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Executive Summary 

This deliverable is an outcome of Task 2.4 Analysis of cost and economic indicators for EPCs which had 
a goal to deliver financial indicators for the next generation EPCs. The aim of the developed set of 
indicators in the project is to increase user awareness by providing additional information and enhance 
the user-friendliness of EPCs. 

An initial overview of the state-of-the-art was performed through a literature review, where existing 
standards, regulations, and schemes were examined. Based on that the methodology was built. The 
purpose was to provide users with a real-time image of the monetized performance of the building by 
comparing the design phase with the operational phase and including the future values. Such 
comparison will allow users to allocate the performance of their building. Financial indicators will not 
impact the energy class of the building but will be presented as additional information for the user. 
The outcome of this task, presented in this document, is the guideline for extracting required data 
concerning the financial indicators and providing instructions for the calculation. 

The calculation process was first thoroughly described including the extraction of the required data 
from the IFC and required inputs from the user and then put into practice using the demonstration 
case of Frederic University. Data examination of the measurements provided an insight into the 
structure of data and served as a basis for methodology modifications. Due to lack of available data 
(the measurements started only recently) the example of the KPI calculation was introduced using 
made-up whole-year values. Next, the predicted values and expected costs for building systems were 
ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ǳǎŜǊΩǎ ƛƴǇǳǘΦ 

Finally, the results were graphically presented. Such representation will allow users to better 
understand their energy performance and plan their future expenses for building systems. 

Financial indicators for next generation EPCs show monetary values of actual data consumption, 
compared to existing EPCs where financial indications are based on the design values and assumptions. 
Following the development of the project, the second part of the task, which will take place in from 
month 34 to month 36 of the project, will improve the existing approach and test the methodology on 
a real-life example. 
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  Introduction 
D^2EPC aspires to deliver the next generation of dynamic EPCs for the operational and regular 
ŀǎǎŜǎǎƳŜƴǘ ƻŦ ōǳƛƭŘƛƴƎǎΩ ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ ǘƘǊƻǳƎƘ ŀ ǎŜǘ ƻŦ ŎǳǘǘƛƴƎ-edge digital design and 
monitoring tools and services. D^2EPC relies upon and adjusts accordingly to the Smart- Readiness 
level of the buildings and the corresponding data collection infrastructure and management systems. 
Lǘ ǎǳōǎŜǉǳŜƴǘƭȅ ōǳƛƭŘǎ ǳǇƻƴ ŀŎǘǳŀƭ Řŀǘŀ ŀƴŘ ǘƘŜ ά5ƛƎƛǘŀƭ ¢ǿƛƴέ ŎƻƴŎŜǇǘ ǘƻ ŎŀƭŎǳƭŀǘŜ ŜƴŜǊƎȅΣ 
environmental, financial, and human comfort indicators and through them resulting in the final EPC 
classification of the building in question. 

1.1 Scope and objectives of the deliverable 

This document ƛǎ ŘŜŦƛƴŜŘ ǿƛǘƘƛƴ ǘŀǎƪ нΦп ά!ƴŀƭȅǎƛǎ ƻŦ Ŏƻǎǘ ŀƴŘ ŜŎƻƴƻƳƛŎ ƛƴŘƛŎŀǘƻǊǎ ŦƻǊ 9t/ǎέΦ ¢ƘŜ Ǝƻŀƭ 
of T2.4 is to establish simplified financial indicators which will enhance the user-friendliness of the 
building energy performance certificate. This document presents the overall activities conducted 
within T2.4 and provides a set of financial indicators, developed based on the literature review of well-
established standards and schemes. The financial Key Performance Indicators (KPIs) enable the 
interpretation of the individual elements of buildingsΩ energy performance into monetary normalised 
values and employment of EPCs for the financial assessment of building upgrade measures. 

This document represents the first version and will be upgraded and modified based on the received 
feedback and the development throughout the project. The second version of the document is 
expected in month 36 of the project. 

1.2 Structure of the deliverable 

The structure of this document follows the steps and progress throughout the work done under the 
T2.4. It starts with the literature review in Chapter 2 which provides an overview of the existing 
methods, standards, schemes, and calculations of financial indicators. In Chapter 3 the methodology 
of the financial KPIs for D^2EPC is presented with the definition, the integration into D^2EPC and the 
calculation itself. The development of guidelines for D^2EPC integration based on an example is shown 
in Chapter 4. Finally, in Chapter 5, the overall work is concluded with a short discussion and summary 
of the results.  

