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= Madal tooohutus
= Madal tootlikus

T66jou puudus

= Vahene digitaliseeritus
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Fatal and non-fatal accidents at work by NACE section, EU-27, 2018
(% of fatal and non-fatal accidents)

EHITUSSEKTORI TOOTLIKKUSE,
LISANDVAARTUSE JA MAJANDUSMOJU

Chemicals and pharmacouticals

Surmaga |8ppevate té6dnnetuste arv on suurem sektorites, kus
domineeriv osakaal on mehed




SEADUS: HOONETE ENERGIATOHUSUSE DIREKTIIV JA

EHITUSTOODETE REGULATSIOON

Official Journal EN
of the European Union L series
2024/1275 8.5.2024
DIRECTIVE (EU) 2024/1275 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 24 April 2024
on the energy performance of buildings
(recast)
(Text with EEA relevance)

THE EUROPE. AND THE COUNCIL OF THE EUROPEAN UNIO!

Having regard to the Treaty on the Functioning of the European Union, and in particular Article 194(2) thereof,

Having regard to the proposal from the European Commission,

After transmission of the draft legislative act to the national parliaments,

Having regard to the opinion of the European Economic ard Social Committee (1),

Having regard to the opinion of the Committee of the Regions

Acting in accordance with the ordinary legislative procedure (),

Whereas:

m Directive 2010/31/EU of the European Parliament and of the Council () has been substantially amended several
times (). Since further amendments are to be made, that Directive should be recast in the interests of clarity.

2) Under the Paris Agreement (°), adopted in December 2015 under the United Nations Framework Convention on
Climate Change (UNFCCC) (the ‘Paris Agreement), its Parties have agreed to hold the increase in the global average
temperature well below 2 °C above pre-industrial levels and to pursue efforts to limit the temperature increase to
1,5 °C above pre-industrial levels. Reaching the objectives of the Paris Agreement is at the core of the Commission
communication of 11 December 2019 entitled ‘The European Green Deal’ (the *European Green Deal). The Union
committed itself to reducing the Union's economy-wide net greenhouse gas emissions by at least 55 % by 2030
below 1990 levels in the updated nationally determined contribution submitted to the UNFCCC Secretariat on
17 December 2020,

(3 As announced in the European Green Deal, the Commission presented its Renovation Wave strategy in its
communication of 14 October 2020 entitled ‘A Renovation Wave for Europe — greening our buildings, creating
jobs, improving lives’. The Renovation Wave strategy contains an action plan with concrete regulatory, financing and
enabling measures, with the objective to at least double the annual energy renovation rate of buildings by 2030 and
to foster deep renovations, resulting in 35 million building units renovated by 2030 and the creation of jobs in the
construction sector. The revision of Directive 2010/31/EU is necessary as one of the vehicles by which to deliver on
the Renovation Wave. It will also contribute to delivering on the New European Bauhaus initiative, presented in the
Commission communication of 15 September 2021 entitled ‘New European Bauhaus — Beautiful, Sustainable,

() 0] C290,29.7.2022, p. 114

& 0)C 375 30.9.2022, p. b4.

T AI_ () Position of the European Parliament of 12 March 2024 (not yet published in the Official Journal) and decision of the Council of
12 April 2024

(9 Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on the energy performance of buildings (O]
L 153, 18,6.2010, p. 13)

() See AunexIX, Part A

() O] L282,19.10.2016, p. 4

ELL: http://data.curopa.culeli/dir/ 20 24/127 5/oj 1/68
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REGULATION (EU) 2024/3110 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 27 November 2024

products and repealing Regulation

laying down h ised rules for the marketing of
(EU) No 305/2011

(Text with EEA relevance)

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EUROPEAN UNION,

Having regard to the Treaty on the Functioning of the European Union, and in particular Article 114 thereof,

Having regard 1o the proposal from the European Commission,

After transmission of the draft legislative act to the national parliaments,

Having regard 1o the opinion of the European Economic and Social Committee £),

Acting in accordance with the ordinary legislative procedure £),

Whereas:

m

&)

Regulation (EU) No 305/2011 of the European Parliament and of the Council () was adopted in the context of the
internal market, in order to harmonise conditions for the marketing of construction products and to remove
obstacles to trade in construction products between Member States.

Under Regulation (EU) No 305/2011, in order for a construction product covered by a harmonised technical
specification to be placed on the market, the manufacturer is obliged to draw up a declaration of performance for
such product. The manufacturer assumes the responsibility for the conformity of the product with such declared
performance and with applicable requirements. Manufacturers are exempted from this obligation for certain
products,

Experience with the implementation of Regulation (EU) No 305/2011, the evaluation conducted by the Commission
in 2019 as well as the report on the European Organisation for Technical Assessment have shown the
underperformance of the framework on construction products in various respects, including as regards the
development of standards and the market surveillance. In addition, feedback reccived in the course of the evaluation
has pointed to the need of reducing the overlaps, removing contradictions and repetitive requirements, including in
relation to other Union legislation, in order to provide more legal clarity and limit the administrative burden on the
cconomic operators. It is therefore necessary to update and align legal obligations of economic operators with those
provided for in other Union legislation, as well as to add new provisions including as regards market surveillance, so
that legal certainty is increased and that diverging interpretations are avoided

It is necessary to establish well-functioning information flows, including via clectronic means and using
a machine-readable format, to ensure that coherent and transparent information about construction products
performances is available along the supply chain. This is expected to increase transparency and to improve efficiency
in terms of information transfer. Ensuring digital access to comprehensive information about construction products
would contribute to the digitalisation of the construction sector altogether, making the framework fit for the digital
age. Morcover, providing access to reliable and durable information would also mean that economic operators and
other actors would not contribute to each other's non-compliance with requirements

0] € 75, 28.2.2023, p. 159,
Position of the European Parliament of 10 April 2024 (not yet published in the Official Journal) and decision of the Council of
5 November 2024,

Regulation (EU) No 305/2011 of the European Parliament and of the Council of 9 March 2011 laying down harmonised conditions
for the marketing of construction products and repealing Council Directive 89/106/EEC (O] L 88, 4.

ELE hp:
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MAJANDUSTEGEVUSE METABOLISM SOLTUB ENERGIA JA
MATERJALIVOOGUDEST
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ENERGY FLOW
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E-Construction Platform

EPC Bank

Energy Performance of
Buildings Directive

Minimum Energy
Performance Requirements

Energy Performance
Certificates

Measured Energy
Performance Certificate

» National EPC database for
buildings

Energy efficient and
decarbonised building stock by
2050

Stable environment for
investment decisions

Enable informed choices to
save energy and money

Mandate renovation
Renovate building stock
60-90% energy savings

Energy Performance
Carbon Performance
Compliance with
Requirements

« Zero-emission buildings

* Whole life-cycle carbon

v

Digital Building Logbook
and Permitting System

National Building
Renovation Plan

Renovation Passport

Design and Construction
BIM

Building Operation Model

* Building permitting
+ Data repository for
buildings

Material Bank

Building stock data
Monitor progress
Evaluate impact of legal
and financial measures

CPR

« Renovation plan
+ Climate adaptation and
proofing

Product Standards

Building planning,
designing and
engineering models
Building construction
information models

Material Passports

+ Building asset
management, monitoring

Partial or Total
Demolition Audit

Materials availability for
reuse

Construction
regulation
Safety and environmental
product declarations

products

Construction
regulation

products

A digital record detailing
a material’s composition,
origin, and reuse
potential for sustainable
building

+ Identify building
materials and products
with high reuse potential




FEMI Industry Focus. Powerful Results ™
RAISKAMINE EMI

= Ehitusettevotted genereerivad iga paev
suures koguses andmeid, kuid suur osa
sellest andmemahust jaab kasutamata voi on
alakasutatud, mis viib tohutu potentsiaali
raiskamiseni:

= 95% andmetest jaab ehitus- ja kinnisvara
sektoris kasutamata.

= 13% tooajast kulub projektiandmete ja
informatsiooni otsimisele.

= 30% e_hitu_se ettevate_t_eSt kasutab Big Data = Big Questions for the Engineering
rakendusi, mis omavahel ei integreeru. and Construction Industry
= 90% lOOd u d an d metest on by Jay Snyder, Alyssa Menard and Natalie Spare

struktureerimata.

Engineering and construction companies that don’t embrace the new
norm of data-driven operations are likely fo lose traction in the market
and could become obsolete in the coming years. Is your organization

I AL ready to raise the bar and leverage big data and analytics in the future?



RAISKAMINE > PUUDULIK KOOSTOO JA VAHE INNOVATSIOONI
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EUROOPA EHITUSETTEVOTETE STATISTIKA

= Euroopas on (2019. aasta
andmetel):

= Ule 3 miljoni ehitusettevdtte

= Sektoris t6otab kokku
umbes 18 miljonit inimest

= Ehitussektor annab
ligikaudu 9% ELi SKP-st

= Ligikaudu 95% Euroopa
ehitussektorist koosneb mikro-,
vaikestest ja keskmise
suurusega ettevotetest (vahem
kui 250 tootajat).

¥EEH TALLINNA TEHNIKAULIKOOL

Enterprise size class analysis of employment
(% of sectoral total, EU, 2021)

Mining and quarrying

Manufacturing

Electricity, gas, steam and air conditioning supply
Water supply; sewerage, wasigaiitaagaiaas

e

DiNsiommin
Transportation and storage ! ! |
Accommodation and food service aclivities | |
Information and communication e
Financial and insurance activities I
Real estate activities ! | |
Professional, scientific and technical activities 1 |
Administrative and suppaort service activities I
Education I I
Human health and social work activities ' |
Arts, entertainment and recreation ! [ |

Repair of computers and personal and household goods I N
Other personal service activities [ 1 |
0 25 50 75 100
= Micro (0-9 persons employed) = Small (10-49 persons employed)
= Medium-sized (50-249 persons employed) = Large (250+ persons employed)
MNote: Estimates. For the purpose of the article some percentages have been calculated, which causes a lower
reliability.
2019 data used when 2020 data were confidential.
Source: Eurostat (sbs_sc_owvw) eurostatil



EESTI EHITUSETTEVOTETE STATISTIKA

= Rohkem kui 99% Eesti ehitus- ja
kinnisvara (AEC) ettevotetest on
mikro-, vaike- ja keskmise
suurusega ettevotted (alla 250
tootaja).

= Mikroettevotete arv kasvab
aastas keskmiselt 550 uue
ettevotte vorra (aastatel 2010-
2023).

= See tahendab, et ehitusvaldkond
on vaga killustatud, mis takistab
arengut ja innovatsiooni.

¥EEH TALLINNA TEHNIKAULIKOOL
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TAKISTUSED JA VOIMALDAJAD

European Construction Sector Observatory

Digitalisation in the
construction sector

Taksitused Voimaldajad

Policy framework
Fragmentation ( 'ybersecurity Financing o

Regulatiol and stadards

é Skills e Large companies
standardisation Start-ups "

Workforce |
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UUS PEAERIALA

Peaeriala nimetus: Digitaalehitus ja ehitusinformaatika

Oppeaeg: 5 aastat integreeritud dppes vdi 2 aastat magistridppes

Oppekava EAP: 300 integreeritud dppes v3i 120 magistridppes

Keel: Eesti voi inglise

Oppekoht: Tallinn

¥EEH TALLINNA TEHNIKAULIKOOL



PEAERIALA ARENDAMISE POHIMOTTED

= Peaeriala |0petajad ei hakka asendama IT-
spetsialiste, vaid pakuvad unikaalset oskuste
kombinatsiooni:

= Ehitusspetsiifiline andmetootlus: suvendatud
teadmised ehitusvaldkonna digitaalsetest
lahendustest.

= Inseneriprobleemide Ilahendamine: oskus
kasutada arvutuslikku motlemist ja téo6riistu
inseneritlesannete lahendamisel.

= Ehitus-IKT projektide juhtimine ja arendus:
vOime arendada ja ellu viia AEC-nduetele
kohandatud IKT-projekte.

= Ehk peaeriala Uhendab IKT ehitusinseneeria
spetsiifiliste vajadustega, holmates hoonete
planeerimist, projekteerimist, ehitamist ja haldamist.

¥EEH TALLINNA TEHNIKAULIKOOL

BREADTH in AECO

DEAPTH in ICT
for AEC

EXPERIENCE / PRACTICE KNOWELDGE / THEORY

Graph showing a balance of Breadth in AECO with Depth in ICT
for AEC



ANDMEHALDUS, DIGITALISEERIMINE JA EHITUSINFORMAATIKA
ALUSED

= Andmehalduse eesmark on muuta andmed Common European data spaces
vaartuslikuks organisatsiooni/ehitusprojekti
varaks, holbustades ja kiirendades andmetega |
to6tamist, tagades nende leitavuse, oy
i A vuSe. .
usaldusvaarsuse ja kasutatavuse B o é @ ) i i <

countries

= Andmehaldus on protsess, mis holmab:

u And meh6|VEt, kOrraStamISt Ja kll’]Eldam|St e /—Technical tools for data pooling and sharing  — Sectoral Data Governance (contracts, A
. . . . . . . —Standards & interoperability (technical, licenses, access rights, usage rights)
= Ja rJepIdevat haldamist ]a kvaliteedi tagam|St o orizontal semantic) -pchapflc;tv.igcludipgcloudstorage,
= N . . - B governance and data \_ rocessing and services /
= Andmete sidumist ja integreerimist
= Andmete avalikustamist ja kattesaadavaks
tegemist https://dataspaces.info
= Andmete anallusimist
= Andmete visualiseerimist Ehitusvaldkonnas kipub andmehaldus olema BIM-

I
¥ECH TALLINNA TEHNIKAULIKOOL keskne!



ANDMEHALDUS, DIGITALISEERIMINE JA EHITUSINFORMAATIKA
ALUSED

= Domeenianaliiiis: Uhiste tunnuste ja

variatsioonide tuvastamine domeenimudeli bomain Ve
arendamiseks. Engineering | Analysis
- g= - - . . . . Customer
= Domeeni disain: Uldiste arhitektuuride ja Needs
disainimustrite arendamine, mis on kohandatud :
ehitusprotsessidele.
Application | Requirement | | Application Application
Engineering | Analysis Dresign Impl.
= Domeeni implementatsioon:

KO rd UVkasutatavate komponent|de, raam|st| ke V6| Applicatipn fin Constructio:: In theblconst;uTtiondindustry, dtorr;:i:
engineering focuses on creating reusable models and components tha

domeenispetsiifiliste keelte loomine ehitusega address common challenges to develop new software systems and
SeOtU d ta rkva rara ke N d u Ste Ja o) ks ] enhance consistency and efficiency across projects.

¥EEH TALLINNA TEHNIKAULIKOOL



MANAGEMENT AND IMPLEMENTATION OF CONSTRUCTION
SPECIFIC ICT PROJECTS AND SOLUTIONS

 Teadus- ja arendustegevust ehitusspetsiifiliste IKT-

lahenduste vallas. Domain Domain Domain Domain

 Tehnilist juhtimist IKT-lahenduste osas
ehitusorganisatsioonides ja -projektides. 1

- Strateegilist planeerimist, juhtimist, arendust ja EUS‘;mff
elluviimist ehitusspetsiifiliste IKT-projektide puhul. eeds

- Jarelevalvet ja juhtimist ehitusspetsiifiliste IKT-
lahenduste juurutamisel ehitusorganisatsioonides ja - Application
projektides. Engineering

 Huvigruppide koordineerimist, tagades vastavuse
ValdkonnaStandarditele (nt BIM_prOtOkOIIId) ja tegeledes Application in Construction: In the construction industry, domain

engineering focuses on creating reusable models and components that

ehitUSSpetSiif”iSte a kendamispr0b|eemidega. address common challenges to develop new software systems and

enhance consistency and efficiency across projects.

¥EEH TALLINNA TEHNIKAULIKOOL



EHITUSE VALDKONNA DIGITEHNOLOOGIATE ARENGUD

TECH

DIGITAL ENVIRONMENT

PHYSICL ENVIRONMENT

INTERPRETATION

S
NV

Machine Lg

CAPTURE AND
UNDERSTAND

Computer Vision

REALITY CAPTURE

o

bgrammetry

Modellj

(RN LU L Y Y R

—
—

PREDICTION AND
CONTROL

—
Computational Thinking

MODELLING AND SIMULATION

Simulation

I

Robotics

3D Print and
CNC

Heavy Equipment

AUTOMATION/COMMUNICATION

TALLINNA TEHNIKAULIKOOL

(Pikas, 2020)
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EHITUSE IKT TEADUSE JA ARENDUSE SUUND AVATUD VARAL
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ification

Professional Certification Software Cert
Simulation

IART International 202 Qb,z}‘ldmgQMHRT
= Sustainable = Interoperable

= Flexible = Reliable
= Collaborative = Standardized
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GREEN DEAL COLLIDER: SUSTAINABLE FUTURES (EAX6040)

15.08

1. DAY 21.08

Online

2. DAY 22.08

LEARN & FRAME

First insights about
the problem space

3. DAY 23.08

IDEATE & CONCEPT

Start-up examples,
success stories

TIME
pre-event EXPLORE
(13:00-14:30
CET)
Intro to the course
and topics
9:00-10:30

Sustainability and
challenges (short

BREAK 15 MIN

Design thinking in-
troduction (lecture
+ exercises)

10:45-12:15

BREAK 45 MIN
Lunch

Speed dating with

13:00-14:30
mentors

BREAK 15 MIN
Team formation

and building (lec-
ture + exercises)

14:45-16:15

lecture + hands-on)

Immerse to the
topic and problem

Reframing (lecture
+ exercises)

mentors

Create a shared
understanding of
the problem

Team working with

Start-up vs tradition-
al business; start-up
financies, marketing
and sales

Sustainable busi-
ness model canvas

4. DAY 24.08

ANALYSE & PLAN

Discussion + Con-
tinuing sustainable
business model
canvas

Minimum viable
product as a proc-
ess

Supporting concept

the expected solu-
tion and how does

Team working

25 SEP
13:00-15:30 CET

FINAL PRES-
ENTATION
(online)

5. DAY 25.08 15 SEP

13:00-15:30 CET  48.09-24.09
FEEDBACK
SESSION

(online)

28.08-10.09
TEST &
VALIDATE

BUILD FINALIZE

proposal (what is

it look like)

Team working with
mentors

Pitch practice

Formulate a prob-
lem statement

Team working with
mentors

Methodology and
plan for validation

Team working with

mentors

Presentations of
current concept
proposals

SHARING, DISCUSSION, RECAP (wrap-up of the day)

16:15-16:45

PLUS and DELTAS (students speak up: feedback and development possibilities)

Il Team and individual work (Online)
I On-site (TalTech Mektory)

Time for working with mentors

Il Break



47 students from 10 different European
countries and 15 universities

Riga Technical University
ISCTE - University Institute of Lisbon
Tallinn University of Technology
IlImenau University of Technology
Esslingen University of Applied Sciences
Lodz University of Technology
Technical University of Denmark
University of Porto
University of Chemistry and Technology, Prague
HTW Berlin - University of Applied Sciences
Poznan University of Technology
TH Georg Agricola University of Applied Sciences
Technical University of Madrid
National Institute and School of Applied...

Poznan University of Technology
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RENOKRATT
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Configuration Model

Knowledge-based Configuration Expert System (KBCES) for ‘ .
Deep Renovation Planning Renovation domain
i experts' knowledge
User Interface \ Inference Engine \ Knowledge Base \
Non-expert First Contact and Building ] : [ Interpretation Module ] Open Data \ |
User . Determination (1, 2) —
<€ ¢ € i [ Address Data System ] : A 2
( Datavalidation 3) | Solving Module ’ : € - - Knowledge
[ Visualisation Block [ Building Registry J Engineer
Renovation Strategy - I ]
Configuring (4) ] [ Compliance Block [ Topographic Dﬂtab?ie/ J
and Analysis (5
h BEe) [ Cost Estimation Block —
é [ I Building Typology

GHG Block

)
J
J
Energy Performance Block |
_J
)

[ Renovation Solutions

\ Export Results (6) J/

[ Results Block Database

NS —

"'-,‘. { Explanation Module y ]
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i Kontroll

Konfigureerimine

Jagamine

Renokratt

L |
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Renokratt on tark abiline korterelamute renoveerimise véimaluste labimangimiseks.
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Renokrati eesmark on vahendada renoveerimisprotsessi tegelikku ja tunnetatud keerukust ning Ry o
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- - - » '
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SUMMATIVE CONCLUSIONS

= Kliimakriis, trendid ja uus ajastu (AI) muudavad kiirelt pikalt
juurdunud mottemalle.

