}b'IWEWEX!erMVWO’OG L ET -~ L0 E g/l g + WG AFedip = R0E =V S v - 1,9VU0,00U.69 £, 30
17 wall/External/ Fiber->roof/Internal/PIR->Tripie glozing SHEat \\ - 192563939  2,15967
T1909,101.76  2,36303
e 1,909,10176.._ 2,363103
els/Both facades 1,909,101.76 2,
8§ Yipsee 2,157,678.25  2,36303 -
FEFNS e 2 Vﬁ 2,176,436.75  2,159:67
'.m rict HeaiMwtdhine ion=-E1PV panels/South fa 2,159,899.12  2,363.03
i ul ng+ al, rict Heating CORNCal panels/Westfagad 2159899.12  2,36303
- ; ONV'SUD DOFT 1 @ Fating coinet E\/panelslaothfacade 2,363103
:a‘ | . i of/internal/\W ; Ll eglazing+alummumtrame- IR->RE . w03
};—agﬂ % od gibar->roofllikeina YOty Dor->@ogblegiazing + alumigumiieiie urnp:2PVI | 2,136,434.20
" N ES “. AdrDUNGHYES (" ‘ , 2,119,896.57
y-." e Waoc e(r;:roof/lntemalNVOOGFub REOTDLE clazing oot ‘“ m fran : | c 2,119,896.57 2,363.03
eria Appr hftm SalamcedEny j m ial, and Economlc Factops sy, 230
d Fiber->do ' " Nood fram - nne¢fon>Regula ' 1,924,762.37  2,363.03
Ct Hea ohfiection->P) 1,943,520.87  2,159.67
ood Fibe r->doubleglazing+woodtrame->D| o ngconne: v Sl 1,926,983.24  2,363.03
mood Fibe ublegtazing*woodtramea‘ Jea : —"" N 1,926,983.24 - 2,363/03
[ 1,926,983.24  2,363.03
1'884,750.82  2,363i03
1,903,518.37 ™ 2,15967
! 1,886,980.69  2,363:0
1,886,980.69  2,363.03
~~—.. 188698069 236303
2,199%38,58  2,363103
) : rame- 2,218,497.08 67
;.43‘wa dfacly »*' FiUeT->roof/internal/Wood Fiber-> g+ aluminu B 2,201,959.45  2,363i03
"::-—5“’ vall/External/Wood F foer /roommenwmoodﬁbe ->Triple Qisi i - 2,201,959.45  2,363.03
145 walUEYtemaU otllntemaUW ._Flbe i Ir pframae> | Flea -___/_ 2,201,959.45 2,363.03
146 wall/Externat) ood at/m;emam Fibersriplegtazi [ me->H RegulaBPV panels ' " . 2,159,736.03  2,363.03
all/External ood Fibersyiple glazi r is ‘ B ' & 2,178,49453  2,159.67
s 200 F : azing+alum|numframe >He tpump_>BlPVp elslstis‘&thfagade S F“‘W&O 2,363.03
- erna , iF e ninum f S tpupiD->BIPV paels/West fagade 2,161,956.90% ~H.2:858.03
all/Exter pal/Meod Biber- >root InternallWe oc ] ump->BIPV panels/Both facades 4 2,161,956.90 2,363. 03‘
’iﬁ‘ﬁwﬁlUEYtemal/WOQd dber-*oJf uemaleoodFlbe i ing frame->Dist eating conne n->Re§ularPVpan 5 1,958,488.66 2,363.03
152 fwall/ExterpSildd oot F of/l tarna{/qud Flbe iple glazing + wood frame->DiStr eating connectign->PVT Panels 1,977,247.16 2,159.67
. wall/Externs o F ernal/Weod Fibei=riple glazing + wood frame>Distr@Heating connectign->BIPY panels/South faade 1,960,709.53  2,363.03
- :’J N7 > iple glazing +wood fréme->Distr eating connec¥—>BiPVpanels/W facade 1,960,709.53 2,363.03
: lple glazing+wtrame->Di eating CoORResE in’BjPV panels/Bothl facades ‘ 1,960,709.53 2,363.03
: SSRegllar P nqs , 1,918486.11  2,363.03
a->Heatpump->PVT Panels § = ol 1,937,244.61  2,159.67
Ny z.ag‘ +wood frame->Heatpump->BIPV panelsiSo §° 1,920,706.98  2,363.03
) lazmg+wood 1rame->Heazpum BIPV panels : 1,920,706.98 2,363.03
10 N, ! BlF Boti | 1,920,706.98  2,363,03
e 1 wall teTaU PIR=>rog/internal/PIR-> o Ble gl 1,809,649.85 386:35
- ~ 162 wall/Internal/PIR-2ro@f/Internal/PIR->do u b gt - 1,828,408.35 182,99
L waiulntemauma-mpf(mmaw ghfeglazlng'va[ummumframe»ﬁfstwmm : 5 & e —— 1,811,870.72 38635

