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Executive Summary

This deliverable is an outcome of Task&nlysis of cost and economic indicators for ER@Gsh had

a goal to deliver finanal indicators for the next generation EPCs. The aim ofdtheslopedset of
indicators in the project is to increase user awareness by providing additional information and enhance
the userfriendliness 6 EPCs.

An initial overview of the statef-the-art was performed through a literature review, wheesisting
standards, regulationsaandschemeswvere examined. Based on that the methodology was built. The
purpose was t@rovide users with a redglme image of the monetized performance of the building
comparing the design phase with the operationathase andincluding the future values. Such
comparisorwill allow users to allocate the performance of their buildiRganciaindicators will not
impact the energy class of the buildibgt will be presented as additional information for the user
The outcome of this taskpresented in thislocument is the guideline for extracting required data
concerning the financial indicators and providing instructions for the calculation.

The calculatin 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 measurementdde\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
madeup wholeyear values. Nexthe predicted values and expected costs for building systems were
OF £ OdzAf F i SR dzaAy3 GKS dzaSNQRa Ay Lldzi o

Finally, the results were graphicaljyresented. Such representation will allow users to better
understand their energy performance and plan their futusgenses 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 dhe project, the second part of the task, which will take plac&éom

month 34to month 36 of the project will improve the existing approach and test the methodology on

a reatlife example.
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1 Introduction

D"2EPC aspires to deliver the next generation of dynamic EPCs fopd¢hational and regular
Fd3aSaayYSyid 2F o0dzAf RAy3aQ Sy SNH-adgeldiyhalF @edgrlaygdS K|
monitoring tools and services. D"2EPC relies upon and adjusts accordingly to the F@aaihess

level of the buildings and the correspding data collection infrastructure and management systems.

LG adzmaSldsSyidte odzif RA dzLl2y | OGdz f REGI FyR {0
environmental, financial, and human comfort indicators and through them resyilt the final EPC

clasdfication of the building in question.

1.1 Scope and objectives of the deliverable

ThisdocumentA & RSTAYSR gAGKAY Gl al wodn a!ylrfteara 2F O:
of T2.4 is to establish simplifidthancialindicators which will enhance the uskrendliness of the

building energy performancecertificate. Thisdocument presents the overall activities conducted

within T2.4 angrovidesa set of financial indicators, developed basexthe literature review ofwell-

established standards and schemes. The financigl Rérformance Indicators (KPIs)enable the
interpretation of the individual elements of buildin@mergy performance into monetary normalised

values and employment of EPCs for the financial assegsmhduilding upgrade measures.

Thisdocumentrepresents the first version and will be upgraded and modified based on the received
feedback andthe development throughout the project. The second version of teeumentis
expected immonth 36 of the project.

1.2 Structure of the deliverable

The structure of thislocumentfollows 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, schemeand calculations of financial indicators. In Chapter 3rttethodology

of the financial KPIs for D*2EPC is presemi#d the definition, the integration into D*2EPC and the
calculation itself Thedevelopment of guidelines for D*2EPC integration basedroexamplés shown

in Chapter 4. Finallyn Chapter 5the overall work is concluded with a short discussion and summary
of the results.

1.3 Relation to Other Tasks and Deliverables

CSAY3 LN 2F GKS 62N] LI O1F 32N 629N SR 92t LOY SydiK
this task anddocumentK @S | a0 NRy3 NBfIGA2Yy (2 ¢HDPp AG5wWHOt
with other tasks in this WP provide valuable input for the development of the information model which
integrate all the newly developeKPIsin 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 scheteehical manual addressed to EPC
assessors will include the theoretical background, the methodology and the calculation steps of the
D"2EPC scheme.

Pagel0




DSEP
H2020 Grant Agreement Number: 892984 2 —I \
Document ID: WR2D2.4

2 Literature review

The first step towards the definition of thnancialindicators was an extensivediature review of
existing standards, regulations, schemes &tee study included:

- |EA EBC Annex SBostEffective Energy & G@missions Optimization in Building Renovation

- 1SO 15686&: Buildings and constructed assetService life planningPart 5:Life-cycle costing

- EN 156431 Sustainability of construction worksAssessment of buildings

- EN 16627:2015: Sustainability of construction werkssessment of economic performance
of buildings- Calculation methods

- 5mMdoY ! 4LISOGA 2 Fsdafifiteni DSy SNI A2y 9t/ Q

- Level(s) scheme

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

2.1 IEA EBANnex 56

The International Energy Agency (IEA) was established within the framework of the Organisation for
Economic Geperation and Development (OECD) to implement an international energy programme.
Their aim is to increase energy security through energy resedestelopment,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 CommunitiesEBC) 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 areskethbl

