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1ZVOD |Z RECENZIJA

Prof. dr. Milica Jovanovi¢-Popovic, dipl. ing. arh. (Univerzitet u Beogradu)

Pred nama je kapitalno delo grupe autora, “Tipologija stambenih zgrada Bosne i Hercegovine”,
knjiga koja svojom temom i postignutim rezultatima zavreduje izuzetnu paznju. Nastala na prin-
cipima metodologije projekta Tabula, koji je okupio predstavnike veceg broja evropskih zemalja, kao
i na metodologiji i iskustvima istrazivackog tima Arhitektonskog fakulteta Univerziteta u Beogradu,
autorima “Nacionalne tipologije stambenih zgrada Srbije®, ovo delo predstavlja jedinstveno istra-
Zivanje radeno po prvi put na ovaj nacin u Bosni i Hercegovini. Popisan je veliki broj stambenih obje-
kata, jednoporodi¢nog i kolektivnog stanovanja, sagledana njihova tipolodka prostorna distribu-
cija, njihove strukturne i energetske performanse i formirana matrica karakteristicnih tipova koja u
potpunosti reprezentuje Bosnu i Hercegovinu. Za sve karakteristicne reprezente predloZeni su mo-
daliteti unapredenja s ciljem da se smanji potreba za energijom, ¢ime je omoguceno dalje utvrdi-
vanje mogucénosti usteda na razli¢itim nivoima, od lokalnog, regionalnog, do nivoa BiH. Dobijeni
rezultati ukazuju da stambeni fond BiH moZze da se tretira kao veliki energetski resurs, odnosno da
obnovom ovog fonda mogu da se postignu velike energetske uStede uz istovremeno pokretanje
industrijskih procesa u gradevinarstvu. Dobijeni rezultati, takode, predstavljaju osnov za formiranje
akcionih planova za energetsku efikasnost na svim postoje¢im nivoima, a samo istrazivanje
predstavlja znacajan korak ka harmonizaciji propisa s propisima EU.

Doc. dr. Amira Salihbegovi¢, dipl. ing. arh. (Univerzitet u Sarajevu)

“Tipologija stambenih zgrada Bosne i Hercegovine” predstavlja veoma znacajnu naucgnoistra-
zivatku publikaciju, radenu u skladu s metodologijom evropskog projekta Tabula, namijenjenog za
kreiranje jedinstvenog tipoloskog modela za klasifikaciju stambenih objekata, uz mogucost modifi-
kovanja univerzalne matrice, te pracenje i evaluiranje mjera energetske efikasnosti. Uskladenost
tipolodkih principa primijenjenih u zemljama okruZenja i drugim evropskim zemljama pruza mo-
gucnost komparativnih analiza, razmjenu iskustava i inicijativa za poboljSanje karakteristika
izgradenog stambenog fonda.

Publikacija je jedinstvena baza podataka o tipoloskim specifinostima postojecih stambenih
zgrada na prostoru Bosne i Hercegovine, hronoloski distribuiranih po periodima izgradnje, ener-
getskim svojstvima, prijedlozima za unapredenje i rezultatima, koji mogu posluziti kao osnov za
buduce naucnoistraZivacke i strucne projekte. Takode, ova publikacija je dobra podloga za pripremu
strategija i implementaciju mjera EE, unapredenje komfora u stambenim zgradama, kao i raciona-
lizaciju potro3nje energije i energenata na nivou drzave, te smanjenje emisije CO,

Uzimajuci u obzir navedeno, sa zadovoljstvom predlazem da se nau¢noistrazivacka publikacija
"Tipologija stambenih zgrada Bosne i Hercegovine® objavi kao nautna knjiga u izdanju
Arhitektonskog fakulteta Univerziteta u Sarajevu.

EXCERPT FROM REVIEWS

Prof. dr. Milica Jovanovi¢-Popovic, dipl. ing. arh. (University of Belgrade)

What we have here is a major work of a group of authors, “Typology of Residential Buildings in
Bosnia and Herzegovina”, a book with a topic and results that deserve special attention. It is based
on methodology principles of the Tabula project, a project that gathered representatives of a number
of European countries, as well as on methodology and experiences of the research team from the
Faculty of Architecture of the University of Belgrade, and authors of the National Typology of
Residential Buildings of Serbia. This work is a first research of its kind in Bosnia and Herzegovina. A
large number of residential buildings, single-family houses and apartment buildings, have been
processed; their typical distribution of rooms and areas as well as structural and energy
performance have been taken into account and used to produce a matrix that truly depicts the
situation in Bosnia and Herzegovina. Improvement measures aimed at reducing energy
consumption are presented for each representative type, all for the purpose of defining possibilities
for savings on various levels - local, regional and national. The results indicate that the housing
stock of BiH can be treated as an energy resource, that is, that reconstruction thereof could results in
major energy savings while initiating construction industry processes at the same time. The results
can also serve as a basis for energy efficiency action plans on all of the existing levels, while the
research itself represents an important step in harmonising national legislation with EU regulations.

Doc. dr. Amira Salihbegovi¢, dipl. ing. arh. (University of Sarajevo)

“The Typology of Residential Buildings in Bosnia and Herzegovina” is an important scientific
research publication produced in line with the European TABULA project designed for creation of a
unique typological model for classification of residential buildings, with a possibility of
modification of its universal matrix, and monitoring and evaluation of energy efficiency measures.
The fact that it is harmonised with principles used in the neighbouring countries as well as other
countries of Europe enables comparative analyses, exchange of experiences and initiatives for
improving characteristics of the existing housing stock.

This publication is a unique database with typological specificities of the existing residential
buildings in Bosnia and Herzegovina, chronologically distributed according to the year of
construction, energy performance, suggested improvement measures and results, which can be
used as a basis for future scientific research and similar projects. In addition, this publication is a
good basis for drafting strategies and implementation of energy efficiency measures, comfort
improvement in residential buildings, as well as rationalisation of consumption of energy and fuel
on the national level, including reduction of CO,emissions

Having in mind the above stated, it is my pleasure to suggest that scientific research publication
- “Typology of Residential Buildings in Bosnia and Herzegovina” - is published as a scientific read by
the Faculty of Architecture of the University of Sarajevo.



Doc. dr. Dusan Ignjatovic, dipl. ing. arh. (Univerzitet u Beogradu)

Knjiga “Tipologija stambenih zgrada Bosne i Hercegovine” predstavlja izuzetno znacajan rezultat
obimnog istraZivanja u oblasti zgradarstva, sprovedenog s ciljem identifikacije i klasifikacije kuca i
zgrada s aspekta njihovih materijalno-tehnickih i energetskih karakteristika.

Grupa autora je, polazed¢i od generativnih principa definisanih evropskim projektom Tabula, a
koje je detaljnije razradio i prilagodio lokalnim uslovima istraZivacki tim s Arhitektonskog fakulteta
u Beogradu, sprovela istrazivanje na celokupnoj teritoriji Bosne i Hercegovine identifikujuci rele-
vantne pojavne oblike stambenih kuca i zgrada, kao i njihove osnovne karakteristike. Osnovni re-
zultat istrazivanja formulisan u vidu tipologije predstavlja jedinstveni pregled stambenog fonda
koji moZe da posluZi kao osnov za donosenje strateskih odluka i formulisanje planova na razliitim
prostornim nivoima.

Osim identifikacije postojeceg stanja autori su, u svom radu, analizirali i moguénosti unapre-
denja materijalno-tehnickih karakteristika zgrada, odnosno potencijala ustede energije u procesu
njihove rekonstrukcije predlazudi jasna i primenljiva tehnicka reSenja. Ostvarujuéi lokalnu prepo-
znatljivost identifikovanih modelskih zgrada i istovremeno univerzalnost primenjenih principa re-
zultati postaju dostupni, kako pojedinacnim korisnicima, vlasnicima odnosno upraviteljima zgrada,
tako i drzavnim organima razli€itih nivoa koji istrazivanje mogu da koriste za definisanje akcionih
planova u oblasti energetske efikasnosti odnosno planiranje buducih investicija i drugih aktivnosti u
oblasti gradevinarstva.

Doc. dr. Dusan Ignjatovi¢, dipl. ing. arh. ( University of Belgrade)

“The Typology of Residential Buildings in Bosnia and Herzegovina” is a very important result of
a comprehensive research in the field of building design and construction conducted for the purpose
of identifying and classification of houses and buildings in terms of their technical and energy
characteristics.

The group of authors based their work on the generic principles defined in the European TABULA
project and further developed and adapted to local conditions by the research team of the Faculty of
Architecture in Belgrade, and conducted a research on the entire territory of Bosnia and
Herzegovina identifying relevant types of houses and residential buildings and their basic
characteristics. The main result of the research formulated as a typology represents a unique
overview of the housing stock that can be used for strategic decision-making and formulation of
plans on different spatial levels.

In addition to identifying the current situation, the authors analysed potentials for
improvement of material and technical characteristics of buildings, that is, potentials for energy
savings in the process of their reconstruction, by proposing clear and applicable technical solutions.
Having in mind that identified building types are easily recognisable and universality of the
principles used, results can be achieved by anyone from house owners, building managers, to state
institutions of different levels that can use this research in defining their energy efficiency action
plans, planning of future investments, and other activities in the field of construction and civil
engineering.



Prof. dr. Veljko Burickovi¢, dipl. ing. mas. (Univerzitet u Banjoj Luci)

Uskladivanje bosanskohercegovatkog zakonodavstva s evropskim pravnim nasljedstvom je
uslov za pristupanje Bosne i Hercegovine Evropskoj uniji. Jedna od veoma vaznih aktivnosti u vezi s
tim jeste prijenos Direktive o energetskim svojstvima zgrada (Directive 2002/91/EC on Energy
Performance of Buildings). Posljednjih desetak godina Evropske inicijative, sadrzane u paketu
mjera za poticanje koriStenja energije iz obnovljivih izvora kao i preradenoj Direktivi o energetskim
svojstvima zgrade (Directive 2010/31/EU on the Energy Performance of Buildings - recast), po-
stavljaju sektor graditeljstva u kljunu ulogu energetske politike i politike zastite okoline. Knjiga
“Tipologija stambenih zgrada Bosne i Hercegovine” uradena je u skladu s navedenim Direktivama i
predstavlja prvi dio velikog posla koji u Bosni i Hercegovini treba uraditi u domenu termoenergetike.
Da bi se rezultati ove veoma vazne studije mogli prakticno koristiti u inzenjerskoj praksi, potrebno je
Sto prije uraditi sljedecu studiju: “Projektni uslovi za definisanje toplotnog bilansa gradevinskih
objekata u Bosni i Hercegovini”, pa u vezi s tim izloziti i kriticki osvrt na postojecu podjelu podrucja
Bosne i Hercegovine na klimatske zone.

Predocena dokumentacija predstavlja originalnu nauénu studiju, zasnovanu na uvidima u do-
stignuca savremene nauke i tehnologije. Uradena je u skladu sa bh. zakonodavstvom, evropskim
pravnim nasljedstvom i evropskom Direktivom o energetskim svojstvima zgrada 2002/91/EC. Na
osnovu toga se moze zakljuciti da sadrzajem i metodski u potpunosti odgovara oblasti za koju je
namijenjena.

Studiji je prilozen popis stru¢ne i naucne literature novijeg datuma, na osnovu cega se moze
zakljuciti da su autorima poznati rezultati novijih istrazivanja iz ove oblasti, kao i savremene me-
tode istraZivanja, podrZzane novim racunarskim pristupima i programima. Stru¢na terminologija je
izlozena korektno, kao i mjerne jedinice. Rezultati istraZivanja su izloZeni pregledno, u odgovara-
jucim tabelama i grafickim prikazima.

Prof. dr. Veljko Burickovi¢, dipl. ing. mas. (University of Banja Luka)

Harmonisation of national legislation with EU acquis communautaire is one of the conditions
for accession of Bosnia and Herzegovina to the Union. A very important activity thereof is
transposition of the Directive 2002/91/EC on Energy Performance of Buildings. Over the last decade
or so, European initiatives contained in the series of measures supporting the use of renewable
energy sources and the recast Directive 2010/31/EU on the Energy Performance of Buildings, have
been positioning civil engineering in the focus of the energy policy and the environment policy. The
book titled “Typology of Residential Buildings in Bosnia and Herzegovina” has been prepared in line
with the above mentioned Directives and represents the first stage of a comprehensive task Bosnia
and Herzegovina needs to perform in the field of thermal energetics. For the results of this
important study to be useful in engineering practice, the following study needs to be conducted as
soon as possible: Design conditions for defining thermal balance of buildings in Bosnia and
Herzegovina”, which would also result in a critical overview of the existing distribution of climate
zones of Bosnia and Herzegovina.

Provided documents represent the original scientific study based on insights regarding
achievements of modern science and technology. They have been prepared in line with national
legislation, the acquis communautaire, and the EU Directive 2002/91/EC on Energy Performance of
Buildings. Therefore, it can be concluded that both their content and methodology are fully
compliant with the field they are designed to serve.

The Study is accompanied by a list of contemporary professional and scientific literature,
indicating that the authors are well informed on relevant recent research, as well as with modern
research methods supported by modern computer-based approaches and software. Specific
terminology and measuring units are presented properly. Research results are provided in a
convenient layout, with appropriate tables and diagrams.
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PREDGOVOR

Postovani ¢itaoci,

U rukama drZite knjigu u kojoj se nalazi jedno od najznacajnijih istrazivanja na temu
energetske efikasnosti i fonda stambenih objekata u Bosni i Hercegovini. Tijekom posljednje
dvije godine tim posvecenih strucnjaka s arhitektonskih i masinskih fakulteta u zemlji ulagao
je velike napore kako bi izradio dosad prvu bazu podataka o energetskim karakteristikama i
modelima eventualnih unapredenja za cjelokupan fond stambenih zgrada - Tipologiju
stambenih zgrada Bosne i Hercegovine.

Rukovodeci se poznatom i priznatom evropskom TABULA metodologijom (Typology
Approach of Building Stock for Energy Efficiency Assessment - Tipolo3ki pristup stambenom
fondu za procjenu energetske efikasnosti) za potrebe ovog istraZivanja, Bosna i Hercegovina je
sada ¢lanica grupe 14 EU zemalja i Srbije koje koriste ovakav pristup prikupljanju klaster
podataka za primjenu u strateSkoj analizi i donoSenju odluka u sektoru energetske efikasnosti.

U ovoj publikaciji je predstavljena iscrpna analiza stambenog fonda u zemlji, njegova
klasifikacija, trenutno stanje energetskih karakteristika u 29 razlicitih reprezentativnih tipova
zgrada, te modeli sanacije u dva nivoa za svaki pojedinacni tip. Uz prilog u vidu detaljnih
statistickih informacija o stambenom fondu, kao Sto je broj zgrada odredenog tipa, ova
jedinstvena baza podataka ¢e posluZiti u razliite svrhe:

* Ministarstva, fondovi za okoli3 i energetsku efikasnost, kao i druge drzavne institucije,
mogu koristiti ovu tipologiju za izra¢un i osmisljavanje programa i planova provedbe
mjera energetske efikasnosti u sektoru stambenih objekata. Tipologija pomaze u
odredivanju sektorskih ciljeva i preciznom oblikovanju akcionih planova za energetsku
efikasnost na razlicitim nivoima vlasti.

» Domace i medunarodne institucije za finansiranje mogu koristiti matricu ove tipolo-
gije, kao i njene statisticke informacije, za definiranje ciljnih tipova stambenih zgrada i
cilinog sektora stambenog fonda na koje Zele usmijeriti svoje programe pomoci,
kreditne linije i grantove, kao i za pronalazenje eventualnih moguénosti utede.

* Modeli sanacije se mogu iskoristiti i za pojednostavljene pristupe pra¢enju spomenutih
programa.

» Firme koje se bave proizvodnjom gradevinskog materijala i opreme na osnovu ovih
podataka mogu izvrsiti procjene trziSnih potencijala svojih proizvoda i oblikovati
pristup vlasnicima odredenih tipova zgrada.

PREFACE

Dear Reader,

With this publication you hold one of the most significant researches in the field of the
energy efficiency and the residential building stock in Bosnia and Herzegovina in your hands.
In a two-year intensive endeavor a team of dedicated experts from mechanical and
architecture faculties of the country created the first ever database of the energy
characteristics and potential refurbishment models of the entire residential building stock:
The Residential Building Typology of Bosnia and Herzegovina!

By following the widely acknowledged European TABULA methodology (Typology Approach
of Building Stock for Energy Efficiency Assessment) for this research, Bosnia and
Herzegowina is now also part of a group of 14 EU-countries and Serbia, which uses this
approach to collect and cluster data for strategic analysis and decision making in the energy
efficiency sector.

In this book you will find an extensive analysis of the country's housing stock, its
classification, the status quo of energy characteristics of 29 different representative building
types and two levels of refurbishment models per type. Supplemented with vast statistical
information on the housing stock, such as number of buildings per type, this unique database
will serve a variety of purposes:

¢ Ministries, Environment and Energy Efficiency Funds and other government
institutions can use the typology for calculation and design of implementation
programmes and schemes for energy efficiency in the residential building sector. It
supports the setting of sector targets and refining of action plans for energy efficiency
on different levels of government.

« Domestic and international financing institutes can use the typology matrix and
statistical information to define target types of building and target sector of the
building stock for their support programmes, credit lines and grants, as well as to
define the potential savings.

« The refurbishment models can as well be used for simplified monitoring approaches of
above mentioned programmes.

« Companies of the construction material and building equipment production sector can
use the data to estimate the market potentials of their products and may define their
marketing approach to owners of certain building types.



* InZenjerima su ove informacije od koristi u svakodnevnom radu na zgradama koje su
ovim obuhvacene, jer se mogu saznati detalji o gradevinskom materijalu i energetskom
ucinku, te moguénostima za poboljsanja.

* Vlasnici zgrada, gradani, kao i svi zainteresirani mogu lako prepoznati tip zgrade koji
koriste i jednostavno doci do procjene stanja zgrade i mogucnosti za sanaciju odnosno
njeno unapredenje.

Iskreno se nadamo da Ce zainteresirani ¢esto i rado koristiti ovu knjigu u navedene svrhe.
Takoder bismo pozvali sve vas da se slobodno obratite autorima za eventualna pojasnjenja i
dodatne informacije.

Na kraju, Zeljeli bismo zahvaliti cjelokupnom istrazivackom timu na posvecenosti i profesio-
nalnosti koje su pokazali radeci na ovoj tipologiji. Posebnu zahvalnicu Zelimo uputiti Tobiasu
Logi, Nikolausu Diefenbachu i gospodi Britti Stein iz Instituta za stanovanje i okoli$ (Institut fir
Wohnen und Umwelt - IWU), Darmstadt, koji su srda¢no prihvatili Bosnu i Hercegovinu u
Evropsku zajednicu istrazivaca tipologije i pruzili korisne informacije tijekom rada. Profesorica
Milica Jovanovi¢-Popovi¢ i Dusan Ignjatovic s Arhitektonskog fakulteta u Beogradu, Srbija, uvijek
sunam bili na raspolaganju i s nama dijelili svoja iskustva u izradi tipologije u Srbiji.

UZivajte u knjizi i rezultatima istrazivanja.

Lutz Jarczynski
Voda Projekta energetske efikasnosti, GIZ

Esad Smajlovic
Visi savjetnik za energetsku efikasnost, GIZ

« Engineers find useful information for their day to day work, such as reference
buildings, its construction materials and energy performance and refurbishment
options.

« Building owners, citizens, interested members of the general public will recognize their
building type and can easily obtain an estimate of the status quo of their building and
potential options for refurbishment.

We sincerely hope that the book will be widely used by interested stakeholders for the
above mentioned purposes! We would also like to encourage every reader to approach the
authors for additional clarifications and information, in case the need arises.

Finally, we would like to thank the entire research team for their dedication and
professional work to compile this typology. Special thanks has to be given to Mr. Tobias Loga,
Mr. Nikolaus Diefenbach and Mrs. Britta Stein from the “Institut fir Wohnen und Umwelt
(IWU), Darmstadt”, who openly welcomed Bosnia and Herzegovina in the European typology
research community and provided useful guidance throughout the process. Professor Milica
Jovanovic-Popovic and Mr. Dusan Ignjatovic from the Faculty of Architecture of Belgrade,
Serbia, were always available to share their experience from the typology creation in Serbia.

Enjoy the book and the research results!

Lutz Jarczynski
Project Leader Energy Efficiency, GIZ

Esad Smajlovic
Senior-Advisor Energy Efficiency, GIZ
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. UVOD

Potrosnja energije iz neobnovljivih izvora dovodi do osiromasenja prirodnih resursa i de-
gradacije Zivotne sredine u svim segmentima: vazduh, voda i tlo, a jedna od direktnih poslje-
dica je promjena klime i Zivotnih uslova na Zemlji. Klju¢ni pristup za ublaZzavanje klimatskih
promjena jeste smanjenje nivoa koristenja energije, odnosno energetskog intenziteta, za-
drzavajuci isti ili omogucavajuci veci komfor koji pruza takvo djelovanje energije. Ovaj pristup
predstavlja osnovu za sve aktivnosti koje se preduzimaju u oblasti povecanja energetske
efikasnosti.

Za Bosnu i Hercegovinu, kao i ve¢inu zemalja u tranziciji, karakteristican je visok ener-
getski intenzitet. Prema podacima Medunarodne agencije za energiju [1] energetski intenzitet
BiH je 0,5 toe/1000 USD BDP-a. Poredenja radi, to je Cetiri puta vise od prosjeka u Evropskoj
uniji i u zemljama ¢lanicama OECD-a. Prosjecna evropska zemlja za istu koli€inu utroSene
energije ostvari Cetiri puta viSe nacionalnog dohotka nego BiH. Prema istom izvoru, u pore-
denju sa zemljama Evropske unije, Bosna i Hercegovina ima deset puta nizi BDP i trosi tri puta
manje primarne energije po stanovniku. Razlozi za to nalaze se u €injenici da je u Bosni i Her-
cegovini nizak Zivotni standard i da je nedovoljno razvijena industrija. Energetski intenzitet
Bosne i Hercegovine je slican onom u Srbiji (0,52) i Bugarskoj (0,48), dok znatno bolji inten-
zitet imaju Hrvatska (0,17) i Slovenija (0,18), te Svajcarska (0,06).

S obzirom na procjenu da se oko 58,44% od ukupne energije u Bosni i Hercegovini koristi u
stambenom sektoru [2], 3to je znacajno vise od prosjeka EU, jedan od prioritetnih ciljeva treba
da bude pronalaZenje nacina kako da se smanji potroSnja energije kako u postojecim tako i
novim stambenim objektima (Slika1).

Slika 1. Pregled potro3nje finalne energije po sektorima
za 2010. godinu prema Prvom nacionalnom akcionom
planu za energetsku efikasnost (NEEAP) 2010-2018. iz
2012. godine u Bosni i Hercegovini (slika lijevo), odno-
sno u Republici Srpskoj (slika u sredini) i u Federaciji
Bosne i Hercegovine (slika desno)

Figure 1. Overview of the final energy consumption per
sectors for 2010 according to the First National Energy
Efficiency Action Plan (NEEAP) 2010-2018 from 2012
in Bosnia and Herzegovina (figure on the left) that is in
Republic of Srpska (figure in the middle) and in the
Federation of Bosnia and Herzegovina (figure on the
right)

@ Stambeni | Residential
@ Usluge | Services
Industrija | Industry

Transport | Transport 19.75%

. INTRODUCTION

Energy consumption from non-renewable sources results in depletion of natural resources
and degradation of environment in all segments: air, water and soil, causing the climate change
and affecting the living conditions on Earth. The key approach for climate change mitigation is
reduction of the level of energy consumption, that is, of energy intensity by preserving the same
or enabling greater comfort that such energy effect offers. This approach represents the
foundation for all activities being undertaken in the field of energy efficiency increase.

High energy intensity is attributive to Bosnia and Herzegovina, as is for the most countries
in transition. According to International Energy Agency data [1] the energy intensity of BiH is
0.5 toe/1000 USD of GDP. For comparison purposes, it is four times higher than the average in
the European Union and in other OECD member states. An average European country for the
same amount of consumed energy earns four times more national income than BiH.
According to the same source, compared to European Union countries, Bosnia and
Herzegovina has ten times lower GDP and consumes three times less primary energy per
capita. Reasons for this can be found in the fact that standard of living in Bosnia and
Herzegovina is low and that industry is insufficiently developed. Energy intensity of Bosnia
and Herzegovina is similar to that in Serbia (0.52) and Bulgaria (0.48), whereas Croatia (0.17),
Slovenia (0.18) and Switzerland (0.06) have significantly better intensity.

Given the estimate that about 58.44% of the total energy in Bosnia and Herzegovina is
used in the residential sector [2], which is significantly higher than the EU average, one of the
priority goals should be to find a way to reduce the energy consumption in residential
buildings, both existing and new ones (Figure 1).
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Mnostvo strateSkih dokumenata u Bosni i Hercegovini, s nivoa entiteta, regiona i lokalnih
zajednica, bavilo se procjenama potro3nje energije u zgradama na nivou finalne energije i
energenata (elektri¢ne, toplotne, prirodnog gasa, nafte i naftnih derivata, uglja i biomase),
kao i mogucnostima da se ona smanji. Procjene nisu vrdene na osnovu pouzdanih podataka o
potro3nji energije u zgradama koji su dobijeni putem energetskih audita/pregleda stambenih
objekata, nego na osnovu statistickih podataka, energetskih bilansa i planova razvoja ener-
getike, odnosno koristen je pristup "odozgo prema dole".

Zahvaljujuci GIZ-u (Njemackoj vladinoj organizaciji za tehnicku pomo¢ i saradnju/Deutsche
Gesellschaft fir Internationale Zusammenarbeit) iniciran i realizovan je naugnoistrazivacki
projekat pod nazivom Tipologija stambenih objekata Bosne i Hercegovine u trajanju od dvije
godine. Prvi dio ovog projekta se sastojao od pripreme metodologije rada, obimnog terenskog
istrazivanja, angazmana statisticke agencije za popis i prijedloga reprezentativnih objekata, a
u drugom dijelu je dat izbor tipicnih objekata, energetski pregled izabranih objekta, proracun
potrebne energije za grijanje objekata, tipizacija gradevinskih konstrukcija tipicnih objekata,
tipizacija termoenergetskih sistema za grijanje i pripremu potroSne tople vode, te prijedlog
mjera za unapredenje arhitektonsko-gradevinskih dijelova objekata i mjera unapredenja si-
stema grijanja i potrosne tople vode. Projekat je raden u skladu s metodologijom evropskog
projekta TABULA', koja podrazumijeva klasifikaciju tipologije i evaluaciju mjera energetske
efikasnosti stambenih objekata u Bosni i Hercegovini. Rezultati projekta prezentovani su u
knjizi i na web stranici projekta EPISCOPE?, koji predstavlja nastavak projekta TABULA. Autor-
ski tim knjige Tipologija stambenih zgrada u Bosni i Hercegovini €ine nastavnici i saradnici
Arhitektonskog fakulteta i Masinskog fakulteta Univerziteta u Sarajevu, te Arhitektonsko-
gradevinsko-geodetskog fakulteta i MaSinskog fakulteta Univerziteta u Banjoj Luci, kao i ne-
zavisni eksperti.