1.3 Relation to Other Tasks and Deliverables 

.ŜƛƴƎ ŀ ǇŀǊǘ ƻŦ ǘƘŜ ǿƻǊƪ ǇŀŎƪŀƎŜ н ά5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ hǇŜǊŀǘƛƻƴŀƭ CǊŀƳŜǿƻǊƪ ŦƻǊ Ř9t/ {ŎƘŜƳŜǎέΣ 
this task and document ƘŀǾŜ ŀ ǎǘǊƻƴƎ ǊŜƭŀǘƛƻƴ ǘƻ ¢нΦр ά5ϣн9t/ LƴŦƻǊƳŀǘƛƻƴ aƻŘŜƭέΦ ¢нΦпΣ ǘƻƎŜǘƘŜǊ 
with other tasks in this WP provide valuable input for the development of the information model which 
integrate all the newly developed KPIs in a uniform way and thus enrich the current 
standards/protocols for issuing the EPCs.  

Additionally, the outcomes of this task will contribute to T5.1, where methodology will be delivered 
elaborating all parameters and aspects of the D^2EPC scheme. A technical manual addressed to EPC 
assessors will include the theoretical background, the methodology and the calculation steps of the 
D^2EPC scheme. 
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  Literature review 
The first step towards the definition of the financial indicators was an extensive literature review of 
existing standards, regulations, schemes etc. The study included: 

- IEA EBC Annex 56: Cost-Effective Energy & CO2 Emissions Optimization in Building Renovation 
- ISO 15686-5: Buildings and constructed assets ς Service life planning ς Part 5: Life-cycle costing 
- EN 15643-4: Sustainability of construction works ς Assessment of buildings 
- EN 16627:2015: Sustainability of construction works - Assessment of economic performance 

of buildings - Calculation methods 
- 5мΦоΥ !ǎǇŜŎǘǎ ƻŦ bŜȄǘ DŜƴŜǊŀǘƛƻƴ 9t/Ωs definition 
- Level(s) scheme 

Each document is further described in the following sections, highlighting the aspects, relevant to the 
definition of the financial indicators in the scope of the D^2EPC project. 

2.1 IEA EBC Annex 56 

The International Energy Agency (IEA) was established within the framework of the Organisation for 
Economic Co-operation and Development (OECD) to implement an international energy programme. 
Their aim is to increase energy security through energy research, development, and demonstration in 
the fields of technologies for energy efficiency and renewable energy sources. The IEA coordinates 
research and development in a number of areas related to energy. The mission of the Energy in 
Buildings and Communities (EBC) Programme is to develop and facilitate the integration of 
technologies and processes for energy efficiency and conservation into healthy, low emission, and 
sustainable buildings and communities, through innovation and research. The projects are established 
ŀǎ !ƴƴŜȄŜǎΣ ǿƘŜǊŜ !ƴƴŜȄ рс ƛǎ ǊŜƭŀǘŜŘ ǘƻ ά/ƻǎǘ-Effective Energy & CO2 Emissions Optimization in 
.ǳƛƭŘƛƴƎ wŜƴƻǾŀǘƛƻƴέ [1]. 

The document presents a set of recommendations providing guidance for professionals and 
homeowners for the cost-effective optimization of the building renovation process. It also provides a 
framework to understand the relationship between cost-effective building renovation, energy savings 
and the use of renewable energy sources, remarking the added value achieved by the interventions. 
The proposed methodology is focused on the promotion of nearly-zero energy or nearly-zero emission 
levels in the renovation of the existing building stock. The report clearly supports the development of 
a long-term life cycle cost assessment in order to determine how far it is favourable to go in the 
improvement of the building. It is identified that the aspect that still has the most influence in the 
decision-making process of the homeowners is the initial costs since reaching energy performance 
near the zero-energy level presents very high initial costs. However, it can be proved that these 
investments can be economically attractive in the long term, and present additional benefits that 
ƛƳǇǊƻǾŜ ǘƘŜ ōǳƛƭŘƛƴƎ ǉǳŀƭƛǘȅ ŀƴŘ ǳǎŜǊǎΩ ǿŜƭƭ-being [1]. 