= Digitaliseerimine on oluline vahend nende muutuste voimaldamiseks.

= Asjad, arengud ja distsipliinid, mis on seni olnud eraldi ja lahus, tuleb
Uha rohkem integreerida.

= Teadustdo roll muutub lisaks tehnilisele arendusele ja piloteerimisele
veelgi olulisemaks.

¥EEH TALLINNA TEHNIKAULIKOOL
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RENOVEERIMISE STRATEEGIA TOORIIST (ReST)

Jaanus Hallik

Teadur
Liginullenergiahoonete uurimisridhm

Ehituse ja arhitektuuri instituut, Tallinna Tehnikaulikool 19.06.2025



ENERGIAMUDELI VALIK PIIRKONNAPOHISEL -‘~43*‘L

Sustainable Cities and Society
Volume 62, November 2020, 102408

ANALUUSIL Urban building energy modeling (UBEM)
tools: A state-of-the-art review of bottom-
up physics-based approaches

( Urban \} Martina Ferrando © & &, Francesco Causone %, Tianzhen Hong , Yixing Chen © ¢
Modelling https://doi.org/10.1016/j.5¢5.2020.102408
|
P ——— 1
’ Land use/ | Urban System 1 Urban Building
transport analysis Energy Modelling Energy Modelling
| l
l g — _
[...] [---] ‘ Top-down ’ ( Bottom-Up
’ ‘ ’ I
p " 2 N W " , V \
Socio - ' | ; ( 5 W ( Statistical Physics-based
Econometric RESARICH) Kl ‘ ~ (data-driven) (engineering)
3 g 1
1
7 \I/ A £ \l/ N \J/ K \1/
RegTeSSi.Oll 1 ( Conditional . Neural Net.work | Detail;d multi- | | Beducedaivies
analysis 7 _Vdemand ana]ysns( ' analysis zonteh e::::;mc resistor-
simulation EApACHO (B )

Figure 1: Schematic of the Urban modeling approaches, in light grey the subcategory analyzed in this paper


https://doi.org/10.1016/j.scs.2020.102408

Eesmargid ReST tooriista arendamisel

Peaeesmark luua ja kombineerida tooriistu, mis voimaldaks
modelleerida  erinevate  renoveerimismeetmete  madju
ressursikasutusele (materjalid, to6joukulu), kulutohususele
(alginvesteering vs pikaajaline tasuvus) ja energiatdohususele ja
keskkonnamojule (stisinikuheide, energiatohusus)
piirkonna/linna/hoonefondi tasemel.

= Paindlik sisend — mitu (ajas muutuvad) andmebaasi ja/voi
andmete allikat

= Paindlik valjund — tooriistakasti Idppeesmark ja valjundid ei
ole veel Uheselt selged ja vbivad suurematest eesmarkidest
sOltuvalt muutuda. Seetdttu peab olema pigem
tooriistakast (meetodite kogum) ja veebiteenus ehk API-
lahendus!

= Valjundresolutsioon: vahemalt tunnipdhine (piirkonna
tasemel moju hindamiseks energiavorkude koormusele)

= Arvutuste efektiivsus sobiv suurel skaalal hoonete
analltusiks paljude renoveerimisvariantide vordluses — so
skaleeritavad lihtsustatud mudelid.




ANDMEVOOG

Information from Building Registry
Floor area
Building use type
Construction year, type
Number of floors
Grid connection information

Building archetypes
% of glazing and g-values
Detailed structure type and materials
Thermal transmittances
Thermal bridges
Air leakage through building envelope

Renovation concept
Target EPV class
Insulation levels (multi)
Airtightness levels (multi)
Heating & ventilation systems (multi)
PV system properties & limits

PROCESSING

Data pre-processing &
validation module
logical control

Weather and default occupancy data

fallback routines for missing data

Module for baseline definition
Baseline building definition
Renovation need & applicability

Module for renovation strategy
Selection of possible renovation
measures: applicable insulation levels,
change in HVAC, PV potential, etc

Module for parametric energy
performance calculation

Baseline

Parametric energy &
LCA & LGC

GCost and embodied carbon data
Unit price functions
Energy carrier carbon emission functions
Material & systems embodied carbon
data
Inflation rate & calculation time-frame
Energy price estimation functions etc

e

200 400
ETA (with added PV), kWh/(m2"a)

OUTPUT

Selection of optimal
retrofit solution

Reporting module

Visualisation
Energy (HED, EPV,
reduction in kWh)

Economic (capital
investment, ANPV)
Environmental (Embodied
carbon tCO2e, reduction
of emissions)

Detailed retrofit
description for each
buildings:
Insulation thickness
Heating system
Ventilation requirements
Windows and doors
Target airtightness
Applicable PV system
size
Investment cost
estimation
Embodied carbon
Recommended work
order



PSG demo 0.5 - ETMN 2025 version

<

Vali vaikeandmestik v&i lae enda .csv Inputdata EPVplot Energyplot Energy/EPVsummary Custom measure (single) renovariandid (single) Parallelc.test renovariandid (multi) metainfo hourly plot

fail tles:

Annelinn pilootala (tlipoloogia)
tihista valik
© Annelinn pilootala (22 eraldi maja)

Voru pilootala (SA3xPT1)

Véru pilootala (SA4xPT3) Show All v entries Search:
Kogu Voru linn
X El E3 E6 E7 E12 E25 E26 E27 E10 Ell E21 E19 E28 E29 E30 E31 E32
Vaido Mustamée (algupéarane)
Vaido Mustamée (tanapdevane) 1 1 104018667 Tartu 11222 Muu 1990  mitmekihiline muu monteeritav 9 0 4856.76 kaugkiite katel vedelkiitus puudub  puudub
Laadi oma fail liles maakond, kolme raudbetoonpaneel raudbetoon
Tartu linn, voi
netokiitte arvutusmeetod Tartu linn, enama
© kredex 2024 Kaunase korteriga
5R1C hourly pst 80 elamu
2 2 104018086 Tartu 11222 Muu 1995 mitmekihiline muu monteeritav 9 0 9713.52 kaugkiite katel vedelkitus  puudub  puudub
maakond, kolme raudbetoonpaneel raudbetoon
Tartu linn, voi
Tartu linn, enama
Mbisavahe korteriga
tn 35 elamu
3 3 104018367 Tartu 11222  Muu 1995 mitmekihiline monteeritav 9 0 4856.76 kaugkiite katel vedelkitus puudub  puudub
maakond, kolme raudbetoonpaneel raudbetoon
Tartu linn, il
Tartu linn, enama
Mdisavahe korteriga
tn 36 elamu
4 4 104018373 Tartu 11222 Muu 1995 mitmekihiline monteeritav 9 0 4856.76 kaugkite katel vedelkitus puudub  puudub
maakond, kolme raudbetoonpaneel raudbetoon
Tartu linn, VoI
Tartu linn, enama

MR imrmiimba lom bt e



Kliimaandmed

SISENDID JA PEAMISED VALJUNDID (BAASOLUKORD) +standardkasutus

I
K’ 4| L\ ‘\l’

il

hour

Hoonefond (LOD2) + EHR Piirete pindalad tltbiti +soojuslabivused Ruumide kutte
+ tlpoloogia andmebaas +toenaoline tehnoslisteemide komplekt arvutusmoodul

‘—I

JARELTOOTLUSMOODUL

Vdljastus- ja jaotuskaod,

Tarbevee ja seadmete energiavajadus (standardkasutusel),
Arvutuslik energiatdhususarv ja energiaklass




PIIRKONNA BAASOLUKORD

PSG demo 0.5 - ETMN 2025 version

<

Vel vl ekl e adh 50 Inputdata EPV plot Energyplot Energy/EPVsummary Custom measure (single) renovariandid (single) Parallel c. test renovariandid (multi) metainfo  hourly plot
fail tiles: e —
Annelinn pilootala (tiipoloogia)
© Annelinn pilootala (22 eraldi maja) 250 Q - m
V6ru pilootala (SA3xPT1)
Voru pilootala (SA4xPT3)
Kogu Voru linn
Vaido Mustamae (algupérane)
Vaido Mustamée (tdnapdevane) 200

Laadi oma fail tiles

netokiitte arvutusmeetod
© kredex 2024
5R1C hourly

150

100

Energy demand, kWh/(m2*a)

50

M lights, equipment, aux.el. [ hot water [l room heating EHR code



PIIRKONNA BAASOLUKORD

PSG demo 0.5 - ETMN 2025 version

<
Va ) ) o ) ) , )
fai  Vali vaikeandmestik v8i lae enda csv Inputdata EPVplot Energy plot 'Energy/EPVsummary Custom measure (single) renovariandid (single) Parallel c.test renovariandid (multi) metainfo  hourly plot
fail tiles: -
(o] Annelinn pilootala (tiipoloogia) i . . )
. . T EHR liihiaadress kdetav_m2 Uvs Ukl Upp Uaken g Uuks qE50 ventHR ETA ETklass room_heat hot_water lights_equip_aux
© Annelinn pilootala (22 eraldi maja)
Varu pilootala (SA3XPTL) 104018667  Kaunase pst 80 4856.76  0.80 090  0.15 240 0.60 2.00 6.00 0.00 18330 E 154.70 33.33 30.53
Varu pilootala (SA4xPT3) 104018086  Mdisavahe tn 35 971352 080 090 0.5 240 060 200 600 000 17020 D 134.60 33.33 30.53
Kogu Voru linn
I o 104018367  Méisavahe tn 36 485676 0.80 090  0.15 240 060 200  6.00 0.00 18160 E 152.16 33.33 30.53
Vaido Mustamae (tdnapevane) 104018373 M@isavahe tn 37 485676 080 090 0.5 240 060 2.00 6.00 0.00 18160 E 152.16 33.33 30.53
Laadi oma fail iiles
. 104018376 Maisavahe tn 38 9713.52 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 170.20 D 134.60 33.33 30.53
©  netokiitte arvutusmeetod 104023804  M@isavahe tn 42 971352 080 090  0.15 240 0.60 200 600 0.00 17020 D 134.60 3333 30.53
© kredex 2024
SRIC hourly 104018213 Mdisavahe tn 43 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 181.60 E 152.16 33.33 30.53
104019202 Mdisavahe tn 45 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 181.60 E 152.16 33.33 30.53
104019313 Méisavahe tn 47 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 181.60 E 152.16 33.33 30.53
104018212 NoGlvaku tn 15 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 181.40 E 151.86 33.33 30.53
104018422 Kaunase pst 79 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 183.30 E 154.70 33.33 30.53
104018221 Kaunase pst 81 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 181.60 E 152.16 33.33 30.53
104028525 N&lvaku tn 11 4317.12 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 183.20 E 154.51 33.33 30.53
104019107 Kaunase pst 82 7285.14 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 185.10 E 157.48 33.33 30.53
104028700 Mdisavahe tn 34 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 181.60 E 152.16 33.33 30.53
104036004 Mdisavahe tn 39 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 181.60 E 152.16 33.33 30.53
104018169 Méisavahe tn 41 4856.76 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 181.60 E 152.16 33.33 30.53
104018368 Maisavahe tn 46 9713.52 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 170.20 D 134.60 33.33 30.53

104018632 Nolvaku tn 13 2158.56 0.80 0.90 0.15 2.40 0.60 2.00 6.00 0.00 197.30 E 176.23 33.33 30.53



SISENDID JA PEAMISED VALJUNDID (RENOVEERIMISMEETMED)

Uksikud renoveerimismeetmed:
lisasoojustus, akende vahetus,
ohupidavus, taastuvenergia
lahendused, ventilatsioonististeemi
lisamine, kiittestisteemi vahetus

Ohupidavus
Ventilatsioonislisteem,
Kitteslsteemi vahetus

BAASOLUKORD

Uhikhinnad:
VS, KL, PP, Aken

Ruumide kiitte
arvutusmoodul

JARELTOOTLUSMOODUL

Valjastus- ja jaotuskaod,

Tarbevee ja seadmete energiavajadus
(standardkasutusel), Arvutuslik energiatdhususarv ja
energiaklass

+renoveerimiskombinatsiooni maksumus
+renoveerimiskombinatsiooni kulutohusus

e

Tulemuste filtreerimine
Renoveerimisstrateegiate vordlus




RENOVEERIMISLAHENDUSTE KOMBINATSIOONID (UKSIK HOONE)

PSG demo 0.5 - ETMN 2025 version

<

Vali vaikeandmestik véi lae enda .csv Input data EPVplot Energyplot Energy/EPVsummary Custom measure (single) renovariandid (single) Parallel c.test renovariandid (multi) metainfo  hourly plot

fail Gles:

Annelinn pilootala (tiipoloogia)

© Annelinn pilootala (22 eraldi maja) vali hoone ja sisesta re tulemused

Voru pilootala (SA3xPT1) m aJ davd | | k

V&ru pilootala (SA4xPT3) /
Kogu Voru linn 104018667 v

Kombinatsioonid ’

Vaido Mustamée (algupérane)

Vaido Mustamae (tdnapaevane)

o
Laadi oma fail iiles Uvs % 100~ vs
— ° 041
; 0.22,0.17,0.15,0.13,0.10 g
netokiitte arvutusmeetod Z ° 013
O kredex 2024 £ - e
= p o 047
5R1C hourly E JL‘ 0.02
0.21,0.17,0.15,0.11, 0.09 8 ® NA
g o-
/’o.
uksikmeetmete
Uaken 0 50 100 150 200 0 2000 4000 6000
ETA (ilma PV-ta), kWh/(m2"a) R25
1.5,1.3,1.1,0.9,0.7
ohuleke
filter cost_EUR koetav_m2 ventHR Shuhulgad kiittesiisteem Uvs Ukl Upp Uaken g Uuks qE50
4,2.5,15 .
baseline 0.00 4856.76 0.00 0.24 algne 0.80 0.90 0.15 2.40 0.60 2.00 6.00
kyte VEPV 1385840.70 4856.76 1.00 2.43 maasoojuspump 0.10 0.09 0.15 0.70 0.60 2.00 1.50
maasoojuspump  kaugkiite LANPY 1014317.40 4856.76 1.00 2.43 maasoojuspump 0.10 0.90 0.15 ] . .
VEURC  679077.60 4856.76 1.00 243 algne 02 os ous | Tiltreeritud strate €gla d

VEUR B 1051711.40 4856.76 1.00 2.43 algne 0.17 0.90 0.15 0.90 0.60 2.00 2.50



deltaNPV (iima PV-ta), £/m2

100 -

RENOVEERIMISLAHENDUSTE KOMBINATSIOONID (UKSIK HOONE)

Uksikmeetmete mdju visualiseerimise vBimalused

=)
=)
v

deltaNPV (iima PV-ta), €/m2

(=3

5‘0 1[‘)0 1 fI)O
ETA (ilma PV-ta), kWh/(m2"a)

deltaNPV (ilma PV-ta), €/m2

o
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Sb 1 60 150
ETA (ilma PV-ta), kWh/(m2*a)

50 100 150
ETA (ilma PV-ta), kWh/(m2*a)

'
200

50 100 150
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o
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o
©
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>
o
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8
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50 100 150
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200

aken
e 07
® 09
e 11
® 13
® 15
® NA

highlight by

& Download .csv

& Download .xlsx



RENOVEERIMISLAHENDUSTE KOMBINATSIOONID (UKSIK HOONE)

= Renoveerimismeetmete jooksev filtreerimine

= Lisaks

(50% katuse pindalast, ideaalpaigaldus, omatarve 35-55%)

highlight by

kyte

voimalus

B4 show ETA and deltaNPV with PV

custom plot (right):
vali x-telje muutuja

R25

: vali y-telje muutuja:

v R67

& Download .csv

&k Download .xlsx

lihtanaltusil

-100-

filter
baseline
VEPV-PV
LANPV-PV
+EUR C-PV
VEUR B-PV

VEUR A-PV

arvestada lokaalse

iilE::
50 100 150

ETA (koos PV-ga), kWh/(m2"a)

cost_EUR koetav_m2 ventHR

44966.70 4856.76 0.00
1430807.40 4856.76 1.00
1059284.00 4856.76 1.00

724044.30 4856.76 1.00
803392.80 4856.76 1.00
1399150.00 4856.76 1.00

paikeseenergiastisteemiga

200

ohuhulgad
0.24
2.43
2.43
2.43
2.43

2.43

kiittesiisteem
algne
maasoojuspump
maasoojuspump
algne

algne

maasoojuspump

0e+00 =

Uvs

0.80

0.10

0.10

0.22

0.10

0.10

2000

Upp
0.15
0.15
0.15
0.15
0.15

0.15

R25

Uaken

2.40

0.70

2.40

2.40

2.40

0.70

4000

0.60
0.60
0.60
0.60
0.60

0.60

Uuks

2.00

2.00

2.00

2.00

2.00

2.00

6000

qE50
6.00
1.50
1.50
6.00
1.50

1.50

ETA

174.50

104.60

118.10

141.20

123.90

104.90

klass



RENOVEERIMISLAHENDUSTE KOMBINATSIOONID (KOGU PIIRKOND)

Analoogselt Uksiku hoone vaatele saab sarnaselt visualiseerida kdikide
renoveerimiskombinatsioonide mdju piirkonna tasemel kokku:

= Nududisvaartuse muut: kdik majad x kdik renoveerimismeetmed

Lisaks kogu piirkonna kohta kokku (algne + strateegiad: parim ETA,
kulutdhusaim valik, odavaim C, B ja A-klass):

= Koetav pind ja baasolukord

overview + vali renomeetmed (multi) tulemused

= Soojusenergia vajadus, MWh/a

Selected district includes 22 buildings with 121149.18 m2 of

m Elektrlenerg|a VaJad US, MWh/a heated area. Baseline heating energy demand is 22003.6

MWh/a and electricity demand 3699.1 MWh/a. In total 52800
combinations calculated.

. . ( . ) 200 -
Investeering (piirded+tehno), € iding
. .. VvEPV vNPV v€C ® 104018086 o 104018667
= |nvesteering (PV-slisteem), € 5 o 000100+ 100019045
heat 3446.4 2896.1 12455.9 @ N 0ioieo1z B 104010107
T
- - . . = 100- & 104018213 ® 104019184
PV omatarve, MWh/a electr 7153.9 4232.4 4353.5 3 N B e
@
EUR_env 61661665 24847865 16635980 £ gl 104018367 By 104019313
E e 104018368 o 104023804
EUR_PV 2001153 1236662 1236662 % ® 104018373 ® 104028525
.o . § 0 ® 104018376 e 104028700
= Piirkonna keskmine ETA PV_kw 20012 12367 12367 N oo [l iowsron
.. . omatarve 946.5 584.9 584.9 i 104018032 [ 104030004
= Piirkonna keskmine ETA-B
vorku 774.4 478.6 478.6
; 100 -
keskmine_ETA_B 113.4 127.3 148.4 o % 100 . 200

ETA (ilma PV-ta), kWh/(m2*a)
keskmine_ETA 104.1 117.7 138.7



ACCURRACY (SINGLE ZONE MODEL)

Accuracy of seasonal and 5R1C model tested parametrically on several
residential building types with full range of thermal performance of the
building envelope (from extremely poor to extremely good). Deviation
compared to IDA ICE:

= Annual heating demand typically <20% (single cases up to 25%),
= EPV<10%

Accuracy of seasonal and 5R1C model tested on existing building cluster
in Tartu, Estonia (12 apartement buildings) against measured Energy
demand.

= Normalised annual heating demand for individual buildings
-18%...+16%, on district level +3%,

= EPV-17%...+16%, on district level +5%.

