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Abstract

EEnvest project aims at supporting investors” decision making process by translating building’s
energy efficiency technical requirements into economic indicators. These indicators are in turn
used to evaluate financial risks associated with deep renovation investment and to include
non-energy benefits in asset evaluation models.

WP2 focuses on technical risk, developing a structured process able to determine reliability of
a renovation project based on technical risk level. This latter is assessed through two
independent economic indicators, energy gap and damage, presented to the reader or user as
percentage of investment. Additionally, technical risk reduction actions are being investigated,
classified, and implemented as correction factors in the technical risk calculation process, and
later reported to the final users, as mitigation measures.

The calculation methodology as developed in WP2 permits to determine technical risk through
two outputs (indicators), whose combination is able to describe the probabilistic trend of
several occurrences linked to the renovation scenario set case by case. The EEnvest technical
risk calculation runs thanks to a technical risks database, created ad hoc in WP2. The database
collects several occurrences data that serve as technical risk benchmark, described through
probability and impact. The technical risk calculation process extracts the amount risk related
to the selected energy renovation measures from the technical risk database, and re-sizes the
risk based on inputs of the building renovation project. Project input features are: building
geometry (dimension, shape, etc.), planned energy performance (Primary Energy, Heating,
cooling demands, etc.), including boundary condition (building site, etc.) and verification
protocols.

The two technical risk indicators, energy gap and damage, will be integrated in the EEnvest
web-based investment evaluation platform.
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Abstract EEnvest project aims at supporting investors” decision making
((CIRCIEEEINTGEUC)EN process by translating building’s energy efficiency technical
requirements into economic indicators. These indicators are in turn
used to evaluate financial risks associated with deep renovation
investment and to include non-energy benefits in asset evaluation
models. The technical risk of renovation a project is in EEnvest
web-platform classified and collected a database. In WP2 is been
performed a calculation method developed “ad hoc” for commercial
building renovation process able to determinate through two
indicators, energy gap and damage, the economic deviation of a
planned project. It calibrates the building data (inputs) with technical
risk benchmark collected in a database, re-size the indicators
(outputs), also integrating correction factors. These last are strictly
connected at the renovation project and will be reporting to the
users as mitigation measures, it will be performed in the D2.2.
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Level of risk

Probability

Risk evaluation

Risk analysis

Risk
identification

Vulnerability

HDD

Magnitude of a risk (2.1) or combination of risks, expressed in terms of
the combination of consequences (2.18) and their likelihood [1]

measure of the chance of occurrence expressed as a number between 0
and 1, where 0 is impossibility and 1 is absolute certainty

Effect of uncertainty on objectives. An effect is a deviation from the
expected — positive and/or negative. Risk is often expressed in terms of
a combination of the consequences of an event (including changes in
circumstances) and the associated likelihood (probability) of occurrence.

Process of comparing the results of risk analysis (2.21) with risk criteria
(2.22) to determine whether the risk (2.1) and/or its magnitude is
acceptable or tolerable. [1]

Process to comprehend the nature of risk (2.1) and to determine the level
of risk (2.23)._[1]

Process of finding, recognizing, and describing risks

Intrinsic properties of something resulting in susceptibility to a risk source
(3.5.1.2) that can lead to an event with a consequence. [1]

Heating Degree Day
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INTRODUCTION

EEnvest -Risk reduction for building energy efficiency investments - project aims to develop, a
web-based investment evaluation platform for building owners and private investors, which
validates the investment security level of an energy renovation project for commercial building,
through a solid and structured assessment method. EEnvest web-based investment platform
will determine different risk levels analysing a series of economic indicators coming from
technical and financial risks evaluation models.

The level of guarantee of the investment will be evaluated through eight economic indicators,
divided between technical (energy gap and damage from WP2), economic (payback time,
maturity, internal rate of return, net present value on investment and debt-service coverage
ratio from WP3) and multi-benefit group (increase market value, environmental, thermal
comfort and health from WP4), among them two are specific for the technical risk assessment
of the renovation projects and have been elaborated within WP2. The first one is the energy
gap, defined as energy performance deviation between planned and measured energy
consumption, and the second one is the building damage, defined as possible inconvenience
due to component malfunctioning, failures or breakages.

WP2 aims at assessing technical risks connected to the renovation processes of commercial
buildings, from the definition of indicators to their impacts, developing a tailored calculation
methodology. This calculation methodology, implemented in the EEnvest web-platform based
on input data of a specific renovation project, will determine the impacts of different economic
indicators (outputs), in terms of energy gap and damages. It calibrates the building data
(inputs) with the probability trend of the technical risks collected in the database and fine-tune
the indicators impact range (output), integrating also correction factors (as climate conditions,
building shape, etc.). Part of the above are also considered as mitigation measures and will be
more thoroughly performed in the D2.2.

Technical risk calculation method, as presented in D2.1, will be included in financial risk
modelling evaluation (WP3) and later implemented in the EEnvest web-platform, developed in
WP5.
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EXECUTIVE SUMMARY

This report presents part of the work under WP2 - Technical risk evaluation framework.

WP2 objective is to identify the technical risks of energy renovation of commercial office
buildings projects, based on the indicators and their impact to the benefits and mitigation
measures. As the project aims at maximizing replicability with an eye on residential buildings,
all possible renovation measures are taken into account, even when they do not apply
specifically to commercial office buildings.

Chapter 1 focuses on technical risk in the building sector, from the definition to the identification
process used for the determination of the economic indicators. Two indicators are chosen to
describe the impact on the investment, as a consequence of possible occurrences connected
to the energy renovation process and the implemented solutions: (i) the energy performance
gap, defined as the missed energy performance compared to project estimation, and (ii) the
damage, defined as problem caused by a breakage, a deterioration or a malfunction.

Chapter 2 presents an overview of EEnvest technical risks assessment, and the data flow of
the calculation process, from the inputs to the outputs. The technical risk calculation method
is described for both indicators (energy performance gap and damage), starting from a
technical risk probabilistic data distribution collected in the EEnvest technical risk database.
Through a complex iteration process with well-known inputs, the economic deviation of each
indicator can be determined case by case, as percentage of the investment. Their variability
depends on several issues, as renovation building project (such as solution set scenario),
boundary conditions (such as building site, climate rigidity) or other external parameters
identified and scheduled in the EEnvest technical risk database as correction factors. These
factors run in the technical risk calculation, modifying the indicators impact. Part of them,
together with the risk alerts, which are specific risk-bearing circumstances, are deeply
investigated in WP2, and will be converted in mitigation measures and suggestions for the
users (further details on these results will be presented in D2.2).

Chapter 3 presents an overview on EEnvest technical risk database, focusing on:

(1) The classification process of technical risks through a breakdown process, from
building macro areas (envelope and technical systems) to building elements, energy
renovation measures, and related possible negative occurrences.

(i) The quantification of technical risk indicators for each occurrence, identified as a
percentage of investments. Technical risk is identified by a probabilistic data trend
distribution (defined through impact and probability).

EEnvest technical risk database collects data coming from literature, real experiences (expert
interviews) and parametric energy simulations.

Furthermore, in chapter 4 it is reported an application of the data process development used
for the identification of the probabilistic trend impact for both indicators, energy gap and
damage in two different building elements (envelope and building system).

The methodology presented in this report will be replicated for all passive and active buildings
elements, providing:

e WHP3 with relevant input to elaborate the financial risk model
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e WP4 with a set of renovation measures for which to determine the impact of
multi-benefits on commercial asset value
e WHP5 with relevant input on which to ground the EEnvest platform design.
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1 TECHNICAL RISK ANALYSIS

1.1 DEFINITION

The International Organization for Standardization publication ISO 31000 (2009) / ISO Guide
73:2002 defines the risk as the 'effect of uncertainty on objectives'. In this definition,
uncertainties include events caused by ambiguity or a lack of information. The events could
have both negative and positive impacts on the objectives. Many definitions of risk exist in
common usage, but the consortium decided to rely on this definition that was developed by an
international committee representing over 30 countries and is based on the input of several
thousand subject matter experts. [2]

Within EEnvest a technical risk is considered as “an exposure to loss arising from activities
such as design and engineering, manufacturing, technological processes and test procedures”
[3]. This definition is based on a deep analysis of literature and results coming from field
experiences, as well as knowledge of technical experts involved in the process.

The formula adopted to calculate the risk is:
Risk = Probability * Consequence (Impact)

Where "probability” is the frequency of an event occurrence, times the "consequence" of this
event, considered as the outcome of an event with a negative or a positive impact [4].

1.2 TECHNICAL RISKS IN EENVEST PROJECT

Related to the building sector, in particular during the renovation process, a technical risk is
the probability or threat of damage or any other negative (or positive) occurrence (thermal
bridge, air or water infiltration, failure, malfunctioning, breakages, etc.) at the building
components (implementation of energy measures to the architectural elements of the building
envelope, HVAC systems or RES systems) caused by different reasons in different moments,
such as errors in design, project, calculation, installation, construction, or management phase.

In a building renovation project, the technical risks negatively affect the economic trend of the
investment, producing some deviation from what expected in the business plan. These
differences can depend on several factors (errors or breakages) and occurred in different
phase of the renovation project (mistakes in the design phase, installation, or operation phase).

Starting from these considerations, within technical risk analysis the main result was the
identification of the two economic indicators for the technical risks of renovation process of
commercial buildings, such as (i) the energy performance gap and (ii) the damage, both strictly
connected at the decision-making choices, with a directly influence in the economic
investment.

It is important to remember that in EEnvest the technical risk definition refers to the
occurrences that happen occasionally (such as extraordinary maintenance), while all the costs
related to ordinary maintenance programs are excluded, since they should be already
considered in the life cycle cost analysis of each renovation measure. EEnvest technical risks,
here identified, come from possible errors made in the construction or operation phase, but it
is supposed that each solution set does not have associated technical risk (being covered by
constructor warranty).
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1.2.1 TECHNICAL RISKS IN BUILDING SECTOR

The technical risks analysis connected to the buildings sector includes a wide number of
different topics, issues and parameters involved, each one with a very high-level of complexity,
from the building physics to the statistic risks calculation methods, passing from the design,
construction, and operation issues.

One of the most complex and common occurrences found in the technical risks analysis is the
energy performance deviation between predicted and real measurement of energy
consumption. Energy gap is a very common and important topic analysed in numerous articles,
from different points of view. It can depend on several issues due to (i) changes between
design, construction, and operation phase, or (i) difference between data sets of the
calculation phase (planning, modelling) and real building use in terms of working hours, n.
persons, lighting condition, temperature, etc. or (iii) external condition, as climate (temperature,
solar radiation, humidity, wind...) or (iv) difference between building code requirements and
final use/implementation. Table 1 reports a series of energy performance gap studies where
the above is defined as “the difference between predicted and actual/measured building

energy consumption .. for a large group of buildings” [5].

Study

Frankel & Turner 2008:
How Accurate is Energy
Modeling?

Number and type of
buildings

90 buildings that have
achieved a
LEEDarating

Measured performance
gap

Around 8% Energy Use
Intensity (EUI) difference
for all of the buildings

Summaryl/issues

The review included both buildings that achieved LEED ratings with normal
expected uses, but also some high energy intensity buildings. The overall
average measured EUl was close to predicted, though varied quite widely, and
the high energy use buildings (laboratories, data centers and health care)
consumed nearly two-and-a-half times the predicted energy.

Carbon Trust 2011:
Closing the Gap

28 buildings from the
UK DECCb Low
Carbon Buildings

Average gap was about
16% higher operational
energy consumption
than predicted

The average gap among the 28 low carbon demonstration buildings (covering
many sectors, including retail, education, offices and mixed-use buildings) was
16%, though 75% of designs did not perform as well as expected, and in one

of Australia(GBCA)
2013: Achieving the
Green Dream: Predicted
vs Actual

buildings with valid
NABERSc Energy
Certificates

that around 75% of
modeled energy savings
are achieved in practice)

Programme performance building, operational energy use was five times the modeled estimate.
Green Building Coundil As analyzed and reported in ABCB 2018, the relationship between predicted
9 70 Green Star office About 25% gap (finding and actual GHG emissions is weak, and there are several outlier buildings

where actual emissions are significantly higher than predicted. When the
outliers are eliminated, the analysis found around 75% of modeled energy
savings were achieved in practice. The original GBCA study stated that 57% of
Green Star certified office buildings achieved their modeled GHG performance

Innovate UK Building
Performance Evaluation
Programme (2016)

48 projects with 56
“leading edge”
nondomestic buildings

Average carbon
emissions 3.8 times
higher than predicted

Only one building performed similar to predictions, and the remaining buildings
produced emissions between 1.8 and 10 times the predicted levels. However,

predicted emissions only included “regulated loads,” including heating, cooling,
ventilation and lighting, and did not include other energy uses that would need

to be used in any building.

van Dronkelaar et. al.
Review of Non-
Domestic Buildings
Performance Gap (2016)

62 non-domestic
buildings, as detailed
in a variety of
technical sources

Gap between predicted
and measured energy
use deviates by 34%

The buildings reviewed consisted mostly of offices, schools,

and multipurpose buildings. Schools were identified to have a larger gap (37%
more energy per one study, and higher in others), while offices were found to
be more variable, but a smaller gap (22% higher than predicted, but greater
standard deviation than schools).

CarbonBuzz (ongoing,
started in 2012)d

About 60 buildings,
mostly schools,
general offices, and
university campuses

Found that on average,
buildings consume
between 1.5 and 2.5
times their predicted
energy use

CarbonBuzz is a joint initiative between the Royal Institute of British Architects,
the Chartered Institute of Building Services Engineers (CIBSE) and other
industry partners intended to provide a platform to benchmark and track project
energy use from design to operation. Detailed case studies are published on
the platform.

Sidewalk Labs Toronto
Multi-Unit Residential
Building Study (2019)

19 recently
constructed
multifamily buildings in
Toronto

Buildings use 13% more
energy than predicted by
modeling

The study compared metered energy use intensity against calibrated energy
models to understand performance gap. The performance gap for certain end
uses was much higher than other (space heating having the biggest absolute
difference).

Table 1 Summary of key studies quantifying performance gap. [5]

In some energy performance gap investigations, the analysis process used to determinate the
technical risks follow a decomposition of the topic based on “project phases” as showed is
Figure 1, or in other case on “building elements”, as Figure 2.
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TABLE 3 | Potential risk on energy use from reported underlying causes assessed based on general consensus in the literature.

Underlying cause Evidence from Rated impact on Esti ] itati [&

literature* energy use effect on energy use maodeling related
Context Energy performance target Low High Yes
Impact of eary design decisions Medium High
Complexty of design Low Meadium
Model Specification (geometry, material, equipment) High High Yes
Modeling (simpiification) Medum Meadium <10% Yes
Numerical (discretization) Low Low <5%
Scenarno (weather, schadule, operation) High Medium 30 Yos
Heuristic (used Low High
Inter-model variability Medium Medium 5-40%
Construction On-site workmanshep Medum Low
Changes after design Low Low
Commissioning Poor commissioning Medum Madium <20%
Operation Poor practice in cperation High High 15-80%
Occupant behavior High High 10-80%

stem and materials Low Low <10%

jom limitation Low Low <10%

N operation Low Medium 5-15%

‘Hazed on the number of meantions in the ieralure and their consensus of the impact on performanca.,

Copyright © 2016 van Dronkelaar, Dowson, Spataru and Mumovic. This is anopen-access article distributed under the terms of
the Creative Commons Attribution License (CC BY).

Figure 1. Potential risk on energy use from reported underlying causes assessed
based on general consensus in the literature. Source: [6]

Table 6. The percentage table of respondent evaluation of the quality failures (N = 92).

M];E::::::g(s No. Quality Failures The Percentage of Kespondents on Linguistic Variables
Very High  High  Moderate Low Very Low Total
m Incormect installation of the steel nails 30 140 290 420 120 100.0
Door and window (II) — D2 Incormct stae ':::’;""‘:",T‘"“' frmme and 5.0 30.0 180 250 20 100.0
_ m g e e e o and 10 100 %o 340 2.0 1000
™ Untreated wall around the new windows B0 120 21.0 3.0 20 100.0
= K1 Missing vapor barriers 30 10.0 240 0 36,0 100.0
- =] MNorespecified fire resistance of EPS boards 11 110 a0 o 250 100.0
— gy Nomspecficd volume weight and thicknes of 7.0 120 160 400 250 100.0

EPS boards

Roof (®) R4 Adhesive anca problems 40 120 250 o 2o 100.0
RS Detachment between the different EPS boards 40 130 320 29.0 20 100.0
- Ré Cracks of the roof kevelling blanket 10.0 80 o 280 270 100.0
— R Detachment of roof waterproof layer 30 @0 280 420 180 100.0
Rs Misalignment of roof waterproof Layer 50 250 250 20 230 100.0
R Cracks of roof concrete 40 18.0 28.0 Z.0 230 100.0
- El Uncleaned wall 30 15.0 Ho 320 16.0 100.0
— E2 Missing interface treating mortar 50 210 26.0 30,0 150 100.0
E3 Unacaeptable levelness of the control wire 20 120 240 350 o 100.0
— E4 Mon-specified fire resistance of FPS boards 7.0 10.0 250 320 26.0 100.0
. g5 Nomspecified "‘"}‘[’__:;“‘.'njh:“ and thickness of 40 140 200 o0 280 100.0
_ E6 Adhesive anea probleme 40 an 230 7.0 7.0 100.0
_ [+ Detachment between the different EFS boards 4.0 100 90 340 230 100.0
_ Es Missing rivets 50 100 e 1] o 200 100.0
_ E9 Non-specified rivets 5.0 120 200 380 250 100.0
Elo Incorrect drilling 40 10.0 250 0 20 100.0
_ E1l Nonespecified anti-crack mortar 4.0 14.0 210 0 220 100,0
E12 Monespecified nylon net 70 110 180 R0 260 100.0

Figure 2. Occurrence Frequency of Quality Failures in percentage. [7]

This kind of analysis takes shape from the investigation method developed to evaluate failure
risks in engineering sector, as Failure Mode and Effect Analysis (FMEA). FMEA is a structured
systematic procedures approach to identify the reliability, the safety and quality of specific
components. It permits to classify and weigh hypothetic cause - effects occurrences for
different project phases (design, process, construction). FMEA analysis supports the final
quality, determining prevention measures, right managing procedures and higher efficiency
levels [8]. FMEA method describes the failure considering three range of variable factors,
probability occurrence (O), severity effect (S) and detection (D). When applied in building
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sector it results very complex due to the large number of elements, parameters, and
multicriteria possibilities of data and its variability [9]. In WP2 the FMEA method has been
tested on an energy renovation measure, insulation of an external wall. The result obtained
confirms the high difficulty level of implementation of such method in the analysis of the failure
in buildings. FMEA in building components has an excessive level of complexity, due to the
high number of running parameters and value (O,S,D), which are often difficult to determine
(Figure 3.). From FMEA approach, EEnvest project takes two aspects: the failure concept, as
one indicator of the technical risk, later called damage, and the systematic approach integrated
in the technical risk evaluation process. Thanks to the latter, technical problems are been
classified through a decomposition process of the building in elements, energy renovation
measures, and related occurrences, with the aim of identifying unique effects (impacts-
probability).

