the basis of comparison between measured data and 
data from appropriate guidelines).  
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2.3 Description of assessment methods  

 Ambient air pollution  

 Emission rates 

In this method, the emission of pollutants is calculated based on the fuel used and 
standard emission rates estimated at local/country level. Emission rates for different fuels 
depend on certain parameters: 

- Hard coal [g/Mg], fuel quality (sulphur and ash content [%]) is considered to 
determine the emission rates of sulphur oxides and particulates 

- Wood [g/Mg], fuel quality (ash content [%]) is considered to determine the emission 
rate of particulates  

- Heating oil, [g/Mg], fuel quality (sulphur content [%]) is considered to determine the 
emission rate of sulphur oxides  

- Natural gas, [g/m3], fuel quality (sulphur content [mg/m3]) is considered to 
determine the emission rate of sulphur oxides  

- Propane, [g/GJ], standard fuel quality was adopted. 

The emission rates of different fuels type can be found in national documents; an example 
of the emission rates for coal is given in Table 2 . 

Table 2: Emission rates of coal [93] 

Pollutant Unit 

Fixed grade 
Mechanical 

grade 
Nominal heat output of the boiler [MW] 

≤ 0.5 > 0.5 - 5 ≤ ≤ 0.5 > 0.5 - 5 ≤ 
> 0.5 - 5 ≤ 

Natural draught burner Forced draught burner 

Sulphur oxides 

g/Mg 

16,000 x s 

Nitrogen oxides 2,200 1,000 2,000 3,000 3,200 

Carbon monoxide 45,000 70,000 20,000 10,000 

Carbon dioxide 1,850,000 2,000,000 1,850,000 2,000,000 2,130,000 

Total suspended 
particulates 

1 000 x Ar 1 500 x Ar 2 000 x Ar 

Benzo(a)pyrene 14 3.2 

s - total sulphur content expressed as a percentage [%] 

Ar - ash content expressed as a percentage [%] 

This methodology allows consideration of the efficiency of emission reduction devices. To 
calculate the total pollutant emission over a given period (e.g. one year) the formulae (1) 
and (2) can be used. In equation (1) the emissions are calculated on the basis of emission 
rates and annual fuel demand. Equation (2) allows the efficiency of pollution reduction 
equipment to be included.  
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𝐸 = 𝐵 × 𝑊 [
𝑔

𝑎
]          (1) 

where 

• B  fuel consumption [Mg/a], [m3/a], [GJ/a] 
• W emission rate [g/Mg], [g/m3], [g/GJ] 

𝐸′ = 𝐸 ×
(100−𝜂)

100
[

𝑔

𝑎
]          (2) 

where 

• E'  emissions with the emission reduction device 
• E  emissions calculated in (1) [g/a] 
•   emission reduction device efficiency [%] 

Figure 5 presents the emissions rate per MWh of energy used for four pollutants that are 
the main components of smog. Four types of fuels were considered: coal, wood, natural 
gas, and heating oil. The calculations were based on the method presented above.  

 

 

Figure 5: Emissions of pollutants generated during combustion of different types of fuel in boiler 
with heat output ≤ 0.5 MW. Source: Own calculations based on [93] 

 Air quality index (AQI) 

The AQI is expressed using six grades: good, fair, moderate, poor, very poor and extremely 
poor. Despite the use of several scales for different national air quality indexes, the index 
bands are in most cases similar. In Table 3, the index bands are complemented by health-
related recommendations for both the general population and sensitive populations. 
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Table 3: The index bands with health-related messages [94] 

AQ index General population Sensitive populations 

Good The air quality is good. Enjoy your 
usual outdoor activities. 

The air quality is good. Enjoy your 
usual outdoor activities. 

Fair Enjoy your usual outdoor activities Enjoy your usual outdoor activities 

Moderate Enjoy your usual outdoor activities Consider reducing intense outdoor 
activities if you experience symptoms 

Poor Consider reducing intense activities 
outdoors, if you experience symptoms 
such as sore eyes, a cough or sore 
throat 

Consider reducing physical activities, 
particularly outdoors, especially if you 
experience symptoms 

Very poor Consider reducing intense activities 
outdoors, if you experience symptoms 
such as sore eyes, a cough or sore 
throat 

Reduce physical activities, particularly 
outdoors, especially if you experience 
symptoms 

Extremely poor Reduce physical activities outdoors  Avoid physical activities outdoors  

To estimate AQI, measured pollutant concentrations are compared with the limit values. 
Five pollutants are taken into consideration: PM2.5, PM10, NO2, O3, SO2. For each of 
pollutant, the index levels are based on assigned pollutant concentration limits. In the 
Table 4, the example ranges of pollutant concentration limits for the EU CAQI (Common Air 
Quality Index) are presented.  