Knjiga Tipologija stambenih zgrada Bosne i Hercegovine, prvi put na podrugju Bosne i
Hercegovine, prezentuje klasifikaciju postoje¢ih stambenih objekata prema vrsti i periodu
gradnje sve do 2014. godine. Zahvaljuju¢i brojnim informacijama koje knjiga sadrzi, ona
moze da posluzi kao polazna osnova u pripremi strategija koje imaju za cilj smanjivanje
potrosnje energije u stambenom sektoru BiH.

" TABULA, skr. od Typology Approach for Building Stock Energy Assessment, engl. tipoloski pristup energetskoj ocjeni gradevinskog fonda.
? http://episcope.eu
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A number of strategic documents in Bosnia and Herzegovina, at the level of entities, region
and local communities, have dealt with energy consumption evaluations in buildings at the
level of final energy and energy generating products (electric, heat, natural gas, oil and oil
derivatives, coal and biomass) as well as possibilities for its reduction. Evaluations have not
been done based on reliable data on energy consumption in buildings which have been
obtained by energy audits of residential buildings, but based on statistical data, energy
balance and energetics development plans, that is, a “top-down” approach has been used.

Thanks to the GIZ (a German governmental organisation for technical assistance and
cooperation/Deutsche Gesellschaft fiir Internationale Zusammenarbeit) a scientific and
research project titled Typology of Residential Buildings in Bosnia and Herzegovina was
initiated and implemented over a period of two years. The first part of this project consisted of
preparation of the work methodology, comprehensive field research, assistance of Agency for
Statistics concerning inventory and proposals of representative buildings and the second part
provided the choice of typical buildings, energy audits of selected buildings, calculation of
energy need for heating of buildings, typification of building structures of typical buildings,
typification of thermo-technical systems for heating and domestic hot water system as well as
proposal of measures for improving architectural and construction building parts and
measures for improving heating systems and domestic hot water system. The project was
done in accordance with the methodology of the European project of TABULA', which implied
classification of typology and evaluation of energy efficiency measures of residential buildings
in Bosnia and Herzegovina. Project results were presented in the book and on the website of
the project EPISCOPE*, which is a continuation of the project TABULA. A team of authors of the
book Typology of Residential Buildings in Bosnia and Herzegovina is composed of professors
and associates of the Faculty of Architecture and Faculty of Mechanical Engineering of the
Sarajevo University and Faculty of Architecture, Civil Engineering and Geodesy and Faculty of
Mechanical Engineering of the University of Banja Luka as well as independent experts.

The book Typology of Residential Buildings in Bosnia and Herzegovina presents for the first
time in the territory of Bosnia and Herzegovina the classification of existing residential buildings
according to the type and period of construction until 2014. Thanks to numerous information
contained in the book, it could serve as the starting point for preparation of strategies which
have the goal of reducing the energy consumption in the residential sector of BiH.

'TABULA, abbr. from Typology Approach for Building Stock Energy Assessment.
* http://episcope.eu




METODOLOGIJA NAUCNO-ISTRAZIVACKOG RADA

Metodoloski okvir istrazivanja tipologije stambenih objekata Bosne i Hercegovine je baziran
na evropskom internacionalnom istrazivackom projektu TABULA uskladenom s direktivama
2002/91/EC i 2006/32/EC, a sufinansiran je iz programa Evropske komisije IEE’. Projekat
TABULA, tiji su inicijatori istraZivaci s Instituta za stanovanje i ekologiju IWU* iz Darmstadta,
utvrduje jedinstveni okvir za klasifikaciju tipologije stambenih objekata u Evropi, s definisa-
nom metodologijom proracuna energetskih karakteristika objekata. Metodologija projekta
TABULA primijenjena je u 20 evropskih drzava, a rezultati istrazivanja javno su prezentovani
na zvaninoj web stranici projekta,” te u vidu knjiga i brosura u kojima su graficki ilustrovani
energetski indikatori postojeceg stanja i efekti mjera unapredenja energetske efikasnosti. Is-
traZivanje, koje je inicirano konceptom TABULA, nastavljeno je i prosireno u projektu EPISCOPE,
kojim se prati proces implementacije mjera unapredenja energetske efikasnosti unutar evrop-
skog fonda stambenih objekata.

Okosnicu projekta TABULA predstavlja kreiranje jedinstvenog tipoloskog modela klasifi-
kacije stambenih objekata, kojeg ¢ine sljedeci elementi [3]:

 Koncept klasifikacije postojecih stambenih objekata prema periodu izgradnje, velicini i

drugim parametrima;

- Tipicni objekti, koji predstavljaju tipicne kategorije stambenih objekata;

 Vrijednosti potroSnje energije tipicnih objekata;

*  Prikaz proracuna mogucih energetskih uSteda,

o Statisticki podaci za objekte i sistema za snabdijevanje energijom.

Zbog nedostatka podataka o postoje¢em stambenom fondu Bosne i Hercegovine, bosan-
skohercegovacki ekspertni tim odlu¢io se za sprovodenje popisa objekata i primjenu stati-
stickih analiza,® kao pouzdane osnove za klasifikaciju stambenih objekata na osnovu sli¢nosti
njihovih opstih i specifi¢nih karakteristika.

Nakon definisanja ciljeva i zadataka istrazivanja utvrden je plan realizacije istrazivackog
rada na projektu Tipologija stambenih objekata Bosne i Hercegovine, koji se sastojao iz
sljedecih koraka:

*IEE, skr. od Intelligent Energy Europe

“IWU, skr. od Institut Wohnen und Umwelt GmbH

* http://episcope.eu/building-typology

® Za razliku od vetine evropskih istraZivackih timova, u€esnika projekta TABULA, koji su tipolosku klasifikaciju i izbor tipicnog objekta izvrsili
na osnovu dostupnih statistickih podataka, tim eksperata s Univerziteta u Beogradu je, za specifi¢ne potrebe naucnoistrazivackog projekta
“Nacionalna tipologija stambenih zgrada Srbije* (Jovanovi¢ Popovi¢, i dr. 2013), sproveo namjenski popis stambenih objekata sa
statistickom obradom podataka.
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SCIENTIFIC RESEARCH METHODOLOGY

The methodological framework of typology of residential buildings research of Bosnia and
Herzegovina is based on European international research project TABULA harmonised with
the directives 2002/91/EC and 2006/32/EC, and co-financed from the European Commission
IEE’ programme. The TABULA project, whose initiators come from the Institute for housing
and environment IWU* from Darmstadt, defines a single framework for classification of
typology of residential buildings in Europe, with a defined methodology of calculation of
energy characteristics of buildings. The TABULA project methodology has been applied in 20
European countries and research results have been presented to the public on the official
website of the project,” and in the form of a book and leaflets in which energy indicators of the
existing condition and effects of measures of energy efficiency improvement have been
illustrated graphically. The research, initiated by the TABULA concept, has been continued and
expanded in the EPISCOPE project that monitors the process of implementation of energy
efficiency improvement measures within the European fund for residential buildings.

The basis of the TABULA project represents creation of a unique typological model of
classification of residential buildings, composed of the following elements [3]:

 Classification concept of the existing residential buildings according to the

construction period, size and other parameters;

» Typical buildings, which represent typical categories of residential buildings;

«  Values of energy consumption of typical buildings;

« Presentation of calculations of possible energy savings,

 Statistical data for buildings and energy supply systems.

Due to a lack of data on the existing housing stock of Bosnia and Herzegovina, a team of
experts of Bosnia and Herzegovina decided to implement the inventory of buildings and apply
statistical analyses,” as reliable bases for classification of residential buildings based on
similarity of their general and specific characteristics.

After defining goals and tasks of the research, the plan of implementation of the research
paper on the project Typology of Residential Buildings in Bosnia and Herzegovina was
defined, which consisted of the following steps:

*|EE, abbr. from Intelligent Energy Europe

“IWU, abbr. from Institut Wohnen und Umwelt GmbH

> http://episcope.eu/building-typology

® Unlike most European research teams, participants of the project TABULA, who carried out the typological classification and selection of
typical buildings based on available statistical data, the team of experts of the University of Belgrade, implemented a special-purpose
inventory of residential buildings with a statistical data processing for the specific requirements of the scientific-research project titled
“National Typology of Residential Buildings of Serbia” (Jovanovi¢ Popovic et al. 2013).
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1. Analiza postojecih propisa, normativa i prethodnih istraZivanja iz oblasti projekto-
vanja i energetske efikasnosti stambene arhitekture Bosne i Hercegovine;

2. Utvrdivanje kriterija za klasifikaciju stambenih objekata u Bosni i Hercegovini;

Definisanje dvostepenih formulara (Upitnik ,A i Upitnik ,B“) namijenjenih teren-

skom radu statisticke agencije;

Popis stambenih objekata, statisticka i klaster analiza;

Kontrola kvalitete terenskog rada statisticke agencije koju obavljaju ekspertni timovi;

Odabir tipi€nih objekata - predstavnika kategorija stambenih objekata;

Tehnicko snimanje i analiza tipicnih objekata;

Proracun energetskih karakteristika objekata;

Publikacija i diseminacija rezultata projekta.

O N U

U skladu s predstavljenim planom rada, u toku razvoja projekta Tipologija stambenih
objekata Bosne i Hercegovine, primijenjene su sljedece naucnoistrazivacke metode:

A | Istorijska metoda

Istorijska metoda je primijenjena kroz analizu hronologije zakonskih propisa i tehnickih uslova
iz oblasti projektovanja, izgradnje i energetske efikasnosti stambenih objekata, na osnovu
koje su definisani osnovni parametri za periodizaciju postojecih stambenih objekata u Bosni i
Hercegovini.

B | Induktivno-deduktivna metoda

Primjena induktivno-deduktivne metode je doprinijela da se na osnovu pojedinacnih ginjenica
i opstih logickih obiljezja utvrde jedinstveni kriteriji za periodizaciju i klasifikaciju stambenih
objekata u Bosni i Hercegovini. Induktivno-deduktivna metoda je bila od presudnog znacaja
prilikom transponovanja pojedina¢nih podataka o arhitektonskim i energetskim karakteristi-
kama tipi¢nih objekata na nivo cjelokupnog stambenog fonda Bosne i Hercegovine.

C| Komparativha metoda

Komparativna metoda je koriStena prilikom utvrdivanja urbanisticko-arhitektonskih para-
metara u klasifikaciji stambenih objekata u Bosni i Hercegovini, pri ¢emu je izvrSena uspo-
redba s tipoloskim principima koji su primijenjeni u drugim evropskim zemljama (npr. Nje-
macka, Greka, Velika Britanija). S obzirom na drustveno-istorijski kontekst i zajednicko pori-
jeklo najveceg dijela stambenog fonda (bivsa Jugoslavija), tipologija stambenih objekata
Bosne i Hercegovine je u velikoj mjeri uporediva s tipologijom stambenih objekata Republike
Srbije, s izvjesnim razlikama u kriterijima periodizacije stambenog fonda.
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1. Analysis of existing regulations, standards and previous researches in the field of
design and energy efficiency of residential architecture of Bosnia and Herzegovina;

2. Establishment of criteria for classification of residential buildings in Bosnia and
Herzegovina;

3. Defining two-stage forms (Questionnaire “A” and Questionnaire “B”) intended for the

field work of the statistics agency;

Inventory of residential buildings, statistic and cluster analysis;

Quality control of field work of the agency for statistics conducted by expert teams;

Selection of typical buildings - representatives of residential building categories;

Technical recording and analysis of typical buildings;

Calculation of energy characteristics of buildings;

Publication and distribution of project results.

O NG A

In accordance with the presented work plan, during development of the project Typology
of Residential Buildings in Bosnia and Herzegovina, the following scientific-research methods
were applied:

A | Historical method

The historical method was applied through the analysis of chronology of legal regulations and
technical conditions in the field of designing, construction and energy efficiency of residential
buildings, based on which basic parameters for periodization of the existing residential
buildings in Bosnia and Herzegovina were defined.

B | Inductive-deductive method

The application of an inductive-deductive method contributed to establishment of unique
criteria for periodization and classification of residential buildings in Bosnia and Herzegovina
based on individual facts and general logical characteristics. The inductive-deductive method
was of a crucial significance during transposition of individual data on architectural and
energy characteristics of typical buildings to the level of the entire housing stock of Bosnia
and Herzegovina.

C | Comparative method

The comparative method was used upon defining urban-architectural parameters in
classification of residential buildings in Bosnia and Herzegovina upon which comparison with
typological principles applied in other European countries (for example in Germany, Greece, Great
Britain) was carried out. Bearing in mind the sociohistorical context and common origin of the
greatest part of the housing stock (former Yugoslavia), typology of residential buildings of Bosnia
and Herzegovina can to a great extend be compared to the typology of residential buildings of
the Republic of Serbia, with certain differences in criteria of the housing stock periodization.




D | Statisticka metoda

U okviru rada na projektu Tipologija stambenih objekata Bosne i Hercegovine, statisticka
agencija’ je prikupila i obradila podatke na uzorku od 13.044 objekta individualnog i kolek-
tivnog stanovanja u Bosni i Hercegovini, uzimajuci u obzir regionalnu i tipolosku zastuplje-
nost predmetnog uzorka. Na osnovu prethodno utvrdenih arhitektonsko-urbanistickih krite-
rija eksperti za statistiku su izvrSili ponderisanje podataka, nakon ¢ega je sprovedena klaster
analiza u kojoj su popisani objekti grupisani u Sest relativno homogenih cjelina, te hronoloski
razvrstani prema periodu izgradnje, za potrebe odabira tipi¢nih objekata.

E | Metoda opservacije

Istrazivanje uz primjenu metode opservacije realizovano je u prvoj fazi projekta kada su
terenski timovi statisticke agencije, prema zadatim uputstvima a na osnovu uvida u vanjski
izgled objekta, zabiljeZili opSte podatke o stambenim objektima. Na ovaj nacin su, prema
obrascu prvostepenog Upitnika ,A”, prikupljeni i sistenatizovani podaci o svim objektima, koji
se odnose na veliCinu, formu, godinu izgradnje, vanjski izgled, zavrSnu materijalizaciju
objektaisl.

F | Anketna metoda

S ciljem da se dobiju detaljni podaci o stambenim objektima, u postupku istraZivanja je
primijenjena i anketna metoda. Anketiranje je podrazumijevalo popunjavanje Upitnika ,B,
odnosno ulazak anketara u svako Cetvrto domacinstvo popisano prema Upitniku ,A“ (3.267
stambeni objekat) i razgovor s vlasnicima ili predstavnicima etaznih vlasnika, radi prikup-
ljanja detaljnih podataka o karakteristikama zgrade koji uti€u na energetsku efikasnost
(materijalizacija omotaca zgrade: krova, vanjskih zidova, podova, meduspratnih konstrukcija,
vrste prozora, sistema grijanja itd.). Ukoliko postoji projektno-tehnictka dokumentacija
izvrSena je provjera da li je objekat izveden prema projektu, te evidentirana eventualna
odstupanja od projekta, kao i promjene izvornog oblika zgrade.

Metodologija popisa stambenih zgrada

Nakon utvrdene periodizacije i tipologije stambenih objekta u Bosni i Hercegovini, u skladu
s ciljem i predmetom istraZivanja, kreirani su dvostepeni formulari - Upitnik ,A“ i Upitnik ,B",
namijenjeni terenskom radu statisticke agencije.

Pri odredivanju sadrZaja upitnika stavljen je akcenat na klju¢ne varijable s jednostavnim,
konkretnim i razumljivim pitanjima, pri ¢emu prvostepeni formular ,A“ sadrZi osnovne po-
datke o objektu, kao 3to su njegove geometrijske karakteristike, povrSina osnove, broj spra-
tova, broj stanova itd., koji su prikupljeni opservacijskom metodom terenskih timova.

’ Statisticka agencija IPSOS.

D | Statistical method

Within the framework of work on the project Typology of Residential Buildings in Bosnia and
Herzegovina, the statistics agency’ collected and processed data on the sample of 13,044
buildings of single-family housing and collective housing in Bosnia and Herzegovina, taking
into consideration regional and typological representation of the sample concerned. Based on
previously defined architectural-urban criteria, statistics experts have carried out data
weighing, after which a cluster analysis was carried out in which listed buildings were grouped
in six relatively homogenous units and chronologically classified according to the construction
period, for the requirements of typical building selections.

E | Observation method

Research with the use of observation method was implemented in the first phase of the
project, when field teams of the statistics agency, in accordance with the given instructions
and based on inspections of the external look of buildings, recorded general data on residential
buildings. In this manner, according to the form of the first-stage Questionnaire “A”, were
collected and systematized data on all buildings pertaining to size, form, construction year,
external look, final materialization of buildings and similar.

F | Survey method

The survey method as well was applied in the research procedure with the goal of obtaining
detailed data on residential buildings. The survey sampling implied filling in the Questionnaire
“B”, that is, entrance of an interviewer in every fourth household listed in accordance with the
Questionnaire “A” (3,261 residential building) and discussion with owners or representatives of
condominium owners representatives for collection of detailed data on characteristics of
buildings which influence the energy efficiency (materialization of building envelope: roof,
external walls, floors, interfloor constructions, window types, heating systems etc.). If the
project and technical documents existed, it was checked if the building had been constructed
in accordance with the design and possible deviations from the project as well as changes to
the original building shape were recorded.

Methodology of inventory of residential buildings

After determined periodization and typology of residential buildings in Bosnia and Herze-
govina and in accordance with the goal and the research subject, two-stage forms were created
- Questionnaire “A” and Questionnaire “B”, intended for the field work of the statistics agency.

When determining the questionnaire contents, the accent was placed on key variables with
simple, concrete and understandable questions, upon which the first-stage form “A” included
basic data on the building, such as its geometrical characteristics, floor area, number of floors,
number of apartments etc., obtained by the observation method of field teams.

 Statistics agency IPSOS.
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Drugostepeni formular ,B* je kompleksnijeg sadrzaja, tako da su podaci prikupljeni anke-
tnom metodom i razgovorom s predstavnicima svakog Cetvrtog stambenog objekta popisanog
prema Upitniku ,A“. Drugostepeni formular ,B“ sadrzi i specifi¢na pitanja koja su bitna za
klasifikaciju objekata, a koja se odnose na geometriju osnove objekta, preko karakteristika
omotaca, do primijenjenog energenta i sistema grijanja u objektu. Prije nego 5to je statisticka
agencija pocela terenski rad, ekspertni tim projekta je obavio obuku popisivaca, na kojoj su
detaljno objadnjeni ciljevi istrazivanja, sadrzaji formulara i nagin njihovog popunjavanja.

U periodu juni-septembar 2015. godine statisticka agencija je obradila, kompjuterski
potpomognutim li€nim anketiranjem (CAPI), 13.044 objekta porodi¢nog i kolektivnog stano-
vanja u Bosni i Hercegovini uz procijenjenu mogucnost greske uzorka na +/- 0,92%.

Popisivani su samo stambeni objekti koji imaju kuéne brojeve ili im broj jo$ uvijek nije
dodijeljen pa su oznaceni sa ,bb“ (bez broja), dok ostali objekti nisu tretirani jer se smatraju
privremenim strukturama.

S cilijem da se dobiju Sto precizniji podaci o broju stambenih jedinica po opStinama i
optimalnog mapiranja zona (Slika 2), polaznih tacaka i kretanja anketara, koristen je model
Agencije za statistiku Bosne i Hercegovine i preliminarni rezultati Popisa stanovnistva,
domacinstava i stanova iz 2013. godine.

Stratumi uzorka su podijeljeni na dvije kategorije:
e |.stratum - entiteti
* |I. stratum - tip naselja (urbani/ ruralni)

U opstinama s manje od 5.000 stambenih jedinica, s obzirom na predvideni dvoetapni
stratifikovani uzorak, jedinice prve etape su naselja unutar opstina, dok su makrozone u
naseljima s vise od 5.000 stambenih jedinica.

Jedinice druge etape se, takode, razlikuju u zavisnosti od veli¢ine naselja tako da su biracka
mjesta bila polazna osnova za naselja s manje od 5.000 stambenih jedinica, dok su mikrozone
u gradovima s viSe od 5.000 stambenih jedinica. Na osnovu baze birackih mjesta Centralne
izborne komisije izvrSen je odabir polaznih tacaka uzorka u ruralnim podru¢jima tehnikom
slu¢ajnog kretanja i popisivanja 20 objekata po polaznoj tacki.

Gradska podrugja opstina su podijelijena na makrozone, koje su uslovljene relativnom
homogenosc¢u po teritoriji, tipologiji (individualno/ kolektivno stanovanje) i periodu izgradnje
objekata. Makrozone su dodatno podijeljene na mikrozone, uz uslov da zadovoljavaju kriterij
veli¢ine (15-30 objekata) i s jasno definisanim okvirom ulica. Slu¢ajnim odabirom jedne ili
vise mikrozona unutar makrozone izvrseno je anketiranje i popis stambenih objekata u
zavisnosti od veli¢ina uzorka koji su planirani za pojedine opstine. Posebno je obradena zona
nebodera, zgrada s 8 i viSe spratova, koje su u potpunosti popisane u odabranim opstinama.
Svaki pojedinacni objekat je fotografisan iz razlicitih uglova, $to je bila osnova ekspertnom
timu za provjeru podataka.
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The second-stage form “B” had more complex contents, so data were obtained by the
survey method and talk to representatives of each fourth residential building listed according
to the Questionnaire “A”. The second-stage form “B” also contained specific questions
significant for a building classification, pertaining to the geometry of the building's base,
envelope characteristics, applied energy carrier and heating system in the building. Before the
statistics agency started with the field work, the expert team of the project had completed the
training of enumerators, in which research goals, form contents and manner of their
completion had been explained.

In the period between June and September 2015, the statistics agency processed, by
computer-assisted personal interviewing (CAPI), 13,044 buildings of family and collective
residence in Bosnia and Herzegovina with an estimated sampling error of +/- 0.92%.

Only those buildings with house numbers or those which still have not been marked with a
number and were marked with “nn” (no number) were listed, whereas other buildings were
not listed since they were considered temporary structures.

The model of the Agency for Statistics of Bosnia and Herzegovina and preliminary results
of 2013 Census of Population, Households and Dwellings were used with the goal of obtaining
as precise data on the number of dwelling units per municipalities and optimal zone mapping
(Figure 2), starting points and enumerators' movements as possible.

Sample stratums were divided into two categories:
e |.stratum - entities
* |I. stratum - settlement type (urban/rural)

In municipalities with less than 5,000 dwelling units, having in view the provided two-
stage stratified sample, first-stage units are settlements within municipalities, whereas
macrozones are in settlements with more than 5,000 dwelling units.

Second-stage units also differ from one another, depending on the size of the settlement,
therefore polling stations were the starting points for settlements with less than 5,000
dwelling units, and microzones were the starting points in towns with over 5,000 dwelling
units. Based on the polling stations basis of the Central Electoral Committee, a selection of
starting points of samples in rural areas was made by random walk technique and listing of
20 buildings per starting point.

Urban areas of municipalities were divided into macrozones, which were conditioned by a
relative homogeneity of territories, typology (single-family housing / collective housing) and
construction period of buildings. Macrozones were further divided into microzones, given that
they met the size criteria (15-30 buildings) with clearly defined street framework.
Interviewing and listing of residential buildings depending on the sample size planned for
certain municipalities was carried out by a random selection of one or more microzones
within a macrozone. The skyscraper zone, buildings with 8 and more floors, completely listed
in the selected municipalities, was processed separately. Each individual building was photo-
graphed from different angles, which was the basis for data control by the expert team.




BROJ STAMBENIH JEDINICA | TOTAL NUMBER OF DWELLING UNITS

Brcko Distrikt
Brcko 22 610

FBiH
Biha¢ 19 112 )
Bosanska Krupa 6 737 OPCINE U BIH | MUNICIPALITIES IN BIH

Bugojno 7 089
Centar Sarajevo 30 227
Gorazde 6 259
Gracanica 11 362
Mostar 37 059
Gradacac 7 530
llidza 35 427
Konjic 5 487
Lukavac 13 003
Novi Grad Sarajevo 54 011
Novo Sarajevo 34 020
Sanski Most 5 649
Srebrenik 5 064
Stari Grad Sarajevo 19 107
Travnik 8 851
Tuzla 45 302
Visoko 5 697
Vogos¢éa 10 169
Zavidovi¢i 5 666
Zenica 38 501
Zepte 5 306
Zivinice 13 863

RS
Banja Luka 78 645
Bijeljina 33 796
Derventa 5 314
Doboj 14 429
Gradiska 7 823
Istotno Novo Sarajevo 3 772
Kozarska Dubica 5 589
Modrica 4 164
Novi Grad 5 720
Pale 6565
Prijedor 22 132
Trebinje 11617
Zvornik 6 948

Slika 2. Prikaz odabranih makrozona na nivou BiH
Figure 2. Macro-zones on the level of BiH
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PRIMJER ODABIRA MAKROZONE (BANJA LUKA)
MACRO-ZONE SELECTION IN THE CASE OF THE CITY OF BANJA LUKA

PRIMJER ODABIRA MIKROZONE (BANJA LUKA)
MICRO-ZONE SELECTION IN THE CASE OF THE CITY OF BANJA LUKA
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Nakon Sto su podaci prikupljeni na terenu, izvrSena je kontrola kvaliteta, pri cemu je
pristupljeno telefonskoj kontroli rada anketara na 10% realizovanog uzorka faze A i terenskoj
kontroli na 5% realizovanog uzorka faze B, kao i i logicka kontrola podataka uz upotrebu SPSS
softvera.’

Uzimajuci u obzir broj mikrozona u pojedinim makrozonoma u urbanim podrucjima i od-
nos ukupnog broja birackih mjesta i broja birackih mjesta u uzorku, izvrSeno je ponderisanje
podataka koristenjem SPSS softvera.