Energy & Buildings: https://doi.org/10.1016/j.enbuild.2024.114775

Energy and Buildings

Volume 323, 15 November 2024, 114775

Comparative assessment of simple and
detailed energy performance models for
urban energy modelling based on digital
twin and statistical typology database for
the renovation of existing building stock

Jaanus Hallik 2 &, Endrik Arumdgi, Ergo Pikas, Targo Kalamees
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Fig. 9. Comparison of calculated HED (a) and EPV (b) (calculated vs measured data) of 12 buildings in Tartu pilot area.


https://doi.org/10.1016/j.enbuild.2024.114775

ACCURACY (DECOUPLED MULTIZONE)

Deviation compared to IDA ICE:

= Entire building (single zone): Annual heating -0.9%, RMSE
~710W

= Apart. 5: Annual heating demand +2.2%, RMSE ~100W
= Apart. 7: Annual heating demand +8.5%, RMSE ~70W
= Apart. 8: Annual heating demand -1.3%, RMSE ~70W
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Ainuliksi thistu pool on sada osapoolt ja arvamust...

Koduomanikud

Korteritihistu

Kredex/EIS

Eesti maarused

Euroopa Liit (EPBD)

mooddaminek

palkab EIS-i

tehniline konsultant

Pangad

Investorid

Projekteerimine

Jarelevalve

Alltoovott

Ehituse PTV Toostus

Materjalitootjad

Arhitektid

Insenerid

Innovaatorid

Kohalikud omavalitsused



Palju see maksama hakkab?

?

Kas me toetust saame? Kui

palju toetus katab?

?

Kui palju meie kinnisvara

vaartus muutub?

?

Mis me selle eest saame?

?

Mis on paremad

lahendused?

Millised on taskukohasemad

?

lahendused?

Kui kaua see aega votab?

?

Kas me peame konsultandi

palkama?

?

Ega ta kole ja odav vilja ei

hakka nagema?

?

Kas me peame valja kolima?

?

Kas meie kommunaalid

tousevad voi langevad?

?

Millised tehnilised nouded

on?



RENOVEERIMISE EKSPERTSUSTEEM

e

Renovation domain experts' knowledge

\

Architect Structural Electrical Automation
Engineer Engineer Engineer
Plumbing
Non-expert Engineer E‘nergy Fire Saf?ty Acoustic
User Performance Specialist Consultant
HVAC engineer Specialist
| fk \ etc.
Query )
Response N e
=» Knowledge Engineer
I
......................................................................................................................................................................... §--..
Knowledge-based Configuration Expert System (KBCES) for /

Deep Renovation Planning

[ User Interface J(:)( Inference Engine H Knowledge Base

.
.
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Joonis. Renoveerimise teadmuspdhine konfigureerimisekspertsiisteem ehk TeKES (Viik 2025)



RENOVEERIMISE TeKES-I KONTSEPTSIOON

Non-expert
User

I T L T P,
ey au,
- fa,
o .

/ User Interface \

Determination (1, 2)

Data Validation (3)

[ First Contact and Building ]
p

Configuring (4)

Renovation Strategy
and Analysis (5)

.

7

/ Inference Engine \

| —

\ Export Results (6) /

.
s
s
=
L
-----------------------------------------------------------

Deep Renovation Planning

Interpretation Module

/ Solving Module \ M [ .

Visualisation Block

Compliance Block

)
]
)
Energy Performance Block ]

[
[
[ Cost Estimation Block
{
[

GHG Block )

[

Results Block ]

7

P

& Explanation Module ]

/ Knowledge Base \
Open Data \

Address Data System

[ Building Registry

7

Building Typology

)
)
[ Topographic Database J
]
)

Configuration Model

Renovation Solutions

Renovation domain
experts’ knowledge

Joonis. Renoveerimise TeKES-i arhitektuur (Viik 2025)
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Renokratt

Renokratt on tark abiline korterelamute renoveerimise vdimaluste labiméangimiseks.

Renokrati eesmirk on vahendada renoveerimisprotsessi tegelikku ja tunnetatud keerukust ning
leevendada renoveerimisega seotud vaararusaami. Renokratt vdimaldab leida Sinu kodule kdige
sobivama, kvaliteetsema ja odavama renoveerimislahenduse, mille pohjal luua konkreetne ja
kvaliteetne lahteiilesanne projekteerijale ja ehitajale.

Alustamiseks sisesta vaid oma hoone aadress ja seejarel vajuta alumises paremas nurgas "Edasi”
nupule.

Aadress
Akadeemia tee 6, Mustamae linnaosa, Tallinn, Harju maakond

Hoone tuiip:
B213

Kéesolev abiline on vilja t66tatud enne 2000ndat aastat ehitatud telliskivist, plokkidest ja
raudbetoonpaneelidest korterelamutele. Juhul kui valitud hoone tiiiip ei ole teada, siis vdib programmis
esineda vigu.

Prototutp on vilja to6tatud magistritoo raames.

Autor: Joosep Viik
Digrkakslk EnergitOhusus Hoone andmed

Tallinna Tehnikaiilikoo!

Sissejuhatus Korterelamute energlatbhusus enne ja parast renoveermist

N0 5330 &8 renovesnmisEabendu e vahel valda 13 sorsvard konfiquistscons [ahl mangdal

Paremal pool Ulemises ribas saad nida erinevaid arvutustulemusi mis Sing valitud
koafiguratsioons kohta kanad.

Allpool on slajantised ennevas rendeesnimislsbenduste valionsgs

Hoone g

Energlatéhususary (Kwh/m2/ s}

Kage rahksm mégutarad hoone toumivast selie predetanndld. Need elemendid masraved hoone
g ja vEkmwse ning muLseas ka hoone socjapidavise, Shupidavuse jo helipidaviese, Moona
piretoningid on eriti olulised just energistdhususe sessubchast

Vak uus vifsseit
Abedrmete

Konfigureerimine



https://cloud.viktor.ai/public/renokratt
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Tooriist renoveerimise kavandamiseks ja stsenaariumite
simuleerimiseks,

moeldud tuupsetele korterelamutele

Keskne andmehaldus

Andmepohine analius
Lihtsamad hanked

Otsustustugi



Andmehaldus Hanked

Me koondame Uhte kohta andmed ehitisregistrist, Vormista selge lahtellesanne ja tehnilised nduded

Maa- ja Ruumiametist ning Taltechi spetsialistile, et saada paremaid ja usaldusvaarsemaid
teadmusbaasist, et muuta renoveerimise pakkumisi

kavandamine tohusamaks. projekteerimiseks ja ehituseks.

Eelanaliiiisid KU otsustamine

Kasutame tehisaru ja TalTechi tooriistu, PShjendage renoveerimise eeliseid korteriomanikele.

et anda prognoos renoveerimise Vaadake reaalajas, kuidas erinevad renoveerimisvalikud
tervikmaksumuse, jooksvate kulude vordluse ja tulemust mojutavad. JOudke korterilihistu seas tiksmeelele.

saavutatava energiaefektiivsuse kohta.



Tasuta tier

® Uldinfo sinu aadressi kohta
® Sadastupotentsiaal

® Renoveerimise juhisedation

[ Alusta tasuta }

Premium tier

® Renoveerimismeetmed
® Energy ja CO2 arvutused
® Maksumuse analiiuis

® Al visuaalid

® Lihtedokumentide vormistamine

® EIS rekonstrueerimistoetusele
vastavuse hinnang

2900€
/hoone

Lisad

- Andmete valideerimise teenus
— Era nGustamisteenus

- Eelprojekteerimine

— Renoveerimisturu andmed

- Ehitustoodete reklaamid

[ Vota tihendust }




Renoveerimine on triljoni € toostus

Kogu EL-i renoveerimisturg

*Renokratt hdlmab kuni 0,25% of renoveerimise kogumaksumusest

450 miljonit €

TAM - kogu renoveerimise kavandamise turg Euroopas

1,25 miljonit € 112 miljonit €

sil) - belnallls i SAM - esimene eksporditurg

250 000 € 6 miljonit €

SOM - pot. aastane kaive, eeldatav
turu katvus 20%

SOM - pot. aastane kaive, eeldatav

turu katvus 5%



Meie peamiseks kasutajaks on EIS-i (Kredex-i)
tehnilised konsultandid, keda Eestis on tle 200.
Nemad on need peamised inimesed, kes
korteritihistuid esindavad ja renoveerimist

korraldavad.
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Seotud
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Renokratt (AEC
Hack 2024, Tallinn)

https://eka-renovator-front-production.up.railway.app/project/demo-building



https://eka-renovator-front-production.up.railway.app/project/demo-building

-Q- Renokratt

Renoveerimislahendused Projektitulemused

. Loo projekt
Alusta uue
renoveerimisprojektiga Enne renoveerimist

Hoone andied foh Valispiirded %= Tehnosiisteemid “0- Taastuvenergia fiii Muud lahendused

Kinnitage hoone Uksikasjad

Renoveerimislahendused ,
Valige renoveerimislahendused Kiittesiisteem Ventilatsioon

Analiitis Praegune energiakulu: 0
Vaadake oma projekt lle Kas soovid seda lisada oma renoveerimisse? o kWh/(m?*a)

Kittesiisteem o
Parast renoveerimist

ARENDAMISEL Kaugkiittele iileminek Vastab néuetele i vasta EIS miinimumnéduetele

@ Piirangute analiiis Hoone ihendamine kaugkiittesiisteemiga

g Renoveerimisajalugu
Pelletkiittele tleminek Vastab néuetele

® Teadmiste andmebaas
Pelletkiittestisteemi paigaldamine

Ennustatud aastane energiakulu:

© Kasutajatugi 362.6 kWh/(m?*a)

Maasoojuspumbale iileminek Meuiabs it 2.6 > 150 kWh/(m?*a)

° Seaded Maasoojuspumba paigaldamine

suse parendused:  N/A
oni vdhendamine:  N/A
Ohk-vesi soojuspumbale iileminek Vastab nduetele R AN

Ohk-vesi soojuspumba paigaldamine

Kratt Consultant
kratt@renokratt.ee




Beamline kiirendi MVP valmis 20% EE turu katvus

OU asutamine Platvormi kaiku laskmine Lisakaive lisateenustest
Tasuvuspunkt
Q1 Q2 Q3 Q4
2025 2026 2027
Testimine Jargmine ring EL-i skaleerimine
Teenuse valideerimine rek. toetust Oige product-market fit'iga

ja esimesed kliendid Sugis 2025
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. Weather files g g § )
- Trees i IH.[Q::QZ.‘ .....
Renovation
Consepts

- Target EPV
. Technical solutions
- Renewables

Existing energy use

=

Cost Data

- Unit price functions
- Inflation rates

Inputs Data Qualification Data Processing Model Aggregation Calculation Reporting ’




Building Archetypes
CSV table

stonian Building registry

Configurations

JSON:
+ Building ID

Archetype Detection
& Data Enrichment

- Year of construction
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HOONE ANALUUTILINE MUDEL [1/2]

Andmete
aggregeerimine

Merging the datasets
&

Additional processing

EHR
— —>]
: Validation of
Maaamet ottt >
ipol . Simplification of
Tupoloogia |_LLOD2 geometryj_"
| 1

Hoone
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HOONE ANALUUTILINE MUDEL [2/2]

Rhinoceros 3D (Rhino) on CAD-tarkvara, mida kasutatakse keerukate 3D-kujundite loomiseks arhitektuuris ja disainis.
Grasshopper on Rhinosse integreeritud visuaalne programmeerimistédriist, mis voOimaldab parameetrilist ja algoritmilist
modelleerimist keerukate geomeetriate loomiseks ja andmet6dtiuseks.

= Rhino Grasshopper 0k S oA L
= Andmete parimine APIs —aLdaldg - p’ ==
T

— JD =

= Andmete korrastamine

= Infomudeli kokkupanek

TECH TALLINNA TEHNIKAULIKOOL




ANDMETE KVALITEET JA YATTECAARAUII |

- Building constructions and materials «-eeeeeee | J

Type of foundation  other (foundation/90/)
= Tulemuste usaldusvaarsus
kvaliteedist
Type of material for bear-
ing and stiffening  other (carrying art/90/)
= Madala kvaliteediga andmed structures

‘ Type of exterior wall muu (valissein/90/)

= Ebausaldusvaarsed tulemused
The type of material for

tha avinariar wall finiah plaster
= Ehitise KonstruktSioonid ja Materjalicl - eeersssmssessssies s sss st s

Vundamendi litk madalvundament; vaivundament
Kande- ja jJdigastavate konstruktsioonide materjali lik  tellis; monoliitne raudbetoon; metall; monteeritav raudbetoon; looduslik kivi
Valigseina litk betoon; tellis; mitmekihiline raudbetoonpaneel; looduslik kivi

Vélisseina valisviimistluse materjali lilk krohv; betoon; muu (Keraamiline fassaadiplaat)

TECH ‘ IALLININA TEANIKAULIKNUUL




HOONE ANALUUTILINE MUDEL [2.1/2]

EHR =
Andmete
Maaamet agreg%fmnﬂne
Andmete
valideerimine
Tupoloogia —

TEcH TALLINNA TEHNIKAULIKOOL

>

Hoone
analuutiline
mudel




VALIDEERIMISE TOOVOOD

Korrektsed sisendid-> Usaldusvaarsed tulemugd

Tapsus enne: 54%

= Ekspert otsustuspuu 135%

Masinoppe mudelid
= Decision tree 1M29%

= Random forest 134%
= Simplified RF 1~29%

= Logistic Regression 1M27%

TAL
TECH

TALLINNA TEHNIKAULIKOOL

e

Priority

Alternativve 1

Alternative 2

External wall information on EBR

Qualification1 Qualification 2

Qualification 3 Assigned external wall type

Structural Contains "block”
material value Does not contain

"block”

type I— Equals wood is =4
>,

- Has multiple values Number of |IS
= stories is<4

Stone

Wood

|- Equals brick Brick
External wall [ Equals small or large block \sgSQ
type [ Equals precast concrete panel stories Is >5 Lightweight
. concrete
- Equals weod, log or Is not Harju, Rapla,
5 | Timber truss with filling Structural Contains "block" Year of Is <1960 — L&ane-viru, Tartu
i material value : : Building - Precast
& C Does not contain construction Is 21960 ) Is Harju, Rapla,

L 0o . . location . concrete panel
2 ER block L&&ne-viru, Tartu
=2
w28 stories I
T 0=
=4 Is <4

i )

&

s Ii Brick

| Number of : k28 |
umber o - -
|- Equals brick stories | Lightweight
Structural |- Equals small-or large block Is <5 concrete
material |- Equals concrete
:

Value is
missing

Equals Natural stone

Structural Contains "block”

Lightweight

material value .
Does not contain

"block"

Structural "Wood"
material value .

Contains

"Wood"

Does not contain

concrete

Contains "Brick”

Brick

Structural
material value

stories

Does not contain
"Brick”

Number of L g.yg
| stories Is <4

>1920

Stone

Wood

Year of
construction

<1920

LUD

7 l,lll\,LLJLJLE) Iy

Figure 6: Learning curve [or the simple random forest

Figure 7: Learning curve for the logistic regression




PUUDUOLEVAD ANDMED

= KOik vajalikud andmed ei ole kattesaadavad

= LOD2 piirangud

o Nl

LY

L OO0 LOD] LOD2 LOD3 NCSOA
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HOONE ANALUUTILINE MUDEL [2.2/2]

EHR

Maaamet

Tupoloogia

TECH TALLINNA TEHNIKAULIKOOL

Andmete
Korrastamine
+
Andmete
Valideerimine
+
Andmete
Rikastamine

>

Hoone
analidtiline
mudel




5 6

ANDMETE RIKASTAMISE TOOVOOD s | e
DPI Engine T " b= o g
— Filetype  po
o matches
= TUpoloogia kasutamine g[ 5|2 = Wiite verdicts and
Dﬁi "g_: 4 hashes to Indexing DB
1 A T"“ \’
. o~y : : At 9
= Reeglitepohine rikastamine Copure/PCAP. - Metadata | 4o vaiue [I’.{Tt L - P R
| rule hit?
= yes
= Eelnevalt valitud reeglid l
Send remote o Y27 noﬁ?g;}gn? <€—— Post GUl alert
10
r N
EHR: IF ["ehitis"]["ehitiseKasutusotstarbed"]["kasutusotstarve"]["mitteeluruumidePind"] > 0
p AND ["ehitis"]["ehitiseKasutusotstarbed"]["kasutusotstarve"]["mitteeluruumidePind"] != .
null THEN E23 =
L "ehitis"]["ehitiseKasutusotstarbed"]["kasutusotstarve"]["mitteeluruumidePind"] )




ANDMED RENOVEERIMISE KONTEKSTIS

Building Archetypes

CSV table .)4,\{/
Estonian Building registry ArChEtype D_eteCtlon Rhinoceros
- - —»| & Data Enrichment
Jsoﬁénflguratlons with archetypes Creating the
. Bu.ilding ID > Validation of Merging the datasets BEM s
- Year of construction building data —> &
- Usagetype Additional processing
- Constructiomn types
Digital Twin
Geometry
JSON particles Simplification of Processing of LOD2
e L » P —> :
SR LOD2 geometry geometry
} — Iterations Report and
Addition of the ) visualisations
Context and urban context ;
Climate i ] i
. Weather files g g § )
- Trees i IH.[Q::QZ.‘ .....
Renovation
Consepts

- Target EPV
. Technical solutions
- Renewables

Existing energy use

=

Cost Data

- Unit price functions
- Inflation rates

Inputs Data Qualification Data Processing Model Aggregation Calculation Reporting ’
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Merging the datasets
&
Additional processing
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etry
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BEM s
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Addition of the
urban context

change in NPV (with added PV), €m2

Iterations
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KONTEKSTI LISAMINE

= Puude kujud

Katastripiirid

Teed

Milj6o ja muinsuskaitse

= Piirid

= Vaartusklassid

Muu

= Mduirakaart

= Kuumasaared

TAL
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Creating the

Addition of the
urban context




MEETMETE TEOSTATAVUSE HINNANG

i)

Data Gathering and 2. Data Processing
Aggregation
LOD2 Geometry ' 21 Standardizing Data Order for Spatial

Consistency

€5
W5 ‘ % - Match the order of the polygons to the

LOD2 geometry and general data

2.2 LOD2 Processing

neral buildin |
- Number of floors - Classification of surfaces
- Building ID

+ Building Archetype

o
o « Detection of street
Cm ...... T R R R R R R R R R facingfacades
R iction D
- Heritage zone =
- Milieu Zone § - Detection of surface
- District heating Zone directions
2.3 Pointcloud processing
= c
— - Cropping
(=}
@ - Tree segmentation
=]
g formilizati
5 - Mesh formilization

B
-

=]
m

O
L

TALLINNA TEHNIKAULIKOOL

3.

Spatial Analysis

3.1 Restriction Zone identificati

- Milieu or heritage zone »

+ Value class

Ehitus

- Radon risk level

4. Visualisation and
presentation

« Application of filters based on feasability

pindalzl

tastri
pindala

" I0® ...

Con

igtri ting Potential

eyl il

oone

1

=Hoone 1 oone 1

. Disthnce FQRAE 2 Hoone

3

Feﬁwmmqie 3 - Hoone2

Hoone 3 Hoone

H&8ketsgal lF@)one
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2

S LEN R

Elimination of North facing surfaces

Elimination of small surfaces

= Shading impact =

- Adding the surroundings

PV potential without context
PV patential with context

4.1 Export

= Export results as csv file
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PROBLEEMI PUSTITUS [ &I ﬁ (N E m (5 ﬁ TN

TAL
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Euroopa Liit on votnud endale eesmargiks saavutada susiniku-neutraalne
hoonefond 2050. aastaks (EPBD).

Energiamargised on soovituslik arendada edasi hoonete
renoveerimispassideks (Building Renovation Passport ehk BRP), mis
pakuksid igale hoonele kohandatud pikaajalise ja etapiviisilise
tervikrenoveerimise tegevuskava.

Renopassi koostamise aluseks on praegu krundil labiviidav audit, mis on
aeganoudev. Eesti puhul peaks enne 2050. aastat olema voimekus koostada
enam kui 100 000-le eramule renoveerimispass.

