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Executive summary 
 

In the current implementation of EPCs, the assessment focus is purely on the energy consumption data 

of buildings. Furthermore, for existing buildings, they are often made at a low cost and not in alignment 

with actual energy consumption of the building. For new buildings and major renovations, the EPCs are 

generally calculated during the design process of the building when all design documentation is available 

but is utilized only for the aspects minimally required by the EPBD. The aim of this deliverable is to 

outline performance indicators that could be implemented in the framework of next generation EPCs. 

Within the EPC framework, the problem is not the availability of performance indicators, but with the 

assessment effort required (cost and level of qualification necessary) for these indicators. There are 

plenty of privately developed voluntary certification schemes readily available both locally and 

internationally, such as LEED, BREEAM and Green Star, but these are typically targeted at interested 

investors and developers and are not suitable for bulk EPCs. Only the data that is easily available can 

justifiably introduced to EPCs either as direct complementary input or as a performance indicator. This 

deliverable proposes two different development paths - one for existing buildings and one for new 

buildings and major renovations. Two categories of complementary indicators to energy are proposed ς 

IEQ and Power indicators. 

IEQ indicators cover parameters such as room temperature, air flow, air velocities, CO2 levels and HVAC 

system noise. In new buildings and major renovations, it would require only some small additional 

access to design documentation and increased competence of the assessor. For example, additional 

design information about air distribution and air quality is needed, as draught complaints are one of the 

most common complaints about the indoor environment in modern non-residential buildings. However, 

the design documentation of the building must anyhow state the design criteria of the indoor 

environment parameters. If all the calculation and simulation reports that prove the compliance to the 

design criteria are presented with the design documentation, then the assessment effort of IEQ for 

certification is reasonably justified.  

For existing buildings, generally only limited information is available in the design documentation, or in 

some cases the design documentation might not be complete or not available. The IEQ assessment then 

would require on-site measurements, inspections and monitoring, this procedure is described in detail.  

Currently, there is no power or flexibility data of the building systems presented in the EPCs. Proposed 

power indicators would describe peak and typical loads of the building on electricity, district heating and 

cooling grids and networks. This interacts with the Smart Readiness Indicator framework, where grid 

flexibility, power shifting and demand-response are important assessed parameters. Power indicators 

can be implemented for existing buildings as well, under the assumption that hourly metering data is 

available or retrofitted to the existing system.  
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Introduction 
To meet the goal of a holistic next generation of EPCs, preliminary research is needed to list which are 

and how are calculated the most popular indicators in the plethora of voluntary certification schemes 

available on the market (e.g. health, productivity, market value). These aspects will underpin the 

development of methods for including measured data in an interactive EPC that would enable an 

evidence-based decision-making process and facilitate the delivery of renovation triggers. Moreover, 

based on existing research, the consortium will identify the possible effects that next generation EPC 

indicators could have on the improvement of the holistic performance of buildings (e.g. does a good EPC 

ranking affect the market value of a building?, which indicator is most relevant for triggering action?). 

These findings will guide the selection of the shortlist of indicators to be proposed in the next 

generation EPCs. 

Existing building certification schemes 
The effects of exponential growth in resource consumption has been explored and contested for many 

decades. It is generally accepted that BREEAM (Building Research Establishment Environmental 

!ǎǎŜǎǎƳŜƴǘ aŜǘƘƻŘύ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ green building rating tool and was established in 1990. Many 

similar schemes have since been developed with varying numbers of assessed parameters and levels of 

detail, such as LEED and Green Star, see Figure 1 below. These are voluntary schemes that attempt to 

rate or reward relative levels of compliance or performance with environmental requirements and 

goals. These rating schemes assess the performance of buildings in categories such as building materials, 

energy efficiency, water efficiency, waste management, land use and ecology, management, pollution, 

IEQ (Indoor Environmental Quality), location, innovation in design, emissions, and many other 

categories. Theses schemes can be applied to different types of buildings, e.g. new and existing 

buildings, residential and non-residential buildings and address different criteria, e.g. energy 

performance only or wider sustainability schemes. 

