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EXECUTIVE SUMMARY 
This deliverable presents the results of Task 2.2 Definition of sustainability Key Performance Indicators 

(KPIs), which aims to develop a set of metrics to assess the current status of the neighbourhood and 

evaluate the impact of retrofitting solutions on the environmental, social, and economic level.  

The current landscape of sustainability assessment already includes a vast amount of well-established 

performance indicators. Therefore, this task relied heavily on existing metrics to leverage previous 

research results and established calculation methodologies. After an initial review and selection process, 

a final core set of 16 quantitative KPI was developed for buildings (10) and districts (6) respectively, 

covering all themes of environmental, social, and economic sustainability, and ensuring through a 

multiscalar approach the evaluation of building results at district level.  

All the core set KPI have been analysed and fine-tuned to ensure their compatibility with the software 

features that will be implemented in the NewTREND Simulation & Design Hub, and will be a structural 

element of the Integrated Design Methodology that will be developed as the final result of the NewTREND 

WP2. The KPI will support the methodology as part of the decision process support, allowing users to rank 

retrofitting variants and compare them with the current state, via KPI results weighted according to 

stakeholder priorities. 

A research and development process was carried out to evaluate the feasibility of new metrics for smart 

thermal and electrical energy management; however the resulting metrics appeared to be more 

appropriate to be adapted into analysis tools and are presented here for informational value. 

Furthermore, 6 additional indicators, developed in depth within this task, have been collected in a set of 

optional indicators to compose, together with the core KPI set, an extended NewTREND framework that 

opens future development avenues beyond the life and scope of the project. Finally, the related task T2.4 

proposed a series of financial and organisational indicators to support the analysis of user satisfaction and 

feedback loops in conjunction with comfort monitoring. All of these metrics and indicators are collected 

in Annexes I-III of the present document. 
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1. INTRODUCTION 
The focus of WP2 of the NewTREND Project is the development of an Integrated Retrofit Design 

Methodology, which will enable a holistic approach for energy efficient renovation of buildings integrated 

in the neighbourhood design. In order to do so, the Methodology needs to define a process to optimise 

and rank different retrofitting variants, taking into account the various parameters that define the 

sustainability level of the design choices and the stakeholders’ priorities. Within this framework, Task 2.2 

aimed to develop a robust set of sustainability Key Performance Indicators to be used in the decision 

making process. 

2. DEFINITION OF KPI 
The use of metrics has been a core aspect of building performance assessment systems for decades now, 

with BREEAM first introduced in 1990 in the UK, launching a series of increasingly sophisticated methods 

around the world, with national developments such as LEED in the US, GreenGlobes in Canada, CASBEE in 

Japan, all tailored for the national context in which they were developed, and generic frameworks such 

as GBTool (1998, renamed to SBTool in 2005) which provides a normalisation and aggregation 

methodology together with a vast set of metrics that require customisation at the local level (some 

national contextualisations include Protocollo ITACA in Italy, VERDE in Spain, SBToolPT in Portugal) [1]. 

However, all of these assessment approaches share the principle that buildings are complex systems, and 

thus cannot be evaluated under only one lens; the common strategy is thus the implementation of a Multi 

Criteria Analysis (MCA) approach, as it is best suited to analyse problems that feature diverse and often 

conflicting aspects, and that do not have an optimised solution.  

Initially, assessment criteria were defined through a variety of methods, including specific design 

prescriptions and qualitative scenarios; as the field progressed and through several standardisation efforts 

over the years, a preference has arisen towards criteria that can be evaluated through quantitative 

performance indicators. These fundamental aspects will be defined in detail below. 

 SUSTAINABILITY FRAMEWORK 

The first generation assessment tools (such as GBTool, and the first versions of BREEAM & LEED) were 

focused only on environmental aspects, first and foremost energy consumption and renewable 

production, and thus focused on “green” buildings [2]. As attention on these themes gained widespread 

recognition in the building sector and entered the normative requirements across Europe, other social 

and economic themes rose to the fore as equally relevant, completing the three pillars of sustainability. 

Most assessment systems branched out to develop a new generation of assessment tools, aimed at 

reaching beyond the green label, towards the sustainable building. 

Furthermore, attention has shifted from the performance of the building as a standalone object to the 

analysis of the building in its larger context, and to the performance of larger urban areas, with the 

concept of smart cities rising to the fore in 2010 [3] and now being expanded to the concept of smart and 

sustainable cities. Environment, mobility, people, living, governance and economy all play a role in this 

framework, which requires the understanding of complex interactions across urban scales in order to 

gauge the impact of the part on the whole [4]. The figure below shows the interscalar nature of 

sustainability themes at different scales. 
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FIGURE 2.1 SUSTAINABILITY THEMES AT URBAN SCALES (SOURCE: IISBE ITALIA AND POLYTECHNIC OF TURIN) 

One of the key concepts exemplified by the figure above is the presence of roughly two groups of scales, 

or levels, according to the type of theme assessed: 

 The interaction level, where production, consumption, and access can be analysed. It can be 

studied from a bottom-up perspective and appears typical of buildings and blocks; 

 The distribution level, where infrastructure, networks, and supply systems can be analysed. It 

can be studied from a top-down perspective and appears typical of districts and cities. 

The NewTREND project, in keeping with the current multi-scale sustainability approach, will thus consider 

environmental, social and economic themes to analyse the sustainability performance of a building within 

its neighbourhood, and the overall performance of the neighbourhood (or district) itself. 

 WHAT IS AN INDICATOR? 

As mentioned before, assessment criteria used in a multicriteria sustainability analysis rely on indicators. 

A criterion is a principle on which to base a decision, or a judgement; to ensure objective assessment, 

sustainability criteria must rely on quantitative indicators, i.e. metrics that can be used to obtain a 

measurement on a scale. Indicators thus must have clear levels of quality; an otherwise more generic 

physical property does not guarantee support to decision when assessing a criterion. These levels of 

quality are called benchmarks, and are an essential component to sustainability assessments. 

 WHY A PERFORMANCE INDICATOR? 

In earlier generation assessment systems, indicators for criteria occasionally featured prescriptive 

measures, i.e. metrics that reward a specific technology or design choice which is considered to lead to a 

better performance when compared to the traditional options. However, the indirect route of a 

prescriptive indicator can affect the design process by reducing the designer’s freedom in responding to 

the project’s challenges, and skew the final project towards the implementation of common solutions. A 

performance indicator focuses directly on the capacity of the assessed object to carry out a specific task 
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independently on how this is achieved, and thus shall be preferred whenever possible. However, in some 

cases it has proven difficult to establish performance indicators that are solid and easy to evaluate, in 

particular when evaluating social issues. Thus prescriptive indicators are still present, however a 

preference for performance indicators is currently well established. 

 WHY A KEY PERFORMANCE INDICATOR? 

There are hundreds of possible performance indicators with well-established methodologies and 

literature; initial approaches to sustainability systems favoured the use of large indicator sets to cover as 

many issues as possible to provide a diversified view. However, this approach has proven hard to 

implement in day to day practice, as a large amount of criteria increases the work load of the designers 

or sustainability experts, and increases the difficulty of communicating the final sustainability results to 

other key stakeholders such as users, owners, and policy makers. Performance indicators have shifted in 

nature from a technical support to the design progress to a crucial sustainability communication tool, both 

within the design team and towards external stakeholders. Therefore, a tendency has arisen in the last 

decade to identify a handful of indicators as the key set that represents sustainability issues 

comprehensively, while supporting instead of hindering the implementation of sustainability assessment 

in the design process.  

It is important to underline that the selection of the few indicators that make the core set of Key 

Performance Indicators is affected by the local context, as the issues represented by the various indicators 

can have a varying importance in different areas. Climatic, energy, policy, social, economic context can all 

affect the identification of indicators that shall be included in the core set of KPI. Such context can vary in 

scale from the local to international scale, as long as it remains fairly homogeneous, and variations within 

the context can be affected by other aspects such as benchmarks and priorities (discussed below in section 

6 - Methodology implementation). 

 EXAMPLES OF KPI 

To clarify the above definitions, some examples are proposed below. 

Firstly, three examples of possible indicators for the assessment of passive thermal performance are 

proposed:  

1. The thickness of the insulation is not a suitable performance indicator: it is a physical property 

that contributes to the overall insulation performance, but is not meaningful when taken out of 

context. 

2. The average U-value of the envelope is a better performance indicator: it is a metric with a clear 

impact on the passive thermal performance, however it is not a comprehensive representation 

of the assessment criterion. 

3. The net energy demand is a much stronger performance indicator: not only it evaluates well the 

passive thermal performance of the building, but it does so comprehensively by considering all 

aspects, going beyond the envelope transmittance. 

Then, two examples of possible indicators for the assessment of the quality of the artificial light are 

proposed: 

1. The illuminance on the task surface is a clear performance factor, as it measures the capability 

of the lighting system to provide adequate light for the visual task. However, it is a factor with an 
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optimal value, and thus it does not have a clear indicator profile that allows to compare and 

evaluate values against each other: it is not possible to generate a workable performance scale, 

and thus it is not an indicator. 

2. The homogeneity of illuminance values in the task area is a much better performance indicator: 

it is possible to identify a minimum value (0,5 according to EN 12464-1) and a maximum value (1, 

mathematically defined), and to judge the performance against these benchmark values. 

Finally, the last example is an indicator for the assessment of potable water consumption. The proposed 

indicator is the percentage of non-potable water uses covered via potable water (such as irrigation, toilets, 

etc.). This is a solid performance indicator: it measures a performance, i.e. the capability of the assessed 

building/area to reduce unnecessary consumption of potable water, and it has a clear performance scale 

(the lower the number, the better). However, when defining a set of Key Performance Indicators at 

European level, this issue appears to be relevant only in the Mediterranean region, with other European 

regions largely unaffected by this issue. Therefore it cannot be included in the core set at European level. 

It is important to underline that such a performance indicator would likely be part of a set of KPIs 

developed specifically for the Mediterranean region: as mentioned above, the definition of what is Key 

largely depends on the relevance of issues in the local context. 

 KPI USES 

Key Performance Indicators are a powerful instrument that can be used in a series of ways: 

 As a design support tool: KPI values can provide the designer with quick feedback on the 

performance achieved and support integrated design loops for performance optimisation; 

 As a portfolio management tool: KPI performances across a series of buildings can be used to 

prioritise interventions and funding distribution; 

 As a decision support tool: KPI sets can be compared to identify the best retrofitting option 

according to the specific stakeholder preferences; 

 As a communication tool: KPI results can be used as straightforward values to summarise and 

explain the performance of a design choice to non-technical users.  
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3. PURPOSE OF KPI WITHIN NEWTREND 
Key Performance Indicators are chosen as a tool within NewTREND to provide a basis to the Integrated 

Retrofit Design Methodology, and it is foreseen that the Simulation and Design Hub will implement the 

calculation process. According to these specifications, it was possible to identify some guiding principles 

useful for the selection process. 

 NEWTREND SCOPE AND SCALE 

The first principle is that the chosen KPI must be appropriate to the NewTREND scope, which is the 

assessment of a building retrofit within the context of its district. Therefore, the main focus should be on 

KPI that represent a performance at the interaction level, thus focusing on production, consumption, 

access aspects, and looking at the urban integration from the bottom-up. Additionally, the KPI should as 

much as possible cover aspects that can be affected by the retrofit project; however, the inclusion of 

informational-only KPI (which have values that remain constant before and after retrofitting) is also a 

possibility for key issues that are not otherwise covered by KPI, in order to communicate a full 

sustainability picture to stakeholders. 

 TYPE OF SUITABLE KPI 

The second principle is the selection of suitable KPI, according to four basic features: 

 Usability: The KPI can be measured / calculated without excessive work on behalf of the user. 

The purpose of this feature is to ensure that the calculation of the full set of KPI is feasible for 

the user and does not pose a major obstacle to the adoption of the NewTREND tools in the 

everyday practice; 

 Reliability: The KPI does not need broad baseline assumptions which lower data quality. The 

purpose of this feature is to ensure that the performance result provided to the user can be 

trusted to support decision making effectively, minimising the risk of high deviations in the 

results and the provision of misleading information to the user; 

 Necessity: Practice and standards have not yet reached maximum performance as baseline 

requirements. In order to support decision making effectively, a KPI must allow a range of 

possible values. In some cases, the common design practice and/or the laws and standards have 

reached the maximum possible performance as a baseline, and as such there is no further 

improvement possibility, making the KPI useless for decision making; 

 Benchmarkability: It is possible to define minimum and good (or best) KPI value levels for 

scoring. The purpose of this feature is to support the implementation of the KPI in an MCA 

approach, and ensure that clear quality levels and scores with a robust source can be assigned to 

a performance. 

 MODES INTEGRATION 

The third principle is that the KPI development must take into account a crucial feature, unique to the 

NewTREND project, i.e. the implementation of three different modes, which can be summarised as 

follows: 

1. NewTREND Basic mode: for quick assessment of the current state and the retrofit options for 

the building and neighbourhood, based on simplified calculations and parametric data at building 

level, useful for initial testing of ideas or to prioritise interventions; 
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2. NewTREND Advanced mode: for detailed assessment of the current state and the retrofit 

options based on dynamic state simulations at room level, to analyse in detail the day to day 

performance of the building before and after retrofitting, and verify the impact of specific 

retrofitting measures; 

3. NewTREND Premium mode: for detailed assessment of the current state and the retrofit 

options based on real time data at room level, to monitor the actual performance of the building 

before and after retrofitting, and support commissioning of the final retrofit measures. 

The development and integration of the NewTREND modes is a key element of the Methodology 

developed in Task 2.6, and will be further detailed in upcoming reports. 

 DATA AVAILABILITY 

The fourth principle is that the developed KPI must rely as much as possible on data that is available within 

the Simulation and Design Hub, to reduce the need of external tools and minimise the request of raw data 

from the users. This is in line with the principles developed in Task 2.1 New approach for an advanced 

data collection process and supports the development of the Data Manager support tool in Task 3.3.  
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4. DEVELOPMENT PROCESS 
The development of the final NewTREND KPI was an iterative process that followed the previously defined 

principles to finally define 10 Key Performance Indicators at building level and 6 KPI at district level. After 

an initial sourcing exercise, a first selection was submitted to a vote and condensed into a first draft list; 

this first draft was discussed during the M6 meeting in Budapest (March 2016) and developed in a final 

list; the final KPI were then developed in all their aspects and during this phase were reviewed under the 

lens of their future implementation in the NewTREND suite of tools. The abovementioned steps are 

outlined below. 

 SOURCES 

The purpose of this KPI development task was not to invent a new family of sustainability indicators, but 

rather to take definitions from previous R&D projects and labels (OPEN HOUSE, SuPerBuildings, FASUDIR, 

CESBA), standardised indicators developed by CEN TC 350 and sustainability certification schemes for 

buildings (LEED, BREEAM, DGNB, HQE etc.) and neighbourhoods (LEED-ND, EarthCraft Communities, 

BREEAM Communities, CASBEE-UD, HQE2R, Ecocity, SCR, etc.). 

In particular, the FASUDIR project recently developed and implemented a set of KPI for retrofit at building 

and district scale based on a similar selection process [5]. The FASUDIR project identified more than 600 

indicators in the different assessment methods for diverse building types (Office Buildings, Residential 

Buildings) and for both new developments and refurbishments. The initial list of indicators was reduced 

to a final 9 indicators and 27 sub-indicators for the building level and 13 indicators and 28 sub-indicators 

for the district level through a selection process with the following steps: Target definition, Pre-selection 

of indicators, First development, Feedback from the project partners and the Final refinement. 

The final FASUDIR KPI list was chosen as the source for first NewTREND initial list. However, over the 

course of the development, other sources were included, such as the FP6 project LeNSE (Methodology 

Development towards a Label for Environmental, Social and Economic Buildings) and CEN standards 

focused on comfort assessment.  
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 FIRST SELECTION 

The initial list extracted from the FASUDIR project is as follows: 

 KPI 

 Name Short description 

E
n

v
ir

o
n

m
e

n
t 

Total Primary Energy Demand energy demand calculated with LCA over 50 years, including 
all lifecycle stages (product, construction, use, end of life, 
recyclability potential) 

Operational Energy Use energy demand in the in use stage 

Embodied Energy energy demand in all stages, minus operational energy and 
transport 

Renewable Energy on Site ratio of on-site yearly production of renewable energy and 
yearly average of operational energy demand 

Global Warming Potential LCA impact on GW for all lifecycle stages 

Acidification Potential LCA impact on acidification for all lifecycle stages 

Ozone Depletion Potential LCA impact on OD for all lifecycle stages 

Eutrophication Potential LCA impact on eutrophication for all lifecycle stages 

Photochemical Ozone Creation 
Potential LCA impact on POC for all lifecycle stages 

Abiotic Depletion Potential (elements) LCA impact on ADel for all lifecycle stages 

S
o

c
ie

ty
 

Occupancy-based Ventilation Rates quality category (I-IV) according to EN 15251 assigned on 
ventilation rate [l/s] 

CO2 Concentration above Outdoor Level quality category (I-IV) according to EN 15251 assigned on CO2 
concentration above outdoor 

Occurrence of Radon indoor radon concentration levels 

Operative Temperature quality category (I-IV) according to EN 15251 assigned on 
operative temperature 

Predicted Percentage Dissatisfied according to ISO 7730, derived from PMV 

Percentage of Occupied Hours Outside 
Comfort Range calculated on either PMV of operative temperature 

Availability of Daylight throughout the 
Building daylight factor 

Vertical Sky Component amount of skylight incident on a vertical plane 

Solar Irradiance Incident - Insolation irradiance on horizontal and vertical surfaces 

Solar Access amount of hours in which indoor environments receive 
natural light 

Noise Levels at Building Facades noise levels at 10 m above ground, for morning, afternoon, 
night 

E
c
o

n
o

m
y 

Life Cycle Costs LCC over construction, use, end of life, for 50 yrs 

Investment Costs including all new materials and disposal of discarded 
elements 

Running Costs Energy cost of all energy in use phase 

Running Costs Non-Energy cost of deconstruction and disposal, and maintenance in use 
phase 

Change in Value of Property parametric change based on energy performance change 

Return on Investment number of years to recover initial investment 

TABLE 1 - FASUDIR BUILDING SCALE KPI 
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 KPI 

 Name Short description 

E
n

v
ir

o
n

m
e

n
t 

Total Primary Energy Demand energy demand calculated with LCA over 50 years, including 
all lifecycle stages (product, construction, use, end of life, 
recyclability potential) 

Operational Energy Use energy demand in the in use stage 

Embodied Energy energy demand in all stages, minus operational energy and 
transport 

Renewable Energy on Site 

ratio of on-site yearly production of renewable energy and 
yearly average of operational energy demand 

Global Warming Potential LCA impact on GW for all lifecycle stages 

Acidification Potential LCA impact on acidification for all lifecycle stages 

Ozone Depletion Potential LCA impact on OD for all lifecycle stages 

Eutrophication Potential LCA impact on eutrophication for all lifecycle stages 

Photochemical Ozone Creation 
Potential LCA impact on POC for all lifecycle stages 

Abiotic Depletion Potential (elements) LCA impact on ADel for all lifecycle stages 

Intensity of Water Treatment 

ratio of collected rainwater and consumed non-potable water 

Soil Sealing percentage of impervious surface in the district 

S
o

c
ie

ty
 

Parking Facilities percentage of parking spaces off street 

Infrastructure for Innovative Concepts 

percentage of parking spaces for electric / car sharing 

Internal Accessibility (public transport) percentage of district area that is within walking distance 
from public transport nodes 

Bicycle Facilities score based on quality of bicycle facilities 

Bicycle and Pedestrian Network Quality number of inhabitants per signal lights in the district 

Barrier-free Accessibility of the District percentage of barrier-free surface of public areas 

Access to Services & Facilities coverage of services and facilities in the district 

Access to Parks & Open Spaces coverage of parks and open spaces in the district 

Percentage of Building Area over Noise 
Limit 

percentage of population living in areas with noise level 
above national limits (day / night) 

Outdoor Temperature / Heat Island 
Effect 

microclimate index calculated with coefficients for surface 
types 

Gentrification Index accounting for changes in housing stock (age, prices and 
rental fees) and population features (income, unemployment, 
age, quantity) 

E
c
o

n
o

m
y 

Life Cycle Costs LCC over construction, use, end of life, for 50 yrs 

Investment Costs including all new materials and disposal of discarded 
elements 

Running Costs Energy cost of all energy in use phase 

Running Costs Non-Energy cost of deconstruction and disposal, and maintenance in use 
phase 

Return on Investment number of years to recover initial investment 

TABLE 2 - FASUDIR DISTRICT SCALE KPI 
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 VOTING AND FIRST DRAFT LIST 

The first selection defined above was submitted to the T2.2 partners for a first round of voting on two 

opposing principles: Relevance and Difficulty, each scored on a 1-3 scale1. The purpose of this exercise 

was to identify a base set of KPI that would follow the definitions and principles set defined above in 

sections 2 and 3. To provide a scored list, the averages Relevance score and Difficulty score were 

elaborated as follows: 

𝐾𝑃𝐼 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑣𝑜𝑡𝑒 =
𝑅𝑒𝑙𝑒𝑣𝑎𝑛𝑐𝑒

√𝐷𝑖𝑓𝑓𝑖𝑐𝑢𝑙𝑡𝑦
 

In this way, the Difficulty score was effectively used as a weighting factor applied to the Relevance, 

penalising it to a maximum of about 40% for the most difficult criteria. 

 KPI Name R
e

le
v
a

n
c
e

 

D
if

fi
c
u

lt
y 

O
v
e

ra
ll
 V

o
te

 

E
n

v
ir

o
n

m
e

n
t 

Total Primary Energy Demand 2 3 1,2 

Operational Energy Use 3 1,7 2,3 

Embodied Energy 1,8 2,8 1,1 

Renewable Energy on Site 2,8 1,7 2,2 

Global Warming Potential 2 2,8 1,2 

Acidification Potential 1,7 2,8 1 

Ozone Depletion Potential 1,7 2,8 1 

Eutrophication Potential 1,7 2,8 1 

Photochemical Ozone Creation Potential 1,7 2,8 1 

Abiotic Depletion Potential (elements) 1,7 2,8 1 

S
o

c
ie

ty
 

Occupancy-based Ventilation Rates 2,7 1,7 2,1 

CO2 Concentration above Outdoor Level 2,3 1,8 1,7 

Occurrence of Radon 1,3 2,8 0,8 

Operative Temperature 3 1,6 2,4 

Predicted Percentage Dissatisfied 2,6 2 1,8 

Percentage of Occupied Hours Outside Comfort Range 2,3 1,9 1,7 

Availability of Daylight throughout the Building 2,5 1,7 1,9 

Vertical Sky Component 1,3 1,7 1 

Solar Irradiance Incident – Insolation 1,5 1,8 1,1 

Solar Access 1,8 2,2 1,2 

Noise Levels at Building Facades 2,3 2,7 1,4 

E
c
o

n
o

m
y 

Life Cycle Costs 2 2,7 1,2 

Investment Costs 2,8 2 2 

Running Costs Energy 2,7 1,5 2,2 

Running Costs Non-Energy 1,5 2,3 1 

Change in Value of Property 2 3 1,2 

Return on Investment 2,8 2,2 1,9 

TABLE 3 - BUILDING SCALE SCORING 

                                                                 

1 Relevance: 1. Not Relevant, 2. Relevant, 3. Must-have; Difficulty: 1. Easy, 2. Medium, 3. Difficult. 
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KPI Name R
e

le
v
a

n
c
e

 

D
if

fi
c
u

lt
y 

O
v
e

ra
ll
 v

o
te

 

E
n

v
ir

o
n

m
e

n
t 

Total Primary Energy Demand 2 3 1,2 

Operational Energy Use 3 1,7 2,3 

Embodied Energy 1,8 2,8 1,1 

Renewable Energy on Site 2,8 1,7 2,2 

Global Warming Potential 2 2,7 1,2 

Acidification Potential 1,7 2,7 1 

Ozone Depletion Potential 1,7 2,7 1 

Eutrophication Potential 1,7 2,7 1 

Photochemical Ozone Creation Potential 1,7 2,7 1 

Abiotic Depletion Potential (elements) 1,7 2,7 1 

Intensity of Water Treatment 1,5 1,8 1,1 

Soil Sealing 1,7 1,3 1,4 

S
o

c
ie

ty
 

Parking Facilities 1,2 1 1,2 

Infrastructure for Innovative Concepts 1,5 1,2 1,4 

Internal Accessibility (public transport) 1,7 1,2 1,5 

Bicycle Facilities 1,5 1 1,5 

Bicycle and Pedestrian Network Quality 1,3 1,2 1,2 

Barrier-free Accessibility of the District 2 1,5 1,6 

Access to Services & Facilities 1,3 1,5 1,1 

Access to Parks & Open Spaces 1,3 1,2 1,2 

Percentage of Building Area over Noise Limit 1,7 2 1,2 

Outdoor Temperature / Heat Island Effect 1,8 2,2 1,2 

Gentrification Index 1,3 2,2 0,9 

E
c
o

n
o

m
y 

Life Cycle Costs 1,8 2,7 1,1 

Investment Costs 3 2 2,1 

Running Costs Energy 2,7 1,7 2,1 

Running Costs Non-Energy 1,7 2,3 1,1 

Return on Investment 2,8 2 2 

TABLE 4 - DISTRICT SCALE SCORING 

This exercise was accompanied by comments provided by the task partners, including suggestions for new 

KPI to address the specific NewTREND themes. Through a mix of the quantitative and qualitative feedback 

received, it was possible to select a set of representative KPI, by choosing the top scoring across the three 

sustainability pillars and integrating the list with new proposals. In particular, some of the FASUDIR KPI 

were considered of lesser relevance to NewTREND due to the difference in scope: while FASUDIR focuses 

on neighbourhoods (10-100 buildings), the district scope of NewTREND is narrower and focuses on a 

building within its context (see section 3.1). 

