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MATERIJALI, ENERGIJA, 
ZGRADE
Doc.dr.sc. Bojan Milovanović dipl.ing.građ.
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Sadržaj objavljenog materijala isključiva je odgovornost korisnika/partnera

KONKRETNO!
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ANKETA
Green building survey…
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https://designer.voxvote.com/Account/Login

Vote on live.voxvote.com PIN: 85170
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Zelena gradnja? Da / Ne?
• BIGH Farm – Building integrated green house

• Staklenik na zgradi – uzgoj biljaka i ribe 
• koristi otpadnu toplinu iz zgrade i CO2 za uzgoj biljaka i ribe koje prodaju u 

gradu i okolici
• Rekuperacija 60% otpadne topline – zapravo rooftop cooling tower
• 60 zaposlenih ljudi – „new chance in life people”
• Zero waste in terms of water
• U središtu Bruxelless-a – Midi station
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Izvor: Steven Beckers
https://bigh.farm/
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Izvor: Steven Beckers
https://bigh.farm/

Zelena gradnja? Da / Ne?
6

Materijal MJ/kg Materijal MJ/kg Materijal MJ/kg Materija l MJ/kg

Čelik 20,1 Armirani beton 1,9 Drvo sušeno na zraku 0,5 Glineni crijep 6,5

Aluminij 155 Opeka 2,5 Cementni mort (1:3) 1,33 Bale slame 0,91

Ugrađena energija (Embodied energy) - info Izvor: https://en.wikipedia.org/wiki/Embodied_energy

Izvor: 
https://www.moma.org/interactives/exhibitions/2010/smallscalebigchange/projects/primary_school.html

Gando Primary School
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20 Fenchurch Street, London - The Walkie Talkie
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Izvor: https://www.breeam.com/case-studies/offices/20-fenchurch-street-london/

Zelena gradnja? Da / Ne?
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Izvor: 
http://www.biotecture.uk.com/portfolio/20-fenchurch-street/

Izvor: Martin Pettitt
https://www.flickr.com/photos/mdpettitt/20491378989

20 Fenchurch Street, London - The Walkie Talkie

20 Fenchurch Street, London - The Walkie Talkie
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Izvor: https://www.breeam.com/case-studies/offices/20-fenchurch-street-london/
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KOJI JE KRITERIJ ZA 
PROGLAŠENJE 
ZGRADE ZELENOM?
Znate li? Kratka diskusija…

10

What makes a building green?

• The California Department of Resources Recycling and 
Recovery (CalRecycle)

A structure that is designed, built, renovated, operated, or reused in an
ecological and resource-efficient manner. 

Green buildings are designed to meet certain objectives such as 
protecting occupant health; improving employee productivity; using

energy, water and other resources more efficiently; and reducing the
overall impact to the environment.

• Izvor: Sam Kubba: Handook of Green Building Design and Construction
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ZAŠTO?

12
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Rast broja stanovnika na Zemlji
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Rast broja stanovnika po kontinentima

14

Stanje u svijetu…

• By 2020, China hopes to move 100 million people from the 
country's farming regions into cities!!!

• By 2026, it hopes to move 250 million !!!
• “National New-type Urbanization Plan (2014-2020).”
• Izvor: Chris Weller; Aug. 4, 2015

• Što zna či da cca 450000 ljudi tjedno dolazi u gradove!!!
• The 2020 plan calls for:

• major extensions to railways and expressways so that all cities with more than 
200,000 people are connected. 

• High-speed rail will join cities with at least 500,000 people.
• Housing

15
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Stanje u svijetu…

• In 2009, 
• China had 221 cities with 

more than a million 
people in them, 

• compared with only 35 in 
Europe. 

• Even relatively minor 
cities like Zhengzhou 
and Jinan are more 
populous than Los 
Angeles or Chicago.

16
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PORAST BROJA

STANOVNKA

GLOBALIZACIJA

INDUSTRIJALIZACIJA

POVEĆANJE 
ZAGAĐENOSTI 
OKOLIŠA???

PROBLEM!!!

Dongtan Eco-City urban concept, Shanghai, China

• The developers plan on a fully built city, with 80,000 
residents by 2020

• When construction ends in 30 or 40 years, 500,000 
people will likely live in Dongtan's three villages.