U zavrsnoj fazi ekspertni timovi su pregledali cjelokupnu bazu podataka s fotografijama
popisanih objekata, pri ¢emu je izvrsena kontrola arhitektonsko-urbanistickih parametara i
perioda izgradnje. Finalno ponderisanje objekata je uslijedilo nakon viSestruke provjere te-
renskog rada popisivaca, s obzirom na potrebe korekcije uocenih greSaka koje su se odnosile
na procjenu perioda i tipolo3ku kategoriju stambenih objekata.’

Klaster analiza i odabir tipicnih zgrada

Popis stambenih objekata pruzio je brojne mogucénosti statisticke obrade i analize dobije-
nih podataka. Medu njima se izdvaja klaster analiza, zbog svog znacaja u odabiru tipi¢nih
objekata, koji predstavljaju stvarne reprezente tipoloskih kategorija stambenih objekata.

Ulazni parametri za klaster analizu podataka dobijenih iz statistickog popisa objekata su
prevashodno ukljucivali geometrijske karakteristike stambenih objekata kao Sto su povrsina
osnove, broj spratova, broj stanova, ali i specifi¢na arhitektonska obiljeZja kao $to su karakter
krova, starost prozorskih otvora, namjena prizemne etaze itd. Klaster analiza je podrazumi-
jevala grupisanje objekata u Sest relativno homogenih grupa sa sliénim karakteristikama, na
osnovu ega su izvedene prosjecne vrijednosti za svaku pojedinacnu kategoriju objekata. Upo-
rednom analizom karakteristika popisanih objekata i prosjecnih vrijednosti tipicnih objekata
dobijenih klaster analizom identifikovani su stvarni predstavnici objekata svake pojedinacne
tipolo3ke kategorije. U postupku finalnog odabira tipicnog objekta u dominantnom klasteru
vodilo se racuna o teritorijalnoj zastupljenosti objekata na prostoru Bosne i Hercegovine. U
zbirnoj matrici tipologije stambenih objekata izostavljeni su tipi¢ni objekti u pojedinim vre-
menskim periodima zbog njihove male zastupljenosti u ukupnom broju objekata, tj. zbog toga
Sto u takvim slucajevima broj popisanih objekata u dominantnom klasteru nije zadovoljavao
minimalni uzorak od 25 objekata.

° SPSS - Statistical Package for the Social Sciences, Statistitki program za drustvene nauke

° Procjena perioda izgradnje na osnovu vizuelnih karakteristika pojedinog objekta bio je veoma kompleksan zadatak za popisivace.
Podaci za ovu kljuénu komponentu za izradu tipolodke matrice su najve¢im dijelom dobijeni prethodnim razgovorom sa stanarima, kao
i na osnovu uvida u obiljezja i natpisa godine izgradnje na fasadama objekata.
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After collecting data in the field, a quality control was conducted, upon which phone check
of work of interviewers was carried out on 10% of implemented sample of phase A and field
check on 5% of implemented sample of the phase B, as well as logistic control with the use of
SPSS software.’

Taking into consideration the number of microzones in certain macrozones of urban areas
and the ratio of the total number of polling stations to the number of polling stations in the
sample, data weighing was carried out by using SPSS software.

In the final stage, expert teams overviewed the entire data base with photos of listed
buildings, upon which a control of architectural-urban parameters and construction periods
was carried out. The final building weighing came after multiple inspection of field work of
enumerators, having in view needs for correction of the detected errors pertaining to period
assessment and typological category of residential buildings.’

Cluster analysis and selection of typical buildings

Inventory of residential buildings offered numerous possibilities for statistical processing
and analyses of the obtained data. Among them is singled out a cluster analysis, due to its
significance in the selection of typical buildings which represent real representatives of
typological categories of residential buildings.

Input parameters for the cluster analysis of data obtained from the statistical inventory of
buildings primarily included geometrical characteristics of residential buildings such as floor
areas, number of floors, number of apartments but also specific architectural characteristics
such as the roof character, age of window openings, purpose of the ground floor etc. The
cluster analysis implied grouping of buildings into six relatively homogenous groups with
similar characteristics, based on which average values for each individual category of
buildings was derived. Real representatives of buildings of each individual typological
category were identified by the comparison analysis of characteristics of listed buildings and
average values of typical buildings obtained by the cluster analysis. In the procedure of final
selection of a typical building in the dominant cluster, attention was paid to territorial
representation of buildings in the territory of Bosnia and Herzegovina. Typical buildings in
certain time periods were left out from the collective matrix of typology of residential
buildings because of their small representation in the total number of buildings, that is,
because in such cases the number of listed buildings in a dominant cluster did not meet the
minimal sample of 25 buildings required.

® SPSS - Statistical Package for the Social Sciences, Statisticki program za drustvene nauke

° Assessment of the construction period based on visual characteristics of a certain building was a very complex task for enumerators.
Data for this key component for making the typological matrix have mostly been obtained by previous talks to residents, as well as
based on inspection of characteristics and signs on facades of buildings noting the year of construction.




Terenski rad strucnih timova

Nakon odabira tipicnih objekata istraZivanje je nastavljeno u vidu terenskog stru¢nog
rada, u koji su uklju¢eni timovi struénjaka s Arhitektonskog i Masinskog fakulteta iz Sarajeva i
Banje Luke. Terenski timovi su tehnicki snimili i evidentirali arhitektonske i energetske
karakteristike odabranog objekta, te analizirali njegovu konstrukciju, materijale koristene za
izgradnju i sistem grijanja. U sluéaju nemogucnosti pronalaska originalne tehnicke
dokumentacije, posebno kod objekata kolektivnog stanovanja, istraZivacki rad je zahtijevao da
ekspertni i terenski timovi izvrSe detaljan uvid u nacin i tehnologiju gradenja, primijenjeni
konstruktivni sistem i materijale. Terenski angaZzman timova arhitektonske i masinske struke
je, pored de-taljnog mjerenja i grafickog prikazivanja objekata, podrazumijevao i razgovore s
vlasnicima, odnosno predstavnicima etaznih vlasnika stambenih objekata, €ije je poznavanje
objekata predstavljalo dodatni izvor relevantnih informacija.

Termografsko snimanje tipicnih zgrada

Termografsko snimanje je bezkontaktna metoda mjerenja koja ukljuuje snimanje ele-
menata omotaca zgrade termovizijskom kamerom. Termografskim snimanjem objekta mogu
se generisati kvantitativni i kvalitativni snimci elemenata omotaca koji omogucavaju de-
tekciju elemenata razlicite materijalizacije, loSe izolovanih i dijelova s ostecenom izolacijom,
elemenata konstrukcije na kojim je do3lo do prodora vlage u elemente konstrukcije itd. Termo-
grafski snimci su bili od velike koristi kod detekcije elemenata omotaca razlicite materi-
jalizacije, te procjene doprinosa toplotnih mostova u toplotnim gubicima objekta.

Proracun energetskih performansi zgrada

Nakon provedenog terenskog snimanja objekata i pripreme podataka izvrSen je proracun
energetskih performansi objekata. Proracun je baziran na vazeCim zakonskim propisima u
FBiH [4,5] i RS koji ureduju oblast energetskog certificiranja i proracuna energetskih perfor-
mansi objekata [6,7], te su izracunate ukupna i specifi¢na energija potrebna za grijanje ti-
picnih objekata. Uzimajuci u obzir dominantni sistem grijanja, energent i stepene iskoristenja
sistema, izratunate su isporucena i primarna energija kao i emisija CO,. Analiziran je sistem
za pripremu potro3ne tople vode dominantan za kategoriju objekata kojoj pripada tipicni
objekat i njegov stepen iskoristenja.

Field work of expert teams

After selection of typical buildings, the research continued in the form of a field expert
work that included teams of experts from the Faculty of Architecture and Faculty of
Mechanical Engineering in Sarajevo and Banja Luka. Field teams did a technical recording and
recorded architectural and energy-related characteristics of a selected building and analysed
its construction, used materials and heating system. In case of impossibility to find the
original technical documents, especially in cases of collective residence buildings, the research
work required expert and field teams to carry out detailed examination of the manner and
technology of construction, applied construction system and materials. Field engagement of
teams of architects and mechanical engineers, in addition to a detailed measuring and
graphical representation of buildings, also implied discussions with owners, that is, with
representatives of condominium owners, which knowledge on the buildings was an additional
source of relevant information.

Thermographic recording of typical buildings

Thermographic recording is a non-contact measurement method which includes recording
of elements of a building's envelope by a thermal imaging camera. Quantitative and qualitative
recordings of the envelope elements can be generated by thermographic recording, which enable
detection of elements of different materialization, poorly isolated parts and parts with damaged
isolation, elements of construction in which moisture passed through the construction elements
etc. Thermographic elements were of great use for detection of envelope elements of different
materialization and assessment of contributions of thermal bridges in heat losses of buildings.

Calculation of energy performances of buildings

After completed thermal recording of buildings and data preparations, a calculation of
energy performances of buildings was made. The calculation was based on valid legal
regulations in the FBiH [4.5] and in RS which regulate the field of energy certification and
calculation of energy performances of buildings [6.7], therefore total and specific energy needed
for heating of typical buildings were calculated. Bearing in mind the dominant heating system,
energy fuel for heating system and system efficiency, delivered and primary energy were
calculated as well as the CO, emission. Domestic hot water system was analysed, dominant for
the categories of buildings which the typical buildings belonged to and the level of its utilization.
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Nakon definisanja mjera koje mogu da dovedu do smanjivanja potro3nje energije u
zgradama izvr3en je proracun energetskih performansi tipi€nih zgrada s pretpostavkom da su
mjere sprovedene. Sve mjere su definisane kao unapredenje 1 (standardne mjere) i unapre-
denje 2 (nestandardne mjere). Kao rezultat dobijene su moguce ustede nakon provodenja
standardnih mjera, kao i uStede nakon primjene nestandardnih mjera, i to iskazane u koli€ini
isporucene i primarne energija, kao i emisija CO,.

TIPOLOGIJA STAMBENIH ZGRADA BOSNE | HERCEGOVINE

Primarni zadatak u radu na naucnoistrazivackom projektu Tipologija stambenih objekata
Bosne i Hercegovine je podrazumijevao utvrdivanje kriterija za klasifikaciju stambenih obje-
kata. Na osnovu usporedne analize metodoloSkog okvira medunarodnog projekta TABULA i
specificnosti graditeljskog naslijeda Bosne i Hercegovine utvrdeni su osnovni kriteriji za defi-
nisanje tipologije stambenih objekata: vremenski period izgradnje i arhitektonsko-urbani-
sticka obiljeZja objekata. Primjenom tipoloskog pristupa klasifikacije stambenih objekata kre-
iran je prvi sistematican pregled karakteristika postojecih tipova stambenih objekata u Bosni i
Hercegovini. Rezultati projekta su stvorili bazu podataka koja moZe da predstavlja osnovu za
druge naucnoistrazivacke i strucne projekte.

Sistematizovanje stambenih objekata prema zadatim kriterijima rezultiralo je matricom
tipologije stambenih objekata, odnosno, grafickim i tabelarnim prikazom hronoloskog razvo-
ja tipologije stambene arhitekture Bosne i Hercegovine. Uloga matrice tipologije je da na
jednostavan i sistemati¢an nacin ilustruje sustinski znacaj tipoloskog pristupa klasifikaciji
stambenih objekata.

Periodizacija stambenih zgrada u Bosni i Hercegovini

S ciljem kreiranja hronolo3kog prikaza razvoja tipologije stambenih objekata definisani su
karakteristicni vremenski periodi, uslovljeni drustveno-istorijskim kontekstom, tehnologijom
gradenja i primijenjenim materijalima, te regulativom koja ureduje oblast toplotne zastite
zgrada. U tom smislu utvrdeni su klju¢ni istorijski pragovi u kojima su zabiljezene pojave novih
koncepata izgradnje, arhitektonskih stilova ili upotreba novih tehnolo3kih postupaka i materi-
jalizacije objekata.

S druge strane, na periodizaciju tipova stambenih objekata uticala je i primjena regulative
iz oblasti toplotne zastite objekata. Energetska efikasnost kao pojam u arhitekturi ne pojavlju-
je se do 70-ih godina proslog vijeka. Prvi propis koji je samostalno tretirao toplotnu zastitu
objekata” donesen je 1970. godine kao Pravilnik o tehnickim mjerama i uslovima za toplotnu
zastitu zgrada. Dekadu poslije, 1980. godine, donesen je Pravilnik o jugoslovenskim stan-

" Prije ovog pravilnika mjera toplotne zaitite se pojavljuje, po prvi put, u okviru Pravilnika o minimalnim tehnitkim uslovima za izgradnju
stanova iz 1967. godine
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After defining measures which could result in reduction of energy consumption in buildings,
calculation of energy performances of typical buildings was made with the assumption that
measures had been implemented. All measures are defined as improvement 1 (standard
measures) and improvement 2 (non-standard measures). As a result, possible savings were
obtained after implementation of standard measures as well as savings after application of non-
standard measures expressed in quantity of delivered and primary energy and CO, emissions.

TYPOLOGY OF RESIDENTIAL BUILDINGS IN BOSNIA AND HERZEGOVINA

The primary task in the work on scientific and research project Typology of Residential
Buildings in Bosnia and Herzegovina implied establishment of criteria for classification of
residential buildings. Based on a comparative analysis of the methodological framework of
international project TABULA and specificity of construction heritage of Bosnia and
Herzegovina, basic criteria for defining typology of residential buildings were defined: period
of construction and architectural and urban characteristics of buildings. By application of
typological approaches of classification of residential buildings, the first systematic overview
of characteristics of the existing types of residential buildings in Bosnia and Herzegovina was
created. Project results have created a data base which could serve as the basis for other
scientific and research and expert projects.

Systematization of residential buildings according to given criteria resulted in the typology
matrix of residential buildings, that is, in graphical and table representation of chronological
development of typology of residential architecture of Bosnia and Herzegovina. The role of the
typology matrix is to illustration the significance of typological approach to classification of
residential buildings in a simple and systematic manner.

Periodization of residential buildings in Bosnia and Herzegovina

Having the goal to create a chronological overview of development of typology of
residential buildings, characteristic periods were defined, conditioned with the socio-historical
context, construction technology and applied material as well as regulations regulating the
field of thermal protection of buildings. Key historical thresholds were established in this
respect in which new concepts of construction, architectural styles or use of new technological
procedures and building materializations were recorded.

On the other hand, periodization of types of residential buildings was influenced also by
application of regulations in the field of thermal protection of buildings. Energy efficiency, as a
term in architecture, did not appear before the 70s. The first regulation that independently
analysed thermal protection of buildings" was enacted in 1970 as the Rulebook on Technical
Measures and Conditions for Thermal Protection of Buildings. A decade later, in 1980, was

" Before enactment of this rulebook, the thermal protection measure appeared for the first time within the framework of the Rulebook on
Minimal Technical Conditions for Construction of Apartments dated 1967.




dardima za toplotnu tehniku u gradevinarstvu i prateci standardi: JUS U.J5.600 - Toplotna
tehnika u gradevinarstvu, tehnicki uslovi za projektovanje i gradenje zgrada, JUS U.J5.510 -
Toplotna tehnika u gradevinarstvu, Metode proracuna koeficijenata toplote u zgradama, JU
UJ5.520 - Toplotna tehnika u gradevinarstvu, Metode prora¢una difuzije vodene pare, JUS
U.J5.530 - Toplotna tehnika u gradevinarstvu, Metode proracuna karakteristika toplotne
stabilnosti spoljasnjih gradevinskih konstrukcija zgrada za ljetno razdoblje. Ovaj pravilnik je
inoviran 1987. godine, te se viSe ne posmatraju samo toplotni gubici u pojedinim elementima
vanjskog omotaca nego se zgrada posmatra kao cjelina. Novi pravilnik pratila je i izmjena
standarda JUS U.J5.570i JUS U.J5.600. Ovaj pravilnik, zajedno s prate¢im standardima, ostao
je na snazi dugi niz godina, sve do dono3enja nove regulative u Federaciji Bosne i Hercegovine
2009. godine, a u Republici Srpskoj 2015. godine.

Na osnovu analize istorijskog aspekta najbitnijih arhitektonsko-urbanistickih karakteri-
stika, kao i pregledom regulative, definisana je sljedeca periodizacija tipologije stambenih
objekata u Bosni i Hercegovini:

Period do 1919. godine

Zavrsetak |. svjetskog rata predstavlja istorijski reper u definisanju prvog vremenskog
perioda, koji obuhvata tipologiju stambenih objekata u Bosni i Hercegovini izgradenih do kraja
austrougarskog perioda.

Ovaj period ukljucuje objekte s razliitim konceptima izgradnje i i materijalima koristenim
za izgradnju. Stambeni objekti koji datiraju iz osmanskog perioda su, u vecini slucajeva,
prizemni i jednospratni, pri ¢emu je visina objekta uslovljena tradicionalnim nacinom gradnje
i materijalizacijom.” Vecina objekata, koji poti€u iz ovog perioda, je skeletne drvene kon-
strukcije s ispunom od nepecene gline, gradeni u tzv. bondruk sistemu, dok u seoskim po-
drucjima ima donekle sacuvanih objekata masivne drvene konstrukcije tipa brvnara, polu-
brvnara i talpara. U austrougarskom periodu dolazi i do dono3enja regulative, te je 1880.
godine donesen Gradevinski pravilnik. PoCinje gradnja viSespratnih stambenih zgrada, tipa
¢inovnickih paviljona namijenjenih kolektivnom stanovanju. Zgrade se grade kvalitetnije, od
opeke starog austrougarskog formata, masivnih zidova debljine 45cm i 60cm, te su zbog toga
toplotni gubici relativno niski.

Period od 1919. do 1945. godine

Ovaj period predstavlja vrijeme izmedu dva svjetska rata, kada dolazi i do promjene dru-
Stvenog sistema u Bosni i Hercegovini. Pored kontinuiteta u gradnji porodi¢nih stambenih
objekata, ovaj period karakteriSe i izgradnja viSespratnih objekata za kolektivno stanovanje u

" "Gradske stambene kuce iz osmanskog perioda su gradene u dijalogu s prirodnim i izgradenim okruzenjem, a karakterise ih povoljna
orijentacija i postivanje 'nepisanih pravila’ kao 3to je pravo na vidik, a gledano iz savremene perspektive, elementi ovojnice ovih zgrada su
posjedovali povoljne toplinske karakteristike.”

enacted the Rulebook on Yugoslav Standards for Thermal Equipment in Construction Work with
corresponding standards: JUS U.J5.600 - Thermal Equipment in Construction Work, Technical
Requirements for the Design and Construction of Buildings, JUS U.J5.510 - Thermal Equipment
in Construction Work, Methods for Calculating the Heat Coefficient in Buildings, JU UJ5.520
-Thermal Equipment in Construction Work, Methods for Calculating Diffused Water Vapour, JUS
U.J5.530 - Thermal Equipment in Construction Work, Methods for Calculating Thermal Stability
of External Structure Constructions of Buildings for Summer Period. This rulebook was
innovated in 1987, therefore not only heat losses in certain elements of external envelope were
observed but a building as a whole. The new rulebook was also followed by amendments to the
standards JUS U.J5.570 and JUS U.J5.600. This rulebook, together with the associated
standards, remained in effect for a number of years, all until enactment of the new regulations
in the Federation of Bosnia and Herzegovina in 2009 and in Republic of Srpska in 2015.

Based on the analysis of a historical aspect of the most important architectural and urban
characteristics, as well as by overview of regulations, the following periodization of typology
of residential buildings in Bosnia and Herzegovina was defined:

Period before 1919

End of the World War | represents a historical landmark in defining the first period which
encompasses typology of residential buildings in Bosnia and Herzegovina constructed by the
end of Austro-Hungarian period.

This period includes buildings with different concepts of construction and used materials.
Residential buildings dating back to the Ottoman period are, in most cases, ground level or
one-floor buildings, upon which the height of a building is conditioned by a traditional
manner of construction and materialization." Most buildings originating from this period
have a wood skeleton construction with panels made of unbaked clay, constructed in the so-
called bondruk system, whereas in rural areas there are some buildings preserved, made of
solid wood construction such as log cabins, semi-log cabin and plank houses. In Austro-
Hungarian period, a regulation was enacted so in 1880 was enacted Construction Work
Rulebook. After that started construction of multi-floor residential buildings such as clerical
pavilions intended for collective residence. More quality buildings made of bricks and in the
old Austro-Hungarian format, with massive walls the thickness of 45cm and 60cm were
constructed, for which reason heat losses were relatively low.

Period from 1919 to 1945

This period represents the time between the two World Wars, when there happened a
change of the social system in Bosnia and Herzegovina. In addition to continuity of

""Houses in urban areas built in the Ottoman period were constructed to fit in the natural and urban surroundings. They are characterised by
favourable orientation and use of “unspoken rules®, such as the right to a view. In terms of modern perspective, elements of their envelope
feature favourable thermal properties.”
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stilskom izrazu moderne. Stambene zgrade su masivne konstrukcije, grade se najceSce
primjenom opeke, prvo starog a zatim novog formata, a pocinje i primjena novog materijala -
armiranog betona. Smanjivanje debljine vanjskih zidova dovodi do gradnje zgrada koje imaju
lo3ije termoizolacione karakteristike nego zgrade gradene u austrougarskom periodu.

S obzirom na relativno mali procenat stambenih objekata izgradenih prije 1919. godine u
odnosu na cjelokupni stambeni fond Bosne i Hercegovine svi objekti, bez obzira na njihova
arhitektonska ili stilska obiljezja, svrstani su u jedinstven vremenski obuhvat. (do 1945.)

Period od 1945. do 1960. godine

Prvi poslijeratni period obiljeZen je velikim migracionim talasima stanovnistva ka urbanim
centrima i ograni¢enim investicijama u stambenu izgradnju, kao refleksijom drustvenog i
ekonomskog stanja drzave. Izgradnju stambenih objekata iz vremena ekonomske oskudice
karakteriSe koristenje masivnih konstrukcija, od opeke i armiranog betona, s vanjskim zido-
vima bez toplotne izolacije.

Period od 1961.do 1970. godine

Intenziviranje stambene izgradnje, a s ciljem rjeSavanja socijalne i stambene krize, pocinje
Sezdesetih godina 20. vijeka. U ovom periodu pocinje izgradnja velikih stambenih naselja, ra-
cionalnih i unificiranih kolektivnih stambenih zgrada. Zgrade se grade s vanjskim zidovima
bez primjene elemenata toplotne zastite, tj. toplotne izolacije, a toplotno se ne izoluju ni ostali
dijelovi omotaca zgrade, te su toplotni gubici u njima veliki.

Period od 1971. do 1980. godine

U jeku najvece ekspanzije u izgradnji objekata kolektivnog stanovanja, 1970. godine, je
donesen Pravilnik o tehnickim mjerama i uslovima za toplotnu zastitu zgrada [8]. Ovim
pravilnikom su odredene najvece dozvoljene vrijednosti koeficijenta prolaza toplote (k) za po-
jedine gradevinske elemente u odnosu na odredenu klimatsku zonu. Stambene zgrade gra-
dene u ovom periodu imaju loSe termoizolacione karakteristike zbog primjene tankih slojeva
izolacionih materijala, loSeg kvaliteta prozora, s brojnim toplotnim mostovima na spojevima
razlicitih materijala i elemenata konstrukcije. Toplotni mostovi, usljed kondenzacije vodene
pare iz vazduha, uzrokuju pojavu vlage i plijesni, tako da je najveci procenat stambenih
objekata iz ovog perioda zbog ovoga, ali i zbog loSeg odrZzavanja, u izrazito loSem grade-
vinskom stanju.

Period od 1981. do 1991. godine

Osamdesetih godina 20. vijeka intenzivirana je izgradnja prefabrikovanih stambenih
objekata kolektivnog stanovanja. Novi pravilnik s prate¢im standardima poostrava kriterije za
toplotnu zastitu objekta tako Sto smanjuje vrijednosti dozvoljenih koeficijenata prolaza

20 TIPOLOGIJA STAMBENIH ZGRADA BOSNE | HERCEGOVINE | TYPOLOGY OF RESIDENTIAL BUILDINGS IN BOSNIA AND HERZEGOVINA

construction of family residential buildings, this period is characterised also by a construction of
multi-floor buildings for collective residence in the stylistic expression of modernism. Residential
buildings have massive constructions and are mostly constructed of bricks, first in an old and
then the new format and also the use of a new material begun - reinforced concrete. Reduction
of thickness of external walls resulted in construction of buildings with a poorer thermal
insulation characteristics than in those buildings constructed in Austro-Hungarian period.
Bearing in mind a relatively small percentage of residential building constructed before
1919 compared to the entire housing stock of Bosnia and Herzegovina, all buildings regardless
of their architectural or stylistic characteristics were grouped in a single time frame (do 1945.).

Period from 1945 to 1960

The first post-war period was marked by great migration waves of population toward
urban centres and limited investments in residential construction, as a reflection of a social
and economic situation of the state. Construction of residential buildings from the period of
economic hardship was characterised by use of massive construction from bricks and
reinforced concrete, with external walls without thermal insulation.

Period from 1961 to 1970

A more intensive residential construction with the goal of solving social and residential crisis
begun in 1960s. In this period started construction of large residential settlements, rational and
unified collective residential buildings. Buildings with large external walls were constructed without
use of thermal protection elements, that is, without thermal insulation, and the other parts of
buildings' envelopes were not thermally insulated either, so heat losses in them were great.

Period from 1971 to 1980

In the midst of the greatest expansion of construction of collective residence building, in
1970 was enacted the Rulebook on Technical Measures and Conditions for Thermal Protection
of Buildings [8]. This rulebook defined the highest possible values of the heat transfer
coefficient (k) for certain construction elements with regards to a certain climate zone.
Residential buildings constructed in this period have poor thermal insulation characteristics
because of use of thin layers of thermal insulation, poor quality of windows with numerous
heat bridges on joints made of different materials and elements of construction. Due to
condensation of water vapour from air, heat bridges cause dampness and mould, so the
greatest percentage of residential buildings from this period is in an extremely poor
constructional condition for this reason and for the poor maintenance.

Period from 1981 to 1991

In 1980s was intensified construction of precast residential buildings of collective residence.
The new rulebook with associated standards raised the criteria for thermal protection of buildings




toplote (U) za oko 30%, odreduje minimalnu toplotnu izolaciju gradevinskih elemenata i ogra-
nicava toplotne gubitke u zgradama.