Subsequently, the identification of the impact and probability of each occurrence has been
addressed. The missing data on this topic were very frequent. We investigated possible
approaches to gather these data, as the Analytic Hierarchy Process [10]. It is a qualitative
decision-making approach, which permits to quantify some issues, in our case technical risks
frequency, through a risk score obtained from several opinions of experts in building
construction sector, and to classify the level of probability, addressing the best decision [11] .
Within WP2 it was used to compare technical risk frequency of different energy renovation
measures and related occurrences. In the testing phase, the Analytic Hierarchy Process
resulted very complex to be implemented in the interviews with technical experts, due to the
high number of comparisons required (Figure 4).

At the end of these considerations, the expert’s involvement was considered a necessary step
to finalize data collection of technical risk impact and probability for each occurrence.
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Figure 3. FMEA application in the failure analysis of an energy renovation measure: insulation of external wall

Figure 3 reports the application of the FMEA at an energy renovation measure external insulation of the wall. There are listed (i) several failures,
effects with a level of severity, (ii) potential causes with the relative level of occurrences, (iii) the detection occurrences level. Risk Priority Number
(RPN) identifies in number the risk priority level of a failure mode. It is calculated by multiplying Severity (S), Occurrence (O), and Detection (D).
Through recommendation action (highlighted in rose colour) the RPN should be reduced.
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Figure 4. Analytic Hierarchy Process application in building sector for risk probability determination.

Figure 4 shows how works Analytic Hierarchy Process applied in the building sector. This qualitative approach permits to identify, in this case,

the frequency level of the occurrences, comparing two different technical risks.
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2 EENVEST TECHNICAL RISKS ASSESSMENT

The main task of the WP2 of EEnvest project was the development of a strategy able to identify
the technical risk of energy renovation in commercial buildings. This chapter focuses on
EEnvest technical risk assessment. An overview on how the information flow for technical risk
analysis runs in the EEnvest web-platform from the inputs to the outputs is shown in paragraph
2.1. Paragraph 2.2 reports the technical risk calculation methodology used within EEnvest
web-platform, with a complete description of the technical risk data collected in the EEnvest
technical risk database for two different envelope and building system component, as
benchmark data value for energy gap and damage indicators, correction factors, and alerts.

2.1 OVERVIEW ON EENVEST WEB-PLATFORM TECHNICAL RISK
CALCULATION METHOD

In this paragraph an overview on the technical risk calculation process through inputs outputs
flow is illustrated. The data building inputs, inserted by the users, will be processed in the
EEnvest web-platform, obtaining as a result, two outputs of technical risks indicators: the
energy gap and the damage (Figure 5).

Inputs (from users) EEnvest platform Technical risks outputs

Figure 5. EEnvest Platform Information flow and calculation method of technical risk
of EEnvest platform.

WP2 work was mainly focused on (i) development of a strategic method for calculation of
technical risks of renovation of existing commercial buildings, and a related (ii) technical risk
database, used to modify (resizing) the impact of the technical risks associated at each energy
renovation measures

The technical risks calculation method, as planned in WP2 and approved by SINLOC (who is
developing the financial model in WP3 and will use WP2 results as input for the model), permits
to match several probability-impact data distributions of possible occurrences extracted from
the data inputs of the building project. In EEnvest web-platform, the EEnvest technical risk
database is uploaded (chapter 3.1), together with (i) several probabilistic impact data of
possible occurrences and failures that can happen at the building elements and technical
system, (ii) correction factors used to modulate the final cause-effect and (iii) alerts. The
technical risk calculation process runs online on the EEnvest web-platform extracting from the
EEnvest technical risk database, all the possible technical risk combinations, producing a
technical risks probabilistic trend of impact and probability for both the indicators, energy gap
deviation and damage.

An overview on technical risk calculation process in the EEnvest web-platform is reported in
Figure 6. The inputs, inserted by users based on own renovation set scenario and building
features, activate the risk calculation process, extracting the probabilistic impact of the
occurrences of the energy renovation measures implemented from the EEnvest technical risk
database (see M1 and M2 in Figure 6). The risk amount of energy gap and damage indicators
are sized on building dimension and weighed in relation to the boundary conditions (correction
factors). Final outputs of technical risk calculation process are determined through a
mathematic combination, called “probability mass function” able to combine the investment
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increases (deviation in energy gap and damage) and respective probabilities of occurrences
caused by each single issue (see Annex | for further details).

EENVEST PLATFORM

USER INPUTS TECHNICAL RISKS CALCULATION TECHNICAL RISK
RENOVATION OCCURENCES ASSESSMENT DATABASE ENERGY PERFORMANCE GAP INDICATORS
MEASURE Economic parameters

| Building data

-~

to WP3 - Risk Financing
M1. ENERGY GAP

M1. ENERGY GAP N
+ Air infiltration: prob/impact » RS > - Air infiltration
M1: NEW Thermal bridge: prob/impact \/ * - Thermal bridge Pas
— Building contest WINDOWS )-\/ Re \\
a M2. ENERGY GAP ., d
M1. DAMAGE _ */RS\/“ - Air infiltration N ERE R
- » Malfunction: prob/impact » P - Thermal bridge » PERFORMANCE

Energy renovation Breakages: prob/impact \K = GAPS

measures

(completed of cost

investment each M2 ENERGY GAZ _/ M1. DAMAGE » DAMAGES

one) - Air infiltration: prob/impact == Rs 7 » Malfunction

L M2. WALL | 1 Thermal bridge: prob/impact \‘/ Breakages //,\
INSULATION
P - INSULATIOL | M2 DAMAGE N M2. DAMAGE 1~ RC//‘
esign, construction, ~ + Malfunction/breakages -, RS>— + — = =» Malfunction Li =%

operation probability and impacts \\-\/ Breakages

development and

verification process DAMAGES

ALERTS
+ CORRECTION FACTORS
N PN i L
< ps > Risk sizing < nc ™ Risk Combination
A N e
N S Annexl

Figure 6. Overview of Technical risk process assessment in EEnvest platform

2.2 METHODOLOGY USED FOR EENVEST TECHNICAL RISK
ASSESSMENT

Within WP2, two technical risk calculation and assessment methods were tested, the Failure
Mode and Effects Analysis (FMEA) and the Analytic Hierarchy Process (see chapter 3). Due
to the limitations found in their implementation, and the high level of complexity of the building
renovation topic, it has been decided to follow a different approach to determine the technical
risks of the renovation of existing buildings. The novel approach built on purpose for the
EEnvest project, consists of decomposing the process in actions, following a step by step
process (Figure 7), from the identification of the buildings’ elements and their problems, to the
guantification of energy performance deviation costs as a percentage of the initial investment.
These outputs will be the economic inputs parameters for EEnvest platform technical-
economical evaluation (WP5).

Identification ificati . o B Output
of the Identification identification . Celotlkiin tehcnical risk:
Fin of the energy : impacts of : i
buildin ; of technical . g economic
g renovation ; Correction .
lements risks of each - energy inputs for the
€ measures of i factors 5 .
each building renovation gaps inancing
(macro measure -d scheme
areas) element amages PW3)

Figure 7. EEnvest technical risk assessment approach.

The whole building was decomposed in macro areas, distinguishing between building
envelope and technical systems, identified according to the homenclature of the ISO 15686-
5:2008: “Buildings and constructed assets — Service-life planning — Part 5: Life-cycle
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costing”. Consecutively, the energy renovation measures have been identified, and divided
among building envelope, building services, RES, other installations, equipment, site and
external works.

Successively, through a deep literature and expert based investigation, technical risks were
analysed as negative occurrences (problem) connected to each energy renovation measure,
that affect negatively business plan expectations (and the planned investment) and hinder the
building renovation processes. Occurrences deemed to produce damages, as failures,
malfunctioning, or breakage events and energy performance gap, are investigated and
catalogued in WP2.

A wide work made was the organization of the EEnvest technical risk database, classification
and cataloguing technical risk benchmark, with a probabilistic distribution between predicted
and real trend found (in literature) or estimated (experts, energy simulation). For each
renovation measure of building element and technical system, the team elaborated a
datasheet that contained occurrences with relative probability-impact value (3.2) for both
technical risks indicators:

e energy performance gap (Paragraph 2.2.1.1) used for calculating the energy
performance deviation between predicted (planned) and real energy consumption, in
kWh/m?year;

e damages (paragraph 2.2.1.2) used for malfunctions, breakages at building elements,
in Euro (£).

These indicators are independent from each other and not exhaustive if considered separately.

Figure 8 reports the EEnvest breakdown methodology used to determine the technical risks
(cause — effect) related to a single energy renovation measure, in this example “new windows
installation”. Energy performance gap triggering indicators in case of a “new windows
installation” are: “air infiltration and thermal bridge”, while damage triggering indicator is
“breakages and water infiltration”.

IDENTIFICATION OF THE ENERGY IDENTIFICATION OF THE PROBLEMS - OCCURENCES FINANCIAL OUTPUTS
RENOVATION MEASURES FOR (PROBABILITY - IMPACTS)
MACRO BUILDING AREAS
] ENERGY GAPS
Building element - Energy renovation +  Low (probability - Impact) A iliredem ENERGY

w measure + Medium (probability - Impact) PERFORMANCE

% * High (probability - Impact) : Thermal bridge GAPs

o NEW WINDOWS INSTALLATION:

Z «+  Generic data ) DAMAGES )

- o ey iy () N *  Low(probability - Impact) Breakages - water infiltration - DAMAGES

+ -Costs(€) + Medium (probability - Impact) deteachment...
+ High (probability - Impact)

T ‘

Figure 8. EEnvest methodology to determine technical risks of a single energy
renovation measure.

Each occurrence is identified through two parameters, probability and respective impact, that
show the trend distribution of the deviation variability. The technical risk data collection process
used to create the EEnvest technical risk database of these two indicators (energy gap and
damage) followed a top-down approach, passing from a general to a specific issue, from
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literature reviews (3.3.1), interviews to building professionals and experts ( 3.3.2) to be
completed by parametric energy performance simulations (3.3.3).

Furthermore, correction factors (paragraph 2.2.2) related to the boundary building condition as
climate, building features or protocols are used in the calculation to increase or reduce the
problem impact (Figure 9). Alerts, like the correction factors, are suggestions for the users
(paragraph 2.2.3). All these data are collected in the EEnvest technical risk database.

USER INPUT DATABASE FINANCIAL OUTPUTS
Building element - Energy Air infiltration
o renovation measure i [
HEEE: ENERGY GAPS : EMERGY
- =l |2 " i PERFORMANCE GAPs
25|28 NEW WINDOWS LIRS Probability - Impact
211585 INSTALLATION: i
o w .
g E aE Generic data
=0 . 3
£ :z_t 2= *  Energy efficiency (Uw, ..) DAMAGES Breakages
£ <
gllall£2 * Costs (€)
HIEEE
S ||E||E=2 :
- v [~ H
slloll2° - Air infiltration i DAMAGES
u Z| |2 Building element - Energy : Prabability -Impact
g 3 renovation measure ENERGY GAPS
0 2 Thermal bridge
N
S WALL INSULATION: : e
=] . i
g * Generic data : >
£ * Energy efficiency (Uw, ..) DAMAGES Breakages {
+ Costs (€)
Risk sizing T

Figure 9. Technical risks calculation —form data inputs to the financial indicators.

The building inputs, inserted case by case from the users, will activate some technical
problems extracting them from the EEnvest technical risk database. The technical risk
benchmark of each occurrence of the energy renovation measures implemented in the
renovation project will be extracted from the EEnvest technical risk database, and risk impacts
amount resized in relation to the project data inputs (building data) and correction factors
(building boundary condition, protocols or verification procedures used, etc.). These last are
identified as correction factors (paragraph 2.2.2) and run in the quantification process of the
indicators, Figure 10. In term of outputs measurement unit, both technical risk indicators,
energy performance gap and damage, are in percentage of the investment.
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Figure 10. EEnvest top down approach to determine the technical risks database and
the use of correction factors.

Once the occurrences, the impact and the probability have been identified, and through
“probability mass function” will be combined the occurrences (Annex 1) will generate all the
technical risk probabilistic combination of occurrences for both indicators, energy performance
gap and damage. Annex | presents the determination process used to combine the technical
risk of several occurrences that will be implemented in the EEnvest platform (WP5). At the end
the complete probabilistic trend of combination of technical risks of these two indicators
(outputs of WP2) will be used in the WP3 in the Financial Risk Assessment process, where a
random sampling of the probabilistic technical risk of a specific energy renovation scenario will
be extracted and then applied to project cash flows through a Monte Carlo simulation (D3.1).

2.2.1TECHNICAL RISK DATABASE INDICATORS

Data collection process used to gather the technical risks for EEnvest web-platform database
was developed according to a top-down approach, passing from a general to a specific issue,
in relation to the users' inputs (building features, renovation solutions sets, boundary condition)
by two indicators: energy renovation gap and damages. Probability and respective impacts
where identified through literature, real data (experts), and parametric energy simulation.

During the identification of each occurrence, mitigation measures were also collected, as
correction factor able to modify the cause-effects result.

The two indicators, energy performance gap and damage describe two different economic
aspects, both related to the decision-making choices, but with different meaning. For example,
in Figure 11 there are two identical buildings, located in two different area condition, one in a
city and one close to the sea. Hypothesising similar climate conditions, the technical risk
indicator of the energy gap results the same affecting the investment for a 15%, while the
damage indicators, in the building located close to sea results three times more higher,

Deliverable D2.1 22 Version 1.0

Report on technical risks in renovation 26/06/2020

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under Grant Agreement n° 833112



producing an impact that should increase the final investment by 60%, due to the external
condition, namely the salt presence in the air.

Technical risks indicators

mEnergy Gap Damage
(% of investment) (% of investment)

70%
60%
50%
40%
30%

20%
0%

Building Building
(city) (close to the sea)

Figure 11. Technical risks indicators: energy gap and damage, as % of the investment.

The procedure developed to define the impacts is reflected in the simplified validation data
process (described in section 4.1.5) with a good level of approximation even if the high value
is higher than the range defined with the general literature data. Moreover, it is necessary to
underline that, in the EEnvest technical risk assessment, each impact is referred to a specific
probability that event occurs.

It is important to highlight that, even though design errors can lead to performance gaps and
damages, the literature review and the expert interviews underline the difficulties to define and
guantify the impacts of design errors, due to the excessive number of possible cases and the
difficulty to quantify designing effects. Therefore, in the EEnvest technical risk assessment the
effect of design errors has been neglected because we start from the assumption that in the
design phase the experts have already considered this issue in the planned project.
Furthermore, potential risk deriving from design errors should be beard by the designer, i.e.
hedged for the investor.

2.2.1.1Energy performance gap

One of the most common problems connected to the energy renovation of existing buildings is
the energy performance gap (chapter 1.2) between energy performance predicted in the
design stage and actual energy consumption usually measured in the occupation stage
(Cuerda et al., 2020; Shi et al., 2019) [12] [13].

Energy performance gap is defined as the deviation value between building energy
performance predicted (calculated) and real energy consumption measured. This gap depends
on several factors:

e calculation model, such as the type of energy performance simulation tool used, the
detail level of building model (inputs) and the level of simplification (or complexity)
adopted (Van Dronkelaar et al., 2016) [6].
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¢ building boundary conditions, such as external conditions, difference between the trend
of outdoor temperature estimated and real one [14]

e building regulation parameters commonly used in the simulations (as indoor
temperature) are sometimes different from the real ones, due to the difference in the
building occupancy schedules working/hours, lighting, shading systems, appliances,
that the final users select to increase the indoor comfort (occupant behaviour). (Stoppel
and Leite, 2013) [15],

e errors in design, workmanship/installation, or operation (as general systems’ control
settings).

As reported by van Dronkelaar et al. (2016) [6] the energy performance gap deviation between
the predicted energy performance and measured energy consumption in office buildings in a
UK context, is about 16%, due to modelling issues (20-60%), occupant behavior (10-80%) and
poor operational practices (15-80%).

A result presented in this report Shi et al. (2019) [12] shows that there is a reliable correlation
between building features, such as type, climate, floor area, etc. and the energy performance
gap analysis.