Et sdasta aega ja ressursse, tuleb BRP-de koostamise tohustamiseks
arendada ekspertsusteeme.

TALLINNA TEHNIKAULIKOOL



HOONE RENOVEERIMISPASS

Sisendandmed

 Hoone uldised
omadused

*  Krundil audit

* Renoveerituse tase

« Kaugloetavad
andmed

» Referentshoone

(=

P e O e

Hoone logiraamat

Staatilised

andmed

Energiamargis

Energiakulu
Suhtluskanalid

Dokumentatsioon

™

BRP

N L

Renoveerimise

teekaart

Renoveerimisetapid

Renoveerimis-
lahendused
Pikk perspektiiv

Omaniku voimekus

Source: Fabbri et al. (2016). Building Renovation Passports: Customised roadmaps towards deep renovation and better homes.



EESTI ERAMUTE VALISSEINAD M m @ ) /D\ @ ) m

= Kuni 1991 ehitatud eramute puhul eristame 8 valisseina kategooriat:

= Rohtpalksein

= Massiivtditega pruss-sorestiksein (plistpalk-/topeltplanksein)
= Urbse tiitega puitsorestiksein

= Looduskivisein

th

= Massiivtellissein

= Kerg-tellissein (Nopsa, rolok-, harju, gerardi sein)
= Betoonplokksein (6onesplokk, taisplokk)

= Monoliitsein (savisein, saepurubetoonsein)

TAL
TECH

TALLINNA TEHNIKAULIKOOL




EESTI ERAMUTE VALISSEINAD M\ m @ ) /D\ @ ) m

= Kategooria jaotub omakorda seinatuupideks (renoveerimise seisukohast kokku 23 tk):

= Rohtpalksein (1 tiilip)
= Massiivtditega pruss-sorestiksein (1 tiiip)
= Urbse taitega puitsorestiksein (2 tilipi)

= Looduskivisein (2 tuupi)

= Massiivtellissein (5 tuupi)

= Kerg-tellissein (6 tuupi)

= Betoonplokksein (3 tuupi)
= Monoliitsein (2 tuupi)

= Arvestades juurde ka valisviimistluse kombinatsioone, on kokku 68 valisseina alamtulpi.

¥é&” TALLINNA TEHNIKAULIKOOL



EESTI ERAMUTE VALISSEINAD M m @ ) /D\ @ ) m

= Igal valisseina tiubil voib olla kimneid kuni tuhandeid unikaalseid variatsioone.
= Gerardi seina naitel:

= Arvestades:
= tellise mootu,
= materjali (keraamiline voi

____\___'__-.-___—__ silikaat),
2| 3 |1 = struktuuri (tais- voi kargtellis)
e = ja ladumise suunda (lapiti voi
@ 4&5| O serviti)

= saab Gerardi seina telliskoorikut
laduda 93 viisil.

b e = Arvestades 5 erinevat voimalikku
C taidismaterali ning 9 voimalikku
pustsidemete sammu, tekib 4185
unikaalset gerardi seina variatsiooni

TECH TALLINNA TEHNIKAULIKOOL



= Avangud ja
uuringud

Olemasolev
dokumentatsioon

N R R 7. V

AR

malestused

Omaniku
teadmine ja

Fassaadi
detailid

EHRI
andmed

TALLINNA TEHNIKAULIKOOL
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= Avangud ja
uuringud

Olemasolev
dokumentatsioon

Omaniku
teadmine ja
malestused

Fassaadi
detailid

EHRI
andmed
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ERAMUTE EHR-ANDMED M m @ ) (D\ @ ) m

= Tuvastusel kasutusel kaht eramu EHRIi atribuuti:
= ,valisseina materjal™
= valisviimistluse liik"

= Valisseina materjali andmed eramutel, mis ehitatud vahemikus
1941-1990 (2022 seisuga):

= Uks klassifikaator — 67411; 79%

= Mitu klassifikaatorit — 5390; 6,3%

= Sisu puudulik - 12558; 14,7%

= Valisviimistluse liigi andmed eramutel, mis ehitatud vahemikus
1941-1990 (2022 seisuga):

= Uks klassifikaator — 63214; 74,1%

= Mitu klassifikaatorit — 4024; 4,7%

= Sisu puudulik - 18121; 21,2%

chl

TALLINNA TEHNIKAULIKOOL

TECH



ERAMUTE EHR-ANDMED M m @ ) /D\ @ ) m

EHR vilis- Véimalike | Veimalike Osakaal 1941-
viimistluse valis- TR . 1990 ehitatud
liigi viimistlus- tuupide Majade arv eramute

klassifikaator | liikide arv (Igﬁ't'l‘s';";'r"‘;‘ hulgas

Voimalike
seina-
tuupide arv

EHR valisseina

materjali klassifikaator

“puit” 4 “puit” > 5 21545 25,24%
“puit” 4 “krohv” 4 14 7793 9,13%
“tellis, vaikeplokk” 15 “krohv” 4 19 7599 8,90%
“tellis, vaikeplokk” 15 -keraamiline 1 13 6763 7,92%
“puit” 4 GG 1 4 5646 6,61%
“tellis, vaikeplokk” 15 “krohv” 4 5 1769 2,07%
“palk” 2 »~puit, voodrina" 1 2 1022 1,20%

Vahem levinud kombinatsioonid 4,36%
65,44%

TECH TALLINNA TEHNIKAULIKOOL



EHR-ANDMETE TOLGENDAMINE M m @ ) /D\ @ ) m

Voimalikkus vs toenaosus

= Seinaliigi tdlgendamisel tuleb arvestada ka EHRi eksimustega ning tollase perioodi
rohkem- ja vahemlevinud seinaliikidega.

= Andmeallikad:
= Valideeritud seinatulpide statistika ja EHR klassifikaatorite rakendus (kolmest alevist)
= Ajaloolised ehituskasiraamatud, mis peegeldab enam ja vahem soovitatud seinatuupe

= Arvestades uuritava seina tuvastatud tunnuseid (ehitusaasta, EHRi andmed,
fassaadi detailid), milline on iga tarinditiilibi toenaosus

= Bayesian loogika rakendus

= Tarindikategooria toendosus tarindi tunnuse puhul (posterior)= eelneval infol pohinev

tdenaosus (prior) * tunnuse ja kategooria kokkulangevuse toenaosus (l/ikelyhood)

TECH TALLINNA TEHNIKAULIKOOL



EHR-ANDMETE TOLGENDAMINE

Elamuehitus 1,
1949

L. Jliirgenson

1949-1957

tdendosus, et suvaline ehitaja valis
kadsiraamatust antud hoone seinaks selle

téendosus, et valitud perioodil
ehitatud hoonefondis esineb seda

Toendosus, et antud
tarindigruppi on sel

tarindi (levik+hinnang) tarindit perioodil kasutatud

réhtpalksein 0,1323 0,2642 0,0349
pustpalk/topeltplanksein 0,1111 0,3019 0,0335

sorestiksein 0,2011 0,2830 0,0569
looduskivisein 0,0370 0,0189 0,0007|
betoonplokksein 0,0556 0,0189 0,001
massiivtellissein 0,1931 0,0189 0,0036
kerg-tellissein 0,2328 0,0755 0,0176
monoliitsein 0,0370 0,0189 0,0007|

Individuaalehitaja 1958-1968

kasiraamat, 1958

A. Veski et al.

rohtpalksein

pustpalk/topeltplanksein

sorestiksein

looduskivisein

betoonplokksein

massiivtellissein

kerg-tellissein

monoliitsein

téenaosus, et suvaline ehitaja valis
kasiraamatust antud hoone seinaks
selle tarindi (levik+hinnang)

0,1390
0,0030
0,3142
0,0030
0,0363
0,0272
0,4592
0,0181

toenaosus, et valitud perioodil
ehitatud hoonefondis esineb seda
tarindit

0,1304
0,1522
0,5109
0,0109
0,0109
0,0109
0,1522
0,0217

Téendosus, et antud
tarindigruppi on sel
perioodil kasutatud

0,0181
0,0005
0,1605| 0641806723 |
3E-05
0,0004
0,0003

0,0699

0,0004

MNPl e (e P

= Ehituskadsiraamat kui

tarindite soosingu indikaator

= Toendosus, et suvaline
ehitaja valis kasiraamatust
antud hoone seinaks selle
tarindi: 0,5*a+0,5*b

= a: mitmel lehekiljel

esineb tarindituupi

= b: milline on autori

soosingu hinnang (0-1)



EHR-ANDMETE TOLGENDAMINE M m @ ) /D\ @ ) m

Mis on tarindikategooria toendosus, kui ehitusaasta on vahemikus 1949 ja 1957, EHRIs

on valisseina materjaliks ,puit" ja valisviimistluse liigiks ,,puit™?

Toendosus, et antud Kuivalisseina Kui
tarindigruppi on sel puit puit materjali lilk on valisviimistluse
perioodil kasutatud liikon....

0,64864865 0,32432432
0,68292683 0,43902438
0,63265306 0,09183673
0,1 0,1
0,04761905 0,04761905
0,08333333 0,08333333
0,03125 0,03125
0,16666667 0,08333333

rohtpalksein

pustpalk/topeltplanksein

sorestiksein

looduskivisein

betoonplokksein

massiivtellissein
kerg-tellissein

monoliitsein

TECH TALLINNA TEHNIKAULIKOOL

= Plstpalk/topeltplanksein



EHR-ANDMETE TOLGENDAMINE

MNPl e (e P

Mis on tarindikategooria toendosus, kui ehitusaasta on vahemikus 1949 ja 1957, EHRIs

on valisseina materjaliks ,,puit" ja valisviimistluse liigiks , keraamiline tellis™?

TECH

rohtpalksein

pustpalk/topeltplanksein

sorestiksein

looduskivisein

betoonplokksein

massiivtellissein

kerg-tellissein

monoliitsein

TALLINNA TEHNIKAULIKOOL

Toendosus, et antud
tarindigruppi on sel

perioodil kasutatud

puit

0,64864865
0,68292683
0,63265306
0,1
0,04761905
0,08333333
0,03125
0,16666667

keraamiline
tellis

0,2872973
0,17073171
0,44897959

0,1
0,11904762
0,25

0,4375
0,16666667

Kuivalisseina Kui
materjali liik on valisviimistluse

liikon....

Urbse tditega sorestiksein



EHR-ANDMETE TOLGENDAMINE M m @ ) /D\ @ ) m

Mis on tarindikategooria toendosus, kui ehitusaasta on vahemikus 1949 ja 1957, EHRIs

on valisseina materjaliks ,,palk™ ja valisviimistluse liigiks ,,puit™?

Toendosus, et antud Kui valisseina Kui
tarindigruppi on sel palk puit materjali liik on valisviimistluse
perioodil kasutatud liilkon....

0,02702703 0,32432432
0,07317073 0,43902439
0,01020408 0,09183673
01 01
0,02380852 0,04761905
0,08333333 0,08333333
0,03125 0,03125
0,08333333 0,08333333

rohtpalksein

pustpalk/topeltplanksein Piistpalk/topeltplanksein

sorestiksein

looduskivisein

betoonplokksein

massiivtellissein
kerg-tellissein
monoliitsein

;%EH TALLINNA TEHNIKAULIKOOL




EHR-ANDMETE TOLGENDAMINE

MNPl e (e P

Mis on tarindikategooria toendosus, kui ehitusaasta on vahemikus 1949 ja 1957, EHRIs

on valisseina materjaliks ,tellis, vaikeplokk™ ja valisviimistluse liigiks ,,krohv"?

Toendosus, et antud
tarindigruppi on sel
perioodil kasutatud

rohtpalksein

pustpalk/topeltplanksein

sorestiksein

looduskivisein

betoonplokksein

massiivtellissein

kerg-tellissein

monoliitsein

TECH

TALLINNA TEHNIKAULIKOOL

tellis,
vaikeplokk

0,08108108
0,04878049
0,13265306
0,1
0,45238095
0,25

0,5625
0,16666667

krohv

0,18918919
0,12195122
0,28571429

0,5952381
0,08333333
0,25
0,16666667

Kui valisseina Kui

materjali lilk on valisviimistluse
liikon....

0,1

= tellis - kergsein




EHR-ANDMETE TOLGENDAMINE
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Mis on tarindikategooria toendosus, kui ehitusaasta on vahemikus 1949 ja 1957, EHRIs

valissei rjaliks ,, uslik kivi" ja valisviimistlu ligiks ,, krohv"?
on valisseina materjaliks ,,looduslik kivi" ja valis stluse liigiks , krohv"?

TECH

rohtpalksein

pustpalk/topeltplanksein

sorestiksein

looduskivisein

betoonplokksein

massiiviellissein

kerg-tellissein

monoliitsein

TALLINNA TEHNIKAULIKOOL

Toenaosus, et antud
tarindigruppi on sel

perioodil kasutatud

looduslik kivi

0,02702703
0,02438024
0,01020408
0,1
0,02380952
0,08333333
0,03125
0,08333333

krohv

0,18918919
0,12195122
0,28571429
0,1
0,5852381
0,08333333
0,25
0,16666667

Kuivalisseina Kui
materjali lilk on valisviimistluse

liik on....

Kui tegu on sisuliselt
voéimatu
kombinatsiooniga,
on tegu toéenadoliselt
veaga. Eeldusel, et
ehitusperioodi
vahemik on oOige,
soovitab mudel
perioodil levinumaid

valisseinu
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KORTER-
BUKOGUDEAEGSETE KIVIK
NOUKOTE TﬁﬁPSEEREBAAS
PROJEKTIDE ANDM

25
19.06.20
Hanna-Britta Parik




TAUSTSUSTEEM JA PROBLEEM

= Keskmine eestlane elab ndukogudeaegses kortermajas
= Need ehitised on vananenud = HH : ’]M
= Hoonete rekonstrueerimise pikaajaline strateegia -

= Aluseks pohjalik ja korrektne projekt

= Tellijal puudub kogemus
= Puudulikud lahtellesanded ja -projektid
= Paremad juhendmaterjalid ja todriistad

= Lahteandmed lihtsasti kattesaadavaks

¥EEH TALLINNA TEHNIKAULIKOOL




MIDA MA SELLEKS TEINUD OLEN?

= Aluseks tuUpseeriate ja —projektide andmebaas

40
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Tulpseeria
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1-464
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133

* 66
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156
r-1-2-6
72057
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DV-86
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KUIDAS KAIB HOONE TUUPPROJEKTI MAARAMINE?

= QOtsustuspuu | Valisseina 5 5 | Otsaseinas Sissepaas
Iuk Korruseid Treplkoda5|d Rodusid: Lodzasid: aknaid? kahelt poolt7

= Naidis:
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https://airtable.com/appYQ3u7ZRv43TQCH/shrqc3sHe2FMJ9oY7

Otsustuspuu 1-464-1K3

Viélisseina liik v (@) =
Q Search.. Tlilipseeria Projektiliik Rahvakeelne nimetus
. . 1-464 Taismaja Mustamae tiip

v Tulpseeria:  1-464

Eestvaade Tagantvaade

1-464-1K3
1-464

Suurpaneel

1-464-2K3
1-464
Suurpaneel

a8l

7 gl

1-464-4K9
1-464

Suurpaneel

1-464A-14
1-464
I Vilisseina liik Tapsustav valisseina liik
Suurpanee
Suurpaneel Tavaline suurpaneel
1-464A-15 Korruste arv Trepikodade arv Korterite arv majas
1-464 5 4 80
Suurpaneel Korterite arv trepikojas Korterite arv trepikojas iihe korruse kohta
20 4
1-464A-17
1-464 1-toalisi kortereid 2-toalisi kortereid L3 3-toalisi kortereid
10 60 10

Suurpaneel



KORTERMAJADE KAARDISTAMINE

Seeriate jagunemine

250 245 Seeria

1-317
214 13-318
199 r-1l-2-6
156
° 22
3F-2F jt
150 148 72057
23
113-EKE 10
113-EKE 11
113-EKE 12
1-464
121
133
66

21 19 84
v 1 7 e 10

200

100
79

61

50 42 40

30

o)



Valisseina liik
Vilisseina liik
® Suurpaneel (455)

» Silikaltsiit- ja kergbetoonpl...
e Tellis (432)

= Suurpaneel (455)

Silikaltsiit- ja
kergbetoonplokk (552)

= Tellis (432)




Korruste arv Trepikodade arv

= 2(355) = 5(567) = 8(1) = 1(115) = 4(378) = 7(4)

= 3(613) = 6(2) = 9 (71) = 2(558) = 5(58) = 8 (26)

= 4 (207) = 7 (3) = 3(581) = 6(72)
Korruste arv Trepikodade arv
e 2(355) * 1(115)
¢ 3(613) © 2(558)
e 4 (207) e 3(581)
e 5 (567) e 4 (378)
* 6(2) * 5(58)
* 7(3) * 6(72)
e 8 (1) e 7(4)
* 9(71) * 8 (26)




NR 1: seeria 23

13-23-46

Ekspert valisseina liik

Suurplokk

Korruste arv

3

Trepikodade arv
3

13-23-45

Ekspert valisseina liik

Suurplokk

Korruste arv

3

Trepikodade arv

2

13-23-48 p3

Ekspert valisseina liik
Vaikeplokk  Tellis

Korruste arv

3

Trepikodade arv

3



NR 2: seeria 1-317

1-317A-15

Ekspert valisseina liik

Suurplokk  Tellis

Korruste arv

4

Trepikodade arv

3

1-317-9

Ekspert valisseina liik

Suurplokk  Tellis

Korruste arv

4

Trepikodade arv

2

1-317A-16B

Ekspert valisseina liik

Suurplokk  Tellis

Korruste arv

4

Trepikodade arv

2

10



NR 3: seeria 113-EKE 11

1M3-EKE 11-4

Ekspert valisseina liik

Suurplokk

Korruste arv

3

Trepikodade arv

3

M3-EKE 11-3

Ekspert valisseina liik

Suurplokk

Korruste arv

3

Trepikodade arv

2

13-EKE 11-6

Ekspert valisseina liik

Suurplokk

Korruste arv

3

Trepikodade arv
4

11



EDASIARENGUD

= Tuupprojekti juurde erinevad tuupsed naitajad:

Originaalolukorra parameetrid ja pindalad
Ehitusmahud peale rekonstrueerimist

Eeldatavad hinnad

Energiatohususarvutusteks ldhteandmed
Energiatarbimine enne ja peale rekonstrueerimist
Tuuplahendused

Eeldatavad ressursi- ja té6jouvajadused

Kommunaalkulud

TECH TALLINNA TEHNIKAULIKOOL
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Building Dynamic Archetypes and Reality Capture

Technologies




Why does traditional UBEM fall short?