Ovaj pravilnik, kao i prateci standardi, kojima se ogranicavaju toplotni gubici u zgradi kao
cjelini, a ne samo kroz pojedine elemente vanjskog omotaca, korigovan je 1987. godine. U
ovom periodu se na fasadnim zidovima objekata primjenjuje toplotna izolacija debljine 5cm,
najcesce izvedena od ekspandiranog polistirena, u sistemu kontaktne fasade. Pored toga,
Cesto se primjenjuju i fasadni zidovi sloZzenog sistema, tzv. sendvic zidovi s oblogom od fasad-
ne opeke, termoizolacijom koja je ugradena u zid, sa slojem vazduha za provjetravanje ili bez
njega. U ovom periodu po€inje primjena kvalitetnije fasadne stolarije s dvostrukim termoizo-
lacionim staklima. Kao vremenska odrednica zavrSetka ovog perioda uzeta je 1991. godina,
kada je sproveden popis stanovnistva u Socijalistickoj Federativnoj Republici Jugoslaviji.

Period od 1992. do 2014. godine

Prve tri godine ovog perioda obiljeZene su, usljed ratnih zbivanja, devastacijom velikog
broja stambenih zgrada. Poslijeratnu izgradnju karakteriSe obnova oStecenih zgrada, te
izgradnja veceg broja novih objekata porodicnog i kolektivnog stanovanja. Stambene zgrade
koje su obnovljene zavrsene su u vecini slu¢ajeva u cijelosti, a fasadni zidovi su izolovani sa
toplotnom izolacijom od 5 cm, u skladu sa propisima. Stambene zgrade se grade u skladu s
vazecim propisima, a tek krajem perioda, usljed porasta svijesti o zna€aju gradnje energetski
efikasnih zgrada, investitori koji grade zgrade za trziste po€inju da ugraduju toplotnu izolaciju
i vece debljine nego 3to je propisano. Poroditne kuce, nazalost, u velikom broju ostaju ostaju
nezavrsene u potpunosti, te su fasadni zidovi i krovovi neizolovani.

Urbanisticko-arhitektonski parametri u klasifikaciji stambenih zgrada u Bosni i
Hercegovini

Urbanisticko-arhitektonski parametri, na osnovu kojih je izvrsena klasifikacija stambenih
objekata Bosne i Hercegovine, proizasli su iz metodologije evropskog projekta TABULA. Ova
metodologija dozvoljava izvjesna odstupanja i modifikacije univerzalne matrice, u skladu sa
specifitnostima nacionalne stambene tipologije.” Matrica tipologije stambenih objekata
Bosne i Hercegovine je u osnovi uskladena s principima projekta TABULA uz uvodenje dvije
dodatne kategorije stambenih objekata: ,stambene zgrade u gradskom bloku® i ,visoki
stambeni objekti-neboderi®.

Klasifikacija objekata je izvrSena na osnovu sljedecih kriterija: poloZaj objekta na parceli,
veza objekta sa susjednim objektima, broj etaza, broj kuénih brojeva i broj stambenih jedinica.

" Tipologija je redukovana na dvije osnovne kategorije poradinog i vieporodi¢nog stanovanja prilikom Klasifikacije stambenih objekata u
Grekoj, dok je u Njemackoj posebno obradena tipologija kolektivnog stanovanja, karakteristi¢na za biv3u Istoénu Njemacku.

buildings by reducing the value of allowed heat transfer coefficients (U) for about 30%, defining
minimal thermal insulation of construction elements and limiting heat losses in buildings.

This rulebook, as well as its associated standards, which limit heat losses in a building as a
whole and not only through certain elements of external envelope, was corrected in 1987. In this
period thermal insulation the thickness of 5cm was applied on facade walls of a building, mostly
made of expanded polystyrene in the contact facade system. In addition to this, complex system
facade walls were often applied, the so-called sandwich walls with a cladding made of facade
brick, thermal insulation imbedded in the wall, with an air layer for ventilation or without it. The
application of a more quality facade joinery with double glazed thermally insulated windows
begun in this period. The year of 1991 was taken as the year in which this period ended, when
the census of population in the Socialist Federal Republic of Yugoslavia was implemented.

Period from 1992 to 2014

Due to the war, the first three years of this period were marked by devastation of a great
number of residential buildings. The post-war construction is characterised by reconstruction
of damaged buildings and construction of a great number of new buildings of family and
collective residence. The reconstructed residential buildings were in most cases rebuilt
entirely, and facade walls were covered with 5cm insulation in line with regulations.
Residential buildings were constructed in accordance with valid regulations and only by the
end of the period and due to increase of awareness on the significance of construction of
energy efficient buildings did investors who built buildings, started installing thermal
insulation of greater thickness than required. A great number of family houses, unfortunately,
have not been completed, so they remained without insulated facade walls and roofs.

Urban-architectural parameters in classification of residential buildings in Bosnia and
Herzegovina

Urban-architectural parameters, based on which classification of residential buildings of Bosnia
and Herzegovina had been carried out, derived from the methodology of the European project of
TABULA. This methodology allows certain deviations from and modifications of universal matrix, in
accordance with specificities of a national, residential typology.” The typology matrix of residential
buildings of Bosnia and Herzegovina has basically been harmonised with principles of the project
TABULA with introduction of two additional categories of residential buildings: “attached
appartment building in urban blocks™ and “high residential buildings - high-rise building”.

The classification of buildings was carried out based on the following criteria: position of a
building on a lot, connection of a building with adjacent buildings, number of floors, number
of house numbers and number of dwelling units.

" The typology has been reduced to two basic categories of family and multi-family residence upon classification of residential buildings in
Greece, whereas in Germany was separately processed typology of collective housing, attributive to the former East Germany.
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Na osnovu navedenih kriterija formirana je matrica tipologije stambenih objekata u Bosni i
Hercegovini, koju €ine dvije kategorije individualnog i Zetiri kategorije kolektivnog stanovanja: "

Individualno stanovanje: slobodnostojece kuce

Slobodnostojeca kuca je objekat individualnog stanovanja s najvise tri etaze (< 3
etaze) i najviSe tri stambene jedinice (< 3 stambene jedinice), koji se nalazi na za-
sebnoj parceli i ne granici se sa susjednim objektima.

Individualno stanovanje: kuce u nizu

Kuéa u nizu je objekat individualnog stanovanja s najvise tri etaze (< 3 etaze) i najvise
tri stambene jedinice (< 3 stambene jedinice), koji se nalazi na zasebnoj parceli, u
okviru niza objekata i granici se sa susjednim objektima.

Kolektivno stanovanje: manje stambene zgrade

Manja stambena zgrada je slobodnostojeci objekat kolektivnog stanovanja s vise od tri
etaze (> 3 etaze), viSe od tri stambene jedinice (> 3 stambene jedinice) i s najvise dva
kucna broja, koji se nalazi na zasebnoj parceli i ne granici se sa susjednim objektima.

Kolektivno stanovanje: stambene zgrade u nizu/gradskom bloku

Stambena zgrada u nizu/gradskom bloku je objekat s viSe od tri etaze (>3 etaze), vise
od tri stambene jedinice (> 3 stambene jedinice), koji se nalazi u okviru niza objekata
u gradskom bloku, odnosno granici se sa susjednim objektima.

Kolektivno stanovanje: veliki stambeni blokovi/stambene lamele
Veliki stambeni blok ili stambena lamela je viSespratni objekat velike povrine osnove,
s triiviSe ku¢nih brojeva.

Kolektivno stanovanje: neboderi

Neboder je slobodnostojeci objekat velike spratnosti, s najmanje osam etaza (= 8
etaza), s najviSe dva kucna broja, koji se nalazi na zasebnoj parceli i ne granici sa
susjednim objektima.

** Prema usvojenoj terminologiji iz projekta TABULA, terminoloski slobodnostoje¢a kuéa odgovara kategoriji “Single family house - SH, ku¢a
u nizu je ekvivalent “Terraced house (single family) - TH*, manja stambena zgrada odgovara kategoriji “Multi-family house - MH", veliki
stambeni blok ekvivalent je “Apartment block - AB“. Posebna kategorija stambena zgrada u gradskom bloku je imenovana kao “Apartment

block - AB1* a neboderi su ,Highrise - H*, vi3e na http://episcope.eu/building-typology/tabula-structure/concept
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Based on the given criteria, a typology matrix of residential buildings in Bosnia and
Herzegovina was created, made of two categories of single-family housing and four categories
of collective housing:"”

Single-family housing: single family houses

A single family house is a building of individual housing with three floors maximum
(=< 3 floors) and three dwelling units maximum (< 3 dwelling units) which is on a
separate lot and does not border with adjacent buildings.

Single-family housing: terraced houses

A terraced house is a building of individual housing with three floors maximum (<3
floors) and three dwelling units maximum (< 3 dwelling units) which is on a separate
lot within the framework of a row of buildings and it borders with adjacent buildings.

Collective housing: multi-family house

A multi-family house is a self-supporting building of collective housing with more
than three floors (>3 floors), with more than three dwelling units (>3 dwelling units)
and two house numbers maximum, which is on a separate lot and does not border
with adjacent buildings.

Collective housing: attached apartment building in urban blocks

An attached apartment building in urban block is a building with more than three
floors (>3 dwelling units), which are in the framework of a row of buildings in an
urban block, that is, it borders with adjacent buildings.

Collective housing: apartment block
A large residential block is a multi-floor building of great floor area, with three and
more house numbers.

Collective housing: high-rise building

A high-rise building is a freestanding building with many floors, at least eight floors
(=8 floors), and with maximum two house numbers that is on a separate lot and does
not border with adjacent buildings.

" According to the adopted terminology from the TABULA project, a term “single family house” corresponds to the category “Single family
house - SH*, a “house in line” is the equivalent of “Terraced house (single family) - TH*, “multi-family house” corresponds to the category
“Multi-family house - MH", “apartment block” is the equivalent of “Apartment block - AB“. A separate category of residential building in a
urban block was named as “apartment block-AB1” and skyscrapers are “Highrise-H”, more available on: http://episcope.eu/building-
typology/tabula-structure/concept




Tabela 1. Matrica tipologije stambenih zgrada BiH uskladena s projektom Tabula | Table 1. Residential buildings typology matrix in BiH adjusted with Tabula project
INDIVIDUALNO STANOVANJE KOLEKTIVNO STANOVANJE DODATNE KATEGORIJE
SINGLE-FAMILY HOUSING COLLECTIVE HOUSING ADDITIONAL CATEGORIES

STAMBENE ZGRADE U
MANJE STAMBENE VELIKI STAMBENI NIZU / GRADSKOM BLOKU

SLOBODNOSTOJECE KUCE KUCE U NIZU NEBODERI
ZGRADE BLOKOVI ATTACHED APARTMENT
SINGLE—FAh;LII_Y HOUSES TERRACETLI)_I HOUSES MULTI-FAMILY HOUSES APARTMENT BLOCKS BUILDINGS IN HIGH—RISEHBUILDINGS
MH AB URBAN BLOCKS
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Specifi€nosti tipologije stambenih zgrada u Bosni i Hercegovini

Nakon popisa stambenih objekata koji je obavila statisticka agencija doslo se do podataka
o broju objekata prema periodima gradenja. Zbog izuzetno malog broja objekata iz perioda do
1919. godine ekspertski tim je donio odluku da se izvr3i spajanje dva perioda, te su objekti
gradeni do 1919. godine i objekti gradeni u periodu 1919-1945, u daljem radu svrstani u
jedan - period do 1945.

Rezultati popisa stambenih objekata u Bosni i Hercegovini ukazuju na €injenicu da je
znatno veci broj objekata individualnog stanovanja (97,63%) u odnosu na kolektivno stano-
vanje (2,37%) (Slika 3). Medutim, kada se posmatra broj stambenih jedinica, razlika u zastu-
pljenosti individualnog (66,47%) i kolektivnog (33,53%) stanovanja manje je izrazena (Slika
4). Prema ukupnoj povr3ini stambenog prostora preovladavaju individualne kuce (73,71%),
dok su ostali tipovi zastupljeni znacajno manje: veliki stambeni blokovi/stambene lamele
(11,49%), manje stambene zgrade (8,77%), individualne kuce u nizu (2,81%), stambene zgra-
de u nizu/gradskom bloku (2,51%) i neboderi (0,70%) (Slika 5).

2,37%

33,53%

97,63%

@ Individualno | Single-family housing
@ Kolektivno | Collective housing

Slika 3. Odnos individualnog i kolektivnog stanovanja prema
ukupnom broju objekata

Figure 3. Ratio of single-family and collective housing by
total number of buildings

ukupnom broju stanova
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@ Individualno | Single-family housing
@ Kolektivno | Collective housing

Slika 4. Odnos individualnog i kolektivnog stanovanja prema

Figure 4. Ratio of single-family and collective housing by
total number of dwelling units

Specificities of typology of residential buildings in Bosnia and Herzegovina

After the inventory of residential buildings made by the statistics agency, data were
obtained on the number of buildings according to construction periods. Due to extremely
small number of buildings constructed in the period up to 1919, the expert team made a
decision to merge two periods, so buildings constructed up to 1919 and buildings constructed
in the period between 1919 and 1945 were all put in one period - up to 1945.

Results of inventory of residential buildings in Bosnia and Herzegovina point to the fact
that a number of buildings of single-family housing (97.63%) compared to collective housing
(2.37%) is significantly higher (Figure 3). However, if we analyse the number of dwelling units,
difference in representation of single-family (66.47%) and collective (33.53%) housing is less
expressed (Figure 4). According to the gross surface of residential space, single-family houses
dominate (73.71%) whereas other types are present significantly lesser: apartment block
(11.49%), multi-Family house (8.77%), individual terraced houses (2.81%), attached apartment
building in urban blocks (2.51%) and high-rise buildings (0.70%) (Figure 5).

0,70%

11,49%
2,51%

8,77%

2,81%

66,47%
73,71%

@ Slobodnostojece kuce | Single-family houses
@ Kuce u nizu | Individual terraced houses
@ Manje stambene zgrade | Multi-family houses
@ Stambene zgrade u nizu/gradskom bloku |
Attached apartment building in urban blocks
@ Veliki stambeni blokovi/stambene lamele | Apartment blocks
© Neboderi | High-rise buildings

Slika 5. Zastupljenost tipova stambenih objekata u BiH
prema brutto povrsini

Figure 5. Distribution of typologies of residential buildings in
BiH by gross surface




U kategoriji individualnih stambenih objekata dominantni udio ¢ine slobodnostojece kuce
(96,2%), dok su kuce u nizu u malom procentu (3,8%)."

U kategoriji kolektivnog stanovanja najbrojnije su manje stambene zgrade (58,6%), a
potom slijede veliki stambeni blokovi (21,2%), stambene zgrade u nizu (19,3%) | neboderi
(0,9%).

Na osnovu statistickih podataka utvrdeno je da je izgradnja stambenih objekata bila
najizrazenija u sljede¢im vremenskim periodima: 1992-2014. (30,9%), 1981-1991. (28,3%) i
1971-1980. (24,1%).

Kako je u fokusu ovog istraZivanja energetska efikasnost u stambenoj arhitekturi, na
terenu je metodom opservacije utvrden nivo zavrsenosti i obrade fasada stambenih objekata.
Rezultati popisa pokazuju da €ak 25,9% objekata u Bosni i Hercegovini nema zavrsenu fasadu,
dok je u 26,9% fasada uradeno naknadno.

ENERGETSKE POTREBE ZGRADA

U skladu s vazecim pravilnicima u FBiH i RS, kao i standardom BAS EN ISO 13790,
energetske potrebe objekata se racunaju i izrazavaju prema godiSnjoj potrebnoj energiji za
grijanje [4,5,6,7,14]. Klasifikacija objekata u energetske razrede se vr3i prema vrijednosti
specifitne godisnje energije za grijanje izrazene preko korisne, grijane povrsine. U toku rada
na projektu Tipologija stambenih objekata Bosne i Hercegovine izrafunata je apsolutna i
specifitna godisnja potrebna energija za grijanje za ukupno 29 reprezentativnih stambenih
objekata, koji predstavljaju Sest kategorija objekata razvrstanih u Sest perioda izgradnje pre-
ma TABULA metodologiji [13]. Za potrebe proracuna pretpostavljeno je da se grije kompletna
povrsina objekta koja se koristi za potrebe stanovanja. U zemljama u regionu je procijenjeno
indikatorima za zemlje Evropske unije [11]. Prema tome, ovaj kriterij nije ispunjen za nekoliko
kategorija objekata, a posebno za slobodnostojece porodi¢ne kuce koje prema udjelu u ukup-
noj povrsini stambenog fonda predstavljaju dominantnu kategoriju. Ovo je jedan od razloga
zasto izraCunate vrijednosti potrebne energije za grijanje, (potrebne, isporucene i primarne),
odstupaju od procjena dobijenih odgovarajucim studijama i statistickim podacima za Bosnu i
Hercegovinu i zemlje u regionu [11, 12]. Osnovne karakteristike proracuna energetskih po-
treba su: koriStenje jedinstvenih klimatskih podataka, arhitektonsko-gradevinske karakte-
ristike objekata svedene na projektne vrijednosti, standardizovane vrijednosti koje uzimaju u
obzir ponasanje korisnika kao $to su broj sati grijanja i unutradnji prilivi toplote, te je pretpo-
stavljena projektna temperatura u grijanom prostoru 20°C.

**ZaBosnu i Hercegovinu nije karakterisiténa izgradnja kuéa u nizu i one su gradene, uglavnom, u gradovima.

In the category of single-family housing, a dominant part is made of single family houses
(96.2%) whereas terraced houses hold small percentage (3.8%)."

In the category of collective housing, the most numerous are multi-family houses (58.6%)
followed by apartment blocks (21.2%), attached apartment building in urban blocks (19.3%)
and high-rise buildings (0.9%).

Based on statistical data, it was established that a construction of residential buildings
had been expressed the most in the following periods: 1992-2014. (20.9%), 1981-1991.
(28.3%) and (1971-1980. (24.1%).

Since the focus of this research was energy efficiency of residential architecture, by the use of
observation method in the field was established the level of completion and processing of facades
of residential buildings. Inventory results show that as much as 25.9% of buildings in Bosnia and
Herzegovina do not have a completed facade, whereas 26.9% facades were built afterwards.

ENERGY NEED OF BUILDINGS

In accordance with valid rulebooks in the FBiH and RS, as well as the BAS EN ISO 13790
standard, energy requirements of buildings are calculated and expressed in accordance with
annual heating energy requirement [4,5,6,7,14]. Classification of buildings into energy classes is
done in accordance with the value of specific energy need for heating expressed through a useful,
heated surface. During the work on the project Typology of Residential Buildings in Bosnia and
Herzegovina, an absolute and specific energy need for heating was calculated for the total of 29
representative residential buildings, which represent six categories of buildings classified into six
periods of construction according to the TABULA methodology [13]. For the calculation
requirements, it was assumed that the entire building surface used for residential purposes was
heated. In regional countries it was estimated that only 50% of households heated over 50% of
conditioned area [12] whereas indicators for the EU countries are somewhat better [11].
Therefore, several building categories, especially single family houses which according to share in
the total surface of the housing stock represent a dominant category, have not met this criteria.
This is one of the reasons why the calculated values of energy needs for heating, (needed,
delivered and primary) deviate from the estimates obtained by the relevant studies and statistical
data for Bosnia-Herzegovina and the countries in the region [11, 12]. Basic characteristics of
calculations of energy requirements are: use of unified climate data, architectural and
construction characteristics of buildings reduced to project values, standardised values that take
into account user behaviour such as the number of heating hours and internal heat gains and
assumed project temperature in the heated space of 20°C.

* Construction of terraced houses is not an attributive construction for Bosnia and Herzegovina and they were mostly constructed in towns.
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U proracun su ukljuceni transmisioni i ventilacioni gubici, te dobici toplote (unutra3nji i
solarni dobici). Kod racunanja solarnih dobitaka toplote uzeta je u obzir orijentacija elementa
omotaca. lzvrien je detaljni proracun transmisionog toplotnog gubitka kroz negrijane prosto-
re. U okviru lll. poglavlja ove knjige, u kojem su predstavljene odabrane tipi¢ne zgrade, prika-
zane su vrijednosti koeficijenta transmisionog toplotnog gubitka za svaki elemenat omotaca,
gdje se moze vidjeti koji elemenat predstavlja izvor najvecih transmisionih gubitaka. Proracun
godiSnje potrebne energije za grijanje raden je za kontinuirani rad i rad s prekidima sa stan-
dardizovanim brojem sati grijanja koji iznosi 17h dnevno, 7 dana u sedmici, za sve razmatrane
objekte. Odstupanja od broja sati grijanja su takode razlog odstupanja od procijenjene po-
trebne energije za grijanje i podataka iz studija i statistickih pregleda. Broj izmjena vazduha je
standardizovan i iznosi minimalno 0,5 h™" za sve kategorije objekata iz perioda 1992-2014. do
maksimalne vrijednosti 1,2 h™ za zgrade kolektivnog stanovanja izgradene u periodu prije
1970. godine i sve nebodere. S obzirom da je za analizu i proracun posmatrano projektno sta-
nje tipicnih zgrada, broj izmjena vazduha je u najvecoj mjeri funkcija starosti objekta odnosno
ugradenih prozora. U Ill. poglavlju je za tipicne zgrade dat prikaz ventilacionog i ukupnog
transmisionog koeficijenta gubitaka. Za sve razmatrane kategorije izraCunate su specificna
godidnja, isporucena i primarna energija, kao i godisnja emisija CO,.

Vrijednosti specifi¢ne godiSnje potrebne toplotne energije su najvece za kategoriju slobo-
dnostojecih kuéa s vrijednostima i preko 400 kWh/m“/god. Analize izvréene u zemljama u re-
gionu takode pokazuju da su slobodnostojece porodicne kuce kategorija s najvecom speci-
ficnom energijom za grijanje [12]. Za ovu kategoriju zabiljeZene su i najvece vrijednosti fakto-
ra oblika, Sto je indikator za vecu vrijednost potrebne energije za grijanje. Niti jedna tipi¢na
zgrada u kategoriji slobodnostojecih kuéa ne zadovoljava dozvoljene vrijednosti godisnje
energije za grijanje prema vaZe¢im entitetskim pravilnicima.” Uzimajuci u obzir da je ova
kategorija objekata najveca po udjelu povrSine u ukupnom stambenom fondu, sa ¢ak 73,71%,
dobijeni rezultati pokazuju da upravo ova kategorija objekata ima najveci potencijal za uStedu.
Primjenom arhitektonsko-gradevinskih mjera i mjera koje se odnose na sanaciju termote-
hnickih sistema u individualnim slobodnostojec¢im kuéama moguce su znacajne ustede ispo-
rucene i primarne energije, te emisije CO,.

" Pravilnik o energetskom certificiranju objekata, "Sluzbene novine Federacije BiH", 50/10 i Pravilnik o minimalnim zahtjevima za energetske
karakteristike zgrada, "Sluzbeni glasnik Republike Srpske", 30/15.
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The calculation includes transmission and ventilation losses, and heat gains (internal and
solar gains). The orientation of envelope elements has been taken into account upon calculation
of solar heat gains. A detailed calculation of transmission heat loss through unheated spaces
was carried out. In the lll chapter of this book, in which selected representation buildings were
presented, values of transmission heat transfer coefficient for each envelope element were
showed, where it was possible to see which element represented the source of the greatest
transmission losses. The calculation of energy need for heating was carried out for continuous
work and intermitted work with a standardized number of heating hours which was 17 hours a
day, 7 days a week for all analysed buildings. Deviations from the number of heating hours were
also the reason for deviations from the estimated heating energy and data from studies and
statistical overviews. The number of air changes has been standardised and is at least 0.5 h”
for all categories of buildings from the period between 1992 and 2014 up to the maximum
value of 1.2h™ for collective residence buildings constructed before 1970 and all skyscrapers.
Given that the project state of representative buildings was taken for the analysis and
calculation, the number of air changes is mostly in function of building age, that is, of inbuilt
windows. In the lll chapter, for representative buildings is provided a description of ventilation
and the heat transfer coefficient. Specific energy need, delivered and primary energy as well as
annual CO,emission were calculated for all analysed categories.

Values of the specific energy need for heating are the highest for the category of single
family houses with values of even over 400 kWh/m?/year. Analyses carried out in the regional
countries also show that single family houses are the category with the highest specific
energy need for heating [12]. The highest values of the shape-factor have been recorded for
this category, which is the indicator for a higher value of the energy need for heating. Neither
representative building in the category of single family houses does meet the allowed values
of annual heating energy according to the valid rulebooks of entities.” Bearing in mind that
this category of buildings is the largest by the share of surface in the entire housing stock with
as much as 73.71%, the obtained results show that this category of buildings in fact has the
greatest savings potential. By applying architectural and construction measures and
improvement measures of thermal and technical systems in individual, single family houses,
itis possible to make significant savings of delivered and primary energy and CO, emission.

*Rulebook on Energy Certification of Buildings, “Official Gazette of the Federation of BiH”, 50/10 and Rulebook on Minimal Requirements for
Energy Characteristics of Buildings, “Official Gazette of Republic of Srpska”, 30/15.




MJERE UNAPREDENJA ENERGETSKIH KARAKTERISTIKA ZGRADA

Definisanje mjera koje treba da doprinesu energetskim uStedama nije bilo uvjetovano kri-
terijima ekonomske isplativosti, kao i eventualnim tehnickim i arhitektonskim ogranicenjima
primjene predloZenih mjera u svakom konktrenom sluéaju.

Sve mjere koje mogu dovesti do smanjivanja potrosnje energije u stambenim zgradama
sistematizovane su u tri grupe:

1. Mjere unapredenja elemenata termickog omotaca zgrade

(arhitektonsko-gradevinske mjere);
2. Mjere unapredenja sistema grijanja prostora (termotehnicke mjere);
3. Mjere unapredenja sistema za pripremu tople sanitarne vode (termotehnicke mjere).

Mjere unapredenja termickog omotaca zgrade - arhitektonsko-gradevinske mjere

PredloZene arhitektonsko-gradevinske mjere date su za dva moguca nivoa unapredenja
energetskih karakteristika zgrada:

* Unapredenje 1 - standardne mjere unapredenja koje su definisane u skladu s uobica-
jenim mjerama koje se primjenjuju prilikom sanacija zgrada na podrugju BiH (pobolj-
Sanje termickih karakteristika zidova i tavanica tehnicki uobicajenim postupcima), kao
i eventualna zamjena postojecih prozora novim, boljih karakteristika (definisane mini-
malne vrijednosti koeficijenata prolaza toplote);

* Unapredenje 2 - nestandardne mjere koje znacajno unapreduju energetsku klasu/ra-
zred zgrade, obuhvataju kompletan termicki omotac, a rijetko se primjenjuju zbog
visoke cijene ko3tanja.