Table 4: Index levels of the EU CAQI [94] 

Pollutant 

Index level 

(based on pollutant concentrations in µg/m3) 

Good Fair Moderate Poor Very poor 
Extremely 

poor 

Particles less than 
2.5 µm (PM2.5) 

0-10 10-20 20-25 25-50 50-75 75-800 

Particles less than 10 
µm (PM10) 

0-20 20-40 40-50 50-100 100-150 150-1200 

Nitrogen dioxide 
(NO2) 

0-40 40-90 90-120 120-230 230-340 340-1000 

Ozone (O3) 0-50 50-100 100-130 130-240 240-380 380-800 

Sulphur dioxide (SO2) 0-100 100-200 200-350 350-500 500-750 750-1250 

The final result, representing the assessment of the air quality, is based on the poorest 
level of any individual pollutant component. The same methodology is used for all different 
air quality indexes. This method requires the measurement of the pollutant concentration 
of outdoor air, and the result cannot be directly linked with emissions from buildings. 
However, the idea of index levels can be used to estimate a local air pollution contributor 
index.  
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 Indoor air purity  

 WELL Building Standard  

The WELL Building Standard [52] method demands fulfilment of the following 
requirements: 

• Recirculated air in the main air ducts, connected directly to the air handling unit:  
- rack space is available and rack location identified for future 

implementation of carbon filters or combination particle/carbon filters 
- there is a possibility to accommodate the additional filters 

• Particle filtration: 
- outdoor air filters’ class is minimum MERV 13 (ASHRAE Standards [90]) or 

F7 (CEN Standard EN 779-2002 [95]) 
or 

- according to the building project for 95% of all hours in a calendar year, 
ambient outdoor PM10 and PM2.5 levels measured within 1.6 km of the 
building are below the limits set in the WELL Air Quality Standards feature 

• Air filtration maintenance: 
- projects must annually provide International WELL Building Institute with 

records of air filtration maintenance, including evidence that filters have 
been properly maintained as per the manufacturer's recommendations 

Filter class and space for additional filters are checked in the construction project and/or 
through on-site inspection. Correct cleaning/replacement of exploited filters are shown in 
annual reports. Additionally, the building ranking recognises optimisations concerning 
advanced air purification.  

 LEED  

The LEED v4 [50] method connected with air filtration is an element of Enhanced Indoor Air 
Quality Strategies. After meeting the minimum requirements for ‘minimum indoor air 
quality performance’ and ‘environmental tobacco smoke control’ (contained in relevant 
ASHRAE Standards), the building can achieve points for indoor air purity improvements, 
including air filtration. Mechanically ventilated spaces should be equipped with appropriate 
entryway systems, interior cross-contamination prevention, and filtration. Spaces with 
natural ventilation should have entryway systems and natural ventilation design 
calculations. Spaces with mixed-mode systems should meet requirements for all items 
above and mixed-mode design calculations. 

The LEED v4 describes detailed requirements for entryway systems in the main direction of 
travel to capture particulates entering the building at regularly used exterior entrances and 
their weekly maintenance. It contains details of design calculations based on Chartered 
Institution of Building Services Engineers (CIBSE) Applications Manual (AM10/2005, AM 
13/2000).  
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For filtration systems, each ventilation system that provides outdoor air to occupied 
spaces must be equipped with particle filters or air-cleaning devices. The devices’ class is 
minimum MERV13 (in accordance with ASHRAE Standard) or F7 (CEN Standard EN 779–
2002). All air filtration media should be replacement after completion of construction and 
before occupancy.  