-y, U40.40

29,6548
23,739.95
23,739.95
23,739.95
“27:787.10

34,435, 78'

28,481.60
28,481.60
28,481.60
23,843.92

rad
% 30,492.60
2,363.03 8.42

24,538 09
24,538:42

-~
27?91
ba $at65

28,447.47
28,454 .47
08,43R47
23,849%9
30,498.

24,544.2
24,5442

24,544.29 %

27,855.34

28,549.84 -

28,549.84
23912.16
30,560.84
24,606.66
24,606.66

~94,806.66
27,792.97
34,441.65
28,487.47
28,487.47
28,487.47
23,849.79
30,498.47
24,544.29
24,544.29
24,544.29
24,238.65
30,887.33
24,933.15

) 1 L0909/ £,910,/8/.20

4
.1,987,493.19 2,348,991.83
1

, 20% ,322,245.69
1,986,204.7 ﬁg
1,985,204.74 2,322,5K5

2,187,828.38 2,625,394.06

228.0ne 202%

2.1 ,73396&;2:892.50
2,180,743.75 2,828:892.50
2,180,743.75 2,628,892.50
2,148,882.65 2,572,659.18
2,165,086.47 2,602,903.77
2,146,798.02 2,576,157.63
2,576,157.63
76,157.63

,918.37

| A e e
§0,122.19 2,376,146.63™

2,349,400.49
2,349,400.49
2,349,400.49
R72.64 2,293,167.17
¥6.46 2,323,411.75
.01 2,296,665.61
.01 2,2596,665.61

2,675,948.
2985,160. 4 2,706,192.92

2,281 815,04 2%53,458.05
2,188,96.59 2,806,711.91
21@9 .59 2,626,711.91
2,188,92850 262471191

——

1988644@6 73.60
2,083,848.48 2 N
- _1;.

1,991,560.03 2,389.872.04
1,991,560.03 2,389,872.04
1,981,560.03 2,389,872.04
1,944,698.93 2,333,638.72
1,969,902.75 2,363,883.31
1,947,614.30 2,337,137.17
1,947,614.30 2,337,137.17
1,947,614.30 2,337,137.17
1 834 D785, 27301 129.82
1,880,478.67 2,231,37270-
1,837,190.22 2,204,628.26
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Reduce emissions 70-80% reduction net-zero emissions
by at least 55% in emissions and climate
neutrality

Europe retrofitting 1-1.5% every year




Research Framework J—m 2 H 3 H 4 J

I

80% residential




{ Research Framework ]—n—[ 2 ]—[ 3 ]—[ 4 ]

Early Design Construction Maintenance End of Life
Phase Phase
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50 @ L o

Efficiently and Clear Objective Optimal Solution Risk
Economically Definition Selection Minimization

/\\
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The critical role of project developers and end users

Architects/
Designers

a )
Early Design Project

Financial

Phase Developers insitutions

N /

Regulatory
Bodies

Stakeholder Decision-Making Flow in Renovation Projects

6
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Phase Developers

\_ /

4 N .
Early Design Project é ‘ 0@ R'\ T ?Z
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Energy Performance
0

(2#)Payback Periods

P Increased property value

U Nawareness
Energy Savings

Rental-cost factors | |
Various Technological Solutions

Financial pay-offs  Required levels of renovation

Phase




Successful

renovation project

Research Framework
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HOW?

D C Q;JJ\[ Step 1: Find corner pieces J
dT
B e e G _jLT
& & 2
SRR &

Ces o9 od
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Reality of a

renovation project

12
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Reality of a

renovation project
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Research Framework

)

Early Design Decision-
Making Inefficiencies
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Stakeholder
Misalignment and
Information Asymmetry
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Stakeholder
Misalignment and
Information Asymmetry
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Need for Standardized
and Adaptive Tools

Research Framework w 2 H 3 H

(
L

J

21%
Goal Setting
33%
Criteria Weighting
21%
Building Diagnosis
30%

Category

Design Alternatives Generation

84%
Performance Estimation

12%
Design Alternatives Evaluation

Percentage of tools

Percentage of tools in each category (Nielsen et al,, 2016)

17
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Main research question

How can the decision-making process in the early design phase of energy
renovations in residential buildings be improved to enable project
developers to make that consider environmental,

economic, and social factors?

