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The SmartWins Project at a glance

Project Title Boosting Research for a Smart and Carbon Neutral Built Environment
with Digital Twins

Project acronym: SmartWins
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The SmartWins Project Short Description

= Artificial intelligence, digitalisation, and digital twin technologies have
led to many recent advancements.

* |n collaboration with the Kaunas University of Technology, Lithuania, the EU-
funded SmartWins project aims to assist the university's Sustainable Energy Iin
the Built Environment research group to improve its research capacities.

= Relying on research and cooperation with leading energy institutions and
universities, the project aims to discover novel ways to high-quality research
on the topic of next generation digital twins, applied for allowing the
transition to a smart, sustainable, resilient and carbon neutral built

environment.
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What are the Twinning projects?

= Twinning aims to enhance networking activities between the research
institutions of the Widening countries and top-class leading counterparts
at EU level by linking it with at least two research institutions from two
different EU MS.

= Twinning projects aim to build on the potential of networking for excellence
through knowledge transfer and exchange of best practice.

= Twinning actions intend to help raise the research profile of the institution
from the Widening country as well as the research profile of its staff
Including a special focus on strengthening the research management and
administrative skills of the coordination institution from the Widening country.
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What are the Twinning projects?

@ Widening participation/spreading excellence
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SmartWins Concept in a Nutshell
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SmartWins Implementation Plan WP1

WP1

@® Smart technologies for smart buildings: Digitization, loT and Indoor Environment Quality

30
D1.3. Scientific report on loT  []------- SN ——— |
and digital twins in smart El D1.1 Scientific report on smart
. building whole life digitized
|  assessment (UG
MS3 Research milestone @------------ D1.4. Scientific reporton the  [1----[7] p1.2. Scientific report on thein-
_ energy assessment of door environmental quality as-
buildings in BIM environment sessment with the use of smart
CON Sensors

Task 1.1. Integral components of smart buildings whole life digitized assessment (leader: KTU; start: M01; end: M30)
Task 1.2. Indoor environmental quality assessment wnth smart sensors (Ieader PollMl, start MO1; end: M30)
\Task 1‘3 IoT and dlgltal wins fo s (leader: start: M01 ‘end: M30)
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SmartWins Implementation Plan WP2

© Research competence building. Research management and administration capacity building

6 17 30 36
. D2.1. Research man- D2.2. First research - MS4 Structure of grant ap- D2. 3 Grant plan and grant | Ij
agement perfor- competence report plications finalized e ; application report
. mance review | ; [ InnoT ] '
POLIMI @ | MS1 Reseach ) i
[ POLIMI performance review MS5 Research management units upgraded and | @ ----- D24 Final research compe- ]
done research competence building actions performed tence building report

Task 2.2. Scientific confe
Task 2.3. Scientific workshops( ader: KTU start
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SmartWins Implementation Plan WP3

@ Linkages with businesses, citizen engagement and policy making

5 12 17 24 36
; D3.1. First [ D3.2. Citizen [] @S 03 4. Final []
5 . business report events report business report

5 5 [ InnoT | D3.3 Policy [] (IETID

! MS6 Brokerage ® report

events planned

Task 3.1. Brokerage events (leader: InnoT; st
Task 3.2. Application for technology transfer grants (leader: InnoT; start: M25; end: M36)

Task 3.4. Policy report (leader: KTU; start: M19; end: M24)

WP3
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SmartWins Implementation Plan WP4

D4.1. First m D4.2. Final
education report education report
MS7 Education ac-

tions planned

Task 4.1. Training sessions (leader: PoliMi; start: MO1; end: M36)
Task 4.2. Summer/winter schools (leader: KTU: start: MO1: end: M36)

Task 4.3. New curriculum on Digitization of Built Environment Design and Assessment (leader: POLIMI; start: M13; end: M36)
Task 4.4. Application for Erasmus+, MSCA Doctoral Networks, and MSCA Staff exchanges funding (leader: InnoT; start: M01; end: M36)




Objectives - Task 1.1

Objective: Improve KTU's research competence Iin sustainable building
engineering using digital twins.

Task 1.1: Integral Components of Smart Buildings
= eader: KTU
=Duration: MO1 to M30

*Focus: Analyze life-cycle assessment and sustainability in building energy
assessment; develop sustainability indicators; integrate BIM documents for

environmental assessment.
SmartlAlins
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Task 1.2 - Task 1.3

Task 1.2: Indoor Environmental Quality Assessment
=|_eader: PoliMi

=Focus: Review and implement research on IEQ factors, tools, and
measurements; evaluate indoor environmental quality using advanced tools.