Input Limitations )( E )Consequences

Incomplete Building Stock Data Misestimate energy demand |
— Archived data inaccessible or missing

Oversimplified Building Archetypes Unrealistic simulation results Q
Assumed geometry, outdate building condition

No surrounding morphology or shadowing




Archetype-Based Inputs Issues

Deep renovation

HVAC system

documentation reconstruation

Table of BEM archetype Submodels Building archetypes
M.Nr BEM Types(This Study Description i e |
specific)

I I

1 BEMa Archetype-Based input | | : '

2 BEMo Original state (Post construction) | Partial New

| : . :

3 BEMp Post- partial renovation | | Insu |IatI0n windows

4 BEMd Deep renovation | | | l
! I
| 4

’ Design

BEMp as the building's exterior walls have been
insulated

1

Renewable energy
solutions

BEMd as this one has the deeply
renovated

|

BEMa, as EHR and registries using this condition as Base are neighboring)
for Archtype

In practice all these are also considered as BEMa (as building 1's condition), while there is
significant difference based on building's condition (from 2D map its also visible these buildings




Partial Renovation Combinations sconaros
Building
parameters
1 2 3 4 5 6
Windows in ends X X

Wall type 2

Renovation scenarios|
Original

State

Renovation solutions
1 2 34 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Building in its original state X

Windows changed 50% X X X X




Partial Renovation Combinations

Renovation
Combination

Renovation
Scenarios

Windows Windows
changed changed
25% 50%

End walls Roof
insulated insulated

: ; Wall type
Windows in
the end (Wood,
— Brick,
Concrete)

J J

End walls insulated

Fully insulated, natural ventilation



Partial Renovation Capturing Possibilities Using Reality Capture for Dynamic Archetype

Input Data

|
l l l

. Geometric Non-Geometric Others
{ y '
Computerl . point Cloud I GIS/ Remote Sensing Computer Vision
Vision/Point Clou :
% - Reqgistry based =
@ @ - gistry
l_J I Ll
- Roof area ¥
“Window area _ - External Wall to roof connection length, - Floor area Numb £ 1l
- Calculated exterior m - Total calculated exterior - Number of Tloors - Year of construction
door area . External Wall to floor connection length, | boundary area oftf;e entire - External wall type _Renovation date (if
m building, m (Material) )
- External Wall to External Wall -Presence of Windows available)
connection length, m _Building Tvoe - Building use type
- Window and door wall connection 9 1yp (residential, commercial
length ,t '
- External wall-to-ceiling connection € C.). )
length - Ownership info
- External wall-to-interior wall connection - Permit records
length

- Exterior wall calculation area



Building Type Detection Using Computer Vision
[ Y R SN e T 5 AT TGS
B
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Window Detection Using Computer Vision (YOLO Model)

il
| ik f
o | “M‘ I ‘v‘\‘r "“ U‘ .

b

—u IJ‘\‘h‘“fh‘rsc.‘;:m';w

0 0.51

L
0 0.628/50 0.420 16018
— | R0
= L
0 0.758 8670508 90 0.47
I | [
0 0.410 (10 0.24
1
/07480 0B RGO 0.0.74

|

0 0.85 0070 0.0.84

0085
/

0 0.54
0 0.27

0 0.49

0017 0034

0 0.23
%% %6 0.38

0.0.50% 7 0.62

0 0970ln b7
0_0.43% |0 0.37!

0.0.66 1579 730 0 0.36

0-0.501\N5"6. 74

0 0.57

0 0.29°

0 0.71

0 0.68

No windows detected




Solar Radiation Map in ArcGIS

Contents v 2 x [Elmap X [A Map_3D ¥

. - ~
T Search P v D > 2 % 01/04/2024 10:46:39 07/10/2024 10:46:39
» ( I I I I I I I ]
=M v ¢ [F '
= { m A ) 2 15/04/2024 10:46:39 22/04/2024 10:46:39

Drawing Order

S

[E] map
b BuildingFootprintfromPytho.
New Suitability Model

4 Building Footprint from Pyt

4|v!| Solar2024 crf

Value

P 37.3869

» Duration 15t April-
30t September
2024

» 7days interval

» More red is
higher radiation

B 000137292
4 DSM
Value
66.9079

12.1426
b tree
b (] RasterT_CHM_Seg1
b Cntr_Bld_heights
¥ (] CHM_SegmentMeanShift.crf
(] cHM
b DSMtree
v [C] DHM
v () DEM
¥ studyarea.lasd
¥ (] Cntr_Bld_Reg
¥ (] Cntr_Bld_Raw
¥ (] Cntr_BldRasVoid
b [C] Cntr_BldRas
b Studyarea
b mustamaestudyarea lasd
b [] ¢585538_2024_LasDataset.|
] World Imagery
4 standalone Tables
[ Cntr_bld_stats
B ZonalSt RasterT1
B ZonalSt_study_a1

SNy v 24.6707155°E 59.4020178°'N v ino



Spatial Contextual Factors Recommendation for UBEM

Considerable Spatial-Contextual Framework

! v

Urban-scale spatial
characteristics
- Street orientation and alignment
- Building height-to-street width

Urban texture and Morphological
context
- Building density and arrangement
- Neighborhood typologies and

_ i surrounding land use (e.g., residential
- Proximity to green space or open . S :
afeas commercial, green zones)

- Urban form complexity and compactness

-Proximity to Waterbodies -Land use mix and zoning context

Environmental and microclimatic
factors
- Solar access, shading effects
- Wind exposure and airflow patterns
-Waterbodies impact
-Local urban heat island (UHI) conditions
-Vegetation cover and evapotranspiration
effects
-Seasonal conditions and terrain slope



Bridging Archetype Limitations in UBEM through Digital Data Integration

Archetype-Based UBEM
Inputs

Technological Solutions

Outcomes

Problems

-Assumed/ outdated archetype
-Generalized usage profiles
-Outdated geometry
-Unstandardized data capturing
flow

-Inaccessiable/ Unmaintained
archived data and documents

1,

l_J

Consequences
-Misestimated energy
demand

-Poor renovation targeting

l

GIS — Typology, height, usage
zoning

LiDAR — Roof/floor/wall geometry,
height, age

Photogrammetry — Facade
features

Computer Vision (YOLO, R-CNN)
— Window detection, Post-
Rennovation status identification
Registry Data — Occupancy
information, systems information

Dynamic archetype
updating

-Standardized data
capturing and management
- Higher modeling accuracy
- Automation & scalability
-Context Aware UBEM

v

-More reliabale energy demand
estimation
-Better renovation targeting
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THANK YOU FOR YOUR ATTENTION

Fariha Harun

Contact: fariha.harun@taltech.ee

LinkedIn
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PV OMATARBE KALKULAATOR
EA INSTITUUDI DIGIARENDUSTE SEMINAR

Karl-Villem Vo0sa
Ehituse ja arhitektuuri instituut
Tallinna Tehnikaiilikool httos://ov-calc.nzeb.site 30.06.2025



https://pv-calc.nzeb.site/

PAIKESEELEKTRI OMATARVE

Kuudekaupa bilanss
Tootmine > tarbimine

Tootmine = tarbimine (aga
omatarve < 100 %

Tarbimine

Oépiaevane bilanss

Eksport vérku O06pdevase bilansi tottu)
L 5 Tootmine << Tarbimine
VOi akusse? e
Oinner 6 7 8 9 10 11 |12
Goto 28
Work/School Pea k Kiju
A% Sunshine
i Un - .
Tootmine
Wake Get '

Home

Morning Evening

Pildi allikas: https://sonnenusa.com/en/blog/5-reasons-why-design-energy-storage/ PV omatarve

10 11 12

https://pv-calc.nzeb.site
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MILLEKS UUS TOORIIST?

)

TECH

Ajakulu
Vajalik tehniline kompenets

Detailne
simulatsioonarvutus
(nt SolarEdge,
PVSOL, SAM jmt
kommertstarkvara

- Rusikareeglid PV omatarbe
b TabelvaartUSEd kalkulaator
e Lihtsustatud
tooriistad/kalkulaatorid
Tapsus

TALLINNA TEHNIKAULIKOOL

https://pv-calc.nzeb.site
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ARVUTUSMETOODIKA MUUDATUSED

§ 29! Ioike 1 muutmisega tunnistatakse kehtetuks ka seni kasutusel tabel
19. Tabel 19 vaartused kehtisid ainult koige tavaparasemate
pdikeseelektrisiisteemi voimsustel. Paljudel juhtudel tabelis
esitatud vaartused kas ala- voi lilehindasid omatarbe osakaalu.

Tabel 19. Paikesepaneeliga toodetud elektrienergia osakaal, mis on ette nahtud hoone toimimiseks (omatarbe osakaal)

Hoone Omatarbe osakaal, %

vaikeelamu kdéetava pinnaga < 120 m? 45
2) vaileglamu kdetava pinnaga 120-220 m? ja ridaelamu
3) vaikeelamtNgSetava pinnaga > 220 m?
4) korterelamu

5) kasarmu

6) kontorihoone 90
7) majutushoone 70
8) arihoone 60
9) avalik hoone 80
10) kaubandushoone ja terminal 90
11) haridushoone 60
12) koolieelse lasteasu 75

;IE\EH TALLINNA TE | ke

ostushoone

16) suure energiatarbega hoone

https://pv-calc.nzeb.site
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PAIKESEELEKTRI OMATARBE KALKULAATORI KAKS KASUTUSOTSTARVET
1) PV TOODANGU MOJU HOONE ENERGIATOHUSUSARVULE

TECH

Hoonete energiatohususe
arvutamise metoodika

TALLINNA TEHNIKAULIKOOL

Kasutajapoolsed valikud hoone +
PV-siuisteemi kirjeldamiseks

PV omatarbe
kalkulaator

Mitu Uhikut elektrit peame vahem
hoonesse elektrivorgust importima?

1 kWh/(m?2a) vahendab ETA-t 2
kWh/(m?2a) vorra

Energiatohususarvu (ETA)
arvutamiseks PV omatarve

https://pv-calc.nzeb.site
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PAIKESEELEKTRI OMATARBE KALKULAATORI KAKS KASUTUSOTSTARVET
2) PV TOODANGU MOJU OBJEKTIPOHIST ELEKTRIKASUTUST ARVESTADES

Aastane moodetud Kasutajapoolsed valikud hoone +
elektrienergia kasutus PV-siuisteemi kirjeldamiseks
A B
Maootepunkti kood
Maotepunkti aadress I
Periood Tarbitud energia (vorgust) / k\Wh .
1.1.2023 0:00 2.900
PV omatarbe
1.1.2023 2:00 2.800
1.1.2023 3:00 2.800
1.1.2023 4:00 2.900 ka I ku Ia ato r
1.1.2023 5:00 2.900 . se g o . [
12005 000 o0 Mitu Uhikut elektrit peame vahem
1.1.2023 7:00 2.800 HYF- H H ')
L o o hoonesse elektrivorgust importima®
1.1.2023 9:00 2.800
1.1.2023 10:00 2.700
1.1.2023 11:00 3.000
1.1.2023 12:00 2.800
1.1.2023 13:00 2.600 - o emg ®
119023 12:00 5 800 PV omatarve objektipohise
1.1.2023 15:00 2.800 H
1.1.2023 16:00 2.800 eIEktrlkaSUtusega
1.1.2023 17:00 2.600
1.1.2023 18:00 2.800
1.1.2023 19:00 2.800
1.1.2023 20:00 2.700 .
L 12098 21.00 oo https://pv-calc.nzeb.site

1.1.2023 22:00 2.800
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TEHNILINE POOL

Nirtual private server (VPS)

2 CPU core

4 GB RAM ‘o linode

80 GB storage

7
@debia

n mN%NX
/ &

bot  docker

K\ Oﬂ_ert

-

Version
management

git clone ->
docker build

) GitHub | (i

TAL
TECH

TALLINNA TEHNIKAULIKOOL

@& | https://

Domain nzeb.site

|

atio®
v R

/User web browser\

__________ N

| API REQUEST !
{ REST : API }

—————— — —— —

User front-end
Wy

Streamlit M vegs-atar

\J

/Codebase e pgthOﬂ 4

‘l

\Z

Calculation back-end

|:;| pandas

A
dy

@-pvlib matpl:tlib

/

https://pv-calc.nzeb.site
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Arvutuse teostaja

Naidis Arvutaja

Hoone aadress
Néidisaadress 123, Linn Arvutusmetoodika muudatused joustuvad 01. detsember 2024
Hoone e Ll L] L] - L]
Tarbimine Tarbimine ja omatarve
PV v
3.0 3.0
o v 3 3
5 20 < 20
E E
Valgustus e g g
210 £ 10
Ventilatsioon ~ o o
0.0 0.0
Soe vesi v
1 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Kuu Kuu
Kiitte ringluspump h
Elektritarbija Tarbitud elekiri allikas
M Seadmed M Valgustus M Ventilaatorid B Elektrivirk 1 Piikesepaneelid
Kliimafail v
¥ Lisa koondviljatriikile graafikud & Tarbimine Tootmine
Koondwiljatrilik Seadmed: 22.53 kwh/(m?a) Gl: 97.68 kwh/(m?a) [9768 kwh/a] TOOtmlne -'a omatarve
Valgustus: 4.38 kwh/(m?a) Kokku: 97.68 kWh/(m*a) [9768 kwh/a] 16.0

Tunnipdhiste andmete viljatriikk

Ventilaatorid: 7.88 kwh/(m®a)
v1.0.1, viimane uuendus 19/11/2023
Kokku: 34.79 kwh/(m%a)

i 1iB ’ 12.0
8.
4.0 I
Omatarve I

(=]

Elekter, KWh/(m?*-kuu)

0.0 W
PV toodang: 97.68 kwh/(m*a)
1 2 3 4 5 6 7 8 9 10 11 12
PV kohapeal: 12.48 kWh/(m?a)
Kuu
PV eksport: 85.28 kwh/(m*a) S N
angu kasu

PV omatarbe osakaal: 12.7% @) M Eksport vélisvorku = Tarbitud kohapeal



KALKULAATORI DEMO KOHAPEAL

https://pv-calc.nzeb.site
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Ulikooli spordihoone
naide

Kui suur on tanane
elektrienergia kasutus?

Mis mahus on maistlik
paigaldada paikesepaneele?

Kas ja mis mahus on maistlik
paigaldada akuslsteeme?

TECH TALLINNA TEHNIKAULIKOOL

https://pv-calc.nzeb.site
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2023 Kuupdhine elektrienergia kasutus

30000
S 25000
=
]

2

= 20000
v
M
Y4

-5, 15000
0]
c
2

S 10000
Y4
Q
w

5000

0

01 02 03 04 05 06 07 08 09 10 11 12

Kuu

;é&” TALLINNA TEHNIKAULIKOOL

https://pv-calc.nzeb.site
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VEIektrrlrenrerrgriar kgsutyse tunnipéhisedrprmfii!id

100 |

Elektrienergia kasutus (kWh)

40

20

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Tund (h)

;%EH ‘ TALLINNA TEHNIKAULIKOOL

https://pv-calc.nzeb.site
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KUS KALKULAATORILE LIGI PAASEB?

25 kliimaministeerium.ee

® Juurdepadsetavus

KLIIMAMINISTEERIUM

Elurikkus Energeetika
Keskkonnakaitse v Maavarad v

JAATMED

Jaatmereform

Biojé4tmed

Jaatmete liigiti kogumine
Toidujaatmed

Ohtlikud jadtmed

PCB-sid sisaldavad jédtmed
Kaevandamisjd&tmed ja hoidlad
Priigilad

Jaatmete lakkamine
Korvalsaadused

Uuringud ja projektid
Jadtmepakett

Riigi jadtmekava 2023-2028
Riigi ja4tmekava 2014-2020
Jaatmekava KSH
Jaatmevaldkonna tervikanallils
Tekstiilijdgdtmed
Jaatmevaldkonna teadlikkuse materjalid

Euroopa jadtmetekke vahendamise nadal

Kontaktid EST

@) Otsing

RUS

Rohereform Elukeskkond Merendus Ministeerium,
Kliima v Ringmajandus ~ Veekeskkond v Liikuvus kontakt v

RINGMAJANDUS EHITUS JA ELUKESKKOND
Pakendid Ehituse pikk vaade 2035
Uhekordse plasti direktiiv Ehitusdigus

Tootjavastuius ja probleemicoted Kvalifikatsiooninouded
Ehitustoodete regulatsioon
Analiitisid ja uuringud
Juhendid

Digitaalehitus

Ehitisregister ja e-ehituse platvorm

ENERGIATOHUSUS JA KESKKONNASAAST

Hoone energiatdhusus
Hoone siisinikujalajélg
Hoone energiatdhususe tooriistad

Hoone sisinikujalajilje tooriistad

RENOVEERIMINE JA BUILDEST

Toetused

= e]

2] E-TEENUSED



Otselink kalkulaatorile: https://pv-calc.nzeb.site

KUS KALKULAATORILE LIGI PAASEB?

® Juurdepadsetavus Kontaktid EST RUS ENG

o5 8

/AR5 KLIIMAMINISTEERIUM @ otsing = &

(S ) 2

\ s/ z

. g w

3

w

Elurikkus Energeetika Roh m El ond Merendus Ministeerium, Ukraina o]
Keskkonnakaitse v Maavarad v Kliima v Ri jandus v Veekeskkond v Liikuvus v kontakt v info

ENERGIATOHUSU
KESKKONNASAAST I~
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HOONETE ENERGIATOHUSUSE INTEGREERITUD
NUTIKAS OTSUSTUSMOOTOR - HEINO
INTEGRATED EXPERT SYSTEM FOR BUILDINGS
ENERGY EFFICIENCY - HEINO

Hans Kristjan Aljas
School of Engineering / Department of Civil Engineering and Architecture

Tallinn University of Technology

20.06.2025



INCENTIVES

& EPBD requirement

= Each Member State must establish an independent control system for Energy Performance
Certificate (EPC) quality

= Pinpoint problematic EPCs for manual checks

/%2 Estonian Government Office (RK) project

" = Optimization and automation of EPC supervision to
= Reduce administrative burden
= Reduce early mistakes
= Increase transparency

= .(C

éﬁ% Consumer Protection and Technical Regulatory Authority of Estonia (TTJA) report
» = 96% of new apartment building EPCs had mistakes (10% major mistakes)

é Need for a convenient web-based tool to manage Building Energy Performance status before and
after construction.

¥%&H TALLINN UNIVERSITY OF TECHNOLOGY



 LoGAL RENEWABLES & STORAGE

ENERGY USE

NET ENERGY DEMAND m I
Z
| ones energy ( \ EXPORTED ENERGY
Solar heat needs from - _ AHU electricity =
LD setpoints & us- / Heating&coolingen- | (excluding conditioning) Electricity I
| age profiles ergy

(ventilation) l
[Vent. airflow DELIVERED ENERGY
Envelope heat Electricity
transmission Heating & cooling District heating I
energy District cooling
(room units) Heating & cooling system_; Fuels I
Net energy demand

— |

I | | | | | | | | || | | I L I
Delivered and exported energy boundary (grid connection points)

Delivered energies x primary energy factors = weighted energy use EPC class

Concern Type
B a - methodology non-compliance

150 1
00 b - unlikely in practice

Lo ¢ - BES output invalidated by regression

50 1

Concern counts
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complex, fragmented, error-prone, time-consuming

’ National
methodology

Calculation

methodology
Iy

Minimum
requirements

Current EPC workflow:

Communication

v

Local files

{design & spec) '

National widgets
{PV seif-consumption;
smallhouses)

EPC pdif-s
{inpuis)

{client)

3

Communication
{(collaborators)

F 3

)

BES software
{IDAICE etc)

Localfiles
{assistive - Excel etc)

|

EPC pdf-s

{resulis}

EHR

orange — iterative part

Proposed EPC workflow:

simple, cohesive, consistent, semi-automated

l

Communication
(client)

Local files
{(design & spec)

BIM

Communication
{collaborators)

National
methodology

EHR




HEINO - THE ENERGY PERFORMANCE EXPERT
THROUGHOUT A BUILDING’S LIFE CYCLE

Manager (through Ul) BIM -> SBEM (semantic building energy model)
National methodology Design-specific data Dynamic simulation

Data-driven
recommender & multi-
objective optimizer

Rule engine
Manages EPC state via guided
inputs, automatic calculations,

applicability logic

Simplified BES model
(static + lumped RC + black box)

Only scalar values! Various data structures

"2 In-use digital energy twin (grey-box)
T :
(KEK, operational control)

EHR integration

Guaranteed methodology compliance Consistency & transparency across domains and revision
Reduced expert-hours & error risk No need for manual validation
Integration of standardised BIM data (e.g. bSDD) Rapid design iterability

Simplified BES model reusable as in-use digital twin
Insights into energy performance gap (expected vs actual)




CURRENT STATUS & FUTURE OUTLOOK

Done!

Rule engine is mostly functional, ~80% of current Estonian methodology implemented

Rule engine allows selecting between external sources (BIM, simplified dynamic model) - POC
Semi-automated tool to standardize existing EPC datasheets (from pdf) to rule engine format

Next steps...

(») Finalize national methodology implementation (rule engine)

(») Finalize integration of PV self-consumption calculator (pseudo-dynamic model + pvlib; w/K-V.Vdsa)
(») Explore ways to integrate yearly dynamic model (simplified lumped RC; w/J.Hallik)

(»] Explore ways to acquire semantic data + simplified geometry from BIM (-> SBEM)

(») Gather typical/historic design parameters for training recommender system

(») Develop multi-objective-optimizer combining methodology restrictions & recommender system

I National methodology or some tools may change
(¥ Rule engine is highly modular. Nothing is hardcoded.
@ AI coding agents could help with national methodology updates.