@ ﬂé SDGs

18
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Core Objective

19



} Research Framework n 2 H 3 H 4 ‘

Novelty

20
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Boundary Conditions

r "
o ﬂ ‘ ‘
. J
Scope of Methodological Automation & Input & Output
Decision-Making Constraints Computation Constraints

21
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Step 2 Criteria definition

Literature Review Analysis

Filter: early design phase
& project developers

Consideration: Renovation

Final Criteria
Selection

Criteria Selection Process

22



[ Literature Review H 1 u 3 H 4 }

Step 2 Criteria definition

Economic Social Environmental

EC _C1 Investment Cost S_C5 Renovation Duration EN_C8 Heating Demand

EC_C2_Operational Cost S_C6_Renovation Nuisance EN_C9 Cooling Demand

S_C7 _Energy Affordability

EC_C3_Payback Period Index (EAI)

EN_C10_Embodied Carbon

EN_C11 Share of
EC_C4_ Net Present Value Renewable energy
generation

23



Building Envelope

Wall and/or roof
insulation
Energy-efficient
windows
Fixed/adjustable
shading

[ Literature Review H 1 m 3 H 4 }

Step3  |Alternatives selection

Building Systems/Services

Upgraded Renewables

Heating upgrade
& UPE Ventilation addition

24



Main Principle Definition

Building Envelope

Wall and/or roof
insulation
Energy-efficient
windows
Fixed/adjustable
shading

Building Envelope
Upgrade

Heating upgrade

Heating System
Upgrade

Conceptual Framework

)

Building Systems/Services

Upgraded
Ventilation

Advanced
Ventilation

Step3  |Alternatives selection

Renewables
addition

Renewable Energy

Integration
25



[ Conceptual Framework H 1 H 2

Step3  |Alternatives selection

CATEGORY Building Envelope Building Systems/Services

Building Envelope Heating System Advanced Renewable Energy

MAIN PRINCIPLE .
Upgrade Upgrade Ventilation Integration

1. Insulation(Fagade
and/or Roof)

External/Internal

Natural Inlet and

. Mechanical Exhaust PV (electricity)
AVAILABLE EPS, Wood fiber, PIR District Heating (Type C) PVT (electricity + hot
2. Window Replacement
OPTIONS P k Heat pump Mechanical Inlet and water)
DB + AL /Wood frame
/ Mechanical Exhaust BIPV(optional)
TG + AL/Wood Framed
(Type D)

3. Shading

Solar Blinds(adjustable)
26



[ Conceptual Framework H 1 H 2

1 principle

o/e/0/@®

Building Envelope
Upgrade

Heating System Upgrade
Advanced Ventilation

Renewable energy
integration

M Od e rate Adva n Ced Step3  [Alternatives selection

4 principles
OR

3 principles +

Renewables

2 principles 3 principles

00/00 000/00 0000/
o0o/00 00/000/
000/000

27



TO

Conceptual Framework H 1 H 2

MCDM Methods Selection

Step 1

Step 2

Step 5

Step 6

Step 7

Step 9

S w—

MCDM Methods
selection

v

N

28



|( Conceptual Framework H 1 H 2

Step 1

Step 2 Criteria definition

Step 3 Alternatives selection

Step 4

Step 5 (Criteria weighting

Step 6

Step 7 Case Study Validation

Step 8

Step 9 Final decision

29



Conceptual Framework

H 1 H 2

Step 1

Step 2

Step 4

Step 5

Step6

Step 7

Step 9

30



General Workflow

INPUTS

Data needed

PROCESS

-~

o

Surrogate Model

~

/

OUTPUT

-~

~

Ranking of Scenarios

o

/

{ Conceptual Framework ]—[ 1 H 2

31
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Detailed Workflow

=D =B ==

,; [ir_:l_-.n:ur.] 1 e

Fxed Inpuls |

—— [ [ I

/ .:E, __/'r /- ..,,...g/ }f st / :/ e ‘/ / u...s.u.‘../r. / :E.;.

) (=

INPUTS

Ero
[y —

R —

STEP 1:

& %

[ usircustomizaion [l MULTICRITERIAWEIGHTING |

STEP 2: SURROGATE MODEL

STEP 3: OUTPUT



—  PROCESS —  OUTPUT | Conceptual Framework H 1 H 2

Creating the Tool’s Database

Environmental
Product
Declaration

Rijksdienst voor Ondernemend
Nederland

all climate zones

P -ubakus

CERTIFIED

COMPONENT
Passive House Institute

33



m PROCESS H OUTPUT } i Conceptual Framework H 1 H 2 3

Creating the Tool’s Database .