Task 1.3: 10T and Digital Twins for Smart Buildings
| eader: CERTH

*Focus: Develop monitoring and calculation procedures for operational energy
assessment using smart sensors and digital twins; document current practices

and data management.

Review Meeting, 15 Mar 24 13



Task 1.4 - Deliverables

Task 1.4: Energy Assessment in BIM Environment
=| eader: CON

=Focus: Incorporate energy and non-energy aspects in building assessments; develop
asset-based methodology for BIM environment.

Deliverables:

=D1.1: Scientific report on smart building assessment (KTU, M30)
=D1.2: Report on indoor environmental quality (PoliMi, M30)
=D1.3: Report on loT and digital twins (CERTH, M30)

=D1.4: Report on energy assessment in BIM (CON, M30)

SmartlAlins
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WP1 - Achievements in Brief

Task 1.1 BIM to LCA application

Building assessment information
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Environmental impacts

Output flows and Waste categories

Resource use
E Renewable primary energy as
energy carrier

Global warming potential
Depletion potential of the
stratospheric ozone layer

H - Acidification potential

Renewable primary energy
resources as material utilization

Total use of renewable primary

energy resources
Non-renewable primary energy as

material utilization
:

Eutrophication potential

Photochemical oxidant creation
tential
Smog formation potential

Abiotic depletion potential for
non-fossil resources

' m Abiotic depletion potential for fossil
' resources
Fossil fuel consumption

primary energy as
energy carrier

Total use of non-renewable
primary energy resources

i

Use of secondary material

Use of renewable secondary fuels

Use of non-renewable secondary

I’

Use of net fresh water

Reference: Klumbyte, E., Georgali, P. Z., Spudys, P., Giama, E., Morkunaite, L., Pupeikis, D., ... & Fokaides, P. (2023). Enhancing whole building life cycle assessment through building information

Hazardous waste disposed
Non-hazardous waste disposed
Radioactive waste disposed

Components for re-use

: Materials for recycling
=)
| (=)

Materials for enery recovery

il

Exported electrical energy

Exported thermal energy

modelling: Principles and best practices. Energy and Buildings, 296, 113401.

6D BIM

Stage 1 Stage 2
Data Preparation Programming API
3D BIM modelling
~ Architecture
(Autodesk Revit
(rvt) 2921,.2022 or (‘,!"_EﬁF'e?ESH:’5
S database, OneClickLCA
or simmilar)
Y v
Data extraction
through API
(Python programming
» language and pandas,
ifcOpenShell, PyPDF2
libraries)
v
IFC
Output: ifc Calculation
procedure
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Stage 3
6D BIM

6D BIM model prepared

Fig. 8. 3D model of investigated pilot.

Table 2
Whole Building LCA assessment using the OneClickLCA software, cradle-to-gate phases (A1-A3 and A4-AS).
No.  Material IfcMaterial Mass, Area, Volume, COze/ GWP, ODP, AP kg EP,kg POCP, ADPE, ADPF,
[y ] cat kgco, kg 2eq PO} keGH, kesb  Mieg
«a e « « «
1leq
0 Glass wool Fiberglase 352079 846.07 73773 131E+ 135E 3125 40SE 189  7,46E 223
insulation, blown, & Batt m2 00 o7 03 04 04 05 +01
= 0.040 W/mK, 100
mm, 1.35 ke/n?,
13.5 ke/m® (Knauf)
1 Red brick, Brick, 117362 347.38 1282727  1,58E+ 8,69E- 1,358 5,00E-  7,51E- 4,34E- 2,84E
Gommen 02 o5 S0 o2 0 o7 so3
2 Wood NL 04695 (31249 22054 -755E 45 253 SI2E  82E  1®E 321
floor +02 10 o1 02 05 +02
structure)
1092
3 Rigid 62023 (26679 261896 GESE+ 295E  480E 943E  LISE  396E 1,99
insulation floor. 00 07 02 03 2 05 +02
structure)
%9
4 Concrete, 629.23 266.79 32.6401 1,36E + 3,09E- 2,12E-  444E  2,]4E- 5,06E 2,96E-
Sand/ (floor 02 03 o1 oz 02 +02 04
Cement E )
Sereed 13.843
5 Metal Stud 85,250 1369383  1,70E + 7,60E- 6,40E 3,60E-  8,10E- 2,30E- 2,008
Layer 03 [ +00 ol o1 05 404
s Copper 25000 - ~ 215624 490E  GI6E  149E 1208 133 130E 56
o1 12 03 o 0 o5 +00
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WP1 - Achievements in Brief