These voluntary schemes find varying levels of use in different EU member states. Reasons for limited 

implementation include high costs of international schemes, lack of market demand and unawareness of 

the advantages and value that the schemes offer. In member states with low uptake, the schemes are 

mainly used by international investors and developers that operate in multiple countries and regions 

where the certification is seen as lucrative. 
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Figure 1. Overview of existing schemes and performance indicators. Wei et al. (2019), Energy and Buildings 

These schemes co-exist with the mandatory Energy Performance Certificates (EPCs) required by the 

EPBD. EPCs relate mostly to designed or measured energy performance of the building. The main 

indicator of the EPC scheme is the EPC class, but generally other indicative values such as net and/or 

primary energy consumption, system-by-system energy breakdown, CO2 emissions and delivered and 

exported energy values (share or renewable energy) are also shown as seen in Figure 2 below. 

Consequently, the energy performance is well-described in the EPCs, but sustainability and other 

performance indicators are not. 

 

Figure 2. Overview of energy performance indicators 
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When considering indicators for the next generation of EPCs, it is evident that the main problem does 

not lie with the availability of indicators, but in the assessment effort and whether the EPC issuer is 

qualified for such an assessment. Most voluntary certification rating schemes are mainly targeted 

towards non-residential property investors and developers, e.g. larger industrial and commercial 

buildings. On the other hand, EPC scheme involves all buildings regardless of their type and size. There is 

a considerable difference in the assessment effort of these two types of schemes, and for bulk EPCs, the 

cost and the level of qualification needed for voluntary schemes cannot be matched. Consequently, only 

a selection of assessable parameters can be feasibly proposed as new performance indicators in the 

next generation of EPCs. 

An important set of proposed parameters relate to the IEQ (indoor environment quality) of the building. 

These parameters are room temperature (which relates to the overall thermal comfort of the occupant), 

ventilation rates and CO2 levels (relates to the indoor air quality (IAQ)), draught rates (relates to the local 

thermal discomfort) and HVAC system noise (relates to the acoustic comfort). 

In Figure 3 below, the parameters of the TAIL indicator developed in ALliance for Deep RENovation 

(ALDREN) project is shown. The TAIL indicator is one example of a voluntary IEQ indicator, outlined are 

compatible parameters for inclusion as new indicators in EPCs. 

 

Figure 3. TAIL indicators present in numerous voluntary schemes. Outlined parameters are suggested for implementation in 
next/generation EPCs. Wargocki (2019), REHVA Brussels Summit Conference. 

Another example is the Estonian Green Label, which also assesses the IEQ from a similar list of 

parameters, along with the energy and location category indicators (Figure 4). These are both examples 

of very simple certificates, with only three or four levels of classification. 
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Figure 4. Example of Estonian Green Label Class. 
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In the next section, a detailed description of IEQ parameters, categories, boundary values and their 

assessment within the context of EPCs is given. 

Main indicators for indoor climate category assessment 
The categories are related to the level of expectations by the occupants, see Table 1 below. A normal 

ƭŜǾŜƭ ƛǎ άaŜŘƛǳƳέΣ ǿƘƛƭŜ ŀ ƘƛƎƘŜǊ ƭŜǾŜƭ Ƴŀȅ ōŜ ƳƻǊŜ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ƻŎŎǳǇŀƴǘǎ ǿƛǘƘ ǎǇŜŎƛŀƭ ƴŜŜŘǎΣ ŜΦƎΦ 

children, elderly and person with disabilities. A lower level does not pose a potential health risk but may 

decrease comfort. 

Table 1 - Categories of indoor environmental quality according to EN 16798-1:2019 

Category Level of 
expectation  

Explanation  

IEQI High Should be selected for occupants with 
special needs (children, elderly, 
persons with disabilities). 

IEQII Medium The normal level used for design and 
operation. 