Environmental

i

N Rijksdienst voor Ondernemend
% Nederland

Declaration

all climate zones
;;I’

CERTIFIED

“ubakus

COMPONENT
Passive House Institute

34



— PROCESS  — OUTPUT

Conceptual Framework H 1 H ) 3

I

Creating the Tool’s Database

35



- ] |
PROCESS OUTPUT H 1 H ) 3
| Conceptual Framework 4

Creating the Tool’s Database

Rijksdienst voor Ondernemend
Nederland

)

0

36



m PROCESS H OUTPUT } I Conceptual Framework H 1 H 2 3

Creating the Tool’s Database

i

o~ Sonments) R Rijksdienst voor Ondernemend
—
— © Declaration %’ NE[]EI'IEI [1(.]

all climate zones

“ubakus

Passive House Institute

37



m PROCESS H OUTPUT } |( Conceptual Framework H 1 H 2

Creating the Tool’s Database

Environmental

fa ;if\ Product
© - Declaration

Rijksdienst voor Ondernemend
Nederland

all climate zones

ﬁ
o
®©, \’
- -ubakus
CERTIFIED
COMPONENT
Passive House Institute ‘
W
-J
>
>
|
‘ |
| 4
4

38
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m PROCESS H OUTPUT I Conceptual Framework H

Creating the Tool’s Database

= Sonments) . Rijksdienst voor Ondernemend
—
— © Declaration % NEd EI’l d H{I

all climate zones
?

CERTIFIED

COMPONENT

Passive House Institute

-ubakus

39



Step 1: Inputs

MVP

Quick input mode (default):

PROCESS  — OUTPUT

Building geometry:

total floor area, number of floors,
height, area quantities, apartment
guantities

Envelope performance:

U-values of walls, roof, windows, etc.

System type:
heating/cooling/ventilation systems
Location/climate zone

Financial Data:

Loan Percentage, Interest Rate,
Investment Evaluation Period etc.

[ Conceptual Framework H 1 H 2 3

Not like this....

Like this!
5 @ ® ©
- = &b B

Source: Henrik Kniberg, 2016
https://blog.crisp.se/2016/01/25/henrikkniberg/making-sense-of-mvp

40



Step 1: Inputs

MVP

Quick input mode (default):

PROCESS  — OUTPUT

Building geometry:

total floor area, number of floors,
height, area quantities, apartment
guantities

Envelope performance:

U-values of walls, roof, windows, etc.

System type:
heating/cooling/ventilation systems
Location/climate zone

Financial Data:

Loan Percentage, Interest Rate,
Investment Evaluation Period etc.

\

Conceptual Framework H 1 H )

Advanced input mode (future):

41



—  PROCESS —  OUTPUT [ Conceptual Framework H 1 H 2

Step 2: Multi-Criteria Weighting and Prioritization

» . &%% .
Economic € Social &£ Environmental X
Criterion A Importance Criterion B Criterion A Importance Criterion B Criterion A Importance Criterion B
C1 (Investment =P 6 o CZ_ I C5 (Renovation [ 4 €6 (Nuisance) C8 (Heating anl) 1 C9 (Cooling
Cost) (Operationa Duration) Demand} Demand)
Cost)
. [ ] 3 C7 (Energy C8 (Heating af 4 C10 (Embodied
C1 (Investment -9 2 a {quback G (Renqvahon Affordability Demand) Carbon)
Cost) Period) Duration) Index)
) el 3 C11 (Share of
C1 (Investment -9 2 c4 (NPV) = 4 C7 (Energy cgiane::]t;;g renewable energy
Cost) C6 (Nuisance) Affordability generation)
Index)
Cz_ 9 4 C3 (Payback C9 (Coaling [ ] 3 C10 (Embodied
(Operational Period) Demand} Carbon)
Cost)
. anl) 2 C11 (Share of
c2 anl) 2 . . C9 (Cooling bi
(Operational ca (NPY) 1. Predefined Weights Demand) renewsble enerey
Cost)
2. Adjustable Weights e
C10 i) 3 C11 (Share o
G (P?Vba‘:k c > C4 (NPV) (Embodied renewable energy
Period) Carbon) generation)

42



— PROCESS  — OUTPUT

Conceptual Framework H 1 H 2

Step 2: Multi-Criteria Weighting and Prioritization  ,iculated criteria Weights

)

Criterion Weight (%)
EC_C1 investment cost 44,07
EC_C2 Operational cost 1091
EC_C3 Payback Period 34.21