Furthermore, deviations between predicted and actual energy consumption occur during the
operation phase of the building but they are strictly connected with the choices made in the
design phase, and with the final quality of the installation/construction phase. In the EEnvest
technical risk determination process of the energy performance gap indicator is been used a
method based on benchmarks of risks, cause-effect occurrences completed of relative impact-
probability information. Deviation amounts, as modification of the planned energy
performance, are estimated in percentage of kWh/m?year, and depends on the building
features, boundary condition and renovation scenario. The magnitude of the energy gap (level
of deviation from the planned energy performance) is a variable value of each outcoming event
of the renovation measures that affects the final prefixed targets. The impact of energy
performance variation (value) was estimated in a range of values (with a minimum and a
maximum, and their probability) that depends and changes in relation to the renovation
scenario settings inserted by users. Within the EEnvest technical risk database the energy
performance gap of each renovation measures is collected. The measurement unit used is a
percentage of the investment and it is determined through a top-down analysis and verified by
a bottom-up approach. The energy gaps have been determined through an extensive literature
review, interviews to building experts or estimated by energy performance simulation. As
already explained in paragraph 3.2.2, in the EEnvest technical risk assessment the effect of
design errors has been neglected. Within the proposed method, the inputs that enable to
assess the technical risk of renovation measures were identified, based on specific inputs and
uncertainty values considering the risk into the simulation through the deviation of the energy
performance.
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ENERGY PERFORMANCE GAP - DATABASE

Medium High

Prob. % Impact Prob. % Impact

Air infiltration

Thermal bridge

Literature review
Interviews
Real experiences or energy simulation

Figure 12. Energy performance gap assessment process

2.2.1.2 Damage

Damage is the second category that was adopted to define technical risk of energy renovation
measures. Damages are breaking events, deteriorations or malfunctions that may occur during
the building operation phase. In this regard, it is important to underline that extraordinary
maintenances only are considered as damages. These events require a technical intervention
to carry out the required repair and replace the damaged components, for the description of
the damage level, three levels of cost impact (low, medium and high) have been defined as
cost amount deviation due to company call fee, kind of repair intervention from a localized
damage to a substitution’s parts, or demolitions with relative finishing works, plus workings
hours of building expert, materials and mechanical tools used.

These indicators will be transformed into numerical percentages of the initial investment cost
at a later stage of the damage evaluation. In EEnvest damage evaluation assessment,
damages included in the component’s warranty are not considered.

DAMAGE - DATABASE

Low Medium High

,: Prob. % j Impact Prob. % Impact Prob. % Impact

Air infiltration

Thermal bridge

I
1
1
1
1

Water infiltration

Literature review

Interviews

LCC

Price building works (public database)

Figure 13. Damages assessment process

2.2.2DATABASE CORRECTION FACTORS

A correction factor is a “value” used in a multiplication equation to correct the results.
Correction factors have been defined within EEnvest technical risk calculation method to
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consider all those aspects and boundary conditions deviating from the base case, which may
affect the risk size. They have been classified in several topics (Figure 14) in relation to the
building boundary conditions and their field of activity:

Climate conditions: these influence the building energy efficiency performance,
increasing or reducing energy losses.

Building site: for instance, wind intensity influence on air infiltration is different if the
building is located in a city centre or in an industrial zone in the city outskirts. This is an
important information in the determination of the air infiltration and the energy losses
connected with that. At the same time, knowing if the building is close to the sea, is an
important input for the “damage” calculation, as this condition can reduce the service
life of the building components. In this case, a possible mitigation measure can be to
require a specific “maintenance program”, in which covers the special needs of this
contest.

Building features and building scale factors: parameters strictly connected to the pilot
proposed by the user. These are parameters, which affect the building energy
behaviour, such as building shape (from EN 15217:2007), or transmission heat loss
coefficient (from UNI EN ISO 13789:2001), together with all the parameters connected
to the renovation measures (material, dimensions, etc.). Correction factors are also
used to adapt the influence of several energy renovation measures when applied
together. An example is, when in the energy renovation strategies both insulation of
external walls and new windows installation are planned and implemented together. In
this case, the probability to have thermal bridge is reduced compared to the case where
new windows only are installed, due to some real limitations during the installation
works.

Protocols used in the design, construction, operation phase. In case of presence of an
energy performance and quality protocol already approved, such as LEED,
KlimaHouse, Passive House, the technical risks directly related to the protocol’s ambit
can be considered as reduced or in some cases zero. For example, in case of
KlimaHouse or Passive House certification, the technical risk associated to air
infiltration can be assumed zero. In fact, to achieve KlimaHouse certification some
verification processes during the development of design and construction phases, like
the Blower Door Test, are mandatory. This means no (or very low) deviation from
planned energy performance, with a consequent increment of the guarantee value of
the business plan, due to the achievement of the performance results. Starting from
these assumptions, in the technical risk calculation the presence of energy losses due
to air infiltration is not considered. The achievement of the KlimaHouse certification, in
this technical risk calculation method, reduces to zero (null probability) its influence in
indicator “energy gap”.

Managing innovation process or other verification processes. The same concept of
protocols. Technical risks can be reduced if these “process measures” as blower door
test, thermography, maintenance program, ETICS guarantee, BIM, Maintenance
program, automatic meter reading systems installed, etc. are implemented.
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Figure 14. Type of correction factors

Here below are reported the correction factors relation between the boundary condition and
technical risks (Table 2).
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Parameters that affects the technical risks

Building physic and Technical system

Loss on System and
Air Thermal
Boundary condition — mitigation action Overheating | energy components
infiltration | bridge
efficiency | performance

Climate contest

Heating dominated (Mediterranean) X X X
Central Europe conditions (Temperated) X X X X X
Cooling dominated (Nordic) X X X X
Building site
Urban contest: city center (low wind, urban heat island) X X X X X
Extra-urban contest: industrial zone or close to the sea (high wind) X X X X
Building exposure: mostly shaded X X
Building exposure: mostly sunny X X
Difficult construction site (reduced space, or other kind of
e X X

difficulties ...)
Building features - building scale factors
Building shape - SIV X X X X
Window-Wall Ratio - WWR X X X X X
Protocols used in the design, construction, operation phase.
International performance measurement and verification protocol % X % X
(IPMVP)
Passive House certification X X X X
LEED certification X X X X
Other energy performance certification (Casaclima, Bream,

X X X X
Greenstar, etc.)
Managing innovation process or other verification processes
Blower door test X X X
Thermography X X X
Maintenance program (LCC evaluation) X X X
specific ETICS guarantee X X X
Integrated energy performance process X X X
BIM (in design and implementation) X X X X X
Maintenance plan completed of management and verification X X X X X
actions and reference persons
BMS (automatic meter reading systems, system control strategy, X X X
etc.)
Monitoring system (sensors, alert, user feedback, etc.) X X X X X

X: presence of correction factor — it will be positive or negative, to reduce or increase the final occurrence

Table 2. Boundary condition to supply the correction factors

2.2.3DATABASE ALERT

In the EEnvest technical risk calculation method so-called “alerts” have been defined and
introduced. Alerts are meant to warn the users of the EEnvest web-platform against dangerous
situations which may arise during the implementation of some energy renovation measures.

Alerts are suggestions for the users, which can be considered mitigation measures as well, if
adopted. In fact, they can reduce the number of negative occurrences, or their impact, also in
terms of commercial value, validating the benefits coming from the renovation project.
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Furthermore, some alerts do not have a quantifiable impact and depend on several variables,
such as (i) the end user behaviour of the buildings (e.g. open/close the windows, turn off the
monitors), or (ii) technical aspects such as the water condensation on internal glass, due, to
physical issue (e.g. presence of thermal bridge) or more factors that happen together (e.g.
internal humidity, no ventilation, number of people, activity done...). In this case, an alert
highlights an unquantifiable occurrence, suggesting a design-technical problem-solving action
proposing more attention in the design phase, with a mechanic ventilation system with
emission system towards glass-windows.

For building components, lifespan is the economic lifetime expectancy, normally specified in
years. Alert, as an EEnvest web-platform output, is a fundamental goal to reduce damage, it
provides information about when replacement cost for the building components need to be
taken into account. In case of building services, the EN 15459:2018 provides the lifespan and
yearly maintenance costs of each element, as a percentage of the initial investment. Both data
will be integrated in the EEnvest platform in form of a warning, which is displayed when the
selected business plan timing exceeds the components lifespan of the investigated renovation
measure, causing in this way an extra-cost due to the component replacement.

Final users, using the platform, can receive recommendations coming from alerts, for the
reduction or technical risks and relative negative effects in term of costs, of a single project
(D2.2).

2.2. 4AMITIGATION MEASURES

Mitigation measures are actions for EEnvest web-platform users, identified in WP2, to prevent,
reduce or control negative occurrences during or after the energy renovation of commercial
buildings. Mitigation measures are adopted to reduce as much as possible damage at the
building elements or technical systems, that cause negative effects, technical replacement, or
restoration. Mitigation measures will be deeply presented in the D2.2.
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3 EENVEST TECHNICAL RISKS DATABASE

In this chapter the EEnvest technical risk database is presented, from organization of the data
(paragraph 3.1), the classification of datasheet for building elements and technical system
(paragraph 3.2) and process used to collect and identify the technical risk data (paragraph
3.3).

3.1 EENVEST TECHNICAL RISK DATABASE
ORGANIZATION

The data collected in the EEnvest technical risk database came from literature reviews,
interviews, and simulations, applying a top-down approach, that decomposes the building in
macro-areas (envelope and technical systems, including the RES) — building elements —
renovation measures. At this level, we identified the negative occurrences that can happen
during the renovation phases, from design to operation one, and the parameters that affect,
modifying, the energy performance or the damages (increasing or reducing) with different
intensity, case by case.

At the end, all the technical risks of renovation process were collected in a EEnvest technical
risk database, able to assess and determine the indicators impact (outputs) through a top-
down approach, passing from a general building to a specific pilot, in relation to the users
inputs (building features, renovation solutions sets, boundary condition). The results are two
indicators, energy gap and damage, on economic variation of the investment, identifying
through Monte Carlo method, and with a certain level of randomness or fall within a fairly wide

range.
Building *Commercial building
Building [l
elements |[QESUIE

Figure 15. Organization of technical risk assessment.
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3.2 IDENTIFICATION ON TECHNICAL RISKS FOR EACH BUILDING
ELEMENTS

In this paragraph the datasheets of each building element renovation measure are reported.
Each datasheet aims to collect the technical problems, the parameters that affect the impact
variation, included the probability, and the mitigation measures (correction factors). The list
below helps navigate through the developed contents, referring to a set of figures showing
datasheet excerpts.

BUILDING ENVELOPE ELEMENTS

1. Roof (Figure 17):
e Flat roof
e Pitched roof
2. Floor (Figure 18):
e Next to the ground (outside)
e Next to air (outside)
e Floor next to unheated area (es. Garage)
3. Walls (all typologies) (Figure 19-Figure 22):
o External wall:

o0 External Cladding
Prefabricated facade
Internal Insulation
Window facade system:

- Curtain wall
- Double skin
e Wall next to unheated area:
o0 New insulation
e Wall next to ground:
0 New insulation
Windows (Figure 23)
Shading system (Figure 24)
External doors (Figure 25)
Other elements (Figure 26)

(el eolNe]

No g ks

BUILDING SERVICES AND RES SYSTEMS

8. Heat pump (Figure 27Figure 27):
e Air/air HP
o Air/water HP
e Geothermal HP
9. District Heating (Figure 28)
e District Heating Substation
e Customer’s internal heating system
10. Gas Boiler (Figure 29):
e Condensing boiler
11. Biomass boilers (Figure 30)
e Condensing boiler
12. Emission system (Figure 31)
e Radiant floor
¢ Radiant ceiling
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e Radiators
13. Distribution system (Figure 32)
14. Cooling system (Figure 33)
e Chiller
15. Mechanical ventilation system (Figure 34)
16. Electric system (Figure 35)

DATASHEET LEGEND

In Figure 16 the legend of the information contained in the datasheet is reported, as follows:

e The technical risk indicators
o0 Energy gap in a yellow rectangle
o Damage in a violet rectangle

e Correction factors in orange rectangle

e Alerts in red rectangle.

BUILDIGN ELEMENT or TECHNCAL SYSTEM

’ __ Cause- Effect X % probability ENERGY GAP - X impact

of the occurence
ENERGY

MEASURE —| TR - Ea % probabili DAMAGE - X impact
(OCCURENCE): of the occurence
ORRECTION FACTORS

ORRECTION FACTORS ‘

ALERT

Figure 16. How to read the datasheet information
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EEnvest

General Installation: corners (overlay sheath
»| —or tape laying), bad insulation laying, wall-

roof connection

X % probability |—Ximpact

——{X 9% probability [—x impact

—|0if: no/limited components |

~ X% probability X impact

~ [x9% probability |—Ximpact

|0if: no/limited components |

~|x% probability X impact

ﬁ—b(% probability I——X impact

—k)if: no/limited components |

—P(% probability I——X impact

EXTERNAL
INSULATION AIR INFILTRATION Components interfaces: windows, chimney,
(KPI airtightness) lift, border or parapet connection, other
Air leakage along on: technical system (as RES installation)
if : Blower door test; certification, ETICS
uarantee...
General Installation: carners, bad insulation
laying, wall-roof connection
THERMAL BRIDGE ) ) )
Components connection: windows, chimney,
(KPI W) lift, border or parapet connection, other
Alongon: technical system (as RES installation)
0if : Thermography check/campaign,
ETICS guarantee, etc.
General Installation: corners (overlay sheath
——ortape laying), bad insulation laying, wall-
roof connection
WATER
INFILTRATION Components connection: windows, chimney,
(KPIm2) ———lift, border or parapet connection, other
Along on: technical system (as RES installation)
General Installation: corners, bad insulation
laying, wall-ceiling connection
THERMAL BRIDGE
> INTERNAL (KP1 W) Components connection: windows, chimeny,

INSULATION Along on: lift, border or parapet connection, other
g on: technical system (as RES installation)

[ % probability X impact

k)if: no/limited components |

0if : Thermography check/campaign

+—> PITCHED

Similarto the "flat roof " but with some correction factors.

Figure 17. Roof risk probability breakdown definition
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EEnvest

FLOOR NEXT TO

GROUND - . . )
{OUTSIDE) Similar to the "floor next to air" but with some correction factors.

% probability F— &3
—Vertical wall and static building structure (pilasters or corners) —'::]( i - fromh al R pech
if: no systems from the groun
Components connection: edges of opening - lift—stair - bed panels laying and T — i
AR INFILTRATION —Conn'l e g I P ving —‘—[x % probability L~ Ximpact
(KPI airtightness) — [0if: no openings |
FLOOR NEXT TO NEW Air leakage along on:  [—Passage of pipes —ducts and systems in general -> general leakages — X% probability | Ximpact
AIR (OUTSIDE) |§ INSULATION
7b if : Blower door test; certification, ETICS guarantee, Thermography ‘
—Vertical wall and static building structure (pilasters or corners) —‘:E % probability |——Ximpact
THERMAL BRIDGE | Components connection: edges of opening - lift —stair > bed panels laying and if: no systems from the ground |
(KPI W) connections X % probability ——X impact
Along on: —Corners (overlay sheath or tape laying) or wall connection - bad insulation laying j Ifeinsionenings |
X % probability | Ximpact
*b if : Blower door test; certification, ETICS guarantee, Thermography ‘

FLOOR NEXT TO
UNHEATED AREA §

Similar to the "floor next to air" but with some correction factors.

(LIKE GARAGE)

Figure 18. Floor risk probability breakdown definition

Deliverable D2.1 34 Version 1.0
Report on technical risks in renovation 26/06/2020
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement n° 833112



ﬂﬂ\

EEnvest

1. EXTERNAL CLADDING (insulation, glue and plaster)

2. VENTILATED FACADE WITH EXTERNAL CLADDING (insulation, anchoring, fixing system, and external fagade
cladding)

3. PREFABRICATED FACADE (insulation, final cladding, anchoring, fixing system, )

4. INTERNAL INSULATION (insulation, glue and plaster)

5. WINDOW FACADE SYSTEM - Curtain wall

6. WINDOW FACADE SYSTEM - Double skin (replacement or addition)

e WALL NEXT TO UNHEATED AREA (GARAGE..) G New insulation (of any kind)

> WALL NEXT TO GROUND (OUTSIDE) - New insulation (of any kind)

¥ 4 Renovation strategy:
| (a) External re-
L insulation, (b-c) Double-

skin facade (d) Curtain
waqall. (SOURCE: Fagade
system for existing
office buildings in
Copenhagen - Loay

i |/ — Akram Hannoudia, *,

a b [ d Jargen Erik

[JExternal re-insulation M New window [ dsf Il Curtain wall fg;'rsjfg”;e"b’ Michael

Figure 19. Wall risk probability breakdown definition: overviews solutions (1/4)
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EEnvest

WALLS

_ Connection with other elements: borders/angles, balconies —terraces interfaces, X % probability X impact
AIR INFILTRATION corners, openings (windows or doors) and systems g B
— (KPlairtightness) ——
Air leakage along on: | Manufacturing issues or bad insulation installation (plaster cracks, bad airthingtness X % probability X impact
tape laying - breakages overlay sheath) L pa
—|C| if : Blower door test; certification ‘
Connections of elements or Borders/angles, Balconies — terraces interfaces -> =
. M o n - % probability X impact
1. EXTERNAL CLADDING THER%SL‘I;RIDGE | weakness around connections with the wall and with other materials
»  (INSULATION, GLUE AND [T T
PLASTER) Along on: ——~0penings (windows or doors) and systems (of any kind) -> weakness and leakages X % probability X impact
—|CI if : Thermography check; ETICS certification ‘
__ Due to bad cladding or layers installation - e.g. on the borders/angles (plaster cracks, X % probability Ximpact
WATER INFILTRATION poor sheath overlay, etc.)
(KPI m2) — Near the border with openings, balconies-terraces and systems (of any kind) - o N
Along on: Sreaiares X % probability Ximpact
|CI if : Thermography check; ETICS certification
___Connections of elements or Borders/angles, Balconies —terraces , systems (of any - _
2. VENTILATED FACADE WITH AIR INFILTRATION kind) Openings (windows or doors-> general leakages near the connections ALY glimeacy
EXTERNAL CLADDING —  (KPlairtightness) X % probabili Xi
- (INSULATION, ANCHORING, Air leakage along on: Fixing (anchoring) systems -> general leakages in the connection between elements | p w CEE
| FIXING SYSTEM, AND EXTERNAL and possible breakages X % probability X impact
! FACADE CLADDING)
} —b if : Blower door test; certification |
: _ Connections of elements or Borders/angles, Balconies — terraces interfaces, openings -
| THERMAL BRIDGE {windows or doors) and systems -> bad insulation installation and general leakages SO Y Wlinpact
| (KPI W) —
i Along on: ——Fixing (anchoring) systems -> general leakages in the connection between elements X % probability X impact
| b if : Thermography check; ETICS certification |
| —‘5{]% if : punctual fixing |
i Connections of elements or Borders/angles, Balconies — terraces interfaces, openings
| WATER INFILTRATION ——> bad insulation or waterproof layers installation - e.g. plaster cracks, poor sheath X % probability X impact
(KPI m2) ——  overlay, poor paraper protection, distance between cladding elements, etc.
3 Along on:
i —— Fixing (anchoring) systems -> bad waterproof or general leakages X % probability X impact
v

