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Ukraine:
Population 36.7 mln (2023)

Area  603 628 km2

Time zone UTC+2
    Summer UTC+3



Ternopil
Population 225 thousand inhabitants (2022)
Area 72 km²
The first written reference  in 1524
City was founded in 1540 by Polish nobleman Jan Amor Tarnowski
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of Applied Information Technologies and Electrical Engineering, 
of Computer Information Systems and Software Engineering, 
of Economics and Management
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Ivan Puluj
(1845-1918)

puluj-museum.tntu.edu.ua/



Why Construction?



https://mhinfographics.com/2024/06/22/visualizing-the-destruction-in-ukraine-a-years-
long-project-following-satellite-clues/

https://www.rferl.org/a/ukraine-destroyed-cities-
russia-war/32454453.html



https://www.rferl.org/a/ukraine-destroyed-cities-russia-war/32454453.html



We want to live 
in a smart house.

How do we envision it?



monday.com/blog/project-management/design-process/ https://www.nngroup.com/articles/design-thinking/

We start here



Characteristic features of smart building :

- a residence that uses internet-connected devices to enable the 
remote monitoring and management of appliances and systems, such 
as lighting and heating1;
- provide insights into energy use that can help you become more 
energy efficient and mindful of ecological factors2;
- efficient and intelligent home3;
- a residence equipped with devices that automate tasks normally 
handled by humans4; 
- a house which is equipped with connected devices that can be 
programmed and controlled remotely via a smartphone or computer5,
- comfortable and intuitive6.

[1] www.techtarget.com/iotagenda/definition/smart-home-or-building, 
[2] https://www.constellation.com/energy-101/what-is-a-smart-home.html, 
[3] https://www.eescorporation.com/smart-home-devices-checklist, 
[4] https://www.vationventures.com/glossary/smart-home-definition-explanation-and-use-cases, 
[5] https://smarthomeenergy.co.uk/what-smart-home/,
[6] personal opinion.
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- comfort, safety 
and efficiency.

www.techtarget.com/iotagenda/definition/smart-home-or-building



and control!

https://www.eescorporation.com/smart-home-devices-checklist/



Intrusion protection - Wireless security devices

https://ajax.systems/solutions-by-facility-type/apartments/



What about industry?

5th ?

Human 
and AI in 
harmony?



More control!

https://ceur-ws.org/Vol-3468/paper2.pdf



Why do we care?



https://www.undp.org/sustainable-development-goals



https://www.researchgate.net/figure/Natural-and-the-human-enhanced-greenhouse-gas-effect-in-the-atmosphere-
10_fig2_364315857



https://commons.wikimedia.org/wiki/File:Atmospheric_Transmission.png





Nuclear is still the best! https://www.researchgate.net/figure/Different-types-of-renewable-
energy-sources-within-main-utilizations-28_fig4_364315857



So we decided, we need:

https://www.eescorporation.com/smart-home-devices-checklist/

 Smart Lighting Solutions;

 Smart Thermostat;

 Smart Plugs;

 Smart Home Air Quality;

 Smart Home Air Quality;

 Smart Locks;

 Smart Home Network;

 A Virtual Assistant.



This is our smart house:

https://www.datasciencecentral.com/smart-home-as-a-service-how-smart-homes-can-deliver-1/



Sensors (data sources), IoT (Internet of Things), embedded systems

How do we get there?



https://www.mdpi.com/2078-2489/12/2/87 https://dgtlinfra.com/internet-of-things-iot-architecture/



https://www.researchgate.net/publication/325154131



Hall effect

current

Magnetic field 

transverse 
votlage

https://www.researchgate.net/publication/325154131



communication



What’s about 
intelligence?



Intelligent systems are 

technologically 

advanced machines 

that perceive and 

respond to the world 

around them.

www.csee.umbc.edu/courses/471/papers/turing.pdf



https://www.youtube.com/watch?v=1wVgtINZIT4   and more



What are the 
constraints?



https://worldgbc.org/advancing-net-zero/what-is-a-net-zero-carbon-building/



https://www.thinkwood.com/sustainable-architecture-design/net-zero-carbon-buildings

… manufacturing lumber is the least energy intensive, at 33kg net carbon emissions per 
production ton, compared to 220kg for recycled steel, 265kg for concrete, and 694kg for 
virgin steel...

https://ukgbc.org/resources/net-zero-carbon-one-pager-for-new-buildings/

Total Energy Use Intensity (EUI) - 
Energy use measured at the meter should be equal 
to or less than:
• 35 kWh/m2/yr for residential
For non-domestic buildings EUI equal or less than:
• 65 kWh/m2/yr for schools
• 70 kWh/m2/yr (Net Lettable Area) or 55 
kWh/m2/yr (Gross Internal Area) for commercial 
offices

Building fabric is very important therefore
space heating demand should be less than
15 kWh/m2/yr for all building types.