A first NewTREND KPI list was thus developed and presented for discussion at the Budapest M6 meeting. 
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 BUDAPEST MEETING DECISION 

4.4.1. BUILDING KPI 

The table below presents the first draft of the building KPI list presented to the NewTREND Consortium 

during the M6 meeting in Budapest. 

 Name Short description 

E
n

v
ir

o
n

m
e

n
t Operational Energy Use energy demand in the in use stage [kWh/m2y] 

Renewable Energy on Site ratio of on-site yearly production of renewable energy and 

yearly average of operational energy demand [%] 

Global Warming Potential LCA impact on GW for all lifecycle stages [kg CO2eq/m2y] 

S
o

c
ie

ty
 

Indoor Air Quality quality category (I-IV) according to EN 15251 assigned on 

CO2 concentr. above outdoor [ppm] 

Operative Temperature without 

Cooling Systems 

quality category (I-IV) according to EN 15251 based on 

operative temperature and outdoor running mean [°C] 

Thermal Comfort in Heating Season according to ISO 7730, derived from PMV  

Thermal Comfort in Cooling Season according to ISO 7730, derived from PMV 

Availability of Daylight daylight factor [%] 

Solar Access amount of hours in which indoor environments receive 

natural light 

Acoustic Comfort indoor A-weighted sound pressure level (day and night) [dB] 

E
c
o

n
o

m
y 

Investment Costs including all new materials and disposal of discarded 

elements [€/m2] 

Running Costs Energy cost of all energy in use phase [€/m2] 

Return on Investment % rate of return [%] 

TABLE 5 - BUILDING KPI FIRST DRAFT 

The proposed excision from the list of the LCA and LCC KPI as resulting from the initial screening process 

was confirmed with the following motivation: while the methodology for assessment is well established 

and documented, it requires extensive and precise databases of environmental profiles for materials 

which are at the moment not widely available across Europe, and if available are structured in non-

standardised data formats, usually at a cost. Thus, in order to include these KPI, the NewTREND Simulation 

and Design Hub would need to rely on one national database, whose values would prove imprecise or 

even misleading in countries with different production processes and energy mixes, as is common across 

Europe; alternatively, the end user would be asked to carry out a massive amount of work by introducing 

all impact factors and cost values. Therefore, the final choice was to avoid providing an apparently reliable 

but misleading calculation, with the potential for extremely time consuming data collection. The 

consensus reached by the partners is that LCA and LCC KPI are relevant and efforts shall be carried out in 

the long term, beyond the NewTREND project life, to close the gap between their solid conceptual basis 

and Europe-wide practical implementation. 
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After a technical review and discussion of the proposed list, two changes were made. The first was the 

reduction of scope of the Global Warming Potential KPI to evaluate the CO2 impact to the emissions in the 

use phase; this was due to the retrofit focus of the project, which implies the presence of a large amount 

of existing materials which cannot be easily accounted for from a full life cycle perspective, and is in line 

with the overall approach to LCA and LCC issues as mentioned above. The second was the removal of the 

Solar Access KPI, as it proved to be somewhat redundant when compared to the Availability of Daylight 

KPI, which provides a far more comprehensive evaluation of the topic. 

The building KPI list was thus amended as follows: 

 Name Short description 

E
n

v
ir

o
n

m
e

n
t 

Operational Energy Use primary energy demand in the in use stage [kWh/m2 
year] 

Renewable Energy on Site ratio of on-site yearly production of renewable energy 
and yearly average of operational energy demand [%] 

Global Warming Potential operational CO2 emissions [kg CO2 eq / m2 year] 

S
o

c
ie

ty
 

Indoor Air Quality CO2 concentration indoor - outdoor [ppm] 

Operative Temperature without Cooling 
Systems 

quality category (I-IV) according to EN 15251 based on 
operative temperature and outdoor running mean [°C] 

Thermal Comfort in Heating Season percentage hours outside comfort range (according to 
ISO 7730) [%] 

Thermal Comfort in Cooling Season percentage hours outside comfort range (according to 
ISO 7730) [%] 

Availability of Daylight daylight factor [%] 

Acoustic Comfort indoor A-weighted sound pressure level (day and night) 
[dB] 

E
c
o

n
o

m
y 

Investment Costs including all new materials and disposal of discarded 
elements [€/m2] 

Running Costs Energy cost of all energy in use phase [€/m2] 

Return on Investment rate of return [%] 

TABLE 6 - BUILDING KPI SECOND DRAFT 

The Task 2.2 partners were then able to organise the work and begin development of the full KPI text 

according to the templates presented in Section 5.1.  
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4.4.2. DISTRICT KPI 

The table below presents the first draft of the District KPI list presented to the NewTREND Consortium 

during the M6 meeting in Budapest. 

 Name Short description 

E
n

v
ir

o
n

m
e

n
t 

Operational Energy Use energy demand in the in use stage [kWh/m2y] 

Simultaneity Factor of the Heat 

Network 

Ratio of maximum heat load (station) and nominal heat load 

(consumers) [-] 

Heat Density [to be defined] 

Flexible Energy per Day [to be defined] 

Renewable Energy on Site ratio of on-site yearly production of renewable energy and 

yearly average of operational energy demand [%] 

Global Warming Potential LCA impact on GW for all lifecycle stages  

Soil Sealing percentage of impervious surface in the district 

S
o

c
ie

ty
 

Infrastructure for Innovative 

Concepts 

percentage of parking spaces for electric / car sharing 

Internal Accessibility (public 

transport) 

percentage of district area that is within walking distance 

from public transport nodes [%] 

Bicycle Facilities score based on quality of bicycle facilities 

Barrier-free Accessibility of the 

District 

percentage of barrier-free surface of public areas 

Percentage of Building Area over 

Noise Limit 

percentage of population living in areas with noise level 

above national limits (day / night) 

Outdoor Temperature / Heat Island 

Effect 

microclimate index calculated with coefficients for surface 

types [-] 

E
c
o

n
o

m
y 

Investment Costs including all new materials and disposal of discarded 

elements [€/m2] 

Running Costs Energy cost of all energy in use phase [€/m2] 

Return on Investment % rate of return [%] 

TABLE 7 - DISTRICT KPI FIRST DRAFT 

After a technical review and discussion, four changes were made. The first, in analogy to the Building scale 

decision, was the reduction of scope of the Global Warming Potential KPI to evaluate the CO2 impact to 

the emissions in the use phase. The second was the removal of Heat Density, as it was considered more 

of a planning support parameter than a KPI with a clear performance profile. Finally, two KPI were 

removed from the Society theme: the Infrastructure for Innovative Concepts, due to its prescriptive 

character, and the Barrier-free Accessibility of the District, due to the existence across Europe of thorough 

regulations on the subject. 

The district KPI list was thus amended as follows: 
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Name Short description 

E
n

v
ir

o
n

m
e

n
t 

Operational Energy Use primary energy demand in the in use stage 
[kWh/m2 year] 

Simultaneity Factor of the Heat Network [to be developed] 

Flexible Energy per Day [to be developed] 

Renewable Energy on Site ratio of on-site yearly production of 
renewable energy and yearly average of 
operational energy demand [%] 

Global Warming Potential operational CO2 emissions [kg CO2 eq / m2 
year] 

Soil Sealing percentage of impervious surface in the 
district [%] 

  

Internal Accessibility (public transport) percentage of district area that is within 
walking distance from public transport nodes 
[%] 

Bicycle Facilities score based on quality of bicycle facilities 

Percentage of Building Area over Noise Limit percentage of population living in areas with 
noise level above national limits (day / night) 

Outdoor Temperature / Heat Island Effect microclimate index calculated with 
coefficients for surface types 

E
c
o

n
o

m
y 

Investment Costs including all new materials and disposal of 
discarded elements [€/m2] 

Running Costs Energy cost of all energy in use phase [€/m2] 

Return on Investment rate of return [%] 

TABLE 8 – DISTRICT KPI SECOND DRAFT 

The Task 2.2 partners were then able to organise the work and begin development of the full KPI text 

according to the templates presented in Section 5.1.  
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 ENERGY NETWORKS THEME 

As the NewTREND project includes several activities devoted to the implementation of smart energy 

networks and flexible production and consumption, an effort was made to identify possible KPI to take 

into account the energy network optimisation. The theme was divided in thermal and electrical networks, 

due to their substantial differences.  

A set of 9 possible KPI was developed by partners JER and REGENERA (see Annex II), of which three were 

chosen for further analysis and development. For thermal networks, the heat density was initially 

proposed but was discarded at the Budapest meeting, as it is a key parameter for design and a support 

analysis when planning district heating networks, however it does not have a clear performance profile 

that allows to assess one scenario in comparison to another. The simultaneity factor of the heat network 

appeared to be a more promising indicator, however after careful analysis it was considered better suited 

to support the design and planning, and to become part of one of the NewTREND tools. Finally, the flexible 

energy per day was developed into a full methodology to assess the district ability to accommodate 

mismatching demand and supply loads and to promote the use of demand side management. 

 IN-DEPTH DEVELOPMENT AND REVIEW 

The core activity of task T2.2 was the development of the full text of the KPI themselves. In this phase, 

dedicated documents were initially developed for each KPI, including detailed objectives, data 

requirements, and calculation methodologies. These first drafts underwent a thorough review by IES to 

evaluate potential implementation issues in the NewTREND Simulation and Design Hub, and clarify all 

calculation details to avoid uncertainties in code development.  

This development and review process took on an iterative character, with additional conceptual and 

procedural themes raised, connected to the parallel development of the data structures in WP3 and WP4, 

and re-evaluating the developed criteria against the original principles of Usability, Reliability, Necessity 

and Benchmarkability. A final decision was taken to focus NewTREND efforts on energy (& emissions), 

comfort (& well-being, society) and economy KPI as set out in the NewTREND DoW and consider these as 

the core KPI set that will be included in the Simulation and Design Hub (described in detail in Chapter 5); 

other indicators focused on adjacent sustainability topics that have been developed in this task have been 

categorised as optional indicators, which shall be assessed on a case-by-case basis for follow-up 

implementation as KPI or as analysis tools, or recommended for future developments after the 

NewTREND project (included in Annex I). 

The outcome of this phase is summarised in the following tables. 
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 Original Name Revised Name Development & Review Outcome 

E
n

v
ir

o
n

m
e

n
t 

Operational Energy Use Operational Primary 
Energy Demand 

Divided in two criteria.  
Included in Core KPI set. 

 Delivered Energy 
Demand 

 

Renewable Energy on Site (unchanged) Included in Core KPI set. 

Global Warming Potential (unchanged) Included in Core KPI set. 

S
o

c
ie

ty
 

Indoor Air Quality (unchanged) Included in Core KPI set. 

Operative Temperature 
without Cooling Systems 

Summer Comfort 
without Cooling 

Included in Core KPI set. 

Thermal Comfort in 
Heating Season 

Thermal Comfort in the 
Heating Season 

Included in Core KPI set. 

Thermal Comfort in 
Cooling Season 

Thermal Comfort in the 
Cooling Season 

Included in Core KPI set. 

Availability of Daylight (unchanged) Potential for significant increase of 
calculation times: moved to optional 
indicators (Annex I) for evaluation of 
computational/development costs vs 
user friendliness. 

Acoustic Comfort (unchanged) Included in Core KPI set. 

E
c
o

n
o

m
y 

Investment Costs (unchanged) Only applicable to retrofit variants: 
moved to optional indicators (Annex I) 
for evaluation of conversion in variant 
analysis tool. 

Running Costs Energy Operational Energy 
Costs 

Included in Core KPI set. 

Return on Investment (unchanged) Only applicable to retrofit variants: 
moved to optional indicators (Annex I) 
for evaluation of conversion in variant 
analysis tool. 

TABLE 9 – OUTCOMES OF BUILDING KPI DEVELOPMENT & REVIEW 
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Original Name Revised Name Development & Review Outcome 

E
n

v
ir

o
n

m
e

n
t 

Operational Energy Use Operational Primary 
Energy Demand 

Included in Core KPI set. 

 Delivered Energy 
Demand 

Included in Core KPI set. 

Simultaneity Factor of the 
Heat Network 

(unchanged) Better suited to application in variant 
analysis: removed from list.  

Flexible Energy per Day (unchanged) Novel concept, with further development 
required under T2.3. Moved to optional 
indicators (Annex I) for evaluation of 
conversion in variant analysis tool.  

Renewable Energy on Site (unchanged) Included in Core KPI set. 

Global Warming Potential (unchanged) Included in Core KPI set. 

Soil Sealing (unchanged) Cannot be calculated in SDH due to lack 
of GIS features. Moved to optional 
indicators (Annex I) as possible future 
development. 

  

Internal Accessibility 
(public transport) 

(unchanged) Cannot be calculated in SDH due to lack 
of GIS features. Moved to optional 
indicators (Annex I) as possible future 
development. 

Bicycle Facilities (unchanged) Prescriptive character and low impact on 
sustainable mobility: removed from list. 

Percentage of Building 
Area over Noise Limit 

Acoustic Environment Included in Core KPI set. 

Outdoor Temperature / 
Heat Island Effect 

(unchanged) Cannot be calculated in SDH due to lack 
of GIS features. Moved to optional 
indicators (Annex I) as possible future 
development. 

E
c
o

n
o

m
y 

Investment Costs (unchanged) Only applicable to retrofit variants: 
moved to optional indicators (Annex I) 
for evaluation of conversion in variant 
analysis tool. 

Running Costs Energy Operational Energy 
Costs 

Included in Core KPI set. 

Return on Investment (unchanged) Only applicable to retrofit variants: 
moved to optional indicators (Annex I) 
for evaluation of conversion in variant 
analysis tool. 

TABLE 10 – OUTCOMES OF DISTRICT KPI DEVELOPMENT & REVIEW 
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Finally, all KPI have been grouped in 10 sustainability themes as follows: 
E

n
v
ir

o
n

m
e

n
t 1. Energy 

2. Impacts 

3. Water 

S
o

c
ie

ty
 

4. Transport 

5. Air Quality 

6. Thermal Comfort 

7. Visual Comfort 

8. Acoustic Comfort 

E
c
o

n
o

m
y 

9. Investment 

10. Operational Costs 

TABLE 11 - SUSTAINABILITY THEMES AS ASSESSMENT CATEGORIES 

The above coding has been used to number the KPI and support aggregation of results for decision making. 
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5. DEVELOPED KPI 
This section presents the final KPI as developed by the NewTREND project. All KPI follow the same basic 

template, which is described in detail below as an introduction and a guide to the KPI themselves, which 

are then presented first at Building scale, then at District scale. 

 STRUCTURE 

Each KPI detail starts with a top header that identifies the number and assessment criterion, the KPI used 

to measure said criterion and its unit of measure, and a declaration of the scale (Building or District) and 

theme (Environmental, Social, or Economic). 

The number is coded as X.m.n, where X is B for Building or D for District, m is the number of the 

sustainability category as in Table 11, and n is the assessment criterion number within the category. 

 

FIGURE 5.1 - KPI TEMPLATE HEADER 

5.1.1. OBJECTIVE 

The first section describes in a few sentences what is the purpose of the criterion and the KPI impact 

towards sustainability. 

5.1.2. ASSESSMENT METHODOLOGY 

This section includes a short descriptive summary of the methodology used to calculate the value of the 

KPI, including differences among various modes if applicable. 

5.1.3. MODES 

Each KPI is then described under one, two, of all three of the NewTREND Modes (Basic, Advanced, 

Premium: see Section 3.3 on page 6); for each Mode in which the KPI is applicable, this section includes: 

 the key data required for the KPI calculation; 

 the step-by-step description of the calculation method, including specific formulas; 

 benchmarks that provide reference values for minimum performance (standards, regulations, 

current practice) and good practice (policy targets, good current practice) OR best practice values 

(maximum achievable performance). 

5.1.4. MULTISCALE 

Several of the NewTREND KPI are the same across scale, with the Building scale values contributing 

somehow to the overall District value. In these cases, this section explains how the specific KPI interacts 

with the upper/lower scale. 

5.1.5. REFERENCES  

Finally each KPI ends with a section on references, prioritising European-level standards and regulations. 

  

<NUMBER> <NAME OF ASSESSMENT CRITERION> BUILDING/DISTRICT 

<Name of KPI> <[um]> ENV/SOC/ECO 
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 CORE KPI SET 

The core set of KPI is presented in the tables below. 

 
Number Name 

E
n

v
ir

o
n

m
e

n
t 

B.1 Energy 

B.1.1 Operational Primary Energy Demand 

B.1.2 Delivered Energy Demand 

B.1.3 Renewable Energy on Site 

B.2 Impacts 

B.2.1 Global Warming Potential 

S
o

c
ie

ty
 

B.5 Air Quality 

B.5.1 Indoor Air Quality 

B.6 Thermal Comfort 

B.6.1 Summer Comfort without Cooling 

B.6.2 Thermal Comfort in the Heating Season 

B.6.3 Thermal Comfort in the Cooling Season 

B.8 Acoustic Comfort 

B.8.1 Acoustic Comfort 

E
c
o

n
o

m
y 

B.10 Operational Costs 

B.10.1 Operational Energy Costs 

TABLE 12 - BUILDING CORE KPI SET 
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Number Name 

E
n

v
ir

o
n

m
e

n
t 

D.1 Energy 

D.1.1 Operational Primary Energy Demand 

D.1.2 Delivered Energy Demand 

D.1.3 Renewable Energy on Site 

D.2 Impacts 

D.2.1 Global Warming Potential 

S
o

c
ie

ty
 

D.8 Acoustic Comfort 

D.8.1 Acoustic Environment 

E
c
o

n
o

m
y 

D.10 Operational Costs 

D.10.1 Operational Energy Costs 

TABLE 13 - DISTRICT CORE KPI SET 
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B1.1. OPERATIONAL PRIMARY ENERGY DEMAND BUILDING 

Operational primary energy demand [kWh/m2 yr] ENV 

1. Objective 
Primary energy is energy found in nature that has not been subjected to any conversion or transformation 

process. It is energy contained in raw fuels as well as other forms of energy received as input to a system. 

The indicator Energy Demand aims at the reduction of the Total Primary Energy Demand. The KPI is in line 

with the EU’s 40-27-27 targets for 2030 compared to 1990 which aim to reduce the greenhouse gas 

emissions compared to 1990 levels up to 40%, to increase the share of renewable energy consumption by 

at least 27% and to save at least 27% of energy compared with the business-as-usual scenario. Considering 

the quantitative improvement of the Operational Primary energy demand of buildings before and after 

retrofitting took place it is possible to use the results for the selection of the most primary energy efficient 

retrofitting measures in building retrofitting projects. 

2. Assessment Methodology 
The indicator is based on the method of TPEF (EN 15603). The KPI uses primary energy factors defined for 

different fuels in order to calculate the primary energy demand based on the delivered energy demand, 

which is obtained either through a simulation in basic and advanced mode, or from metered data in 

premium mode. As the KPI is focussed on the operational primary energy demand only the life cycle stage 

“B6” is considered in the calculations according to the EN 15978 standard, which means that no Life Cycle 

Assessment calculation needs to be performed. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
TOTAL PRIMARY ENERGY DEMAND kWh/m².yr 
DELIVERED ENERGY DEMAND kWh/m².yr 
PRIMARY ENERGY FACTORS (EN 15603) - 
REFERENCE FLOOR AREA m² 

  

3.2. Calculation method 

The indicator shall be calculated by the Simulation and Design Hub according to the TPEF (EN 15603 

Standard). As the KPI is based only on the building operational energy demand it considers only the life 

cycle stage B6 according to the EN 15978 standard (see Figure 5.2).  
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FIGURE 5.2 - CONSIDERED LIFE CYCLE STAGE B6 IN GREEN FOR THE CALCULATION OF B1.1 ACCORDING TO THE EN 15978 

STANDARD 

Therefore a Life Cycle Assessment is not performed. The KPI B1.1 is calculated by using defined primary 

energy factors (total primary energy factors TPEF (EN 15603)) for different fuel types in the different 

countries which are multiplied with the simulated total delivered energy demand of the building. The 

definition of those factors will be done within the development of the Simulation and Design Hub in WP4 

in accordance to EN15603 and EN ISO 52000. If data for primary energy factors of the fuel types are not 

available a default set in IESVE which will form the core of the Simulation and Design Hub engine will be 

used for performing the calculations. The simulated total delivered thermal and electrical energy demand 

of the building, which is the input for the operational primary energy demand calculation, will consider all 

sources and uses, such as: 

 Heating 

 Cooling  

 Hot water 

 Cooking  

 Lighting 

 Power 

 Solar thermal contribution to DHW, space heating or processes 

 Auxiliary energy  

In order to get a result in the unit kWh/m2.yr the result of the above described simulation shall be divided 

by the Reference Floor Area of the building. 

3.3. Benchmarks 

In order to calculate the performance of the KPI B1.1 a linear interpolation method is recommended, with 

the following thresholds as defined by the OPEN HOUSE EU FP7 project: 

 Best performance: 60 kWh/m2 yr 

 Minimum performance: 450 kWh/m2 yr 
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4. Advanced mode  
The KPI B1.1 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  

5. Premium mode  
The KPI B1.1 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not use simulation results from the Simulation and Design Hub but a 

user entered value for the delivered energy demand. Based on this data the same calculation as in basic 

mode will be performed in order to calculate the KPI B1.1 in premium mode.  

5.1. Calculation method 

Instead of using the simulated Total delivered energy demand of the building the calculations will use a 

user entered value (attribute in the front-end), collecting metered/billed annual data for all the thermal 

and electrical energy sources and end uses such as: 

• Heating 

• Cooling  

• Hot water 

• Cooking  

• Lighting 

• Solar thermal contribution to DHW, space heating or processes 

• Power 

• Auxiliary energy 

The user shall provide breakdown data as mentioned above which can be summed up to a total annual 

value; if the detailed breakdown by source and use is not available, single total annual values for delivered 

energy demand (energy consumption shown on the energy bill for heating, hot water and total electricity) 

can be entered divided by source. In order to calculate the primary energy demand using the entered 

values the users also need to specify the type of fuel used to supply the delivered energy demand. Hence, 

the related primary energy factors can for each fuel can be applied.   