P if : Waterproof certification (onsite tests)

Figure 20 External wall risk probability breakdown definition: external cladding, ventilated facade with external cladding (2/4)
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EEnvest

WALLS

3. PREFABRICATED FACADE
(INSULATION, FINAL
CLADDING, ANCHORING,
FIXING SYSTEM, )

4. INTERNAL INSULATION
¥ (insulation, glue and plaster) ——

AIR INFILTRATION
(KPI airtightness)
Air leakage along on:

THERMAL BRIDGE
{KPI W)
Along on:

WATER INFILTRATION
(KPI m2)
Along on:

AIR INFILTRATION
(KPI airtightness)
Air leakage along on:

THERMAL BRIDGE
(KPI W)
Along on:

WATER INFILTRATION
(KPI m2)
Along on:

Connection with other modules, between modules and traditional parts and interfaces with

——systems (BIPV, ducts, etc) -> bad modules installation -> airgap, not perfect vertical and X % probability —— Ximpact
horizontal alignment and sealing
X% probability ———Ximpact
Manufacturing issues and imperfections (plaster cracks, bad airthingtness tape laying -
breakages overlay sheath
# Y ; X% probability ———Ximpact
b if : Blower door test; certification ‘
Connection with other modules, between modules and traditional parts and interfaces with
——systems (BIPV, ducts, etc) -> bad modules installation -> airgap, not perfect vertical and —— X% probability ~——Ximpact
horizontal alignment
——Manufacturing issues and imperfections (insulation laying, window details, etc.) X % probability ————Ximpact

—b if : Thermography check; ETICS certification

Connection with other modules, between modules and traditional parts and interfaces with
systems (BIPV, ducts, etc) -> bad modules installation -> airgap, not perfect vertical and ——X% probability ———Ximpact
horizontal alignment

if : Onsite test

Connections of elements or Borders/angles especially with floor,ceiling, windows, balconies —

terraces interfaces X% probability —— Ximpact
h if : Blower door test; certification
Borders,v'fangles especially in the.mterfa.ces.wnh flo.or/celllng and wall, Windows, balconies — X % probability Klimeact
terraces interfaces - Due to bad insulation installation

—'0 if : Thermography check; ETICS certification

——Openings (windows or doors) and systems related to indoor-outdoor connections X % probability X impact

—h if : Thermography check; ETICS certification ‘

Figure 21. External wall risk probability breakdown definition: external cladding, ventilated facade with external cladding (3/4)
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EEnvest

WALLS

Medules interferences with anchoring, fixing systems and connection with other elements, air

—exchanger or integrated elements (shading systems) -> weakness, bad curtain wall installation X % probability Ximpact
AIR INFILTRATION (not perfect overlay, bed alignment, etc.)
—  (KPlairtightness) —— X % probability Ximpact
Air leakage along on: Manufacturing issues and general leakages in the curtain wall seals and joints (breakages,
defects, deflection of frame, etc.) - -
X % probability ———Ximpact
b if : Blower door test; certification |
z;]crlilers and connections -> bad curtain wall installation (not perfect overlay, bed alignment, X% probability Ximpact
THERMAL BRIDGE
- KPl W | A ) L . 3 . .
Atlun m]‘. Ieahkagels in the curtﬁlr;lwall seals, joints, anchorings, shading systems, and connection with X % probability P
5. WINDOW FACADE SYSTEM — gon: other elements (wall, floor, etc)
> CURTAIN WALL —
—b if : Thermography check; ETICS certification
Borders and connections -> bad curtain wall installation (not perfect overlay, bed alignment,
WATER INFILTRATION etc.) and leakages due seals, joints, anchorings, shading systems, and connection with other —— X % probability —X impact
— (KPI m2) elements (wall, floor, etc)
Along on:
b if : Onsite test
GLASS BREAKAGES weather. and exposure c.()|l1ditions (thermal expansion, rigid conditions, wind) especially nea X % probability — Dimpact
due to weak point {anchoring, fixing, etc.)
6. WINDOW FACADE SYSTEM —
L1 DOUBLE SKIN ﬁ{ Similar to the «Curtain Wall " but with some correction factors.
(replacement or addition)
AIR INFILTRATION —Connections of elements or Borders/angles, ceiling and other walls X % probability Ximpact
{KPI airtightness) 10 T i, stair) (d . B
Air leakage along on: penings (windows, lift, stair) or systems (ducts, pipes, cambles, L .
electrical boxes, etc.) interfaces e il RlIAED
}CI if : Blower door test; certification
WALL NEXT TO UNHEATED NEW INSULATION
AREA (GARAGE) (of any kind) —Connections of elements or Borders/angles, ceiling and other walls X % probability Ximpact
Openings (windows, lift, stair) or systems (ducts, pipes, cambles, i~ .
THERMAL BRIDGE electrical boxes, etc.) interfaces X % probability Ximpact
(kP W)
Along on: —‘Cl if : Thermography check; ETICS certification ‘
WALL NEXT TO GROUND
(OUTSIDE) Similar to the «Wall next to unheated area" but with some correction factors

Figure 22. External wall risk probability breakdown definition: external cladding, ventilated fagcade with external cladding (4/4)
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EEnvest

—|— % probability l—-—-- impact
—Window frame (bad installation, airthigntness) —
E |—% probability '—-—-- impact

AIR INFILTRATION —|_'x. probability I—-_- impact

— (KP! airtightness) —+—Manufacturing issues (bad sealing)

» NEW Air leakage along on o _ _F%Pfﬂbab“'mf l—-—a impact
INSTALLATION Connection with other components (shading system, VMC,

etc.) % probability l—-—— impact

*J if : Blower door test ‘ % probability =(liatd
—|— % probability l—-- impact

—‘— % if: window monoblock (4 side no zanche) ‘

___Window frame or insulation layer - due to bad installation in
THERMAL BRIDGE general (energy loss and mould problems)

I— (KPI W) —
Along on:

Connection with other components and manufacturing % probabili - impact
I T probability P
imperfections (shading system, VMC, etc.) I—'_-

PJ if: no integrated components ‘

}0 if : Thermography check ‘

WATER INFILTRATION ’_|_ % probability }ﬁ“ g

— (KPI m2) Window frame (bad installation)
Along on: \—|— % if: window monoblock ‘

Glass surface condensation due to internal environmental conditions (T, RH) and bad sealing between glass and window frame -> moulid risk |

ALERT
AIR CONDENSATION |

Between glass due to seal breakages/deterioration (salt inside)

GLASS BREAKAGES Weather and exposure conditions or glass defects (in long ™ -
due to T time) —‘—% probability }—_ impact

Due to bad setting control strategy implementations; change

in users needs; sensors problem (wrong data, malfunctions, —‘— % probability ‘ —=-impact
AUTOMATIC RARIGIC Tt breakage, etc.)
I CONTROL OF ____ Inopening/closing, automatic
control for natural ventilation, 3 B
OPENINGS WIDOWS e e Due' to faults in the mechanical systems (actuators, sensors, 9% probability }7 i
engines, etc.)

Figure 23. Window risk probability breakdown definition
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EEnvest

4‘)(% probability If X impact

Due the bad positioing of the shading system (manual control, orientation, etc.) E—
—— GLARE AND BAD DAYLIGHTING {’u 0% automated control |

if : daylighting model |

OVERHEATING Due to wrong use and positioning of shading system (by users) % probability l— Ximpact
EXTERNAL SHADING m— m——
————  (VERTICAL AND automated control
HORIZONTAL)

MALFUNCTIONS _ Due to poor maintenance and cleaning (dust, lamellas allignment or rotation, 9% probability [

manual control problems, mechanical breakages, etc.)

GLARE AND BAD DAYLIGHTING Due the bad positioing of the shading system (manual control, orientation, etc.) P( % probability Ximpact

‘\—{0 % automated control |

INTEGRATED SHADING
,—'x% robabili I— X impact
S;SJ\EI:I I(I!JNTE-:EE OVERHEATING Due to wrong use and positioning of shading system (by users) ‘ B 1 -
& |CI % automated control ‘
DOUBLE SKIN)
MALFUNCTIONS ——Due to manual control problems, mechanical breakages, lamellas stuck, etc. 4‘-% probability l——-- impact
—‘)( % probability I— Ximpact
GLARE AND BAD DAYLIGHTING Due the bad positicing of the shading system (manual control, orientation, etc.) —‘

‘D % automated control |

SYSTEM

INTERNAL SHADING o .
> OVERHEATING Due to the internal shading system positioning _[—’X % probability l_ Ximpact

% automated control ‘

__Due to poor maintenance and cleaning (dust, lamellas allignment or rotation, ——|_ - 5
b UALLIETIE S manual control problems, mechanical breakages, etc.) EIEY = [[ETE!

F)ue to hed,"change needs/setting control strategy 2% probability | i
implementations
AUTOMATIC MALFUNCTION IN SHADING :
Due t bl data, malfunctions, breakage, e i
CONTROL OF OPENING/CLOSING AUTOMATIC ette) 0 sensors problem (wrong data, malfuncions, breakage, ———— % probability - impact
SHADING SYSTEM DAYLIGHT CONTROL :
Due to faults in the mechanical systems (shading engine, "~ I
lamellas, etc.) skl lﬁ [ impact

Figure 24. Shading system risk probability breakdown definition
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EEnvest

EXTERNAL DOOR

TO GET INTO THE

BUILDING
4')( % probability lf X impact
Due the opening times and the internal-external conditions
AIR INFILTRATION reduced if : automated
—» SUBSTITUTION [E— (KPI airtightness) external door
Air leakage along on
Around the edges of the opening (sealing defects) 4')(% probability }——X impact
AUTOMATIC
» CONTROL OF — MALFUNCTION ——Due to faults in the mechanical systems (actuators, etc.) —')( % probability '— Ximpact
EXTERNAL DOORS
—P( % probability I— X impact
Due the opening times and the internal-external conditions
AIR INFILTRATION reduced if : automated
TO GET INTO EACH (KP! airtightness) external door
OFFICE/COMPANY .
Air leakage along on
Around the edges of the opening (sealing defects) 4')(% probability }——X impact

Figure 25. External Door risk probability breakdown definition
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EEnvest

OTHER ELEMENTS

X % probability Ximpact

0if : themal break; all balcony
insulated

X % probability X impact

0if : themal break; all parapet
insulated; no connection
parapet and wall

X % probability Ximpact
NEW ELEMENT — AIR INFILTRATION

— CHIMNEY —p _— (KPI airtightness) ——Due to the passage of the air into the chimney path between old and new element
INSULATION Air leakage along on if : new external chimney;
Blower Door Test
DOORS AND WINDOWS AR INFILTRATION Due to the passage of the air from the
STAIR (INTERNAL) SUBSTITUTION (GROUND (KP! airtightness) — el —' See doors, windows and lift ‘
FLOOR— ROOF) doors (GF), lift and windows (roof) ’

On the horizontal connection on the floor level

BALCONY —» NEW INSULATION ————— THERMAL BRIDGE

On the vertical connections between balcony and wall (parapet)

Air leakage along on

AIR INFILTRATION

— (KP! airtightness) *5“5 mg;f oy D,ft:E a"fmT the )| See doors, windows and lift ‘
DOORS AND WINDOWS Air leakage along on loors (GF), lift and windows (roof)
—» SUBSTITUTION AND NEW —

INSULATION X % probability Ximpact

Due to the leakages between stair wall
— THERMAL BRIDGE T and wall & 0if : thermography check
Smaller if heated

AIR INFILTRATION h Fthe air h
— (KPI airtightness) M 0112 55 2 RS R i R EllriT e 2 /| See doors, windows and lift

Air leakage al doors, lift and windows
r leakage along on
» STAIR (EXTERNAL) NEW INSULATIONAND |

WINDOWS SUBSTITUTION

X % probability Ximpact
|| T e o Du: to Tlheleakages between stair wall
and wa 0if : thermography check

W ELEIENT AIR INFILTRATION 22 probability pimpact
n—b — (KPI airtightness) ——Due to the passage of the air from the doors and it's structure
INSULATION i e almmen l—h if : Blower door test

STAIR (PARTIALLY
—» » INTERNAL-> ONE

—p OTHER —> SPECIFIC OR PARTICULAR ELEMENT WILL BE ANALYSED

Figure 26. Other elements risk probability breakdown definition
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EEnvest

HEAT PUMPS

Fan —P&x’{qm]ﬂm{iq.pmbqb;m l——-lS%{OEM} — 8% (I} cost impact
g z : - 23%{0EM) — 12% (IC) cost
: ——Control and electronics —PS%[DEM]_-—.JB%QE}_meahiiity_ !_'_imp;(:t ) Ui con
DAMAGE —
Temperature sensors —hﬂtﬂfm ] bdity l—-—*No data cost impact

AIR/AIR HP —— NEW INSTALLATION

————Compressor —bmﬁlﬁﬁ]nmbahﬂih! l—-—46: % (IC) cost impact
L PERFORMANCEGAP —— ——— 3 prabability ——— Ximpact

——Fan B 1C) probability. |——%(0EM) % {IC) cost impact

——DAMAGE —_—
———~Control and electronics —hﬁ'}ﬁ(@f_‘mj—s?ﬁ[lc]{x? ; ]—f‘ZI%IOEM}—% (IC) cost impact
-Temperature sensors —}IO‘KEOEM] }'.'imk'}af'bili'ty_r_ ]——bG{OEM] —% (IC) cost impact
AIR/WATER HP ———NEW INSTALLATION —
-Compressor —P&ﬁﬂt}pr@ba;m lity - l—-—le%EOEM}— 52% (IC}) cost impact
Pressure switch ——Iﬂ#‘}ﬁ[qu]—%{l;)pgohnhmty l——‘ZS% {IC} probability

- PERFORMANCE GAP — —ks_prohabiiity\ ]——x impact

100

GEOTHERMAL Hp [ 1= X oy o) — Liquid pumps —b.?\-"?ﬁi\gﬁ!!'!l_*?é.i!ﬁlﬂ!?.‘?!?_ ility I— 118%[0EM) — % (IC) cost impact
——Control and electronics ———B1%I0EM) ~ 149% (IC) probability I— —«is%EOE'M} — 9% (IC) cost impact
—DAMAGE E—_— : :
——— Compressor ——P%L}Clprdmbiﬂw J— ~———49% {IC} cost impact
Shuttle valve =5 b%{efm]—u%{mgmhab&gty | —129%{0EM) — 9% {IC) cost impact
PERFORMANCEGAP ... ———X probability f——ximpact
Figure 27. Heat pump risk probability breakdown definition
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EEnvest -

DISTRICT HEATING

—Water leakage 33% pmba'bility_r Low: 150€ (33%) - Medium: 200€(33%) - High: 450€(33%)
+——Heat exchanger ——3% probability “Low: 200€(8%) - Medium: 400€ (812%) - High: 1200€ (113)
DAMAGE ——Control valve —— 13% probability Low: 100€(31%) - Medium: 250€(34%) - High: 800£(35%)
DISTRICT
HEATING —NEW INSTALLATION
SUBSTATION -Actuators — 10% probability ‘Low: 100€[4%) - Medium: 200€(24%) - High: 600£(72%)
——Control system and controller %_proba!:_nilitv Low: 150€(35%) - Medium: 600€(16%%) - High: 800€({48%)
L—Inferior gaskets 5% probability “Low: 100€(33%) - Medium: 200€(33%) - High: 300€(33%)
Customer’s
 Jinternal heating
system
~— PERFORMAMNCE GAP —
—Unsuitable heat load pattern 22% probability ——X Impact
Low average annual temperature difference 658% probability ——X Impact
Poor substation control 12% prebability ——X Impact
—P {or-50%) if: automatic meter reading systems installed |
MEW INSTALLATION
—— DAMAGE

Figure 28 District heating risk probability breakdown definition
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GAS BOILERS

Limescale water pipes/heat [ 2 I
‘—Mhanger — % probability [ Ximpact
| Flooding —_ |—%pl‘ﬂhﬂhlhtv l— ~¥ impact
—|:+]_ if: air break into pipework |
Pressure loss — %‘-‘prha bility Il——---,K impact
CONDENSING i
BOILER —MNEW INSTALLATION
-Frozen condensate pipe —x }—}Sprqbahlhtv }— -X impact
B Z :
\—ppiroha.hili.w.if_ pipe installed #*Carea
Leaks or drips ——'%_x;__;mhab_iﬁ_ty g i— —X impact
~—~ PERFORMANCE GAP —L
Sensor faults —P(m;.abﬂtv i Kimpact

Figure 29 Gas boilers risk probability breakdown definition
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CONDENSING