 BREEAM  

The method in BREEAM [92] requires the ventilation system to meet the national best 
practice standard in terms of providing fresh air into the building. Next, in mechanically 
ventilated and mixed-mode spaces the location of the building's air intakes and exhausts, 
in relation to each other and external sources of pollution, should be designed in 
accordance with EN 13779-2007 (Annex A2). This document includes information about the 
location of air intakes and adjacent spaces like garbage collection sites, car parks, access 
roads, loading zones, sewage gas outlets, chimney outlets, cooling towers, busy streets. 
Requirements for exhaust locations and distance between intakes and exhausts are also 
described. Where EN 13779-2007 is not followed, the building’s air intakes and exhausts 
must be over 10m of horizontal distance apart and intakes over 10m of horizontal distance 
from sources of external pollution. In naturally ventilated spaces, openable windows or 
ventilators must be at least 10m of horizontal distance from sources of external pollution 
(including the location of any building-related air exhausts).  

The filtration system is designed also in accordance with EN 13779-2007 (Annex A3). First, 
the quality of ambient outdoor air is classified based on the level of main pollutants (SO2, 
O3, NO2, PM10). Measured values (from the European Topic Centre on Air and Climate 
Change data) are compared with values according to the guidelines: 1999/30/EC3 (only for 
PM10) and WHO 1999 [96] (the rest of pollutants). Outdoor air is classified in three 
categories: clear, dusty and very high dust or gas concentration. The standard assigns an 
appropriate filter class (between F5 to F9 and carbon filter) depending on the expected 
quality of indoor air (high, medium, moderate, low). The standard EN 13779-2007 among 
others recommends appropriate periods for filter replacement (one year or 2000 working 
hours for first stage filters, and two years or 4000 working hours for second stage filters, 
with some exceptions).  

2.4 Application of assessment methods for the indicator 

 Voluntary or mandatory methods for EPCs 

Methods listed in Section 2.2 are not mandatory for EPCs. Requirements regarding CO2 
emissions exist in some EU member states, including Austria, France, Ireland, Portugal, 
Romania, Spain and the UK (England and Scotland). In others, the value of the CO2 
emissions is given in the EPC but without fulfilling the requirements (e.g. Croatia, Italy, 

 

3 1999/30/EC: Council Directive 1999/30/EC of 22 April 1999 relating to limit values for sulphur 
dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air 
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Lithuania, Poland and Slovakia) [97]. However calculated emissions correspond to local and 
centralised energy sources (district heating networks or electricity plants) and consider 
only carbon dioxide emissions. In none of the EU-28 countries are other pollutants 
considered.  

There are no requirements in EPCs regarding indoor air purity, although Belgium and 
Portugal require appropriate ventilation rates [97]. In no European country is the ability of 
the ventilation system to purify inlet air is assessed. 

As air quality is a critical issue both the local air pollution contributor index and the indoor 
air purity index should be integrated into EPCs. The air pollution contributor index will 
provide information about the environmental quality of the energy source of the building, 
and so increase environmental awareness among building owners. The indoor air purity 
index offers information about the ability of ventilation systems to purify intake air, driving 
action to modernise systems with the use of filters. 

 Applicability of methods to different building typologies 

Both local air pollution contributor index and indoor air purity index assessment methods 
apply to existing and new buildings. In terms of indoor air purity index methods, the WELL 
Building Standard and the LEED are applicable to existing and new buildings, and for core 
and shell buildings. The BREEAM concerns new buildings, core and shell buildings (with 
some restrictions), and also small buildings (floor area up to 1000 m²) where at least half 
of the assessed floor area of the building is new, and the rest is modernised. For larger 
buildings, this assessment can be more challenging. 

The presented methods for calculation of the local air pollution contributor index apply to 
all building types (residential and non-residential), as building functions are irrelevant in 
methodology. The first two methods (standard and regulation, and emission rates) take 
into consideration the type of energy source in the building. There are no restrictions to 
using any of the energy sources in specific building types. The third method (AQI) is also 
not related to any type of building as it takes into consideration the concentration of 
pollutants in outdoor air. 

In terms of indoor air purity index methods, the WELL Building Standard v1 concerns 
commercial and institutional buildings, but ongoing pilot programmes are connected to 
other building sectors including multifamily residences, educational facilities, retail, 
restaurants and commercial kitchens. The LEED v4 is recommended for new buildings, 
schools, retail, data centres, warehouses and distribution centres, hospitality and 
healthcare. The BREEAM New Construction 2016 includes the assessment of residential, 
commercial (offices, industrial, retail), educational, hotels and bespoke non-standard 
building types (e.g. cinema, sports facility). 
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 Presentation of the indicator 

 Emission rates  

This covers all the main pollutants causing smog. The method is used for quantitative 
calculations. It does not include a qualitative assessment of heat sources. For boilers 
with the lowest power, the result depends on the quality of the fuel. With solid fuels, 
the result also depends on the combustion air supply (natural draught, mechanical). 
This method allows a calculation of the quantity of pollution related to the use of 
energy sources but does not rank them.  