18
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The King Abdullah Economic City, 
(KAEC, pronounced "cake")

• The new city will cost $100bn to complete
• When completed KAEC will be larger than 

Washington DC (2 million people)
• due to be completed in 20 years
• Only 15% of the city has been finished so far

Haramain railway station
Sir Norman Foster

KAEC’s Central Business District in 
November 2013

19

Izvor: Sylvia Smith BBC News, Saudi Arabia; 20.03.2015 (http://www.bbc.com/news/world-middle-east-31867727)

https://www.kaec.net/

Kako graditi? Što je realno?

Drvo? Beton? Čelik?
Potrošnja energije?

20

Iglu…

21

• Osigurava sklonište – osnovni smisao zgrade
• Ugodni i sigurni unutarnji okoliš – za dane 

vanjske uvjete
• Dostupni obnovljivi resursi

• Je li savršeno?

• Je li održivo?
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Dostupni resursi – voda, zrak, fosilna goriva

22

KAKAV JE UTJECAJ 
ČOVJEKA NA OKOLIŠ?

23

Vizualizacija promjene temperature od 1880 - 2016

August 2016 was the warmest August in 136 years of modern record-keeping, according to a monthly 
analysis of global temperatures by scientists at NASA’s Goddard Institute for Space Studies (GISS).

Izvor: http://earthobservatory.nasa.gov/blogs/earthmatters/2016/09/12/heres-how-the-warmest-
august-in-136-years-looks-in-chart-form/ 

24
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Animacija promjene 
temperature između 1900 –
2016 za pojedine zemlje
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(By Antti Lipponen 

https://twitter.com/anttilip/status/892318734244884480

Povećanje CO2eq u atmosferi
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Izvor: https://www.climate.gov/teaching/resources/temperature-and-co2-concentration-
atmosphere-over-past-400000-years

RESILIENT
STRUCTURES

27
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Urban resilience 
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“the capacity of individuals, communities, institutions, 
businesses, and systems within a city to survive, adapt, 
and grow no matter what kinds of chronic stresses and 

acute shocks they experience.”

Izvor: 
100 Resilient Cities—Pioneered by The Rockefeller Foundation (100RC)

Resilient buildings
• Kako se građevine (sadašnje ili buduće) mogu prilagoditi promjenama 

u njihovom okolišu?

• Resilience?
• Tolerirati, prevladati… ispadi struje, klimatske extreme, promjene klime, itd.

• Resilient - Jesu li to i zgrade male potrošnje energije? 
• Ostat će tople danima, svakako iznad temperature pothlađivanja
• Treba malo topline za dodatno grijanje 

29

Izvor: 
https://www.timesunion.com/news/slideshow/
The-Northeast-Blackout-of-2003-47515.php

Izvor: Time Magazine

ŠTO POKUŠAVAMO 
PODUZETI?

30
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Agenda 2030

• konferencija UN-a o održivom razvoju, 25. rujna 2015., 
• >150 svjetskih čelnika usvojilo je novu Agendu 2030 za 

održivi razvoj
• uključujući i Ciljeve održivog razvoja 

31

Agenda 2030
• CILJ 11 Održivi gradovi i zajednice („Goal 11. Make cities and human settlements 

inclusive, safe, resilient and sustainable“) koji uključuje točku

• „11.6 By 2030, reduce the adverse per capita environmental impact of cities, including by 
paying special attention to air quality and municipal and other waste management“

• CILJ 12 Odgovorna potrošnja i proizvodnja („Goal 12. Ensure sustainable consumption 
and production patterns“) koji uključuje točke

• „12.2 By 2030, achieve the sustainable management and efficient use of natural 
resources“ 

• „12.4 By 2020, achieve the environmentally sound management of chemicals and all 
wastes throughout their life cycle, in accordance with agreed international frameworks, 
and significantly reduce their release to air, water and soil in order to minimize their 
adverse impacts on human health and the environment“

• CILJ 15 Očuvanje života na Zemlji („Goal 15. Protect, restore and promote sustainable use 
of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and 
reverse land degradation and halt biodiversity loss“) koji uključuje točku

• „15.4 By 2030, ensure the conservation of mountain ecosystems, including their 
biodiversity, in order to enhance their capacity to provide benefits that are essential for 
sustainable development“

32
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PRINCIPI ZELENE 
GRADNJE 

34

Principi ocjenjivanja

• Ovisno o sustavu ocjenjivanja postoje razlike i različiti 
fokusi, ali okvir je zapravo isti…
• Optimizirati potencijal prostora

• Optimizirati korištenje energije
• Zaštititi i očuvati vode
• Koristiti proizvode s minimalnim utjecajem na okoliš

• Povećati kvalitetu unutarnjeg okoliša
• Optimizirati korištenje i održavanje

35

Današnje teme

MOŽEMO LI TROŠITI 
MANJE ENERGIJE?