BOILER —MNEW INSTALLATION

Figure 30 Biomass boilers risk probability breakdown definition

— DAMAGE

—lgnition failure ._|_9g probability ¥ impact
(due to fuel, air supply) l_
Water over temp. - no circulation — .|—%pruhahility ]——-X impact
Vacuum System timed out —== .|—% probability '— X impact
(no fuel at boiler)
System fuel/feed Auger not A % probability it
functioning |_ - L
Pellets or half-burned fuel in ash _._|_% probability l_ X impact

chamber
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EMISSION SYSTEM

ol - -—‘%j.pmh_ab’gﬁty..- ]— -;(im.pacl
RI?L[SE‘NRT — NEW INSTALLATION DAMAGE Freezing = l%pmbah'“‘" '— “Kimpact
b Air in the system = I%pmimbilit[ }_—“ iRpack
RADIANT
CEILING —NEW INSTALLATION DAMAGE
Fiske - —|9(xipmbab’|lﬂ_;¥ '— X impact
oo U NEW INSTALLATION — DAMAGE. Freezing % probabity il o
Airin the system — —I%-D'“bﬂﬁilitv I— Aimpact
Figure 31 Emission system risk probability breakdown definition
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DISTRIBUTION SYSTEM

Manifold 3 —F%:p__rohahilﬂ;q l_ Ximpact
__|—‘Jﬁprphab|lrty ]——- Himpact

Standalone circulator

Shut-off, Balancing, Non-return,

DAMAGE 1 Angle seat, In-line/Flange, ; o s
BUILT-IN ’7 Fill/Drain valves - %probability [——impact
pREULLIONIZER  NEW INSTALLATION ———
AND PIPES
“Strainer e— |‘..% probability |— ~X impact

Diaphragm expansion vessel

— i

i 1% probabilty — Ximpact
Figure 32 Distribution system risk probability breakdown definition
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COOLING SYSTEM

Corrosion |‘ % probability

il

—X impact

—_— —— [~ % probability [~ Ximpact
Refrigerant leaks |— e

DAMAGE i . S [
’7 Electric control failure [ — F!ﬁn_l'gbah'ilihr }_ -_}( ——
> CHILLER —NEW INSTALLATION

“Biased sensors e F*Wﬂbﬂbiw '— Himpact
-~ PERFORMANCE GAP —‘
—Sensor faults —b(pmbab:lrt\r X impact
Figure 33 Cooling system risk probability breakdown definition
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Figure 34 Mechanical ventilation risk probability breakdown defi

l—- .K impact

——Kimeact

—Ximpact

]—- ‘X impact

'——--)( impact

l—— Himpact

l— ¥ impact

]—- Nimpact

Outd ir intake d is stuck i
I ou oor air intake damper is stuc —P“Nﬂhﬂhm
pen
Dirty filters ——  Bprobabilit
- = o
AR HANDLER NEW INSTALLATION DAMAGE
Fan/Blower motor failure ixmﬂhm
“Fouling coils P“’mb"
ERFORMANCE GAP — i T IR,
Supply air pressure set point is too low —Fﬂsmbqbﬂﬁv
BUILT-IN o
= S —— & Bil
> COMPONENTS MNEW INSTALLATION DAMAGE Dirty filters Mmha }b,r
VENTILATION o
Ld DUCTS —NEW INSTALLATION ~ ————DAMAGE Bent / not sealed ducts — -bﬁpmhabdr:l_v
OUTLETS/ _ ) e ;
- DIFFUSER —NEW INSTALLATION ~——— DAMAGE Blocked blades / Wrang position % probability

nition
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Short-cuts
Overloads
ELECTRICAL EQUIPMENT
DAMAGE
= —NEW INSTALLATION {“
NE DAMAGE R — Short-cuts
- —Overloads
Figure 35 Electric system risk probability breakdown definition
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3.3 TECHNICAL RISKS DATA COLLECTION: PROBABILITY AND
IMPACTS IDENTIFICATION

In this paragraph is reported the collection strategy used to identify the value of the
parameters of preidentified technical issues for each building elements (paragraph 3.2).

3.3.1 Literature review

The literature review is mainly based on several topics, to identify the cause-effects impact,
running parameters and mitigation measures (reported in alphabetic order):

Air infiltration: air changes, volume, heat exchange, wind, pressure, ...
Analytic Hierarchy Process

Cost Optimal

Energy Performance Gap

Facade systems for office buildings

FMEA

Glass breakage

HVAC faults

Impact automatic lighting control

Internal condensation

Internal insulation

Maintenance office buildings

Overheating: shading management, final users, indoor comfort, glare
Prefabricated facade

Protocols, certification, or verification processes (LEED, PassiveHouse, CasaClima,
ced)

Shading system

Technical risks

Thermal bridge

Thermal insulation failure

WWR
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Building sCommercial buildings

*Envelope
*Technical systems, including the RES

Renovation
measures
DESIGN LOW Prab®Impact

- Protocols used Damaggs . MEDIUM Prob* Impact
+  Certification = HIGH Prob*Impact
~\Marifieatian processe
CONSTRUCTION
*  Protocols used
Certification
. ion processes

LOW Prob®Impact
Energy perfomrance gap | = MEDIUMProb®impact
- HIGHProb*Impact

OPERATION
*  Protocols used
+  Certification
*  Verification processes

STATISTIC
Analytic Hierarchy Process - FMEA - Monte Carlo

Figure 36 Literature reviews topics to identify the parameters that affects the cause-
effects technical risks.

Concerning building services, a general definition and classification of faults was established.
Three main categories have been identified: physical faults, faults related to inappropriate
control sequencing and soft faults. Hard faults are breakages, deteriorations, malfunctions and
failures. These problems may cause both a damage and a performance gap. In the case of
inappropriate control sequencing and biased sensors (soft faults) the hypothesis of only a
performance gap has been adopted. In this way we assume that the deviation from the planned
investment weights negatively only on the energy efficiency building indicator.
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BUILDING SERVICES FAULTS

Damage
Example: Refrigerant

leakage, broken sensors _—

Breaking event (meters, actuators Underperformance
(Breakage)
o Damage
PHYSICAL FAULTS Deterioration/ ﬁwlrplg.. D;rt.y ﬁit.ers )
Detachment distribution pipes insulation
Underperformance

Malfunction/failure Example: AHU outdoor air

intake damper is stuck open,

Biomass boiler fuel/feed
auger not functioning

Damage

-Underperformance

INAPPROPRIATE

CONTROL
SEQUENCING Example: AHU's supply air

pressure setpoint is too low

Underperformance

e SOFT FAULTS

Biased sensors Underperformance

Figure 37 Building service faults structure.

3.3.2 Interviews

Interviews were carried out to identify the probability and the impact of each problem connected
to each renovation scenario, composed of either one measure or a group of renovation
measures.

Stakeholders involved in the interview:

e ESCO: building envelope elements and technical systems

¢ Building and facility managers: building envelope elements and technical systems
(maintenance issues)

e Constructors: building envelope elements and technical systems

e Building experts: as architects for building envelope elements, or mechanic
engineers for technical systems

The interviews are conducted in several steps. The first step is to take contact with the
stakeholder, usually by mail and phone call. Once they accepted to participate at the interview,
we organize a first call (teleconference call) where we present EEnvest project, final objective,
WP2 and relative database. Showing the “Template on building elements and technical
system”, modified ad hoc for the interview, on the top a specific areato collect the unit measure
that the stakeholder used (square meters, percentage of volume, number of buildings,...) in
relation of his/her own personal experiences, Figure 38. During calls with the stakeholders an
active dialogue is activated, and positive results achieved, as improvements on information
and content template, and probability-impacts data collected. Currently three interviews have
been made through online technology (also for COVID-19 issue) and 5 more are planned.
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Please, in relation of your experience identi 1 kind of number you will use

% of buildings, % of m2, m2,m3, n. of e PROBABILITY IMPACT CORRECTION FACTORS
General Installation: corners [overlay sheath
™M AT . o tape Laying], bad insulation laying, wall -X % probability X impact BUILDING HEIGHT
roof connection
» EXTERNAL
INSULATION | AR INFILTRATION Components interfaces: windows, chimney, % probability X impoct WIND EXPOSURE
(Pl airtightness)  ————ift, border or parapet connection, other —
Air leakage along on: technical system (as RES installation) Of: no/limited components
[0H : Blower door test; certification, ETICS
Buarantee...
General Installation: corners, bad insulation -
laying, wadl-roof connection 126 probabiy, imaer
ROOF f GLASS RATI
AR LE Companents connection: windows, chimney, % probability Nimpact
Ll lift, border or parapet connection, ather f—
Along on: technical system (as RES installation) 01f: noflimited components
01f : Thermography check/campaign,
ETICS guarantee, ete.
General Installation: corners (overlay sheath
or tape laying), bad insulstion kaying, wall- % probabiiity Ximpact ROOF { GLASS RATIO
roof connection
WATER 1l
INFILTRATION P ion: i =
ponents connection: windows, chimney, o %
(KPIm2) lift, barder or parapet connection, other 126 prohehiiy, AP o
Nlongon: technical system (as RES installation) 0W: no/lmited components -
, :
General Installation: corners, bad insulation _ -
laying, wall-ceiling connection % bility X impact b
e THERMAL BRIDGE ROOF { GLASS RATIO 3
INTERNAL (xP1 W) Components connection: windows, chimeny, X % probability b impact ]
INSULATION Ao {—{lift, border or parapet connection, other  —— g
g on: technical system (3¢ RES Ingtallation) i oAl components g

Oif : Thermography check/campaign

Figure 38 template for the interviews

3.3.3 Parametric energy performance simulation

Parametric energy performance simulation was used to determine the functional deviation, in
terms of energy losses due to different reason, from malfunctioning to technical problems, both
for the envelope and for the technical systems. We focused our efforts to identify missing data
impacts that we did not extrapolate from the literature review or building experts knowledge
(by interviews).

Parametric simulations were performed to estimate different impact levels of each predefined
problem, varying building physic parameters or other technical parameters within a range of
values coming from literatures or real experiences. The energy performance calculation tool
was PHPP (Passive House Planning Package) in parallel with in-house tool elaborated ad hoc
for parametric simulation (made by EURAC) developed to perform parametric analyses on
many design input variables. [16].

Case by case, in relation to the building elements or technical system analysed, the inputs
parameters are changed, to simulate several energy deviation scenarios, changing the
parameters value of standard condition.

Here below a list of parameters and relevant assumptions used for the simulations:
Building parameters:

- climate conditions: three climates, HDD, wind exposure, orientation, etc.
- building dimensions: heating area, volume, Window/Wall ratio (WWR), etc.
- building shape: surface/volume ratio, etc.

General assumption used in the parametric simulation:
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- Good design level (design error effect is not considered)
o Thermal bridge should be implemented in the calculation process by the
user.
0 Related problems as indoor condensation should be verified by the user (or
his experts).
0 These losses should be introduced in the energy performance calculation.
- Tool used: PHPP together with EURAC in-house parametrization tool
- Office building models, three different buildings with different dimension and
architectonic features:
o S/Vratio:
= compact (0 < S/V <0,20)
= slightly irregular (0,20 < S/V < 0,70)
= jrregular complex (S/V >0,70)
o Dimensions
o WWR ratio:
= low (WWR between 0-20%) as single windows
= medium (WWR between 20-40%) important fenestration
= high (WWR between 40-60%)
= total fenestration (WWR over 60% - curtain wall)
- Building site, three climates:
o0 North Europe (Nordic), Sweden, Stockholm
o0 Central Europe (Temperate), France, Paris
o0 South Europe (Mediterranean), Italy, Rome
- Other parametric inputs (as variable) will be identified step by step, in relation to the
building elements evaluated and occurrences found. For example, in the windows
we considered the energy losses coming from air infiltration and thermal bridge.
Within PHPP we varied the parameters that describe it, like air change rate and the
air pressure normally used for the Blower Door Test (50 Pascals).

Parametric simulation process is also used to verify the data found. It means that the value of
the data found in the literature review on energy performance deviation (between predicted
and real energy consumption of several commercial buildings) is been verified by energy
simulation tool. The final value calculated should be close enough to the deviation value found
in the simulation. Significant deviations from the comparisons with general data should be
justified.

The parametric simulation results will be reported in the next deliverable, in each technical risk
datasheet elaborated for the EEnvest technical risk database.
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4 DATABASE INDICATORS RESULT: TWO EXAMPLES

This chapter reports the results obtained from the research conducted on two building
elements. We decided to show two positive examples in terms of collection and determination
process of technical risk data details. Those elements are window element and district heating
technology system.

4.1 WINDOW ELEMENT RISK INDICATORS

Focusing on the windows building element as renovation measure to improve energy
efficiency, a breakdown structure referred to the main technical risks has been done (Figure
39). The definition of the breakdown structure has followed an iterative procedure that started
with a very detailed technical issue list, both for the main problems (second column) and for
the specific causes (third column), thanks to the literature review and real experiences.
Subsequently, the breakdown structure has been improved and optimized thanks to the
specific review through building experts’ interviews, to arrive at the most suitable and
representative technical risk assessment structure.

IDENTIFICATION OF THE ENERGY IDENTIFICATION OF THE PROBLEMS - OCCURENCES FINANCIAL OUTPUTS

RENQVATION MEASURES FOR
MACRO BUILDING AREAS

Building element - Energy renovation
measure

NEW WINDOWS INSTALLATION:
Generic data

ENVELOPE

* Energy efficiency (Uw, ..)
+  -Costs(€)

STANDARD DATA (PROBABILITY - IMPACTS)

ENERGY GAPS
*  Null (probability - Impact “zero)
» Air infiltration
+ Low (probability - Impact)
+ Medium (probability - Impact) -

*  High (probability - Impact) Thermal bridge

DAMAGES
* Null (probability - Impact‘zero) ———
+ Low (probability - Impact)

deteachment...

ENERGY
PERFORMANCE GAPs
Probability -Impact

N

) //, \\‘

Breakages - water infiltration -

DAMAGES
Probability -Impact

+  Medium (probability - Impact) B 7T\
+ High (probability - Impact) // ‘\

Figure 39. Windows - breakdown approach

4.1.1 Literature review

The literature review laid the foundation for the elaboration of the technical risk breakdown
structure of each building elements, from the problem identification, to the definition of their
impact-probability. Figure 40 displays how the data have been collected and structured: in
yellow rectangle the impact of the energy performance gap, and in violet rectangle the impact
of damage. In the datasheet alerts and correction factors are collected as well.

On the one hand, alerts are highlighted in red rectangles, as they represent potentially
dangerous or difficult circumstances that users must consider. As an example, Figure 40
shows an alert on air condensation; this will be considered in both phases of the project
development.

On the other hand, correction factors, highlighted in orange rectangle, report an indication, as
in this case: “0 if: Blower door test”. It means that in case of Blower Door Test the probability
of this specific occurrence (air infiltration) is null.
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Praobability risk definition breakdown

SINGLE

WINDOWS

|

—

Figure 40.
database.

———="% probability —————impact
=% probability — = impact
AIR INFILTRATION =% probability —— =impact
— (KP1ai | Manufacturing issues [bad sealing)
NEW Air leakage along on — =% probability ~ - impact
INSTALLATION | |connection with ather companents (shading systern, VME, - -
ete.) | - % probability —— - impact
0if : Blower door test =% probability ——- impact
% probability — —impact
Windaw frame or insulation layer - due to bad installation in
THERMAL BRIDGE peneral (energy loss and mould problems) e
{EPI W)
Along on:
Connection with other companents and manufacturing % probability - impact
imperfections (shading system, VML, etc.)
0 Hf: no Integrated components
0 : Thermography check
WATER INFILTRATION % probability [~ Iimpact

— [KPIm2) ——Window frame (bad installation)
Along on:

% il: window manoblock

||:.'.1- surf: d L | (T, RH) and bad sealing b { -» mould rigk
ALERT |
AR CONDENSATION
L JBetween glass due Lo seal breakages/deterioration [saltinside}
GLASS BREAKAGES it T
Weather and exposure conditions or glass defects (in long I Cimpe
due to time)
Due to bad setting control strategy implementations; change
—Inusers needs; sensors problem (wrong data, malfunctions, % probability - impact
AUTOMATIC Lol breakage, etc)
CONTROLOF ~ ——— In apening/dlasing, automatic
- . contral for natural ventilation, ; ;
OFENINGS WIDOWS e Dise: 1o faults in the mechanical systems (actuators, sensars, o wrebetiiiy | [

engines, e1e.)

Window breakdown template: datasheet for EEnvest technical risk

An extensive literature review has been conducted, mainly focusing on the most common
problems that affect the overall predicted performances of buildings and the main related
damages that occur referred to the specific measures. This review has underlined the
importance and the interest in these topics among the scientific community but also a poor
quantity of reliable and specific data analysis reported in articles and scientific papers. This
information lack can be referred due the unpredictability of these phenomenon and the poor
reliable data set coming from real building performance monitoring. However, the literature
review focused on the windows element presents some useful information, mostly related to
the energy performance gap, from a large scale to a specific issue:

Regarding the definition of the technical issues, in addition to the previous literature
review, some further scientific papers have been analysed. As an example, Yuting
Qiet all, 2019 defines, thanks to specific surveys among experts in the constructions
sectors, a list of 25 quality failure problems in the renovation process of a building
[7]. Even if the paper referred to residential buildings, the results are useful because
the type of problematics related to windows replacement can be assimilated also in
the non-residential buildings such as untreated wall around the new windows;
misalignment between the doors and window and the wall; incorrect installations,
etc. (Yuting Qi, Queena K. Qian, Frits M. Meijer and Henk J. Visscher) — see Figure
2 p. 14.

Regarding the energy performance gap between the predicted and the real
measurement, several papers have been analysed. In the IPEEC Performance gap
report [5] the energy performance gap between the predicted and measured (Table
1- page 13) is well summarized and going deeply in some aspect such us a list of
possible causes and construction quality defects such as bad airtightness of the
windows and doors, etc.
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Regarding the air infiltration impacts several sources have been retrieved. Som
Shrestha et al. (2019) [17] and the Department of Energy USA 2014 [18] report in
several papers, that the air infiltration in buildings is a fundamental part that can
vary the impact on the energy performance between 15% to 20% of total energy
consumption (data used for the data validation process, in Figure 34). Emmerich et
al., (2005) [19] demonstrates that the impacts of the air infiltration in the U.S. office
buildings, referred to the leak-free building, is up to an average of 33% of the total
heating loads. Emmerich and Persily (2014) [20] also deeply analysed the variability
of the air infiltration in commercial buildings referring to the building age, height,
floor area, type of envelope and based on HDG. This information has become
useful in defining the correction factors. Younes et al. (2012) [21] re-elaborated the
data from Dickerhoff et al. (1982) [22] that performed a specific test regarding the
air leakages in a residential building. Dickerhoff et al. (1982) defined, for each
building component, the percentage impact related to the windows and doors, as
an average of 15% of the total air infiltration. Even if this last paper is referred to
the residential buildings, the specificity of the tests performed can give an important
feedback and a useful percentage range regarding the single components air
leakages impacts.