 Air Quality Index 

The scoring is related to the chosen index scheme. For example in the UK the Daily Air 
Quality Index has the values from 1 up to 10, the EU CAIQ has a scale from 0 up to 100, 
the US AQI from 0 to 500, and in Poland (PL IJP) from 0 to 10 [98]. Figure 6 gives a 
comparison of scales for EU CAIQ, US AQI and PL IJP for PM2.5.  
 

 

Figure 6: Comparison of scales for EU CAIQ, US AQI and PL IJP for PM2.5 [99] 

Although the scale is different for different indexes, the bands are the same.  

In the local air pollution contributor index assessment method, the calculated building 
emissions will be compared with reference emissions, and an index level assigned for each 
pollutant. The scale of the index levels will be very low, low, moderate, high, very high, 
hazardous. The very low index means that pollutant emissions from the assessed building 
is much lower than for the reference building, and thus the contribution of the building to 
local smog development is very low. The indexes will be assigned for each pollutant and 
the final index for the building will be determined by the poorest score out of the individual 
pollutants assessed. 

 Indoor air purity methods 

The WELL Building Standard is a scoring method where points are achieved for each 
requirement fulfilled. Additional optimisations also taken into account, with the score 
calculated as the share of optimisations conducted divided by the total possible 
optimisations in the WELL Building Standard, multiplied by five. The total score is the sum 
of the above values, according to the equation: 

Total score = 5 + (Optimisations achieved / Total optimisations) x 5 
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Depending on the number of points the building is rated silver, gold or platinum. This 
enables comparison between buildings. 

The method from the WELL Building Standard v1 demands fulfilment of requirements in 
three areas: free space for filters, appropriate level of filter class (or appropriate level of 
outdoor air polluted by PM) and proper air filtration maintenance. Filter class and space for 
additional filters are checked in the construction project and on-site inspections. Correct 
cleaning/replacement of used filters is shown in annual reports. EPCs in Poland do not 
include exploitation tracking of filters. Parameters for air filtration systems are presented 
in EPCs in descriptive format with the ventilation system and are not separately evaluated 
(but some requirements must be met in accordance to national requirements to obtain a 
building permit). Thus, in Polish EPCs there is no additional benefit from equipping the 
ventilation system with a higher filter class than obligatory under national law. 

The method from the LEED v4 demands requirements are met and uses a scoring system. 
After fulfilment of obligatory requirements (that are not scored), the building can get 1-2 
additional points for meeting demands related to, among others, filter class, entryway 
systems, interior cross-contamination prevention, and ventilation design calculations. The 
points system enables comparison between buildings of the same type. 

The method from the BREEAM New Construction 2016 also demands requirements are met 
and uses a scoring system. After fulfilment of obligatory requirements (which are not 
scored), the building can get points, which are shown as a percentage share of all possible 
points. In addition, 1% can be added to the final BREEAM score for each 'innovation credit' 
achieved. There are five levels of ratings from pass (standard good practice, which is 
achieved by more buildings) and outstanding (innovator, the best of buildings). Such a 
division enables comparison between buildings of the same type. 

2.5 Linking the assessment methods to energy performance and 
EPCs 

For assessing the energy performance of the building, the consumption of chemical energy 
in fuel must be determined. On this basis, the impact of emissions from fuel combustion on 
smog development can be assessed. The type of fuel and the type of boiler should be 
considered.  

Methods from Section 2.2 require, among others, appropriate filter class. A new proposed 
method also focuses on indoor air purity provided by sufficient filtration system efficiency. 
In most cases, higher-efficiency filters consume more energy (but there are some 
exceptions). 