Fa ' yySESas gKSNB | y-Efedive Energy & GEMIEsionsiGhfnizatian ind / 2 & (
. dZAf RAY3 [WSy208FGA2yE

The documentpresents a set of recommendations providing guidance for professionals and
homeowners for the costffective optimization of the building renovation procelisalso provides a
framework to understand the relationship between castective building renovation, ergy 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 nezelp energy or nearlgero emission

levels in the renovation of the existing build stock. The report clearly supports the development of

a longterm 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 influenteein
decisionmaking process of the homeowners is the initial costs since reaching energy performance
near the zereenergy level presestvery high initial costs. However, it can be proved that these
investments can be economically attractive in the ldegm, and present additional benefits that
AYLINR @GS (KS o0dzAf RAemg[l).dzt €t Ade | yR dzZASNBRQ oS¢t f

2.21S0 15686

ISO 15686:2017Buildings and constructed assetService life planningPart 5: Lifecycle costings
an international standardhat provides requirements and guidelines for performing {cyele cost
analysis of buildings and constructed asg2js

Life-cycle costingLCCis a methodologyor the economic evaluation of a cost of an asset over a period
of analysis. Such analysis is used for decigiaking and evaluation processes through a comparison
between altenativesand evaluation of different investment scenarmshroughestimation of future
costsfor budgetary purposes and evaluation of the acceptability of an investnitec&n be used for
new assets or major refurbishments and planning the future dsexisting asset«Costs that should

Pagell ‘
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be included in the LCC are construction, operatimajntenance,and endof-life costs. e typical
scope of cost$or each category is shown Figurel. Due to the uncertainty of the future, the cost
should be expressed in real values and not in the value in the future (nominal costledign life of
the constructed asset and thiéme profile of when the cost occurs or reoccurs shobdddetermined
as well.Cost values can be derived from a direct estimattbknown costs, histori data analysisf
typicalapplicationge.g., bills of quantitiesmodels based on expected performanoebest guesses
of future trends in technologymarket,and applicatior2].

Life cycle cost (LCC)
— Construction | Y/N
—|Prof|:f.smnal fees | |:| I_Prnpctdcsmn and engineering, statutory consents |
—— Temporary works | D |Site clearance etc. |
Constructionof asset D Including infrastructure, fixtures, fitting out, commissioning, valuation and
handover
Initaladaptation or refurbishmentofasset 0 Including infrastructure, fixtures, fitting out, commissioning, valuation and
handover
L Taws ] [[] [Taxeson construction goods and services (e.g. VAT) ]
—{Other ] [[] [Projectcontingencies ]
—{ Operation |
Rent D
Insurance D Building owner and/or occupiers
—{Cydicl regulatory costs ] [ [Fire.access inspections ]
——{ Utlities | l:l [Tncluding fuel for heating cooling. power, lighting, water and sewerage costs]
—|Taw< | D Rates, local charges, environmental taxes |
L] Other | D |Allowanee tor future compliance with regulatory changes |
Maintenance

_lM.:intenmre management | 0 Cyclical inspections, design of works, management of planned service |
contracts
—— Adaptation or refurbishment of asset inuse | D |Including infrastructure, fitting out commissioning, validation and handover |
_|Repairsand replacement of minor | I:I Defined by value, size of area contract terms |
components /small areas
Replacement of major systems and D Including associated design and project management
components
Cleaning D Including regular cydical cleaning and periodic spedfic deaning
Grounds maintenance j Within defined site area
Redecoration j Including regular, periodic and specific decoration
Taxes :I [Taxes on maintenance goods and services |
Other :l
End of life
Disposal inspections :l Final condition inspections
Disposal and Demolition :I Inchuding deco mmissioning, disposal of materials and site deanup
_[Remmt@mfmm meet contractual | I:I |Dn condition ariteria for end of lease
requlrern.l.-ms
—— Taxes ] [[] [Taxeson goods and services ]
—{Other ]

Figurel. Typical scope of LCC cof2$

LCC analysis can be performed during different stages of the life cycle of the constructipnarssdy

in the projectinvestment and planning phas¢he design and construction phas¢he occupation
phaseor the dsposal phaseBased 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 analysén 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 qguantum of individual
elements.The LCC calculation requires some assumptions about the future, such as distesirthe

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 assessbhd Mginte

Carlo method or the sensitivity analg§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 expendiares
asset. It is calculated by discounting future cash flows to the base Thasze 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 changesdnepri
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, forecasinge 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 decisiormaking[2].
b0wB6éEgE R B —— (1)
Where
- Cnisthe costinyearn
- gis the discount factor
- dis the expected real discount rate per annum

- nis the number of years between the base date and the occurrence of the cost
- pis theperiod of analysis

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

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

- Net Svings (NS} the value of operatingelated savings minus the value ofiditional
investment costs. When assessing the viability of alternatives, the new savings is the difference
between the LCC dtfie two alternatives.