IEQIII Moderate Will still provide an acceptable 
environment. Some risk of reduced 
performance of the occupants. 

IEQIV Low Should only be used for a short time of 
the year or in spaces with very short 
time of occupancy. 

 

Table 2. Description of IEQ categories, REHVA guidebook number 6 

Indoor 
environment 
category 

Room temperature (overall 
thermal comfort) 

Ventilation supply air 
flow rate (air quality) 

Draught (local thermal 
discomfort) 

I ς High (Best 
possible) 

PPD1 <6 %  PD2 < 15 %  DR3 <10 % 
 
Only occasional complaints 
of draught due to lower 
room temperatures in the 
wintertime 
 

II ς Medium 
(Default) 

PPD <10 % 
 
Slightly reduced 
productivity 

PD < 20 % 
 
Slight increase in number 
of symptoms relatable to 
SBS 
Slightly reduced 
productivity 

DR <20 % 
 
Some complaints of 
draught due to lower room 
temperatures in the 
wintertime 
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III ς Moderate  
 
Need for 
improved 
indoor 
environment in 
major 
renovations 

PPD <15 % 
 
Significantly reduced 
productivity 
Increasing number of 
complaints of dry air and 
symptoms relatable to SBS 
Lower productivity in text 
editing due to numb 
fingers in winter 

PD < 30 % 
 
Significant increase in 
number of symptoms 
relatable to SBS 
Reduced productivity 
High risk of moisture and 
and microbial growth in 
residential buildings  

DR <30 % 
 
Frequent complaints of 
draught due to lower room 
temperatures in the 
wintertime 
Lower productivity in text 
editing due to numb 
fingers in winter 
 
 

IV ς Low 
(Inadequate) 
 
Not suitale for 
rooms with 
continuous 
occupancy,  i.e. 
working, 
studying or 
living spaces  

PPD < 25 % 
 
Significantly reduced 
productivity 
Frequent complaints of dry 
air and symptoms relatable 
to SBS 
Lower productivity in text 
editing due to numb 
fingers in winter 
 

PD < 40 % 
 
Significant increase in 
number of symptoms 
relatable to SBS 
Significantly reduced 
productivity 
Increased number of sick-
leave days in rooms with 
multiple workers 
High risk of moisture and 
and microbial growth in 
residential buildings 

DR > 30 % 
 
General complaints of 
draught 
 

 

In accordance with EN 16798-1:2019, the main indicators for the indoor climate assessment are room 

temperatures, air velocities, ventilation rates, CO2 levels and building system noise levels. In the 

following tables, default values from the annex B of the same document are shown in the tables below. 

Occupant comfort, health and performance are described by the room temperature and affect the office 

work productivity and learning performance of the occupant, while the ventilation rate and CO2 levels 

affect the number of sick leave days. 
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Room/Operative temperature 

Table 3. Minimum and maximum allowed operative temperatures according to EN 16798-1:2019. 

Type of building/space  Category /ÐÅÒÁÔÉÖÅ ÔÅÍÐÅÒÁÔÕÒÅ Ј# 

Minimum for heating 
(winter season), 
approximately 1.0 clo 

Maximum for cooling 
(summer season), 
approximately 0.5 clo 

Offices and spaces with 
similar activity (single offices, 
open plan offices, conference 
rooms, auditorium, cafeteria, 
restaurants, classrooms) 

Sedentary activity ~ 1,2 met 

I 21,0 25,5 

II  20,0 26,0 

III  19,0 27,0 

IV 18,0 28,0 

NOTE Assumed low air velocity < 0,1 m/s during heating period. 