Task 1.1 A Comparative Life Cycle Assessment of Building Sustainability Across Typical

European Building Geometries

EU building stock

i

—~Type
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INDOOR ENVIRONMENT
REQUIREMENTS
EN 16798-1 indoor environment
[ EN16798-3 ventilation systems
EN 12464-1 visual environment

l I

‘ HEAT GAINS

EN 16798-1 internal gains
EN ISO 52022-1& -3 solar gains

EPBD National

regulations

Minimum
thermal
reguirements

6

Typical
geometries

[~ e

BIM models
(.ifc file)

BUILDING FABRIC

EN 150 13370 transm. groul

EN 1SO 13789 thermal transmission

EN SO 10077 transm. windows

ind floor

Comparative
assessment

One
Clic

Life

-~~~
LCA
i

Cycle

Assessment

CLIMATIC CONDITIONS

l

'

Calculation Of Building Energy Needs (

For Heating, Cooling And (De] fi-
cation En Iso 52016-1
Calculation Of Building Power Demand

Public regulations: POSTPROCESSING
Background information: EN ISO 52003 (overall performance) & EN ISO
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L

Reference: Spudys, P., Osadcha, |., Morkunaite, L., Clare, M.F., Georgali. P.Z, ... & Fokaides, P.
(2024). A Comparative Life Cycle Assessment of Building Sustainability Across Typical

European Building Geometries, Energy
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WP1 - Achievements in Brief

Task 1.1 Geometric parameter updating in digital twin of built assets

GT forecasting maching leaming
Technical ii
Design ) computatiogal modeling
! prediction * e-leaming
_\ Spatial Coordination l Handover J ‘ g docprity
Site information. Site surveys, Modeling existing conditions | deep learning sdgelo@ipuiing p—
Cost estimation, Project budget | se‘ e 4

Phase planning. Project program and execution plan

Site analysis |

Design review

"™ obstics artificial ﬁigence

Design authoring
Energy analysis . geoffietry

Structural analysis b4

Lighting analysis

Mechanical analysis | ! constilsction

Rib] amr&nmiﬂn 7 B~ L4 ’ y
woneco gesn ARSI iegycie
Construction programme ‘ @ ma ’ em ystems
| Construction system design ; . cyber-physical systems
BIM ! Digital fabrication

3D control planning sustainability

Site utilization planning, site logistics

/
industrigffesearch

Construction quality ‘

Record model, project performance

Planning for use strategy

Maintenance scheduling ‘

Building system analysis

Asset management

Post occupancy evaluation. project outcomes
Digital Twin Demolition planning

Reference: Osadcha, I., Jurelionis, A., & Fokaides, P. (2023). Geometric parameter updating in digital twin of built assets: Sma rt Tns
A systematic literature review. Journal of Building Engineering, 106704.
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WP1 - Achievements in Brief

Task 1.3 Urban traffic congestion prediction: A multi-step approach utilizing sensor data
and weather information
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First evidences on Smart Operational Rating

@ LOIN Information

§ Data processing
F4 : = Monitoring
T @ Survey . oo
'_3 J,— > Modelling H$E| = Infrastructure
n Plans . e
> [
£
= D’ Physical Asset
° é; Energy Metrics
©
E J
© BIM Model Digital Twin
=)
E
>
® £
S o
% E @ KPIs Methodology » Calculation procedure Dynamic Operational
5 Assessment, Visualization
2 9
O

Spudys, P, Afxentiou, N., Georgali, P. Z., Klumbyte, E., Jurelionis, A., & Fokaides, P. (2023). Classifying the operational energy performance of buildings with the
use of digital twins. Energy and Buildings, 290, 113106.