4 EC_C4 NPV 10.81

1

L]

v =7 =
S_C5 renovation duration 58.95
S_C6 Renovation Nuisance 28.28
S_C7 Energy affordability index (EAI) 12.77
EN_C8 Heating demand 39.43
EN_C9 Cooling demand 33.21
EN_C10 Embodied carbon 8.95
Predefined Weights

EN_C11 Share of renewable energy generation 18.40 HousingAssociation Perspective

43



— PROCESS  —

Step 3: User Customization

Total number of combinations: 64

Building Envelope Upgrade [E]
Wall Insulation
Roof Insulation
Openings
Shading O
Heating Systemn Upgrade [H]
Advanced Ventilation || O
Renewable Energy Integration (7] O

ot
Generated Scenarios

Scenario 732: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
‘Window Replacement with Double Glazing (Aluminum Frame) + District Heating
Connection

Scenario 733: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
‘Window Replacement with Double Glzzing (Aluminum Frame) + Air-to-Water Heat
Pump

Scenario 734: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
‘Window Replaczment with Double Glazing (Wooden Frame) + District Heating
Connection

Scenario 735: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
‘Window Replacement with Double Glazing [Wooden Frame) + Air-to-Water Heat

Level of Intervention: Minor

Subsidy percentage (%): 45

OUTPUT

Table of Available Renovation Measures per Main Principle

Show/Hide Available Renovation Measures

Main Principle

Building Envelope Upgrade

Heating System Upgrade

Advanced Ventilation

Renewable Energy Integration

Subcategory

Wall Insulation

Roof Insulation

Openings

Shading

Heating System

Ventilation Type

PV
PVT

BIPV

Conceptual Framework H 1 H 2

Renovation Measure

EPS
Wood Fiber

FIR
Wood Fiber

double glazing + aluminum frame
double glazing + wood frame
Triple glazing + aluminum frame
Triple glazing + wood frame

Solar Blinds {adjustable)

District Heating connection

Heatpump

Simple Mechanical Ventilation {Type C)-Central

More efficient Mechanical Ventilation (Type D)-Central
Regular PV panels

PVT Panels

BIPV (both facades)

Specifications

External/Internal Location

Internal Location

on the roof assuming 70% coverage
on the roof

on facades (both facades) assuming 70% coverage

44
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INPUTS — — OUTPUT

Conceptual Framework H 1 H )

I

Step 4: Surrogate Model

= ABOLD
m| Bringing data together
O

45



INPUTS  — —  OUTPUT [ Conceptual Framework H 1 H 2
Step 4: Surrogate Model
Output of Surrogate Model-Quantified Results Table
Scenarios EC_C1_ EC_C2_ EC_C3_ EC_C4_ EN_C8_ EN_C9_ EN_C10_ EN_C11_
Investmen Operation Payback Net Heating Cooling Embodied Share of
t Cost al Cost Period Present Demand Demand Carbon Renewabl
Value e energy
generation
S € € Years € Weeks Level % kWh/y kWh/y kg CO2eq. kWh/y
S2 € € Years € Weeks Level % kWh/y kWh/y kg CO2eq. kWh/y
Sn € € Years € weeks level % kWh/y kWh/y kg CO2eq. kWh/y

46
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Conceptual Framework H 1 H 2

INPUTS — PROCESS  —

Step 5: Output and Decision Support

Similarity index

0.9
0.8
0.7
0.6
0.5

0.4

--> |deal solution

0.3

0.2

0.1

S1 S2

Scenarios

47
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m PROCESS H OUTPUT } { Application ]—[ 1 H 2 H 3 ]—n

)

RN
ul DMMM
RN

WA

s
AW
L
\DD
\
\
\
\D
\\Q

B
: T

\

(75 mm)

(&) 0ld brick 1400 kg/m3, DIN 105 (210 mm)

@ ey
(2) Vapor retarder sd=10m

Existing Drawings & general 3D Model One unit modelling including
Technical Properties technical properties

49



£} Building Measurement ts
Building geometry:
total floor area, number of floors, :
height, area quantities, apartment e
quantities -
Envelope performance:
U-values of walls, roof, windows, etc. s 5
System type:

heating/cooling/ventilation systems
Location/climate zone

Financial Data:

Loan Percentage, Interest Rate,
Investment Evaluation Period etc. (i .