Van Den Bossche and Janssens (2016) [23] performed and tested in lab conditions,
water and airtightness on more than 437 windows with different configurations
(sliding, single or double window) and materials (wood, PVC, aluminium). The
results showed the differences between windows typologies and materials. Barnes
etal. (2013) [24] investigate, through a finite-element analysis, the “installed thermal
bridge” of a window frame especially referred to the sill connection comparing a well
design detail with a traditional one. These data results useful among others being
a reference data range for the thermal bridge impacts.

4.1.2 Interviews

A series of targeted interviews to window specialists were conducted. Interviews resulted very
helpful for the final configuration of the technical risk structure breakdown, because the on-site
and factual experiences of professionals in the field helped to identify specific problems and
impacts. In this case, for new windows installation, during the interviews with the external
experts and windows manufactures is been discussed and improved the technical risk
structure (windows breakdown template and collected impact and probability of each
occurrence. Figure 41 reports the data obtained by an interview, as impact information.
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Probability risk definition breakdown — Single Window

W]k impact

+- 5% probabilit
Due the bad window frame installation and interferences with BN
4 insulation layer [combined with external insulation) near 0 if: window
o o el R Wi pEaEiea LI
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T ¥ details (lateral thermal bridge] - MOULD PROBLEM s bieforn 5% peobabilivy W/w impact
Due ta interferences with integrated components (VMC, Roller SA0% probabin Wi impact
15% of total air shutter, shading system, #1c.) MOULD - CONDENSATION Of: no integrated
, B 5 i components
infiltration Negligiple —-—» 04 t2 8od eal window inssaonymanufacruring fcal negligibile % probability |\ — W/mk impact
0 if : Thermography check Be n 0,008 ta 005
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% probabiity. — section -> shading system
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. 2ir @ p O VAL, Turmidi .
openings ﬁhm":;; bad air exchange) MIC iy
S Due to paor window performances (low frame, spacer and warm | | L~ % probability with triple glazing k"'-“f;":"f,.';'n;(':wm
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Duse to weather and exposure conditions [thermal expansion, . " R
Glass brezkage vigid conditions, thermic shock, etc.) e

There is ¢

the glass

Check with some literature dato

Figure 41. Example of window breakdown template with, in blue colour, the data
values collected during an interview on energy performance gap and damage
indicator.

In terms of energy performance gap (impact in yellow rectangle) window has two negative
occurrences, air infiltration and thermal bridge. In terms of damage (impact in violet rectangle),
the economic deviation is the cost due to repairs, with three level of configurations impact
related to: company call fee, workmanship hours and materials. In this case, the measurement
unit of the impact data is collected in rate change amount - volume/hour, in relation to the
expert knowledge. Data inputs are being homogenized prior to use in the risk evaluation model.
Through parametric energy simulation the energy performance gap in percentage of heating
demand is determined, see next paragraph 4.1.3.

The damages identified in the new window installation are several, the same of energy gap as
thermal bridge and air infiltration, plus water infiltration and glass breakage. The three level of
damages identified for the windows are:

- low: company call fee, plus small intervention to repair a localized damage, plus
reduced costs for the materials (foam, tapes, sheat, etc.);

- medium: company call fee, plus localized repair intervention with some substitution
parts, or small demolitions with relative finishing works, plus costs for the materials
(foam, tapes, plaster, painting, etc.);

- high: company call fee and an extensive repair intervention in both side (internal
and external) with demolitions, relative repairing, and materials to the substitution
of the part.

At the end, the team elaborated a window breakdown sheet (Figure 42) where information and
data on both indicators (energy gap and damage) as % of investment was collected and later
used in the energy performance simulations.

In the datasheet of the window breakdown all the data collected from literature and professional
experts are reported (Figure 42 -Figure 45). For each occurrence a number is assigned (white
rectangle on right side) that is later deeply analysed.
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EEnvest

[~ E=%probability | ~impact

Window frame (bad installation, | _ )
Probability risk definition breakdown Blhisnmess) == % probabil —mimpect El
WINDOWS > probabilities and impacts - INFILTRATION — i L 9% probabil | impact [ 3 |

p p (KP! airtightness) —Manufacturing issues (bad sealing) ¢ r%probability  —~impa
definition AIR INFILTRATION ) L ‘_ % probability = impact n
Air leakage alongon | Connection with other components (shading — :
system, VMC, etc.) I = %probability - —impact ﬂ
0if : Blower door test == % probability | -- impact n
Probability: together with Company W -> around 3 %
m - Impact: from Company W -> Low: 0,005 — mid: 0,01 - high: 0,02 V/h (impact of each window on total air infiltration rate with diff probl i itudes)

Probability: same as 1 -> around 3%

Impact: low -» tech, call + 1h work to check and correct the internal sealing -> 100 €/w -> 55€/mq -> 15%
mid -> tech. call + 2h work to replacement of the internz| airthigness (tape, foam,) around the window + 1h work finishing + 20€ materials -> 250 €/w -> 135€/mq -> 35%
high -= tech. call + 2h work to replacement of the internal and external airthigness and possible infiltration cause (tape, foam, silicon) around the window + 3h
work for finishing + 100€ materials -» 450 €/w -> 245€/mq -> 70%

i

Probability: together with Company W -> it can be happening that during the manufacturing the sealing of the glass with the window frame shown some small defect -> around 0,5-1%

>
El Impact: from Company W -> the window with this kind of problem can cause a loss around -> Low: 0,001 = mid: 0,0025 = high: 0,005 V/h (each window)
El »  Probability: this problem can be increased in the time. same as 3 -> around 0,5-1%

Impact: low -» tech, call + 1h work to check and correct the internal and external glass-window sealing -> 100 €/w -> 55€/mgq -> 15%

mid -> tech. call + 1h work to check and correct the internal and external glass-window sealing -> 100 €/w -> 55€/mq -> 15%
high -= tech, call + 1h work to check and correct the internal and external glass-window sealing -> 100 €/w -» 55€/mq -> 15%

Probability: together with Company W -> the integration of different components in the window is one of the main risky problem that can affect importantly the performance of the
window due the increse of the connections and internal-external passage -> around 3,5%
Impact: Low: 0,01 = mid: 0,025~ high: 0,05 V/h {impact of each window)

]

Probability: same as 5 -> around 3,5%

Impact: low -> tech. call + 1h work to check and correct the internal sealing around components -> 100 €/w -> 55€/mq -> 15%
mid -> tech. call + 2h work to replacement of the internal airthigness for each components + 20€ materials -> 200 €/w -> 110€/mgq -> 30%
high -> tech, call + 3h work to replacement of the internal and external airthigness and waterthigness (tape, foam, silicen) around each components + 1h work
for finishing + 100€ materials -> 350 €/w -> 190€/mq -> 55%

o

Probability: if a Blower Door Test is performed after the renovation -> 0%
Impact: low ; mid ; high -> 0%

[]

Figure 42. Window breakdown datasheet (1/4)- air infiltration occurrence - generated
after the interviews.

—%probability - impact | s
Prohability risk definition breakdown THERMAL BRIDGE }N’Indowframe or insulation layer - due to bad installation |~
WINDOWS -> probabilities and impacts | (KPI W) 5 In general (energy loss and mould problems) =% f:window monoblock [
definition THERMAL BRIDGE Along on: Connection with other components and manufacturing i y
imperfections (shading system, VMC, etc.) :_,6 probability J HOpe: E
——01f: no integrated components E
0if : Thermography check EI

Probability: together with Company W -> this thermal bridge is one of the most frequent -> around 5 to 10 %
Impact: together with Company W -> Low: 0,02 - mid: 0,07 - high: 0,20 W/mk -> Additional target company -> max global 0,.2-0.3 W/m2k of increasing in Uw

v

Probability: the window monoblock is manufactured to decrease the energy loss due to insulation interfaces between window and wall. If you install it the probability to have
energy loss decrease -> around half of point 8
Impact: can be estimate as 10% of the impact without WB -> Low: 0,005 — mid: 0,02 — high: 0,035 W/mk

Probability: together with Company W -> this thermal bridge is one of the most frequent and with high impact on thermal loss due the presence of many connections, weak
points and manufacturing imperfections -> around 5 to 10%
Impact: together with Company W -> Low: 0,05 — mid: 0,2 — high: 0,30 W/mk

Probability: if a window without specific integrated components -> 0%
Impact: -> 0%

GO

Probability: it a thermografic check/campaign is performed after the renovation, most of the thermal bridges can be highlighted and resolve before to start the operativness of
the structure and to ensure the predicted performance of the component -> 0%
Impact: -> 0%

7

Figure 43 Window breakdown datasheet (2/4)- thermal bridge occurrence - generated
after the interviews.
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Probability risk definition breakdown
WINDOWS -> probabilities and impacts
definition WATER INFILTRATION

WATER INFILTRATION L % probabili | E
{KPI m2) Window frame (bad installation) | ~ _—

Along on: % if: window monoblock

EI_. Probability: together with Company W: the bad water sealing around the window can happen in the installation procedure. -> around 5 to 7%
Impact: low -> tech. call + 1h work to check and correct the external sealing without big works -> 100 €/w -> 55€/mq -> 15%
mid -= tech. call + 2h work to partially replacement the external waterthigness (tape, foam, silicon) around the window (half) + 1h work for finishing + 20€
materials -> 250 €/w -> 135€/mq -> 35%
high -> tech. call + 3h work to replacement of the internal and external airthigness and waterthigness (tape, foam, silicon) around the window + 3h work for
finishing + 100€ materials -> 500 €/w -> 190€/mgq -> 55%

Probability: 1/3 of the number 13 because the WE is manufactured off-site and some uncertainty of the site works are avoided (unique piece) -> around 2 to 3%
Impact: - as for the number 13

Figure 44 Window breakdown datasheet (3/4)- glass breakages - generated after the
interviews.

Weather and exposure conditions or glass

L% probability - Cmpeet [15]

o o GLASS BREAKAGES defects {in long time)
Probability risk definition breakdown due to
WINDOWSs -> probabilities and impacts el it g it ey s
. imprementations; change in users needs; sensors
definition WATER INFILTRATION TR MALFUNCTION problem (wrong dats, malfunctions, breakage, % probabity | impact
CONTROL OF In opening/closing. ete.)
sutometic control for
OPENINGS : Due to faults in the mechanical systems > 1
WIDOWS w:vli\:s':n;.. {actuators, sensors, engines, etc.) 3 peohatiity = impact [E

E_. Probability: the cause of the glass breakages mainly occur due the exposure of extreme envirenmental conditions or due the glass defect that along the years cracks. These

problems are quite rare in 2 nermal window and there are many variables such us exposition, di 15, di nious shading, etc. -> between 0,2-0,5%
Impact: low -> thd -> glass substitution -> 100-150 €/maq + 1h technician -> 150-200€/mq -> 100%

mid -> tbd -> glass substitution -> 100-150 €/mg + Lh technician -> 150-200€/mq -> 100%
high -> thd -> glass substitution -> 100-150 €/mg + 1h technician -> 150-200€/mg -> 100%

EI_. Probability: define the probability that the setting of a controlled system doesn’t match the best energy performance -> under development %
Impact: under development

EI_. Probability: define the probability of faults in the controlled system -> under development X%
Impact: low -> thd -> sensor fault -> tech call + 1h work to change a sensor -> 100€/w
mid -> thd -> actuator fault > tech call + 1h work to change the actuator +100€ materlals -» 200 - 250€
high - thd -> meteo station fault-> tech call + 2h work to change the sensor + 200€ materials -> 350 - 5000€

Figure 45 Window breakdown datasheet (4/4)- automatic control system failure-
generated after the interviews.

Some data are missing because of lack of information and due the fact that the interviews are
still undergoing. Most updated information on this activity will be provided in D2.2, together
with the risk mitigation measures and design recommendations.

4.1.3 Parametric energy performance simulation

In the window element analysis, the energy gap as a deviation between planned energy
performance and real energy consumption, can be produced by two occurrences: such air
infiltration as thermal bridge. Parametric simulations are used to estimate (and later to verify)
the possible variable impact of these occurrences, changing the inputs in the simulation from
the standard condition (as air infiltration rate, or linear thermal bridge etc.).
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£ % probability — —impact E
M SINGLE Window frame (bad installation, airthigntness) _ )
WINDOWS [ % probability —| impart II]
AIR INFILTRATION [ o 1 =
(kP airtightness) Manufacturing issues (bad sealing) =% probability [ Impact E
NEW " = % probabilit: = impact
INSTALLATION Air leakage along on —| Connection with other components (shading ceprobablity | PR E
system, VMC, etc.) = % probability == impact II'
01 : Blower door test % probability ~ impact I :
= % probabilit - impact
e Window frame or insulation layer - due to bad ceprobablity | s
E RERIDEE ~—installation in general (energy loss and mould  ———| L_ % if: window monoblock m
(KP1 W) problems)
Along on: Connection with other components and I o 1 T
- == impact
manufacturing imperfections (shading system, =% probakility A
VMC, etc.) 0if: no integrated components
0 if : Thermography check
agraphy lzl
WATER INFILTRATION I
% probabilit | -- impact 13
(KPIm2) —— Window frame (bad installation) e = probabiitY s kil -
Along on: % if: window monoblock
lass surface condensation due to internal environmental conditions (T, RH) and bad sealing between glass and
ALERT indow frame -> mould risk
SRCONERHSATION Between glass due to seal breakages/deterioration (salt inside) |
_ Weather and exposure conditions or glass % probabili I
GLASS BREAKAGES defects (in long time) a2 BB R0 i =mp
due to
Due to bad setting control strategy
__implementations; change in users needs; sensors
AUTOMATIC MALFUNCTION problem (wrong data, malfunctions, breakage, - % probability — impact
CONTROL OF In opening/closing, etc.)
- q |
OPENINGS pulompticontolicy Due to faults in the mechanical syst
natural ventilation, E % probabili I + 17
WIDOWS overheating... (actuators, sensors, engines, etc.) probabilly, Anpac [ 17 |

Figure 46. Windows risk probability breakdown definition template.
General assumption used in the parametric simulation:

- office Building site in Sweden NZEB as baseline

- calculation tool: Passive House Planning Package (PHPP)

- «standard» window dimensions from UNI EN 1SO 10077

- variation values in the air infiltration and thermal bridge coming from literature and
interview of companies

- prices/costs are defined with a simplified approach (see paragraph 5.1.2)

4.1.3.1Parametric datainputs used for window — energy gap indicator

In the datasheet of the breakdown window, Figure 46, each occurrence (number in the white
rectangle on right side) is deeply analysed, and a range of variable input values for parametric
energy simulation is identified.

Air_infiltration occurrence considered along window frame, integrated components, and
manufacturing issues is deeply explained in Figure 47. Numbers 1,3,5: (i) definition of three
different impacts (low, medium, high) of the air infiltration rate (n50) expressed in V/h that a
standard window can have. (ii) definition of the infiltration rate (n50), from real data collected
from literature and interviews and used in the simulation. (iii) energy deviation calculated in
heating demand, is the differences between the baseline model and the parametric model, this
last one calculated with a variable range of air infiltration rate, (iv) parametrization of the results
in percentage (%) of the heating demand every sqm of windows area (%/m?).
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- % probability 1= impact
__Window frame (bad ir III
airthigntness) =% probability |-~ impact
WINDOW AIR INFILTRATION ;
=% probabil Ho-
AIR INFILTRATION IMPACT (KPI airtightness) [—Manufacturing issues (bad sealing) — th l"\' Igach
DEFINITION Air leakage alongon | Connection with other components (shading =%p ity I —ns
' Dif : Blower door test = % probability | - Impact
=]
Value impacts Value impacts
*+  Airinfiltration impact due to the equivalent window «cefecteds: L= 0,005 M=0,01 H=0.02V/h"™  «  Air infiltration impact due to the equivalent window cdefecteds: L= 0,01 M= 0,025 H=0,05 W/h*
Input Input

+ Baseline conditions -> Pilat 1 {(Madel 1)

* Air change rate designed: 0.1 V/h ™

* &ir change rate with defected equivalent window: 0.1 + L= 0,005 M=0.01 H=0,02 VW/h*
Output

* Design Heating demand: 16.41kWh/m%a

* uReals Heating demand: L= 16,429 M=16,449 H=16.487 (kWh/ma)

* % differences -» L=0,12 M=0,24 H=0,36 % diincremento

+ % differences referred to sqm window -> L= 0,066 M=0,13 H=0,20(%/ma) increasing

L]

Value impacts

+ Air infiltration impact due to the equivalent window «defecteds: L= 0,001 M=0,0025 H=0,005V/h
Input

+ Baseline conditions -> Pilat 1 {Madel 1)

* Air change rate designed: 0.1 W/h™

* Air change rate with defected equivalent window: 0.1 + L= 0,001 M=0,0025 H=0,005V/h"*
Output

* Design Heating demand: 16.41kWh/m’a

+ «Reals Heating demand: L= 16,414 M=16,420 H=16,429 (kWh/m‘a)

» % differences -> L=0,03 M=0,05 H=0,12 % diincremento

* % differences referred to sgm window -> L=10,02 M=0,03 H=0,065 (%/mq) increasing

+ Baseline conditions -> Pilat 1 (Model 1)

* Air change rate designed: 0.1 \Wh*

+  Air change rate with defected equivalent window: 0.1+ L= 0,01 M= 0,025 H=0,05\/h*
Output