In EPC systems, energy is calculated and compared with reference values (on a scale or 
using classes). This means data on building fuel consumption (divided into energy sources) 
and reference values of energy are already available. With the known emission rates for a 
given pollutant and type of fossil fuel, the total or specific CO2 emissions can be easily 
calculated. 
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The EPC contains information on ventilation systems and can include information about air 
filter efficiency. There is no direct information about indoor air purity. These demands 
should be met by requirements under national regulations related to building installations. 
EPCs assess the energy consumption resulting from the function and standard of the 
building and characteristics of its installation. In the first case it is difficult to assess 
objectively the use of the building by its users. Therefore, for example, an increase in 
energy consumption due to an incorrectly maintained air filtration system is not included in 
the certificate. There is also no information on annual filter maintenance. 

The proposed new method requires information about the filter class to be included in EPC 
methodologies and assessment approaches. Currently, this is described additionally, and is 
not assessed (except in meeting the basic requirements to obtain a building permit). 
Application of Eurovent classification in terms of annual energy consumption (A-G classes) 
can negatively influence the energy consumption – in most cases, higher efficiency filters 
consume more energy, but there are exceptions.  

2.6 Legal boundaries or requirements of assessment methods 

The first two methods of air pollution assessment based on standards and regulations and 
emission rates require information on the energy characteristics of a building, including 
data on building energy (fuel) consumption for each type of energy source. This can be 
measured or calculated, depending on the country’s EPC system. Reference values of 
energy consumption are also needed. These values can be calculated for reference 
buildings, or reference energy indicators are given, again depending on the EPC system. The 
emission rates for each pollutant must be estimated for each country. The presented 
method for calculating the local air pollution contributor index is a framework that can be 
adapted to include specific country data. 

The AQI method has been presented as a way to weight the emission indicator for each 
pollutant. This method cannot be directly applied in the estimation of the energy source 
influence on outdoor air pollution (smog effect) as it is based on pollutant concentration 
measurements. However, the index scale can be used as basis in developing a ranking for 
this X-tendo feature. 

The method from the WELL Building Standard requires information on characteristics of 
the ventilation system (or alternatively ambient outdoor levels of PM), together with 
annual reports on maintenance of the air filters. The LEED and BREEAM methods also 
demand parameters of ventilation systems. Data on ventilation systems for new buildings 
is available in the approved construction project plan. Ventilation systems and reports 
about maintenance of air filters in existing buildings can be assessed with the permission 
of the owner. The proposed method also requires information about building location to 
define levels of outdoor air pollution.  

https://www.eurovent-certification.com/en/company-news/AIR-FILTERS-New-energy-efficiency-classification-for-2019
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2.7 Ranking of assessment methods to evaluate their feasibility for 
the feature 

The methods for assessing the impact of buildings on outdoor and indoor air are assessed 
for their feasibility in Table 5 and Table 6. The ranking of the methods is presented based 
on expert judgements.  

Table 5: Feasibility of outdoor air pollution methods for EPCs 

Method Ranking Comment on feasibility/ Explanation 

The influence of emissions from fuel combustion on smog formation 

Standards and regulations ** 

To assess the impact, it is sufficient to know the 
type of fuel and boiler design/class. Data on 
emission rates is general. Not all pollutant data is 
available. To estimate total pollution emissions 
the amount of exhaust gas must be measured. 
This method cannot be directly used for the X-
tendo feature as it is used for classification of 
heating sources. 

Emission rates *** 

The method requires information on energy 
consumption and type of energy source (used 
fuel). The emission rates can be determined for 
each country, using internal regulation. If no 
standard values are defined, the method 
considers all main pollutants related to smog 
development. This method can be used to 
calculate pollutant emissions but cannot be 
directly used for the X-tendo feature as it does 
not give a local air pollution contributor index 
value. 

Air Quality Index *** 

The method cannot be directly used for the new 
feature. However, the index scale used in the AQI 
method can be used as a basis in developing a 
ranking for the X-tendo feature. 

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

A new method is needed to measure the X-tendo feature on outdoor air pollution 
(influence of emissions from fuel combustion on smog formation). The proposed approach 
is presented in later sections. 
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Table 6: Feasibility of indoor air purity methods for EPCs 

Method Ranking 
Comment on feasibility/ 

Explanation 

Indoor air purity 

WELL Building Standard *** 

Requires information about space 
for additional filters, filter class 
(and ambient outdoor air 
pollution) and annual 
maintenance 

LEED ** 

Requires information about filter 
class (also entryway system, 
interior cross-contamination 
prevention, ventilation design 
calculation) 

BREEAM **** 

Requires information about filter 
class, indoor air quality plan, etc. 
and ambient outdoor air pollution 

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

2.8 SWOT analysis of the assessment methods 

To assess the usefulness of the described methods, a SWOT analysis is given in Table 7 and 
Table 8. In the analysis, only methods being used in the development of the feature indexes 
are presented. For the local air pollution contributor index, methods based on emission 
rates and AQI were considered.  