Air velocity 

Annex B default values are very strict, category I uses draught rate of 10% and summer values are not 

split for cooling situation (valve open) and situation without active cooling. For instance, in Estonia, DR 

of 15% and less strict velocity values are used for active cooling situations used in category I. Figures 

below 

 
Table 4. Default draught criteria in EN 16798-1:2019 Annex B 

 Draught  

Category DR 
(draught 
rate) 

Maximum air 
velocity in working 
and learning 
environment 

  Winter 
[m/s]  

Summer 
[m/s]  

Category I 10 0,10 0,12c 

Category II 20 0,16 0,19c 

Category III 30 0,21 0,24c 

c 7ÈÅÎ ÔÈÅ ÁÉÒ ÔÅÍÐÅÒÁÔÕÒÅ ÉÓ ÁÂÏÖÅ ςυ Ј#ȟ ÈÉÇÈÅÒ 
maximum air speeds are allowed and often even 
preferred (draught becomes pleasurable breeze); 
but only under the condition that occupants have 
direct control over the air speed 

 

Table 5. Draught criteria in the Estonian national Annex of 
EN1679-1:2019 

 Draught  

Category DR 
(draught 
rate) 

Maximum air 
velocity in working 
and learning 
environment 

  Winter 
[m/s]  

Summer 
[m/s]  

Category I 15 0,14 0,16b/0,19 c 

Category II 20 0,16 0,19b/0,25 c 

Category III 30 
  

Â -ÁØÉÍÕÍ ÁÉÒ ÖÅÌÏÃÉÔÙ ÁÌÌÏ×ÅÄ ÉÎ ÃÏÏÌÉÎÇ ÓÅÁÓÏÎȟ 

ÉÎ ÓÉÔÕÁÔÉÏÎ ×ÉÔÈÏÕÔ ÃÏÏÌÉÎÇȢ 

Ã -ÁØÉÍÕÍ ÁÉÒ ÖÅÌÏÃÉÔÙ ÁÌÌÏ×ÅÄ ÉÎ ÃÏÏÌÉÎÇ ÓÅÁÓÏÎȟ 

ÉÎ ÃÏÏÌÉÎÇ ÓÉÔÕÁÔÉÏÎȢ 
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CO2 levels 

Table 6. Default design CO2 concentrations above outdoor concentration, assuming a standard CO2 emission of 20 l/(h/person), 
EN 16798-1:2019 

Category Corresponding CO2 concentration 
above outdoors in ppm for non -
adapted persons  

I 550  

II 800 

III  1350 

IV 1350 

Ventilation rate 

The total ventilation rate for the breathing zone is found by combining the ventilation for people and 

building calculated from Formula (1): 

ή ὲϽή ὃ Ͻή                                                                                                                               (1) 

where  

qtot  = total ventilation rate for the breathing zone, l/s 

n = design value for the number of persons in the room, - 

qp = ventilation rate for occupancy per person, l/(sϊperson) 

AR = floor area, m2 

qb = ventilation rate for emissions from building, l/(sϊm2) 

The perceived air quality levels are defined by default for non-adapted persons in non-residential 

building and adapted persons in residential buildings. In non-residential buildings, assuming adapted 

persons shall be justified. 

Table 7. Design ventilation rates for non-adapted persons for diluting emissions (bio effluents) from people for different 
categories, EN 16798-1:2019. 

Category Expected 
Percentage 
dissatisfied, %  

Airflow per 
non-adapted 
person  
ÌȾɉÓ ɇ ÐÅÒÓÏÎɊ 

I 15 10 

II 20 7 

III  30 4 

IV 40 2,5 
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Table 8. Design ventilation rates for diluting emissions from buildings, EN 16798-1:2019. 

Category Very low polluting 
building  

(LPB1)  

l/(s m 2) 

Low polluting 
building  

(LPB2)  

l/(s m 2) 

Non low-polluting 
building  

(LPB3)  

l/(s m 2) 

I 0,50 1,0 2,0 

II 0,35 0,7 1,4 

III  0,20 0,4 0,8 

IV 0,15 0,3 0,6 

 

Building service systems noise 

Table 9. Design equivalent continuous sound level, LAeq,nT [dB(A)] for continuous sources, EN 16798-1:2019 

Building  Type of space 

Equivalent continuous sound level  
LAeq,nT [dB(A)]  