The KPI will be presented in the Collaborative Design Platform to the users in the way of a relative value 

of kWh/m2.yr, by dividing the result of the total annual value by the Reference Floor Area of the building.  

6. Multiscale 
The KPI B1.1 is used by an aggregation of each building on district mode and therefore can be described 

as a multiscale KPI.  

7. References 
 
European Commission- EU 2030 targets: http://ec.europa.eu/energy/en/topics/energy-strategy/2030-

energy-strategy (29.03.2016) 

BS EN 15603:2008: Energy performance of buildings. Overall energy use and definition of energy ratings 

EN 15978: 2011: Sustainability of construction works — Assessment of environmental performance of 

buildings — Calculation method. European Committee for Standardization CEN. 

http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
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FprCEN/TR 15615:2014: Energy Performance of buildings — Module M1-x — Accompanying Technical 

Report on draft Overarching standard EPBD (prEN 15603) 

prEN ISO/DIS 52000-1:2015, draft prEN 15603:2015: Energy performance of buildings — Overarching EPB 

assessment – Part 1: General framework and procedures 

Draft ISO-TR 52000-2 - Overarching EPB assessment - Part 2: Explanation and justification of ISO 52000-1  

Concerted Action EPBD, Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring 

Country Reports 2012, http://www.epbd-ca.eu/ca-outcomes/2011-2015 

OPEN HOUSE Assessment Guideline, Version 1.2 New Office Buildings – July 2013  

 
  

http://www.epbd-ca.eu/ca-outcomes/2011-2015
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B1.2. DELIVERED ENERGY DEMAND BUILDING 

Delivered energy demand [kWh/m2 yr] ENV 

1. Objective 
Delivered energy demand is defined as the part of the primary energy demand in a building after 

subtracting the different conversion and transport losses (e.g. conversion of oil into electricity in a power 

plant) for providing the energy. This means the part of the primary energy which passes finally the system 

boundary of the building. Delivered energy demand shows the building operators the demand of energy 

which needs to be paid on the energy bill. Therefore the figure is useful to demonstrate measurable 

energy saving in buildings and to calculate energy cost savings. Hence, the KPI results are used as basis for 

further KPIs calculations like Total Carbon Emissions, Return of Investment which are important in 

decision-making and design in retrofitting projects.   

2. Assessment Methodology 
The indicator is calculated by dividing the delivered energy demand, defined according to EN 15603, by 

the floor area of the building. The delivered energy is obtained either through a simulation in basic and 

advanced mode, or from metered data in premium mode. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
DELIVERED ENERGY DEMAND kWh/m².yr 
REFERENCE FLOOR AREA m² 

  

3.2. Calculation method 

The indicator shall be calculated by using the simulated total delivered energy demand of the building in 

the Simulation and Design Hub. The energy demand of the building, which is the input for the operational 

primary energy demand calculation, will consider all sources and uses, such as: 

 Heating 

 Cooling  

 Hot water 

 Cooking  

 Lighting 

 Power 

 Solar thermal contribution to DHW, space heating or processes 

 Auxiliary energy  

In order to get a result in the unit kWh/m2.yr the result of the above described simulation shall be divided 

by the Reference Floor Area of the building. 
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3.3. Benchmarks 

In order to calculate the performance of the KPI B1.2 a linear interpolation method is recommended, with 

the following thresholds as defined by the results of EPBD-CA: 

 Best performance: 40 kWh/m2 yr 

 Minimum performance: 300 kWh/m2 yr 

4. Advanced mode  
The KPI B1.2 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  

5. Premium mode  
The KPI B1.2 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not use simulation results from the Simulation and Design Hub but a 

user entered value for the delivered energy demand. Based on this data the same calculation as in basic 

mode will be performed in order to calculate the KPI B1.2 in premium mode.   

5.1. Calculation method 

Instead of using the simulated Total delivered energy demand of the building the calculations will use a 

user entered value (attribute in the front-end), collecting metered/billed annual data for all the thermal 

and electrical energy sources and end uses such as: 

• Heating 

• Cooling  

• Hot water 

• Cooking  

• Lighting 

• Solar thermal contribution to DHW, space heating or processes 

• Power 

• Auxiliary energy 

The user shall provide breakdown data as mentioned above which can be summed up to a total annual 

value; if the detailed breakdown by source and use is not available, single total annual values for delivered 

energy demand (energy consumption shown on the energy bill for heating, hot water and total electricity) 

can be entered divided by source. 

The KPI will be presented in the Collaborative Design Platform to the users in the way of a relative value 

of kWh/m2.yr, by dividing the result of the total annual value by the Reference Floor Area of the building.  

6. Multiscale 
The KPI B1.2 is used by an aggregation of each building on district mode and therefore can be described 

as a multiscale KPI.  

7. References 
FprCEN/TR 15615:2014: Energy Performance of buildings — Module M1-x — Accompanying Technical 

Report on draft Overarching standard EPBD (prEN 15603) 
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prEN ISO/DIS 52000-1:2015, draft prEN 15603:2015: Energy performance of buildings — Overarching EPB 

assessment – Part 1: General framework and procedures 

Draft ISO-TR 52000-2 - Overarching EPB assessment - Part 2: Explanation and justification of ISO 52000-1  

European Commission- EU 2030 targets: http://ec.europa.eu/energy/en/topics/energy-strategy/2030-

energy-strategy (29.03.2016) 

Concerted Action EPBD, Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring 

Country Reports 2012, http://www.epbd-ca.eu/ca-outcomes/2011-2015 

 
  

http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://www.epbd-ca.eu/ca-outcomes/2011-2015
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B1.3. RENEWABLE ENERGY ON SITE BUILDING 

Renewable energy ratio [%] ENV 

1. Objective 
One main sustainability target within the European Union is to increase the share of renewable energy 

consumption on the total energy consumption in order to lower the dependency of the EU from fossil 

energy sources and to reduce the greenhouse gas emissions caused by fossil energy sources. This KPI 

therefore aims to measure the share of renewable energy consumption in a building on the total final 

energy consumption. The KPI is in line with the EU’s 40-27-27 targets for 2030 compared to 1990 which 

aim to reduce the greenhouse gas emissions compared to 1990 levels up to 40%, to increase the share of 

renewable energy consumption by at least 27% and to save at least 27% of energy compared with the 

business-as-usual scenario. The KPI is important as additional information for decision-making processes 

in retrofitting projects as the share of renewable energy produced on-site shows in detail how a building 

performs in terms of active energy production. Hence, by using this KPI it is not only possible to assess the 

primary energy consumed in the building as well as the carbon emission during building operation, but 

also to assess the active contribution of the building to a decentralized energy production. 

2. Assessment Methodology 
The indicator is calculated according to the methodology defined in EN 15603, by dividing the renewable 

primary energy on site by the total primary energy demand of the building. Both renewable and non-

renewable primary energies are obtained either through a simulation in basic and advanced mode, or 

from metered data in premium mode. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
TOTAL PRIMARY ENERGY DEMAND kWh per yr 
RENEWABLE PRIMARY ENERGY ON SITE (PV, WIND & SOLAR THERMAL) kWh per yr 

 

3.2. Calculation method 

The indicator is calculated by using the total renewable produced energy on site (defined as sum of PV, 

wind & solar thermal) and dividing it by the simulated total primary energy demand of the building as 

calculated for KPI B1.1 in basic mode.  

The calculation formula is as follows: 

RER [%] =
E𝑃𝑟𝑒𝑛;𝑅𝐸𝑅 [kWh]

E𝑃𝑡𝑜𝑡 [kWh]
∗ 100 

Where: 

 EPtot is the total primary energy calculated according to EN 15603; 

 EPren;RER is the renewable primary energy, calculated according to EN 15603 within the on-site 

perimeter. 
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3.3. Benchmarks 

In order to calculate the performance of the KPI B1.3 a linear interpolation method is recommended, with 

the following thresholds as defined by the EU 2030 targets: 

 Best performance: 20% 

 Minimum performance: 0% 

4. Advanced mode  
The KPI B1.3 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  

5. Premium mode  
The KPI B1.3 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not use simulation results from the Simulation and Design Hub but a 

user entered value for the primary energy. Based on this data the same calculation as in basic mode will 

be performed in order to calculate the KPI B1.3 in premium mode.    

5.1. Calculation method 

The indicator is calculated by using the total metered renewable produced energy on site (defined as sum 

of PV, wind & solar thermal) and dividing it by the metered total primary energy demand of the building 

as calculated for KPI B1.1 in premium mode.  

The calculation formula is as follows: 

RER [%] =
E𝑃𝑟𝑒𝑛;𝑅𝐸𝑅 [kWh]

E𝑃𝑡𝑜𝑡 [kWh]
∗ 100 

Where: 

 EPtot is the total primary energy calculated according to EN 15603; 

 EPren;RER is the renewable primary energy, calculated according to EN 15603 within the on-site 

perimeter. 

6. Multiscale 
The KPI B1.3 is calculated for each building in the district and can be aggregated to a total district figure 

which represents the total share of renewable energy production in a district. Therefore the KPI can be 

described as multiscale KPI.  

7. References 
FprCEN/TR 15615:2014: Energy Performance of buildings — Module M1-x — Accompanying Technical 

Report on draft Overarching standard EPBD (prEN 15603) 

prEN ISO/DIS 52000-1:2015, draft prEN 15603:2015: Energy performance of buildings — Overarching EPB 

assessment – Part 1: General framework and procedures 

Draft ISO-TR 52000-2 - Overarching EPB assessment - Part 2: Explanation and justification of ISO 52000-1  

European Commission- EU 2030 targets: http://ec.europa.eu/energy/en/topics/energy-strategy/2030-

energy-strategy (29.03.2016) 

http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
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Concerted Action EPBD, Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring 

Country Reports 2012, http://www.epbd-ca.eu/ca-outcomes/2011-2015 

 
  

http://www.epbd-ca.eu/ca-outcomes/2011-2015
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B2.1. GLOBAL WARMING POTENTIAL BUILDING 

Total carbon emissions [kgCO2/m2 yr] ENV 

1. Objective 
The indicator assesses the impacts on the environment caused by the Total carbon emissions caused by 

used fuels of the building during its operation stage. The KPI is in line with the EU’s 40-27-27 targets for 

2030 compared to 1990 which aim to reduce the greenhouse gas emissions compared to 1990 levels up 

to 40 %, to increase the share of renewable energy consumption by at least 27% and to save at least 27% 

of energy compared with the business-as-usual scenario. The KPI supports planners in the selection of 

retrofitting measures in decision-making and design as it quantifies the operational energy consumption 

of a building not only in terms of energy but shows the impact of the consumed energy also in terms of a 

contribution to the Green House Gas Effect. This opens new views on the suitability of retrofitting 

measures which cannot be provided by the sole use of the KPIs Operational Primary Energy Demand and 

Delivered Operational Energy Demand.  

2. Assessment Methodology 
The indicator is based on the method of TPEF (EN 15603). The KPI uses carbon emission factors defined 

for different fuels or energy sources in order to calculate the carbon emissions based on the delivered 

energy demand, which is obtained either through a simulation in basic and advanced mode, or from 

metered data in premium mode. As the KPI is focussed on the carbon emissions based on the building 

operation compared to the Life Cycle Assessment (LCA) method only the life cycle stage “B6” is considered 

in the calculations according to the EN 15978 standard, which means that no Life Cycle Assessment 

calculation needs to be performed.  

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
TOTAL CARBON EMISSIONS kgCO2/m².yr 
DELIVERED ENERGY DEMAND kWh/m².yr 
CARBON EMISSION FACTORS (EN 15603) - 
REFERENCE FLOOR AREA  m² 

  

3.2. Calculation method 

The indicator shall be calculated by the Simulation and Design Hub according to the EN 15603 Standard. 

As the KPI is based only on the carbon emissions for building operation caused by fuels it considers only 

the life cycle stage B6 according to the EN 15978 standard: hence, a Life Cycle Assessment is not 

performed.  

The KPI B2.1 is calculated by using defined carbon emission factors (EN 15603)) for different fuel types in 

the different countries which are multiplied with the simulated delivered energy demand per fuel per year 

of the building. The definition of those factors will be done within the development of the Simulation and 

Design Hub in WP4. If data for carbon emission factors of the fuel types are not available, a default set in 

IESVE will be used for performing the calculations.  
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The simulated delivered energy demand per fuel per year of the building, which is the input for the total 

carbon emissions calculation, shall be acquired by the results of B1.2. 

In order to get a result in the unit kWh/m2.yr the result of the above described simulation shall be divided 

by the Reference Floor Area of the building. 

3.3. Benchmarks 

In order to calculate the performance of the KPI B2.1 a linear interpolation method is recommended, with 

the following thresholds as defined by the OPEN HOUSE EU FP7 project: 

 Best performance: 10 kgCO2/m2 yr 

 Minimum performance: 100 kgCO2/m2 yr 

4. Advanced mode  
The KPI B2.1 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  

5. Premium mode  
The KPI B2.1 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not be simulated data from the Simulation and Design Hub but a user 

entered value for the delivered energy demand (as collected for B1.2). Based on this data the same 

calculation as in basis mode will be performed in order to calculate the KPI B2.1 in premium mode.  

5.1. Calculation method 

Instead of using the simulated Total final energy demand of the building the calculations will use a user 

entered value (attribute in the front-end) for which the user specifies for each used fuel type in the 

building the total annual consumption value (values from the energy bill or meters) 

 Oil (excluding fuel used for CHP electricity generation) 

 LPG 

 Natural Gas 

 Electricity 

 Biofuel 

 Biogas 

 Coal 

 Peat 

 Waste Heat 

The KPI will be presented in the Collaborative Design Platform to the users in the way of a relative value 

of kgCO2/m².yr by dividing the result of the total annual value by the Reference Floor Area of the building. 

6. Multiscale 
The KPI B2.1 is used by an aggregation of each building on district mode and therefore can be described 

as a multiscale KPI.  

7. References 
European Commission- EU 2030 targets: http://ec.europa.eu/energy/en/topics/energy-strategy/2030-

energy-strategy (29.03.2016) 

http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
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BS EN 15603:2008: Energy performance of buildings. Overall energy use and definition of energy ratings 

EN 15978: 2011: Sustainability of construction works — Assessment of environmental performance of 

buildings — Calculation method. European Committee for Standardization CEN. 

FprCEN/TR 15615:2014: Energy Performance of buildings — Module M1-x — Accompanying Technical 

Report on draft Overarching standard EPBD (prEN 15603) 

prEN ISO/DIS 52000-1:2015, draft prEN 15603:2015: Energy performance of buildings — Overarching EPB 

assessment – Part 1: General framework and procedures 

Draft ISO-TR 52000-2 - Overarching EPB assessment - Part 2: Explanation and justification of ISO 52000-1  

Concerted Action EPBD, Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring 

Country Reports 2012, http://www.epbd-ca.eu/ca-outcomes/2011-2015 

OPEN HOUSE Assessment Guideline, Version 1.2 New Office Buildings – July 2013  

  

http://www.epbd-ca.eu/ca-outcomes/2011-2015
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B.5.1 INDOOR AIR QUALITY BUILDING  

Occupied hours outside CO2 ppm range [%] SOC 

1. Objective 
Indoor air quality depends on a variety of sources, such as occupants, finishing materials, cleaning 

products, installed equipment, and activities carried out in the spaces; these sources emit various types 

of pollutants that are difficult to forecast and complex to monitor. However, the presence of people 

guarantees the presence of CO2 from breathing, with the concentration in the indoor air rising as the 

occupants exhaust the available air. The assessment of CO2 presence in the indoor air covers the overall 

air quality, as the air changes required to contain the CO2 levels guarantee a reduction of the 

concentration of other, more dangerous, pollutants, increasing the quality of the indoor air and thus 

providing a healthier environment for the occupants. In essence, this KPI is aimed at providing one 

comprehensive and straightforward way to assess and measure improvement in the building ventilation 

to guarantee the users’ health and well-being. 

2. Assessment Methodology 
Indoor air quality is assessed only in Advanced and Premium modes, as it requires room scale evaluations. 

In both modes, the hourly CO2 concentration values above outdoor are assessed against a set limit to 

identify the number of hours outside an acceptable comfort range, and the room values are aggregated 

through a floor-area weighted average. In Advanced mode, the CO2 concentration values are obtained 

from simulations, while in Premium mode, the CO2 concentration values are acquired from on-site 

measurements. 

Note: as the KPI aggregates the values at building level to provide an overall value, it can hide localised 

discomfort conditions. It is thus recommended to analyse all room values to identify critical issues. 

3. Basic mode 
Indoor Air Quality cannot be assessed in basic mode, as its evaluation must be carried out at room scale. 

4. Advanced mode  

4.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
ROOM CO2 CONCENTRATION Ppm 
START OF ANALYSIS PERIOD dd/mm/yy hh:mm 
END OF ANALYSIS PERIOD dd/mm/yy hh:mm 
OCCUPIED HOURS h 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

4.2. Calculation method 

1. Define the start and end times of the analysis period (yearly, heating, cooling, custom); 

2. For every room in the building, calculate the hourly CO2 concentration CO2,indoor,i [ppm] through 

a simulation carried out on the entire analysis period;  
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3. For every room and hourly value, calculate the room CO2 concentration above outdoors 

CO2,above,i as follows: 

𝐶𝑂2,𝑎𝑏𝑜𝑣𝑒,𝑖 = 𝐶𝑂2,𝑖𝑛𝑑𝑜𝑜𝑟,𝑖 − 360 [𝑝𝑝𝑚] 

4. Define the CO2 limit CO2,lim as follows: 

a. Spaces with special requirements (sensitive and fragile persons, e.g. sick people, very 

young children, elderly adults): CO2,lim = 350 ppm 

b. New buildings and renovations: CO2,lim = 500 ppm 

c. Existing buildings: CO2,lim = 800 ppm 

5. For every room in the building, calculate the number of occupied hours outside range hor,i as the 

number of hours when CO2,above,i ≥ CO2,lim; 

6. For every room, calculate the percentage of hours outside range PORi [%] as follows: 

𝑃𝑂𝑅𝑖 =
ℎ𝑜𝑟,𝑖

ℎ𝑡𝑜𝑡
∗ 100 [%] 

Where: 

 htot = total occupied hours during the analysis period [h] 

7. Calculate the average building percentage of hours outside range POR as follows: 

∆𝑇 =  
∑ 𝑃𝑂𝑅𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

4.3. Benchmarks 

According to EN 15251, an acceptable amount of deviation is 5% of occupied hours a year. The best 

performance is achieved when there are no deviations outside the PMV range. 

To define an assessment scale, a linear interpolation between the minimum (5%) and best performance 

(0%) is recommended.  

5. Premium mode  

5.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
ROOM CO2 CONCENTRATION ppm 
CO2 CONCENTRATION OUTDOOR ppm  
START OF MONITORING PERIOD dd/mm/yy hh:mm 
END OF MONITORING PERIOD dd/mm/yy hh:mm 
OCCUPIED HOURS H 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

5.2. Calculation method 

1. Define the start and end times of the monitoring period; 

2. For every room in the building, measure the hourly CO2 concentration CO2,indoor,i [ppm];  
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3. Over the same monitoring period, measure the hourly outdoor CO2 concentration CO2,outdoor 

[ppm]; 

4. For every room and hourly value, calculate the room CO2 concentration above outdoors 

CO2,above,i as follows: 

𝐶𝑂2,𝑎𝑏𝑜𝑣𝑒,𝑖 = 𝐶𝑂2,𝑖𝑛𝑑𝑜𝑜𝑟,𝑖 − 𝐶𝑂2,𝑜𝑢𝑡𝑑𝑜𝑜𝑟 [𝑝𝑝𝑚] 

5. Define the CO2 limit CO2,lim as follows: 

a. Spaces with special requirements (sensitive and fragile persons, e.g. sick people, very 

young children, elderly adults): CO2,lim = 350 ppm 

b. New buildings and renovations: CO2,lim = 500 ppm 

c. Existing buildings: CO2,lim = 800 ppm 

6. For every room in the building, calculate the number of occupied hours outside range hor,i as the 

number of hours when CO2,above,i ≥ CO2,lim; 

7. For every room, calculate the percentage of hours outside range PORi [%] as follows: 

𝑃𝑂𝑅𝑖 =
ℎ𝑜𝑟,𝑖

ℎ𝑡𝑜𝑡
∗ 100 [%] 

Where: 

 htot = total occupied hours during the analysis period [h] 

8. Calculate the average building percentage of hours outside range POR as follows: 

∆𝑇 =  
∑ 𝑃𝑂𝑅𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

5.3. Benchmarks 

According to EN 15251, an acceptable amount of deviation is 5% of occupied hours a year. The best 

performance is achieved when there are no deviations outside the CO2 concentration range. 

To define an assessment scale, a linear interpolation between the minimum (5%) and best performance 

(0%) is recommended.  

6. Multiscale 
Indoor Air Quality is assessed only at building level. 

7. References 
EN 13779:2007 Ventilation for non-residential buildings - Performance requirements for ventilation and 

room-conditioning systems 

EN 15251:2007 Indoor environmental input parameters for design and assessment of energy performance 

of buildings addressing indoor air quality, thermal environment, lighting and acoustics 

  



 

  

Deliverable D2.2 

Definition of sustainable Key Performance Indicators  

 

V. 5.2, 28/7/2016 

Delivered 

 

NewTREND – GA no. 680474. Deliverable D2.2   Page 40 of 110 

B.6.1 SUMMER COMFORT WITHOUT COOLING BUILDING 

Days outside comfort range [%] SOC  

1. Objective 
In buildings for dwelling and sedentary activities without cooling systems, where occupants have easy 

access to operable windows and can freely adapt their clothing to the thermal conditions, the thermal 

response differs from that of occupants of buildings with HVAC systems, and depends in part on the 

outdoor climate. This criterion thus allows to evaluate the thermal quality of the indoor environment and 

the possibility of avoiding the installation of cooling systems, and the performance of passive measures 

to guarantee the users’ health and well-being and the reduction of energy costs to employ mechanical 

systems. 

2. Assessment Methodology 
Summer comfort is assessed only in Advanced and Premium modes, as it requires room scale evaluations. 

In both modes, the indoor operative temperatures are compared to the external running mean 

temperature, and the difference is assessed against a set limit to identify the number of days outside an 

acceptable comfort range; then the room values are aggregated through a floor-area weighted average. 

In Advanced mode, the temperatures are obtained from simulations, while in Premium mode, the 

temperatures are acquired from on-site measurements. 

Note: as the KPI aggregates the values at building level to provide an overall value, it can hide localised 

discomfort conditions. It is thus recommended to analyse all room values to identify critical issues. 