Energy consumption in buildings

https://climateactionaccelerator.org/solution-areas/energy_consumption_of_buildings/

https://energy.ec.europa.eu/system/files/2016-11/energyuse_0.pdf



Energy consumption in buildings

https://energy.ec.europa.eu/system/files/2016-11/energyuse_0.pdf



https://publications.jrc.ec.europa.eu/repository/bitstream/JRC130732/JRC130732_01.pdf



https://publications.jrc.ec.europa.eu/repository/bitstream/JRC130732/JRC130732_01.pdf



How to overcome 
obstacles?
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New materials?



q y=−κ
∂T
∂ y

What do we heat?



Self-healing concrete ? 

https://www.rics.org/news-insights/building-a-sustainable-future-the-incredible-potential-of-self-healing-concrete

https://pmc.ncbi.nlm.nih.gov/articles/PMC9106089/



Compressed Earth Blocks (CEB) ?

https://uku.eu/en/clay-products/ceb-compressed-earth-block/



Richlite (recycled and renewable forest products combined with a 

thermosetting resin under extremely high heat and pressure) ? 

https://www.richlite.com/



Light-Generating Concrete?

https://theconstructor.org/building/smart-materials/light-emitting-cement/210471/



Translucent Wood?

https://www.newscientist.com/article/2265874-wood-can-easily-be-turned-transparent-to-make-energy-
saving-windows/#ixzz7P7Av0sSb



Power-generating glass?

https://architecturecompetitions.com/5-innovative-materials-in-architecture-construction



HexChar  (non-toxic bioplastic made of biochar from 

forest and agricultural waste capturing carbon) ?

https://www.planradar.com/gb/top-15-innovative-construction-materials/#16



New technologies?



https://www.intellectsoft.net/blog/emerging-construction-technology-trends/

 Project Management Software;
 Virtual and Augmented Reality;
 Generative AI;
 Drones;
 Construction Robotics and Automation;
 Digital Twin;
 3D Laser Scanner;
 4D Simulation;
 Building Information Modelling;
 3D Printing;
 Data Analytics in Construction Technology. 

Emerging Construction Technology Trends



Digital Twins?



https://www.researchgate.net/publication/323397001_Digital_twin-driven_product_design_framework



Digital twin reference architecture

SMILE Knowledge Nugget
„Digital Twins for Smart Manufacturing“

https://developer.ibm.com/articles/what-are-digital-twins/



Building information 
modeling?

Building Information Modeling (BIM) is a collaborative way for multidisciplinary information storing, sharing, 
exchanging, and managing throughout the entire building project lifecycle including planning, design, 
construction, operation, maintenance, and demolition phase.

2017, Encyclopedia of Sustainable Technologies

Building information modeling (BIM) is described in various ways: as a technology and a 
methodology, as product modeling and process support, as three-dimensional (3D) and n-
dimensional (nD) technology, as object-based representation and shared knowledge resource, but 
above all as a promise of higher performance. 

2020, Advances in Construction and Demolition

https://www.sciencedirect.com/referencework/9780128047927/encyclopedia-of-sustainable-technologies
https://www.sciencedirect.com/book/9780128190555/advances-in-construction-and-demolition-waste-recycling


https://www.autodesk.com/solutions/aec/bim/structural-engineering

Seamless Collaboration
Optimized designs

Design Automation
Integrated Analysis



https://www.magicad.com/whitepapers/energy-efficient-buildings-sustainable-future/



https://blogs.unity3d.com/ru/2019/03/12/look-closer-thats-the-power-of-real-time-3d-for-aec/

https://blogs.unity3d.com/ru/2019/03/12/look-closer-thats-the-power-of-real-time-3d-for-aec/


VR / AR ?



https://www.interaction-design.org/literature/topics/extended-reality-xr



www.made-cc.eu



www.made-cc.eu



http://www.museivaticani.va/content/museivaticani/en/collezioni/musei/cappella-sistina/tour-virtuale.html



https://museums.authenticukraine.com.ua/ua/



https://puluj-museum.tntu.edu.ua/





https://blog.cartif.es/en/digitizing-cultural-heritage-what-are-we-talking-about/
https://curio.zubr.co/case-study/carrickfergus-castle/

https://curve.gr/en/

Industry 
5.0



Time to wrap up.

So, what do we use in design of smart 
building of tomorrow?

- new ideology,
- new materials,
- new enabler technologies,
- new requirements...

https://www.nngroup.com/articles/design-thinking/



and be 
aware of real 
nature of our 
world...
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