PredloZene mjere unapredenja nisu odredene s ciljem da objekat dostigne odredeni
energetski razred, vec iskljucivo s ciljem da se smanji potrosnja energije. PredloZene mjere su
tipicne mjere koje je moguce provesti s ciliem da se smanji potro3nja energije, ali se za svaku
zgradu mora detaljno razmotriti koje ¢e mjere biti provedene, imajuci u vidu karakteristike
zgrade, kao i ekonomske i tehnicke preduslove za njihovo provodenje. PredloZene mjere za oba
nivoa unapredenja su date u Tabeli 2.

IMPROVEMENT MEASURES OF ENERGY CHARACTERISTICS OF BUILDINGS

Defining measures that should contribute to energy savings was neither conditioned by
the criteria of economic viability nor possible technical and architectural constraints of
application of the proposed measures in every observed case.

All measures that could result in decrease of energy consumption in residential buildings
have been systematised into three groups:

1. Measures of improving elements of thermal envelope of a building (architectural and

construction measures);

2. Measures of improving space heating systems (thermo-technical measures);

3. Measures of improving systems for domestic hot water system (thermo-technical measures).

Measures of improving thermal envelope of a building - architectural and construction
measures

The proposed architectural and construction measures are provided for two possible levels

of improvement of energy characteristics of buildings:

* Improvement 1 - standard improvement measures defined in accordance with usual
measures applied during building reconstruction in the territory of BiH (improvement
of thermal characteristics of walls and ceilings by technically common procedures) as
well as a possible replacement of the existing windows with new ones, with better
characteristics (defined minimal values of heat transfer coefficient);

* Improvement 2 - non-standard measures which significantly improve the energy
class/building class, include the entire thermal envelope and are rarely applied due to a
high price.

Proposed improvement measures have not been defined for the purpose of a building
reaching a certain energy class, but exclusively with the goal of reducing the energy
consumption. The proposed measures are typical measures which can be implemented with
the goal of reducing the energy consumption, but for each building it is necessary to analyse
in details which measures will be implemented, bearing in mind building characteristics as
well as economic and technical preconditions for their implementation. The proposed
measures for both improvement levels are provided in the Table 2.
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Tabela 2. PredloZene mjere za unapredenje energetskih karakteristika zgrada | Table 2. Proposed measures for improvement of energy characteristics of buildings
Debljina termoizolacije (A=0,041 W/mK): UNAPREDENJE 1 Debljina termoizolacije (A=0,041 W/mK): UNAPREDENJE 2

TIP KONSTRUKCLJE | CONSTRUCTION TYPE Thermal insulation (A=0{04(1 W/mK) th/ickrzess: MPROVEMENT 1 | Thermal insulation ()\=0{04(1 W/mK) th/ickrzess: IMPROVEMENT 2
vanjski zid | exterior wall 10cm 20cm
unutrasnji zid izmedu grijanog i negrijanog prostora | interior wall between heated and unheated space - 5cm
tavanica prema negrijanom tavanu | ceiling toward non-heated attic 10cm 20cm
tavanica prema negrijanom podrumu | ceiling toward non-heated basement 10cm 20cm
ravan krov | flat roof 20cm 30cm
kosi krov | sloped roof 20cm 30cm
pod na tlu | floor on the ground - 10cm

- 1,6 W/m’K 1,0 W/m’K
prozori | windows s dvostrukim izolacionim staklom | with double isolation glass s trostrukim izolacionim staklom | with triple isolation glass

Mjere unapredenja sistema grijanja prostora - termotehnicke mjere

Tipicnim zgradama pridruZeni su sistem grijanja, energent, stepen efikasnosti sistema
grijanja koji ukljucuje efikasnost kotao-regulacija-distribucija i faktor primarne energije, pro-
cijenjeni na osnovu statistickih podataka i dostupnih studija iz oblasti energetske efikasnosti
na podrucju Bosne i Hercegovine.

Pregledom statistickih podataka moze se uociti velika zastupljenost drveta kao energenta
koji se koristi za grijanje, posebno kod porodicnih kuca sa sistemom grijanja koji ukljucuje
pojedinacne peci na Evrsto gorivo s ruénim loZenjem, ali i kod velikog broja kategorija zgrada
kolektivnog stanovanja (gdje takode dominiraju sistemi s ruénim loZzenjem). Ovo je direktna
posljedica ratnih razaranja sistema daljinskog grijanja ili dugog prekida njihovog rada koji se
desio u toku ratnog i poslijeratnog perioda. Kako je veliki broj ovih sistema bio vezan za to-
plane lokalnih fabrika, ti sistemi daljinskog grijanja su ili potpuno oSteceni tokom rata ili su
odvojeni od fabrickih toplana koje ne rade. Za dvije kategorije zgrada provedenim istraziva-
njem je utvrdeno da dominantno koriste elektriénu energiju za zagrijavanje prostora (kuce u
nizu i male stambene zgrade). Kod zgrada kolektivnog stanovanja dominantan je sistem
daljinskog grijanja s ugljem, mazutom i prirodnim gasom kao energentom. Statisticki podaci
pokazuju da prirodni gas nije dominantno gorivo ni u jednoj kategoriji objekata, jer je njime
pokriveno svega 7% grijanja stanova u BiH. Kod proracuna parametara iz daljinskog grijanja
statisticki je dobijen odnos zastupljenosti goriva: mazut 37,3%, prirodni gas 47,8% i ugalj
14,9%. Nazalost, nacin koristenja drveta kao goriva je neefikasan, jer se jednim dijelom i teh-
nicko drvo koristi kao energent, a s druge strane peci i kotlovi koji se koriste za sagorijevanje
drveta imaju vrlo nizak stepen iskoristenja.

Kod predlaganja mjera unapredenja sistema grijanja nisu mijenjani energenti vec su pred-
lagani sistemi grijanja s ve¢im stepenom efikasnosti i sistemi koji omogucavaju postizanje
boljih uslova toplotnog komfora kao Sto su: postavljanje termostatskih ventila i hidraulicko
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Measures of improving space heating systems - thermo-technical measures

Heating system, system fuel, heating system efficiency have been associated with
representative buildings that include efficiency of boiler-regulation-distribution and primary
energy factor, evaluated based on statistical data and available studies in the field of energy
efficiency in the territory of Bosnia and Herzegovina.

By reviewing statistical data, a great presence of wood as a fuel for the heating system,
can be noticed, especially in family houses with the heating system that includes individual
hand-firing solid-fuel furnaces, but also in a great number of categories of collective housing
buildings (in which also dominate hand-firing systems). This is a direct consequence of war
destructions of district heating systems or a long interruption of their work that happened
during and after the war. Since a great number of these systems were connected to district
heating plants of local factories, these district heating systems had either been completely
destroyed during the war or were separated from the factory heating plants which are not in
function. The implemented research established that two categories of buildings were using
dominantly electric power for heating up spaces (terraced houses and multi-family buildings).
A district heating system with coal, crude oil and natural gas, as a fuel for the heating system,
is dominant in collective housing buildings. Statistical data show that natural gas is not a
dominant fuel in any building category, because it is used only to heat 7% of apartments in
BiH. Upon calculating parameters of district heating system, proportional representation of
fuels was obtained statistically: crude oil 37.3%, natural gas 47.8% and coal 14.9%.
Unfortunately, the manner of using wood as fuel is inefficient, because partially technical
wood is also used as a fuel and on the other hand furnaces and boilers used for wood
combustion have a very low system efficiency.

When measures of heating system improvement were proposed, fuels were not changed,
but heating systems with a higher efficiency were proposed and systems that enable better




balansiranje sistema. Ugradnja mijerila potroSnje toplotne energije je predloZena za sve
sisteme na kojima je to ostvarivo kao efikasna mjera koja omogucava pracenje i smanjivanje
potro3nje toplotne energije.

Dominantni sistemi grijanja za sve periode izgradnje slobodnostojecih porodicnih kuca i
kuca u nizu (individualno stanovanje) su pojedinacne peci na €vrsto gorivo s drvetom i ugljem
kao energentima. Analiza potrosnje ukazuje da je odnos zastupljenosti drveta prema uglju
80:20%. Pretpostavlja se da je stepen efikasnosti ovakvih sistema veoma nizak i da iznosi
50%. PredloZene mjere sanacije ukljucuju prelazak na centralni sistem grijanja s pirolitickim
kotlom na drva i akumulatorom toplote ili katlom na pelet, uz povecanje stepena efikasnosti
na 85 % (unapredenje 1) i centralni sistem grijanja na drva ili pelet, s akumulatorom toplote i
termostatskim ventilima sa stepenom efikasnosti 90 % (unapredenje 2).

Grijanje na pojedinacne peci s drvetom i ugljem kao energentom zastupljeno je i kod
kategorija kolektivnog stanovanja, kao Sto su stambene zgrade izgradene u periodu prije
1945. godine i u periodu od 1971. do 1980. godine, stambene zgrade u nizu i stambene lamele
izgradene u periodu prije 1960. godine. Razlog tome je ranije naveden i odnosi se na ratna
razaranja. PredloZene mjere sanacije ukljucuju prelazak na centralni sistem grijanja na drvo
ili pelet uz povecanje stepena efikasnosti na 85% (unapredenje 1) i centralni sistem grijanja
na drva ili pelet, s akumulatorom toplote i termostatskim ventilima sa stepenom efikasnosti
90% (unapredenje 2). Drugi nivo mjera unapredenja ukljucuje i primjenu mjera hidraulickog
balansiranja mreZe i postavljanje termostatskih ventila kao mjere kojim se postize bolji
toplotni komfor u objektu, a kod sistema koji se pregrijavaju omogucavaju ustedu u potro3nji
toplotne energije.

Za kategoriju porodicnih kuca u nizu izgradenih u periodu do 1945. godine i za stambene
zgrade izgradene u periodu od 1946. do 1960. godine dominantni sistem grijanja je grijanje
elektricnim pecima (grijalice + termoakumulacionepeci) sa stepenom efikasnosti sistema
procijenjenim na 98%. PredloZene mjere sanacije uklju€uju primjenu toplotne pumpe vazduh-
vazduh s vrSnim elektricnim grijacem uz povecanje stepena efikasnosti na 300% (unapredenje
1) i centralni sistem grijanja na drva ili pelet, s akumulatorom toplote i termostatskim ventilima
sa stepenom efikasnosti 90% (unapredenje 2). Drugi nivo mjera unapredenja za stambene
zgrade ukljucuje i primjenu mjere hidraulickog balansiranja mreZe i postavljanje termostatskih
ventila. Prelazak s pojedinacnih toplotnih pumpi na centralni sistem zagrijavanja je vezan za
veci termalni komfor i postizanje funkcije grijanja i pri niskim spoljnim temperaturama.

Sistem daljinskog grijanja je dominantni sistem grijanja za sve ostale kategorije stambe-
nih zgrada s ugljem, mazutom i prirodnim gasom kao energentom. Stepen iskoritenja
ovakvog sistema procijenjen je na 85%. Mjere poboljSanja termotehnickog sistema ukljucuju
ugradnju nove ili rekonstrukciju postojece toplotne podstanice s regulacijom temperature
prema spoljnjoj temperaturi, pumpe s promjenjivim protokom, daljinskim upravljanjem pod-
stanicom i mjerenjem isporucene toplote (unapredenje 1), a za unapredenje 2, uz ove mjere

conditions of thermal comfort such as: installing thermostatic valves and hydraulic balancing
of system. Installation of meter for heating energy consumption was proposed for all systems
in which that could be done as an efficient measure which enabled monitoring and reduction
of heating energy consumption.

Dominant heating systems for all periods of construction of single family houses and
terraced houses (individual housing) are individual solid-fuel furnaces with wood and coal as
fuel for the heating system. The consumption analysis shows that representation ration of
wood to coal is 80:20%. It is assumed that the efficiency of these systems is very low and
amounts to 50%. The proposed measures of repair include transition to the central heating
system with wood pyrolysis boiler and heat accumulator or pellet boiler, with an increased
efficiency level out 85% (improvement 1) and wood or pellet-fired central heating system and
thermostatic valves with the efficiency of 90% (improvement 2).

Heating with individual furnaces on wood and coal as fuel is also present in collective
residence categories such as residential buildings constructed in the period before 1945 and
period from 1971 to 1980, residential buildings in a row and residential bays constructed
before 1960. The reason for this has previously been mentioned and pertains to war
destructions. The proposed repair measures include transition to the central heating system
with wood or pellet with an increased efficiency level to 85% (improvement 1) and central
heating system with wood or pellet with heat accumulator and thermostatic valves with the
efficiency level of 90% (improvement 2). The second level of improvement measures includes
also application of measures of hydraulic balancing of heating distribution system and
installation of thermostatic valves as a measure by which a better thermal comfort in a
building is achieved and in systems which overheat, they enable greater savings of heating
energy consumption.

For the category of family terraced houses constructed in the period before 1945 and for
residential buildings constructed in the period between 1946 and 1960, the dominant heating
system was heating with electric furnaces (electric heaters + thermo-accumulation furnaces)
with system efficiency level evaluated to 98%. The proposed repair measures include
application of air to air heat pump with peak electric heater and an increase of efficiency level to
300% (improvement 1) and central heating system with wood or pellet, with heat accumulator
and thermostatic valves with the efficiency level of 90% (improvement 2). The second level of
improvement measures for residential buildings includes also application of measures of
hydraulic balancing of heating distribution system and installation of thermostatic valves. A
transition from individual heat pumps to the central heating system is related to a higher
thermal comfort and reaching heating function even at low external temperatures.

District heating system is a dominant heating system in all other categories of residential
buildings with coal, crude oil and natural gas as fuel. Efficiency of this system has been
estimated to 85%. Improvement measures of thermo-technical system include installation of
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preporucuje se i primjena mjere hidraulickog balansiranja mreZe i postavljanje termostatskih
ventila. Procijenjeni stepen efikasnosti sistema grijanja za nivo mjera unapredenja 1 iznosi
90%, a za nivo mjera unapredenja 2 je 95%.

Mjere unapredenja sistema za pripremu tople sanitarne vode - termotehnicke mjere

Za pripremu potro3ne tople vode u svim kategorijama tradicionalno se koristi elektricna
energija, tj. individualni akumulacioni bojleri. PredloZene mjere poboljSanja sistema pripreme
potrosne tople vode uklju€uju prelazak na akumulacioni bojler s izmjenjivacem, koji koristi
toplu vodu iz sistema grijanja za pripremu PTV (unapredenje 1) i prelazak na centralni sistem
pripreme potro3ne tople vode povezan sa sistemom grijanja i sistemom solarnih kolektora
(unapredenje 2). Za objekte koji su prikljuceni na daljinski sistem grijanja predvida se da ce se
centralna priprema potro3ne tople vode vrsiti preko spremnika tople vode u podstanici.
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a new or reconstruction of the existing heating substation with temperature regulation
according to the external temperature, pumps with variable flow, remote control heating
substation and measurement of delivered heat (improvement 1), and for the improvement 2,
along with these measures is recommended installation of thermostatic valves. The estimated
efficiency of heating systems for the level of improvement measures 1 is 90% and for the level
of improvement measures 2, 95%.

Measures of improving systems for domestic hot water system - thermo-technical measures

Electric power, that is, individual accumulation boilers are traditionally used for domestic
hot water system in all categories. The proposed measures of improving the domestic hot water
system include transition to accumulation boiler with exchanger, which uses hot water from the
heating system to prepare the domestic hot water (improvement 1) and transition to the central
system of preparation of domestic hot water in conjunction with the heating system and solar
collectors system (improvement 2). For buildings which are connected to the remote heating
system, it is anticipated that the central preparation of domestic hot water will be carried out
through hot water tanks in the heating substation.
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Il. REZULTATI POPISA ZGRADA

Zastupljenost tipova stambenih zgrada prema bruto povrsini

Analizom opstih podataka iz Upitnika A, u okviru prvostepenog popisa objekata, dobijeni
su kvantitativni pokazatelji o ukupnim bruto povrsinama pojedinih tipova stambenih zgrada,
koji su klasifikovani prema usvojenoj matrici na nivou BiH i prikazani u Tabeli 3. U Tabeli 4 dat
je prikaz bruto povrsina stambenih objekata u FBiH, a u Tabeli 5 dati su podaci za Republiku
Srpsku. Prosje¢ne bruto povrdine objekata izracunate su na osnovu ulaznih podataka o
dimenzijama osnove i prosjetnog broja nadzemnih etaza objekata, te uklju€uju i povrdine
nestambenih sadrZaja kao Sto su poslovni prostori, garaZe i sli¢no, koji se obi¢no nalaze u su-
terenu i prizemlju objekata. |z ovog razloga, za potrebe proracuna potrebne toplotne energije
za grijanje objekata, koriteni su posebni koeficijenti,' kako je pojasnjeno u opisu Tabele 6.

Podaci o bruto povrsinama objekata pojedinih tipova stambenih objekata ukazuju na ¢i-
njenicu da je individualno stanovanje u porodi¢nim ku¢ama dominantan oblik stanovanja u
BiH/FBiH i RS. Slobodnostojece kuce i kuce u nizu zajedno ¢ine ¢ak 76,52% ukupne bruto po-
vréine stambenog fonda, te predstavljaju potencijal o kojem treba voditi ra¢una prilikom pri-
preme strategija za unapredenje energetskih karakteristika objekata u BiH/FBiH/RS). Podaci o
velikim stambenim blokovima/stambenim lamelama iz perioda do 1945. godine ne postoje,
jer ovaj tip stambenih objekata potinje da se gradi tek u periodu nakon Il. svjetskog rata, kada
se zbog naglog priliva stanovnistva u gradove, koji je izazvan procesom industrijalizacije, gra-
de nova velika stambena naselja.

"Uvodenjem koeficijenta odnosa bruto povrsine prosje¢nog stambenog objekta i bruto povrsine tipiénog objekta, te koeficijenta odnosa neto i
bruto povrsina tipi¢nog objekta, rijeSena su odstupanja u povrsinama prosje¢nog popisanog objekta i tipicnog, stvarnog objekta.

TIPOLOGIJA STAMBENIH ZGRADA BOSNE | HERCEGOVINE | TYPOLOGY OF RESIDENTIAL BUILDINGS IN BOSNIA AND HERZEGOVINA

|Il. BUILDINGS SURVEY RESULTS

Share of different types of residential buildings in the total gross surface

Analysis of the general data from the Questionnaire A, of the first-instance building
survey, resulted in quantitative indicators of the total gross size of specific types of residential
buildings, categorised according to the matrix adopted on the BiH level, as shown in Table 3.
Table 4 shows the gross surface of residential buildings in the FBiH, while Table 5 presents
data for Republika Srpska. Average gross surface of buildings was calculated based on entry
data on dimensions of the footprint and the average number of floors above the ground,
which also include the size of non-residential areas such as business offices, garages, etc.,
usually located in the basement or on the ground floor. Due to this reason, special coefficients
were used in calculating the required energy for heating of buildings," as explained in the
description of Table 6.

Data on gross surface of buildings of certain types of residential buildings show that
individual housing in single-family houses is the predominant type of housing in BiH/FBiH
and RS. Single-family houses and terraced houses account for 76.52% of the total gross
surface in the housing stock, indicating the potential that should be taken into account during
drafting of strategies for improvement of energy efficiency of buildings in BiH/FBiH/RS). Data
on large apartment blocks built before 1945 do not exist, since this type of buildings started to
be built only after the WWII, when migrations from rural to urban areas caused by
industrialisation, created the need for new, large residential blocks.

"Introduction of coefficient representing the ratio between the average gross surface of the average residential building and gross surface of
the typical building, and of the coefficient of ratio between net and gross surface of a typical building, resolved discrepancies in size of an
average surveyed building and typical, actual building.
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Tabela 3. Bruto povrsine stambenih objekata u BiH po tipovima | Table 3. Gross surface of residential buildings in BiH per type

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stamgbrzgilzfr;ag?OEUNZU/ Veslélglr;ttjeg;nabtle;rlng:gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rl\;[]ban blocks AB2 H TOTAL TOTAL
do 1945. | up to 1945 970.333 116.098 168.460 193.882 5.200
1946-1960 2.356.517 149.959 1.639.913 697.074 353.420 49.777 5.246.660
1961-1970 9.132.251 888.085 3.184.346 1.192.969 3.122.201 485.596
1971-1980 26.704.411 1.248.793 3.587.596 1.101.982 8.758.838 489.698 41.891.319 25,71%
1981-1991 38.282.654 1.035.435 1.048.335 56.310 3.280.277 76.832
1992-2014 42.653.964 1.145.208 4.666.418 846.958 3.200.171 38.669 52.551.387 32,25%
100,00%

UKUPNO TOTAL 7371% 2.81% 8,77% 2,51% T11,49% 0,70% 100,00% [ — ]

Tabela 4. Bruto povrsine stambenih objekata u FBiH po tipovima | Table 4. Gross surface of residential buildings in FBiH per type

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Z Z s .
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stamgbrirfliikﬂgf:lagflﬂlsum v Ve;ég';éz?abf;%g:gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rkg[]ban blocks AB2 H TOTAL TOTAL

do 1945. | up to 1945 507.819 17.058 151.240 193.882 5.200 ;
1946-1960 1.382.367 124,249 787.984 276.864 353.420 49.777
1961-1970 4.879.722 733.502 1.788.816 976.749 2.961.360 414375
1971-1980 14.174.902 1.021.348 1.955.834 788.094 7.215.702 396.422 [
1981-1991 23.214.621 698.414 595.560 49.911 1.568.991 48.893 26,93%
1992-2014 26.509.677 898.712 1.501.816 111.410 806.197 38.669 30,73%
100,00%

UKUPNO TOTAL 72,71% 3,59% 6,98% 2,47% 13,28% 0,98% 10000% | — |

Tabela 5. Bruto povrsine stambenih objekata u RS po tipovima | Table 5. Gross surface of residential buildings in RS per type

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
tambena zgr niz . )
Slobodnostojeca kuca Kuéa u nizu Manja stambena zgrada e gbfildikﬂgmagfﬂtu Y Ve!ég‘;éi?abfgkg:gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building TOTAL TOTAL
SF TH MH building |r‘kg[|ban blocks AB2 H
do 1945. | up to 1945 460.082 99.040 7.113 0 0 0,94%
1946-1960 927.259 25.710 851.929 420210 0 0 m\
1961-1970 4.154,009 151378 1.280.293 216.220 160.841 abrlll @ 6033962  9,96% |
1971-1980 12.016.958 223.803 1.320.717 313.888 1.543.136 93.276
1981-1991 14.046.568 332.286 452.776 6.399 1.711.286 27. 939
1992-2014 14,543,921 237.201 2.697.104 440,849 1.720.092 32,43%
100,00%

UKUPNO TOTAL 76,21% 1,77% 10,92% 2,31% 8,48% 0,32% 100,00% | — ]
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Slika 6. Graficki prikaz bruto povrsina stambenih objekata u BiH po tipovima | Picture 6. Graphic view of gross surface of residential buildings in BiH per type
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Slika 7. Graficki prikaz bruto povrsina stambenih objekata u FBiH po tipovima | Picture 7. Graphic view of gross surface of residential buildings in FBiH per type
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Slika 8. Graficki prikaz bruto povrsina stambenih objekata u RS po tipovima | Picture 8. Graphic view of gross surface of residential buildings in RS per type
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Zastupljenost tipova stambenih zgrada prema njihovom ukupnom broju

Obradom prikupljenih podataka eksperti iz statisticke agencije izvrsili su procjenu ukupnog
broja stambenih objekata i procentualne zastupljenosti pojedinih tipova objekata na nivou
BiH/FBiH/RS. Rezultati navedene kvantitativne analize pokazuju da individualno stanovanje
predstavlja dominantnu formu stanovanja u BiH/FBiH/RS, s obzirom da ova kategorija
objekata, u koju se ubrajaju slobodnostojece kuce i kuce u nizu, Cini ¢ak 97,63% ukupnog
stambenog fonda u BiH.

Brojcana zastupljenost kuéa u nizu znatno je manja u poredenju sa slobodnostojec¢im
ku¢ama, Sto predstavlja jednu od specifi¢nosti stambene tipologije u BiH/FBiH/RS. IstraZiva-
nje je pokazalo da je procentualna zastupljenost objekata iz kategorije ,neboderi“ najmanja u
odnosu na ukupni broj objekata. Neboderi su najintenzivnije gradeni u periodu od 19671. do
1980., i to iskljucivo u urbanim podrugjima. Njihova izgradnja bila je omoguéena napretkom
gradevinskog sektora i predstavljala je odgovor na potrebe da se smjesti veci broj stanovnika
usljed migracije ruralnog stanovnistva u urbane centre.

36 TIPOLOGIJA STAMBENIH ZGRADA BOSNE | HERCEGOVINE | TYPOLOGY OF RESIDENTIAL BUILDINGS IN BOSNIA AND HERZEGOVINA

Share of different types in the total number of residential buildings

By processing the collected data, experts of the Agency for Statistics came up with the total
number of residential buildings and individual shares in percentage for each level -
BiH/FBiH/RS. The results of the aforementioned quantitative analysis show that individual
housing is the predominant form of housing in BiH/FBiH/RS since this building category,
which includes single-family and terraced houses, accounts for as much as 97.63% of the
entire housing stock in BiH.

Terraced houses are much less frequent than single-family houses, which is one of the
traits of the housing typology in BiH/FBiH/RS. Research has shown that high-rise building
category has the smallest share in the total number of buildings. High-rise buildings were
most popular in the period from 1961 to 1980, and they were only built in urban areas. They
were built due to the advances made in the construction sector, as a response to the need to
provide housing solutions for a large population coming from rural areas into urban centres.