- Savinggo-investment ratio (SIR)the ratio of savings and cost, a dimensionless measure.

- (Adjusted) intenal rate of return (IRR or AIRR}he compound rate of interest thatwhen
used to discount the cost and benefits over the period of analysis, makes costs equal to
benefits when cash flows are reinvested atpecified interest rate.

- Annual cost (AC) annual equivalent value (AE¥ R 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 (RQj)Xhe ratio between net income and investmej].

Some of the mentioned measures are graphically presenté&iguare2.
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time, expressed in years
cost

additional investment [AI)
net savings [N5)

Option 1.

UMDDan—E

Option 2.

NOTE Does not include any allowance for end-of-life disposal costs.

Figure2. Measures of comparisofi2]

2.3 EN 15643

To assure quality, safety, and sustainability, construction projects all over the world rely on industry
driven standards and guideling8]. The European StandaiSlustainability of construction works
Assessment of buildingEN 15642021) was developedy CEN/TC 35fBustainability of construction
workst, which was established to promote moseistainable construction techniqudd]. 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 1568 constitutes the framework for sustainability assessment of building#lustrated in

a T NI Y S g 2 iNFigureS WiSstaddardprovides principles and requirements for sustain&yili
assessment of built assets, including definitions and the relation between the different levels.
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Technical Functionality
characteristics

Service Life
Planning —
Principles

1SO 15686-1 |

Framework Sustainability Assessment
level

prEN 15643 (revisions of EN 15643-1...5)
Sustainability of Construction Works — Framework for Assessment of Buildings and
Civil Engineering Works

(See Note 2)

:EN 1SO 52000

Energy
Performance of

Buildings

Works level | EECr AR prEN 15978-2 prEN 15978-3
(EN 15978 rev) (EN 16309 rev) (EN 16627 rev)
Assessment of Assessment of Assessment of
Environmental Performance | Social Economic

of Buildings Performance of Buildings | Performance of Buildings |}

prEN 17680 Evaluation of the Potential for Sustainable Refurbishment of Buildings

prEN 17472 Sustainability Assessment of Civil Engineering Works

Service Life
| Prediction
| Procedures

prEN 15942rev Communication format B-to-B 1150 15686-2,

I
r Feedback from
1
prEN 15941rev Data Quality | Practice 1s0

prEN 17672 Rules for B-to-C communication | 15686-7,

prEN ISO 22057 : Reference

Data templates for the use of EPDs in BIM | Service Life &

2 | Service Life
CEN/TR 16790 Guidance for EN 15804 | Estimation 1SO

CEN/TR 17005 Additional Indicators 115686-8

e ——
|

[ CLITATAYER EN 15804 + A2 Environmental Product Declarations — Core
Rules for Construction Products

Figure3. The work program of CEN/TC 354]

The objective oCEN/TC 350 set of standards is the assessmembiks level(i.e., the building or a

civil engineering work). They are used to asskesmpacts and aspects of the buildiagd 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 resultsof 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 mod#éieobuilding with the major
G§SOKYAOI f YR Fdzy OlAz2yl f NBIljdZA NBYSyia KIFa o6SSy
Assessments can be undertaken for the whole building, parts of the building, which can be used
separately or elements of the buitd).

The third level is theproduct leve] mainly the Environmental Product Declarations according to EN
15804.