2.2 ISO 15686-5 

ISO 15686-5:2017 Buildings and constructed assets ς Service life planning ς Part 5: Life-cycle costing is 
an international standard that provides requirements and guidelines for performing Life-cycle cost 
analysis of buildings and constructed assets [2]. 

Life-cycle costing (LCC) is a methodology for the economic evaluation of a cost of an asset over a period 
of analysis. Such analysis is used for decision-making and evaluation processes through a comparison 
between alternatives and evaluation of different investment scenarios or through estimation of future 
costs for budgetary purposes and evaluation of the acceptability of an investment. It can be used for 
new assets or major refurbishments and planning the future use of existing assets. Costs that should 
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be included in the LCC are construction, operation, maintenance, and end-of-life costs. The typical 
scope of costs for each category is shown in Figure 1. Due to the uncertainty of the future, the cost 
should be expressed in real values and not in the value in the future (nominal cost). The design life of 
the constructed asset and the time profile of when the cost occurs or reoccurs should be determined 
as well. Cost values can be derived from a direct estimation of known costs, historical data analysis of 
typical applications (e.g., bills of quantities), models based on expected performance, or best guesses 
of future trends in technology, market, and application [2]. 

 

Figure 1. Typical scope of LCC costs [2] 

LCC analysis can be performed during different stages of the life cycle of the construction asset, namely 
in the project investment and planning phase, the design and construction phase, the occupation 
phase or the disposal phase. Based on the level of available information, the LCC analysis can be 
performed at a coarse level, using benchmarking figures or at a detailed level, using specific estimates 
or predictions. The benchmark analysis can be based on the functional unit or total area of the asset, 
while detailed analysis shall be based on the proposed design detailing and a quantum of individual 
elements. The LCC calculation requires some assumptions about the future, such as discount rates, the 
period of analysis and information about the service life or maintenance, repair and replacement cycles 
or costs. The range of uncertainty and risks regarding the LCC analysis can be assessed using the Monte 
Carlo method or the sensitivity analysis [2].  
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To compare different alternatives over a defined period of time, the present value should be used, 
which represents the present monetary sum that should be allocated for future expenditures on an 
asset. It is calculated by discounting future cash flows to the base date. There are two types of cost 
that should be distinguished in the calculation process: 

- Real cost: cost expressed as a value at the base date, including estimated changes in price due 
to forecast changes in efficiency and technology, but excluding general price inflation or 
deflation. 

- Nominal cost: expected price that will be paid when a cost is due to be paid, including 
estimated changes in price due to, for example, forecast change in efficiency, inflation or 
deflation and technology. 

The net present value (NPV) is a single figure that can be used to compare different alternatives for 
informed decision-making [2]. 

 ὔὖὠ Вὅὲ ή В  (1) 

Where 
- Cn is the cost in year n 
- q is the discount factor 
- d is the expected real discount rate per annum 
- n is the number of years between the base date and the occurrence of the cost 
- p is the period of analysis 

 

Other measures that can be used to compare alternatives and evaluate different investment scenarios 
in life-cycle costing are: 

- Payback period ς the time it takes to cover investment costs. It is calculated as the number of 
years elapsed between the initial investment, its subsequent operating costs, and the time at 
which cumulative savings offset the investment. 

- Net Savings (NS) ς the value of operating-related savings minus the value of additional 
investment costs. When assessing the viability of alternatives, the new savings is the difference 
between the LCC of the two alternatives. 

- Savings-to-investment ratio (SIR) ς the ratio of savings and cost, a dimensionless measure. 
- (Adjusted) internal rate of return (IRR or AIRR) ς the compound rate of interest that, when 

used to discount the cost and benefits over the period of analysis, makes costs equal to 
benefits when cash flows are reinvested at a specified interest rate. 

- Annual cost (AC) or annual equivalent value (AEV) ς a uniform annual amount equivalent to 
the project net costs, taking into account the time value of money throughout the period of 
analysis. 

- Return on Investment (ROI) ς the ratio between net income and investment [2]. 

 

Some of the mentioned measures are graphically presented in Figure 2. 
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Figure 2. Measures of comparison [2] 

2.3 EN 15643 

To assure quality, safety, and sustainability, construction projects all over the world rely on industry-
driven standards and guidelines [3]. The European Standard Sustainability of construction works ς 
Assessment of buildings (EN 15643:2021) was developed by CEN/TC 350 άSustainability of construction 
worksέ, which was established to promote more sustainable construction techniques [4]. It was 
published in 2021 based on 5 previous framework standards. 