Tabela 6. Broj stambenih objekata u BiH po tipovima | Table 6. Number of residential buildings in BiH per type

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Stambena zgrada u nizu/ > .
Slobodnostojeca kuca Kuéa u nizu Manja stambena zgrada gradskom bloku VtaJ;l;er]stth;nable;\rlrll;{gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building in urban blocks AB2 H TOTAL TOTAL
AB1

do 1945. | up to 1945 10.773 1.157 450 218 @ 2 12599
1946-1960 26.133 1.639 2.462 851 328 9 31.422 3, 65%

1961-1970 87.5%6 7.480 3.012 1.429 660 B 2320200 100252 0 11,63%

1971-1980 194,076 9.257 2.203 653 1.419 84 207.692 24,10%

1981-1991 236.075 5.905 1116 88 876 11

1992-2014 254,799 6.653 2725 707 1.040 m :
_ﬂm—m 100,00%

UKUPNO TOTAL 93,91% 3,72% 1,39% 0,46% 0,50% 0,02% 100,00% | — |

Tabela 7. Broj stambenih objekata u FBiH po tipovima | Table 7. Number of residential buildings in FBiH per type

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Z Y4 e .
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stam;fil%aSkng;aglaOEUm v Vﬂég';ﬁi;nabf::ng{gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rl\g[lban blocks AB2 H TOTAL TOTAL
do 1945. | up to 1945 5.638 170 404 218 1
1946-1960 15.330 1.358 1.183 338 328 9
1961-1970 46.806 6.178 1.692 1.170 626 M 2 56536  11,13%
1971-1980 103.017 7.571 1.201 467 1.169 68
1981-1991 143156 3.983 634 78 419 7
1992-2014 158.359 5.221 262 5
7
Tabela 8. Broj stambenih objekata u RS po tipovima | Table 8. Number of residential buildings in RS per type
INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
t na zgr iz s .
Slobodnostojeca kuca Kuéa u nizu Manja stambena zgrada ° am;rildaskt;gmag?otum Y V%Lg';gi?abf::nglgk/ Neboderi UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building in urban blocks AB2 H TOTAL TOTAL
AB1
do 1945. | up to 1945 5.108 987 19 0 0 1,84%
1946-1960 10.283 281 1.279 513 0
1961-1970 39.845 1.275 1.211 259 34
1971-1980 87.334 1.659 811 186 250 16
1981-1991 86.620 1.895 482 ‘IO 457 4 89.468 26,98%
1992-2014 86.880 1.378 1.575 90.760 0
m 100,00%

UKUPNO TOTAL 95,32% 2,25% 1,62% 0,40% 0,39% 0,01% 100,00% [ — ]
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SH TH MH AB1 AB2 H

SLOBODNOSTOJECE KUCE KUCE U NIZU MANJE STAMBENE ZGRADE STAMBENE ZGRADE U NIZU / GRADSKOM VELIKI STAMBENI BLOKOVI / NEBODERI
SINGLE-FAMILY HOUSES TERRACED HOUSES MULTI-FAMILY HOUSES BLOKU | ATTACHED APARTMENT STAMBENE LAMELE HIGH-RISE BUILDINGS
BUILDINGS IN URBAN BLOCKS APARTMENT BLOCKS

10.773
26.133
® 87.596
194.076
@ 236.075
254.799 6.653 ' ‘ 2.

Slika 9. Graficki prikaz broja stambenih objekata u BiH po tipovima | Picture 9. Graphic view of the number of residential buildings in BiH per type

5.638 ‘ 170 404
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Slika 10. Graficki prikaz broja stambenih objekata u FBiH po tipovima | Picture 10. Graphic view of the number of residential buildings in FBiH per type

‘ 987 I

5.108
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Slika 11. Graficki prikaz broja stambenih objekata u RS po tipovima | Picture 11. Graphic view of the number of residential buildings in RS per type

@ do 1945, | up to 1945 @ 1946-1960 1961-1970 @ 1971-1980 1981-1991 @ 1992-2014
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Zastupljenost tipova stambenih zgrada prema broju stambenih jedinica

Na osnovu popisa objekata porodicnog i kolektivnog stanovanja u Bosni i Hercegovini i
podataka iz prvostepenog anketnog formulara - Upitnik A, izvrSena je statisticka procjena
ukupnog broja stambenih jedinica prema usvojenoj matrici na nivou BiH. Analiza ovih poda-
taka pokazuje da individualno stanovanje predstavlja dominantnu formu stanovanja u BiH/
FBiH/RS, s obzirom da je 66,47% stambenih jedinica zastupljeno u prve dvije kategorije obje-
kata, slobodnostojecih kuca i kuca u nizu, dok 33,53% stambenih jedinica pripada kategori-
jama kolektivnog stanovanja. S druge strane, ovi procentualni odnosi potvrduju opravdanost
izgradnje objekata kolektivnog stanovanja, kao racionalnijeg rjeSenja u poredenju s izraZzenom
brojnosti objekata individualnog stanovanja. Druga kategorija po brojnosti stambenih jedinica
su veliki stambeni blokovi/stambene lamele, a na tre¢cem mjestu su manje stambene zgrade.
Poredenjem podataka iz Tabele 6 i Tabele 9 moZe se uociti aspekt racionalnosti pri izgradnji ko-
lektivnih stambenih objekata, iskazana kroz relaciju broja objekata i stambenih jedinica. Tako
je broj zgrada za kolektivno stanovanje daleko manji u odnosu na broj individualnih kuéa, dok
je broj stambenih jedinica u kolektivnim stambenim zgradama znatno veci u odnosu na njihov
broj u ku¢ama. Dakle, urbanisticko-ekonomski aspekti racionalnog koriStenja gradevinskog
zemljidta jasno ukazuju na prednost izgradnje objekata za kolektivno stanovanje. S druge stra-
ne, ucesce velikog broja stanara kolektivnih stambenih zgrada u procesima unapredenja ener-
getskih karakteristika objekta potencijalno usloZnjavaju njihovu mogucu implementaciju. Raz-
matranje navedenih faktora zasluzuje posebnu paznju, posebno u pogledu razvoja strategija i
unapredenja energetskih karakteristika objekata kolektivnog stanovanja u BiH/FBiH/RS).

Share of different types of residential buildings according to the number of
apartments/dwelling units

Based on the survey of buildings of individual and collective housing in Bosnia and
Herzegovina, and the data from the first-instance survey sheet - Questionnaire A, a statistical
estimate of the total number of dwelling units was made according to the matrix adopted for
the level of BiH. Analysis of these data shows that individual housing is the most prominent
form of housing in BiH/FBiH/RS, since 66.47% of all dwelling units belong to the first two
building categories (single-family houses and terraced houses), while 33.53% of dwelling units
falls into the collective housing category. However, all percentage ratios justify the building of
collective residential buildings, since it is more rational solution than predominant single-
family houses. The second largest category of residential units is large apartment blocks, and
the third place goes to multi-family houses. Comparison of data shown in Table 6 and Table 9
shows a rationality aspect of building collective residential buildings, expressed as a ratio
between the number of buildings and the number of dwelling units. Hence, the number of
collective housing buildings is much smaller than the number of single-family houses;
however, the number of dwelling units in collective residential buildings is significantly higher
than in single-family houses. Therefore, spatial planning and economic aspects of rational use
of construction land clearly indicate advantages of collective residential buildings. However,
involvement of large numbers of residents in collective housing buildings in the processes of
energy performance improvement potential complicates their eventual implementation. These
factors need to be considered carefully with regards to strategy development and energy
performance improvement in collective residential buildings in BiH/FBiH/RS).
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Tabela 9. Broj stambenih jedinica po tipovima stambenih objekata u BiH | Table 9. Number of dwelling units per type of residential buildings in BiH

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stamgbrzgilzfr;ag?OEUNZU/ Veslélélr;ttg;nabtle;rlng:gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rl\;[]ban blocks AB2 H TOTAL TOTAL
do 1945. | up to 1945 12.066 1.608 2.264 3.285 52 )
1946-1960 30.576 2.180 27.894 9.667 16.653 605 87.575
1961-1970 110.371 10.472 50.541 17.648 46.061 5.224
1971-1980 244536 14.904 52.872 20.315 99.245 5.738 437.609 27,03%
1981-1991 306.898 8.858 12.053 1.976 39.797 706 370.287
1992-2014 323.595 10.179 58.588 13.447 57.918 396 464.122 ]
[UKUPNO TOTAL | 1028040 | 48200 204212 66339 259673 | 12721  1.619.185 100,00%

UKUPNO TOTAL 63,49% 2,98% 12,61% 4,10% 16,04% 0,79% 10000% [ —— |

Tabela 10. Broj stambenih jedinica po tipovima stambenih objekata u FBiH | Table 10. Number of dwelling units per type of residential buildings in FBiH

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Z Z s .
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stamgbrzrfliikﬂgf:lagﬁﬂrum v Veslélgﬁézgnable:r;]g:gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rk;[]ban blocks AB2 H TOTAL TOTAL

do 1945. | up to 1945 6.315 236 2032 3.285 s2 [ )
1946-1960 17.936 1.806 13.403 3.840 16.653 Qe $Z2 0 54243 0000 564%
1961-1970 58.976 8.649 28.392 14.450 43.689 W) 2 158612  16,50% |
1971-1980 129.801 12.189 28.824 14.528 81.760 4.645 ]
1981-1991 186.103 5.975 6.847 1.752 19.035 my  220.161 | 22,90%
1992-2014 201.116 7.988 18.856 1.769 14,591 396 25,45%
100,00%

UKUPNO TOTAL 62,43% 3,83% 10,23% 4,12% 18,28% 1,10% 10000% | — |

Tabela 11. Broj stambenih jedinica po tipovima stambenih objekata u RS | Table 11. Number of dwelling units per type of residential buildings in RS

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Stambena zgrada u nizu/ o )
Slobodnostoje¢a kuca Kuéa u nizu Manja stambena zgrada gradskom bloku Ve;{g'nféiwabfgﬁngigk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building in urban blocks AB2 H TOTAL TOTAL
AB1

do 1945. | up to 1945 5.721 1.372 96 0 0 AL 1,20%
1946-1960 12.031 374 14.491 5.828 0 O 32.724 5,44% ‘
1961-1970 50.205 1.785 20.321 3.199 2.373 766 78.648 13,08% ‘
1971-1980 110.041 2.671 19.464 5.786 17.485 1.093 156.540
1981-1991 112.606 2.843 5.206 225 20.762 257 141.897
1992-2014 110.338 2.108 33.863 6.999 31.131 184.439 Y
UKUPNO TOTAL 400941 11152 | 93.439 22.037 VARED) 2. 115 601.436 100,00%

UKUPNO TOTAL 66,66% 1,85% 15,54% 3,66% 11,93% 0,35% 10000% | — |

40 TIPOLOGIJA STAMBENIH ZGRADA BOSNE | HERCEGOVINE | TYPOLOGY OF RESIDENTIAL BUILDINGS IN BOSNIA AND HERZEGOVINA



SH TH MH AB1 AB2 H

SLOBODNOSTOJECE KUCE KUCE U NIZU MANJE STAMBENE ZGRADE STAMBENE ZGRADE U NIZU / GRADSKOM VELIKI STAMBENI BLOKOVI / NEBODERI
SINGLE-FAMILY HOUSES TERRACED HOUSES MULTI-FAMILY HOUSES BLOKU | ATTACHED APARTMENT STAMBENE LAMELE HIGH-RISE BUILDINGS
BUILDINGS IN URBAN BLOCKS APARTMENT BLOCKS

12.066 2.264 ‘ 3.285 ‘
30.576

27.894 9.667
® 110.371 @ 50.541 @ 17.648

244.536 52.872 20.315
@ 306.898 @ 12.053 ® 1976
323.595 58.588 13.447

Slika 12. Graficki prikaz broja stambenih jedinica po tipovima stambenih objekata u BiH | Picture 12. Graphic view of the dwelling units per type of residential buildings in BiH

6.315 ‘ 236 ‘ 2.032 3.285 .
1.806

17.936
@ 58.976
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@ 186.103 @ 5975
201.116 7.988

Slika 13. Graficki prikaz broja stambenih jedinica po tipovima stambenih objekata u FBiH | Picture 13. Graphic view of the dwelling units per type of residential buildings in FBiH

‘ 1.372 0 0

374 5.828 0
® 1.785 @ 3.199 ® 2373
110.041 2,671 5.786 17.485
® 112.606 @ 2843 @ 225 @ 20.762
110.338 2.108 ' ‘ 6.999 31.131

Slika 14. Graficki prikaz broja stambenih jedinica po tipovima stambenih objekata u RS | Picture 14. Graphic view of the dwelling units per type of residential buildings in RS

@ do 1945. | up to 1945 @ 1946-1960 1961-1970 @ 1971-1980 1981-1991 ® 1992-2014
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Toplotna energija potrebna za grijanje stambenih zgrada u BiH/FBiH/RS

Podaci o godiSnjoj toplotnoj energiji potrebnoj za grijanje stambenih objekata na podrucju
Bosne i Hercegovine/FBiH/RS, dobijeni su na osnovu statistickih podataka o ukupnom broju
objekata i stvarnih podataka o tipicnim objektima (Tabele 12-14). Toplotna energija potrebna
za grijanje izratunata je uz pomo¢ prosjecnih vrijednosti bruto povrdina pojedinih kategorija
objekata i energije potrebne za grijanje tipicnih objekata. Projekcija podataka o potrodnji
energije s nivoa tipitnih objekata na nivo kategorije omogucena je uvodenjem koeficijenta
odnosa prosjecne bruto povrsine odredene kategorije i bruto povrsine tipinog objekta, i koefi-
cijenta odnosa neto i bruto povrsina tipicnog objekta.

Uporednom analizom Tabele 3 i Tabele 13 mozZe se uoCiti da energija potrebna za grijanje
slobodnostojecih kuca iznosi 85,22% od energije potrebne za grijanje cijelog stambenog fonda,
dok njihovo procentualno uceS¢e u ukupnoj bruto povrsini svih stambenih objekata iznosi
73,71%. Slobodnostojece kuce, zbog faktora oblika, predstavljaju kategoriju energetski neefikas-
nih stambenih objekata. Toplotna energija potrebna za grijanje najveca je za objekte gradene u
periodu od 1971. do 1980. (37,74%), a posebno treba izdvojiti slobodnostojece kuce (32,14%).
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Energy need for heating of residential buildings in BiH/FBiH/RS

Data on the annual energy need for heating in residential buildings in Bosnia and
Herzegovina/FBiH/RS, were obtained based on statistical data on the total number of buildings
and actual data on typical buildings (Tables 12-14). Energy need for heating was calculated
relying on average value of gross surface of specific building categories and energy required for
heating of typical buildings. Energy consumption data on the level of typical buildings were
projected to the level of the entire category with introduction of the coefficient of the ratio
between the average gross surface of a category and gross surface of the typical building, and
the coefficient of the ratio between net and gross surface of a typical building.

Comparison of Table 3 and Table 13 shows that energy required for heating of single-family
houses is 85.22% of the energy required for heating of the entire housing stock, while the
percentage of their share in the gross surface of the entire housing stock is 73.71%. Single-
family houses, due to their shape factor, represent the category of energy inefficient residential
buildings. The highest heat energy demand for heating is typical of residential buildings built
between 1971 and 1980, (37.74%), especially of single-family houses (32.14%).




Tabela 12. Potrebna toplotna energija za grijanje stambenih objekata u BiH (MWh/god.) | Table 12. Energy need for heating of residential buildings in BiH (MWh/year)

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stam;i\%ilfogf;aglaOEUmZU/ VtaJ;l;er]stth;nable;\rlrll;{gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rl\g[lban blocks AB2 H TOTAL TOTAL
do 1945. | up to 1945 244,439 8.433 17.488 20.151 | 290512
1946-1960 719.865 28327 195.151 58.365 24,688
1961-1970 2.752.871 87.198 327.081 80.437 284.792 58.326
1971-1980 6.350.897 156.250 189.255 662.681 34574 7393657 37,74%
1981-1991 3.101.309 89.498 115.571 3.022 197.170
1992-2014 3.528.879 116.191 35918 105.050
100,00%

UKUPNO TOTAL 85.22% 1,.89% 4,90% 1,01% 6,50% 0,48% 10000% | — |

Tabela 13. Potrebna toplotna energija za grijanje stambenih objekata FBiH (MWh/god.) | Table 13. Energy need for heating of residential buildings in FBiH (MWh/year)

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Stambena zgrada u nizu/ o '
Slobodnostojeca kuéa Kuca u nizu Manjal st?mblen% zgrada At%raﬁssom bltOkU t Vﬂéglnfgzwabfgrlngigk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house ached apartmen High-rise buildin
BeSE MK building in urban blocks | APartment block gh-rist Bullding TOTAL TOTAL
AB1
do 1945. | up to 1945 127.926 1.239 15.701 20.151 165.017 1,45%
1946-1960 422.283 23.471 93.771 23.181 24.688 587.395 5,15%
1961-1970 1.470.968 72.020 183.739 65.858 270.121 49.772 2.112.477 18,52%
1971-1980 3.371.104 127.791 103.175 545.930 27.988 4.175.989 36,61%
1981-1991 1.880.636 60.368 65.656 2.679 94.309 2.103.647 18,44%
1992-2014 2.193.218 37.394 4.725 26.464 2.261.801 19,83%

UKUPNO_TOTAL 9.466.135 284.889 499.436 116.594 961.512 77.760 11.406.326 100,00%
UKUPNO_TOTAL 0000% |

Tabela 14. Potrebna toplotna energija za grijanje stambenih objekata RS (MWh/god.) | Table 14. Energy need for heating of residential buildings in RS (MWh/year)

|

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stam;g:iili;gf;aglaOEUnIZU/ Vﬂ;';';;i;nabf::ng{gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rl\g[1ban blocks AB2 H TOTAL TOTAL
do 1945. | up to 1945 115.900 7.194 738 0 | 123833  1,60%|
1946-1960 283.258 4.857 101.380 35.184 0
1961-1970 1.252.205 14.863 131506 14.579 14,671 8.555
1971-1980 2.857.897 28.002 69.671 116.751 6.585
1981-1991 1.137.924 28.721 49.915 343 102.862
1992-2014 1.203.258 67.156 18.696 56.464

UKUPNO TOTAL 6.850.443 83.638 420.368 68.801 290.749 15.140 7.729.138 100,00%
UKUPNO TOTAL 88,63% 1,08% 5,44% 0,89% 3,76% 0,20% 10000% | ———

|

=
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SH TH MH AB1 AB2 H

SLOBODNOSTOJECE KUCE KUCE U NIZU MANJE STAMBENE ZGRADE STAMBENE ZGRADE U NIZU / GRADSKOM VELIKI STAMBENI BLOKOVI / NEBODERI
SINGLE-FAMILY HOUSES TERRACED HOUSES MULTI-FAMILY HOUSES BLOKU | ATTACHED APARTMENT STAMBENE LAMELE HIGH-RISE BUILDINGS
BUILDINGS IN URBAN BLOCKS APARTMENT BLOCKS

244,439
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® 2752871

6.350.897

17.488

195.151
@ 327.081

189.255
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284.792

@ 662.681

197.170
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0

@ 3.101.309 ® 115571
3.528.879 116.191

Slika 15. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u BiH (MWh/god.)
Picture 15. Graphic view of energy need for heating of residential buildings on the territory of BiH after implementation of improved measures (MWh/year)

127.926 20.151
422.283 23.181
® 1.470.968 ® 65.858

3.371.104 0
@ 1.880.636 ® 2679
2.193.218 4.725

Slika 16. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u FBiH (MWh/god.)
Picture 16. Graphic view of energy need for heating of residential buildings on the territory of FBiH after implementation of improved measures (MWh/year)

115.900 7.194 ‘ 0 0
283.258 4.857 0 0
@ 1.252.205 @ 14.863 ® 14671 ® 8555
2.857.897 28.002 116.751 6.585
® 1.137.924 @ 28721 ® 102.862 ®0
1.203.258 0 56.464 0

Slika 17. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u RS (MWh/god.)
Picture 17. Graphic view of energy need for heating of residential buildings on the territory of RS after implementation of improved measures (MWh/year)

@ do 1945, | up to 1945 @ 1946-1960 1961-1970 @ 1971-1980 1981-1991 @ 1992-2014
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Toplotna energija potrebna za grijanje stambenih zgrada u BiH/FBiH/RS nakon
primjene mjera unapredenja 1 - set standardnih mjera

Primjenom standardnih mjera unapredenja omotaca postojecih stambenih objekata mo-
guce je smanjiti godiSnju toplotnu energiju potrebnu za grijanje za 55,23%. Poredenjem
Tabele 12 i Tabele 15 mozZe se uociti da potrosnja energije od 19.593.880 MWh (70,53PJ), pri-
mjenom seta standardnih mjera unapredenja, moZe da se smanji na 8.771.954 MWh
(31,58PJ). Rezultati pokazuju da slobodnostojece kuce, i nakon primjene seta standardnih
mjera unapredenja, ¢ine dominantnu kategoriju u ukupnoj potro3nji energije s 86,98%, te da
se u ovoj kategoriji mogu postici najvece apsolutne vrijednosti ustede.

S druge strane, uporedujuci sve tipove i periode izgradnje, najvece relativne ustede pri-
mjenom seta standardnih mjera mogu da se postignu kod nebodera izgradenih u periodu
1961-1970, i to 74,94%, a zatim kod stambenih zgrada u nizu iz perioda 1946-1960 (73,12%).
S druge strane, najmanje relativne ustede moguce su kod slobodnostojec¢ih kuéa izgradenih u
periodu 1992-2014. (32,43%), te kod manjih stambenih zgrada iz perioda 1992-2014.
(33,77%), zbog boljih termickih karakteristika elemenata omotaca objekata gradenih u tom
periodu.

Energy need for heating of residential buildings in BiH/FBiH/RS after implementation of
Improvement measures 1 - a set of standard improvement measures

By introducing standard improvement measures for envelopes of the existing residential
buildings, it is possible to reduce energy need for heating by 55.23%. Comparison of Table 12
and Table 15 indicates that energy need of 19.593.880 MWh (70.53PJ), could be reduced to
8.771.954 MWh (31.58PJ) if the set of standard improvement measures is implemented. Results
indicate that single-family houses, even after implementation of the standard improvement
measures, dominate as a category in the overall consumption of energy, accounting for 86.98%,
hence this category has the potential for highest absolute savings.

However, comparison of all types and building periods, the highest relative savings
achievable through the standard improvement measures is possible in high-rise buildings
built in 1961-1970, i.e. 74.94%, followed by attached apartment buildings in urban blocks
built in 1946-1960, (73.12%). However, the smallest relative savings are achievable in case of
single-family houses built in 1992-2014. (32.43%), and in smaller residential buildings built
in 1992-2014. (33.77%), due to better thermal performance of envelope elements of buildings
built in that period.
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Tabela 15. Energija potrebna za grijanje stambenih objekata na podrucju BiH nakon primjene standardnih mjera (MWh/god.) | Table 15. Energy need for heating of residential buildings on the territory of BiH after implementation of standard measures (MWh/year)
INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING

Stambena zgrada u nizu/

Veliki stambeni blok/

jec ¢ ¢ i j radskom bloku i

Sngle-famly hovte Teracel oste | Mli-famiy nocse | Atached apariment | Sambena lamela High-rie building LA Lol

SE TH MH building |rl\;[]ban blocks AB2 H TOTAL TOTAL
do 1945. | up to 1945 80.221 41462 6.396 6.433
1946-1960 261.376 12.203 60.137 15.687 7.130 | 356533  4,06%
1961-1970 1.017.597 35.182 117.788 23.982 88.851 14,632
1971-1980 2.232.026 85.606 68.938 263.950 10.927
1981-1991 1.658.914 33.184 35.099 1.003 90.838
1992-2014 2.379.318 76.753 20.680 62.961

UKUPNO TOTAL 7.629.451 170318  365.111 | 67.785 513.730 |  25.560 | 8.771.954 100,00%
UKUPNO TOTAL 86,98% 1,94% 4,16% 0,77% 5,86% 0,29% 10000% [  ——

Tabela 16. Energija potrebna za grijanje stambenih objekata na podrucju FBiH nakon primjene standardnih mjera (MWh/god.) | Table 16. Energy need for heating of residential buildings on the territory of FBiH after implementation of standard measures (MWh/year)

|

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Z Z s .
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stamgbrzrfliikﬂgf:lagﬁﬂrum v Veslélgﬁézgnable:r;]g:gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rk;[]ban blocks AB2 H TOTAL TOTAL

do 1945. | up to 1945 41.983 609 5.742 6.433 1,06%
1946-1960 153.327 10.111 28.896 6.231 7.130
1961-1970 543742 29.058 66.168 19.635 84.274 12.486
1971-1980 1.184.776 70.014 37.583 217.447 8.846
1981-1991 1.005.966 22.383 19.940 889 43.449
1992-2014 1.478.759 24,702 2720 15.861

UKUPNO TOTAL 4.408.554 132.175 183.030 35.908 368161 21332 5.149.160 100,00%
UKUPNO_TOTAL 0000% |

Tabela 17. Energija potrebna za grijanje stambenih objekata na podru¢ju RS nakon primjene standardnih mjera (MWh/god.) | Table 17. need for heating of residential buildings on the territory of RS after implementation of standard measures (MWh/year)
INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING

Stambena zgrada u nizu/

|

Veliki stambeni blok/

iec ¢ ¢ i i radskom bloku i
Wmoliealots | M| M| gasmoe, | nerelna |t ST
SF TH MH building in urban blocks AB2 H TOTAL TOTAL
AB1
do 1945. | up to 1945 38.036 3.534 270 0
1946-1960 102.848 2.092 31.241 9.457 0
1961-1970 462.877 5.997 47.357 4,347 4577 2146
1971-1980 1.004.409 15.342 25.379 46.503 2.081
1981-1991 608.684 10.649 15.159 114 47.389
1992-2014 811.287 44,362 10.764 33.841 | 900.255 |
(UKUPNO TOTAL | 3028142 | 37614 163768 | 24681 132311 | 4227  3.390.744 100,00%

UKUPNO TOTAL 89,31% 1,11% 4,83% 0,73% 3,90% 0,12% 10000% | — |
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SH TH MH

SLOBODNOSTOJECE KUCE KUCE U NIZU
SINGLE-FAMILY HOUSES TERRACED HOUSES

-

80.221 4142
261.376 12.203
® 1.017.597 ® 35.182

2.232.026 85.606
® 1658914 @ 33.184
2.379.318 0

Slika 18. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u BiH nakon primjene standardnih mjera (MWh/god.)
Picture 18. Graphic view of energy need for heating of residential buildings on the territory of BiH after implementation of standard measures (MWh/year)

41.983 609 5.742
153.327 10.111 28.896
® 543.742 ® 29.058 @ 66.168
1.184.776 70.014 37.583
@ 1.005.966 @ 22383 @ 19.940
1.478.759 0 24.702

MANJE STAMBENE ZGRADE
MULTI-FAMILY HOUSES

STAMBENE ZGRADE U NIZU / GRADSKOM
BLOKU | ATTACHED APARTMENT

AB1 AB2 H

VELIKI STAMBENI BLOKOVI / NEBODERI
STAMBENE LAMELE
APARTMENT BLOCKS

HIGH-RISE BUILDINGS

BUILDINGS IN URBAN BLOCKS

6.433
6.231
® 19.635
0
@ 3889
2.720

Slika 19. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u FBiH nakon primjene standardnih mjera (MWh/god.)
Picture 19. Graphic view of energy need for heating of residential buildings on the territory of FBiH after implementation of standard measures (MWh/year)

38.036 3.534
102.848 2.092
® 462877 ® 5.997

1.004.409 15.342
@ 608.684 @ 10.649
811.287 0

0
0
® 4577
46.503
@ 47.389
33.841

Slika 20. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u RS nakon primjene standardnih mjera (MWh/god.)
Picture 20. Graphic view of energy need for heating of residential buildings on the territory of RS after implementation of standard measures (MWh/year)

@ do 1945. | up to 1945 @ 1946-1960
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Toplotna energija potrebna za grijanje stambenih zgrada u BiH/FBiH/RS nakon primjene
mjera unapredenja 2 - set nestandardnih mjera unapredenja

Primjenom nestandardnih mjera unapredenja omotaca postojecih stambenih objekata
moguce je smanjiti godisnju toplotnu energiju potrebnu za grijanje za 69,07%. Poredenjem
podataka u Tabeli 12 i Tabeli 18 moZze se uo€iti da potrosnja energije od 19.593.880 MWh
(70,53PJ) u postojecim zgradama, primjenom seta nestandardnih mjera unapredenja, moze
da se smanji na 6.059.306 MWh (21,81PJ). Rezultati pokazuju da slobodnostojece kuce, i na-
kon primjene nestandardnih mjera unapredenja, ¢ine dominantnu kategoriju u ukupnoj po-
trodnji energije s 86,82%, te da se u ovoj kategoriji mogu postici najvece apsolutne vrijednosti
ustede.