3. Basic mode 
Summer comfort cannot be assessed in basic mode, as its evaluation must be carried out at room scale. 

4. Advanced mode  

4.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
OPERATIVE TEMPERATURE °C 
START OF COOLING SEASON dd/mm/yy hh:mm 
END OF COOLING SEASON dd/mm/yy hh:mm 
OCCUPIED DAYS d 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

4.2. Calculation method 

1. For every room in the building, calculate the daily average of hourly operative temperatures To,i 

[°C] through a simulation carried out on the entire cooling season;  

2. For every day j in the cooling season, calculate the running mean of the daily outdoor 

temperature Trm,j [°C] as follows: 

𝑇𝑟𝑚,𝑗 =
𝑇𝑒𝑑−1 + 0,8𝑇𝑒𝑑−2 + 0,6𝑇𝑒𝑑−3 + 0,5𝑇𝑒𝑑−4 + 0,4𝑇𝑒𝑑−5 + 0,3𝑇𝑒𝑑−6 + 0,2𝑇𝑒𝑑−7

3,8
 [°𝐶] 

Where: 
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 Ted-1 is the daily average of hourly external temperatures for the previous day (according 

to location weather data) 

 Ted-2…7 are the daily averages of hourly external temperatures for the 2nd … 7th previous 

days (according to location weather data) 

3. For every room and every day, calculate the difference between operative and running mean 

temperature ΔTi as follows: 

∆𝑇𝑖 = 𝑇𝑜,𝑖 − 0,33𝑇𝑟𝑚,𝑗 − 18,8 [°𝐶] 

4. Define the comfort limit ΔTlim as follows: 

a. Spaces with special requirements (sensitive and fragile persons, e.g. sick people, very 

young children, elderly adults): ΔTlim = ±2 °C 

b. New buildings and renovations: ΔTlim = ±3 °C 

c. Existing buildings: ΔTlim = ±4 °C 

5. For every room in the building, calculate the number of occupied days outside range dor,i as the 

number of days when |ΔTi| ≥ |ΔTlim| and occupancy is above 0; 

6. For every room, calculate the percentage of occupied days outside range PORi [%] as follows: 

𝑃𝑂𝑅𝑖 =
𝑑𝑜𝑟,𝑖

𝑑𝑡𝑜𝑡
∗ 100 [%] 

Where: 

 dtot = total occupied days during the cooling season [h] 

7. Calculate the average building percentage of occupied days outside range POR as follows: 

∆𝑇 =  
∑ 𝑃𝑂𝑅𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: the method is valid only when 15 °C < Trm < 30 °C. Days with Trm values outside this range shall be 

excluded from the calculation, and the user advised that the outdoor conditions for that day do not allow 

thermal comfort without mechanical systems. 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

4.3. Benchmarks 

According to EN 15251, an acceptable amount of deviation is 5% of a year. The best performance is 

achieved when there are no deviations outside the comfort range. 

To define an assessment scale, a linear interpolation between the minimum (5%) and best performance 

(0%) is recommended.  
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5. Premium mode  

5.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
AIR TEMPERATURE °C 
SURFACE TEMPERATURE °C 
START OF MONITORING PERIOD dd/mm/yy hh:mm 
END OF MONITORING PERIOD dd/mm/yy hh:mm 
OCCUPIED DAYS d 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

5.2. Calculation method 

1. For every room in the building and for every day in the monitoring period, calculate the daily 

average of hourly operative temperatures To,i [°C] as follows: 

a. Measure the hourly air temperature Tah,i,j [°C]; 

b. Measure the hourly mean radiant temperature Tmrh,i,j [°C]; 

c. Calculate the hourly operative temperature Toh,i,j [°C] as follows: 

𝑇𝑜ℎ,𝑖,𝑗 =
𝑇𝑎ℎ,𝑖,𝑗 + 𝑇𝑚𝑟ℎ,𝑖,𝑗

2
 [°𝐶] 

d. Calculate the average daily operative temperature as follows: 

𝑇𝑜,𝑖 =
∑ 𝑇𝑜ℎ,𝑖,𝑗

24
𝑗=1

24
 [°𝐶] 

2. For every day j in the monitoring period, calculate the running mean of the daily outdoor 

temperature Trm [°C] as follows: 

𝑇𝑟𝑚 =
𝑇𝑒𝑑−1 + 0,8𝑇𝑒𝑑−2 + 0,6𝑇𝑒𝑑−3 + 0,5𝑇𝑒𝑑−4 + 0,4𝑇𝑒𝑑−5 + 0,3𝑇𝑒𝑑−6 + 0,2𝑇𝑒𝑑−7

3,8
 [°𝐶] 

Where: 

 Ted-1 is the daily mean external temperature measured on the previous day 

 Ted-2…7 are the daily mean external temperature measured on the 2nd … 7th previous days 

3. For every room and every day, calculate the difference between operative and running mean 

temperature ΔTi as follows: 

∆𝑇𝑖 = 𝑇𝑜,𝑖 − 0,33𝑇𝑟𝑚,𝑗 − 18,8 [°𝐶] 

4. Define the comfort limit ΔTlim as follows: 

a. Spaces with special requirements (sensitive and fragile persons, e.g. sick people, very 

young children, elderly adults): ΔTlim = ±2 °C 

b. New buildings and renovations: ΔTlim = ±3 °C 

c. Existing buildings: ΔTlim = ±4 °C 

5. For every room in the building, calculate the number of occupied days outside range dor,i as the 

number of days when |ΔTi| ≥ |ΔTlim| and occupancy is above 0; 

6. For every room, calculate the percentage of occupied days outside range PORi [%] as follows: 

𝑃𝑂𝑅𝑖 =
𝑑𝑜𝑟,𝑖

𝑑𝑡𝑜𝑡
∗ 100 [%] 

Where: 

 dtot = total occupied days during the monitoring period [h] 

7. Calculate the average building percentage of occupied days outside range POR as follows: 

∆𝑇 =  
∑ 𝑃𝑂𝑅𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 
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Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: the method is valid only when 15 °C < Trm < 30 °C. Days with Trm values outside this range shall be 

excluded from the calculation, and the user advised that the outdoor conditions for that day do not allow 

thermal comfort without mechanical systems. 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

5.3. Benchmarks 

According to EN 15251, an acceptable amount of deviation is 5% of a year. The best performance is 

achieved when there are no deviations outside the comfort range. 

To define an assessment scale, a linear interpolation between the minimum (5%) and best performance 

(0%) is recommended.  

6. Multiscale 
Summer comfort is assessed only at building level. 

7. References 
EN 15251:2007 Indoor environmental input parameters for design and assessment of energy performance 

of buildings addressing indoor air quality, thermal environment, lighting and acoustics 
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B.6.2 THERMAL COMFORT IN THE HEATING SEASON BUILDING 

Occupied hours outside PMV range [%] SOC 

1. Objective 
While optimising the heating systems is crucial to reduce the energy consumption, the comfort of users 

must be taken into account and guaranteed for most of the operative hours of the systems. Several 

parameters affect user comfort, and the PMV (Predicted Mean Vote) methodology allows to consider 

through a single parameter both building- and system-related aspects such as the air and mean radiant 

temperature, the air speed and humidity, and user-related aspects such as clothing and activity types. As 

the predicted quality of the indoor thermal environment increases, the PMV value gets closer to 0 (neutral 

thermal environment). The purpose of this KPI is to assess and measure improvement in the heating 

systems to guarantee the users’ health and well-being. 

2. Assessment Methodology 
Thermal comfort in the heating season is assessed only in Advanced and Premium modes, as it requires 

room scale evaluations. In both modes, the hourly PMV values are assessed against a set limit to identify 

the number of occupied hours outside an acceptable comfort range, and the room values are aggregated 

through a floor-area weighted average. In Advanced mode, the PMV values are obtained from simulations, 

while in Premium mode, the PMV values are acquired from on-site measurements. 

Note: as the KPI aggregates the values at building level to provide an overall value, it can hide localised 

discomfort conditions. It is thus recommended to analyse all room values to identify critical issues. 

3. Basic mode 
Heating comfort cannot be assessed in basic mode, as its evaluation must be carried out at room scale. 

4. Advanced mode  

4.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
PMV VALUE - 
START OF HEATING SEASON dd/mm/yy hh:mm 
END OF HEATING SEASON dd/mm/yy hh:mm 
OCCUPIED HOURS h 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

4.2. Calculation method 

1. For every room in the building, calculate the hourly PMV PMVh,i [-] through a simulation carried 

out on the entire heating season according to the EN ISO 7730:2005 methodology;  

2. Define the PMV limit PMVlim as follows: 

a. Spaces with special requirements (sensitive and fragile persons, e.g. sick people, very 

young children, elderly adults): PMVlim = ±0,2 

b. New buildings and renovations: PMVlim = ±0,5 

c. Existing buildings: PMVlim = ±0,7 
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3. For every room in the building, calculate the number of occupied hours outside range hor,i as the 

number of hours when |PMVh,i| ≥ |PMVlim| and occupancy is above 0; 

4. For every room, calculate the percentage of occupied hours outside range PORi [%] as follows: 

𝑃𝑂𝑅𝑖 =
ℎ𝑜𝑟,𝑖

ℎ𝑡𝑜𝑡
∗ 100 [%] 

Where: 

 htot = total occupied hours during the heating season [h] 

5. Calculate the average building percentage of occupied hours outside range POR as follows: 

∆𝑇 =  
∑ 𝑃𝑂𝑅𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

4.3. Benchmarks 

According to EN 15251, an acceptable amount of deviation is 5% of occupied hours a year. The best 

performance is achieved when there are no deviations outside the PMV range. 

To define an assessment scale, a linear interpolation between the minimum (5%) and best performance 

(0%) is recommended.  

5. Premium mode  

5.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
PMV VALUE - 
START OF MONITORING PERIOD dd/mm/yy hh:mm 
END OF MONITORING PERIOD dd/mm/yy hh:mm 
OCCUPIED HOURS h 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

5.2. Calculation method 

1. For every room in the building, measure the hourly PMV PMVh,i [-] for the entire monitoring 

period during the heating season according to the EN ISO 7726:1998 measurement guidelines;  

2. Define the PMV limit PMVlim as follows: 

a. Spaces with special requirements (sensitive and fragile persons, e.g. sick people, very 

young children, elderly adults): PMVlim = ±0,2 

b. New buildings and renovations: PMVlim = ±0,5 

c. Existing buildings: PMVlim = ±0,7 

3. For every room in the building, calculate the number of occupied hours outside range hor,i as the 

number of hours when |PMVh,i| ≥ |PMVlim| and occupancy is above 0; 

4. For every room, calculate the percentage of occupied hours outside range PORi [%] as follows: 
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𝑃𝑂𝑅𝑖 =
ℎ𝑜𝑟,𝑖

ℎ𝑡𝑜𝑡
∗ 100 [%] 

Where: 

 htot = total occupied hours during the monitoring period [h] 

5. Calculate the average building percentage of hours outside range POR as follows: 

∆𝑇 =  
∑ 𝑃𝑂𝑅𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

5.3. Benchmarks 

According to EN 15251, an acceptable amount of deviation is 5% of occupied hours a year. The best 

performance is achieved when there are no deviations outside the PMV range. 

To define an assessment scale, a linear interpolation between the minimum (5%) and best performance 

(0%) is recommended.  

6. Multiscale 
Thermal comfort in the heating season is assessed only at building level. 

7. References 
EN 15251:2007 Indoor environmental input parameters for design and assessment of energy performance 

of buildings addressing indoor air quality, thermal environment, lighting and acoustics 

ISO 7730:2005 Ergonomics of the thermal environment — Analytical determination and interpretation of 

thermal comfort using calculation of the PMV and PPD indices and local thermal comfort criteria 

ISO 7726:1998 Ergonomics of the thermal environment — Instruments for measuring physical quantities 
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B.6.2 THERMAL COMFORT IN THE COOLING SEASON BUILDING 

Occupied hours outside PMV range [%] SOC 

1. Objective 
While optimising the cooling systems is crucial to reduce the energy consumption, the comfort of users 

must be taken into account and guaranteed for most of the operative hours of the systems. Several 

parameters affect user comfort, and the PMV (Predicted Mean Vote) methodology allows to consider 

through a single parameter both building- and system-related aspects such as the air and mean radiant 

temperature, the air speed and humidity, and user-related aspects such as clothing and activity types. As 

the predicted quality of the indoor thermal environment increases, the PMV value gets closer to 0 (neutral 

thermal environment). The purpose of this KPI is to assess and measure improvement in the cooling 

systems to guarantee the users’ health and well-being. 

2. Assessment Methodology 
Thermal comfort in the cooling season is assessed only in Advanced and Premium modes, as it requires 

room scale evaluations. In both modes, the hourly PMV values are assessed against a set limit to identify 

the number of occupied hours outside an acceptable comfort range, and the room values are aggregated 

through a floor-area weighted average. In Advanced mode, the PMV values are obtained from simulations, 

while in Premium mode, the PMV values are acquired from on-site measurements. 

Note: as the KPI aggregates the values at building level to provide an overall value, it can hide localised 

discomfort conditions. It is thus recommended to analyse all room values to identify critical issues. 

3. Basic mode 
Cooling comfort cannot be assessed in basic mode, as its evaluation must be carried out at room scale. 

4. Advanced mode  

4.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
PMV VALUE - 
START OF COOLING SEASON dd/mm/yy hh:mm 
END OF COOLING SEASON dd/mm/yy hh:mm 
OCCUPIED HOURS h 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

4.2. Calculation method 

1. For every room in the building, calculate the hourly PMV PMVc,i [-] through a simulation carried 

out on the entire cooling season according to the EN ISO 7730:2005 methodology;  

2. Define the PMV limit PMVlim as follows: 

a. Spaces with special requirements (sensitive and fragile persons, e.g. sick people, very 

young children, elderly adults): PMVlim = ±0,2 

b. New buildings and renovations: PMVlim = ±0,5 

c. Existing buildings: PMVlim = ±0,7 
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3. For every room in the building, calculate the number of occupied hours outside range hor,i as the 

number of hours when |PMVc,i| ≥ |PMVlim| and occupancy is above 0; 

4. For every room, calculate the percentage of occupied hours outside range PORi [%] as follows: 

𝑃𝑂𝑅𝑖 =
ℎ𝑜𝑟,𝑖

ℎ𝑡𝑜𝑡
∗ 100 [%] 

Where: 

 htot = total occupied hours during the cooling season [h] 

5. Calculate the average building percentage of occupied hours outside range POR as follows: 

∆𝑇 =  
∑ 𝑃𝑂𝑅𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

4.3. Benchmarks 

According to EN 15251, an acceptable amount of deviation is 5% of occupied hours a year. The best 

performance is achieved when there are no deviations outside the PMV range. 

To define an assessment scale, a linear interpolation between the minimum (5%) and best performance 

(0%) is recommended.  

5. Premium mode  

5.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
PMV VALUE - 
START OF MONITORING PERIOD dd/mm/yy hh:mm 
END OF MONITORING PERIOD dd/mm/yy hh:mm 
COOLING HOURS h 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

5.2. Calculation method 

1. For every room in the building, measure the hourly PMV PMVc,i [-] for the entire monitoring 

period during the cooling season according to the EN ISO 7726:1998 measurement guidelines;  

2. Define the PMV limit PMVlim as follows: 

a. Spaces with special requirements (sensitive and fragile persons, e.g. sick people, very 

young children, elderly adults): PMVlim = ±0,2 

b. New buildings and renovations: PMVlim = ±0,5 

c. Existing buildings: PMVlim = ±0,7 

3. For every room in the building, calculate the number of occupied hours outside range hor,i as the 

number of hours when |PMVc,i| ≥ |PMVlim| and occupancy is above 0; 

4. For every room, calculate the percentage of occupied hours outside range PORi [%] as follows: 
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𝑃𝑂𝑅𝑖 =
ℎ𝑜𝑟,𝑖

ℎ𝑡𝑜𝑡
∗ 100 [%] 

Where: 

 htot = total occupied hours during the monitoring period [h] 

5. Calculate the average building percentage of hours outside range POR as follows: 

∆𝑇 =  
∑ 𝑃𝑂𝑅𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

5.3. Benchmarks 

According to EN 15251, an acceptable amount of deviation is 5% of occupied hours a year. The best 

performance is achieved when there are no deviations outside the PMV range. 

To define an assessment scale, a linear interpolation between the minimum (5%) and best performance 

(0%) is recommended.  

6. Multiscale 
Thermal comfort in the cooling season is assessed only at building level. 

7. References 
EN 15251:2007 Indoor environmental input parameters for design and assessment of energy performance 

of buildings addressing indoor air quality, thermal environment, lighting and acoustics 

ISO 7730:2005 Ergonomics of the thermal environment — Analytical determination and interpretation of 

thermal comfort using calculation of the PMV and PPD indices and local thermal comfort criteria 

ISO 7726:1998 Ergonomics of the thermal environment — Instruments for measuring physical quantities 
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B.8.1 ACOUSTIC COMFORT BUILDING  

Indoor A-weighted sound pressure level [dBA] SOC 

1. Objective 
High levels of noise inside building have a direct effect on the comfort of inhabitants and users, with 

possible impacts on their well-being, productivity and health. The building envelope renovation leads to 

an improvement of the acoustic comfort within the living environments. Acoustic comfort is estimable 

through the indoor A-weighted sound pressure level [dB(A)]. The value of indoor A-weighted sound 

pressure level can be evaluated either from computation or from measurement (at the assessment 

position) of the outdoor sound pressure level, by using the sound level difference of the façade.  

The aim of the KPI is to guide the designer throughout the selection of the renovation work of the building 

façade and increase its acoustic insulation.  

2. Assessment Methodology 
Acoustic comfort is assessed only in Advanced and Premium modes, as it requires room scale evaluations. 

In both modes, the indoor sound pressure levels of each room (bordering to the façade) of the building is 

assessed against a set limit for every room typology (offices, bedrooms, classrooms, restaurants, etc.) in 

order to identify how far they are from the acceptable comfort value. 

In Advanced mode, the indoor noise values are obtained from simulations, while in Premium mode, the 

indoor noise values are acquired from on-site measurements. 

The indoor sound pressure level, standardized to 0,5 sec reverberation time, is obtained by subtracting 

the normalized sound level difference of the façade from the outdoor sound pressure level. The sound 

pressure level, expressed dB, is filtered through a standard frequency weighting known as A-weighting. 

This filter copies the frequency response of the human ear, so that the resulting sound level closely 

represents what people actually hear. Hence, the indoor A-weighted sound pressure level can be 

evaluated from calculation in frequency bands for the appropriate frequency range, applying the A-

weighting. The indoor A-weighted sound pressure level can also be determined directly from the A-

weighted outdoor sound pressure level, provided the level difference of the façade is expressed in a single 

number rating for the relevant outdoor sound spectrum.  

Note: as the KPI aggregates the values at building level to provide an overall value, it can hide localised 

discomfort conditions. It is thus recommended to analyse all room values to identify critical issues. 

3. Basic mode 
Acoustic comfort cannot be assessed in basic mode, as its evaluation must be carried out at room scale. 

4. Advanced mode 
In the advanced methodology, the indoor A-weighted sound pressure level can be inferred from the 

computation of the external sound pressure level by using the sound level difference of the façade. The 

noise emitted in the environment due to the most important external sound sources, adjacent to the 

building under investigation, can be evaluated with simple mathematical prediction models. If specific 
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input data or strategic noise mapping is available, calculation models will be more accurate. Otherwise, 

simplifications based on typical data for every category of sources will be done.  

4.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
NUMBER OF FLOORS  - 
NUMBER OF ROOMS (HENCE FAÇADES) - 
TYPOLOGY OF SHAPE FAÇADE (PLANE, BALCONY, ETC.) - 
TYPOLOGY OF ELEMENTS MAKING UP THE FAÇADE (WINDOW, DOOR, WALL, VENTILATION 

HOLE) 
- 

MATERIAL OF ELEMENTS MAKING UP THE FAÇADE (TYPE OF WINDOWS, GLASSES, DOORS, 

WALLS, ETC.) 
- 

NUMBER OF ELEMENTS MAKING UP THE FAÇADE - 
MATERIAL OF THE OVERHANGS OF THE FAÇADE (BALCONY) - 
TOTAL AREA OF THE FAÇADE AS SEEN FROM THE INSIDE (I.E. THE SUM OF THE AREA OF ALL 

FAÇADE ELEMENTS) 
m2 

AREA OF THE ELEMENTS (DOORS, WALLS, WINDOWS, ETC.) AND OF THE SMALL ELEMENTS OF 

THE FAÇADE (VENTILATION HOLES, ETC.)  
m2 

VOLUME OF THE RECEIVING ROOM m3 

CONNECTION BETWEEN JOINTS OF THE ELEMENTS OF THE FAÇADE  - 

EXTERNAL SOUND PRESSURE LEVEL dB(A) 

  

4.2. Calculation method  

1. Determine the outdoor sound pressure levels [dB(A)], that are given by simple calculation 

models, 𝐿𝑝,𝐴. 

2. Determine the sound level difference of the façade through the calculation model proposed by 

the standard EN 12354 part 3: 

𝐷2𝑚,𝑛𝑇,𝑤 = 𝑅𝑤
′ + Δ𝐿𝑓𝑠 + 10𝐿𝑜𝑔

𝑉

6 𝑇0 𝑆
 [𝑑𝐵]       

Where:  

 𝑅𝑤
′  = Weighted apparent sound reduction index of a façade [dB];  

 V = Volume of the receiving room [m3]; 

 T0 = Reference reverberation time, for dwellings given as 0,5 s [s]; 

 S = Total area of the façade as seen from the inside (i.e. the sum of the area of all façade 

elements) [m2]; 

 Δ𝐿𝑓𝑠 = Level difference due to façade shape [dB]. 

𝑅𝑤
′ = −10𝑙𝑔 (∑

𝑆𝑖

𝑆
10

−𝑅𝑤𝑖
10⁄ + ∑

𝐴0

𝑆
10

−𝐷𝑛,𝑒,𝑤𝑖
10⁄ )

𝑛

𝑖=1

𝑛

𝑖=1

− 𝐾  [𝑑𝐵] 

Where: 

 A0 = Reference equivalent sound absorption area = 10 m2; 

 𝐷𝑛,𝑒,𝑤𝑖  = Weighted normalized sound level difference of small element i [dB]; 

 𝑅𝑤𝑖 = Sound reduction index of element i [dB]; 

 S = Total area of the façade as seen from the inside, S [m2]; 

 Si = Area of the elements (doors, walls, windows, etc.) and of the small elements of the 

façade (ventilation holes, etc.), [m2]; 

 K = Correction due to the contribution of lateral sound transmission, that is = 0 (not 

connected elements of façade), = 2 (heavy elements of façade with rigid joints).    
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Note: sound level difference of the façade is calculated in frequency bands (third octave bands or octave 

bands) if acoustic data of the building elements are expressed in frequency bands. The relative weighted 

index, expressed in a single number, is deduced from these results, in accordance with EN 717. The model 

can also be used to calculate directly the single number rating for the building performance, based on the 

single number ratings of the elements involved. The resulting estimate of the building performance is 

given in the same type of single number rating as is used for the building elements. 

3. Determine the Indoor A-weighted sound pressure level of each room by the following formula, 

in accordance with EN 12354 part 3: 

 𝐿2,𝑛𝑇,𝑤 = 𝐿𝑝,𝐴 (𝑜𝑟 𝐿1,2𝑚,𝑤) − 𝐷2𝑚,𝑛𝑇,𝑤 [𝑑𝐵(𝐴)] 

Where: 

 𝐿2,𝑛𝑇,𝑤 = Is the average sound pressure level in the receiving room, standardized to 0,5 

s reverberation time [dB(A)]; 

 𝐿𝑝,𝐴 (𝑜𝑟 𝐿1,2𝑚,𝑤) = Is the outdoor sound pressure level, 2 meters in front of the façade 

[dB(A)]; 

 𝐷2𝑚,𝑛𝑇,𝑤 = Is the standardized sound level difference [dB]. 

Note: the indoor A-weighted sound pressure level can be determined directly from the A-weighted 

outdoor sound pressure level, according to the above relations, provided the level difference is expressed 

in a single number rating for the relevant outdoor sound spectrum in accordance with EN 717. 

4. Assign an acoustic class to each room of the building, based on design values of the indoor A-

weighted sound pressure level. In particular, the indoor A-weighted sound pressure level 

calculated in each room of the building is compared with the typical designed range for every 

type of space, defining an acoustic class. In order to decide if the interventions on building 

envelope are mandatory, it is necessary to evaluate the impact of the acoustic class of the single 

room on the whole building. 