36
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Izvor: European Commission « Questions and answers on 
security of energy supply in the EU » http://europa.eu/rapid/
press-release_MEMO-14-379_fr.htm

37

Izvor: AEBIOM key findings report 2016

38

39
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Thomas A. Edison, 1916.

„Treba znati iskoristiti prirodne sile i na taj način 
dobiti svu potrebnu energiju. 

Sunčeve zrake su oblik energije, vjetar i morske struje su 
također energija. 
Koristimo li ih? 

O, ne! Palimo šume i ugljen, kao da podstanari pale ulazna 
vrata naše kuće za grijanje. 

Živimo kao divlji doseljenici koji ne shvaćaju da ova 
bogatstva pripadaju svima nama.“ 

40

OIE

• Danska vlada je 
postavila cilj da do 
2050. koristi samo 
obnovljive izvore u 
proizvodnji 
energije.

41

42
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Fotovoltaici - PV

• ukupna raspoloživa solarna energija

43

Fotovoltaici – PV “Storage is a game changer” 

Izvor: 
Tom Kimbis of the Solar Industries Association
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Baterija
• Elon Musk produced fireworks on May 1st, 

2015. when he announced that Tesla, will 
soon start selling batteries to power homes 
and businesses. 

• The products—which run about $3,500 (10 
kWh) for Powerwall home systems and 
about $25,000 for Power Pack business 
systems

• Kućanstva Dubrovačke 
županije troše najviše struje u 
RH, 

• u prosjeku 4.200  
kWh/godišnje → 11,5 
kWh/dnevno

45
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Primjer - Las Vegas

• Mayor Carolyn Goodman announced 
Las Vegas would be the first city of its 
size to be powered by 100 percent 
renewable energy.

• “Every city light, city park, community 
center, fire station and service yard will be 
100 percent covered by renewable 
energy.”

• “It’s cheaper than what we could build a 
new natural gas plant for.” 

• The city says new efforts will save the 
city an additional $250,000 a year and 
will offset the cost for the new solar 
energy and the other existing 
renewables.

46

POTROŠNJA ENERGIJE 
U ZGRADAMA?

47

Temeljni zahtjevi za građevinu

• 6. Ušteda energije i očuvanje topline
• Građevina i njezine instalacije grijanja, hlađenja, rasvjete i ventilacije 

moraju biti projektirane i izgrađene tako da je količina energije koju one 
zahtijevaju u upotrebi mala, uzimajući u obzir  korisnike i klimatske 
uvjete lokacije. 

• Građevina mora biti i energijski učinkovita, tako da upotrebljava što je 
moguće manje energije tijekom svoje gradnje i razgradnje

48

o Uredba 305/2011 Europskog parlamenta i Vijeća 
od 09.03.2011. koja propisuje usklađene uvjete 
trgovanja građevnim proizvodima i ukida 

o Zakon o gradnji - u izradi
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Potrošnja energije u zgradama

• Prema Energy Performance of Building Directive - EPBD 
(2002-91 EC) and its Recast EPBD II (2010-31-EU) 
potrošnja energije u zgradama je kako slijedi:

Final energy consumption, EU-28, 2012 
(% of total, based on tonnes of oil equivalent) Household energy consumption by end-use (2011)

Izvor: Energy Efficiency Trends for households in the EU
Bruno Lapillonne, Karine Pollier (January 2014)
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Kyoto pyramid

• Kyoto piramida opisuje strategiju razvijenu za 
projektiranje niskoenergetskih kuća u Norveškoj.

The Kyoto Pyramid for dwellings 
(Dokka & Rødsjø, 2005).

50

Energijska učinkovitost

Ušteda energije uz istu ili povećanu 
razinu ugodnosti!