50



PROCESS —  OUTPUT ‘L Application H 1 H 2 H 3 m
N Criteria  Final Weights Specifications
C1 44% EC_Ci_investrment cost
Cz 13% EC_C2_Operational cost
\ d Cz 33% EC_Cz_payback pericd
— Cs4 10% EC_C4 NPV
hOUS”’]g aSSOC|at|On Cs 59% S_Cs_renovation duration
Cé 28% S_Cé_Renovation Nuisance
C7 13% S_C7_energy affordability index (EA)
cs 39% EN_C8_heating demand
’I. Co 33% EN_Cg_cooling demand
’ \y Cio 9% EN_Cio_embodied carbon
: Cn 18% EN_C11_share of renewable energy generation

Weights from Housing Association's perspective

51



m PROCESS H OUTPUT } { Application H 1 H 2 H 3 m

4 N N O N
Select One
. : One level of . :
--------------------- — ] Configuration of _ Ranking of Scenario ——— >
: o Intervention
Main Principles
o PN 2N %

52



m PROCESS H OUTPUT } |( Application H 1 H 2 H 3 m

Extract results

4 N N O N

Select 4
--------------------- —] Configuration of
Main Principles

\ AN DN /

WHY?

4 level of
Interventions

Ranking of Scenario .

53
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Ranking of Scenario
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—  PROCESS —  OUTPUT Application
Input Parameters Change
Weighting ~ Electricity Pric Financia ial Data Pricing Strate gy
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— PROCESS  —

Scenario Generation

Total number of combinations: 32

Building Envelope Upgrade (£

8

Wall Insulation

<

Roof Insulation

Openings

Shading

Heating System Upgrade [H]

Advanced Ventilation V]

o 0O 0O 0O &8

Renewable Energy Integration (R
Generated Scenarios

Scenario 154: External Wall Insulaticn with EPS + Internal Roof Insulation with PIR +
Window Replacement with Double Glzzing (Aluminum Frame)

Scenario 155: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
Window Replacement with Double Glazing [Wooden Frame)

Scenario 156: External Wall Insulaticn with EPS + Internal Roof Insulation with PIR +
‘Window Replacement with Triple Glazing (Aluminum Frame)

Scenario 157: External Wall Insulaticn with EPS + Internal Roof Insulation with PIR +
‘Windeow Replacament with Triple Glazing (Wooden Frame)

Scenario 158: External Wall Insulaticn with EPS + Internal Roof Insulation with Wood
Fiber + Window Replacement with Double Glazing [Aluminum Frame)

Scenario 159: External Wall Insulaticn with EPS + Internal Roof Insulation with Wood

Level of Intervention: Minimal

Subsidy percentage (%): 25

OUTPUT

Scenario Generation

Total number of combinations: 64

Building Envelope Upgrade [E]

4]

Wall Insulation

4]

Roof Insulation

Openings

Shading

/]
0

Heating System Upgrade [H]

Advanced Ventilation V] J
Renewable Energy Integration [r] J
Generated Scenarios

Scenario 732: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
‘Window Replacement with Double Glazing (Aluminum Frame) + District Heating
Connection

Scenario 733: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
‘Window Replacement with Double Glazing (Aluminum Frame) + Air-to-Water Heat
Pump

Scenario 734: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
‘Window Replacement with Double Glazing (Wooden Frame) + District Heating
Connection

Scenario 735: External Wall Insulation with EPS + Internal Roof Insulation with PIR +
‘Window Replacement with Double Glzzing [Wooden Frame) + Air-to-Water Heat

Level of Intervention: Minor

Subsidy percentage (%): 45

Application

o2 s

Scenario Generation

Total number of combinations: 128

Building Envelope Upgrade [E]

4]

Wall Insulation

4]

Roof Insulation

4]

Openings

]

Shading

4]

Heating System Upgrade (1]

4]

Advanced Ventilation V)

Renewable Energy Integration [%] O
Generated Scenarios

Scenario 2208: External Wall Insulation with EPS + Internal Reof Insulztion with PIR
+ Window Replacement with Double Glazing [Aluminum Frame) + District Heating
Connection + Advanced Ventilation Type C

Scenario 2209: External Wall Insulation with EPS + Internal Reof Insulztion with PIR
+ Window Replacement with Double Glazing [Aluminum Frame) + District Heating
Connection + Advanced Ventilation Type D

Scenario 2210: External Wall Insulation with EPS + Internal Reof Insulztion with PIR
+ Window Replacement with Double Glazing [Aluminum Frame) + Air-to-Water Heat
Pump + Advanced \ientilation Type C

Scenario 2211: External Wall Insulation with EPS + Internal Reof Insulztion with PIR
+ Window Replscement with Double Glazing [Aluminum Frame] + Air-to-Water Heat

Level of Intervention: Moderate

Subsidy percentage (%): 45

Scenario Generation

Total number of combinations: 192

Building Envelope Upgrade (£

<]