The European Standard EN 15643:2Q2tvides a system for the sustainability assessment by
quantifying impacts and aspects for the economp@formance of buildings using quantitative and
gualitative 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
YR Fdzy OGAz2ylftAte 2F || o0dAftRAYy3Id ! o6dzAf RAYIQa
external costs, and benefits, as well as the impacts on economic value artongalue stability of

the asset. To ensure transparency and a considiew 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.

w
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2.4 EN 16627:2015

The European StandhSustainability of construction work&\ssessment of economic performance of
buildings- Calculation methodéEN 16627:20)5applies as a complement of the European Standard

EN 156431:2012 (superseded by EN 15642821)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
Standad 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 thiglihgiits 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 idicators uses a building model and its life cycle with the associated time and financial
cost. The stages illustrated Figure4 should be followed irorder 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

NoY)
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PROCESS TASK

N
DZEPC

ACTIONS | CLAUSE

N . ) 'dfnmy 8 pINpOse Consider sustainability
Establish the objective of the Economic Inputs ]
analysis (budgeting or
Identify purpose of the option comparison) 3 Idenﬂfy*exlenl — 6
il + sustainability analysis
P 2) ldentify the initial N required and how it
B $cope of the analysis relates to Economic
analysis
Specification of th *
pecification of the -
object of the oot ol 4) identify the period of
additional analysis |, 4
assesment + analysis and the methods 7
g (risk/uncenainty and of E ki
Identify parameters and sensitivity analysis) conomic evaluations
analysis requirements an
Soenerio development Confirm project and I 6) identify project and asset requirments I I 8 I
asset requirements and ‘
options for analysis
7) Identify option to be Identify sustainability
Quantification of object included and cost = roquirements and options 9
items to be considered for the Economic analysis
based on the results of
L 2 inability
8) Assemble cost and
time based ( such as
e asset performance =  Assomblo cost data
performance data data) 1o be used in the relating to sustainability
Selection of econoniic Economic analysis options to be assessed »
data +
Findlise narametans for 9) Venty values of 10) Review risk strategy
pa alves financial parameters and carry out preliminary
SIS and period of analysis uncertainty risk analysis *
I 11) Perform required economic evaluation
Calculations
) 12) Detailed risk/ I
Colulation Economic analysis and I uncertainty analysis * "
results l
l 13) Sensitivity analysis *
I Reporting [ 14) Interpret and present initial results in required format ]
Communication ST 15) Present final results 12
geliiGe] in required formatand p==p _ Feedback of Economic
and reporting prepare a final report findings into Sustainability
fi % 1
. 16) Verification of results
Verification Inlerpretatfon acoording 1o previous 13
and repoviing assessments *

Figure4. Flowchart of the process for the calculation of the economic performaiske

*White boxes are optional

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

25D1.3 aLJSOG a

2T bSEG DSYSNI GA2y

EU targets for the nexgeneration energy performance certificates to evaluate buildings in a holistic

and costeffective methodologyconsideringbuilding envelope performances, system performances
and smart readiness. It is expected that the assessment methodsomsideroutput measures of
performance (actual measured data) making usemavailable and increasing numbof building
energyrelated data from sensors, smamteters, and connected devices. The next generation EPCs
should improe the effectiveness of certificates within a framework that aids compliance checking and
the effectiveness of financial suppoft0]. The nexigeneration EPCs developed under the project

platform aim to transfornwithin time current EPCs into dynamic, udeendly, reliable, coseffective
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and sustainabilityinformative toos ¥ 2 NJ RAFTFSNByYy G aidl {SK2ft RSNAEQ 3INRd
owners, building managers, engineers, designers, etc. The dynamic EPCs will monitor the actual
performance othe buildingand, at the same timeintroduce 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 nexgeneration EPCs jointly with LCC analysis to impime
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 ared enabl
the parameterization of its embodied energy and primanergy 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 deemsakers to

select the most efficient mvironmental 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 wefkstablished principle of lifeycle costing, a set of financial ingliors 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 energsaving neasures for buildings. Furthermore, it may allow the o$e
information generated by EPCs through energy audit processes, bridging the gap between EPBD's
energyrelated requirementsand betweenenergy efficiency. These should develop several strategic
scerarios and encourage substantiated decisioaking 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 ratiale, the DA2EPC 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 systemimigst

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 DA2EPC. In this regard, @rmsicipated that the next EPC generation, as proposed by
the D"2EPC project, will provide guidance and decisi@Rking on issues connected to natural
resource sustainability.

2.6 Level(s) scheme

Level(s) is the most recent European way to assess and repdhiecsustainability 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 projecs 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 asCost, value and risk indicatgrwith the greatest potential for longerm
ddzadrAyroAfAGe@d LG GNFO1a LISNF2NXIFYOS 20SN) GKS C
I O2YLX SGS @GASg 2F GKS LINRe2SOGQa fAFSaLlyed 9l OK
the impact of agiven 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) fa@tnerships 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

Thea/ 2aG3> @ t dzST [ if Rtenddd #otracik ahdR duéntifyi teNdeneficial impact of
increased sustainability performance on a property's financial valuation and/or risk rating. It does so
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