Cat. I Cat. II  Cat. III  

Offices 

Small offices Ѕ30 Ѕ35 Ѕτπ 

Landscaped offices Ѕσυ Ѕ40 Ѕτυ 

Conference rooms Ѕσπ Ѕ35 Ѕτπ 

Schools Classrooms Ѕσπ Ѕστ Ѕσψ 

Indoor climate category assessment in new buildings 
Design documentation of the building must state the design criteria of the indoor environment 

parameters. These parameters must include ventilation rates, heating and cooling set-point 

temperatures, maximum air velocities and HVAC noise in major space categories. Furthermore, 

calculation or simulation reports that prove that the design criteria are met must also be appended to 

the documentation where applicable. If this data is present, then there are no further actions needed to 

assess the indoor climate category. If this data is not present or is partially missing, then the relevant 

calculations or simulations must be conducted and submitted for the indoor climate category 

assessment. 

Indoor climate category assessment in existing buildings 
Generally, assessment of the building indoor climate category begins with checking compliance with 

indoor category III, then compliance with category II and finally with category I. If the building does not 

comply with category III, then it will belong to indoor climate category IV. Assessment of these 

categories requires different levels of knowledge and expertise from the assessor. For categories III and 

IV, on-site inspection and brief overview of design documents should provide enough information to 

make the assessment. This level of assessment could be done by people who have some knowledge of 

indoor climate and HVAC systems, for example construction engineers, building designers and heads of 

maintenance and administration. For correct assessment of categories I and II, expert knowledge of 
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HVAC systems, indoor climate, building physics and measurement technology is required. The 

assessment process involves thorough on-site inspections, detailed review of design documentation, on-

site measurements, simulations of indoor climate, and for category I, indoor climate questionnaires for 

occupants. Therefore, this level of assessment can be done only by qualified assessors. 

 

Figure 5. Process of indoor climate category assessment. 

Process of indoor climate category assessment in existing buildings 
Prior to the on-site inspection, it is recommended to contact the building owner, administrator or the 

person responsible for maintenance to gather additional or missing information for the assessment 

process. In particular, the measurement protocol of the ventilation system is needed to cross-check 

design air flow rates and noise (sound pressure) levels. Additionally, as-built drawings of HVAC systems 

are needed to verify the integrity of the on-site systems. If the ventilation documentation is not 

provided, then air flow measurements must be carried out on-site. 

It is also necessary to determine characteristic and critical rooms of the building where measurements 

will be carried out if necessary. 

Characteristic rooms ς most typical rooms within the building with constant occupancy, such as office, 

class or living rooms or individual workspaces in an open office setting. Generally, 3-10 rooms are 

required for a representative sample. It is necessary to consider the following: 

- intended use of the rooms, e.g. office space, classroom, living room etc. 

- orientation of the rooms with respect to the cardinal directions 

- presence of HVAC systems, e.g. rooms with and without air conditioning devices 
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Critical rooms ς rooms where thermal comfort problems are most likely to occur, such as rooms with 

large glazed surfaces or high internal heat gains. Generally, 3-10 rooms are required for a representative 

sample. Examples of critical rooms include but are not limited to rooms where: 

- air conditioning devices are missing, or selected devices are improper for the room type and 
load 

- glazed surfaces constitute a considerable area of the building envelope 

- windows are oriented to the southern and western facades (risk of overheating) 

- windows are in different facades (corner rooms) 

- glazed surfaces are not shaded 

- internal gains are higher than typical 

- air flow rates are lower than typical and where supply air is not cooled 

- opening of windows is not possible or is limited 

Indoor climate category III and IV assessment 
Category III is achieved when the following criteria are fulfilled: 

- Heating system is present and the heat output in rooms with regular occupancy can be 
controlled on a room or zone basis 

- Mechanical ventilation is present in rooms with regular occupancy. Air flow rates or CO2 levels 
must be in accordance with EN 16798-1. 