Wall Insulation

4]

Roof Insulation

4]

Openings

Shading

8 O

Heating System Upgrade [H]

Advanced Ventilation [V J
Renewable Energy Integration (7]
=2
Generated Scenarios

Scenario 2336: External Wall Insulaticn with EPS + Intemal Reof Insulation with PIR
+ Window Replacement with Double Glazing [Aluminum Frame) + District Heating
Connection + Photovoltaic Panels (FV)

Scenario 2337: External Wall Insulation with EPS + Imternal Reof Insulation with PIR
+Window Replacement with Double Glazing [Aluminum Frame] + District Heating
Connection + Photovoltaic-Thermal Panels [PYT)

Scenario 2338: External Wall Insulaticn with EPS + Intemal Reof Insulation with PIR
+Window Replacement with Double Glazing [Aluminum Frame) + District Heating
Connection + Building Integrated Photovoltsic Panels (BIFV)

Scenario 2339: External Wall Insulation with EPS + Imternal Reof Insulation with PIR
+ Window Replacement with Double Glazing [Aluminum Frame| + Air-to-Water Hest

Level of Intervention:

Subsidy percentage (%): 65

I

- b



— PROCESS —  OUTPUT } Application H 1 H 2 H 3 m

Selected Scenarios

ltem Scenario

S$1.1 Insulation->wall->external->EPS, Insulation >roof->internal->PIR-> double glazing + aluminum frame

$1.2 Insulation->wall->external->Wood Fiber, Insulation->roof->internal->Wood Fiber-> triple glazing + aluminum frame
S2.1 Insulation->wall->external->EPS, Insulation >roof->internal->PIR, -> double glazing + aluminum frame ->District

Heating Connection

S2.2 Insulation->wall->external->Wood Fiber, Insulation->roof->internal->Wood Fiber, -> triple glazing + aluminum
frame ->District Heating Connection

S3.1 District Heating Connection-> More efficient Mechanical Ventilation (Type D)-Central-> Insulation->wall->external-
>EPS, Insulation >roof->internal->PIR-> double glazing + aluminum frame

S$3.2 District Heating Connection-> Simple Mechanical Ventilation (Type C)-Central -> Insulation->wall->internal->PIR,
Insulation >roof->internal->PIR-> double glazing + timber frame

S4.1 Insulation->wall->external->EPS, Insulation >roof->internal->PIR-> triple glazing + timber frame ->District Heating
Connection->Regular PV Panels

S$4.2 Insulation->wall->internal->Wood Fiber, Insulation->roof->internal->Wood Fiber-> double glazing + aluminum
frame ->District Heating Connection->Regular PV Panels
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INPUTS — PROCESS  —

-

Application H 1 H 2 H 3 m

= S3.2
* District Heating Connection
m * Simple mechanical ventilation type C
* Internal PIR Wall and Roof Insulation
=) * Double glazing with timber frame

/\ $3.2A1
* District Heating Connection
* Simple mechanical ventilation type C 2/8 DISQUALIFIED
Internal PIR Wall and Roof Insulation

Double glazing with timber frame

Weighting E Negative NPV

District Heating Connection
D Wall and Roof Insulation
glazing with timber frame

3|
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INPUTS — PROCESS

Electricity Price

A !

5
amalll

Application

-

e s

* District Heating Connection

Wall and Roof
Insulation
* Double glazing with frame
S3.2B2

* District Heating Connection

*  More efficient mechanical ventilation type C
* Internal PIR Wall and Roof Insulation

* Double glazing with timber frame

1/8 DISQUALIFIED
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INPUTS — PROCESS  —

Application H 1 H 2 H 3 m

-

* District Heating Connection

@‘- Wall and Roof
7’ Insulation
\N « Double glazing with frame

:[[li’
B X

2/8 DISQUALIFIED

‘ 0/8 DISQUALIFIED
$3.2C2.2 t 3/8 DISQUALIFIED
Financial Data
$3.2C3.1 ‘ 3/8 DISQUALIFIED
$3.2C3.2 t 0/8 DISQUALIFIED
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INPUTS — PROCESS

Pricing Strategy

i

| Application

e s

District Heating Connection

Wall and
Insulation
Double glazing with

Roof

frame

1/8 DISQUALIFIED
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INPUTS

PROCESS  —

Application

o 2 fs [

e R [ S

S3.2
S3.2A1
S4.1A2
S3.1B1
S3.2B2
S3.1C1
S3.1C2.1
S3.2C2.2
S3.2C3.1
S3.2C3.2
S3.1D1

0.826
0.791
0.688
0.790
0.804
0.789
0.788
0.828
0.827
0.821
0.805

3
7
11
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INPUTS ~ —  PROCESS  — | Application H 1 H 2 H 3 m

Pi>0.8 ©
00000000HHHHHHHH.