 

Acoustic 

Classes 

Indoor A-weighted sound pressure level  Acoustic comfort level 

 
A 

Space with very much lower than design 
values of indoor A-weighted sound 

pressure level 

High level: fulfilment of acoustic design 
values with reserve greater than 5 dB(A) 

 
B 
 

Space with lower than design values of 
indoor A-weighted sound pressure level 

Very good level: fulfilment of acoustic 
design values with reserve 2,6 to 5 dB(A) 

 
C 

Space with minimum design value of 
indoor A-weighted sound pressure level 

Acceptable level: minimum fulfilment of 
acoustic designed values with reserve 0 to 

2,5 dB(A) 

 
D 
 

Space with higher than design values of 
indoor A-weighted sound pressure level  

 

Bad level: design values of acoustic comfort 
level are not fulfilled 

 

5. After the definition of the acoustic class of every room of the building, depending on its end-use, 

it is possible to calculate the KPI assigning to the whole building a score (from 0 to 5) based on 

acoustic classes defined for each room, following the next criteria of assignment: 
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Specification of space Points 

most (or all) spaces are in Class D 0 

most spaces are in Class C, other spaces fall into Classes D 1 

all spaces are in Class C 2 

most spaces are in Class C, other spaces fall into Classes A/B 3 

most spaces are in Class B, other spaces fall into Classes A/C 4 
most (or all) spaces are in Class A 5 

 
Note: “Most spaces” refers to at least 51% of the room count.  

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

4.3. Benchmarks 

The KPI is the final value evaluated for the whole building, based on the acoustic classes of each room. If 

all the spaces in the building respect the minimum design value of indoor A-weighted sound pressure level 

(Class C), the final value of the whole building is 2, that is the minimum acceptable level of acoustic 

comfort. 

5. Premium mode  
In Premium mode the indoor sound pressure levels are acquired from on-site measurements. That 

methodology allows obtaining a more accurate KPI, because it depends directly on the measurement of 

the outdoor sound pressure levels in front of the façade.  

5.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
NUMBER OF FLOORS  - 
NUMBER OF ROOMS (HENCE FAÇADES) - 
TYPOLOGY OF SHAPE FAÇADE (PLANE, BALCONY, ETC.) - 
TYPOLOGY OF ELEMENTS MAKING UP THE FAÇADE (WINDOW, DOOR, WALL, VENTILATION 

HOLE) 
- 

MATERIAL OF ELEMENTS MAKING UP THE FAÇADE (TYPE OF WINDOWS, GLASSES, DOORS, 

WALLS, ETC.) 
- 

NUMBER OF ELEMENTS MAKING UP THE FAÇADE - 
MATERIAL OF THE OVERHANGS OF THE FAÇADE (BALCONY) - 
TOTAL AREA OF THE FAÇADE AS SEEN FROM THE INSIDE (I.E. THE SUM OF THE AREA OF ALL 

FAÇADE ELEMENTS) 
m2 

AREA OF THE ELEMENTS (DOORS, WALLS, WINDOWS, ETC.) AND OF THE SMALL ELEMENTS OF 

THE FAÇADE (VENTILATION HOLES, ETC.)  
m2 

VOLUME OF THE RECEIVING ROOM m3 

CONNECTION BETWEEN JOINTS OF THE ELEMENTS OF THE FAÇADE  - 

EXTERNAL SOUND PRESSURE LEVELS dB(A) 
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5.2. Calculation method 

1. Measure the outdoor sound pressure levels at 2 meters in front of the façade [dB(A)]. 

2. Determine the sound level difference of the façade through the calculation model proposed by 

the standard EN 12354 part 3: 

𝐷2𝑚,𝑛𝑇,𝑤 = 𝑅𝑤
′ + Δ𝐿𝑓𝑠 + 10𝐿𝑜𝑔

𝑉

6 𝑇0 𝑆
      [𝑑𝐵] 

Where:  

 𝑅𝑤
′  = Weighted apparent sound reduction index of a façade [dB];  

 V = Volume of the receiving room [m3]; 

 T0 = Reference reverberation time, for dwellings given as 0,5 s [s]; 

 S = Total area of the façade as seen from the inside (i.e. the sum of the area of all façade 

elements) [m2]; 

 Δ𝐿𝑓𝑠 = Level difference due to façade shape [dB]. 

𝑅𝑤
′ = −10𝑙𝑔 (∑

𝑆𝑖

𝑆
10

−𝑅𝑤𝑖
10⁄ + ∑

𝐴0

𝑆
10

−𝐷𝑛,𝑒,𝑤𝑖
10⁄ )

𝑛

𝑖=1

𝑛

𝑖=1

− 𝐾  [𝑑𝐵] 

Where: 

 A0 = Reference equivalent sound absorption area = 10 m2; 

 𝐷𝑛,𝑒,𝑤𝑖  = Weighted normalized sound level difference of small element i [dB]; 

 𝑅𝑤𝑖 = Sound reduction index of element i [dB]; 

 S = Total area of the façade as seen from the inside, S [m2]; 

 Si = Area of the elements (doors, walls, windows, etc.) and of the small elements of the 

façade (ventilation holes, etc.), [m2]; 

 K = Correction due to the contribution of lateral sound transmission, that is = 0 (not 

connected elements of façade), = 2 (heavy elements of façade with rigid joints).    

Note: sound level difference of the façade is calculated in frequency bands (third octave bands or octave 

bands) if acoustic data of the building elements are expressed in frequency bands. The relative weighted 

index, expressed in a single number, is deduced from these results, in accordance with EN 717. The model 

can also be used to calculate directly the single number rating for the building performance, based on the 

single number ratings of the elements involved. The resulting estimate of the building performance is 

given in the same type of single number rating as is used for the building elements. 

3. Determine the Indoor A-weighted sound pressure level of each room by the following formula, 

in accordance with EN 12354 part 3: 

𝐿2,𝑛𝑇,𝑤  =  𝐿𝑝,𝐴 (𝑜𝑟 𝐿1,2𝑚,𝑤) − 𝐷2𝑚,𝑛𝑇,𝑤  [𝑑𝐵(𝐴)] 

Where: 

 𝐿2,𝑛𝑇,𝑤 = Is the average sound pressure level in the receiving room, standardized to 0,5 s 

reverberation time [dB(A)]; 

 𝐿𝑝,𝐴 (𝑜𝑟 𝐿1,2𝑚,𝑤) = Is the outdoor sound pressure level, 2 meters in front of the façade 

[dB(A)]; 

 𝐷2𝑚,𝑛𝑇,𝑤 = Is the standardized sound level difference [dB]. 
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Note: the indoor A-weighted sound pressure level can be determined directly from the A-weighted 

outdoor sound pressure level, according to the above relations, provided the level difference is expressed 

in a single number rating for the relevant outdoor sound spectrum in accordance with EN 717. 

4. Assign an acoustic class to each room of the building, based on design values of the indoor A-

weighted sound pressure level. In particular, the indoor A-weighted sound pressure level 

calculated in each room of the building is compared with the typical designed range for every 

type of space, defining an acoustic class. In order to decide if the interventions on building 

envelope are mandatory, it is necessary to evaluate the impact of the acoustic class of the single 

room on the whole building. 

 

Acoustic 

Classes 

Indoor A-weighted sound pressure level  Acoustic comfort level 

 
A 

Space with very much lower than design 
values of indoor A-weighted sound 

pressure level 

High level: fulfilment of acoustic design 
values with reserve greater than 5 dB(A) 

 
B 
 

Space with lower than design values of 
indoor A-weighted sound pressure level 

Very good level: fulfilment of acoustic 
design values with reserve 2,6 to 5 dB(A) 

 
C 

Space with minimum design value of 
indoor A-weighted sound pressure level 

Acceptable level: minimum fulfilment of 
acoustic designed values with reserve 0 to 

2,5 dB(A) 

 
D 
 

Space with higher than design values of 
indoor A-weighted sound pressure level  

 

Bad level: design values of acoustic comfort 
level are not fulfilled 

 

5. After the definition of the acoustic class of every room of the building, depending on its end-use, 

it is possible to calculate the KPI assigning to the whole building a score (from 0 to 5) based on 

acoustic classes defined for each room, following the next criteria of assignment: 

 

Specification of space Points 

most (or all) spaces are in Class D 0 

most spaces are in Class C, other spaces fall into Classes D 1 

all spaces are in Class C 2 

most spaces are in Class C, other spaces fall into Classes A/B 3 

most spaces are in Class B, other spaces fall into Classes A/C 4 
most (or all) spaces are in Class A 5 

 
Note: “Most spaces” refers to at least 51% of the room count.  

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 
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5.3. Benchmarks 

The KPI is the final value evaluated for the whole building, based on the acoustic classes of each room. If 

all the spaces in the building respect the minimum design value of indoor A-weighted sound pressure level 

(Class C), the final value of the whole building is 2, that is the minimum acceptable level of acoustic 

comfort. 

6. Multiscale 
At district level, the room values for all buildings are aggregated to provide an average level of indoor 

noise for the entire district. 

7. References 
EN ISO Building acoustics - Estimation of acoustic performance of buildings from the performance of 

elements - Part 3: Airborne sound insulation against outdoor sound. 

EN ISO 16283-3 Acoustics - Field measurement of sound insulation in buildings and of building elements - 

Part 3: Façade sound insulation. 

EN 15251- Indoor environmental input parameters for design and assessment of energy performance of 

buildings addressing indoor air quality, thermal environment, lighting and acoustics. 

EN 717-1 - Acoustics - Rating of sound insulation in buildings and of building elements - Part 1: Airborne 

sound insulation. 

Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 relating to the 

assessment and management of environmental noise. 

World Health Organization (WHO). 
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B.10.1 OPERATIONAL ENERGY COSTS BUILDING 

Operational energy costs, aggregated annually, normalised 

by floor area [€/m2] ECO 

1. Objective 
After a building is constructed or deep retrofitted, it enters the operational phase. The energy used during 

building operation is a multiple of the energy used during construction. A similar issue motivates the 

operational certification administered by BRE (Building Research Establishment). The BRE briefing refers 

to research findings that 80 – 90% of a building’s emissions occur during its operational phase.  

The performance of new buildings after this transition from construction to full operation is prone to 

performance degradation. The objective of this KPI is identification of performance degradation and 

buildings or districts suffering from performance gaps. A building/energy manager can subsequently 

prioritise and implement remedial action. 

The indicator is beneficial to the developers, the operator and the users of the building as well. It can 

influence the decision making by allowing comparison between the current state and the retrofitting 

variants. It can show the financial benefits of the energy use reduction measures in the refurbishment.  

2. Assessment Methodology 
Energy accounts for the largest cost during a commercial building operation, excluding the salaries of the 

building occupants. An average financial ratio of initial costs, operational costs and salary costs of 

1:10:200, is applicable to commercial buildings. Since this is an economic KPI, energy costs refers to final 

energy consumed by the building. The aspects of primary energy conversion to final energy are excluded.  

This KPI result is improved by use of locally generated renewable energy, which is not billed by usage, for 

example per kWh or per KJ. Thus renewable energy and storage that reduces demand at higher cost times, 

are both encouraged indirectly by this KPI. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
ANNUAL DELIVERED ENERGY BY FUEL TYPE kWh 
REFERENCE FLOOR AREA m2 
ENERGY PRICES BY FUEL TYPE € 

  

3.2. Calculation method 

1. Determine the delivered energy demand as described in the related mode of the KPI B1.2. The 

simulated total final energy demand of the building will include the Energy end use breakdown 

by fuel type. 

2. Calculate the yearly operational energy costs by multiplying the energy demands and the energy 

price by fuel types.   

3. Calculate the operational energy costs (normalised) for the building based on the reference floor 

area as follows: 
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𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡𝑠 (𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑠𝑒𝑑, 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑) =
𝐴𝑛𝑛𝑢𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡𝑠

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑓𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎
 

3.3. Benchmarks 

The reference values for the NewTREND KPI will be determined taking into account the results of WP5 - 

Innovative financial instruments and business models. 

4. Advanced mode  
The KPI B10.1 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  

5. Premium mode  
The KPI B10.1 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not use simulation results from the Simulation and Design Hub but a 

user entered value for the delivered energy demand. Based on this data the same calculation as in basic 

mode will be performed in order to calculate the KPI B10.1 in premium mode.   

6. Multiscale 
The operational energy costs (normalised) KPI is applicable across all or part of the proposed retrofit. For 

example: single or multiple buildings or a block of multiple units. All inputs must match the specified scale.  

7. References 
BRE. (2009). BREEAM In-Use: Driving sustainability through existing buildings. Available: 

http://www.breeam.org/filelibrary/BREEAM In Use/KN5686---BREEAM-In-Use-White-Paper_dft2.pdf 

M. Deru, K. Field, and S. Punjabi. (2014). ISO 50001 for Commercial Buildings: Lessons Learned From U.S. 

DOE Pilot Project: Preprint - 61496.pdf. Available: http://www.nrel.gov/docs/fy14osti/61496.pdf 

D. Clements-Croome, Intelligent buildings : design, management and operation. London: Thomas Telford, 

2004. 
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D1.1. OPERATIONAL PRIMARY ENERGY DEMAND DISTRICT 

Operational primary energy demand [kWh/m2 yr] ENV 

1. Objective 
The operational primary energy demand on district level supports decision makers in selecting the best 

solutions to reduce the operational primary energy demand not only on building level but also for the 

whole district. Therefore all the energy demand of all buildings in the district will be aggregated to an 

overall district KPI value. Primary energy is energy found in nature that has not been subjected to any 

conversion or transformation process. It is energy contained in raw fuels as well as other forms of energy 

received as input to a system. The indicator Energy Demand aims at the reduction of the Total Primary 

Energy Demand. The KPI is in line with the EU’s 40-27-27 targets for 2030 compared to 1990 which aim to 

reduce the greenhouse gas emissions compared to 1990 levels up to 40%, to increase the share of 

renewable energy consumption by at least 27% and to save at least 27% of energy compared with the 

business-as-usual scenario. Considering the quantitative improvement of the Operational Primary energy 

demand of all buildings in a district before and after retrofitting took place it is possible to use the results 

for the selection of the most primary energy efficient retrofitting measures in the district considering the 

whole district as a global energy system. 

2. Assessment Methodology 
For all modes, the values of the indicator on building level B1.1 are aggregated at district level with the 

indicator results calculated for all other buildings in the area. Through this calculation it is possible to 

obtain an overall value of the indicator for the district. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
TOTAL PRIMARY ENERGY DEMAND kWh/m².yr 
DELIVERED ENERGY DEMAND kWh/m².yr 
PRIMARY ENERGY FACTORS (EN 15603) - 
REFERENCE FLOOR AREA m² 

  

3.2. Calculation method 

In order to get a result for the whole district in the unit KWh/m2.yr the results of the total primary energy 

demand (kWh) for each single building within the district, as calculated in B1.1, will be aggregated to a 

total figure for the district and after this aggregation it will be divided by the sum of the reference floor 

areas of each building in the district. 

3.3. Benchmarks 

In order to calculate the performance of the KPI D1.1 a linear interpolation method is recommended, with 

the following thresholds as defined by the OPEN HOUSE EU FP7 project: 

 Best performance: 60 kWh/m2 yr 

 Minimum performance: 450 kWh/m2 yr 
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4. Advanced mode  
The KPI D1.1 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  

5. Premium mode  
The KPI D1.1 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not use simulation results from the Simulation and Design Hub but a 

user entered value for the delivered energy demand. Based on this data the same calculation as in basic 

mode will be performed in order to calculate the KPI D1.1 in premium mode.   

5.1. Calculation method 

In order to get a result for the whole district in the unit KWh/m2.yr the metered annual data of the total 

primary energy demand (kWh) for each single building within the district, as provided in B1.1, will be 

aggregated to a total figure for the district and after this aggregation it will be divided by the sum of the 

reference floor areas of each building in the district. 

The KPI will be presented in the Collaborative Design Platform to the users in the way of a relative value 

of kWh/m2.yr (m² total floor area of all buildings in the district as sum utilizing the data entered for the 

KPI B1.1).  

6. Multiscale 
The KPI D1.1 is calculated based on an aggregation of each building operational primary energy demand 

to a total district figure and therefore can be described as a multiscale KPI.  

7. References 
 
European Commission- EU 2030 targets: http://ec.europa.eu/energy/en/topics/energy-strategy/2030-

energy-strategy (29.03.2016) 

BS EN 15603:2008: Energy performance of buildings. Overall energy use and definition of energy ratings 

EN 15978: 2011: Sustainability of construction works — Assessment of environmental performance of 

buildings — Calculation method. European Committee for Standardization CEN. 

FprCEN/TR 15615:2014: Energy Performance of buildings — Module M1-x — Accompanying Technical 

Report on draft Overarching standard EPBD (prEN 15603) 

prEN ISO/DIS 52000-1:2015, draft prEN 15603:2015: Energy performance of buildings — Overarching EPB 

assessment – Part 1: General framework and procedures 

Draft ISO-TR 52000-2 - Overarching EPB assessment - Part 2: Explanation and justification of ISO 52000-1  

Concerted Action EPBD, Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring 

Country Reports 2012, http://www.epbd-ca.eu/ca-outcomes/2011-2015 

OPEN HOUSE Assessment Guideline, Version 1.2 New Office Buildings – July 2013  

  

http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://www.epbd-ca.eu/ca-outcomes/2011-2015
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D1.2. DELIVERED ENERGY DEMAND DISTRICT 

Delivered energy demand [kWh/m2 yr] ENV 

1. Objective 
The delivered energy demand on district level shows the aggregated total performance of all buildings 

within the district. Delivered energy demand is defined as the part of the primary energy demand in a 

building after subtracting the different conversion and transport losses (e.g. conversion of oil into 

electricity in a power plant) for providing the energy. This means the part of the primary energy which 

passes finally the system boundary of the building. Delivered energy demand shows the building operators 

the demand of energy which needs to be paid on the energy bill. Therefore the figure is useful to 

demonstrate measurable energy saving in the district and to calculate energy cost savings. Hence, the KPI 

results are used as basis for further KPIs calculations like Total Carbon Emissions, Return of Investment 

which are important in decision-making and design in retrofitting projects on district scale.   

2. Assessment Methodology 
For all modes, the values of the indicator on building level B1.2 are aggregated at district level with the 

indicator results calculated for all other buildings in the area. Through this calculation it is possible to 

obtain an overall value of the indicator for the district. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
DELIVERED ENERGY DEMAND kWh/m².yr 
REFERENCE FLOOR AREA m² 

  

3.2. Calculation method 

In order to get a result for the whole district in the unit KWh/m2.yr the results of the total delivered energy 

demand (kWh) for each single building within the district, as calculated in B1.2, will be aggregated to a 

total figure for the district and after this aggregation it will be divided by the sum of the reference floor 

areas of each building in the district. 

3.3. Benchmarks 

In order to calculate the performance of the KPI D1.2 a linear interpolation method is recommended, with 

the following thresholds as defined by the results of EPBD-CA: 

 Best performance: 40 kWh/m2.yr 

 Minimum performance: 300 kWh/m2.yr 

4. Advanced mode  
The KPI D1.2 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  
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5. Premium mode  
The KPI D1.2 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not use simulation results from the Simulation and Design Hub but a 

user entered value for the delivered energy demand. Based on this data the same calculation as in basic 

mode will be performed in order to calculate the KPI D1.2 in premium mode.   

5.1. Calculation method 

In order to get a result for the whole district in the unit KWh/m2.yr the metered annual data of the total 

delivered energy demand (kWh) for each single building within the district, as provided in B1.2, will be 

aggregated to a total figure for the district and after this aggregation it will be divided by the sum of the 

reference floor areas of each building in the district. 

The KPI will be presented in the Collaborative Design Platform to the users in the way of a relative value 

of kWh/m2.yr (m² total floor area of all buildings in the district as sum utilizing the data entered for the 

KPI B1.2).  

6. Multiscale 
The KPI D1.2 is calculated based on an aggregation of each building delivered energy demand to a total 

district figure and therefore can be described as a multiscale KPI.  

7. References 
European Commission- EU 2030 targets: http://ec.europa.eu/energy/en/topics/energy-strategy/2030-

energy-strategy (29.03.2016) 

FprCEN/TR 15615:2014: Energy Performance of buildings — Module M1-x — Accompanying Technical 

Report on draft Overarching standard EPBD (prEN 15603) 

prEN ISO/DIS 52000-1:2015, draft prEN 15603:2015: Energy performance of buildings — Overarching EPB 

assessment – Part 1: General framework and procedures 

Draft ISO-TR 52000-2 - Overarching EPB assessment - Part 2: Explanation and justification of ISO 52000-1  

Concerted Action EPBD, Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring 

Country Reports 2012, http://www.epbd-ca.eu/ca-outcomes/2011-2015 

  

http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://www.epbd-ca.eu/ca-outcomes/2011-2015
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D1.3. RENEWABLE ENERGY ON SITE DISTRICT 

Share of yearly renewable energy production on site [%] ENV 

1. Objective 
One main sustainability target within the European Union is to increase the share of renewable energy 

consumption on the total energy consumption in order to lower the dependency of the EU from fossil 

energy sources and to reduce the greenhouse gas emissions caused by fossil energy sources. This KPI 

therefore aims to measure the share of renewable energy consumption in a district on the total final 

energy consumption. Therefore the renewable produced energy in a district will be summed up and 

divided by the total final energy consumption of all buildings within the district boundary in order to get 

the share of renewable energy production. The KPI is in line with the EU’s 40-27-27 targets for 2030 

compared to 1990 which aim to reduce the greenhouse gas emissions compared to 1990 levels up to 40%, 

to increase the share of renewable energy consumption by at least 27% and to save at least 27% of energy 

compared with the business-as-usual scenario. The KPI is important as additional information for decision-

making processes in district retrofitting projects as the share of renewable energy produced on-site shows 

in detail how the overall district performs in terms of active energy production. Hence, by using this KPI it 

is not only possible to assess the primary energy consumed in the district as well as the carbon emission 

during building operation in the district, but also to assess the active contribution of all the buildings in 

the district to a decentralized energy production.  

2. Assessment Methodology 
For all modes, the values of the indicator on building level B.1.3 are aggregated at district level 

encompassing the entirety of all buildings in the district, and urban production sources are added. The KPI 

assesses the share of renewable produced energy in a district compared to the total final energy demand 

of all buildings in the district. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
TOTAL PRIMARY ENERGY DEMAND kWh per yr 
RENEWABLE PRIMARY ENERGY ON SITE (PV, WIND & SOLAR THERMAL) kWh per yr 

  

3.2. Calculation method 

The indicator is calculated by using the total renewable produced energy on site and nearby (defined as 

sum of PV, wind & solar thermal) and dividing it by the simulated total primary energy demand of the 

district as calculated for KPI D1.1 in basic mode.  

The calculation formula is as follows: 

RER [%] =
E𝑃𝑟𝑒𝑛;𝑅𝐸𝑅 [kWh]

E𝑃𝑡𝑜𝑡 [kWh]
∗ 100 

Where: 
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 EPtot is the total primary energy calculated according to EN 15603; 

 EPren;RER is the renewable primary energy, calculated according to EN 15603 within the nearby 

perimeter. 

3.3. Benchmarks 

In order to calculate the performance of the KPI D1.3 a linear interpolation method is recommended, with 

the following thresholds as defined by the EU 2030 targets: 

 Best performance: 20% 

 Minimum performance: 0% 

4. Advanced mode  
The KPI D1.3 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  

5. Premium mode  
The KPI D1.3 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not use simulation results from the Simulation and Design Hub but a 

user entered value for the primary energy, including the renewable sources nearby. Based on this data 

the same calculation as in basic mode will be performed in order to calculate the KPI D1.3 in premium 

mode.    

5.1. Calculation method 

The indicator is calculated by using the total metered renewable produced energy on site and nearby 

(defined as sum of PV, wind & solar thermal) and dividing it by the simulated total primary energy demand 

of the district as calculated for KPI D1.1 in basic mode. 