51
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US Green Building Council

52

GRAĐEVINSKA FIZIKA

53

Građevinska fizika 

• primijenjena znanost o:
• higrotermalnim, 
• akustičnim i 
• problemima povezanima sa osvjetljenjem

• kod građevinskih dijelova, prostorija i cjelokupnih građevina

• CILJ 
• razumijevanje načina na koji zgrada, 

korisnici, unutarnji okoliš te vanjski 
okoliš zgrade međusobno djeluju.

54
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Građevinska fizika

“Building physics is the cornerstone of designing, 
constructing, and operating high performance
buildings, that is, buildings that are durable, 

comfortable, energy efficient, affordable and healthy.”

Izvor: www.buildingscience.com
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ODRŽIVI RAZVOJ
• Prisjetimo se…

56

Projektiranje zgrada... a da budu održive

• Je li to samo zgrada koja troši 
malo energije prilikom korištenja? 
• ”pasivna kuća”?

• “kuće bez emisije CO2”?
• “zelene kuće”?
• „NZEB”?

• Energy plus?

57
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ANKETA
Green building survey…

Samo pritisnite: Reconnect

58

20 Fenchurch Street, London - The Walkie Talkie

59

Izvor: https://www.breeam.com/case-studies/offices/20-fenchurch-street-london/

Zelena gradnja? Da / Ne?

60

Izvor: https://www.express.co.uk/news/uk/520730/Walkie-Talkie-
Scorchie-Building-20-Fenchurch-Street-Sun-Death-Ray-Shutters

Izvor: www.itv.com
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Koji kriteriji su za Vas važni 
kod kupovanja nove zgrade?

Od 16 ponuđenih kriterija
• 8. mjesto - Prozori, 

svjetlo, zrak
• 11. mjesto - Toplinska i 

zvučna izolacija
• 12. mjesto – Građevinski 

materijali

Anketa… kako ljudi razmišljaju prije kupnje stana

30 %

24 %

15 %

14 %

13 %

10 %

9 %

9 %

7 %

5 %

5 %

5 %

4 %

4 %

2 %

2 %

6 %

2 %

25 %

Veličina, broj prostorija
Balkon/vrt

Veličina, vrsta zgrade
Mjesto stanovanja

Raspored prostorija
Sanitarne prostorije

Grijanje
Prozori, svjetlo, zrak

Komfort
Kuhinja

Toplinska i zvu čna izolacija
Građevinski materijali

Podrum
Garaža

Zidovi, stropovi
Troškovi

Ostalo
Bez podataka

Zadovoljan sa stanom

2600 ispitanih doma ćinstava

61

Rezultati ankete vezane za situaciju stanovanja u Njemačkoj,
Informacijski centar, Köln 1994

Koje probleme imate sa
Vašim stanom?

Od 12 ponuđenih kriterija su 
problemi toplinske i zvučne
izolacije, te vlage, zauzimali 
prva tri mjesta.

550 ispitanih doma ćinstava

49 %

40 %

36 %

23 %

21 %

15 %

12 %

10 %

6 %

4 %

3 %

2 %

15 %

2 %

Toplinska izolacija

Zvučna izolacija

Vlaga

Sadržaj zgrade

Tlocrt

Nedostatak ostave

Nedostatak podruma

Prozori / Vrata

Starost stana

Grijanje

Veličina stana

Struja

Ostalo

Bez podataka
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Anketa… kako ljudi razmišljaju nakon kupnje stana
Rezultati ankete vezane za situaciju stanovanja u Njemačkoj,
Informacijski centar, Köln 1994

Politika EU

• Targets for 2030
• a 40% cut in greenhouse gas emissions compared to 1990 levels
• at least a 27% share of renewable energy consumption

• at least 27% energy savings compared with the business-as-usual 
scenario

63
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Politika EU - 2050 Energy strategy

64

Zgrade u EU do 2050.: jedan cilj, dva velika izazova!  

Zgrade u 2050. godini

~25%

~ 75%

Postojeće zgrade

Sveobuhvatna 

obnova!

Nove zgrade

2012-2050 

G0EZ (nZEB)
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Smanjenje emisije CO2 ovisno o početnom stupnju 
izolacije

66
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67

UVOD

Obama: 'Insulation Is Sexy Stuff' 
"I know the idea may not be very glamorous, although I get really excited about it.
We were at the roundtable and somebody said, "Insulation's not sexy," and I
disagree. Frank, don't you think? Insulation is sexy stuff. Here's what's sexy
about it: saving money.
Think about it this way. If you haven't upgraded your home yet, it's not just heat or
cool air that's escaping, it's energy and money that you are wasting .
If you saw $20 bills just sort of floating through the window, up into the atmosphere,
you'd try and figure out how you were going to keep that. But that's exactly what's
happening because of that lack of efficiency in our building s."