» 4
> ME
HER

64



PROCESS OUTPUT i Application H 1 H 2 H 3 m

How | know that the results are correct?
Manual Calculations

Some weeks
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—  PROCESS —  OUTPUT | Application H 1 H 2 H 3 m

51° (e

Weighting Electricity Price Financial Data Pricing Strategy
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—  PROCESS —  OUTPUT | Application H 1 H 2 H 3 m

($) > 8[° > 125> 79

Electricity Price Weighting Financial Data Pricing Strategy
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m sssssss H UUUUUU } { Application H 1 H 2 H 3 m

Which Criteria affect the results?



—  PROCESS —  OUTPUT { Application H 1 H 2 H 3 m

EC_C4 Net Present Value

A \

EN_C8 Heating Demand

e
.

N Wy

Weighting 4 EN_C11_ Share of )
Renewable energy

\_ generation )
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INPUTS H sssssss ]—m { Application ]—[ 1 ]—[ 2 ]—[ 3 ]—n

So what is the best solution for this
case study?

53.2
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INPUTS H sssssss m [ Application ]—[ 1 ]—[ 2 ]—[ 3 ]—n

So what is the best solution for this
case study?

53.2

Do | have to
renovate?




INPUTS H PROCESS { Application ]—[ 1 ]—[ 2 H 3 ]—n

What is next?

Early Design Construction Maintenance End of Life

Phase Phase Phase Phase

72



[ NPUTS H PROCESS m [ Application ]—[ 1 ]—[ 2 ]—[ 3 ]—n
What is hext?

Early Design Construction Maintenance End of Life

\ 4

Phase Phase Phase Phase

Roof construction

Exterior wall . S Roof construction crentad on 2 62095
Thermal protection Moisture proofing Heat protection Thermal protection Mois:ure proofing Heat protectlio:e .

3 : L _ No condensate Temperature amplitude damping: 3,6
R = 4,94 mw D’mcqm:.g:t.ey:‘ug/nw m“ﬂtﬁmﬁ:ﬁm“ﬂ y R = 3,05 mexw phase shift: 7.0 h

Thermal capacity inside: 278 kJ/m?K DIN 4108* R>1,75 m?K/W + R, + R,, Thermal capacity inside: 17,2 kJ/m?K
I

GEG 2020/24 Bestand*: U<0,24 W/(m?K)
EEE—— o —
excellent insufficient excellent insufficient excellent insufficient

excellent

75

15
(1) Gypsum Fibreboard (15 mm) (a) solid brick 1400 kg/m3, DIN 105 (210 mm)
(2) Vapor retarder sd=10m (5) BauderPIR DAL (100 mm) (1) Gypsum board (12,5 mm) (3) BauderPIR FA (100 mm) (8) Roofing tiles (103 mm)
(3) Installation level (75 mm) (6) akurit FP Filzputz (15 mm) (2) vapor barrier sd=100m (4) BITUMAT PVC Waterproofing Membrane 7 3

100 600



INPUTS H SSSSSSS m i Application H 1 H 2 H 3 m

Should we apply this scenario to
similartypology?

& = =NC- Eﬁnﬂgéﬁ



Application




And now the fun part!

Let’s Introduce

76



Hil | am Peter! |
am the owner of
the housing
association
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| need to
renovate the

building! The best

timing is now!
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There are subsidies
running and we all
have pressure to
renovate because of
the climate goals!
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| need someone
to tell me what
to do!

80



Hey | can help
you with that!

81



Ok | trust you
give me the
best solution |
can have!

Eva created
a tool, and it
will make
our lives way
easier!

82



For those you don’t
know me | am a project
manager and together
with a renovation
specialist and using the
tool we will find the
best solution for Peter!
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2 BOLD

User Guidance Workflow




How can the decision-making process in the early design phase of energy
renovations in residential buildings be improved to enable project
developers to make that consider environmental,

economic, and social factors?

T
s
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-

Limited Focus on Alternative

Evaluation

Fragmentation Across Phases

Narrow Scope of Decision Criteria

Complexity and Usability

Lack of Customizability

Did | make it?

( )

Focus on Alternatives Evaluation

Holistic Support Across Early Phases

Multi-Criteria Evaluation Framework

Intuitive and User-Friendly Design

Customizability and Adaptability

\. J
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BEFORE
Weeks
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Expand

Real time data

%

=

Software

Al & ML

\

Pilots
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