First evidences on Smart Operational Rating

Assessed Indicators

Total Power/Occupancy

Total Power/Occupancy Hours

Total Power/Area

Total Power/Volume

Heating Consumption per Energy Carrier/Occupancy
Heating Consumption per Energy Carrier/Occupancy-hours
Heating Consumption per Energy Carrier/Area

Heating Consumption per Energy Carrier/\Volume

Cooling Consumption per Energy Carrier/Occupancy
Cooling Consumption per Energy Carrier/Occupancy-hours
Cooling Consumption per Energy Carrier/Area

Cooling Consumption per Energy Carrier/\Volume

Weather-Normalized Heating & Cooling Energy Cons.

Spudys, P, Afxentiou, N., Georgali, P. Z., Klumbyte, E., Jurelionis, A., & Fokaides, P. (2023). Classifying the operational energy performance of buildings with the
use of digital twins. Energy and Buildings, 290, 113106.

kWh/occupants
kWh/h*occupants
kWh/mz
kWh/m?
kWh/occupants
kWh/h*occupants
KWh/m?
kWh/m?
kWh/occupants
kWh/h*occupants
kWh/me

kWh/m?

Lighting/Occupancy

Lighting/Occupancy-Hours

Lighting/Area

Lighting/Volume

Electrical Appliances Energy Consumption/Occupancy
Electrical Appliances Energy Consumption/Occupancy-hours
Electrical Appliances Energy Consumption/Area
Electrical Appliances Energy Consumption/Volume

DHW Consumption per Energy Carrier/Occupancy

DHW Consumption per Energy Carrier/Occupancy-hours
DHW Consumption per Energy Carrier/Area

DHW Consumption per Energy Carrier/Volume

kWh/occupants
KWh/h*occupants
kwWh/mz
KWh/m?
kWh/occupants
kWh/h*occupants
KWh/m?
KWh/m3
kWh/occupants
kWh/h*occupants
kWh/m?

KWh/m:



First evidences on Smart Operational Rating
Worked Example - Frederick University Building

2nd Foor Total Power Consumption : kWh (power)

d Time: 20220531 00:00:00 \
Measurement: 5 89 kwh

Spudys, P, Afxentiou, N., Georgali, P. Z., Klumbyte, E., Jurelionis, A., & Fokaides, P. (2023). Classifying the operational energy performance of buildings with the
use of digital twins. Energy and Buildings, 290, 113106.



First evidences on Smart Operational Rating
Physical VS Digital World

Physical world Digital world
BIM file KPIs calculation
Static building methodology
data l J
@ Data loggers ———>» Web-dashboards &= Data processing %
aD

1 |
l ] [json
@@O@ SRS % .csv format data > Database ﬁ @\/
J ~——

v

Grafana kSNL.q;mﬂ
dashboards G

|

Q iTwin
=) visualization

Spudys, P, Afxentiou, N., Georgali, P. Z., Klumbyte, E., Jurelionis, A., & Fokaides, P. (2023). Classifying the operational energy performance of buildings with
the use of digital twins. Energy and Buildings, 290, 113106.



First evidences on Smart Operational Rating
Operational Assessment

140
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Spudys, P, Afxentiou, N., Georgali, P Z., Klumbyte, E., Jurelionis, A., & Fokaides, P (2023).
Classifying the operational energy performance of buildings with the use of digital twins.

129,59

67,39

40,77

Summer

72 48 74,55

47,97

Autumn

Energy and Buildings, 290, 113106.

54,74 5255

42,22

Winter

73,51

50,6154’61

Spring

H Heating/Cooling, kWh/occupant O Lighting, kWh/occupant OAppliances, kWh, occupant

Table 4
Seasonal operational Indicators.
Load Amount Unit
Summer  Autumn  Winter  Spring

Heating and Cooling/ 129.59 72.48 54.74 73.51 kwh/
Occupancy occupant

Heating and Cooling 16.19 9.07 6.85 9.19 kwWh/
Consumption per h*oceupant
Energy Carrier/

Occupancy-hours

Heating and Cooling/ 9.89 5.53 4.18 562 LkWh/m?
Area

Heating and Cooling/ 3.28 1.83 1.38 1.85  kWh/m®
Volume

Lighting/Occupancy 40.77 47.97 4222 5061 kWh/
(1st and 2nd floor) occupant

Lighting/Occupancy 5.09 6.00 5.65 633 kWh/
Hours (1st and 2nd h*occupant
floor)

Lighting/Area (1st 3.14 3.70 3.48 3.90 kwh/m?
and 2nd floor)

Lighting/Volume (1st 1.05 1.24 1.17 130 kWh/m®
and 2nd floor)