HEINO

sy

(340) ventilaatori
elektrieritarbimine (SFF) §
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Electricity

Heating & cooling District heating I
energy District cooling

room units — Fuel
( ) Heating & cooling systems o I

: F Net energy demand I
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AS TALLINNA VESI TORUSTIKE
REKONSTRUEERIMISE STRATEEGIA METOODIKA

PROF. IVAR ANNUS, TALTECH

=" URBAN WATER SYSTEMS



VESI KUI VOIMALDAJA

ScienceShot: Did Lead Poisoning Bring Down Did Th? Roman Empire Fall Due To Poor
Plumbing?

Ancient Rome?

Sediments downstream from Rome reveal health risks of empire's plumbing

There has been many controversial claims that the fall of the ancient Roman Empire was due to poor
plumbing work, namely the use of lead pipes leading to lead poisoning. There are both written
records and archaeological artefacts that demonstrate that the Romans used lead pipes. Geologists
have also been able to determine that more layers of lead piping corresponded when there was
prosperous economic growth. At the time, the plumbing systems installed in many Roman cities were
engineering marvels and an analysis of soil samples has given experts new insight into how the
sewage systems of the day worked and what the effects of it were.

%/kmbé@m/i

RESEARCH ARTICLE | ANTHROPOLOGY @@ f XinB 2L

'Rome’s urban history inferred from Pb-
contaminated waters trapped in its ancient
harbor basins

21 APR2014 - BY THOMAS SUMNER

Hugo Delile &, Duncan Keenan-Jones, Janne Blichert-Toft ¥, | +z , and Francis Albaréde Authors Info & Affiliations
TAI Edited by Jeremy A. Sabloff, Santa Fe Institute, Santa Fe, NM, and approved July 12, 2017 (received for review April 17, 2017)
August 28, 2017 114(38) 10059-10064 = https://doi.org/10.1073/pnas. 1706334114

AN 8501 | 32
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TANASED VEESUSTEEMID

Dawn of the Replacement Era: Reinvesting in
Drinking Water Infrastructure, AWWA, 2001

S e
(ot QRS

pikkus (km)

Euroopa linnade torude keskmine vanus 20-90
aastat (Urban Water Atlas, 2017)

USA prognoos - kestlikkuse sailitamiseks vaja tosta
majapidamiste kulutusi veeteenusele 4-10 korda!

WaterEurope uuringu hinnangul on vaja Euroopa
veesektorisse investeerida 255 miljardit €
lahema 6 aasta jooksul!

New Water Europe
Socio-Economic Study

The Value of the
EU Investing in Water

=

SOCI0-ECONOMIC STUDY!
ON THE VALUE
OF THE
INWATER

\\\l)




TORUSTIKE REKONSTRUEERIMISE STRATEEGIAD JA MEETODID

. E too many uncertainties
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Shortl-torm | Medium- | Long-
Operational term term
<1yr Tactical Strategic
TAL Time-scale offhtervention St
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TORUSTIKE REKONSTRUEERIMISE STRATEEGIA

Pipeline rehabilitation combined strategy for
urban water systems

Ivar Annus, Nils Kandler, Marti Vaksmann, Katrin Kaur, Murel Truu, Margus
Koor, Anatoli Vassiljev & Urmas Kitt

To cite this article: lvar Annus, Nils Kandler, Marti Vaksmann, Katrin Kaur, Murel Truu, Margus
Koor, Anatoli Vassiljev & Urmas Kutt (2024) Pipeline rehabilitation combined strategy for urban
water systems, Urban Water Journal, 21:2, 155-167, DOI: 10.1080/1573062X.2023.2273535

To link to this article: https://doi.org/10.1080/1573062X.2023.2273535




TORUSTIKE REKONSTRUEERIMI

Water utilities pipe database

Calculation of pipe reconstruction index Reconstruction value for street area
Digital Elevation Model | /e S

Hydraulic models / Pipe physical parameters (A;) Grouping of street segments
measurements

Public transportation open data Environmental and economic parameters

Calculation of the reconstruction
(Ag)

Streets open data value

Strategical parameters Water pipes, sewage pipes,

Water utilities strategic plans combined sewage pipes, storm

S - < water pipes
Annual street reconstruction
I plan |
Z

Investment plans of other
infrastructure utilities

SITE PLAN
DATA TABLE DRAWINGS IN
COLOR SCALE

SITE PLAN
DATA TABLE DRAWINGS IN
COLOR SCALE

TECH



TORUSTIKE REKONSTRUEERIMISE STRATEEGIA

parameters range

Pipe physicalh -
parameters T [0...1]

(coefficient A,) Diameter

D [0...1]
Material

M [0...1]

Bursts

B [0...1]

Condition

V [0...1]

Age

A [0...1]

Pipe type (main, service line, household connection etc.) as defined in the utility database; the values are in the

range of 0...1 and are defined by the expert

Pipe inner diameter as defined in the utility database. The values are in the range of 0...1 and are defined by the
expert (e.g. for water pipes D = 800-1000 mm, 1; 799-500 mm, 0.8 etc.)

Pipe material as defined in the utility database; the values are in the range of 0...1 and are defined by the expert

Historical data on pipe burst, service and maintenance history; the values are 0 (no burst, no collapses, no
maintenance), 0.5 (insignificant service and maintenance works) and 1 (pipe bursts or significant maintenance

works);

Normalised assessment of pipe condition as defined in the utilities CCTV condition assessment database
(condition assessment divided by 4, where 0 is the best condition and 4 is the worst); if the condition

assessment is missing, then V = 0; the parameter is only implemented for sewage and stormwater pipes

Pipe age as defined in the utility database; the values are in the range of 0...1 and are defined by the expert and
manufacturer-defined expected lifespan of the pipe (e.g. > 60 = 1; 59-40 = 0.8, etc.); age value intervals can

be defined based on pipe material and type



Environmental -1« Water quality
economic parameters)' [0} % §

(coefficient A,)
Hydraulic performance

HP [0...1]

Critical pipes
C[0...1]

space

F [0...1]

Load of public transport
P, [0...1]

Depth of the pipe
DP [0...1]

Group of parameters _|Parameter/ range

Water quality assessment based on client complaints, measurement data or assessment of
hydraulic model (e.g. water age, the concentration of chlorine);

Hydraulic performance of the pipe/system based on measured data or assessment of the hydraulic

model;

Critical pipes for the water utility based on their impact on the system performance and/or location

(e.g. service lines for large pumping stations, hospitals and large residential areas);

Functionality of urbanThe functionality of urban space considering the pipe location; the values are in the range of 0...1

and are defined based on the pipe location compared to the street classes defined by the city
(considering the width of the street, number of lanes, railways, etc.)
Load of public transportation close to the pipe segment; the values are in the range of 0...1 and are

defined based on the open real-time data about the intensity of public transportation

The depth of the pipe was calculated from the utility pipe database using the digital elevation
model of the city; the values are in the range of 0...1 and are defined by the expert (e.g. > 5m =

1; 4.9-4 m = 0.9, etc.); only implemented in case of sewage and stormwater pipes

Sieereelee i s ai- o Water  utilities strategicDefines a based on the strategic plans of the utility

(coefficient a, B, v) plans

reconstruction plan

infrastructure utilities

Annual street Defines B based on the streets that will be reconstructed by the city

Investment plan of otherDefines y based on the investment plans of other infrastructure utilities



NAIDE - LOAD OF PUBLIC TRANSPORT




TORUSTIKE REKONSTRUEERIMISE STRATEEGIA

Roc = afy(A{(T+D+M+B+V+A)+A,(WQ+HP+C+F + Pz + DP))

Pipe segmeni réplacer;méﬁiinaé)al:f:_,\ [

IAL 0 30 60 120 Reconstruction values of street sections
- e e \Veters 0.560000 - 1.280511

1.280512 - 1.887108
[ 1.887109 -3.714556
I 3.714558 - 6.330200



TORUDE REKONSTRUEERIMISE STRATEEGIA - TANAVA POHINE

VAADE

Tanavate elemendid GIS-is jagati Ioikudeks (ristmikult ristmikuni)
Loikude Umber loodi 20 meetrine puhver ala

Tanavaalalt valja jaavate torude puhul loodi puhveralad toruelementide
Umber

« Grupeeriti koik torud, mille vahekaugus on vahem kui 20 m
« Grupeeriti koik torud, mille tilip on sama

Tanavaalalt valja jaanud alad liideti Idhedalasuvate tanavaaladega




T _ Recl* L1+Rec2* L2+"'+Recn* Ln
rec L1 +L2 ++ Ln

Piirangud:

« Kui tanava elementi jaavad ainult klientide Uhendustorud, siis
arvutatakse tanavasegmendi torude rekonstrueerimise vajaduse vaartus

ulaltoodud valemiga

« Kui tanava elementi jaab nii Ghendustorusid kui tanavatorusid, siis
arvutatakse rekonstrueerimise vajaduse vaartus eraldi Uhendustorudele

ja muudele torudele
« T, leitakse koikidele veesiisteemidele eraldi!



TORUDE REKONSTRUEERIMISE STRATEEGIA - TULEMUSED

@ Tallinn

0 0.75 15
— — 1Kilometers

Vanuse jargi leitud Strateegia jargi leitud

TECH




TORUDE REKONSTRUEERIMISE STRATEEGIA - TULEMUSED

10

4 O @ a o (@@ O @mad (e e

Replacement year by Age

3 O o Q@O o
2 e © @ @O ©

1 omD @O © o O© @@ @

Pipe segments selected to be replaced on the first year by the
TAL developed combined pipe replacement method



TORUDE REKONSTRUEERIMISE STRATEEGIA - TULEMUSED

0 0.5 1 - selected by both methods —— selected only by combined reconstruction values method
Kilometers — selected only by age — not selected by any method



M URBAN WATER SYSTEMS

PROF. IVAR ANNUS

IVAR.ANNUSQ@TALTECH.EE
EHITUSE JA ARHITEKTUURI INSTITUUT
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Ehitistega seotud muudatuste menetluse
eelkonsultatsiooni tugististeem kasutades
semantilise veebi tehnoloogiaid

Pille-Riin Peet

Doktorant-nooremteadur - TalTech Tartu kolledz

AN

b
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Sissejuhatus

Ehitisregistri ey —
menetluste
kaardistamine,
optimeerimine ja
e-ehituse

= juurutamiseks

e leohandamine
Lopparuanne

37,3%

pwe CIVITTA : ehitusettevotetest peavad vajalikuks
protsesside lintsustamist.

\ EHITUSSEKTORI - o
DIGITALISEERITUSE | + Digitaalne dokumendipohine
UURING e :

L&pparuanne e : ‘  Subjektiivhe ja ajamahukas

Marts 2024

 Mitteametlik eelkonsultatsioon

>>>




Tuvastatud probleemid

| * Ebaselged meetodid |

Milliseid regulatsioone kohaldatakse
konkreetse projekti puhul Ja miks?

poolt toigenausea sagell
« Nouete puudulik tuvastamise vastuolulised

puudumine varases

projekteerimise faasis - Noudeid esitatakse hajutatult
* Maaruste ettearvamatu maarustes, juhendites ning

kohaldamine sOltuvalt standardites

konkreetsest ehitusprojektist

« Mitteametlik

eelkonsultatsiooni etapp,
mida ametlikult ei ole
kirjeldatud.

e Erandid raskendavad

regulatsioonidest arusaamist

 Kriteeriumid on sageli seotud

standarditega, mitte
maarustega

>>>




Uurimisklisimused

Millist semantilise veebi tehnoloogiatel ja domeeni-ontoloogiatel pdhinevat susteemi
saab arendada, et toetada kohalduvate regulatsioonide leidmist ja vastavuse kontrolli
eelkonsultatsiooni etapis, ning milline on selle oodatav mMo&ju eelkonsultatsiooni

protsessile?

Mil madral parandab kavandatav semantiline raamistik regulatsioonide leidmise ja
vastavuse kontrollimise tdpsust, tdhusust ja paindlikkust, arvestades konkreetse
ehitusprojekti eripdrasid?

>>>

.




Lahenduse eesmargid

Ehituslubade
eelkonsultatsiooni
tugisiisteem

Integreeritav @ p— % (=] o° Toetab juhtumipdhist
olemasolevatesse g§§ — = regulatsioonide tuvatsamist
susteemidesse, alustades — Uy  ehitusloa menetluse alguses
EHR-ist >
7 & e W z
=H=E BIBIE Q% r
Tootab nii BIM kui Juhised Objektiivsete Menetlusotsuste Véahendada ebamé&araselt
ka ilma BIM-ita subjektiivsete reeglite automaatne suurem sOnastatud digusaktide
projektidega regulatsioonide kohta kontroll |labipaistvus moju

>>>




Artefakti kontseptuaalne arhitektuur

Eelnevalt maaratud jah/ei
kisimused hoone kasutusotstarbe,

suuruse, asukoha ja planeeritavate
tegevuste kohta
(nt ,Kas tegu on uue hoonega?”,
,Kas see asub muinsuskaitsealal?").

Prototulp-tooriist, mis seob
kasutaja vastused regulatsioonide
kategooriatega.

Regulatsioonide ontoloogiapohine

kodeerimine, mis voimaldab
juhtumipohist filtreerimist.

Nimekiri konkreetsele projektile
kohalduvatest regulatsioonidest.

>>>




Edasised sammud

z Probleemi definitsiooni ning lahenduse eesmdrkide tutvustamine EC3
konverentsil Portos, Portugalis (juuli 2025)

Z Esimene teadusartikkel probleemist ja lahenduse eesmdrkidest planeeritud
2025. aasta [6ppu

Z PrototUubi kavandamine, arendus ja testimine jatkub 2025-2026
-  huvigruppide intervjuud

= * juhtumiuuringud

- liidestuse planeerimine Eesti Ehitisregistriga.

>>>




LinkedIN

Selge ja struktureeritud
eelkonsultatsioon tagab igale
projektile individuaalse lahenemise,
loob osapoolte vahel Uhise arusaama,
suurendab labipaistvust ja vihendab Tanan

subjektiivsust.




Sisekliimasusteemide
kaikuandmise juhend

Kristi Nakkurt
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BENTD

Energy efficiency Building ENhancement through performance guarantee TOols

-"\.___

Funded by
the European Union

Funded-by-the-European-Union.-Views-and-opinions-expressed-are-however-
those-of-the-author(s)-only-and-do-not-necessarily-reflect-those-of-the-European-
Union.-Neither-the-European-Union-nor-the-granting-authority-can-be-held-
responsible-for-them.-Horizon-Europe-Grant-agreement-N2-1010798889]



Too fookus ja raamistik

= Korterelamute renoveerimise turg
" EU standardite pohjal
= Regulatsiooniga haakumine

" Sihtrihm mitteprofessionaalne
omanik: mitte liiga detailne, kaske-

keelde valtiv, kaalutletud otsuseid
SOO0SIV

 Terminid
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G iy € b,



* Hoone energiatohususe miinimumnouded?
e Vastu voetud 11.12.2018 nr 63

8§ 13. Tehnosusteemi nduded

(1) Tehnosusteem tuleb projekteerida ja
paigaldada nil, et oleks tagatud selle pikaajaline ja
efektiivne to0tamine optimaalses toopiirkonnas.



Terminid

 Haakumine EVS ja EU standarditega

 Commissioning = kaikuandmine



Tarnekontroll
Paigaldamine

Komplekteerituse kontroll

Sisekliimasusteemide . . o .
kaikuandmine Tasakaalustamine ja moodistamine

ehitamise etapis

Toimiskontroll

Dokumentatsiooni kontroll

Juhendamine



Tarne kontroll

Kas paigaldatavad materjalid/seadmed vastavad
kokkuleppele?

Tuleviku lubadus

Realiseerunud lubadus*



Komplek-
teer‘tUSe

konth“

Materjalide/seadmete vastavus lubadusele

Kas on kahjustusi?

Kinnitused

Juurdepaas hoolduseks

Lekke- survekindel

Puhtusenduded

Tuleohutusnouded

Isolatsioon

Tahistamised



Kas tasakaalustamine
ja moodistamine on
teostatud?

Kas tulemused
vastavad kokkuleppele?



Kas susteemid
toimivad vastavalt

O kokkuleppele

O
. .\(.(\\
<o\"



Kokkuvotteks ja tulevikuks

* Valminud on juhendmaterjal lihtsas keeles, mis suunab ehitusega
seotud osapooli tegema kaalutletud otsuseid

e Ehitamise dokumenteerimise diskussioonil, saab kasutada
alusmaterijali diskussiooniks- kellele millist teavet on vaja

* Protsesside digitaliseerimine



Sisekliimasusteemide
kaikuandmise
digitaliseerimine

Siim Saidla

PNL
<"1~ insenerid



BIM koordineerimine

e Teostusmudelid

e Mudeldamine
 Mudelite ekspertiisid
Tootmisjoonised
Konsultatsioonid

e B

' ~
- ~

PNL
insenerid



Valjakutsed!

PROTSESSIDE STANDARDISEERITUS
STANDARDISEERIMINE LABI KONTROLLNIMEKIRJADE
LABI BIM MUDELI SUSTEEMIDE LAHTI KIRJUTAMINE
ELEMENDIPOHINE LAHENEMINE

-MIDA ON VAJA KONTROLLIDA?