The calculation formula is as follows: 

RER [%] =
E𝑃𝑟𝑒𝑛;𝑅𝐸𝑅 [kWh]

E𝑃𝑡𝑜𝑡 [kWh]
∗ 100 

Where: 

 EPtot is the total primary energy calculated according to EN 15603; 

 EPren;RER is the renewable primary energy, calculated according to EN 15603 within the nearby 

perimeter. 

6. Multiscale 
The KPI D1.3 is based on an aggregation for each building in the district which represents the total share 

of renewable energy production in a district. Therefore the KPI can be described as multiscale KPI. 

7. References 
FprCEN/TR 15615:2014: Energy Performance of buildings — Module M1-x — Accompanying Technical 

Report on draft Overarching standard EPBD (prEN 15603) 

prEN ISO/DIS 52000-1:2015, draft prEN 15603:2015: Energy performance of buildings — Overarching EPB 

assessment – Part 1: General framework and procedures 
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Draft ISO-TR 52000-2 - Overarching EPB assessment - Part 2: Explanation and justification of ISO 52000-1  

European Commission- EU 2030 targets: http://ec.europa.eu/energy/en/topics/energy-strategy/2030-

energy-strategy (29.03.2016) 

Concerted Action EPBD, Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring 

Country Reports 2012, http://www.epbd-ca.eu/ca-outcomes/2011-2015 

  

http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://www.epbd-ca.eu/ca-outcomes/2011-2015
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D2.1. GLOBAL WARMING POTENTIAL DISTRICT 

Total carbon emissions [kgCO2/m2 yr] ENV 

1. Objective 
The indicator assesses the impacts on the environment caused by the Total carbon emissions caused by 

used fuels of all the buildings in a district during their operation stage. The KPI is in line with the EU’s 40-

27-27 targets for 2030 compared to 1990 which aim to reduce the greenhouse gas emissions compared 

to 1990 levels up to 40%, to increase the share of renewable energy consumption by at least 27% and to 

save at least 27% of energy compared with the business-as-usual scenario. The KPI supports planners in 

the selection of retrofitting measures in the district in decision-making and design as it quantifies the 

operational energy consumption of the district not only in terms of energy but shows the impact of the 

consumed energy also in terms of a contribution to the Green House Gas Effect. This opens new views on 

the suitability of retrofitting measures on district level which cannot be provided by the sole use of the 

KPIs Operational Primary Energy Demand and Delivered Operational Energy Demand in the district. 

2. Assessment Methodology 
For all modes, the values of the indicator on building level B2.1 are aggregated at district level with the 

indicator results calculated for all other buildings in the area. Through this calculation it is possible to 

obtain an overall value of the indicator for the district. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
TOTAL  CARBON EMISSIONS kgCO2/m².yr 
DELIVERED ENERGY DEMAND kWh/m².yr 
CARBON EMISSION FACTORS (EN 15603) - 
REFERENCE FLOOR AREA m² 

  

3.2. Calculation method 

In order to get a result for the whole district in the unit kgCO2/m2.yr the results of the total carbon 

emissions (kgCO2) for each single building within the district, as calculated in B2.1, will be aggregated to 

a total figure for the district and after this aggregation it will be divided by the sum of the reference floor 

areas of each building in the district. 

3.3. Benchmarks 

In order to calculate the performance of the KPI B2.1 a linear interpolation method is recommended, with 

the following thresholds as defined by the OPEN HOUSE EU FP7 project: 

 Best performance: 10 kgCO2/m2 yr 

 Minimum performance: 100 kgCO2/m2 yr 

4. Advanced mode  
The KPI D2.1 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  
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5. Premium mode  
The KPI D2.1 in Premium mode is based on the same principles like the basic mode. However, the data 

source for the KPI calculation will not use simulation results from the Simulation and Design Hub but a 

user entered value for the delivered energy demand. Based on this data the same calculation as in basic 

mode will be performed in order to calculate the KPI D2.1 in premium mode.   

In order to consider further energy consumers like transport in Premium mode, the user will be able to 

enter optionally the final energy demand caused by other emission sources like transport and related 

carbon factors. The calculated further carbon emissions of the district will be displayed to the occupants 

via the e-collaborative platform. 

5.1. Calculation method 

The KPI will be presented in the Collaborative Design Platform to the users in the way of a relative value 

of kgCO2/m2.yr (m² total reference floor area of all buildings in the district as sum). The user will be able 

to enter reference floor areas of the buildings as attributes which can be summed up to a total district 

reference floor area for the KPI calculation (utilizing the already entered data for KPI B2.1).  

In order to get a result for the whole district in the unit kgCO2/m2.yr, the emissions calculated from 

metered annual data of the total delivered energy demand (kWh) for each single building within the 

district, as provided in B2.1, will be aggregated to a total figure for the district and after this aggregation 

it will be divided by the sum of the reference floor areas of each building in the district. 

The KPI will be presented in the Collaborative Design Platform to the users in the way of a relative value 

of kgCO2/m2.yr (m² total floor area of all buildings in the district as sum utilizing the data entered for the 

KPI B2.1).  

6. Multiscale 
The KPI D2.1 is calculated based on an aggregation of each building total carbon emission to a total district 

figure and therefore can be described as a multiscale KPI.  

7. References 
European Commission- EU 2030 targets: http://ec.europa.eu/energy/en/topics/energy-strategy/2030-

energy-strategy (29.03.2016) 

BS EN 15603:2008: Energy performance of buildings. Overall energy use and definition of energy ratings 

EN 15978: 2011: Sustainability of construction works — Assessment of environmental performance of 

buildings — Calculation method. European Committee for Standardization CEN. 

FprCEN/TR 15615:2014: Energy Performance of buildings — Module M1-x — Accompanying Technical 

Report on draft Overarching standard EPBD (prEN 15603) 

prEN ISO/DIS 52000-1:2015, draft prEN 15603:2015: Energy performance of buildings — Overarching EPB 

assessment – Part 1: General framework and procedures 

Draft ISO-TR 52000-2 - Overarching EPB assessment - Part 2: Explanation and justification of ISO 52000-1  

Concerted Action EPBD, Implementing the Energy Performance of Buildings Directive (EPBD) – Featuring 

Country Reports 2012, http://www.epbd-ca.eu/ca-outcomes/2011-2015 

http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://ec.europa.eu/energy/en/topics/energy-strategy/2030-energy-strategy
http://www.epbd-ca.eu/ca-outcomes/2011-2015
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OPEN HOUSE Assessment Guideline, Version 1.2 New Office Buildings – July 2013   
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D.8.1 ACOUSTIC ENVIRONMENT DISTRICT 

Indoor A-weighted sound pressure level [dBA] SOC 

1. Objective 
High levels of noise inside buildings have a direct effect on the comfort of inhabitants and users, with 

possible impacts on their well-being, productivity and health. Acoustic comfort can be assessed through 

the indoor A-weighted sound pressure level [dB(A)]. The value of indoor A-weighted sound pressure level 

can be evaluated either from computation or from measurement (at the assessment position) of the 

outdoor sound pressure level, by using the sound level difference of the façade.  

The aim of the KPI is to guide the designer throughout the selection of the renovation work of the façades 

in the district and increase the overall comfort and well-being of its inhabitants.  

2. Assessment Methodology 
Acoustic comfort is assessed only in Advanced and Premium modes, as it requires room scale evaluations. 

In both modes, the indoor sound pressure levels are assessed against a set limit in order to identify how 

far they are from the acceptable comfort value; then the room values are aggregated through a floor-area 

weighted average. In Advanced mode, the indoor noise values are obtained from simulations, while in 

Premium mode, the indoor noise values are acquired from on-site measurements. 

3. Basic mode 
Acoustic comfort cannot be assessed in basic mode, as its evaluation must be carried out at room scale. 

4. Advanced mode  

4.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
NUMBER OF FLOORS  - 
NUMBER OF ROOMS (HENCE FAÇADES) - 
TYPOLOGY OF SHAPE FAÇADE (PLANE, BALCONY, ETC.) - 
TYPOLOGY OF ELEMENTS MAKING UP THE FAÇADE (WINDOW, DOOR, WALL, 

VENTILATION HOLE) 
- 

MATERIAL OF ELEMENTS MAKING UP THE FAÇADE (TYPE OF WINDOWS, GLASSES, 

DOORS, WALLS, ETC.) 
- 

NUMBER OF ELEMENTS MAKING UP THE FAÇADE - 
MATERIAL OF THE OVERHANGS OF THE FAÇADE (BALCONY) - 
TOTAL AREA OF THE FAÇADE AS SEEN FROM THE INSIDE (I.E. THE SUM OF THE AREA 

OF ALL FAÇADE ELEMENTS) 
m2 

AREA OF THE ELEMENTS (DOORS, WALLS, WINDOWS, ETC.) AND OF THE SMALL 

ELEMENTS OF THE FAÇADE (VENTILATION HOLES, ETC.)  
m2 

VOLUME OF THE RECEIVING ROOM m3 
CONNECTION BETWEEN JOINTS OF THE ELEMENTS OF THE FAÇADE  - 
EXTERNAL SOUND PRESSURE LEVEL dB(A) 
REFERENCE FLOOR AREA m2 
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4.2. Calculation method 

1. For each room in each building in the district, calculate the indoor A-weighted sound pressure 

level 𝐿2,𝑛𝑇,𝑤 by using simulated outdoor noise levels (as in B.8.1 advanced mode); 

2. Calculate the final value of the whole building, making use of the acoustic classification of each 

room, as shown in building scale calculation method; 

3. Determine the final value for each building of the district; 

4. Determine the final value representative for the district calculating the weighted average of 

the score of each building on the totality of building in the district: 

𝐷𝑆 =  (
∑ 𝐵𝑆𝑖

𝑛
𝑖=1 ∗ 𝑆𝑖

𝑆𝑡𝑜𝑡
) 

Where: 

𝐵𝑆𝑖 = score assigned to each building i [-] 

𝑆𝑖 = reference floor area of each building i [m2] 

𝑆𝑡𝑜𝑡 = total reference floor area of all the buildings in the district [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

4.3. Benchmarks 

District scale benchmarks are the same as building scale benchmarks. 

5. Premium mode  

5.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
NUMBER OF FLOORS  - 
NUMBER OF ROOMS (HENCE FAÇADES) - 
TYPOLOGY OF SHAPE FAÇADE (PLANE, BALCONY, ETC.) - 
TYPOLOGY OF ELEMENTS MAKING UP THE FAÇADE (WINDOW, DOOR, WALL, 

VENTILATION HOLE) 
- 

MATERIAL OF ELEMENTS MAKING UP THE FAÇADE (TYPE OF WINDOWS, GLASSES, 

DOORS, WALLS, ETC.) 
- 

NUMBER OF ELEMENTS MAKING UP THE FAÇADE - 
MATERIAL OF THE OVERHANGS OF THE FAÇADE (BALCONY) - 
TOTAL AREA OF THE FAÇADE AS SEEN FROM THE INSIDE (I.E. THE SUM OF THE AREA 

OF ALL FAÇADE ELEMENTS) 
m2 

AREA OF THE ELEMENTS (DOORS, WALLS, WINDOWS, ETC.) AND OF THE SMALL 

ELEMENTS OF THE FAÇADE (VENTILATION HOLES, ETC.)  
m2 

VOLUME OF THE RECEIVING ROOM m3 

CONNECTION BETWEEN JOINTS OF THE ELEMENTS OF THE FAÇADE  - 

EXTERNAL SOUND PRESSURE LEVELS dB(A) 
REFERENCE FLOOR AREA m2 

  

5.2. Calculation method 

1. For each room in each building in the district, calculate the indoor A-weighted sound pressure 

level 𝐿2,𝑛𝑇,𝑤 by using measured outdoor noise levels (as in B.8.1 premium mode); 

2. Calculate the final value of the whole building, making use of the acoustic classification of each 

room, as shown in building scale calculation method; 

3. Determine the final value for each building of the district; 

4. Determine the final value representative for the district calculating the weighted average of 

the score of each building on the totality of building in the district: 
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𝐷𝑆 =  (
∑ 𝐵𝑆𝑖

𝑛
𝑖=1 ∗ 𝑆𝑖

𝑆𝑡𝑜𝑡
) 

Where: 

𝐵𝑆𝑖 = score assigned to each building i [-] 

𝑆𝑖 = reference floor area of each building i [m2] 

𝑆𝑡𝑜𝑡 = total reference floor area of all the buildings in the district [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

5.3. Benchmarks 

District scale benchmarks are the same as building scale benchmarks. 

6. Multiscale 
At district level, the room values for all buildings are aggregated to provide an average level of indoor 

noise for the entire district. 

7. References 
EN ISO Building acoustics - Estimation of acoustic performance of buildings from the performance of 

elements - Part 3: Airborne sound insulation against outdoor sound. 

EN ISO 16283-3 Acoustics - Field measurement of sound insulation in buildings and of building elements - 

Part 3: Façade sound insulation. 

EN 15251- Indoor environmental input parameters for design and assessment of energy performance of 

buildings addressing indoor air quality, thermal environment, lighting and acoustics. 

EN 717-1 - Acoustics - Rating of sound insulation in buildings and of building elements - Part 1: Airborne 

sound insulation. 

Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 relating to the 

assessment and management of environmental noise. 

World Health Organization (WHO). 
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D.10.1 OPERATIONAL ENERGY COSTS DISTRICT 

Operational energy costs, aggregated annually, normalised 

by floor area [€/m2] ECO 

1. Objective 
After a building is constructed or deep retrofitted, it enters the operational phase. The energy used during 

building operation is a multiple of the energy used during construction. A similar issue motivates the 

operational certification administered by BRE (Building Research Establishment). The BRE briefing refers 

to research findings that 80 – 90% of a building’s emissions occur during its operational phase.  

The performance of new buildings after this transition from construction to full operation is prone to 

performance degradation. The objective of this KPI is identification of performance degradation and 

buildings or districts suffering from performance gaps. A building/energy manager can subsequently 

prioritise and implement remedial action. 

The indicator is beneficial to the developers, the operator and the users of the building as well. It can 

influence the decision making by allowing comparison between the current state and the retrofitting 

variants. It can show the financial benefits of the energy use reduction measures in the refurbishment.  

2. Assessment Methodology 
The operational energy cost of the district is the sum of the individual costs of its buildings. 

Energy accounts for the largest cost during a commercial building operation, excluding the salaries of the 

building occupants. An average financial ratio of initial costs, operational costs and salary costs of 

1:10:200, is applicable to commercial buildings. Since this is an economic KPI, energy costs refers to final 

energy consumed by the building. The aspects of primary energy conversion to final energy are excluded.  

This KPI result is improved by use of locally generated renewable energy, which is not billed by usage, for 

example per kWh or per KJ. Thus renewable energy and storage that reduces demand at higher cost times, 

are both encouraged indirectly by this KPI. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
ANNUAL DELIVERED ENERGY BY FUEL TYPE kWh 
REFERENCE FLOOR AREA m2 
ENERGY PRICES BY FUEL TYPE € 
NUMBER OF BUILDINGS IN THE DISTRICT (NB) - 

  

3.2. Calculation method 

1. Determine the delivered energy demand as described in the related mode of the KPI D1.2. The 

simulated total final energy demand of the building will include the Energy end use breakdown 

by fuel type. 

2. Calculate the yearly operational energy costs by multiplying the energy demands and the energy 

price by fuel types.   
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3. Calculate the operational energy costs (normalised) for the district based on the reference floor 

area as follows: 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡 (𝑎𝑛𝑛𝑢𝑎𝑙, 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑) =
∑ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡𝑠𝑛𝑏

1

∑ 𝑅𝑒𝑓𝑒𝑟𝑛𝑐𝑒 𝑓𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎𝑛𝑏
1

 

3.3. Benchmarks 

The reference values for the NewTREND KPI will be determined taking into account the results of WP5 - 

Innovative financial instruments and business models. 

4. Advanced mode  
The KPI D10.1 in Advanced mode is based on the same principles like the basic mode and therefore no 

changes to the assessment or calculation method are necessary.  

5. Premium mode  
The KPI in Premium mode is based on the same principles like the advanced mode. However, the data 

source for the final energy demand is not the simulated data but a user entered value, as provided for the 

Premium mode in the KPI D1.2. Based on this data the same calculation as in advanced mode will be 

performed in order to calculate the KPI in premium mode. 

6. Multiscale 
The investment costs (normalised) KPI is applicable across all or part of the proposed retrofit. For example: 

single or multiple buildings or a block of multiple units. All inputs must match the specified scale.  

7. References 
BRE. (2009). BREEAM In-Use: Driving sustainability through existing buildings. Available: 

http://www.breeam.org/filelibrary/BREEAM In Use/KN5686---BREEAM-In-Use-White-Paper_dft2.pdf 

M. Deru, K. Field, and S. Punjabi. (2014). ISO 50001 for Commercial Buildings: Lessons Learned From U.S. 

DOE Pilot Project: Preprint - 61496.pdf. Available: http://www.nrel.gov/docs/fy14osti/61496.pdf 

D. Clements-Croome, Intelligent buildings : design, management and operation. London: Thomas Telford, 

2004. 
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6. METHODOLOGY IMPLEMENTATION 
As mentioned previously, the NewTREND KPI are part of a larger effort to develop an Integrated Retrofit 

Design Methodology, guiding all involved stakeholders in the neighbourhood scale retrofitting projects 

value chain towards the most effective energy retrofitting solutions, considering energy, cost efficiency, 

and overall sustainability performance.  

 BENCHMARK TO DECISION MAKING 

In particular, the KPI will serve as one of the main drivers of the decision making process, which will be 

developed in Task 2.6, defining how the MCA will be structured and how it will take into account 

stakeholder priorities in the criteria weights. In practice, the KPI as presented here include benchmark 

values for baseline performance and above or below levels; these benchmarks can be used to define the 

limits of a performance scale that will, in the methodology, normalise the KPI values to a set of 

homogeneous scores. These scores will then be weighted and aggregated to present a final ranking. 

In particular, the core KPI set will be used to carry out the following: 

 Single state assessments, shown via absolute values and scores: 

o Current state 

o Retrofit variant  

o Post-retrofitting state 

 Multi-state comparisons, shown via absolute value change, and percentage value change: 

o Among variants 

o Before / after retrofit 

 Current state vs variant(s) 

 Current state vs post-retrofitting state 

o Among post-retrofitting states (monitoring) 

 SOFTWARE COMPATIBILITY 

As the NewTREND project is strongly focused on software integration of all its developed tools into one 

platform, it is crucial that the KPI as presented are compatible with the existing software platforms that 

will be used as a base for NewTREND, and that the data required is appropriate to the database structure. 

To ensure that the integration is as smooth as possible, all KPI have been developed to clarify as much as 

possible the calculation steps and facilitate their translation in an algorithm, and include tables of required 

data. A preliminary review has been carried out by IES to rule out major issues in latter software 

implementation. 

 POSSIBLE ISSUES 

As all KPI have been reviewed from a software implementation perspective, it is unlikely that major issues 

will arise during the integration of KPI in the online platform and Simulation and Design hub. However, 

due to the complexity of the foreseen software and the limitations of browser applications, it is possible 

that some KPI will be implemented through simplified methods. If the need shall arise, the involvement 

of the KPI partners in various future tasks will ensure that the KPI are adapted while maintaining the basic 

principles outlined in this document. 
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 NEXT STEPS 

The first step after the development of the KPI is their implementation in the Integrated Retrofit Design 

Methodology. Immediately after that, the KPI will be implemented in the Simulation and Design Hub and 

their visualisation will be defined through the development of the online platform, over the course of the 

next year. At the same time, the KPI will be evaluated through the lens of financial incentives, to identify 

financial benefits that can be affected directly by the performance achieved through the NewTREND KPI, 

and the investigation of financial schemes and case studies will contribute to setting the benchmarks for 

the cost related KPIs. Finally, the KPI will be applied to the NewTREND demo projects, and will be revised 

together with the methodology according to the results of the testing process. 

 FUTURE DEVELOPMENTS 

After the life of the NewTREND project, recommended future extensions of the Simulation and Design 

Hub and the Collaborative Design Platform include developing features to support the remaining optional 

indicators, expanding further the scope to other sustainability themes such as water management, re-

evaluating the state of data availability for LCA and LCC indicators, including collection and monitoring of 

financial and organisational indicators (developed in Task 2.4 and presented in Annex III), etc.  
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ANNEX I – OPTIONAL INDICATORS 
 

The present annex includes 6 additional KPI that have been developed within this task, but were not finally 

included in the Core KPI set, to be assessed on a case-by-case basis for follow-up implementation as KPI 

or as analysis tools, or recommended for future developments after the NewTREND project. 

The potential structure of such an extended future framework is as follows: 

 Number Building KPI District KPI 

E
n

v
ir

o
n

m
e

n
t 

1 Energy  

1.1 Operational Primary Energy Demand Operational Primary Energy Demand 

1.2 Delivered Energy Demand Delivered Energy Demand 

1.3 Renewable Energy on Site Renewable Energy on Site 

2 Impacts  

2.1 Global Warming Potential Global Warming Potential 

3 Water  

3.1  Soil Sealing 

S
o

c
ie

ty
 

4 Transport  

4.1  Internal Accessibility (public transport) 

5 Air Quality   

5.1 Indoor Air Quality  

6 Thermal Comfort  

6.1 Summer Comfort without Cooling  

6.2 Thermal Comfort in the Heating Season  

6.3 Thermal Comfort in the Cooling Season  

6.4  Outdoor Temperature / Heat Island Effect 

7 Visual Comfort  

7.1 Availability of Daylight  

8 Acoustic Comfort  

8.1 Acoustic Comfort Acoustic Environment 

E
c
o

n
o

m
y 

9 Investment  

9.1 Investment Costs Investment Costs 

9.2 Return on Investment Return on Investment 

10 Operational Costs  

10.1 Operational Energy Costs Operational Energy Costs 

TABLE A.I.14 – EXTENDED NEWTREND KPI FRAMEWORK FOR FUTURE DEVELOPMENTS 
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SOIL SEALING DISTRICT 

Average permeability of site [%] ENV 

1. Objective 
Urban spaces are increasingly less permeable, with roofing and concrete paving that interrupt the natural 

flow of stormwater and the replenishment of ground reservoirs. The increase of soil sealing leads to 

collection and funnelling of stormwater in sewers, reducing the onsite usage of the water and increasing 

the pressure on wastewater systems. Counteracting the soil sealing tendency can lead to a reduction in 

the use of potable water for irrigation and improve water management in the district.  

2. Assessment Methodology 
Soil sealing is assessed in the same way in all three modes, by assigning a surface permeability coefficient 

to each homogeneous area in the district and aggregating the coefficient values through a weighted 

average on the area surfaces. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
SURFACE PERMEABILITY % 
HOMOGENEOUS SURFACE AREA m2 

  

3.2. Calculation method 

4. For every homogenous surface in the district Si [m2], assign a permeability coefficient αi [%] 

according to the product data sheet if available or according to the following reference values: 

a. Natural / uninterrupted ground, or water collection for in situ subirrigation: αi = 100% 

b. Gravel, sand, or other loose aggregate: αi = 90% 

c. Plastic grid elements filled with grass soil: αi = 80% 

d. Concrete grid elements filled with grass soil: αi = 60% 

e. Interlocking pavement on a sand or gravel base: αi = 30% 

f. Continuous / sealed paving, concrete slabs: αi = 0% 

5. Calculate the overall permeability coefficient α [%] as follows: 

α =  
∑ 𝛼𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

 [%] 

3.3. Benchmarks 

As there are no reference values in standards and laws for permeability, the minimum value 0% can be 

considered the minimum performance, and the maximum value 100% can be considered the best 

performance. 

4. Advanced mode  
Advanced mode assessment is carried out in the same way as basic mode assessment. 
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5. Premium mode  
Premium mode assessment is carried out in the same way as basic mode assessment. 