S druge strane, uporedujuci sve tipove i periode izgradnje, najvece relativne ustede nakon
primjene seta nestandardnih mjera mogu da se postignu kod nebodera koji su izgradeni u
periodu 1961-1970, i to 83,79%, a zatim kod stambenih zgrada u nizu iz perioda 1946-1960,
(82,27%). S druge strane, najmanje relativne ustede moguce je postici kod slobodnostojecih
kuca izgradenih u periodu 1992-2014. (47,37%), te kod manjih stambenih zgrada iz perioda
1992-2014. (51,92%), zbog boljih termickih karakteristika elemenata omotaca objekata
gradenih u tom periodu.
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Energy need for heating of residential buildings in BiH/FBiH/RS after implementation of
Improvement measures 2 - a set of non-standard improvement measures

By introducing non-standard improvement measures for envelopes of the existing
residential buildings, it is possible to reduce annual energy need for heating by 69.07%.
Comparison of data shown in Table 12 and Table 18 indicates that energy need of 19.593.880
MWh (70.53PJ) in the existing buildings, could be reduced to 6.059.306 MWh (21.81PJ) if the
set of non-standard improvement measures is implemented. Results indicate that single-
family houses, even after implementation of the non-standard improvement measures,
dominate as a category in the overall consumption of energy, accounting for 86.82%, hence
this category has the potential for highest absolute savings.

However, comparison of all types and building periods, the highest relative savings
achievable through the non-standard improvement measures is possible in high-rise
buildings built in 1961-1970, i.e. 83.79%, followed by attached apartment buildings in urban
blocks built in 1946-1960, (82.27%). However, the smallest relative savings are achievable in
case of single-family houses built in 1992-2014. (47.37%), and in smaller residential
buildings built in 1992-2014. (51.92%), due to better thermal performance of envelope
elements of buildings built in that period.




Tabela 18. Potrebna toplotna energija za grijanje stambenih objekata na podrugju BiH nakon primjene poboljsanih mjera (MWh/god.) | Table 18. Energy need for heating of residential buildings on the territory of BiH after implementation of improvement measures (MWh/year)

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stam;i\%ilfogf;agl%tumzw VtaJ;l;er]stth;nable;\rlrll;{gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rl\gtlban blocks AB2 H TOTAL TOTAL
do 1945. | up to 1945 51.499 2.850 4.489 4.607
1946-1960 159.978 8.481 42.805 10.349 4.484
1961-1970 632.053 23.023 74,939 15.622 54,343 9.444
1971-1980 1.302.168 64.999 45.615 205.413 6.252 26,81%
1981-1991 1.257.590 25.138 24.709 743 49.840
1992-2014 1.857.49%4 55.952 15.706 48.720 32,64%
(UKUPNO TOTAL | ~ 5260.782| 124490 | 248509 |  47.028| 362800 | 15696 |  6.059.306 | 100,00%

UKUPNO TOTAL 86,82% 2,05% 4,10% 0,78% 5,99% 0,26% O

Tabela 19. Potrebna toplotna energija za grijanje stambenih objekata na podrucju FBiH nakon primjene poboljsanih mjera (MWh/god.) | Table 19. Energy need for heating of residential buildings on the territory of FBiH after implementation of improvernent measures (MWh/year)

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Stambena zgrada u nizu/ e '
Slobodnostojeca kuéa Kuca u nizu Manjal st?mblen% zgrada At%raﬁssom bltOkU t Vﬂéglnfgzwabfgrlngigk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house ached apartmen High-rise buildin
gy M building in urban blocks Apartment: block gh-rist Bullcing TOTAL TOTAL
AB1
do 1945. | up to 1945 26.952 419 4.030 4.607 36.008 1,00%
1946-1960 93.846 7.027 20.568 4110 4.484 | 130.035 | 3,63%
1961-1970 337.731 19.015 42.097 12.791 51.543 8.059 471.236 13,14%
1971-1980 691.200 53.161 24.868 169.224 5.061 943.514 26,31%
1981-1991 762.603 16.956 14.037 658 23.839 818.093 22,82%
1992-2014 1.154.443 18.007 2.066 12.274 1.186.790 33,10%

UKUPNO TOTAL 3.066.775 96.577 123.608 24.233 261363  13.120 | 3.585.676 100,00%
UKUPNO_TOTAL T ———

Tabela 20. Potrebna toplotna energija za grijanje stambenih objekata na podrugju RS nakon primjene pobolj$anih mjera (MWh/god.) | Table 20. Energy need for heating of residential buildings on the territory of RS after implementation of improvement measures (MWh/year)

|

INDIVIDUALNO STANOVANJE | SINGLE-FAMILY HOUSING KOLEKTIVNO STANOVANJE | COLLECTIVE HOUSING
Slobodnostojeca kuca Kuca u nizu Manja stambena zgrada Stam;g:iili;gf;aglaOEUnIZU/ Vﬂ;g';gi;nabf::ng{gk/ Neboderi UKUPNO UKUPNO
Single-family house Terraced house Multi-family house Attached apartment Apartment block High-rise building
SF TH MH building |rl\g[1ban blocks AB2 H TOTAL TOTAL

do 1945. | up to 1945 24418 2431 190 0
1946-1960 62.949 1.454 22.237 6.239 0
1961-1970 287.504 3.924 30.130 2832 2.799 1.385
1971-1980 585.974 11.649 16.792 36.190 1.191
1981-1991 461.431 8.067 10672 84 26.001 | 506256 |  21,95%
1992-2014 633.358 32.339 8.175 26.187

UKUPNO TOTAL . 2.055.635 | 27525 | 112360 | 17.330 91.178 2.576 2.306.604 100,00%
UKUPNO TOTAL 89,12% 1,20% 4,87% 0,75% 3,95% 0,11% 10000% | — |

=
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SH TH MH AB1 AB2 H

SLOBODNOSTOJECE KUCE KUCE U NIZU MANJE STAMBENE ZGRADE STAMBENE ZGRADE U NIZU / GRADSKOM VELIKI STAMBENI BLOKOVI / NEBODERI
SINGLE-FAMILY HOUSES TERRACED HOUSES MULTI-FAMILY HOUSES BLOKU | ATTACHED APARTMENT STAMBENE LAMELE HIGH-RISE BUILDINGS
BUILDINGS IN URBAN BLOCKS APARTMENT BLOCKS

51.499 4.489
159.978 42.805

@ 632.053

1.302.168
@ 1.257.590

1.857.494 ‘ 55.952

Slika 21. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u BiH nakon primjene poboljsanih mjera (MWh/god.)
Picture 21. Graphic view of energy need for heating of residential buildings on the territory of BiH after implementation of improved measures (MWh/year)

26.952 419 4.030 ‘ 4.607

93.846 7.027 20.568 4110
@ 337.731 ® 19.015 ® 42.097 ® 12791

691.200 53.161 24.868 0
@ 762.603 @ 16.956 @ 14.037 @ 658
1.154.443 0 18.007 2.066

Slika 22. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u FBiH nakon primjene poboljsanih mjera (MWh/god.)
Picture 22. Graphic view of energy need for heating of residential buildings on the territory of FBiH after implementation of improved measures (MWh/year)

24.418 190 0
62.949 22.237 : 0
@ 287.504 ! ® 30.130 ) ® 2799

585.974 16.792 36.190
@ 461.431 @ 10.672 @ 26.001
633.358 32.339 26.187

Slika 23. Graficki prikaz toplotne energije potrebne za grijanje stambenih objekata u RS nakon primjene poboljsanih mjera (MWh/god.)
Picture 23. Graphic view of energy need for heating of residential buildings on the territory of RS after implementation of improved measures (MWh/year)

@ do 1945, | up to 1945 @ 1946-1960 1961-1970 @ 1971-1980 1981-1991 @ 1992-2014

50 TIPOLOGIJA STAMBENIH ZGRADA BOSNE | HERCEGOVINE | TYPOLOGY OF RESIDENTIAL BUILDINGS IN BOSNIA AND HERZEGOVINA



MATRICA | TABELARNI PREGLED TIPOVA STAMBENIH ZGRADA U BIH
MATRIX AND TABLE REVIEW OF RESIDENTIAL BUILDING TYPES OF BIH



B
1946-1960

C
1961-1970

INDIVIDUALNO STANOVANJE SINGLE-FAMILY HOUSING | KOLEKTIVNO STANOVANJE

5 T N

SLOBODNOSTOJECE KUCE KUCE U NizU MANJE STAMBENE ZGRADE
SINGLE-FAMILY HOUSES TERRACED HOUSES MULTI-FAMILY HOUSES
SH TH MH
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COLLECTIVE HOUSING
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AB
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5
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o) I



D
1971-1980

E
1981-1990

F
1991-2014
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Ng

SLOBODNOSTOJECE KUCE
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SH
1

SINGLE-FAMILY HOUSING

o

KUCE U NIZU
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N

MANJE STAMBENE ZGRADE
MULTI-FAMILY HOUSES
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A1 | SH do 1945. godine | up to 1945

BT | SH

54

T —

Broj zgrada | Number of buildings 10.773 1.25%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 12.066 0,745%
Povrsina (m?) | Surface (m?) 970.333 0,595%
Postojece stanje | Current baseline 244.439 1,237%
E:ggganZ:;r?(t)]:iezeiiigj?aj\;/i%\)/w]/g()d.) | Unapredenje 1 | Improvement 1 80.221 -
Unapredenje 2 | Improvement 2 51.499 -

Broj zgrada | Number of buildings 26.133 3,03%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 30.576 1,89%
Povrsina (m?) | Surface (m?) 2.356.517 1,446%
Postojece stanje | Current baseline 719.865 3,67%
E:E:gganEssr?ct:rnieﬁii??&\/ﬁ/rﬁz\;\/h/g}d') | Unapredenje 1 | Improvement 1 261.376 -
Unapredenje 2 | Improvement 2 159.978 -

Broj zgrada | Number of buildings 87.596 10,16%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 110.371 6,816%
Povrsina (m?) | Surface (m?) 9.132.251 5,65%
Postojece stanje | Current baseline 2.752.871 14,05%
E:E;gijanE:;rigrnieziiigj?;{;éz\)’\/h/g(]d') | Unapredenje 1 | Improvement 1 1.017.597 -
Unapredenje 2 | Improvement 2 632.053 -
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D1 |SH 1971-1980.

Broj zgrada | Number of buildings 194.076 22,51%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 244,536 15,10%
Povrgina (m?) | Surface (m?) 26.704.411 16,39%
Postojece stanje | Current baseline 6.350.897 32,61%
E:Z;ggans:(;r?g:i;;iigj?I\T\;”SZ\)Nh/gOd') | Unapredenje 1 | Improvement 1 2.232.026 -
Unapredenje 2 | Improvement 2 1.302.168 -

Broj zgrada | Number of buildings 236.075 27,39%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 306.898 18,95%
Povrsina (m?) | Surface (m?) 38.282.654 23,4965%
Postojece stanje | Current baseline 3.101.309 15,83%
E:E:gganE:;H;g:ieziiigj?;{;r%\)’vwgm') | Unapredenje 1 | Improvement 1 1.658.914 -
Unapredenje 2 | Improvement 2 1.257.590 -

Broj zgrada | Number of buildings 254.799 29,56%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 323.595 19,985%
Povrsina (m?) | Surface (m?) 42.653.964 26,18%
Postojece stanje | Current baseline 3.528.879 18,01%
E:ggganE:;rigrniezeiiirgij?;{/%l%\)/\/h/gw‘) | Unapredenje 1 | Improvement 1 2.379.318 -
Unapredenje 2 | Improvement 2 1.857.494 -
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AZ | TH do 1945. godine | up to 1945

Broj zgrada | Number of buildings 1.157 0,134%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 1.608 0,10%
Povrsina (m?) | Surface (m?) 116.098 0,071%
Postojece stanje | Current baseline 8.433 0,043%
E:ggganZ:;r?(t)]:iezaiiigj?;{;/h(z\)/vr]/g()d.) | Unapredenje 1 | Improvement 1 4142 -
Unapredenje 2 | Improvement 2 2.850 -

Broj zgrada | Number of buildings 1.639 0,190%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 2.180 0,1346%
Povrsina (m?) | Surface (m?) 149.959 0,092%
Postojece stanje | Current baseline 28.327 0,144%
E:E:gganE:;r?ct)]rnieze?tiigj?aj\/[\ellfll\:\\)/vr]/g()d.) | Unapredenje 1 | Improvement 1 12.203 -
Unapredenje 2 | Improvement 2 8.481 -

C2 | TH 1961-1970.

R - . ¥ T

Broj zgrada | Number of buildings 7.480 0,868%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 10.472 0,647%
Povrsina (m?) | Surface (m?) 888.085 0,545%
Postojece stanje | Current baseline 87.198 0,445%
E:ggganE:;rigrniezeiiirgij?;{/izll%\)/\/h/gw.) | Unapredenje 1 | Improvement 1 35.182 -
Unapredenje 2 | Improvement 2 23.023 -
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Zastupljenost tipa | Type share

Energija potrebna za grijanje (MWh/god.) |
Energy need for heating (MWh/a)

Zastupljenost tipa | Type share

Energija potrebna za grijanje (MWh/god.) |
Energy need for heating (MWh/a)

=~ - . |

Zastupljenost tipa | Type share

Energija potrebna za grijanje (MWh/god.) |
Energy need for heating (MWh/a)

Broj zgrada | Number of buildings 9.257

Broj stanova | Number of apartments 14.904
Povrgina (m?) | Surface (m?) 1.248.793
Postojece stanje | Current baseline 156.250
Unapredenje 1 | Improvement 1 85.606
Unapredenje 2 | Improvement 2 64.999

Broj zgrada | Number of buildings 5.905
Broj stanova | Number of apartments 8.858
Povrsina (m?) | Surface (m?) 1.035.435
Postojece stanje | Current baseline 89.498
Unapredenje 1 | Improvement 1 33.184
Unapredenje 2 | Improvement 2 25.138

Broj zgrada | Number of buildings 450
Broj stanova | Number of apartments 2.264
Povrsina (m?) | Surface (m?) 168.460
Postojece stanje | Current baseline 17.488
Unapredenje 1 | Improvement 1 6.396
Unapredenje 2 | Improvement 2 4.489

1,0739%
0,920%
0,766%

0,797%

0,685%
0,547%
0,635%
0,454%

0,052%
0,1398%
0,1034%

0,089%

A3 | MH do 1945. godine | up to 1945
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58

B3 | MH 1946-1960.

PR
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Broj zgrada | Number of buildings 2.462 0,2856%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 27.894 1,7227%
Povriina (m”) | Surface (m?) 1.639.913 1,006%
Postojece stanje | Current baseline 195.151 0,0996%
E:ggganZ:;HFEE:iezaiiigj?;{;/h(x\)/vr]/g()d.) | Unapredenje 1 | Improvement 1 60.137 -
Unapredenje 2 | Improvement 2 42.805 -

Broj zgrada | Number of buildings 3.012 0,349%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 50.541 3,12%
Povrsina (m?) | Surface (m?) 3.184.346 1,954%
Postojece stanje | Current baseline 327.081 1,669%
E:E:gganE:;r?ct)]rnieze?tiigj?aj\/[\ellfll\:\\)/vr]/g()d.) | Unapredenje 1 | Improvement 1 117.788 -
Unapredenje 2 | Improvement 2 74.939 -

Broj zgrada | Number of buildings 2.203 0,255%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 52.872 3,265%
Povrsina (m?) | Surface (m?) 3.587.596 2,20%
Postojece stanje | Current baseline 189.255 0,9659%
E:ggganE:;rigrniezeiiirgij?;{/izll%\)/\/h/gw‘) | Unapredenje 1 | Improvement 1 68.938 -
Unapredenje 2 | Improvement 2 45.615 -




E3 | MH 1981-1991.

Broj zgrada | Number of buildings 1.116 0,1295%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 12.053 0,744%

Povrgina (m?) | Surface (m?) 1.048.335 0,6434%

Postojece stanje | Current baseline 115.571 0,898%
Energija potrebna za grijanje (MWh/god.) | . .
Energy need for heating (MWh/a) Unapredenje 1 | Improvement 1 35.099

Unapredenje 2 | Improvement 2 24.709 -

F3 | MH 1992-2014.

Broj zgrada | Number of buildings 2.725 0,316%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 58.588 3,618%

Povrsina (m?) | Surface (m?) 4.666.418 2,864%

Postojece stanje | Current baseline 116.191 0,593%
Energija potrebna za grijanje (MWh/god.) | . .
Energy need for heating (MWh/a) Unapredenje 1 | Improvement 1 76.753

Unapredenje 2 | Improvement 2 55.952 -

5. godine | up to 1945

Broj zgrada | Number of buildings 218 0,025%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 3.285 0,0203%
Povrsina (m?) | Surface (m?) 193.882 0,119%
Postojece stanje | Current baseline 20.151 0,1703%
E:ggganE:;r?;niezeiiirgij?;{;éz\)/\/h/gw') | Unapredenje 1 | Improvement 1 6.433 -
Unapredenje 2 | Improvement 2 4.607 -
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B4 | AB 1946-1960.

Broj zgrada | Number of buildings 851 0,0987%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 9.667 0,597%

Povrsina (m?) | Surface (m?) 697.074 0,428%

Postojece stanje | Current baseline 58.365 0,298%
Energija potrebna za grijanje (MWh/god.) | . .
Energy need for heating (MWh/a) Unapredenje 1 | Improvement 1 15.687

Unapredenje 2 | Improvement 2 10.349 -

C4 | AB 1 1961-1970.

Broj zgrada | Number of buildings 1.429 0,1658%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 17.648 1,089%

Povriina (m?) | Surface (m?) 1.192.969 0,732%

Postojece stanje | Current baseline 80.437 0,410%
Energija potrebna za grijanje (MWh/god.) | . )
Energy need for heating (MWh/a) Unapredenje 1 | Improvement 1 23.982

Unapredenje 2 | Improvement 2 15.706 -

E4 | AB 1981-1991.

Broj zgrada | Number of buildings

Zastupljenost tipa | Type share Broj stanova | Number of apartments 1.976 0,122%
Povr3ina (m”) | Surface (m?) 56.310 0,035%
Postojece stanje | Current baseline 3.022 0,015%
Energija potrebna za grijanje (MWh/god.) | . .
Energy need for heating (MWh/a) Unapredenje 1 | Improvement 1 1.003
Unapredenje 2 | Improvement 2 743 -
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F4 | AB 1 1992-2014.

Broj zgrada | Number of buildings 707 0,082%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 13.447 0,083%
Povrgina (m?) | Surface (m?) 846.958 0,519%
Postojece stanje | Current baseline 35.918 0,183%
E:E:gganep:ctirigpiezeiiigj?I\r/]lj\/f\z/tsz\)Nh/gOd.) | Unapredenje 1 | Improvement 1 20.680 -
Unapredenje 2 | Improvement 2 15.706 -

Broj zgrada | Number of buildings 328 0,038%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 16.653 1,028%
Povrsina (m?) | Surface (m?) 353.420 0,217%
Postojece stanje | Current baseline 24.688 0,1259%
E:zigganEsgr::ieze?tiigj?aj\/fllw(ll\:\\)/vr]/g()d.) | Unapredenje 1 | Improvement 1 7.130 -
Unapredenje 2 | Improvement 2 4.484 -

Broj zgrada | Number of buildings 660 0,076%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 46.061 2,844%
Povrsina (m?) | Surface (m?) 3.122.201 1,916%
Postojece stanje | Current baseline 284.792 1,45%
E:E;gganEsgr?c?rnEezeiirgwrgij?;{/%h(x\)/\/h/@d‘) | Unapredenje 1 | Improvement 1 88.851 -
Unapredenje 2 | Improvement 2 54.343 -
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Broj zgrada | Number of buildings 1.419 0,1646%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 99.245 6,129%
Povrsina (m?) | Surface (m?) 8.758.838 5,356%
Postojece stanje | Current baseline 662.681 3,38%
E:EigganZ:;r?(t)):iezaiiigj?;{;/h(x\;Vh/gOd.) | Unapredenje 1 | Improvement 1 263.950 -
Unapredenje 2 | Improvement 2 205.413 -

Broj zgrada | Number of buildings 876 0,102%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 39.797 2,458%
Povrsina (m?) | Surface (m?) 3.280.277 2,013%
Postojece stanje | Current baseline 191.170 0,956%
E:zigganE:;r?(tn):ieze?tiigj?aj\/[\zllfll\:\\)m]/g()d.) | Unapredenje 1 | Improvement 1 90.838 -
Unapredenje 2 | Improvement 2 49.840 -

Broj zgrada | Number of buildings 1.040 0,121%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 57.918 3,577%
Povrsina (m?) | Surface (m?) 3.200.171 0,0196%
Postojece stanje | Current baseline 105.050 0,536%
E:ggganEsgr?(?:ieziiirgij?;{;éz\)/\/h/gOd') | Unapredenje 1 | Improvement 1 62.96 -
Unapredenje 2 | Improvement 2 48.720 -
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Broj zgrada | Number of buildings 75 0,0087%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 5.224 0,3226%

Povrgina (m?) | Surface (m?) 485.596 0,298%

Postojece stanje | Current baseline 58.326 0,2976%
Energija potrebna za grijanje (MWh/god.) | . .
Energy need for heating (MWh/a) Unapredenje 1 | Improvement 1 14.632

Unapredenje 2 | Improvement 2 9.444 -

Broj zgrada | Number of buildings 84 0,0097%
Zastupljenost tipa | Type share Broj stanova | Number of apartments 5.738 0,354%

Povriina (m?) | Surface (m?) 489.698 0,300%

Postojece stanje | Current baseline 34,574 0,176%
Energija potrebna za grijanje (MWh/god.) | . )
Energy need For heating (MWh/a) Unapredenje 1 | Improvement 1 10.927

Unapredenje 2 | Improvement 2 6.252 -
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SLOBODNOSTOJECE KUCE

<1945]1946-1960 | 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

SINGLE-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorua objekta | SLOBODNOSTOJECA KUCA
Building category | SINGLE-FAMILY HOUSE

Godina izgradnje
Built in ’ 1904.

Broj etaza 1
Number of floors

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

Neto povrsina grijanog prostora (m
Net surface of the heated space (m 68,14

Volumen grijanog prostora (m
Heated space volume (m’) 213,44

Faktor oblika (m )
Shape factor (m”)

Specificna godisnja potrebna energija za grijanje s prekldom u grijanju Q, mem (KWh/m*/god) 452 34
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prek|da u grijanju Q... (KWh/m?/god) 63859
Specific energy need for continuous heating Q... (KWh/m?/year) ’

Slobodnostojeca porodicna zgrada izgradena je 1904. godine i zaSticena kao spo-
menik kulture. Zgrada je kompaktne osnove, spratnosti prizemlje. Krov je dvovodni,
klasicne drvene konstrukcije s crijepom kao krovnim pokrivacem. Tavanski prostor se
ne koristi za stanovanje. Spoljasnji zidovi su od opeke, debljine 45cm i obostrano
malterisani, a uli¢na fasada s dekorativnom plastikom je u vrlo loSem stanju. Medu-
spratna konstrukcija prema tavanu je drvena, s plafonom izvedenim od maltera na
sloju trske. Prozori su dvostruki, drveni i zastakljeni jednostrukim staklom.

Slobodnostojeca porodicna kuca je masivnih zidova od opeke, bez termicke izolacije.
Fasadni malter je u loSem stanju, kao i fasadna stolarija. U trenutku snimanja kuca
se nije koristila, Sto znaci da se nije ni grijala te snimci nisu relevantni. U dijelu pro-
zorskih otvora vidljivi su veci gubici toplote na mjestima prozorskih otvora. Snima-
njem je registrovano zagrijavanje u zoni krova koje potice od sun¢evog zraenja.

Single-family house built in 1904, and protected as cultural heritage. It is of
compact footprint, ground floor only. The roof is traditional, wooden, gable roof,
with clay roof tiles. Attic is not used for residential purposes. External walls are
made of 45cm clay brick with plaster on both sides, and the facade is decorative
elements is in very bad condition. Construction towards the attic is wooden, and the
ceiling is made of plastered cane. Double windows, wooden framing, single glazing.

Single-family house is made of massive brick walls, without any thermal insulation.
Facade plaster is in bad condition, as well as the framings. At the moment of
recording, the house was not being used, so since it was not heated, the images are
irrelevant. There is indication of higher level of heat loss at the window openings.
Some heat was recorded at the roof, as a result of sun radiation.
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

Mjere se ne odnose na predstavljenu tipi¢nu zgradu, koja je zasticena kao spomenik kulture i koja prema entitetskoj
regulativi ne podlijeZe obavezi energetske sanacije. Predlozene mjere se odnose na ostale zgrade koje pripadaju
ovom periodu i tehnologiji gradenja.

The measures do not concern the presented typical building, which is protected as cultural heritage, and according

to the Entity laws, it is not subject to mandatory energy-efficiency improvement. Proposed measures concern other
buildings from this period sharing the same construction technology.