-KUIDAS ON VAJA KONTROLLIDA?
-MIDA ON VAJA TOENDADA?
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Locutions [1 Rooms I3 Zones —

Field

N7

Design

]

Box

@
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o4

Apartments

Company
Profile
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Settings

Y Filter M Measure @ Zoomall g Analyze @ colorize
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BIBIEbRA e e
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21 Kiknandmize sttevalmistamine ja plaaniming ... cvnsescsesceseseenes L1

2.2 Kiikunandmine ehitamizs s3DIs. ... ceecceeeceeseseces e ame s vessere s sesasmssamssecesees 11

3  Tamekontroll ...
4 Paigaldamine.
41 Ehitamize dokumentsarimma

5 Komplekteerituza kontroll...
il Paizzldatud toodete vastavus projektils

32 Ehitustoodete kahjustuste komtroll ..o eseeecneee 1T
54  Kiittesiisteami surve- ja lekkekindlus ... 1B
33 Kiittesiistzami |3hipesu, sisteermi pubtus 18
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39 Tuurdepdss hooldoseks e 23
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6 Tasakaalustamine ja mé&distuzed e 25
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Ventilatsioonisusteemi komplekteerituse ja toimimiskontrolli aruanne

Hinnang:

-: paigaldarud siisteemile pole asjakohane

0: korras

1: vaike karvalekalle (tuleb parandada)
2: oluline karvalekalle (tuleb koheselt parandada)

Eontrollitud | Mirkused Hinnang
Ventilatsioconisiistesm
Siisteemi ja selle osade kasutus- ) o
1 hooldusjuhendid on esitatud Jah/Ei -fo/1/2
2 Teostusjoonised on esitatud
Skeemid koos
3 toimimiskirjeldusega on esitatud
Kaetud tidde aktid on esitatud,
4 kinnitatud
Siisteemi(de] paizgaldus vastab
5 projektile ja paigaldusjuhenditele
paigaldatud materjalid vastavad
5.1 projektile
siisteemi komponendid
5.2 [materjalid) ei ole kahjustatud
c3 siisteem on piisavalt toestatud
Hooldust vajavatele
& komponentidele on piisav
juurdepaas
Siisteemi(de] pubtusenduded on
7 taidetud
Ventilatsiooni kanalite
g tihedusnduded on tiidetud
Siisteemi(de] chuhulga
g méddistus on teostamad,
dokumenteeritud
Muramaddistus(gd) on teostatud,
10 protokallitud
Siisteemi tulechutusnduded on
11 taidetud
Siisteemi(de] juhtimine on
1z kontrollitud:
121 -hiired
12.3 -blokeeringud
123 -jubtimistoimingud
12.4 -seadeviirmuszed
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2: oluline kérvalekalle (tuleb koheselt parandada)
Kontrollitud | Markused Hinnang
Ventilatsioonisiisteem Mille kohta tuleks juhend esitada?
Siisteemi ja selle osade kasutus-
1 hooldusjuhendid on esitatud Jah/Ei -/0/1/2
Teostusjoonised on esitatud . .
2 : Mille kahth tuleks skeem esitaga?
Skeemid koos
3 toimimiskirjeldusega on esitatud
Kaetud toode aktid on esitatud,
4 kinnitatud
Siisteemi(de) paigaldus vastab
v protokollitud
Stisteemi tuleochutusnouded on
11 taidetud Mille alusgl seda kinnitada saab?
Stisteemi(de] juhtimine on




» [B 23073_PP_KV_L-EST (EDITED)

Damper
Summary Location PartOf Conflicts SPset Basic L... | SPset Object... | OPNL ePset_Model... KVJ Kapp 2>
Property | Value -

001_Nimetus Tuletdkkeklapp - Umar
002_Tahis FDMS 100
003_Osasi et Sissepuhe 1
004_Osasusteemi-tahis SP1
100_Réhukadu(Pa) 2.978000
105_Rahk(Pa) 4.691000
110_Vooluhulk(l/s) 12
115_Voolukiirus(m/s) 1.528000
120_Suurus(mm) 1100 mm
140_TulepUsivus EIS 60
905_Mudel FDMS
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Tl [l [ Tl [ 1= [ 12 [ B 11

e T The Tl The T Tl

Table

007_Grup-nimi & — 001_Nimetus A

A Z| 002_Tahis 3| 007_Grupnimi A 5|

&l &l

| [ 3.01_Ohukanalid (2)

[+ . Eh] Ghost
ptions | Off
n

Andmete koondamine

1 [ 3.02_Ohukanali iilerinek (1)

[ 3.03_Torud (3)

2l 3.04_Torude uleminek (4)

2l 3.05_lsolatsicon (19)

+  3.06_Ldppelement (9)

=l 3.07_Klapp (B)

| [ Reguleerklapp (47)

+|  Reguleerklapp - kandiline - isoleeritud (5)

#l Sulgklapp - kandiline - isoleeritud labad (1)

+l | Sulgklapp - umar- isoleeritud labad + el.ajam (2)

| [ Tuletékkeklapp - kandiline ()

1 [T Tuletdkkeklapp - Gmar (194)

20 3.09_Mdirasummuti (2)

[

3.10_Tsentraalseade, agregaat (1)

ke

[ 3.11_Kiittekeha (2)

[

[ 3.12_Jahutusseade (2)

+l 3.15_Toruarmatuur-kraanid, ventiilid, siibrid (5)

+ [ 3.16_56Im (4)

+ [ 3.25_Paak (1)

77 3.30_Node! (1)

adhoc X | (B

@ simplebim® =T
l
{E} f:‘* | 78] Snapshot & ® Select & ) @ @ DA% dﬁ% [ Create Objects &
‘oI g Lg g ¢ "8 &
l@ Set Coler solate . )
Auto Clipping  Frames | Add From AddFrom  Remove Flip | Measure  Remove Ares Peeling
F& Quick Set Zoom Off ) Reveal | Planes Off Hidden | Surface  Selection - - Name [ ] Selection Off Off
Interaction Clipping Planes Measurement Selection Peeling ~
o Properties: Object Selection (6776) O x| Incuded [202] Excluded [Empty]
~ xe o= Iﬁll&lj ¥ » o ® =
camN
1 I 001_Nimetus <48 different...
oS I 002_Tahis <79 different...
5/6 003_Osasiisteemi-nimetus <na valugs>
ensio I 005_Ohjektiklass <14 different... b
s I 006_Predsfined type <13 different.. L e w
202/395 I 007_Grup-nimi <16 different...
01905 I 008_Karrus <6 different valuss> al.\d P .
0723581 | Direct Properties &l o
oz I» Description <10 different... 7o , -. [ ]
0/ 266 - re
oo I Name <108 different... . Fe o
; I Object type <2 different values> I'
] I Predefined type <2 different valuess © 0"{ ‘
f P Tag <1906 different...
4 ePset_Simplebim o @
Assembly Level @ singlz ¢
| - s ’ ° o ot it v ez,
071524 I 001_Nimetus <4 different values> o, Not Decided Yet [6781]
071107 I 002_Tahis <4 differant values>
0/864 I 003_Osasisteemi-nimetus <3 differant values> o o
0/798 I 004_Osasisteemi-tihis <3 different values> °
071910 I 200 Elvdimsus <3 different values>
o191 b 300 Vaimsus (W) <3 different values> ®
202/ 257 [> 340_Kondensaadipump «4 different values>
0107 ) 4 kv _Klapp . ' ].
w3 I 001_Nimetus <8 different values> .
0/ 66 I 002_Tahis <23 different... . [ ]
oz I 003_Osasisteemi-nimetus <12 different... . ].
b orae I 004_Osasisteemi-tihis <12 different...
cempty> I 100_Réhukadu(Pa) <47 different...
o/ . ‘
o2 I 105_Réhk(Pa) 105 different... '
o7 I 110_Vooluhulk(l/s) 30 different...
I 115_voolukiirus(m/s) <34 different...
I 120_Suurus(mm) <13 different...
I» 125_Seadeasend <35 different...
[ 140_Tulepisivus <5 different valuess Y
4 KVI_Kiittekeha
[ 0D1_Nimetus. <3 different values> | | @ Select | Single Object H b b @ @ o O @ & PelingOff
/IFC2x3) i Table\Ad hoc O] Maodel Trimmer i
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6512
6513
6514
6594
6598
6610
6617
6644
6650
6699
6715
6717
6718
6721
6722
6764
6760
6770
6773
6774
6776
6778
6780
6782
6784
6786
6789
6750
67952
6795
6798
6799
6801
6802
6803

3.07 Klapp

3.09_Miurasummuti

Tuletokkekiapp - iimar

Sulgklapp - iimar- isoleeritud labad + el ajam

Reguleerklopp

Tuletokkeklapp - kandiline

Reguleerklapp - kandiline - isoleeritud

Sulgklapp - kandiline - isoleeritud labad

Mirasummuti - imarkanalile, I=600mm

N

FDMS 100
FDMS 200
FDMS 250
ABC 5C 60-160
FDMS 125
FDMS 160
ABC 5C 60-100
ABC 5C60-125
FDMS 315

KRT5-4 125

IRIS-100
IRIS-315
IRIS-250
IRIS-125

FDMQ-400x400
FDMQ-300x300
FDMQ-400x200
FDMQ-400x250
FDMQ-600x300
FDMQ-800x300
FDMQ-500x300

KR4-5 LE 400x250
KR4-5 LE 400x200
KR4-5 LE 200x400

KR4-5 LE 300x200

KVAp-125-600

Table

007_Grup-nimi A — 001_Nimetus A
001_Nimets & 3| 002 Tahis 1| 007_Grup-nimi 4 3|

B & ] ]

2+ [ 3.01_Ohukanalid (2)

1 [ 3.02_0Ohukanali iileminek (1)

71 3.03_Torud (3)

| 3.04_Torude ileminek (4)

#l | 3.05_lsolatsioon (19)

+  3.06_Loppelemnent ()

=l 3.07_Klapp (6)
=+ ] Reguleerklapp (47)

+l Reguleerklapp - kandiline - isoleeritud (5)

=+ Sulgklapp - kandiline - isoleeritud labad (1}

=+ Sulgklapp - Umar- iscleeritud labad + el.ajam (2)

-+ [ Tuletkkeklapp - kandiline (8)

| [ Tuletékkeklapp - imar (194}

[ 3.09_Mirasummuti (2)

+  3.10_Tsentraalseade. agregaat (1)

1 17 3.11_Kiittekeha (2)

-+ [ 3.12_Jahutusseade (2)

# - 3.15_Toruarmatuur-kraanid, ventiilid.siibrid (5)

-+ [ 3.16_SélIm (4)

=+ [ 3.25_Paak (1)

=+ [ 3.30_Node! (1)

adhoc X | (B
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3 |007_Grupl-

nimi 001_Nimetus 002_Tahis 900 _Tootja 905_Mudel 910 Tooteinfo [915 Kasutus-ja-hooldusjuhend |920_Skeem Kaetudtddde akt
6511|3.07 Klapp X X X X X
6512 Tuletdkkeklapp - imar
6513 FDMS 100
6593 FDMS 200
6597 FDMS 250 i 007 Grags i I'fl..&liﬁ‘ [0 THi= [500 T [505 Muds [510 Toxsesrt [315 Kemubes i hoddusieiuend [400 Gteern et e i
6609 ABC 5C 60-160 £ Uss1600 60 m m - - n
6616 FDMS 125 = e Fous s
6643 FDMS 160 a rousz
6649 ABC 5C 60-100 - Fou 100
] ABC SC 00-100
6638 ABC 5C60-125 2 s
18 ‘Sulgklapp - dmar- [sakeeritug Jahad + alaiam
6714 FDMS 315 & I werse s
6716 Sulgklapp - iimar- isoleeritud labad + el.ajam = e
6717 KRTS-4 125 = E— w125
6720 Reguleerklapp 7 Fotse a0
77| FDUAG-400:200
6721 IRIS-100 ‘ ol
6763 IRIS-315 ey | OGS
6765 IRIS-250 g B e
\)‘: P KR4S LE 200400
6769 IRIS-125 g sopugp- —
6772 Tuletdkkeklapp - kandiline ol 0 saacemmar P X x
6773 FDMQ-400x400 2 N 13582
L KVAp-100-000
6775 FDMQ-300x300 i S s 100
6777 FDMQ-400x200 e e X X X X X
6779 FDMQ-400x250 s
6781 FDMQ-600x300 o AT F—
24
6783 FDMQ-800x300 o e x x x x
1 C11-400-1400
6785 FDMQ-500x300 i itz
6738 Reguleerkiopp - kandiline - isoleeritud :‘ E%EEE
6789 KR4-5 LE 400x250 4 ciaimn
Lixl C22-400-1400
6791 KR4-5 LE 400x200 css e
6794 KR4-5 LE 2005400 % Eﬁ%&.@
6797 Sulgklapp - kandiline - isoleeritud labad o Cot-di00
6798 KR4-5 LE 300x200 i Ceta
2|3 72 X X x X
1 a r x Y — rl
Ventilatsioonisiisteem . Y :
paigaldatud materjalid vastavad Skeemid koos
_ Stisteemi ja selle osade kasutus- 5.1 projektile toimimiskirjeldusega on esitatud
1 hooldusjuhendid on esitatud
siisteemi komponendid oor o temmroovena ot 20
- Tanctncinanizad an acitatnd 30.06.2025




3 |007_Grupl-nimi 001_Nimetus 002_Tahis 900 _Tootja 905_Mudel 910 Tooteinfo [915 Kasutus-ja-hooldusjuhend [920 ! Kaetudtddde akt
6511|3.07 Klapp X X X X X
6512 Tuletdkkeklapp - imar
6513 FDMS 100
6593 FDMS 200
6597 FDMS 250
6609 ABC 5C60-160
6616 FDMS5 125
6643 FDMS 160
6649 ABC 5C60-100
6698 ABC 5C60-125
6714 FDMS5 315
6716 Sulgklapp - iimar- isoleeritud labad + el.ajom
6717 KRT5-4 125
6720 Reguleerklopp
6721 IRIS-100
6763 IRIS-315
6765 IRIS-250
6769 IRIS-125
6772 Tuletdkkeklapp - kandiline
6773 FDMQ-400x400
6775 FDMQ-300x300
6777 FODMQ-400x200
6779 FOMQ-400x250
6781 FODMQ-600x300
6783 FDMQ-800x300
6785 FDMQ-500x300
6738 Reguleerkiopp - kandiline - isoleeritud
6789 KR4-5 LE 400x250
6791 KR4-5 LE 400x200
6754 KR4-5 LE 200x400
6797 Sulgklapp - kandiline - isoleeritud labad
6798 KR4-5 LE 300x200

a e s x — Fl

Ventilatsi isiist . P_—
entratsioomsnsteem paigaldatud materjalid vastavad

projektile

Stisteemi ja selle osade kasutus- 0.1
1 hooldusjuhendid on esitatud

) siisteemi komponendid 20
- Tanctncinanizad an acitatnd 30.06.2025




[o]l=]

A
001_Mimetus
Tuletokkeklapp - kandiline

Tuletékkeklapp - kandiline
Tuletdkkeklapp - kandiline
Tuletdkkeklapp - kandiline
Tuletékkeklapp - kandiline
Tuletdkkeklapp - kandiline
9 |Tuletokkeklapp - kandiline
10 Tuletdkkeklapp - kandiline
11 |Tuletokkeklapp - kandiline
12 |Tuletokkeklopp - imar

13

14 Tuletokkeklapp - Gmar

15 |Tuletokkeklapp - Gmar

16 Tuletdokkeklapp - Umar

17 Tuletokkeklapp - Gmar

18 |Tuletokkeklapp - Gmar

ETCTE N AR ) [N PR [ A

Lo =] @ LN Ja W pd

Ventilatsioonisiisteem

Stisteemi ja selle osade kasutus-
hooldusjuhendid on esitatud

Tanctncinanizad an acitatnd

B L
002 _Tahis 900 Tootja

FOMQ Ets Nord
FDMQ-A400xA00
FDMQ-300x300
FDMQ-400x200
FDMQ-400x250
FDMQ-600x300
FDMQ-200x300
FDMQ-500x300
FDMQ-500x300

FDMS Ets Nord
FDMS 100
FDMS 200
FDMS 2350
FDMS 100
FDMS 100

L e W T W

M

N Q

905 Mudel 910 Tooteinfo 915 Kasutus-ja-hooldusjuhend

FDMQ
FDMQ
FDMQ
FDMQ
FDMQ
FDMQ
FDMQ
FDMQ
FDMQ

FDMS5
FDMS
FDMS5
FDMS5
FDMS
FDMS

[l o0 W Tl

—

FDMOQ_Tooteleht_Tuletokkeklapp.pdf FDMQ_Hooldusjuhend_Tulettkkeklapp.pdf

FDMS Tooteleht Tuletdkkeklapp.pdf FDMS Hooldusjuhend Tuletokkeklapp.pdf

5.1 projektile

paigaldatud materjalid vastavad

siisteemi komponendid

20
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Ventilatsioonisusteemi komplekteerituse ja toimimiskontrolli aruanne

Hinnang:

-: paigaldarud siisteemile pole asjakohane

0: korras

1: vaike karvalekalle (tuleb parandada)
2: oluline karvalekalle (tuleb koheselt parandada)

Eontrollitud | Mirkused Hinnang
Ventilatsioconisiistesm
Siisteemi ja selle osade kasutus- ) o
1 hooldusjuhendid on esitatud Jah/Ei -fo/1/2
2 Teostusjoonised on esitatud
Skeemid koos
3 toimimiskirjeldusega on esitatud
Kaetud tidde aktid on esitatud,
4 kinnitatud
Siisteemi(de] paizgaldus vastab
5 projektile ja paigaldusjuhenditele
paigaldatud materjalid vastavad
5.1 projektile
siisteemi komponendid
5.2 [materjalid) ei ole kahjustatud
c3 siisteem on piisavalt toestatud
Hooldust vajavatele
& komponentidele on piisav
juurdepaas
Siisteemi(de] pubtusenduded on
7 taidetud
Ventilatsiooni kanalite
g tihedusnduded on tiidetud
Siisteemi(de] chuhulga
g méddistus on teostamad,
dokumenteeritud
Muramaddistus(gd) on teostatud,
10 protokallitud
Siisteemi tulechutusnduded on
11 taidetud
Siisteemi(de] juhtimine on
1z kontrollitud:
121 -hiired
12.3 -blokeeringud
123 -jubtimistoimingud
12.4 -seadeviirmuszed
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30.06.2025

2: oluline kérvalekalle (tuleb koheselt parandada)
Kontrollitud | Markused Hinnang
Ventilatsioonisiisteem Mille kohta tuleks juhend esitada?
Siisteemi ja selle osade kasutus-
1 hooldusjuhendid on esitatud Jah/Ei -/0/1/2
Teostusjoonised on esitatud . .
2 : Mille kahth tuleks skeem esitaga?
Skeemid koos
3 toimimiskirjeldusega on esitatud
Kaetud toode aktid on esitatud,
4 kinnitatud
Siisteemi(de) paigaldus vastab
v protokollitud
Stisteemi tuleochutusnouded on
11 taidetud Mille alusgl seda kinnitada saab?
Stisteemi(de] juhtimine on




Kontrollplaan Dalux Fieldis

QDMLIX (A Home Personal overview v All work packages v Alltypes v
oo 25 Feb 2025 v l
. ?5 ., 4 Analytics To:
as| a -
£ 18 Jun 2025 v l
O ~ & Tasks 3 [ B
Locations Q All tasks 10 =
Tﬂ B Inbox 3
(L ® Ongoing 2
Qfa Awaiting approval 1
LS ® Approved, follow-up 1
@ H Closed 3
B B Drafis
@ I v _- Inspection plans I
Handover Q P P
Q, All registrations 26/29
[o=4 _
- [@ Inspection plans
> @ Inspection plan matrices
~ [0 3.080_KVJ 7/10
[a Ventialtsioonitood 7/10
I [a Ventilatsiooni komplekteerituse ja toimiskontrolli raport I
> O 201 _Test ATV 19/19
> [E) Checklists
> [B] Daily log 2 Mar 2025
New 0
> (85 Meetings Ongoing - 9
& Q it Rejected 0
> uantities
Reported ready 0
Company
Profile > Q Safety Awaiting approv... 1
ig; Approved, follo.. [ 1
Settings Rejected, closed 0
Approved [ | 2
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Ventilatsiooni komplekteerituse ja toimiskontrolli raport

Location

Inspection points

1.2 Siisteemi ja selle osade kasutus-hooldusjuhendid.

= -
Bamie Date meefied

(f FOMZ Hooldusjuberd Tuletkkekiape: 1BAG/I025 17:10
[2 PR Tttt Tt TR06/2023 1707
2 FOMS Hocldusunend Tuletdkkeklzpe 6025 182
k‘ FOMS_Tootesehe_TuleBkiekiapp 062025 1521
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3 |007_Grupl-nimi |001_Nimetus 002_Tahis 900 _Tootja 905_Mudel 910 Tooteinfo [915 Kasutus-ja-hooldusjuhend |920_Skeem Kaetudtddde akt

6511|3.07 Klapp X X X X X
6512 Tuletdkkeklapp - imar

6513 FDMS 100

6593 FDMS 200

6597 FDMS 250

6609 ABC 5C60-160
6616 FDMS5 125

6643 FDMS 160

6649 ABC 5C60-100
6698 ABC 5C60-125
6714 FDMS5 315

6716 Sulgklapp - iimar- isoleeritud labad + el.ajom

6717 KRTS-4125

6720 Reguleerklopp

6721 IRIS-100

6763 IRIS-315

6765 IRIS-250

6769 IRIS-125

6773 FDMQ-400x400
6775 FDMQ-300x300
6777 FODMQ-400x200
6779 FOMQ-400x250
6781 FODMQ-600x300
6783 FDMQ-800x300
6785 FDMQ-500x300
6738 Reguleerkiopp - kandiline - isoleeritud

6789 KR4-5 LE 400x250
6791 KR4-5 LE 400x200
6754 KR4-5 LE 200x400
6797 Sulgklapp - kandiline - isoleeritud labad

6798 KR4-5 LE 300x200
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Edit 3D object group

General

3]

Name * Tuletdkkeklapid ] 3D section

Criteria

001_Nimews (&) Tuletdkkeklapp X

Isolate v || Property Equals ~ || value X

Number of occurrences 320

[ Energia 13: 320

20
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®

9 Energia 13 v

7] M %) | | |

3D Drawing Split 3D section

1. Korrus + 1. korruse plaan. VENTILATSIOON

[1 Rooms [0 Zones

Q, Isearch registrations

105
Invatuba
144 m?

&, Tasks

Checklists

I [na Inspection plans

[&] Photos

Assets

3
K] comments

“Pesemisruum
5.2 m?