Tuesday Dec 15, 2009

68

Toplinska ugodnost u zgradi

• Definiraju ga (između ostalog): 
• Temperatura zraka, RH, brzina strujanja zraka, izračena toplina, 

fizička aktivnost, odijevanje,…

69

Izvor: https://www.howmechanismworks.com/2017/09/what-is-thermal-comfort.html
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Toplinska ugodnost u zgradi

No additional radiators

Radiator to 

compensate

cold temperatures

Heating load more than

100 W/m²
Heating load only

10 W/m²

Source: Passive House Institute

3 4-5 6-7EQF Levels

Tipična zgrada vs Pasivna kuća

ENERGETSKA OBNOVA
Socijalni aspekti?

71

Problemi
• Izvođenje radova

• Buka gradilišta
• Trajanje radova
• Ometanje života stanara
• Ometanje života u okolnim zgradama
• Potencijalna potreba izmještanja stanara
• Potencijalno ponavljanje istih problema - step-by-step obnova
• Zgrada iz registra kulturne baštine
• Mogu li svi stanari financijski „podnijeti” investiciju?

• Dvojba 
• je li gradnja zelena ako smanjim potrošnju energije, ali smanjujem 

socijalnu kvalitetu i sigurnost stanara tijekom izvođenja radova?

72
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Primjer - Wohnanlage Linz-Makartstrasse

73

Izvor : ARCH+MORE ZT GmbH, Arch. Dipl.-Ing. Gerhard Kopeinig
SUSTAINABLE REMEDIATION –OUR CHALLENGE AND OPPORTUNITY FOR THE 
FUTURE!; CEI conference "Energy Efficiency in Buildings -for a Better Tomorrow”

Izgradnja 1957. 
179 kWh/m²a
CO2 = 160 t/a

Obnova 2005/06. 
14,4 kWh/m²a
CO2 = 14 t/a

Kuće postaju proizvođači – „energane”

74

The net energy-plus primary school in Hohen Neuendorf, completed in 2011, 
is a model project forming part of the research initiative funded by the BMWi.
Izvor : http://www.bine.info/en/publications/themeninfos/publikation/null-und-
plusenergiegebaeude/

© Ali Moshiri

Heliotrope: The World’s First Energy Positive Solar Home
Izvor: https://inhabitat.com/heliotrope-the-worlds-first-energy-
positive-solar-home/

Zgrada gotovo nulte energije - “ZG0E” 

• jest zgrada koja ima vrlo visoka energetska svojstva. 

• Ta gotovo nulta odnosno vrlo niska količina energije podmiruje se iz 
obnovljivih izvora, uključujući energiju iz obnovljivih izvora koja se 
proizvodi na zgradi ili u njezinoj blizini. 

• Od 31. prosinca 2020. sve nove zgrade moraju biti „ZG0E“;
• a nakon 31. prosinca 2018. nove zgrade koje koriste tijela javne vlasti 

odnosno koje su u vlasništvu tijela javne vlasti moraju biti „ZG0E“.

7
5
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OIE su šlag na tortu, ne torta!

• The 'Plus-Energie-Bürohochhaus' (plus-energy-office high-rise building) is the world‘s first 
office tower that can claim to feed more energy into the power grid than is required to 
operate AND use the building.

77

Izvor: www.ic-group.org

Ne zaboraviti na druge aspekte…

• Npr…
• Proizvodnja PV sustava 

• Velika ugrađena energija

• Otrovni spojevi
• Problem recikliranja

• S druge strane…
• Proizvedena energija poništi 

ugrađenu za manje od 2,5 g.
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Embodied energy: Izvor: 
https://en.wikipedia.org/wiki/Embodied_energy

Izvor : M.J.(Mariska) de Wild-Scholten Energy payback time and 
carbon footprint of commercial photovoltaic systems, Solar Energy 

Materials and Solar Cells, Vol 119, 2013, Pages 296-305
https://doi.org/10.1016/j.solmat.2013.08.037