- Rooms with regular occupancy where glazed surfaces are on the east, south-east, south, south-
west or west facades have mechanical cooling and the indoor temperature can be controlled on 
a room or zone basis. Alternatively, the absence of cooling devices can be justified with a 
simulation calculation in critical rooms. 
 

If a measurement protocol of the ventilation system is not provided, then the air flow rates in 

characteristic rooms must be measured and checked against reference values in EN16798-1. 

Alternatively, CO2 levels can be measured and compared to EN16798-1 during at least 4 hours of 

occupancy instead. 

The measurement periods in a non-residential building must be at least four hours in typical use 

ŎƻƴŘƛǘƛƻƴǎΦ !ƛǊ Ŧƭƻǿ ǊŀǘŜǎ Ƴŀȅ ŀƭǘŜǊƴŀǘƛǾŜƭȅ ōŜ ŀǎǎŜǎǎŜŘ ōȅ ƳŜŀǎǳǊƛƴƎ ŜŀŎƘ ŀƛǊ ƘŀƴŘƭƛƴƎ ǳƴƛǘΩǎ ǘƻǘŀƭ ŀƛǊ 

flow rate vs design conditions in served spaces, given that the device is working at the intended capacity 

and its air filters are clean. 

Indoor climate category I and II assessment 
Assessment of compliance to these levels requires simulation or measurement of indoor climate along 

with a thorough review and analysis of design and as-built documentation of HVAC systems. Both 

calculated and measurement-based assessments are allowed, as well as a combined approach for 

different technical systems 

On-site inspections and review of documentation shall verify that: 

- chosen technical solutions can maintain required levels of indoor climate parameters in all 
rooms with regular occupancy 

- HVAC systems are in working condition and match with as-built drawings and documentation 
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- normative air flow rates and sound pressure levels have been considered in the system design 
and are demonstrated in measurement protocols. 
 

For calculation-based approach, the following calculations or simulations are required: 

- cooling load calculations for characteristic and critical rooms 

- terminal and room unit air flow jet analysis in manufacturer or validated third party software for 
characteristic and critical rooms 
 

For measurement-based approach, the following measurements are required: 

- air temperature measurements during the heating and cooling season in characteristic and 
critical rooms. Minimum length of measurements shall be at least one month and must include 
periods with typical heating and cooling loads. 

- air velocity measurements during the cooling season with the cooling device operating and 
during the cooling season without cooling load 

- air flow rate and sound pressure level measurements if measurement protocols are not 
available. 
 

For category I assessment, indoor climate survey must be done among the occupants in addition to the 

previously described step. The questionnaire must cover the following aspects: 

- room air temperature (hot, warm, slightly warm, neutral, slightly cool, cool, cold) 

- air quality (according to EN16798-2) 

Examples of questionnaires from EN 16798-2:2019 are shown in Figure 6 below. 

 

 

Figure 6. Examples of questionnaires for subjective evaluations, EN 16798-2:2019. 

Short deviations from the category boundary values are allowed on a weekly, monthly or hourly basis, 

see  

Table 10 below. This allows for short time deviations e.g. when opening windows, where short time 

increased air velocity and noise will be accepted. By using more than one criterion (e.g. both annually 

and weekly), it is possible to e.g. set an indirect criterion for how long consecutive periods of increased 

or reduced temperatures can be accepted. 
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Table 10. Default allowed length of deviation from the category boundary values corresponding to a certain % of occupied 
hours, EN16798-2:2019 

x% / y% of period  Weekly  

hours  

20 %      50 % 

Monthly  

hours  

12 %      25 % 

Yearly  

hours  

3 %          6 % 

Working time 

Total hours 

8           20 

40 

21           44 

175 

63           126 

2 100 

Total time 

Total hours 

33            58 

166 

86         180 

720 

259         518 

8 640 

 

An example of visualization of the indoor environment qualification is shown in Figure 7. This type of 

visualization has the advantage of better describing the annual environment with the duration of 

different category levels being indicated. 

 

Figure 7. Example of indoor environment classification by footprint diagram. 

  






