* Design Heating demand: 16.41kWh/m?a

* «Reals Heating demand: L= 16,449 M=1€,506 H=16,600 (kWh/m?a)

» % differences -> L=0,12 M=0,5 H=1,15 % di incremento

* % differences referred to sgm window -> L= 0,066 M=0,27 H=0,63 [%/mq) increasing

* Data source: interview with @ window manufacturing

‘Window standard dimensions
- UNIDOT7

General assumption: A
* Use of a astandards window -> 1,82m*
* Good design level (no wrong design effect)
* Use the PHPP of an office Building (MZES in Sweden)
* Use generzl value coming from literature 2nd interview of companies [*
+ Wide range of possibilities due the many possible factors involved

b
¥

+ The prices/costs are defined with a semplified approach 1480k 230mrm
*  Avg window cost -> 350€/mg A=1,82mg
P-542ml

Figure 47. Example of data used in PHPP tool to define the air infiltration impact

Thermal bridge occurrence considered along on window frame and integrated components is
reported in the Figure 48. Numbers 8, 10: (i) definition of three different configuration impacts
(low, medium, high) expressed in W/mk (linear thermal bridge) that a standard window can
have; (ii) increasing the linear thermal bridge values data in the PHPP baseline model; data
value collected from literature and interviews, (iii) energy deviation calculated in heating
demand, is the difference between the baseline model and the parametric model, this last one
calculated with a variable thermal bridge length range; (iv) parametrization of the results in
percentage (%) of the heating demand every sgm of windows area (%/ m?).
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il

. . . ) ) == % probability - Impact
Probability risk definition breakdown THERMAL BRIDGE Window frame or insulation layer - due to bad installation |
WINDOWS -> impacts definition KR W) in general (energy loss and mould problems) == % If: window monoblock
THERMAL BRIDGE Along on: | Connection with other components and manufacturing i 5 i
imperfections (shading system, VMC, etc.) =% probability Dpac E

0if: no integrated components
0 if : Thermography check

EI Value impacts

*+  Perimeter window: 5,42 meter

* Dispersion of the equivalent windew cdefecteds: L= 0,02 M=0,07 H=0,2 W/mk

Input

* Window linear bridge for installation [design): 0

* Window linear bridge for installation [«defecteds window): -> L= 0,02 M=0,07 H=0,20 W/mk
Output

+ Design Heating demand: 16.41kWh/m?a

+ «Reals Heating demand : L= 16,416 M=16,430 H=16,466 (kWh/m?a)

+ % differences -> L= 0,04 M=0,12 H=0,34 % di incremento

+ % differences referred to sgm window -> L= 0,02 M=0,07 H=0,19 [%/mq) increasing

10
- Value .Impalzts ; General assumption: wj"dow SI.'.mdnrd
*+  Perimeter window: 542 meter . ; dimensions
+ Perimeter sdefect dl - 1,23 met + Use of a estandards window -> 1,82m? _UNI 10077
?”me_er woetecte IIOI'IEJ. - meter = Perimeter of wstandards window -> 5,42 meter
+ Dispersion of the equivalent window sdefecteds: L= 0,05 M=0,2 H=0,3 W/mk + Good design level {no wrong design effect) [
I“p'::'ndow linear bridge for installstion [design) 0 + Use the PHPP of an office Building (NZEB in Sweden)
. i il i i [ 5 . " b " .
. ow . " . y . - _ ~ + Use general value coming from literature and interview of companies
Dm\ﬁ::tdow linear bridge for installation [«defected» window): -> L= 0,05 M=0,2 H=0,30 W/mk + Wide range of possibllities due the many possible factors involved |-
* The i t: defined with lified h ¥
- Design Heating demand: 16 A1KWh/a £ The pricesfcosts u defined th 3 samplied approac
+ «Realn Heating demand : L= 16,414 M=16,423 H=16,430 (kWh/ma] 1480x1230mm
+ % differences -> L= 0,03 M=0,08 H=0,12 % di incremento ’; "’:’;:1“?
« % differences referred to sgm window -> L= 0,02 M=0,04 H=0,07 [%/mq) increasing >

Figure 48 Example of data used in PHPP tool to define the thermal bridge impact

4.1.3.2Parametric data inputs used for window — damage indicator

Due to air infiltration, thermal bridge, and water infiltration. Numbers 2, 4, 6, 13, 15, 17: the
definitions of these damages have been carried out defining three different possible magnitude
impacts for each cause defining: (i) intervention cost; (ii) hours needed to perform the works
multiply the unit cost; (iii) materials cost. (see paragraph 5.1.2)

4.1.4 Correction factors

Numbers 7, 9, 11, 12, 14, 18, 19: these correction factors have been defined as a percentage
of reduction of a specific occurrence. In this case, in window element the Blower Door Test
reduce to zero the presence of energy performance deviation due to the air infiltration, because
the BDT made in the operation phase, verifying the final quality of the renovation work
(installation phase) and the measures adopted in the design phase (planned phase).

4.1.5 Data validation/control process

Further general data coming from literature has been used as reference to check the overall
impact of some problems. In order to validate the overall impact magnitude (probability
combined with impacts) previously, defined (from literature, experts and simulation) a series of
data comparisons have been done. The main scope of this task is to “validate” the impact
probability trend for each energy renovation measure, matching different data found from
literatures and interviews or obtained by energy performance simulation.

As example, the air infiltration problem calculated (paragraph 4.1.3.1) was compared with the
general value coming from the literature (paragraph 4.1.1) and the results shown an acceptable
deviation (Figure 49).
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BASELINE [ [ - ) L
Baseline Heating Demand MODEL 1 (NZEB Sweden, 16,410|kWh/m2a Data validation - windows air infiltration
| Totale window surface (glazing) 250,0)sgm im pact in MODEL 1
Literature values 140
OVER-CONSUMPTION -> for ventilation only! - GENERAL Donerconsum tiBaseline + overconsumption
15% | 2,4615] 18,8715] 120
25% [ 4,1025] 20,5125] 100
Literature values 080
AIR INFILTRATION IMPACTS in each - GENERAL DATA min avg max 0,60
walls 18,0%) 35,0% 50,0% 0,40
ceiling details / roof 3,0%] 18,0%)| 30,0%) 020
Forced air ventilation 3,0%) 18,0% 28,0%) R
6,0%) 15,0%) 22,0%) Low Mid High
gg:;: lég:jz igg;‘: lower air infiltration impact higher air infiltration impact — ee=EEnvest data
on Baseline Heating Demand MODEL1
overconsumption (kWh/m2a) Baseline + overconsumption (kWh/m2a)
SIMPLIFIED WITH GENERAL DATA low | mid high low mid high
components I 15% 5% 15%
windows and doors [ 0,90%] 2,25%] 3,30% 0,15 0,37 | 0,54 16,56 [ 16,78 16,95
components I 25% 25% 5%
windows and doors | 1,50%| 3,75%] 5,50%] 0,25 | 0,62 [ 0,90 16,66 | 17,03 17,31
" sqm of ) ’
AR INFILTRATION WINDOW - Eenvest DATA probability TS low mid high
probability 3,00% 7,50 0,066% 0,130% 0,200%
Window frame if 2 0,495% 0,975% 1,500%
16,49 16,57 16,66
Components ™ 3,50% 8,75 0,066% 0,270% 0,630%
connection T &L P" 0,578% 2,363% 5,513%
impact 16,50 16,80 17,31
probability 0,75% 1,88 0,020% 0,030% 0,066%
Manufacturing  if all probab 0,038% 0,056% 0,124%
impact 16,42 16,42 16,43
full probab togethe 0,18 0,56 1,17 (kwh/m2a)

Figure 49. Excel datasheet with comparison results for air infiltration impact

Figure 49 reports a summarization scheme of air infiltration impact with the description of the
values used in the PHPP tool and the relative results, normalized in percentage on square
meter of window (%/sgm w), following the process explained in the next paragraph.

On the top there is the heating demand of the baseline model, and below the increase amount
due to air infiltration found in literature, corresponding to 15% and 25% of heating demand
(calculated in kWh(m?2year). Itis also reported the energy demand increase due to air infiltration
divided for each building elements, in windows and door is 6-22%. At the end, air infiltration
data variation are used as inputs in the energy parametric simulation to calculate for each
different occurrence (window frame, components connections, manufacturing failures) three
level of impact due to three level of air infiltration. The air infiltration impacts obtained from the
simulation (EEnvest results blue line) were compared with the literature data (green lines),
results in Figure 50.

Data validation -windows air infiltration impact in MODEL 1
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lower air infiltration impact higher air infiltration impact e FFEnvest data

Figure 50. Results of the data validation for the air infiltration impact on windows

The data trend shows that for the low and medium impacts, EEnvest data are in line with the
general data while the high impact, at first glance, seems over-estimated. This discrepancy
could arise from certain main aspects linked to this calculation where the correction factors are
not considered, as well as the fact that the dependency/independence between problems, and
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the general data usually found in the literature come from high energy performance commercial
buildings.

4.1.6 Conclusion

The procedure developed to define the impacts is reflected in the simplified data validation
process with a good level of approximation even if the high value is higher than the range
defined with the general literature data. Moreover, in the EEnvest technical risk assessment,
each impact is referred to a specific probability that the event occurs, producing a probabilistic
trend of the deviation following three levels of impacts (low, medium and high). In this specific
case, a specific datasheet for the window element, including a range of probabilistic impact
trend is developed, Figure 51. It will be stored in the EEnvest technical risks database, together
with all other envelope and building system elements.

INDICATORS (INPUTS
Heating Demand kWhim2y
Windows cost €/m2 window

SOURCE SOURCE _ simiaton based on a niZEB offce n Sweden Based on 3506isam

WINDOW Probability. Heating demand Costs. Specific corrective factors

Interview ~ Literature low mid high low mid high Blower Door Mrmsaraph Cer(l)\:w\can
(as % of windows that
could have these % Inv.. Prob. % Inv.. Prob. % Inv.. Prob. % Inv.. Prob. % Inv.. Prob. % Inv. Prob.  yes yes yes
problems)

(% of impact /sqm window) (% related to cost of a new window)

Single window AR INFILTRATION 15%

3,00% 0066%  25%  0130%  50%  0200%  25% 0%
3,00% 15% 40% 35%  40% 70% 20% 0%
3,50% 0066%  25%  0270%  50%  0630%  25% 0%
3,50% 15% 40% 30%  40% 55% 20% 0%
0,75% 0020%  50%  0030%  25%  0066%  25% 0%
0.75% 15% 33% 15%  33% 15% 33% 0%
Blower Door Test 0%

Window frame
Components connection

Manufacturing

THERMAL BRIDGE
Window frame 7,50% 0,020% 25% 0,070% 50% 0,190% 25% 0%
‘Components connection 7,50% 0,020% 25% 0,040% 25% 0,070% 50% 0%
Thermography 0%

WATER INFILTRATION
Window frame 6,00% 1506  30% 3506  55%  55% 15%

GLASS BREAKAGES
Glass 0.40% 25%  33% 5%  33%  25% 33%

Automatic AUTOMATIC CONTROL
control opening g\ 10N

system

window sensors 0,00% 50€ffinestra
window actuator 0,00% 100 €ffinestra 150 €ffinestra
meteo station 0.00% 150 € 5.000 €

Figure 51. Windows datasheet of EEnvest technical risks database

In Figure 51 are reported the technical risks of windows. On the left side there are the problems
(air infiltration, thermal bridge, water infiltration, glass breakages) and the respective possible
independent causes (such as air infiltration, windows frame, components connections,
manufacturing failures). The technical risk data identified with impacts and a respectively
probability is reported for both indicators, energy gap (in pink colours) and damage (in violet
color). Their amounts (in term of percentage of investment) and relative probability, have been
populated with values coming from literature review, expert interviews, internal expertise, or
calculated through parametric energy simulation.

Furthermore, in the datasheet of each building elements are reported alerts (in red) and the
correction factors (in brown). These last, are specific for each occurrence, and they run the
technical risk calculation process, modifying the impact-probability. As an example, in the
window, the blower door test verification reduces to zero the air infiltration, that means no
energy performance deviation at the planned energy performance is due to air infiltration. In
addition, a particular attention to the window details in the construction and mounting phase
through specific test (thermography) or specific procedures (compliance with certification
guidelines) should help to minimize these energy and damage impacts.

Correction factors are also used to modify the probabilistic curve of technical risk impact of
different energy renovation scenario and different combination of solution set.
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4.2 DISTRICT HEATING RISK INDICATOR

As stated for the building envelope components, for building services too there is a lack of
detailed information on probability and cost impacts of components’ faults. Scientific literature
is mainly focused on fault detection methods, however in some case, such as the displayed
district heating component, reliable data could be found. In this partit is presented the technical
risk data acquisition process used for the district heating component, a building technical
system.

4.2.1 Literature review

The literature review on district heating substations was performed following the general
breakdown structure for building services faults illustrated in Figure 52.

Probability risk definition breakdown

DISTRICT HEATING

Water leakage 23% probability Law: 150€ (33%) - Medsum: 200€{33%)] - High: a506(33%) E
—Heat exchanger 2% probability 1 4m~:m1m.mdum:m[s]x:.m:lmum|B
DAMASE —}— Control valve A3% probability ———Low: 1006]31%] - Medium: F506]34%] - High: B00{35%) El
DISTRICT
t HEATING NEW INSTALLATION  ——
SUBSTATION Actuators 10% prebability Law: 1006(a%) - Mediim; 2006{24%) - High: B00E{72%) El
L« ystem and controll 55 p ¥ 1 ALow: 1506(35%) - Madium: G006} 15%) - High: S00E{453%) E
Inferior gaskets 5% probability ———Low: 100€[33%) - Medium: 2004133%) - High: 300€(33%) E
Customer's
Internal heating
systenm
UNDERPERFORMANCE
unsuitable heat load pattern 2% peobability mpact
Low average annual bemp dilference - BN Impact:
Poar substation contral 1% peobability mpact
o Instalied
WEW INSTALLATION
DAMAGE

Figure 52. District heating breakdown technical risk structure template: probability
and impact

Hyvéarinen and Kohonen (1993) report that in district heating substation Fault Detection and
Isolation methods (FDI) should consider the components. This statement confirms the selected
approach, illustrated in this deliverable, which breaks down the renovation measure into its
possible faults. Table 3 provides a breakdown of the most common faults found in components
of a district heating substation.
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Heat exchanger Leakage, blockage, dirtiness

Valve Stuck or binding, failure open or close, leakage

Controller Drift, bias, hunting, faulty electronics, faulty computer program

Actuator Shaft seizure or binding, failure open or close, bent or disconnected, linkage
Sensor Bias, drift, poor location

Pipes Clogging, leakage, faulty insulation

Table 3. District heating common faults (Pakanen, Hyvarinen, Kuismin, & Ahonen,
1996).

On the one hand, concerning damage probability, faults collected by Mansson et al. [25] which
provided detailed data on faults in district heating customer installation in Swedish utilities, are
in line with the data displayed in the previous table. According to this study many faults occur
in the customers’ internal heating systems or somewhere in the installation due to leakages.

Euroheat & Power?, the international network for district energy, which promotes sustainable
heating and cooling, provides information about district heating installation risk, reliability and
durability. This data was used to define how many damaged district heating substations are to
expect out of a sample of 100 substations investigated.

On the other hand, concerning energy performance gap probability, 135 district heating
substations in Sweden were analysed in order to identify major faults through automatic meter
reading systems. Three different fault groups were determined: unsuitable heat load pattern,
low average annual temperature difference, and poor substation control [25]. These faults were
present in 74% of the cases. In addition, the paper provided data concerning the occurrence
of the single fault.

4.2.2 Damage determination

Mansson et al. [25] provided probability of a fault occurrence and its breakdown into the single
fault type. Taking, for instance, the problem of faulty actuators, this occurs 3 times out of 100
faulty components reported. Among these, the study reports that 77% are broken actuators
and 22% are seized actuators. This information has been used to determine the impact levels,
replacing a broken actuator costs more (high impact) than the work required to repair a seized
one (medium impact). Moreover, the percentage representing how many times this kind of
faults have been found helps to give an indication on how the impact is distributed. In this
example, the most probable case is the most relevant in terms of cost as well.

1 https://www.euroheat.org/
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Probability risk definition breakdown
DISTRICT HEATING -> babilities and impacts definiti

II'_’ Probability: -> The largest fault category according to the survey was leakages (33%)
Impact; -> The faults that were included in the leakages category included leakages in all parts of the customer installation and substation.
low -» tech. call + 2h work to check and correct a small entity leakage -> 2%
mid -> tech. call + 3h work to check and correct a medium entity leakage -> 3%
high -> tech. call + 4h work to check and correct a large entity leakage -> 6%

Probability: -> Problems in the heat exchanger (3%)
Impact: -> leakages were experienced to be the most comman reason to faults in heat exchangers.
low <> tech. call + 3h work to tighten boltsfopen and clean plates/change seals -> 3% (fouling 4% + almost never an issue 4%)
mid -» tech. call + 6h work to weld broken parts -> 5% (leakage 77% + 4% shell and tube heat exchanger)
high -> tech. call + 3h work to replace heat exchanger -> 16% (cracking 7% + 4% broken heat exchanger plates)
E - Probability: -> Problems in the control valves (13%)
Impact: -> In this category, oversized control valves were reported as the most frequently occurring fault (35%). The two faults that were reported as second most common in
the category were contrel valves leaking in a closed position (27%) and control valves seizing in a closed position (27%).
low == tech. call + 1h work to unblock seized valve -> 1% (seized in closed position 27%, seized in open position 4%)
mid -> tech. call + 4h work to dismantle, clean and correctly mount the valve -> 3% (leaking gaskets 7%, leaks in closed position 27%)
high -> tech. call + 4h work to dismantle, change the valve -> 11% (oversized 35%)

El—b Probability: -> Problems in actuators [10%)
Impact: -> Due to wear and tear, the connection between the stem and the valve may become poor, or the actuator may break down.
low == tech. call + 1h work to correct actuator stroke time-> 1% (4%)
mid -> tech. call + 3h work to unblock seized actuator -> 3% (22% + 2% poor connection actuator valve)
high -» tech. call + 4h work to replace defective actuator -> 8% (70% + 2% do not clese completely)

- Probability: -> Problems in control system (5%)
Impact: -> 49% of the utilities answered that the most commaon fault was that the controller was broken. The second most common fault was broken temperature
sensors (16%), and the third most commeon fault was temperature sensors giving the wrong signal (11%).
low -> tech. call + 2h work check and fix various sensor minor problems-> 2% (35%)
mid -> tech. call + 4h work to replace temperature sensor -> 8% (16%)
high -> tech. call + 4h work to replace controller -> 11% (49%)

El »  Probability: -> Problems in the gaskets (5%)
Impact: ->.  low -> tech. call + 1h minor gasket problem -> 1%
mid => tech. call + 2h average gasket problem -> 3%
high -= tech. call + 4h relevant gasket problem ->4%

Figure 53 Probability and impact definition for district heating

As a general consideration, the three damage levels were determined as follows:

- Low: company call fee, small intervention to repair a localized damage, reduced
costs for the materials, replacement of minor components.