Table 7: SWOT analysis of the outdoor air pollution methods for EPCs 

Strengths Weaknesses 

Simple to set criteria More qualitative than quantitative assessment – 
data on emissions cannot be verified through 
measurement 

Readily available data Based on concentration of pollutant in air and 
not amount of emission 

Based on existing scale  
Opportunities Threats 

Increased user awareness of their impact on 
their immediate surroundings  

People performing energy performance 
certification may have insufficient knowledge 
about heat sources and emissions (templates 
application instead of informed assessment) 

Willingness to undertake actions regarding 
the building and/or energy source 
modernisation 

 



Exploring innovative indicators for the next-generation EPC features 

 

 

27 

For the indoor air purity index all three presented methods (WELL, LEED and BREEAM) were 
considered.  

Table 8: SWOT analysis of the indoor air purity methods for EPCs 

Strengths Weaknesses 

Indexes for outside air pollution assessment 
generally available 

Monitoring of system maintenance frequency 
(according to correct air filtration system 
exploitation) 

Common European classification of air filters 

 

In the WELL Standard: measurement of the 
pollution level within 1.6 km of the building 

LEED gives points for maintenance of filters 
during construction and pre-occupancy 

In BREEAM: impact evaluation of the adjacent 
environment, but e.g. distances between 
intakes and air pollution sources are regardless 
of the filter class 

BREEAM requires appropriate air intake 
locations to ensure they are not located near 
external air pollution sources  

 

BREEAM: impact evaluation of the adjacent 
environment 

 

Opportunities Threats 

Improving indoor air purity is highly in the 
interest of end-users (promotes occupant 
comfort, well-being and productivity) 

Negative impact on energy consumption with 
high class filters 

2.9 Proposed approach to develop the feature 

 Method of local air pollution contributor index assessment  

The proposed method considers fuel combustion in the building for the purpose of heat 
and electricity generation for the functions included in the national EPC system. The 
procedure for estimating the local air pollution contributor index is presented in Figure 7 
below. 

In the local air pollution contributor index assessment method, the calculated building 
emissions will be compared with reference emissions and for each pollutant an index level 
will be assigned. Using the value of building energy consumption and the type of energy 
source (type of fuel) the building emission indicators (PM10, PM2.5, NOx, SOx, CO) are 
calculated. Next, the reference emission indicators are calculated using reference energy 
consumption and reference energy source. The reference values will be estimated based 
on national regulations. Using calculated values, the ratio of building to reference emission 
indicators will be estimated (ratio of emission indicator). The ratio of each pollutant will be 
assessed using a scale (very low, low, moderate, high, very high, hazardous). The indexes 
(index of emission indicator) show the impact of a given pollutant on outdoor air pollution 
in comparison with reference values. A very low index means that pollutant emissions 
from the assessed building are much lower than for the reference building, meaning the 
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contribution of the building to local smog development is very low. In the last step, the 
pollutant indexes are weighted to get one value for the local air pollution contributor index.  

 

Figure 7: Scheme of local air pollution contributor index estimation procedure 

Input data/information needed: building energy consumption, type of energy source (type 
of fuel used). 

The emission rates, reference values, scale of indexes and weights of indexes will be 
specific for each country and will be included in the methodology as constants. 

 Method of indoor air purity index assessment 

The proposed method considers outside air quality and indoor air purity in the building with 
a ventilation system equipped with an air filter. It is in the form of a point scale. Buildings 
get points according to outside air pollution in their location, with less pollution meaing 
fewer points. Simultaneously, the air filtration system in the building is assessed. Points 
are assigned for the air filtration system efficiency – higher efficiency, more points. These 
points are subtracted from the outdoor air pollution value. The indoor air purity index 
estimation procedure is presented in Figure 8 below. 
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This method indicates that buildings located in areas with high outdoor air pollution require 
higher air filtration system efficiency to get the same air purity inside the building as 
locations with low outdoor air pollution.  