6. Multiscale 
This KPI is assessed only at district scale. 

7. References 
Protocollo ITACA: UNI/PdR 13:2015 "Sostenibilità ambientale nelle costruzioni - Strumenti operativi per 

la valutazione della sostenibilità" 
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INTERNAL ACCESSIBILITY (PUBLIC TRANSPORT) DISTRICT 

Share of users who are within walking distance from public 

transport nodes [%]  

District Accessibility Index [-] SOC 

1. Objective 
Public transportation plays an important role in sustainability as public transportation can improve air 

quality, reduce greenhouse gas emissions, save energy and resources and support higher density land 

development. 

The internal accessibility indicator gives a good indication on the public transport amenities in the district. 

The stakeholders in the retrofitting project from the municipality side can decide to upgrade the public 

transport access of the area based on the results. Stakeholder should also consider the city scale energy 

saving and reduction of CO2 emissions potential when deciding upon developing the public transport 

infrastructure. 

2. Assessment Methodology 
The assessment methodology is simple for the basic mode, and a complex indicator with more variables 

is available for the Advanced and premium modes. 

 The accessibility of the district depends on the presence of public transport in the neighborhood. Its 

efficiency is high when users can reach the line connection points in a short time and have to wait only a 

short time for the arrival of the vehicle. Therefore, for the basic mode the indicator measures the 

accessibility of citizens to the public transport network, taking into account distance to the transport node. 

For advanced and premium mode, the indicator also takes into account the running frequency and the 

reliability of different transport options. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
NUMBER OF USERS WITHIN 

400M WALKING DISTANCE FROM 

A PUBLIC TRANSPORT NODE 

- 

NUMBER OF OCCUPANTS - 
TRANSPORT DIVERSITY - 

  

3.2. Calculation method 

A public transport network plan is needed to evaluate the accessibility of public transport nodes in the 

district. 

1. Identify the number of all users (O) in the district by adding up all residents and non-residential 

users 

2. Calculate the number of users that are within 400 m walking distance from public transport 

nodes (Ot,400). Walking distance is measured between the building entrance and the public 

transport stop. 
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3. Calculate the share of users who are within walking distance from public transport nodes with 

the following formula: 

𝐼𝐴𝑏 =
𝑂𝑡,400

𝑂
 

3.3. Benchmarks 

Minimum, good and best practice performance levels are differentiated by the share of users that have 

access to public transport. The benchmarks for the measurement are: 

Performance level Measure 

Minimum 
performance 

50 % of users are within 400m walking distance from a public transport node 
Transport diversity is at least 1. 

Good practice 75% of users are within 400m walking distance from a public transport node 
Best practice 100% of users are within 400m walking distance from a public transport node 

4. Advanced mode  

4.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
THE DISTANCE OF THE PUBLIC TRANSPORT NETWORK NODES SERVED 

BY TRAINS, BUSES AND TRAMS FROM THE BUILDING ENTRANCES 
m 

NUMBER OF OCCUPANTS - 
NUMBER OF OCCUPANTS BY BUILDING - 
TOTAL NUMBER OF SERVICES OF EACH TRANSPORT NODE - 

  

4.2. Calculation method 

A public transport network plan is needed to evaluate the accessibility of public transport nodes in the 

district. 

1. Determine the distance of the public transport network nodes (d) served by trains, buses and 

trams from the building entrances. Only consider the bus, tram stops and metro station that 

are within a radial distance of 500 meters from the main entrance and the railway services that 

are within 1000 meters. 

2. For each node that meets the requirements in step 1, determine the total number of services 

(n) departing/arriving at each node in the following periods for a typical weekday:  

AM 08.00 – 10.00 PM 17.00 – 19.00  

Consider only the nearest node for each line, only one direction for a line and that have at least 

one stops within 20 km-s of the district. 

3. Calculate the walk time for each transport line and its selected node according to the following 

formula: 

𝑊𝑡 =
𝑑𝑛

𝑣
 

dn = the distance of the public transport network nodes served by trains, buses and trams from 

the building entrances (m);  

v = notional walk speed (80 m/min) 

4. Determine the service waiting time (Swt): 

𝑆𝑤𝑡 = 0,5 ∗ (
60 ∗ 4

𝑛
) + 𝑅𝑓 

Rf= reliability factor to the service waiting time: Bus/trams=2,Train = 0.75 

n= No. of services during peak time 

5. Determine total access time (At): 
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𝐴𝑡 = 𝑊𝑡 + 𝑆𝑤𝑡 
6.  Calculate the Equivalent Building Entrance (EBE) frequency: 

𝐹𝐼 =
30

𝐴𝑡
  

7. Calculate the public transport Accessibility index: 

𝐼𝐴𝑖 = 𝐹𝐼𝑖,𝑚𝑎𝑥 + 0,5(Σ𝐹𝐼𝑖 − 𝐹𝐼𝑖,𝑚𝑎𝑥)  

8. Summarize the accessibility index of all public transport types (IA) for each building. 

9. Calculate the District Accessibility Index (DAI) that is the average of the accessibility indexes of 

all buildings in the district weighted by the number of users in each building 

𝐷𝐴𝐼 =
𝐼𝐴1 ∗ 𝑂1 + 𝐼𝐴2 ∗ 𝑂1 + ⋯ + 𝐼𝐴𝑛 ∗ 𝑂𝑛

𝑂
 

Oi = number of occupants in a building 

O = number of all users in the district 

4.3. Benchmarks 

The benchmarks for the measurement are differentiated by the location type of the district: 

Performance 
level 

Requirements by district location 

 Capital / regional 
center or inner 
city 

Capital / regional 
city district center 
of district town / 
city 

Small / medium 
town or city 
suburb 

Rural 

Minimum 
performance 

2,5 1,5 1 0,5 

Good practice 13 7,8 5,2 2,6 
Best practice 20 12 8 4 

5. Premium mode  
The assessment methodology is the same as for Advanced mode. 

6. Multiscale 
This indicator is only used on district level.  

7. References 
BREEAM Communities, 2012. Technical Manual, BRE Global. 

LEED v4 Neighborhood Development, LEED Reference Guide for Neighborhood Development, USGBC, 

U.S.A., 2014. 

UNI/PdR 13.1:2015 Sostenibilità ambientale nelle costruzioni - Strumenti operativi per la valutazione della 

sostenibilità Edifici residenziali 
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OUTDOOR TEMPERATURE / HEAT ISLAND EFFECT DISTRICT 

Microclimate index [-] SOC 

1. Objective 
In urban communities, heat island effect adds another layer to the temperature increases caused by 

climate change and associated drought. Heat island effect cause increased summertime peak energy 

demand, air conditioning costs, air pollution and greenhouse gas emissions, heat-related illness and 

mortality, and deteriorated water quality. 

The microclimate index influences the outdoor comfort of the district users. Heat island effect can also 

contribute to the external heating and cooling loads of the buildings in the district.  Therefore, the 

indicator can be used to optimize the outdoor surface area retrofitting for the benefit of outdoor comfort 

and energy use reduction. 

2. Assessment Methodology 
The assessment methodology is the same for all modes. 

The indicator shows the contribution of surface to the Heat Island Effect. The different type of surfaces 

are grouped then the related surface coefficient is determined. The microclimatic Index is calculated as 

the average surface coefficient weighted by the surface areas.  

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
SURFACE AREA BY TYPE m2 
DISTRICT AREA m2 

  

3.2. Calculation method 

To calculate the Microclimate Index for the district the following formula has to be used: 

 Microclimate Index = (Area 1 x F1 + Area 2 x F2 + … Area 11 x F11) / District area 

The Surface Coefficient ‘F’ is to be selected from the following table based on the type of the area: 
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SURFACE COEFFICIENT VALUES BY SURFACE TYPES (ZUKOWSKA ET AL., 2014) 

3.3. Benchmarks 

The benchmarks for the measurement are as follows: 

Performance level Measure 

Minimum performance Microclimate Index is between 0,6 to 0,79 
Good practice Microclimate Index is between 0,8 to 0,99 
Best practice Microclimate Index > 1,2 

4. Advanced mode  
The assessment methodology is the same for all modes. 

5. Premium mode  
The assessment methodology is the same for all modes. 

6. Multiscale 
This indicator is only used on district level.  

7. References 
Zukowska et al. (2014) FASUDIR Friendly and Affordable Sustainable Urban Districts Retrofitting 

Deliverable D2.4 IDST Key Performance Indicators. Available at: http://fasudir.eu/documents/ 
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AVAILABILITY OF DAYLIGHT BUILDING  

Daylight factor [%] SOC 

1. Objective 
The availability of daylight is a major sustainability aspect due to its double nature: on one hand, natural 

lighting supports the reduction of electrical energy consumption for lighting; on the other, the access to 

daylight and the full spectrum of natural sunlight improves user comfort and perception of the indoor 

environment. The use of the daylight factor allows to assess the overall capability of the building spaces 

to collect daylight, independently from the variability of daily solar radiation. 

2. Assessment Methodology 
Daylight availability is assessed only in Advanced and Premium modes, as it requires room scale 

evaluations. In both modes, the daylight factor is evaluated for every room, and the room values are 

aggregated through a floor-area weighted average. In Advanced mode, the daylight factors are obtained 

from simulations, while in Premium mode, the daylight factors are acquired from on-site measurements. 

Note: as the KPI aggregates the values at building level to provide an overall value, it can hide localised 

discomfort conditions. It is thus recommended to analyse all room values to identify critical issues. 

3. Basic mode 
Daylight availability cannot be assessed in basic mode, as its evaluation must be carried out at room scale. 

4. Advanced mode  

4.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
DAYLIGHT FACTOR % 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

4.2. Calculation method 

1. For every room in the building, calculate the average daylight factor DLFi [%] through a 

simulation carried out according to CIE standard with overcast sky (or through simplified 

calculation as foreseen by EN 15193);  

2. Calculate the average building daylight factor DLF [%] as follows: 

𝐷𝐿𝐹 =  
∑ 𝐷𝐿𝐹𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

∗ 100 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 
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4.3. Benchmarks 

Daylight penetration levels are defined as function of the daylight factor in EN 15193 as follows: 

 Weak performance: 2% ≤ DLF < 4% 

 Medium performance: 4% ≤ DLF < 6% 

 Strong performance: DLF ≥ 6% 

To define an assessment scale, a linear interpolation between the minimum (2%) and best performance 

6%) is recommended.  

5. Premium mode  

5.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
DAYLIGHT FACTOR % 
ROOM USEFUL FLOOR AREA m2 
NUMBER OF ROOMS - 

  

5.2. Calculation method 

1. For every room in the building, measure the average daylight factor DLFi [%] on a day with 

overcast sky;  

2. Calculate the average building daylight factor DLF [%] as follows: 

𝐷𝐿𝐹 =  
∑ 𝐷𝐿𝐹𝑖 ∗ 𝑆𝑖

𝑛
𝑖=1

∑ 𝑆𝑖
𝑛
𝑖=1

∗ 100 [%] 

Where: 

 n = total number of rooms in the building [-] 

 Si = floor area of i-th room in the building [m2] 

Note: only consider main rooms that are occupied for several hours (e.g. bedrooms, offices, classrooms). 

Do not consider short-term occupancy and transit areas (e.g. bathrooms, corridors, small storage areas). 

5.3. Benchmarks 

Daylight penetration levels are defined as function of the daylight factor in EN 15193 as follows: 

 Weak performance: 2% ≤ DLF < 4% 

 Medium performance: 4% ≤ DLF < 6% 

 Strong performance: DLF ≥ 6% 

To define an assessment scale, a linear interpolation between the minimum (2%) and best performance 

6%) is recommended.  

6. Multiscale 
Daylight availability is assessed only at building level. 

7. References 
ISO 15469:2004 (CIE S 011/E:2003) Spatial distribution of daylight -- CIE standard general sky 
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EN 15193:2007 Energy performance of buildings - Energy requirements for lighting 
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INVESTMENT COSTS 
BUILDING

DISTRICT 

Total Investment costs of retrofit normalised by floor area [€/m2]  ECO 

1. Objective 
The NewTREND tools analyse building retrofits. This is consistent with research findings that the retrofit 

of equivalent buildings almost always offers environmental savings over demolition and new 

constructions. A similar conclusion is reached at a campus/district level. In order to compare the cost 

effectiveness of different retrofit options a normalised investment cost is computed.  

This indicator is an analysis metric that enables a landlord or municipality to compare and prioritise 

retrofits at multiple locations, or different retrofit options at the same location based on the cost of 

development.  

2. Assessment Methodology 
The total retrofit costs incurred in the financial year 0 are initially summed. Costs include all material and 

disposal of discarded elements. Subsequently the building(s) area, in terms of internal floor space, is 

summed in m2. The retrofit cost of the district is the sum of the individual costs of its building. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
TOTAL INVESTMENT COSTS IN YEAR 0 € 
REFERENCE FLOOR AREA m2 

  

3.2. Calculation method 

Calculate the investment costs (normalised) for the building(s) based on gross floor area as follows: 

 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠 (𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑) =
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑓𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎
 

3.3. Benchmarks  

The reference values for the NewTREND KPI will be determined taking into account the results of WP5 - 

Innovative financial instruments and business models. 

A collection of current benchmarks in different projects and countries can be found in the following.  

Five cases of thermal retrofits to German dwellings are analysed by Galvin and Sunikka-Blank. The median 

retrofit case costs 122 €/m2. The five retrofit cases range in cost from 36 - 314 €/m2. 

Curtin surveys building retrofits, referring to an Irish deep retrofit project of “average” cost €8,000 approx. 

per dwelling in 2012. The project called SERVE (Sustainable Energy for the Rural Village Environment), 

carried out between 2007 – 2011 was co-funded by the EU CONCERTO Programme. Further figures on the 

SERVE project indicate a normalised investment cost of 50.3 €/m2.  
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The experimental Retrofit for the Future (RfF) programme in Britain has a high maximum cost per deep 

retrofit of 150,000 GBP, that includes design and monitoring. Details of the average “supplied and fitted” 

cost of individual RfF measures, normalised by area, are available online. Examples are insulation, window 

replacement, mechanical ventilation and heat recovery (MVHR) and photovoltaics (PV). This retrofit cost 

analysis includes a cost planning tool and recommendations to reduce costs for a scaled retrofit. 

4. Advanced mode  
Same as basic mode. 

5. Premium mode  
Same as basic mode. 

6. Multiscale 
The investment costs (normalised) is applicable across all or part of the proposed retrofit. For example: 

single or multiple buildings or a block of multiple units. All inputs must match the specified scale. 

7. References 
Preservation Green Lab. (2011). The Greenest Building: Quantifying the Environmental Value of Building 

Reuse. Available: http://www.preservationnation.org/information-center/sustainable-

communities/green-lab/lca/The_Greenest_Building_lowres.pdf 

C. Reinhart. (2014). Managing Building Energy Efficiency at the Neighborhood/Campus Level. Available: 

http://mitei.mit.edu/system/files/2014-MITEI-Reinhart-Managing-Building-Energy-Efficiency-at-the-

Neighborhood-Campus.pdf 

R. Galvin and M. Sunikka-Blank, "Including fuel price elasticity of demand in net present value and payback 

time calculations of thermal retrofits: Case study of German dwellings," Energy and Buildings, vol. 50, pp. 

219--228, 2012. 

J. Curtin. (2013). From Grants to Finance: How to Unlock Home Retrofit Investment. Available: 

http://www.publicpolicy.ie/wp-content/uploads/From-Grants-to-Finance1.pdf 

S. Hoyne and P. Kenny, "SERVING the nation – applying lessons from the SERVE CONCERTO project to 

Ireland," in European Council for Energy Efficient Council, Belambra Les Criques, Toulon/Hyères, France, 

2013. 

R. Gupta, M. Gregg, S. Passmore, and G. Stevens, "Intent and outcomes from the Retrofit for the Future 

programme: key lessons," Building Research and Information, vol. 43, pp. 435-451, Jul 2015. 

I. Meikle. (2014). Retrofit for the Future: analysis of cost data. Available: 

http://retrofit.innovateuk.org/documents/1524978/1866952/Retrofit for the Future - analysis of cost 

data report 2014 
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RETURN ON INVESTMENT 
BUILDING 

DISTRICT 

Return on investment costs of the retrofit completed in year 0 [%] ECO 

1. Objective 
The audience for risk return ratios are investors, fund managers and their agents. Return on investment 

(ROI) is the most important of the return ratios. The objective is to compute a meaningful KPI for this 

financial audience, and make the case for investment in building retrofits. 

A desirable ROI depends on the investor attitude towards risk, their investment strategy (growth or value 

oriented) and the time horizon (short, medium, long-term). Time horizon is the period of study (n) in years. 

The indicator is the most beneficial for the developer and the financial partners of the refurbishment as 

it shows the return of investment from an energy use point of view. When the owner and the user of the 

building and district is not the same the investment costs and the energy use costs are usually not financed 

by the same person, yet the KPI can represent the marketing value and environmental benefits of the 

refurbishment. 

2. Assessment Methodology 
Generally there is no universal standard for ROI. The NewTREND calculations use the annual energy 

savings, UPV factor and the investment costs for the calculation. 

The value of future income or savings is affected by time. Thus the present value (PV) of future savings is 

needed for the RoI calculations. A publication by the Society of Chartered Surveyors Ireland (SCSI) 

describes different present value calculations. One calculation is the modified uniform present value 

(UPV*). UPV* converts to present value recurring costs, that annually increase at a constant escalation 

rate (e). In NewTREND the study period is post retrofit and associated energy savings are converted to 

present value. With the UPV* factor the present value of energy savings over time is comparable to the 

retrofit costs and a ROI is computable. 

The equations discussed for this ROI do not measure financial depreciation or residual value. 

3. Basic mode 

3.1. Data requirement 

INFORMATION/ATTRIBUTE UNIT 
DISCOUNT RATE (D) % 
ESCALATION RATE OF ENERGY COSTS (E) % 
NUMBER OF YEARS FOR PERIOD OF STUDY (N) - 
OPERATIONAL ENERGY COSTSORIGINAL € 
OPERATIONAL ENERGY COSTSRETROFITTED € 
INVESTMENT COST € 

  

3.2. Calculation method 

1. Calculate the modified uniform present value (UPV*) with the following equation.  
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𝑈𝑃𝑉∗ 𝑓𝑎𝑐𝑡𝑜𝑟 =  
1 −  [

1 + 𝑒
1 + 𝑑

]
𝑛

 [
1 + 𝑑
1 + 𝑒

 ] − 1
                            

The UPV* equation depends on inputs: discount rate (d), escalation (e) and study period (n) in years. Any 

degradation in energy efficiency or improvements health and comfort are not accounted for. 

The retrofits discussed by Coyle, Audenaert and Reinhart assume a future building lifespan of at least 50 

years. Galvin & Sunikka-Blank do not specify a building lifespan, but calculate a minority of payback 

periods of over 100 years. The ROI period of study must naturally be shorter than the building lifespan.  

INFORMATION/ATTRIBUTE COYLE AUDENAERT ET 

AL 

GALVIN & SUNIKKA-

BLANK 
DISCOUNT RATE (D) 4% (10% 

max.) 
Not Applied 5%: Interest rate and 

inflation 
8-9%: including risk 

ESCALATION RATE OF ENERGY COSTS 

(E) 
4% (15% 

max) 
0 – 25% 3%, 4% & 5% 

NUMBER OF YEARS FOR STUDY (N) 30 (100 max) 20 25 

  

2. Determine the total investment cost (not normalized) form the KPI 9.1. Investment costs. 

3. Determine the Delivered energyoriginal and the Delivered energyretrofitted in accordance with the 
calculation of KPI 1.2. 

4. Determine the annual energy savings in financial terms:  
Yearly savings in delivered energy [€] =  Delivered energy𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 − Delivered energy𝑟𝑒𝑡𝑟𝑜𝑓𝑖𝑡𝑡𝑒𝑑   

5. Calculate the Return of Investment with the following formula: 

𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑇𝑒𝑟𝑚  𝑅𝑂𝐼 (%) =  [
 𝑎𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑖𝑛𝑔  ×  𝑈𝑃𝑉∗ 𝑓𝑎𝑐𝑡𝑜𝑟

𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 
− 1]  ×  100 

 

An ROI of a negative percentage is caused by the PV of annual energy savings over the period of study, 

not exceeding the initial retrofit costs.  

3.3. Benchmarks  

The reference values for the NewTREND KPI will be determined taking into account the results of WP5 - 

Innovative financial instruments and business models. 

4. Advanced mode  
Same as basic mode. 

5. Premium mode  
The KPI in Premium mode is based on the same principles like the basic mode. However, the data source 

for the operational energy demand is not the simulated data but a user entered value, similarly to the 

Premium mode in the KPI 1.2. Based on this data the same calculation as in basic mode will be performed 

in order to calculate the KPI in premium mode. 
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6. Multiscale 
The return in investment KPI is applicable across all or part of the proposed retrofit. For example: single 

or multiple buildings or a block of multiple units. All inputs must match the specified scale.  

7. References 
C. Lowe and A. Ponce. (2009). UNEP - FI / SBCI's Financial & Sustainability Metrics Report. Available: 

http://www.unepfi.org/fileadmin/documents/metrics_report_01.pdf 

D. Kehily. (2011). Life Cycle Cost Guidance Notes. Available: 

http://arrow.dit.ie/cgi/viewcontent.cgi?article=1002&context=beschrecrep 

D. Coyle. (2015). A Life Cycle Cost Analysis of an Irish Dwelling Retrofitted to Passive House Standard: Can 

Passive House Become a Cost-Optimal Low-Energy Retrofit Standard? Available: 

http://www.dit.ie/media/built/documents/architecture/springboard2015/nZEB15 Session 2 05 Daniel 

Coyle.pdf 

A. Audenaert, S. H. De Cleyn, and B. Vankerckhove, "Economic analysis of passive houses and low-energy 

houses compared with standard houses," Energy Policy, vol. 36, pp. 47-55, 1// 2008. 

C. Reinhart, "Managing Building Energy Efficiency at the Neighborhood/Campus Level," ed, 2014. 

R. Galvin and M. Sunikka-Blank, "Including fuel price elasticity of demand in net present value and payback 

time calculations of thermal retrofits: Case study of German dwellings," Energy and Buildings, vol. 50, pp. 

219--228, 2012. 
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ANNEX II – ENERGY NETWORKS INDICATORS 
 

The below report has been developed by JER and REGENERA in the early stages of the KPI development 

process, and is included below to offer new ideas for energy networks analysis, suggesting future research 

paths to develop the more innovative methods proposed. One of these KPI, Flexible Energy Capacity, was 

developed further and is presented at the end of this Annex. 

1. Introduction 
JER checked the KPIs from the EU-project REEMAIN for suitable KPIs that could be adopted in the 

NewTREND project. The result of the research is that none of them could be transferred in NewTREND for 

the use of validating "District synergies/heating potentials". On the other hand the KPI list from the 

FASUDIR project is very detailed and can be carried into NewTREND with about 80%. 

JER and REGENERA decided to define new KPIS for district heating and neighbourhood relations for small 

scale districts up to 12 buildings. The developed KPIs are shown in the table below. The KPIs that are 

marked with a tick are described more detailed in this paper. 

Author Description Mark 

REGENERA 

Share of Energy demand that can be covered by RE (%)  

Surplus of electricity for cooling/heating (kwh)  

Storage capacity available (kW)  

Share of Demand side flexibility (%)  

JER 

Simultaneity factor (GLF) for the heat net  

Heat density of the district 
 

Heat losses of the heat net in the district  

Ratio between the length of the heat net and the building density of 

the district 
 

Possible synergies between a district and the neighbourhood  
 

Efficiency of district heating system (annual working hours)   

Profitability: ratio between turnover and investment  
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2. New KPIs from Regenera for Task 2.2 “District heating and 

neighbourhood relations” 

2.1. First step: Draft of different KPIs 

KPIS FOR EVALUATING DISTRICT ENERGY STATUS 

Share of Energy demand that can be covered by RE (%): Percent of kW demanded that can be met by 

Renewable energy within a district. 