This standard is part of a set of documents developed under the Mandate M/350, issued by the 
European Commission, to assess the sustainability of buildings based on three pillars: environmental, 
social and economic.  

EN 15643 constitutes the framework for sustainability assessment of buildings, illustrated in 
άŦǊŀƳŜǿƻǊƪ ƭŜǾŜƭέ in Figure 3. This standard provides principles and requirements for sustainability 
assessment of built assets, including definitions and the relation between the different levels. 
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Figure 3. The work program of CEN/TC 350 [4] 

The objective of CEN/TC 350 set of standards is the assessment at works level (i.e., the building or a 
civil engineering work). They are used to assess the impacts and aspects of the building and its site or 
the civil engineering works in its area of influence, as well as enable the client, user, and designer to 
make decisions and choices that will help to address the need for sustainability of buildings or civil 
engineering works.  

The results of a sustainability assessment of the building provide values for the different types of 
indicators and information on the scenarios and building cycle stages included in the assessment. 
Assessment at the building level means that the descriptive model of the building with the major 
ǘŜŎƘƴƛŎŀƭ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ Ƙŀǎ ōŜŜƴ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ŎƭƛŜƴǘΩǎ ōǊƛŜŦ ƻǊ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴǎΦ 
Assessments can be undertaken for the whole building, parts of the building, which can be used 
separately or elements of the building. 

The third level is the product level, mainly the Environmental Product Declarations according to EN 
15804. 

 
The European Standard EN 15643:2021 provides a system for the sustainability assessment by 
quantifying impacts and aspects for the economic performance of buildings using quantitative and 
qualitative indicators. It was released in 2021 and provides specific principles and requirements for the 
assessment of the economic performance of buildings taking into account the technical characteristics 
ŀƴŘ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ŀ ōǳƛƭŘƛƴƎΦ ! ōǳƛƭŘƛƴƎΩǎ ŜŎƻƴƻƳƛŎ ǇŜǊŦƻǊƳŀƴŎŜ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ŎƻǎǘǎΣ ǘƘŜ 
external costs, and benefits, as well as the impacts on economic value and long-term value stability of 
the asset. To ensure transparency and a consistent flow of information, the indicators avoid double 
counting of the same economic area of concern and the results of individual indicators from the 
product level to the construction works level to be possible to aggregate. 
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2.4 EN 16627:2015 

The European Standard Sustainability of construction works - Assessment of economic performance of 
buildings - Calculation methods (EN 16627:2015) applies as a complement of the European Standard 
EN 15643-4:2012 (superseded by EN 15643:2021) and provides calculation rules for assessing the 
economic performance of new and existing buildings as one part of an assessment of the sustainability 
of a building. The two approaches to calculating economic performance described in this European 
Standard are concerning the LCC and the Life Cycle Economic Balance. The LCC consists of the 
economic performance expressed in cost terms over the life cycle, taking account of negative costs 
related to energy exports and from reuse and recycling parts of the building its life cycle and at the 
end of life. Calculation of this indicator is mandatory for compliance with the standard. The Life Cycle 
Economic Balance consists of LCC and incomes over the life cycle and at the end of life. The calculation 
of economic indicators uses a building model and its life cycle with the associated time and financial 
cost. The stages illustrated in Figure 4 should be followed in order to carry out and complete the 
calculations necessary for the assessment of the economic performance of buildings. This helps ensure 
that the essential information is gathered and processed in accordance with the requirements of this 
European Standard. 
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Figure 4. Flowchart of the process for the calculation of the economic performance [5] 

*White boxes are optional 

** The clauses numbered in the right column explain in more detail each stage specified in the central column 

2.5 D1.3 !ǎǇŜŎǘǎ ƻŦ bŜȄǘ DŜƴŜǊŀǘƛƻƴ 9t/Ωǎ ŘŜŦƛƴƛǘƛƻƴ 

EU targets for the next-generation energy performance certificates to evaluate buildings in a holistic 
and cost-effective methodology considering building envelope performances, system performances 
and smart readiness. It is expected that the assessment methods will consider output measures of 
performance (actual measured data) making use of an available and increasing number of building 
energy-related data from sensors, smart meters, and connected devices. The next generation EPCs 
should improve the effectiveness of certificates within a framework that aids compliance checking and 
the effectiveness of financial support [10]. The next-generation EPCs developed under the project 
platform aim to transform within time current EPCs into dynamic, user-friendly, reliable, cost-effective 
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and sustainability-informative tools ŦƻǊ ŘƛŦŦŜǊŜƴǘ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƎǊƻǳǇǎΥ ōǳƛƭŘƛƴƎ ǳǎŜǊǎΣ ƻŎŎǳǇŀƴǘǎΣ 
owners, building managers, engineers, designers, etc. The dynamic EPCs will monitor the actual 
performance of the building and, at the same time, introduce intelligent financial schemes associated 
with output-based assessment. 