 

 

Figure 8: Scheme for indoor air purity index estimation procedure 

Input data/information needed: Outdoor air quality, ventilation system characteristic. 

The outdoor air quality index scale and filter classification can be specific for a given 
country and will be included in the methodology as constants. 

 

 

 

 

 

 

 

 

  



Exploring innovative indicators for the next-generation EPC features 

 

 

30 

3 FINDINGS 
This section presents a summary of key findings (Table 9) 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 9: 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)  

Weighted 
measures and 
theoretical 
building 
maximums 
need to be 
developed   

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 

Financial 

/economic 

Existence of 
several 
schemes 
(market 
saturation) 

- - Normalisation 
for user 
behaviour 
financially 

- 

Legislative/ 

governance 

Differences 
across MS in 
smart 
readiness 
levels 

Various 
standards at 
MS level 

- Enforcement 
frame  

Accounting for 
bulked 
quantities 

- 

Social Novelty of the 
indicator 
requires the 
presence of 
useful 
information 

Benefits are 
not well 
understood 
by public 

- 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 
industry-
based 
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 

Key challenges 

Technical/ 

methodological 

Quick 
assessment -
> Method A is 
created to 
reduce 
assessment 
time 

Provision of 
single 
rank/score 

 

Accuracy of 
methods with 
or without 
measuremen
ts 

 

 

Estimation 
of filter 
classificatio
n for each 
county 

Proper 
definition of 
reference 
values of 
emission 
rates  

Scale of 
indexes and 
weights for 
each 
country 

 

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

Differentiation 
of method for 
various 
functions 
(especially 
non-
residential) 

Normalisation 
versus 
maintaining the 
link with actual 
measured 
energy 
consumption 

Normalisation 
for indoor 
environmental 

Variable 
definitions of 
PEF, REF and 
CEF 
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quality and 
service 
provision 

 

Financial/ 

economic 

Low cost and 
easy-to-use 
option 

Developing 
cost-
effective 
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)  

Legislative/ 

governance 

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 

GDPR 
(especially in 
the case of 
individual 
dwellings or 
buildings with 
low number of 
users) 

Citizen security 
and data 
privacy 

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

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 
decision-
making 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 

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

 

Reduction of 
measuremen
ts for cost-
effectiveness 

Limited 
complexity to 
simplify 
training of 
experts 

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 

- 

Presentation Well-
developed 
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 
(self-
assessment) 

EPC 
assessors, 
qualified 
building 
professionals  

EPC 
assessors, 
energy 
auditors 

EPC assessors, 
qualified 
building 
professionals/
experts 

Depending on 
data 
availability, 
potentially fully 
automated 

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 user-
oriented. 

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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improved 
interoperabilit
y with the grid  

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 cost-

effective 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 of 
Buildings Directive (EPBD) 

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

Expectable return 
temperature (ERT) 

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. 

Indoor environmental quality 
(IEQ) 

IEQ encompasses the conditions inside a building – air 
quality, lighting, thermal comfort, acoustic conditions, 
ergonomics – and their effects on occupants or 
residents 

Information and 
communication technologies 
(ICT) 

Infrastructure and components that enable modern 
computing 

Internet of Things (IoT) Enabling of everyday devices to send and receive data 
through the internet 
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Low emission 

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 

Nearly zero energy building 
(nZEB) 

nZEBs have very high energy performance, and the low 
amount of energy they require comes mostly from 
renewable sources 

Necessary supply line 
temperature (NST) 

Maximum temperature that is necessary to be supplied 
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 energy factor 
(REF) 

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

Sick building syndrome (SBS) 

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 

Smart readiness indicator 
(SRI) 

Measure of the capability of buildings to adapt their 
operation to the needs of the occupant, optimising 
energy efficiency and overall performance, and to adapt 
their operation in reaction to signals from the grid 
(energy flexibility) 

Smog An atmospheric phenomenon resulting from the mixing 
of fog with smoke and exhaust fumes 
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Volatile organic compounds 
(VOCs) 

Organic chemicals that readily produce vapours at 
ambient temperatures and are therefore emitted as 
gases from certain solids or liquids. All organic 
compounds contain carbon, and organic chemicals are 
the basic chemicals found in all living things. 
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