Surplus of electricity for cooling/heating (kWh): oversupply of electricity from PV or wind facilities ready 

to be used for cooling or for heating water. 

Storage capacity available (kW): That could be both for thermal and electrical storage. As heating and 

cooling demand is typically seasonal, storage systems enable heat or cooling production to continue 

through the year, lowering the use of peaking capacity in a system. 

Share of Demand side flexibility (%): The percent of loads that can be shifted or disconnected in order to 

face congestion in the grid due to energy demand peaks. That KPI is more related to smart grids, especially 

for deploying demand response. 

2.2. Second step: Definition of selected KPI 

KPIS ON NEIGHBOURHOOD RELATIONS RELATED TO SMART GRIDS 

As agreed between JER and REGENERA three KPIs will be proposed to identify the current status of a 

building district and to evaluate impacts of retrofit solutions; one related to district heating, another one 

to smart grids and the last one connected with the inclusion of renewable energy sources. 

KPIs proposed by REGENERA: 

There are several parameters bound to evaluate the “smartness” and effectiveness of a smart grid such 

as the power quality (voltage and frequency levels) or the amount of devices and components from the 

grid controlled or monitored. However, from the perspective of possible retrofitting solutions that may 

have a positive impact in the occupants/consumers, it has been selected a concept that measure the 

flexibility of the former ones which is called Demand Side Management. 

That concept can be quantified and characterized by some parameters; flexibility capacity available (kW), 

potential for time shift (minutes) and the share of DSM (%). 
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KPI 1 

POTENTIAL FOR TIME SHIFT 
Definition: Time in which a number of loads can be shifted or disconnected. 

That can be quantified by three aspects; the duration of a demand response event, the maximum number 

of DR signals and the time slots in which a DR signal can be sent during a working day. 

A DR event needs to be delimited by a maximum and minimum time (in minutes) that a number of loads 

within a consumer premises are required to be shifted or disconnected. At the same time the total number 

of interruptions within a day needs to be determined. 

On the other hand, these time slots for load-shifting during a working day are usually set depend on the 

season and have to coincide with energy demand peak times. 

The maximum and minimum time of a demand response event are 10< t <120 minutes. 

SHARE OF DSM 
Definition: The percent of loads that can be shifted or disconnected in order to face congestion in the grid 

due to energy demand peaks. 

That share can be quantified as the power (kW) of the equipment and appliances susceptible to be 

disconnected during a demand response episode over the total power (kW) installed, during a certain 

period of time (it is usually up to two hours). 

The scope of these loads depends on the type of grid, in that case it will be considered the total amount 

from a district of 10-12 buildings. 

The definition of that parameter is explained in the following formula: 

𝐷𝑆𝑀 (%) =
∑ 𝑃𝑓𝑙𝑒𝑥(𝑡𝑚𝑎𝑥)𝑚

𝑖=1

∑ 𝑃𝑡𝑜𝑡
𝑚
𝑖=1

 

Where; 

i; represent a consumer unit (that can be an apartment or the whole building).  
m; is the total consumer units considered in the studied district.  
Ptot; stand for the total nominal power of the whole district.  
Pflex; s the amount of kW that can be disconnected or shifted to another time frame in a consumer unit at 
the maximum time (2 hours). In other words, is the flexibility capacity available in a district. 

It provides an idea of how flexible is a certain number of aggregated loads. That value is about 5%< DSM(%) 

< 20% of an energy demand peak. 

 

 

 

DESIRED AND MINIMUM ACCEPTABLE VALUES WHEN EVALUATING DEMAND RESPONSE POTENTIAL (REGENERA) 
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KPI Class Desired value Minimum acceptable value 

DEMAND SIDE MANAGEMENT (DSM) 

Share of DSM Qualitative 20% of an energy demand peak. 
5% of an energy demand 

peaks during 

Potential for 
time shift 
(before start-
up and during 
operation) 

Qualitative 

One time slot (from 10 AM to 10 PM during 

May-Sep, 6 AM-9 PM in Nov-April). 

Unlimited interruptions. 

Two hours duration of a DR signal 

Two time slots (coincident 

with peak times) 

2 Interruptions. 

15 min< DR signal duration < 

1 hour 

 

All the parameters mentioned before provide a general view of how flexible is certain number of loads (a 

district in that case) and as a consequence how feasible is deploying Demand Response services within it 

(that could be applied in the pre-design phase). Nevertheless, the KPI that is required to evaluate the 

flexibility offered in real time once DR infrastructure has been deployed, is the load reduction provided in 

real time in the consumer unit during a DR event. 

There are two data that an aggregator (or third party) needs to obtain in order to measure and verify the 

load reduction during a demand response event: the consumption from a baseline and the real 

consumption.  

Having that information in real time allows aggregator/ESCOs/energy managers to quantify the flexibility 

offered and then the incentives for the consumers. This activity would mean better and more competitive 

prices for the energy consumed from the grid for all the occupants. 

REDUCED LOAD DURING AN EVENT 
              𝐿𝑜𝑎𝑑 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ) = 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 − 𝐴𝑐𝑡𝑢𝑎𝑙 𝑢𝑠𝑒 

Actual use is the hourly load data monitored in the consumer premises during a day. That is easily 

obtained by connecting the meter to a datalogger or by sending the signal to a certain platform to have a 

record of data consumption. 

On the other hand, Baseline consumption can be obtained by different methodologies [1] 
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REDUCED LOAD DURING A DR EVENT 

Two common techniques for calculating baselines are day matching and regression analysis. Day 

matching attempts to select a baseline day that most accurately matches the DR event day. Regression 

analysis simply involves using statistical regression methods to create a model. 

Day Matching 

Day matching consists in taking a short historical time period (which can be anywhere from one week to 

sixty days in length) and attempting to match what the usage for an event day would have been based on 

the usage during the historical period chosen. This usually involves choosing a subset of days from the 

historical period and averaging them, often with an adjustment for the current day’s conditions applied 

to the calculated baseline. For example, if the DR event day occurs on a weekday, hourly data from 

weekdays are used in the calculation of the baseline. The following approaches are examples of specific 

uses of day matching. 

 Previous Days Approach  

This approach calculates a baseline for a DR event day by averaging hourly load data using a subset 

of days from a historical period. This results in a baseline load curve of average 

hourly values calculated from a customer’s previous actual use. In the figure below, three equivalent 

days prior to the DR event day are selected to be averaged together to create a baseline. 
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EXAMPLE PREVIOUS DAYS APPROACH, DAY MATCHING METHODOLOGY 

 Average Daily Energy Usage Approach. 

This approach uses daily energy (the sum of the 24 hourly energy values for a day) to choose which 

days are included in the baseline calculation. Suitable days are selected based on their daily energy 

being comparable (75% or greater) to the daily energy of a selected day, prior to the DR event day.  

The selected day is chosen because; a), it is the most recent non DR event day and, b) it is the same 

type of day as the DR event day. Additionally, a daily energy ratio is calculated by comparing the daily 

energy of the suitable days to the daily energy of the selected day prior to the DR event. In the 

following example, the baseline is created by averaging the five highest ratio daily energy days. 

 

EXAMPLE AVERAGE DAILY ENEGY USAGE PPROACH, DAY MATCHING METHODOLOGY: DAILY ENERGY RATIOS 
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EXAMPLE AVERAGE DAILY ENEGY USAGE PPROACH, DAY MATCHING METHODOLOGY 

 Proxy Day Approach. 

The proxy day approach selects the hourly loads of a single day to represent a customer’s hourly loads 

on a DR event day. A proxy day is one that has the same characteristics as a DR event day. 

Characteristics typically used to select a proxy day include maximum temperature, day‐of‐week, 

weekday vs. weekend, etc.  

Baseline Adjustment 

An adjustment to the calculated baseline might be needed to factor in the weather effects on a 

customer’s load on the DR event day. This adjustment consists of determining the difference between the 

calculated baseline and the actual customer load during the ramp period of the DR event day (Figure 5). 

The adjustment value is mathematically determined and applied to the calculated baseline during the 

hours of the deployment period of the DR event. 

EXAMPLE OF BASELINE ADJUSTMENT BASED ON OUTDOOR TEMPERATURE 

Regression Methods 



 

  

Deliverable D2.2 

Definition of sustainable Key Performance Indicators  

 

V. 5.2, 28/7/2016 

Delivered 

 

NewTREND – GA no. 680474. Deliverable D2.2   Page 101 of 110 

Another methodology is to use regression methods to create a model to represent the customer’s load 

shape on an event day. The development of the baseline could be accomplished in two ways. The first is 

to include only non‐event day data for an individual customer, and the other is to use a pooled data series. 

 Individual Customer Regression Baseline (both when interval metering data is available or not) 

 Pooled Baseline Regression Analysis (when interval metering data is not available and there are lots 

of consumers engaged) 

For mass market programs, interval data may not be available for most customers. To develop a 

baseline for this type of situation, a random sample of program participants must be recruited, 

metering installed, and the data for the sample is used to represent the population. A model is then 

specified that includes metering data for each metered customer and data for event and non‐event 

days. 

 

Below there is a table bound to compare methodologies described above which identifies advantages and 

disadvantages for each one. 

 

 

COMPARISON AMONG ALL THE METHODOLOGIES DESCRIBED 
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3. New KPIs from JER for Task 2.2 “District heating and 

neighbourhood relations” 

KPI 2 

SIMULTANEITY FACTOR FOR HEATING GRID 
The first KPI approach is to define a simultaneity factor (GLF) for a possible heating grid. The definition 

of the factor is explained in equation 1. 

GLF =
∑ Pi(tMAX)m

i=1

∑ PN,i
m
i=1

 

Equation (1): Definition of simultaneity 

Where; 

Pi(tMAX) defines the heat load in kW of consumer station i at time tMAX at the maximum heat load of the 

investigated consumer group. 

PN,i stands for the nominal heat load in kW of consumer i. m is the number of consumers in the 

investigated group is [2]. 

 

The threshold of the GLF defines a range of about 0,47 < GLF < 1. 

The lower the GLF, the lower is the maximum load of the heat network, because it will be multiplied with 

the peak load of the district. This depends on the number of consumers in the district. The value 1 is 

therefore one consumer, which represents the maximum heat load at one time. Relating to the maximum 

number of 10-12 buildings it is also important to consider the type of buildings. There is a discrepancy 

between 12 single family houses and 12 buildings with 1.000 dwellings each. The number of heat 

consumers has a high effect on the GLF. If the district is limited to a maximum number of consumers and 

a special type of buildings for the NewTREND project, then the equation can be adjusted to those 

numbers. 

The simultaneity factor helps to define the dimensioning of heat supply and give information about the 

applicability of the planned system and the heat network. 
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KPI 3 

HEAT DENSITY OF THE DISTRICT 
Another approach is the rating of the heat density of the district. Therefore the building density in the 

observed district is important. At a low building density the length of the heat net is normally longer than 

in a high building density district. The length is one criterion that affects the heat density of a district. The 

other one is the total annual amount of heat demand.  

Heat desity [
MWh

(a × mheat net
] =

[
MWh

a
]

mheat net
 

Equation (2): Heat density 

The ratio of the total heat demand and the length of piping for a possible heating grid describe the heat 

density. A heat density threshold for the potential of heating grids is set to 1.5 MWh/ (m *a). This value 

describes the lower limit. Below this value the implementation of a district heating network is not feasible. 

The KPI is a constant persistent value that can be proofed to optimise the heat net. But the main use of 

this KPI is to help in the decision process for a heat net in a retrofitted district. The KPI can be extended 

with costs of the heat net with data from ground quality, possibility of the implementation, etc. 

 

FIGURE 7: SCHEME FOR THE ESTIMATION OF THE HEAT DENSITY 
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3.1. Ideas for further validating KPIs 

The following KPIs are just ideas to give a statement about the evaluation of the district after the 

retrofitting. 

KPI 4 

HEAT LOSSES OF THE HEAT NET 
This KPI defines the heat losses of the heat net in the district. This KPI could be used for validating the 

efficiency of heating network by monitoring in the phase of usage. The heat loss of the heat net is given 

in kW, while the other reference value is the sum of the useable area of the attached dwellings or office 

in m². Those two values are easy to get, and give a measurement of the amount of energy that is lost by 

the distribution.    

Heat network losses =
Heat losses [kW]

useable area of the district buildings [m2]
= Heat losses in kW per m²usable 

 

KPI 5 

RATIO OF HEAT NET AND DISTRICT DENSITY 

 

SCHEME OF TWO DIFFERENT TYPES OF HEAT NETS AND THE DENSITY OF CONECTED BUILDINGS 

This KPI attend to the ratio between the length of the heat net and the building density of the district.  

𝑙𝑒𝑛𝑔𝑡ℎℎ𝑒𝑎𝑡 𝑛𝑒𝑡 [𝑚]

𝑏𝑢𝑖𝑙𝑖𝑛𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡
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The density of the district can be defined by the ratio of the total living space area to the total area of the 

district or the building density factor on the district/town plan. 

𝑏𝑢𝑖𝑙𝑖𝑛𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 =
𝑡𝑜𝑡𝑎𝑙 𝑙𝑖𝑣𝑖𝑛𝑔 𝑠𝑝𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 [𝑚2]

𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 𝑎𝑟𝑒𝑎 [𝑚2]
 

By this KPI the quality of the planning and eventually potentials of the heat net for further development 

can be rated. 

KPI 6  

SYNERGIES BETWEEN DISTRICT AND NEIGHBOURHOOD 
The possible synergies between a district and the neighbourhood are manifold. It needs to define which 

kinds of relations are considered more detailed (industry, office, agriculture, or similar). 

 

SCHEME OF A POSSIBLE NEIGHBOURHOOD RELATION OF A HEAT NET 

One approach could be to rate different neighbourhood situations by the influence of the heat net and 

how they increase the efficiency of the heat net (duration per year, lowering of the recirculation 

temperature, etc.). Another approach is to validate different heat sources or renewable fuel producing 

processes. 
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KPI 7 

EFFICIENCY OF DISTRICT HEATING 
The efficiency of a district heating system including heat supply and distribution over the period of a year 

(annual working hours) strongly depends on a wide range of factors. The efficiency of heating systems 

through the seasons of a year is rather variable. Through winter there is a great heat demand and absolute 

heat losses are on their peak, due to a maximum temperature differences between supply temperature 

for heating fluid and the ambient temperature. In relative terms, however, heat losses of a heating 

network are significantly higher through the months of low heating months (spring/summer/autumn). 

Therefore variable seasonal efficiencies for heating networks can be rated. The idea is to enhance KPI 4 

by considering also seasonal effects of the location as well as differing heating capacities throughout the 

period of a year. The following shows possible analyses for seasonal part-efficiencies: 

 

For e.g.: 

Summer:  0.30 ≤  𝜂𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 ≤ 0.60 

Spring/autumn 0.60 ≤  𝜂𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 ≤ 0.85 

Winter:   0.85 ≤  𝜂𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 < 1 

 

KPI 8 

PROFITABILITY: RATIO BETWEEN TURNOVER AND INVESTMENT 
This KPI is only rough formulated and is only an approach to assess the costs of a district heating system. 

There are a lot of other ways to consider the profitability or amortisation. A discussion about this KPI will 

be helpful.   

 

3.2. References  

[1] CAISO Demand Response Resource User Guide, Guide to Participation in MRTU (2007), 

ISO New England Manual for Measurement and Verification of Demand Reduction Value from Demand 

resource (2007), NYISO Day‐Ahead Demand Response Program Manual (2003), Amended and Restated 

Operating Agreement of PJM Interconnection, L.L.C, See AEIC Load Research Manual, Second Edition. 

[2] Winter, W., Haslauer, T., Obernberger, I. (2001). Untersuchungen der Gleichzeitigkeit in kleinen und 

mittleren Nahwärmenetzen. Institut für Grundlagen der Verfahrenstechnik und Anlagentechnik, 

Technische Universität Graz, Österreich. 
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FLEXIBLE ENERGY CAPACITY 
BUILDING  

DISTRICT 

Flexible energy capacity [%, kWh] ENV 

1. Objective 
Demand management and its optimization through energy resources (such as storage systems) is an 

important part of smart grids, given their vast potential in helping reduce peak load and matching demand 

with supply.  

Energy retrofitting actions can definitely influence the capability to cover energy peaks providing “flexible 

energy” within prosumer premises, considering the district as a whole energy system. 

The objective of this document is therefore to define a KPI to evaluate the flexible energy capacity of 

consumers/prosumers within a building or district, considering diverse technologies that directly affect to 

it and will be simulated in the Simulation Hub.  

2. Assessment Methodology 
The methodology to measure that capacity result in a percent of the peak load that can be covered 

through energy resources within a building/district, such as own renewable energy production, storage 

technologies and energy flows among buildings (surplus of energy production). 

That KPI can be quantified on both building and district level, depending on the aggregation of resources 

and consumption loads. 

Regarding the KPI calculation in the three modes, the methodology will be the same in each one. What 

will be different is the accuracy of the results. In the case of the basic mode, default data of energy 

production and consumption will be considered. However in the premium mode, complex models will be 

developed. 

3. Basic/Advanced/Premium mode 
As mentioned before, the KPI “Flexible energy capacity” responds to the percent of loads that can be 

absorbed within a building premises in order to face a congestion in the grid due to energy demand peaks. 

This share can be quantified as the storage capacity (both thermal and electric) plus the overproduction 

coming from nearby buildings (shifted load) over the energy consumed in peak load hours. The energy 

stored plus the shifted load is called “Potential capacity” and provide an estimation of how much kWhs 

can be supplied during an energy peak. 

3.1. Data requirement 

INFORMATION/ATTRIBUTE      UNIT 
HOURLY ENERGY STORED        kWh 
TOTAL SHIFTED LOAD (OVERPRODUCTION)        kWh 

HOURLY ENERGY CONSUMED (DEMAND)       kWh 
HOURLY ENERGY PRODUCED        kWh 
MAXIMUM STORAGE CAPACITY       kWh 
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 Hourly demand is the total hourly consumption of aggregated loads within the building and/or 

district. 

 Hourly energy produced is the aggregated hourly generation from all energy supply facilities in 

the buildings/district at hand. 

 Maximum storage capacity is the sum of all capacities installed in the building or district. 

 Total shifted load is the surplus of energy production coming from nearby buildings or districts 

during peak load hours. 

3.2. Calculation method 

The specific formula to be used in the KPI calculation will be a share, resulting of the division between the 

potential capacity and the energy demand during peak hours.  

The potential capacity is the sum of the energy stored in the previous hours (overproduction) and the 

surplus of energy coming from close buildings, which is called in that document “shifted load”. The hourly 

energy stored will be limited by the maximum capacity of the storage system. 

As for the scope, that KPI can be applied to a group of aggregated resources (consumption, supply and 

storage) regardless if it is one building or a group of them. In order to make it clear in the formula, it has 

been considered all the parameters for one building and the energy flows from buildings next to it within 

a district. 

   𝐸𝑓𝑙𝑒𝑥  (%) =  
𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

∑ 𝐸𝑑𝑒𝑚𝑎𝑛𝑑
𝑚
𝑖

 × 100   

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑚𝑎𝑥(kWh) =  ∑ 𝐸𝑠𝑡𝑜𝑟𝑒𝑑 +

𝑚−1

0

𝑆ℎ𝑖𝑓𝑡𝑒𝑑 𝑙𝑜𝑎𝑑 

𝑚 = 23 Hours 

𝑖 = 12 Hours 

𝐸𝑠𝑡𝑜𝑟𝑒𝑑(kWh) = ∑ 𝐸𝑝𝑟𝑜𝑑

24

𝑖=0

− ∑ 𝐸𝑑𝑒𝑚𝑎𝑛𝑑

24

𝑖=0

 

𝑖𝑓 ( ∑ 𝐸𝑝𝑟𝑜𝑑

24

𝑖=0

− ∑ 𝐸𝑑𝑒𝑚𝑎𝑛𝑑

24

𝑖=0

 ) ≥ 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑚𝑎𝑥 → 𝐸𝑠𝑡𝑜𝑟𝑒𝑑 = 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑚𝑎𝑥 

𝑖𝑓 ( ∑ 𝐸𝑝𝑟𝑜𝑑

24

𝑖=0

− ∑ 𝐸𝑑𝑒𝑚𝑎𝑛𝑑

24

𝑖=0

 ) < 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑚𝑎𝑥 → 𝐸𝑠𝑡𝑜𝑟𝑒𝑑 = ∑ 𝐸𝑝𝑟𝑜𝑑

24

𝑖=0

− ∑ 𝐸𝑑𝑒𝑚𝑎𝑛𝑑

24

𝑖=0

 

** The type of equation ∑ or ∫ will depend on the data available, if it is hourly default data or a complex 

model. 

Peak demand hours 
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Where; 

 𝐸𝑓𝑙𝑒𝑥  (%) is a share of flexible energy capacity available in a building considering energy synergies 

within the district. 

 𝐸𝑝𝑟𝑜𝑑 is the hourly energy produced within a building from energy supply facilities and the energy 

consumed from the grid during off peak hours (to be further developed in task 2.3).   

 ∑ 𝐸𝑑𝑒𝑚𝑎𝑛𝑑
𝑚
𝑖  is the hourly energy consumed in the prosumer/consumer premises in peak load 

hours, being “i” and “m” the limit hours in which peak demand could occur. 

** In Spanish tariffs peak demand hours are from 12 to 24:00 hours. 

𝑆ℎ𝑖𝑓𝑡𝑒𝑑 𝑙𝑜𝑎𝑑 is the overproduction from a nearby building that cannot be stored, and therefore can be 

consumed by the building at hand (the expression will be further developed in task 2.3). 

𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑚𝑎𝑥 is the maximum capacity of the storage systems installed in the building. 

3.3. Benchmarks 

Values of peak shaving through storage systems ranges from 10% to 30% of energy demand peak 

according to current practice. Storing energy during overproduction and off peak times (low energy price) 

result in the best way to reduce energy demand peaks, obtaining cost savings and in some cases incentives 

(Demand Response programs).  If energy flows coming from other buildings are considered that share 

could be increased.  

At the same time, the more aggregated loads within a district the highest share is achievable. 
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ANNEX III – FINANCIAL AND ORGANISATIONAL INDICATORS 
 

The metrics presented below were initially collected within T2.4 and are presented here for informational 

purposes only, as a possible expansion of the assessment framework beyond the NewTREND project. 

These metrics are specific for non-residential buildings and their trends can be analysed in conjunction 

with comfort indicators to identify localised discomfort areas leading to lowered productivity and health 

incidents. 

ABSENTEEISM  
 Number of days (or hours) of absence due to illness annually per division/department/team 

 Number of days (or hours) of absence due to illness annually per building/building zone 

 Number of days (or hours) of absence due to illness annually per employee 

STAFF TURNOVER  
 Percentage of regular, full time employees leaving employment in a given year per 

division/department/team 

 Percentage of regular, full time employees leaving employment in a given year per 

building/building zone 

REVENUE BREAKDOWN 
 Revenue per division/department/team 

 Revenue per building/building zone 

 Revenue per employee 

MEDICAL COMPLAINTS & PRIVATE MEDICAL COSTS  
 Incidents of reported/documented medical complaints resulting from the physical work 

environment or work activity per division/department/team 

 Incidents of reported/documented medical complaints resulting from the physical work 

environment or work activity per building/building zone 

 Expenses associated with providing medical insurance or medical care to employees annually per 

division/department/team 

 Expenses associated with providing medical insurance or medical care to employees annually per 

building/building zone 

PHYSICAL COMPLAINTS 
 Number and type of complaints of physical discomfort associated with the work environment 

(e.g. temperature, glare, noise) per division/department/team 

 Number and type of complaints of physical discomfort associated with the work environment 

(e.g. temperature, glare, noise) per building/building zone 

 Number and type of complaints of physical discomfort associated with the work environment 

(e.g. temperature, glare, noise) per employee 