- Medium: company call fee, plus localized repair intervention with some parts
substitution.

- High: company call fee and extensive repair or total component replacement, due
to major damage.

Correction factors for the single components were identified. These factors act on the
probability, changing its value if a condition is satisfied. The correction factors applied to the
damage are:

- Certification: presence of a certification such as CE Directives/PED ensures a
higher durability.

- Fouling detection: availability of a fouling detection system protects the heat
exchanger from fouling related risks.

In addition to the specific correction factors, in commercial office buildings, the adoption of a
maintenance program is a measure that prevents running costs from future increasing,
achieves positive results due to a correct operation of the building system. Maintenance
program can be considered a correction factor that reduces the technical risk indicators,
decreasing the occurrences’ probabilities to which it relates. Maintenance program is also
considered a mitigation measure.

Building commissioning is a cost-effective measure, which ensures that buildings in the
operation phase deliver the performance and energy savings defined in the design phase.
When implemented, it reduces the technical risk both in terms of energy performance gap and
damage indicators, because buildings tend to have a higher energy efficiency and lower
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maintenance costs. In this sense, commissioning is considered a systematic approach to
quality assurance and performance risk management [26]. Therefore, in EEnvest framework,
it is treated as a correction factor and a mitigation measure.

4.2.3 Energy performance gap

Thanks to the literature review, the probability related to the faults, which are responsible for
an energy performance gap, could be determined [25]. However, no data for impact
determination was available. Hence, a parametric study on 4 case studies which implement
district heating system across Europe was conducted. The ‘efficiency district heating net’
parameter of the corresponding PHPP model was arbitrary varied between 100% and 85%,
the resulting Primary Energy Renewable (PER) was observed (Figure 54). For instance, an
efficiency degradation of 10% causes a corresponding primary energy increase of about 6%.
These results permitted to estimate the impact in terms of kWh/m?a of the three faults.

—Case 1 Case 2 Case 3 Case 4 Average
100
90
80
= 70
()
£ w0
§ 50
=3
e 40
E 30
20
10
0
0,84 0,86 0,88 0,9 0,92 0,94 0,96 0,98 1

Efficiency district heating net

Figure 54. Parametric study efficiency impact on PER.

One of the most relevant outcomes of the above-mentioned study is that an automatic meter
reading system can assure an effective fault detection, for this reason the presence of such
system was inserted as a correction factor and therefore as a mitigation measure in EEnvest
approach.

4.2.4 Conclusion

In conclusion, the data derived from literature sources was condensed in Figure 55. The
column on the left reports the probability values; first a general value, which represents how
many faulty district heating substations out of 100 installed substations are expected. Among
these systems faults are distributed as indicated by the other percentages associated. Damage
and energy performance gap impact have been divided in 3 levels (low, mid, high). For each
level the impact is represented by a percentage of initial investment cost and a probability this
event occurs. Finally, a column for components lifespan and correction factors were included
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MEASURE

DATABASE

Unstitable heat load pattern

Low average annual temperature
difference

Poor substation control

1% | 33%

1% 33%

3% 33%

2% 33% 5% 33%
2% 33% 5% 33%
5% 33% | 10% | 33%

PROBABILITY ENERGY PERFORMANCE GAP DAMAGE LIFESPAN CORRECTION FACTORS
Literature  Interview Heating demand Investment cost
Automatic meter | Certification | Fouli
DISTRICT HEATING Low MiD HIGH Low MD HICH reading system | (PED, F101/F103- detect:gn
% Inv. | Prob. 9%]Inv. Prob. | %Inv. Prob. | %Inv. Prob. %inv. Prob. %Inv. Prob.
Yes/No Yes/No Yes/No
DISTRICT HEATING
SUBSTATION DAMAGES 35% 20 40 40
Water leakage 33% 2% 333% 3% 333% 6% 333% 20 05
Heat exchanger 3% 3% 8,0% 5% 810% 16% 11,0% 15 05 10
Control Valve 13% 1% 31,0% 3% 340% 11% 350% 15 05
Actuators 10% 1% 4,0% 3% 240% 8% @ 72,0% 10 05
Control system and controller 5% 2% | 350% 8% 16,0% 11%  49,0% 20 05
Inferior gaskets 5% 1% 333% 3% 333% 4% 333% 10 05
Circulation pumps 1% 1% 333% 3% 333% 4% 333% 15 05
ENERGY PERFORMANCE GAP 74%

Figure 55. Conclusion: damages of district heating

In this section, the methodology for analysing damages was applied to one component of
building services. In addition to the planned interviews, a simulation campaign, as done in the
case of the window element, will be implemented here as well, to determine the risk associated
to performance gap.

Eventually, risk data (probability and impact) of each component needs to be put together,
assembling the risk for the district heating technology. The hypothesis of independence of the
different problems has been assumed for two reasons: on the one hand because no data was
found in literature which could help to describe a dependence of a problem from one other; on
the other hand this level of detail outmatch the project purpose.

Deliverable D2.1

Report on technical risks in renovation

72

Version 1.0
26/06/2020

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under Grant Agreement n° 833112



5 DATA MANAGEMENT IN WP2

H2020 projects require consortiums to describe the plan for management of data retrieved,
used and analyzed during the project. The full description of the data management is part of
WP1 — Project Management, deliverable D1.3 - Data Management Plan.

In order to make it easier for the reader to consolidate the information about data management
in the different WPs, this paragraph is meant to list and describe the data and information that
were used for the development of Work package 2, this deliverable and EEnvest technical risk
database.

The technical risk data collected in the WP2 comes from (i) literature, on several articles on
different topics, in part reported in the Bibliography, (ii) interviews to building experts, building
manager, Building and facility managers, Constructors, ESCO (iii) energy performance
simulation.

Management of data — Technical Risk Database

Source of data Literature

Interviews

Single and private interviews

Interview’s focus changes in relation to

the stakeholders involved:

. ESCO: building  envelope
elements and technical systems

. Building and facility managers:
building envelope elements and
technical systems (maintenance
issues)

. Constructors: building envelope

Energy performance simulation

The results obtained from the
energy simulation process will be
collected in the EEnvest
technical risk database, in the
platform.

Use of data

Storage
Location

Expected
results

Relation
other WPs

with

Technical risk data will be
collected to create the
database: identification of
the occurrences, cause-
effects  process, and
impact-probability.

MS  Sharepoint folder,
shared with the EEnvest
Consortium project
partners EURAC
server

and

elements and technical systems

. Building experts: as architects for
building envelope elements, or
mechanic engineers for technical
systems

Data and information collected are and
will be used mainly to define the
technical risks occurrences, impact and
probability, and in the energy
simulation. These data are no public.

The data, one time analyzed and
homogenized using a same unit of
measurement, will be integrated in the
EEnvest technical risk database, in the
platform.

EURAC server — private data

EEnvest technical risk database, in the platform.

MS Sharepoint folder, shared
with the EEnvest Consortium
project partners and EURAC
server

EEnvest database and technical risk calculation process will be uploaded in the EEnvest web platform,

WP5.

The probabilistic trend of each occurrences (impact-probability) will be used in WP3.
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6 CONCLUSION

This report presents the work done in WP2 on technical risks of energy renovation of
commercial building, from the definition to the assessment.

Technical risk analysis in building sector is a complex and multi-faceted theme that depends
on several cause-effect choices taken from different experts (design teams, constructors,
investors, users...) at different staged of the building projects (design, construction or
operation). Within EEnvest project, the indicators identified to carry out the technical risk
analysis and the relative economic deviation from the investment are two: the energy
performance gap indicator and the damage indicator he energy performance gap and the
damage.

The report describes the analysis process used for the determination of technical risks
indicators, which in turn are used to determine the economic deviation for a possible renovation
investment of a commercial building, defined to estimate technical risk and therefore the
probable economic losses connected. The first one estimates the energy performance
deviation between predicted and real energy consumption; the second one takes into account
economic losses due to malfunctioning, errors, failure or breakages of the installed
components. Both indicators (D51) will be used independently in the evaluation of the business
plan in the EEnvest web-platform (WP5).

Furthermore, in this report the technical risk calculation method developed for EEnvest web-
platform is described, from the inputs (building features) to the outputs (economic indicators).
Technical risk calculation flow is activated user, and through a statistic calculation method,
permits to extract the final value of the two technical risk indicators, with a range of probability-
impact, as percentage of investment. This calculation process takes place thanks to the
EEnvest technical risk database, where several trend probabilistic impacts of energy
performance gap and damage of each building element and technical system are collected.
The top-down approach followed to establish the methodology started with a deep literature
analysis. The technical risk data collected from literature was cross-checked with the real
experiences of experts, through interviews. Missing data on risk impact on the investment was
calculated through parametric simulations.

Currently, the data collection process is under development. The next deliverable in WP2
(D2.2) will contain the technical risk datasheet of building’s elements and technical systems
(EEnvest technical risk database), in term of numeric impact and completed with mitigation
measures.

In D2.1 the technical risk calculation methodology developed in WP2 is reported, with the
support of the other PPs: SINLOC and POLIMI for data set organization, calculation and
managing of EEnvest technical risk database.
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Annex A Combination method of technical risk

1 Document version

Author: Ulrich Filippi Oberegger , EURAC
Document version: 1.0

Date: 5 June 2020

2 Objective

The goal is to determine the probability of investment increase in percent related to a combination of
issues or failures encountered during building design and operation (henceforth called a risk factor or
simply a factor). This information is important, e.g., for investors.

To this aim, it is necessary to combine the investment increases and respective probabilities of
occurrence caused by each single issue. This data is a required input to the calculation.

Note: the approach described in the following can be applied to determine the energy gap, i.e., the
increase in building energy use intensity as quantified, e.g., in percentage of kWh/m2a. The only
difference is that the investment increase has to be replaced by the energy gap.

3 Inputs

For each factor to be considered, a table specifying the investment increase and respective probability
of occurrence is required. In the following, we consider the example of two factors (random variables)
X and Y and assume the data summarized in Tables 1 and 2.

Investment increase | Probability of occurrence
0 0.97

0.066 0.0075

0.13 0.015

0.2 0.0075

Table 1: Data for factor X

Investment increase Probability of occurrence
0 0.965

0.066 0.00875

0.27 0.0175

0.63 0.00875

Table 2: Data for factor Y

This data must be provided as input. We consider the investment increase in terms of a fixed monetary
unit (e.g., 1000 Euro). If the base investment (total investment to construct the building) is the same for
all factors, this amount can be easily translated into investment increase percentages.

Table 1 is to be interpreted as follows. If nothing goes wrong with factor X, there is no increase in
investment. This happens in 97% of the cases, because the probability of occurrence of zero investment
increase is 0.97. For instance, if factor X refers to the installation of 1 m2 of a transparent envelope
construction element (a “window”), then we would expect about 3 m2 to be “faulty” on average for
every 100 m2 of this element deployed. The remaining entries in Table 1 refer to the different severities
in faulty installations. A low (less severe) investment increase of 0.066 occurs in 0.75% of deployed
elements. A moderate investment increase of 0.13 occurs in 1.5% of deployed elements, and so on.

4 Calculation
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The probability mass function (pmf) for the combined influence of factors X and Y is given by a random
variable Z = X +Y . The pmf of Z indicates the discrete probability distribution for all possible total
investment increases caused by all possible combinations of outcomes for factors X and Y .

If factors X and Y are independent, it is calculated as follows.

P(Z=2)=) P(X=1)P(Y =z —x) (1)

Expressed in words, the probability that the total investment increase is z is given as a sum over all
possible investment increases x caused by factor X. Each such x gives a term in the sum, which is the
probability that an investment increase of x is caused by factor X multiplied by the probability that an
investment increase of z — x is caused by factor Y .

In the following we assume that factors X and Y are independent, which means that Equation 1 holds.

5 Direct approach algorithm
To compute the pmf for Z, a basic algorithm goes as follows. We assume that a set X of tuples (Ix, Px)
containing all possible investment increases Ix and associated probabilities Px related to factor X is
given. Analogously, a set Y containing tuples (ly , Py ) is given.
Create an empty set Z, which will hold tuples (Iz, Pz ) containing all possible total investments 1z and
associated probabilities Pz .
For all possible investment increases Ix caused by X (loop over the set X):
For all possible investment increases ly caused by Y (loop over the set Y ):
Compute the total investment increase Iz =Ix + ly .
Compute P = Px + Py .
If 1z appears in a tuple in Z:
Add P to Pzin tuple (Iz , Pz).
Else:
Add tuple (I1z, P ) to set Z.

6 Exact result
The exact result for the overall investment increase probability distribution Z with inputs given in Tables
1 and 2 obtained by applying the algorithm in Section 5 is shown in Table 3.

Investment increase Probability of occurrence
0 0.93605
0.066 0.015725
0.13 0.014475
0.132 6.5625e-5
0.196 0.00013125
0.2 0.0072375
0.266 6.5625e-5
0.27 0.016975
0.336 0.00013125
0.4 0.0002625
0.47 0.00013125
0.63 0.0084875
0.696 6.5625e-05
0.76 0.00013125
0.83 6.5625e-05

Table 3: Exact probability mass function for factor Z=X +Y

7 Scalability
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For more than two factors, the algorithm given in Section 5 can simply be applied multiple times, adding
one factor at a time. For instance, the pmf of Z = X1 + X2 + X3 for three independent factors X1, X2,
X3 is calculated by first calculating Zt = X1 + X2 and then calculating Z = Zt + X3.

While an exact calculation is preferable for a small number of factors, the algorithm given in Section 5
does not scale up well, because it requires two nested loops and a search in the innermost loop.
Therefore, although applicable in principle for an arbitrary number of factors by simply repeating the
process, it becomes computationally infeasible for a higher number of factors. For instance, if four
potential investment increases are considered for each of two factors (e.g., no, low, medium, and high
increase), there can be up to sixteen possible total investment increases. Each added factor may thus
lead to a multiplication by four of the number of possible total investment increases. With ten factors,
the number of possible total investment increases might therefore be close to one million (220) in the
worst case. For an even larger number of factors, storage may also to be considered.

A possible solution could be to approximate the pmf for Z by one that again considers only four different
risk levels. Then, the calculation in Section 5 scales up well to any number of factors.

Another possibility is to consider a Monte Carlo approach.

8 Monte Carlo approach

For a higher number of factors, rather than directly computing all possible total investment increases,
we can perform a number N of computationally cheap simulations. In each simulation, a sample
investment increase Ixi is drawn according to the pmf of each factor Xi. The total investment increase
is the sum of all single investment increases:

L=>1L, (2)

Where Ix denotes the investment increase of X = ; Xi To calculate the approximate probability for
Ix, it is sufficient to count the number of times this investment is encountered and then divide by N at
the end of the Monte Carlo simulation. In algorithmic form:
Choose a sufficiently large integer N (e.g., 100000). The higher N, the more also very low probabilities
can be accounted for. If there is no need to capture very low probabilities, a smaller N can be chosen. If
the installed surface of an element is very large (e.g., a transparent envelope element of a large office
building or of multiple office buildings), low risks may occur.
Create an empty set Z, which will hold tuples (Iz , Pz ) containing all possible total investments Iz and
associated approximate probabilities Pz .
Fori=1toN:
Randomly choose Ix according to the pmf of X.
Randomly choose ly according to the pmfof Y .
Compute lz=Ix+ly.
If Iz appears in a tuple in Z:
Increment Pz by 1 in tuple (Iz, Pz).
Else:
Add tuple (Iz, 1) to set Z.
Divide each element of Pz by N .

9 Approximated result

The approximated result for the overall investment increase probability distribution Z with inputs given
in Tables 1 and 2 obtained by choosing N = 100000 applying the algorithm in Section 8 is shown in
Table 4. This result depends on the pseudo-random number generator and seed used.

10 Scalability
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The Monte Carlo approach scales up well. A potential issue is that the probabilities for certain
combinations of failures are very low and cannot be detected without choosing a very large N.

However, this also means that they will very rarely happen in practice.
For a very high number of factors, storage may also become important.

Investment increase

Probability of occurrence

0
0.066
0.13
0.132
0.196
0.2
0.266
0.27
0.336
0.4
0.47
0.63
0.696
0.76
0.83
0
0.066
0.13
0.132
0.196
0.2
0.266
0.27
0.336
0.4
0.47
0.63
0.696
0.76
0.83

Table 4: Approximated probability mass function for factor Z =X +Y

0.93521
0.01569
0.01469
0.00012
0.00018
0.00743
0.00012
0.01728
0.00019
0.00029
0.00014
0.00837
0.00011
0.0001
8e-05
0.93521
0.01569
0.01469
0.00012
0.00018
0.00743
0.00012
0.01728
0.00019
0.00029
0.00014
0.00837
0.00011
0.0001
8e-05
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