1 OTTK
Ventiahsioonit6sd
6 Tuletdkkeklappide paigaldus

- \ A o - |]7\ g i
W e6me
l I Irl]:?lmj@
. l EhPrint () View objects [ Measure 17.5m?
Pa—

Show more...
\ 1Da 09a
HE e I Tulnza :}uga uba
i 14.2 m? 14.2 m? 15.5 m?
4 Tuleohutus
4.1 Siisteemi tuleohutusnduded on
taidetud

4141 Tuletdkkeklappide paigaldus
@ 69 planned

69 regisirations
2 zones Show zones

30.06.2025



1. Ventilatsioon_Tuletokkeklapid

* Inspection point Ventilatsiooni komplekteeritus
Location Energia 13 - 1. Korrus - 1. korruse plaan. VENTILATSIOON - ABC SC 60-125
* 1.1 Klapid on paigaldatud vastavalt juhendile [ Jah Wow ]
* 1.2 Klappidele on piisav ligipiis |2|' [ Jah Wow ]
Klapi tahis FIREDAMPER

4 https:/ffield.dalux.com/service/BuildDataFile/Project/ 1096003, File/eMT2ESEflx 1ZFYuj5QltpQ/ Token/awi2rrénhopT/ac3asdae-ebd0-4054-074...  — O X
= - + & | Qale @8 -
1. FDMS tuletokkeklapp on kinni ja vinnastamata '

2. Kaitsmeid hoidev liblikmutter keerata peaaegu keermevarda kiljest lahti (kaitsme vahetamisel eemaldage
mutter taielikult).

30.06.2025



1. Ventilatsioon_Tuletokkeklapid  completed
TTK4

/" Edit  h Print ¢ More ~
Looraindies J4U0D4.1 14, 008400U.835, 4U./0

Korrus 1 Korrus 1

1.1 Klapid on paigaldatud vastavalt juhendile
Changed by Siim Saidla, PNL insenerid, 16 Jun 2025, 17:27
1.2 Klappidele on piisav ligipaas

Changed by Siim Saidla, PNL insenerid, 16 Jun 2025, 17:27

ULAN-AODEY
L=Bls |

"§P1 2100 INT1 2125 U
— ] \ O S VSR ey

105h ||, ULAMN-100E
TS L=8lis

ULAN-100{R)
L=t121is

ULAN-100(E) 1 I
L=121is i

ULAN-100(E} ULAN-100(E}
L=14l's L=-10Ifs
1071

nisium

6.2m

106b
Pesemisruum

ULAN-100(E
=Bl

T

| H’rngmzs
l—
i
| _| 1
ULAN-125(E}
L=-251is
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() Home [3 Export to Excel
[5]
SO . Vemaioonikomplekieeriwseja toimiskonuoliraport
na 5
il E Ventilatsioonisiisteem
2 1 Dokumentatsioon 2 Paigaldus 3 M0O.. 4Tdleo.. |5
% Tasks 3 & H H e e - o= : 3 g . ; H
[— & 2 d : = H : i = 3 : : H H : -
[T W 2 = S fio] = ‘= - o o] = - o = — = a =
z W | == 2 = ] ] @ w = a |l=
Q, All tasks 10 S s 208 = 2 S| EE|E|5 R~ = = z 8l e |\5
g =25 2 833238 8 s °Ts gz 3 ZlEls
& Inbox 3 EE % =2 8 2 E S E e 8 € % £ 8 E|Z|E
¢ @ S 5§ E & T©wW g EBE g g 3 g m o £ ol g |do
& Ongoing 2 % % E” B g = E % = % % g % £ % g % = %
H B :_ H = B H H H = B '_
2 3 @ 3 6 2 £ @ ac 3@ B3 T B3 =23 = @3|-|3
iti - o L T - T~ B SO R N s 1 0w M~ =N = = =
Awaiting approval T 1 Zones 22|22 2|2 | nla|ld|lca|d|c | c|n|a|<dlSEs
® Approved, follow-up 1 | s Total completed 1 3
B Closed 3 Planned registrations completed 3
B Drafts Additional registrations completed 1
. “ Planned progress (% 0 4
- [7Q Inspection plans (%)
Total registrations planned 1 69
Q, All registrations 23/24
Additional registrations .
[ Inspection plans
Planned without zone .
> B8 Inspection plan matrices
~ Zone layer: Korrus 1
~ [ 3.080_KVJ 4/5
B Korrus 1 .
[a Ventilatsiooni komplekteerituse ja toimiskontrolli raport 4/5
Il Korrus 2 .
> O 201 _Test ATV 19/19
Registrations outside zones
Checklists
{21 Dailv loa

21
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KOKKUVOTTEKS

+ Digitaalsed t66riistad labi digitaalsete infomudelite voimaldavad susteemid
votta detailideks.

+ Meil tekib selge Glevaade milliste osadega me peame tegeleme, et tagada
soovitud kvaliteeti.

+ Kontrollnimekirjad annavad ette protsessid.

+ Meil tekib selge nimekiri sisteemiosadest -> tegevustest
(kontrollnimekirjad), mille taitmist saab Uheselt kontrollida.
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PAIGLADAMINE EHITISSE

Az TOORMATERJALI
TRANSPORT
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SIMPLEBIM LAHENDUS



simplebim®

€3] - (w2l x
.I.I Home | 3D
\{) G [ @ mn @ {8 IFC Merge Settings ® \éo / @ @ [ Add Palette ~ 0 ) Q I} {®) IFC Export Settings
7 «I» Placement Editor “O . [ Change Canvas ~ oo § Author and License
Undo Redo View Model Merge Apply Run Property  Location Other Add Add BCF Export  Export
Reports ~ Filter IFC Template * Tool ¥ | Trimmer v Editors ¥+  Editor * Workspaces ~ | Bimsheet Table x Manage Workspaces ~ Manager Preview IFC ~
History Models Automate Workspaces Add-Ons Export A
Objects 0 X |Properties 0O X | NotDecided Yet [3092] Included [Empty]
Please enter filter X @ ® = e ® =
aObeadsses
Annotation 2 I
> Beam 1813
Building 1
I> Building Element Proxy 1
Building Storey 3
I Column 182
b Fastener 251
Footing 3
Grid 10/ 30
Model lv&rmation 1
Pile 158
Project 1
Site 1
> Slab 137
Stair 160
b wall 455
4 Object Groups
> & IFc Group
Object Classification Systems ’

Objects | Containment

Drag and drop objects here to
view their properties

Excluded [Empty]

@ Select | Topmost Assembly or Single Object

IR N ® % o O & & PeeingOn

<> @

0% EK_TP_TLV201 (IFC File / IFC2x3)

[CIModel Trimmer




@) simplebim’ m - & x
.ﬂ“l Home 3D
\6) @ @ @ ® IFC Merge Settings % @® \_go / @ - @ @ [ Add Palette ~ o() Q B {® IFC Export Settings
L )
«$» Placement Editor [E®] Change Canvas ~ . § Authorand License
Undo Redo View Model Merge Apply Run Model Property  Location Other BCF Export  Export
Reports ~ Filter IFC Template ¥ Tool ¥ | Trimmer * Editors ¥  Editor ¥ Workspaces ~ Blmsheet Table X Manage Workspaces ¥ |  Manager IFC~
History Models Automate Workspaces Add-Ons Export ~
Objects 0 X |Properties: 02_MATERJALID (3080) 00 X | NotDecided Yet [3082] Included [Empty]
Please enter filter b ¢ ° @ = ‘ Please Enter Filter o x ‘onperty Set - Q » <@ @ =
[> Building Element Proxy 1 4 /CO2 A1-A3 -
Building Storey 3 GWP EE biogeenne A1-A3 (kgCO2e) <no values>
P Column 182 GWP EE blogeenne A1-A3 (kgCO2e/kg)  <no values>
b Fastener 251 GWP EE fossiiine A1-A3 (kgCO2e) <no values>
Footing 3 GWP EE fossiilne A1-A3 (kgCO2e/kg)  <no values>
g 0/30 GWP EPD biogeenne A1-A3 (kgCO28)  <no values>
Model Information 1 GWP EPD biogeenne A1-A3.. <no values>
R 0 GWP EPD fossiline A1-A3 (kgCO2e) <no values>
Project i GWP EPD fossiilne A1-A3 (kgCO2e/kg) | <no values>
Sit 1
; SI z = GWP-biogeenne susinikuerijalajalg ¢... = <no values>
> Slab 1
Stal 80 GWP-EPD-fossiilne stsinikuerijalajalg.. <no values>
air
b Wall 455 GWP-fossiilne susinikuerijalajélg c,... <no values>
4 Object Groups Kaal (kg) <no values>
3 @ IFC Group Kaal (kg/m?) <no values>
4 € 01_EHITUSTOODE LIGID 3080 Tihedus (ka/m ) J5smovaloes
O 00-Checkiist 2 4 fsumsalaBIM |
©) 00.valistatud elemendid_01 01 Ehitustss liik <no values>
€ Alused ja vundamendid 01 Koostu tasand <no values>
© Avatiited 01 Materjal <no values> Excaded [10]
€2 Kandetarindid 01 Nimetus <no values>
© Katusetarindid 01 Nimimaat <no values>
© Ru indid ja pine 01 Paigaldusviis <no values>
@ Seadmed ja tehno mpty 01 Positsioon/tahis <no values>
€D Trepid ja pandused 80 01 Ristldige <no values>
@ Vilisseinad ja fass > 01 Ristidige A# <no values>
- 40omsERAD 3080 01 Ristiige e <ro values>
O 00-creckiist 107 01 Ristidige C# <no values>
g 0-Vilistatud elemendid_02 empty> 01 Ristidige D PEERIEEE
P Augutaited empty>
01 Tuip <no values>
; Betoon 743 5
; g . 01 Ulemelemendi nimetus <no values>
Infra ja Gue tooted empty> -
; 01 Ulemelemendi tahis <no values>
b €2 Mineraalsed toote <empty>
b @ Puit 1332 02 Brutopindala# <no valuess>
; @ Prandad ja pinnad cempty> 02 Kaal# (tihedus 7850 kg/m3) <no values>
R~ N 02 Kaal# (tihedus EE andmebaas) <no values>
b € Sooja-Ja niiskuse isolatsioon <empty>
b € Tehno <empty> 02 Kérgus# <no values>
b € Teras ja metall 898 02 Laius# <no values>
b @ Taitematerjal ja looduslik kivi <empty> 02 Netopindala# <no values>
€ Model Group:ABIX RHSid GRUPPIS 29167213 4 02 Paksus# <no values>
© Model Group:ABIX RHSid GRUPPIS... 4.5 02 Pikkus perimeeters | <no values>
Objects | Containment 2Rk raamy <0 ks v | @ Select |Topmost Assembly or Single Object P M @ » © O Peeling On < > 0
0% EK_TP_TLV201 (IFC File / IFC2X3) Model Trimmer




@ simplebim®

= x
“I Home | 3D
\[) G 1 {® IFC Merge Settings ® r [ Add Palette ~ 0 {®) IFC Export Settings
Y s : “Q 2 oo :
R 1 Placement Editor . [® Change Canvas ~ § Author and License
Undo Redo View Model Merge Apply Run Model Property  Location Other Add Add BCF Export  Export
Reports ~ Filter IFC Template * Tool * | Trimmer *  Editors ~ Editor ~ Workspaces ~ | Bimsheet Table X Manage Workspaces | Manager Preview IFC ~
History Models Automate Workspaces Add-Cns Export ES
Dbjects o x IPmperijes O X |Properties 0 x | NotDedded Yet [3082] Induded [Empty]
Please enter filter )(| Qo ® = e ® = o @® =
Annotation 2
P Beam 1813
Building 1
[* Building Element Proxy 1
Building Storey 3
> Column 182
I» Fastener 251
Footing 3
e o/ 30
Model Information 1
Pile 158
Project 1
Site 1
I Slab 137
Stair 80
I wall 455
4 Object Groups
i B IFc Group
Object Classification Systems Excluded [10]
Drag and drop objects here to Drag and drop objects here to
view their properties view their properties
- O x
C02_arvutus * +
<« » - C & OneDrive > =+ MALLD > AKTIVSED > CO2_arvutus Search CO2_arvutus Q
ONew- & O B ® W NSotr = Vew- -
ﬁ Home Name
A Gallery B2 01 - AUTOM-C02_Eesti-meetod_MALL-grup i i
_ empla
& Piret - TARCON OU B3 01 - CO2_Eesti-meetod_MALL-grupid+data e
637 02 - CO2_Eesti-meetod MALL xlsx Description
@ Deskiop » B2 03 - CO2_Eesti-meetod MALLudsx
® 24114_EK.ifc
& Downloads » & 24114-EK :
i Containment _ERxisx
Lo s 25 Mudel nBuded »
% EK_TP_TLV201-elemendid-grupeeritud (cube File / IFC2x3) .

b a ] hedall sl o

O 24114_EK-néidismudel.cube

o T




@) simplebim’ - & x
.ﬂ’ Home 3D
@ O E 11 @) IFC Merge Settings % @ \10_0 / @ Ea @ o Add Palette ~ Q. Q {8} IFC Export Settings
Y - *:*’ Placement Editor ‘*@ 7 : Change Canvas ~ O < § Author and License
Undo Redo View Model Merge Apply Run Model Property  Location Other Add Add BCF Export  Export
Reports ~ Filter IFC Template ¥ Tool ¥ | Trimmer ¥ Editors *  Editor ¥ Workspaces ¥ | Bimsheet Table X Manage Workspaces ¥ |  Manager Preview [IFC~
History Models Automate Workspaces Add-Ons Export ~
Objects 0 X |Properties: Slab (1 of 137) 1 X | NotDecided Yet [3082] Induded [Empty] |
' Please enter filter X @ ® = | @ < Property Set | O » @ @ =
Annotation 2 GWP EE fossiilne A1-A3 (kgCO2e) 12172,530550745834
I Beam 1813 GWP EE fosslilne A1-A3 (kgCO2e/kg) 0,12127500000000001
Building 1 GWP-fossiilne sdsinikuerijalajlg ¢ kgCO2e/(m2/a) 7,0041605102398492
I Building Element Proxy 1 Kaal (kg) 100 371,3kg
Bullding Storey 3 Kaal (kg/m?) 0
b Column 182 Tihedus (kg/m®) 2350
I Fastener 251 4 /simsalaBIM
Footing 01 Ehitustds liik Kandetarindid
Crid 20 01 Materjal Betoonisegu C30/37
Model Information 1
Plie 158 01 Nimetus Katuslagi
Project 1 02 Ruumala# 4271m3
Site 1 05 Algtarkvara 20220111_1110(x64) -...
b Slab 137 05 Hoone suletud netopind 17379
Stair 30 05 Mudeli nimi EK_TP_TLV201.ifc
b owall 455 05 Objekti klass Slab
4 Object Groups 4 Derived Properties
b & IFc Group Building Storey name @ 2KORRUS
Object Classification Systems Container Name @ 2KORRUS Excluded [10]
Container Object Class e Building Storey -
Object Class @ Slab
Object Class (type) & Slab type
4 Direct Properties
Name FloorR/b Monoliit...
Object type Floor:R/b Monoliit 220mm %
Slab Predefined Type FLOOR
Tag 7442437
4 EK_Vahelagi
001_Nimetus Katuslagi
002_Tutp KLo1
105_Tugevusklass C30/37
110_Keskkonnaklass X1
115_Monteeritav No
120_Materjal Raudbetoon
135_Ruumala 4271m3
150_Paksus 220mm
160_Neto_pindala 19471m2
4 ePset_Simplebim
Assembly Level ‘ @ single
Objects | Containment 4 Material Propiertics ~ | @ Select < > @

0% EK_TP_TLV201-ll-templ-rakend {cube File / IFC2x3)

Model Trimmer
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Ruumilise moodistamise ja
dokumenteerimise juhis

Digiarendustesseminar .

19.06.2025
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Juhendi mote ja
idee

- Juhend uhistule ja
tellijatele, kellel
puudub eelnev
kogemus

- Tuua kasutusele
Uhised moisted

- Koostatud lahtuvalt
hoonete
renoveerimisest

- Kasutatud visuaalseid
ja selgitavaid
materjale

- Fotogramm-meetria
Jja 3D skannerid

%"’q\\,, 3Di




Sisaldab

LOA - tapsusklass
LOD - detailsusklass
LOI - teabesisu tase

Keskendutakse
Mmooddistustulemustele,
vahem keskendutakse
INnterpreteerimisele

(mudelile ja
joonistele)

Erinevad mooddistamise
meetodid nagu
fotogramm-meetria ja
laserskaneerimine.

é"qﬁ 3D

5 ¥ < 3
¥ wavg ,%w'
- “ .Q:

Uldlselt enstatakse kolme tapsusklasn tase:

,'\_‘_r e L -
“% ~-Av_~,

Tiipsusklass

Lubatud standardhilve (1)

Tiiiipiline kasutusotstarve

LOA 30

+ 15— 40 mm

Sobib enamike hoonete sise- ja wvilismooddistusteks,
kavandamiseks ja projekteerimiseks

LOA 40

+5—-15mm

Sobib tehases toodetud lisasoojustuselementidega
hoonete renoveerimiseks (kérgendatud tipsusnéuded)

Sobib erilahendusteks, kus ndutakse viiga suurt tipsust | .
(niiteks metallkonstruktsioonide valmistamiseks)

-~ ﬂm ;33 T

Kombineeritud
meetod

Vajalik maksimaalne katvus
Jja tidpsus

Uhendah molema
eelmise meetodi

eelised: sobib
olukorras, kus on
tarvis detailset
punktipilve nii hoone
lihedalt
(laserskaneerimine)
kui ka
kaugemalt/korgelt
(droomfotod)

b - - -
% 3.0!._ L A ~ ~wa
e T : % s \ A *a M
- - -
: - - -
L% 5 i~ & "



Juhendi jaotus

Kasutatakse
varvikodeeringut
tulenevalt eesmargqits:

Tehaseline
renoveerimine
Ehitusplatsikeskne
Siseruumid
Inventariseerimine

Ehk tulevikus tuleb veel
tegevuse liike...

;@, 3Di

Virvikood

Tegevuse liik

Kirjeldus

SININE

Tehaseline renoveerimine

Renoveerimiseks kasutatakse eeltoodetud
lisasoojustuselemente (nt seinapaneelid), mille tarbeks
on vajalik maksimaalse tdpsusega andmestik (korged
tipsusnouded)

Ehitusplatsikeskne

renoveerimine

Enamik renoveerimistéddest teostatakse ehitusplatsil
traditsiooniliselt (nt karkassi ehitus, soojustuse
paigaldus ja krohvimine kohapeal), mistottu on
moddistamisel ja dokumenteerimisel madalamad
tipsusnouded

ROHELINE

Siseruumide moddistamine

Hoone siseruumide ja tehnosiisteemide moddistamine,
ruumiplaanide ja hoone l6igete koostamine,
olemasolevate BIM-mudelite tdiendamine/uuendamine

LILLA

Inventariseerimine

Ehitiste (hoone voi rajatise) olemasoleva olukorra

fikseerimine ja dokumenteerimine (nt kohaliku
omavalitsuse ndudel kasutusloa taotlemiseks)

T 'T_ e T

3 |

| A i i 5

I

T = =1

ol

—
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Praktikas
peamised teemad

referentsus ja andmete
kontroll projekteerimise
kaigus. Tahised.

katvus — kas ainult
skaneering maast, voi ka
korgelt voi ka drooniga.

mudel, joonis voi
punktipilv....

hajuvus ja tapsus,
erinevad skannerid ja
nende tapsused:
O0,5mm -6 mm.

fotogramm-meetria?!

M\C"Q\T, 3Dj




VEELEID

3D ekspert

Hades Geodeesia

3Di asutaj
CEO

vaiko@3di.ee

www.3di.ee



http://drive.google.com/file/d/1WtPqYF08NIrdWIg3EJ0n5xHpjO-yJFjS/view