Electrical Appliances 67.39 74.55 52.55 5461 kWh/
Energy occupant
Consumption/

Occupancy (1st and
2nd floor)

Electrical Appliances 8.43 9.33 6.57 6.83  kWh/
Energy h*oceupant
Consumption/

Occupancy Hours
(1st and 2nd floor)

Electrical Appliances 5.19 5.74 4.05 420 kWh/m?
Energy
Consumption/Area
(1st and 2nd floor)

Electrical Appliances 1.74 1.93 1.35 1.41  kWh/m®
Energy
Consumption/

Volume (1st and
2nd floor)



First evidences on Smart Operational Rating

Operational Assessment
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74,55 73,51

20 67.39 72,48
60 54,74 52,55 54,61

47,97 S001
40,77 42,22

40

20
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Spudys, P, Afxentiou, N., Georgali, P Z., Klumbyte, E., Jurelionis, A., & Fokaides, P (2023).
Classifying the operational energy performance of buildings with the use of digital twins.
Energy and Buildings, 290, 113106.

Table 5
Annual operational indicators.
Load Annual Unit
Amount
Total Power/Occupancy 1692.76 kWh/occupant
Total Power/Occupancy Hours 211.62 kWh/
h*occupants

Total Power/Area 128.22 kWh/m?

Total Power/Volume 41.95 kWh/m?

Heating Consumption per Energy Carrier/ 95.76 kWh/
Occupancy occupants

Heating Consumption per Energy Carrier/ 11.93 kwh/
Occupancy-hours h*occupant

Heating Consumption per Energy Carrier/Area 7.31 kWh/m>

Heating Consumption per Energy Carrier/Volume 2.41 kWh/m*

Cooling Consumption per Energy Carrier/ 234.57 kWh/
Occupancy occupants

Cooling Consumption per Energy Carrier/ 29,32 EWh/
Occupancy-hours h*occupant

Cooling Consumption per Energy Carrier/Area 17.91 kWh/m*

Cooling Consumption per Energy Carrier/Volume 5.93 kWh/m®

Lighting/Occupaney (1st and 2nd floor) 184.57 kWh/occupant

Lighting/Occupancy Hours (1st and 2nd floor) 23.07 EWh/

h*occupant

Lighting/Area (15t and 2nd floor) 14.22 kWh/m*

Lighting/Volume (1st and 2nd floor) 4.76 kWh/m?

Electrical Appliances Energy Consumption/ 249.10 kWh/occupant
Occupancy (1st and 2nd floor)

Electrical Appliances Energy Consumption/ 31.16 kWh/
Occupancy Hours (1st and 2nd floor) h*occupant

Electrical Appliances Energy Consumption/Area 19.18 kWh/m*
(1st and 2nd floor)

Electrical Appliances Energy Consumption/ 6.43 kWh/m®
Volume (15t and 2nd floor)

Ground floor Power,/Occupancy (October 2021 — 928.76 kthoc+pmt
May 2022)

Ground floor Power,/Occupancy Hours (October 116.09 kWh/
2021 — May 2022) h*occupant

Ground floor Power/Area (October 2021 — May 69.60 kWh/m?
2022)

Ground floor Power/Volume (October 2021 — 22.42 kWh/m?

May 2022)




First evidences on Smart Energy Audits

Data validation
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Spudys, P, Jurelionis, A., & Fokaides, P. (2023). Conducting smart energy audits of buildings with the use of building information modelling. Energy and
Buildings, 285, 112884.



First evidences on Smart Energy Audits
Flowchart of asset property values extraction

Definition of the relations

Extraction of the values
IFC file —
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Y

Spudys, P, Jurelionis, A., & Fokaides, P. (2023). Conducting smart energy audits of buildings with the use of building information modelling. Energy and
Buildings, 285, 112884.
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Material Relationship Schema

Spudys, P, Jurelionis, A., & Fokaides, P. (2023). Conducting smart energy audits of buildings with the use of building information

Buildings, 285, 112884.
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Comparison Report
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Spudys, P, Jurelionis, A., & Fokaides, P. (2023). Conducting smart energy audits of buildings with the use of building information modelling. Energy and
Buildings, 285, 112884.
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Parametric assessment, payback period of potential energy upgrade
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Spudys, P, Jurelionis, A., & Fokaides, P. (2023). Conducting smart energy audits of buildings with the use of building information modelling. Energy and
Buildings, 285, 112884.
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