D^2EPC project proposes additional indicators that display the environmental performance of 
buildings for their introduction in the next-generation EPCs jointly with LCC analysis to implement 
energy efficiency measures. To develop the environmental indicators, LCA methodologies and tools 
will be introduced to the dynamic EPC scheme for the efficient energy design of buildings and enable 
the parameterization of its embodied energy and primary energy demand to be included in dynamic 
EPCs. According to the applicable criteria, LCA helps recognize opportunities to enhance the 
environmental performance of the product or service under review and inform decision-makers to 
select the most efficient environmental instruments. The integration of LCC indicators into the EPC 
allows the use of EPCs for the financial evaluation of energy upgrading measures for buildings. 

Based on the well-established principle of life-cycle costing, a set of financial indicators could be 
developed to allow the individual elements of a building's energy efficiency to be interpreted into 
standardized numerical values. The availability of such indicators may enable EPCs to be used for the 
financial evaluation of energy-saving measures for buildings. Furthermore, it may allow the use of 
information generated by EPCs through energy audit processes, bridging the gap between EPBD's 
energy-related requirements and between energy efficiency. These should develop several strategic 
scenarios and encourage substantiated decision-making based on several indicators, such as financial 
indicators, energy indicators, building element condition, renovation time, and level of comfort, as 
described above. 

According to the policy implication rationale, the D^2EPC project proposes to deliver a framework of 
concepts addressing the required upgrade of standards to integrate the dynamic certification concept 
into existing standards. The project will lead to the transition from the EPC to a systemic instrument 
that recognizes the entire life cycle of a building as a structure and encourages best practices in the 
field of resource performance, which is a core policy concern for the European Union, based on the 
findings of the D^2EPC. In this regard, it is anticipated that the next EPC generation, as proposed by 
the D^2EPC project, will provide guidance and decision-making on issues connected to natural 
resource sustainability. 

2.6 Level(s) scheme 

Level(s) is the most recent European way to assess and report on the sustainability performance of 
buildings across their entire life cycle. The Level(s) framework and its indicators, which are based on 
existing standards, provide a shared identity for sustainable development that can be applied to 
construction projects and portfolios, as well as serve as a foundation for other proposals, regulations, 
strategies, and actions, such as life cycle thinking and circularity. Level(s) provides the fewest number 
of indicators, such as άCost, value and risk indicatorέ, with the greatest potential for long-term 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ Lǘ ǘǊŀŎƪǎ ǇŜǊŦƻǊƳŀƴŎŜ ƻǾŜǊ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ŀ ŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻƧŜŎǘΩǎ Ƴŀƴȅ ǇƘŀǎŜǎ ǘƻ ƻŦŦŜǊ 
ŀ ŎƻƳǇƭŜǘŜ ǾƛŜǿ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƭƛŦŜǎǇŀƴΦ 9ŀŎƘ ƛƴŘƛŎŀǘƻǊ ƛƴ ǘƘŜ [ŜǾŜƭόǎύ ŦǊŀƳŜǿƻǊƪ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ƭƛƴƪ 
the impact of a given particular structure with European sustainability targets, such as (i) the industry, 
innovation and infrastructure development goal which aims to build resilient infrastructure, promote 
sustainable industrialization and foster innovation, or (ii) the partnerships for the goals which target 
to strengthen the means of implementation and revitalize the global partnership for sustainable 
development by broken down into five categories: finance, technology, capacity building, trade and 
systemic issues. 

The ά/ƻǎǘΣ ǾŀƭǳŜΣ ŀƴŘ Ǌƛǎƪ ƛƴŘƛŎŀǘƻǊέ [7] is intended to track and quantify the beneficial impact of 
increased sustainability performance on a property's financial valuation and/or risk rating. It does so 


















