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREDENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida termoizolacionim slojem debljine 10cm (A=0,041 W/mK), izvedenim u sistemu kontaktne
fasade. Izolovanje meduspratne konstrukcije ka tavanu termoizolacionim slojem debljine 10cm (A=0,041 W/mK) (s
gornje strane). Ugradnja novih prozora U=1,6 W/m’K (g=0,61). ® Instalacija centralnog sistema grijanja i pripreme po-
troSne tople vode s kotlom na pelet ili drva, piroliticki kotao s akumulatorom toplote. Niskotemperaturni sistem grijanja s
izolovanim cijevnim vodovima u negrijanim prostorima i upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of
construction between the ground floor and the unheated attic (on the upper side) with thermal insulation layer of
10cm (A=0.041 W/mK). Installing of new windows to reach U=1.6 W/m’K (g=0.61). e Installing of central heating
system for heating and domestic hot water on wood or wood pellet, pyrolitic boiler with heat accumulator. Low-
temperature heating system with insulated pipeline in unheated spaces and operated according to the outside
temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida termoizolacionim slojem debljine 20cm (A=0,041 W/mK), izvedenim u sistemu kontaktne
fasade. Izolovanje meduspratne konstrukcije ka tavanu termoizolacionim slojem debljine 20cm (A=0,041 W/mK) (s
gornje strane). Izolovanje poda na tlu, termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Ugradnja novih
prozora s U=1,0 W/m’K (g=0,48). Ugradnja novih ulaznih vrata s U=2,0 W/m°K. e Instalacija sistema centralnog gri-
janja i pripreme potrosne tople vode s kotlom na pelet ili drva, piroliticki kotao s akumulatorom toplote. Instalacija
dopunskog sistema grijanja potro3ne tople vode. Ugradnja ventila s termostatskim glavama na grijaca tijela.

Insulation of external wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of
construction between the ground floor and the unheated attic (on the upper side) with thermal insulation layer of
20cm (A=0.041 W/mK). Insulation of the floor on the ground\ with thermal insulation layer of 10cm (A=0.041 W/mK).
Installlng of new windows to reach U-coefficient of 1.0 W/m’K (g=0.48). Installing of new entrance door with U =2.0
W/m’K. ® Installing of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic
boiler with heat accumulator. Installing of additional system for domestic hot water. Installation of thermostatic
radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o 2 malter 2cm, puna opeka 45cm, malter 2cm w o malter 2cm, puna opeka 45cm, malter 2cm, o ‘& malter 2cm, puna opeka 45cm, malter 2cm,
EXTERNAL WALL = 3 plaster 2cm, brick wall 45cm, plaster 2cm = ‘% termoizolacija 10cm, fasadni malter 1cm = ‘% termoizolacija 20cm, fasadni malter Tcm
£ 3 = 3 plaster 2cm, brick wall 45cm, plaster 2cm, £ 3 plaster 2cm, brick wall 45cm, plaster 2cm,
© o © —  thermal insulation 10cm, facade plaster Tcm © — thermal insulation 20cm, facade plaster 1cm
E E 2 5 E 3
> ) o ) o (%)
U (W/m’/K) | U =1,10 Wm’K U = 0,29 W/m*/K U = 0,17 W/m¥K
SPOLJASNJI ZID | o 2 malter 2cm, puna opeka 30cm, malter 2cm o g malter 2cm, puna opeka 30cm, malter 2cm, w o malter 2cm, puna opeka 30cm, malter 2cm,
EXTERNAL WALL | @ 5% plaster 2cm, brick wall 30cm, plaster 2cm = 5% termoizolacija 10cm, fasadni malter 1cm 5 ‘G termoizolacija 20cm, fasadni malter 1cm
= = = 3 plaster 2cm, brick wall 30cm, plaster 2cm, £ 3 plaster 2cm, brick wall 30cm, plaster 2cm,
© . © o thermal insulation 10cm, facade plaster 1cm © - thermal insulation 20cm, facade plaster 1cm
E 5 E 5 E 5
> e ) & =) &
U (W/m’/K) | U =148 W/m¥K U =0,32 Wm?K U = 0,18 W/m?/K
PROZORI drveni, dvostruki s razmaknutim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, double frame, double sash
with single glazing
U (W/m’/K) | U =350 wW/m’/K U = 1,60 W/m?/K U = 1,00 W/m?/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

POD NA TLU
GROUND FLOOR

POSTOJECE STANJE | CURRENT CONDITION

Unutra | Inside

drvene daske 2cm, potpatosnice u pijesku 5cm,
betonska plo¢a 10cm, Sljunak 15cm

concrete slab 10cm, gravel 15cm
Spolja | Outside

wooden floor 2cm, sleepers in ash bedding 5cm,

UNAPREBENJE 1 | IMPROVEMENT 1

NEMA IZMJENA
NO CHANGES

Unutra | Inside

Spolja | Outside

UNAPREDENJE 2 | IMPROVEMENT 2
Unutra | Inside  parket 1cm, cementni estrih 4cm, PE folija,
termoizolacija 10cm, hidroizolacija 1cm,
betonska ploca 10cm, Sljunak 15cm
parquet 1cm, cement screed 4cm, PE foil,
thermal insulation 10cm, waterproofing 1cm,
concrete slab 10cm, gravel 15 cm

Spolja | Outside

U (W/m’/K) | U= 2,14 W/m’/K U = 2,14 W/m/K U = 0,35 W/m/K
MEDUSPRATNA | Spolja | Outside  drvena tavanica 20cm, drvene daske 2cm, Spolja | Outside  drvena tavanica 20cm, termoizolacija 10cm, parna Spolja | Outside  drvena tavanica 20cm, termoizolacija 20cm,
malter na trsci 2,5cm brana, drvene daske 2cm, malter na trsci 2,5cm parna brana, drvene daske 2cm,
I?\IOE%SI’JFAJI\:(OCIGJ#AI\S/ZSQ .-l wooden rafters 14/20cm at 80cm distance / air @ wooden rafters 14/20cm at 80cm distance / air .-l malter na trsci 2,5cm

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

layer 20cm, wooden planks 2cm, straw-plaster

Unutra | Inside ceiling 2.5cm

U = 2,52 W/m?/K

layer 20cm, thermal insulation 10cm, vapor barrier,

Unutra | Inside  \yaoden planks 2cm, straw-plaster ceiling 2.5cm

U = 0,35 W/m?K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

wooden rafters 14/20cm at 80cm distance / air
layer 20cm, thermal insulation 20cm, vapor barrier,
wooden planks 2cm, straw-plaster ceiling 2.5cm

U = 0,19 W/m?/K

Unutra | Inside

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

= Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
- and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektricni bojler
Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

| » Centralni sistem pripreme PTV povezan sa si-
/-.; stemom grijanja i sistemom solarnih kolektora
L Central domestic hot water system in
conjunction with a heating system and
solar collector system
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu
5 - Pod na tlu

1 - External wall

2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic

5 - Floor on the ground

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m?/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2
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SLOBODNOSTOJECE KUCE

<1945]1946-1960|1961-1970| 1971-1980 | 1981-1991 | 1992-2014

SINGLE-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorua objekta | SLOBODNOSTOJECA KUCA
Building category | SINGLE-FAMILY HOUSE

Godina izgradnje
Built in ’1946—1960.

Broj etaza 1
Number of floors

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

Neto povrsina grijanog prostora (m
Net surface of the heated space (m 43,24

Volumen grijanog prostora (m
Heated space volume (m’) 98,15

Faktor oblika (m )
Shape factor (m”)

Specificna godisnja potrebna energija za grijanje s prekldom u grijanju Q, mem (KWh/m*/god) 47396
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prek|da u grijanju Q... (KWh/m?/god) 60216
Specific energy need for continuous heating Q... (KWh/m?/year) ’

Slobodnostojeca prizemna porodicna kuca izduzene pravougaone osnove, s malo
otvora na fasadi. Ulazna vrata su uvucena u odnosu na fasadnu ravan, te je
formiran natkriveni predulazni prostor. Krov je klasican, drveni, na dvije vode, dosta
plitak s crijepom kao krovnim pokrivacem. Tavanski prostor se ne koristi za stano-
vanje. Spoljasnji zidovi su izvedeni od pune opeke, debljine 25cm, bez termoizolacije
i obostrano malterisani. Meduspratna konstrukcija prema tavanu je drvena, a pla-
fon je izveden od maltera na podlozi od trske. Prozori su dvostruki, s drvenim
okvirima i jednostrukim zastakljenjem.

Spoljasnji zidovi slobodnostojece kuce su od pune opeke, bez termoizolacije i obo-
strano malterisani. Termovizijski snimak pokazuje da postoje termicki mostovi na
mjestima veze horizontalne meduspratne konstrukcije i spoljasnjeg zida, kao i na
mjestima promjene geometrije osnove zgrade, tj. u ulaznom dijelu. Termicki mostovi
su zabiljeZeni i u dijelovima fasadnih otvora, prozora i vrata koji su u lodem stanju.

Single-family house is a single floor family house of extended rectangular footprint,
with a few facade openings. Entrance doors are receded compared to the facade
plane, with a covered entrance area. The roof is traditional, wooden, quite shallow
gable roof, with clay roof tiles. Attic is not used for residential purposes. External
walls made of solid 25cm brick, without thermal insulation, and with plaster finish
on both sides. Construction towards the attic is wooden, and the ceiling is made of
plastered cane. Double windows, wooden single-glazing frames.

Free-standing house, external walls made of solid brick, without thermal insulation,
and with plaster finish on both sides. Thermovision image shows prominent thermal
bridges where the construction between floors meets external walls, as well as in the
areas where the building changes its shape, that is, at the entrance. Thermal bridges
are registered at parts of facade openings, doors and windows in poor condition.
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 10cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. Izolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane)
termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Zamjena starih prozora novim s U =1,6 W/m’K (g=0,61).
e |Instalacija centralnog sistema grijanja i pripreme potrosne tople vode s kotlom na pelet ili drva piroliticki kotao s
akumulatorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim prostorima i
upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with thermal insulation layer of 10cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 10cm (A=0.041 W/mK). Replacing the windows with new ones with U =1.6 W/m’K
(g=0.61). @ Installing of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic
boiler with heat accumulator. Low-temperature heating system with insulated pipeline in unheated spaces and
operated according to the outside temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 20cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. |zolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane)
termoizolacionim slojem debljine 20cm (A=0,041 W/mK) Izolovan;e poda na tlu slojem termoizolacije debljine 10cm
(A=0,041 W/mK). Zamjena postojecih prozora novim s U =1,0 W/m'K (g=0,61). Ugradnja novih ulaznih vratas U= 2,0
W/mK. Instalacija centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva, piroliticki
kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potrosne tople vode. Ugradnja ventila s
termostatskim glavama na grijaca tijela.

Insulation of external wall with thermal insulation layer of 20cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of the floor on the ground with thermal insulation
layer of 10cm (A=0.041 W/mK). Replacmg the windows with new ones with U =1.0 W/m’K (g=0.61). Installing of new
entrance door with U =2.0 W/m’K. e Installing of central heating system for heating and domestic hot water on
wood or wood pellet, pyrolitic boiler with heat accumulator. Installing of additional system for domestic hot water.
Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

malter 2cm, puna opeka 25cm, malter 2cm,

S o @ malter 2cm, puna opeka 25cm, malter 2cm w o malter 2cm, puna opeka 25cm, malter 2cm, o o
SPOLJASNJI ZID 3 Iter 2 ka 25 [ter 2 z lter 2 ka 25 [ter 2 s
EXTERNAL WALL = 7 plaster 2cm, brick wall 25cm, plaster 2cm = 'z termoizolacija 10cm, fasadni malter 1cm = ‘% termoizolacija 20cm, fasadni malter 1cm
£ a = a plaster 2cm, brick wall 25cm, plaster 2cm, £ 3 plaster 2cm, brick wall 25cm, plaster 2cm,
© o © . thermal insulation 10cm, facade plaster 1cm © —  thermalinsulation 20cm, facade plaster 1cm
E s E 5 E 5
=) e > A =] &
U (W/m?/K) | U = 1,70 W/m’/K U = 0,32 W/m“/K U = 0,18 W/m%K
PROZORI drveni, dvostruki s razmaknutim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, double frame, double sash
with single glazing
U (W/m?/K) | U = 3,09 W/m¥K U = 1,60 W/m“/K U = 1,00 W/m*/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POD NA TLU
GROUND FLOOR

5
!

Spolja | Outside

Unutra | Inside

POSTOJECE STANJE | CURRENT CONDITION

keramicke plocice 1cm, betonska plo¢a 5cm,
Sljunak 20cm

ceramic tiles 1cm, concrete 5cm,

rammed earth 20cm

Unutra

Spolja |

UNAPREBENJE 1 | IMPROVEMENT 1

NEMA IZMJENA
NO CHANGES

| Inside

0|
Outside

Unutra | Inside

Spolja | Outside

UNAPREBENJE 2 | IMPROVEMENT 2

keramicke plocice 1cm, cementni estrih 4cm,

PE folija, termoizolacija 10cm, hidroizolacija 1cm,
AB ploca 10cm, $ljunak 15cm

ceramic tiles 1cm, cement screed 4cm, PE foil,
thermal insulation 10cm, waterproofing 1cm,
ferroconcrete 10cm, gravel 15cm

U (W/m?/K) | U = 4,74 W/m/K U = 4,74 W/m?/K U = 0,35 W/m?/K
MEDUSPRATNA Spolja | Outside  drvene daske 2cm, malter na trsci 2,5cm Spolja | Outside  termoizolacija 10cm, parna brana, Spolja | Outside  termoizolacija 20cm, parna brana,
KONSTRUKCIJA ISPOD wooden planks 2cm, straw-plaster ceiling 2.5cm @ drvene daske 2cm, malter na trsci 2,5cm drvene daske 2cm, malter na trsci 2,5cm
NEGRIJANOG TAVANA Unutra | Inside - thermal insulation 10cm,vapor barrier, ; thermal insulation 20cm,vapor barrier,
Unutra | Inside  wooden planks 2cm, straw-plaster ceiling 2.5cm wooden planks 2cm, straw-plaster ceiling 2.5cm

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

U = 2,52 W/m“/K

U = 0,35 W/m?/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

Unutra | Inside

U = 0,19 W/m7/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

ol ¢

UNAPREBENJE 2 | IMPROVEMENT 2

Centralni sistem grijanja na drva

ili pelet, s akumulatorom toplote

i termostatskim ventilima

Central heating system - wood or
wood pellet, with heat acummulation
and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)

Elektri¢ni bojler
Electric water heater
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Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

Centralni sistem pripreme PTV povezan sa si-

|-
/-.; stemom grijanja i sistemom solarnih kolektora
L Central domestic hot water system in
conjunction with a heating system and
solar collector system
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

TOPLOTNI GUBICI 120,00 120,00 120,00
ELEMENATA IERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT 100,00 100,00 100,00
(W/K)
1 - Spoljasnji zid

2 - Prozori i balkonska vrata 80,00 80,00 80,00
3 - Ulazna vrata
4 - Gubici prema negrijanom tavanu
5 - Pod na tlu

60,00 60,00 60,00
1 - External wall
2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic 40.00 40.00 40.00

5 - Floor on the ground ' ' '
20,00 20,00 20,00
0,00 . 0,00 l . 0,00 I . . I
1 2 3 4 5 6 7 2 3 4 5 6 8 2 3 4 5 6 7 8
ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,, H H H
RATIO OF HEAT | H, H,
TRANSFER COEFFICIENT 0,00 100,00 200,00 300,00 0,00 100,00 200,00 300,00 400,00 0,00 100,00 200,00 300,00 400,00

BY TRANSMISSION H,
AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA

QRGN d’ I
FOR HEATING

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0%

1061,66
100%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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SLOBODNOSTOJECE KUCE

<1945]1946-1960| 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

SINGLE-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorija objekta | SLOBODNOSTOJECA KUCA
Building category | SINGLE-FAMILY HOUSE

Godina izgradnje
Built in ’1961—1970.

Broj etaza 1
Number of floors

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

69,11

Neto povrsina grijanog prostora (m’)
Net surface of the heated space (m”) 55,65

3

Volumen grijanog prostora (m’)
Heated space volume (m”) 139,13

Faktor oblika (m™)

Shape factor (m”) 1,36

Specifitna godisnja potrebna energija za grijanje s prekidom u grijanju Qe (KWh/m*/god) 46490
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prekida u grijanju Q,,,.... (KWh/m?*/god) 582 31
Specific energy need for continuous heating Q... (KWh/m?/year) ’

Slobodnostojeca porodi¢na kuca kompaktne osnove, skoro kvadratne, s malo otvora
na fasadi. Krov je klasican, na cetiri vode, plitak, s crijepom kao krovnim pokriva-
cem. Tavanski prostor se ne koristi za stanovanje. Spoljasnji zidovi su izvedeni od
pune opeke, debljine 25cm, bez termoizolacije i obostrano su malterisani. Kon-
strukcija prema tavanu je drvena, a plafon je izveden od maltera na podlozi od trske.
Prozori su dvostruki, s drvenim okvirima i jednostrukim zastakljenjem.

Termovizijski snimak je registrovao velike toplotne gubitke kroz spoljasnje zidove,
koji nisu termicki izolovani. Postojanje termickih mostova na spoljasnjim zidovima
se uotavaju u podrucju natprozornih greda, kao i na mjestima horizontalnih ser-
klaza. Postoje veci gubici u dijelovima fasadne stolarije, koji ukazuju na loSe stanje
okvira prozora ali i zastakljenja.

Single-family house is of compact, almost square footprint, with a few facade
openings. The roof is traditional shallow hip roof, with roof tiles. Attic is not used for
residential purposes. External walls made of solid 25cm brick, without thermal
insulation, and with plaster finish on both sides. Construction towards the attic is
wooden, and the ceiling is made of plastered cane. Double windows, wooden single-
glazing frames.

Thermovision image shows significant loss of heat through the external walls due to
the lack of thermal insulation. Thermal bridges on external walls are registered at
the beams above windows and along horizontal ring beams. There is significant loss
of heat in the area of facade framings indicative of poor condition of the framing
and glazing.
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 10cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. Izolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane) ter-
moizolacionim slojem debljine 10cm (A=0,041 W/mK). Zamjena postoje¢ih prozora novim s U =1,6 W/m’K (g=0,61).
e |Instalacija centralnog sistema grijanja i pripreme potrosne tople vode s kotlom na pelet ili drva piroliticki kotao s
akumulatorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim prostorima i
upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with thermal insulation layer of 10cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 10cm (A=0.041 W/mK). Replacing the windows with new ones with U =1.6 W/m’K
(g=0.61). @ Installing of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic
boiler with heat accumulator. Low-temperature heating system with insulated pipeline in unheated spaces and
operated according to the outside temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 20cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. |zolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane)
termoizolacionim slojem debljine 20cm (A=0,041 W/mK) IzolovanJePOda na tlu slojem termoizolacije debljine 10cm
(\=0,041 W/mK) Zamjena postojecih prozora novim, s U =1,0 W/m‘K (g=0,61). Ugradnja novih ulaznih vrata s U =
2,0 W/m'K. e Instalacija centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva, piro-
liticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potro3ne tople vode. Ugradnja ventila s
termostatskim glavama na grijaca tijela.

Insulation of external wall with thermal insulation layer of 20cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of the floor on the ground with thermal insulation
layer of 10cm (A=0.041 W/mK). Replacmg the windows with new ones with U =1.0 W/m’K (g=0.61). Installing of new
entrance door with U =2.0 W/m’K (g=0.61). @ Installing of central heating system for heating and domestic hot
water on wood or wood pellet, pyrolitic boiler with heat accumulator. Installing of additional system for domestic hot
water. Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o [ 2 malter 2cm, puna opeka 25cm, malter 3cm w g malter 2cm, puna opeka 25cm, malter 3cm, o o malter 2cm, puna opeka 25cm, malter 3cm,
EXTERNAL WALL | 3 plaster 2cm, brick wall 25cm, plaster 3cm = 'z termoizolacija 10cm, fasadni malter 1cm = ‘% termoizolacija 20cm, fasadni malter 1cm
£ e £ 3 plaster 2cm, brick wall 25cm, plaster 3cm, £ 3 plaster 2cm, brick wall 25cm, plaster 3cm,
© o © o thermal insulation 10cm, facade plaster 1cm © - thermal insulation 20cm, facade plaster 1cm
E s E 5 E 5
> & > & S a
U (W/m’/K) | U =170 W/m’/K U = 0,32 W/m'/K U = 0,18 W/m%K
PROZORI drveni, dvostruki s razmaknutim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, double frame, double sash
with single glazing
U (W/m?/K) | U = 3,00 Wm¥K U = 1,60 W/m“/K U = 1,00 W/m*/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

POD NA TLU
GROUND FLOOR

U (W/m?/K)

POSTOJECE STANJE | CURRENT CONDITION

Unutra | Inside  drvene daske 2cm, potpatosnice u pijesku 5cm,
Sljunak 20cm
wooden planks 2cm, sleepers in ash bedding 5cm,

rammed earth 20cm

Spolja | Outside

U = 2,45 W/m’/K

UNAPREBENJE 1 | IMPROVEMENT 1

NEMA IZMJENA
NO CHANGES

Unutra | Inside

Spolja | Outside

U = 2,45 W/m“/K

UNAPREDENJE 2 | IMPROVEMENT 2
Unutra | Inside  parket 1cm, cementni estrih 4cm, PE folija,
s termoizolacija 10cm, hidroizolacija 1cm,
armirani beton 10cm, $ljunak 15cm
parquet 1cm, cement screed 4cm, PE foil,
thermal insulation 10cm, waterproofing 1cm,
reinforced concrete 10cm, gravel 15cm

Spolja | Outside
U = 0,35 W/m?/K

MEBUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

Spolja | Outside  drvene daske 2cm, malter na trsci 2,5cm

wooden planks 2cm, straw-plaster ceiling 2.5cm

Unutra | Inside

U = 2,52 W/m“/K

Spolja | Outside  termoizolacija 10cm, parna brana,

@ drvene daske 2cm, malter na trsci 2,5cm
thermal insulation 10cm,vapor barrier,

Unutra | Inside  wooden planks 2cm, straw-plaster ceiling 2.5cm

U = 0,35 W/m?/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

Spolja | Outside  termoizolacija 20cm, parna brana,

drvene daske 2cm, malter na trsci 2,5¢cm
; thermal insulation 20cm,vapor barrier,
) wooden planks 2cm, straw-plaster ceiling 2.5cm
Unutra | Inside

U = 0,19 W/m7/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

= Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
- and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektri¢ni bojler
Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

| » Centralni sistem pripreme PTV povezan sa si-
/-.; stemom grijanja i sistemom solarnih kolektora
L Central domestic hot water system in
conjunction with a heating system and
solar collector system
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TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu
5 - Pod na tlu

1 - External wall

2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic

5 - Floor on the ground

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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POSTOJECE STANJE | CURRENT CONDITION
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0%

1041,37
100%

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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N
SLOBODNOSTOJECE
KUCE

s

KUCE U NizU

(2

MANJE
STAMBENE
ZGRADE

Ty

STAMBENE
ZGRADE U NIZU /
GRADSKOM
BLOKU

iy

VELIKI STAMBENI
BLOKOVI / STAMBENE
LAMELE

SLOBODNOSTOJECE KUCE

<1945]1946-1960| 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

SINGLE-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA
Katedgorija objekta | SLOBODNOSTOJECA KUCA

Building category | SINGLE-FAMILY HOUSE

Godina izgradnje
Built in ’1971—1980.

Broj etaza

Number of floors 2

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)

Gross surface of the building base (m?) 43,60
Neto povrsina grijanog prostora (m’)

Net surface of the heated space (m”) 67,83

3

Volumen grijanog prostora (m’)
Heated space volume (m”) 143,23

Faktor oblika (m™)

Shape factor (m”) 1,04

D1

Slobodnostoje¢a spratna porodicna kuca kompaktne osnove. Krov je klasican,
drveni, na dvije vode, s crijepom kao krovnim pokrivacem. Tavanski prostor se ne
koristi za stanovanje. Spoljasnji zidovi su izvedeni od pune opeke, debljine 25cm, bez
termoizolacije i obostrano malterisani. Meduspratna konstrukcija prema tavanu je
poluprefabrikovana, tipa TM3, sa Supljim opekarskim elementima i armirano-
beotnskom ploom preko njih. Prozori su dvostruki, s drvenim okvirima i jedno-
strukim zastakljenjem.

Termovizijski snimak pokazuje da postoje izraziti termicki mostovi na mjestima veze
meduspratne konstrukcije i spo-ljiasnjih zidova, kao i na dijelu sokla. Na
termovizijskom snimku spoljasnjeg zida mogu se uociti fuge u strukturi zida.
Snimak pokazuje izrazite toplotne gubitke na dijelovima fasadnih otvora, a nesto
manje na krovnim povrsinama.

Single-family house of compact footprint. The roof is traditional, wooden, gable
roof, with clay roof tiles. Attic is not used for residential purposes. External walls
made of solid 25cm brick, without thermal insulation, and with plaster finish on
both sides. The layer between the second floor and the attic is partially
prefabricated, type TM3, with hollow brick elements and RC slab on top. Double
windows, wooden single-glazing frames.

Thermovision image shows prominent thermal bridges where the construction
between floors meets external walls, as well as along the plinth. Thermovision
image of the external wall shows joints in the wall structure. The image shows
major heat loss at openings on the facade, and somewhat smaller loss at the roof.

Specifitna godisnja potrebna energija za grijanje s prekidom u grijanju Qe (KWh/m*/god) 38159
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prekida u grijanju Q,,,.... (KWh/m?*/god) 484 58
NEBODERI Specific energy need for continuous heating Q... (KWh/m’/year) ’
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 10cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. Izolovanje meduspratne konstrukcije prema negrijanom tavanu (sa gornje strane)
termoizolacionim slojem debljine 10cm (A=0,041 W/mK) Zamjena postojec¢ih prozora novim, s U =1,6 W/m’K
(g=0,61). @ Instalacija centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva, piroli-
ticki kotao s akumulatorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim
prostorima i upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with thermal insulation layer of 10cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 10cm (A=0.041 W/mK). Replacing the windows with new ones with U =1.6 W/m’K
(g=0.61). eInstalling of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic
boiler with heat accumulator. Low-temperature heating system with insulated pipeline in unheated spaces and
operated according to the outside temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 20cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. Izolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane) ter-
moizolacionim slojem debljine 20cm (A=0,041 W/mK) Izolovanje poda na tlu slojem termoizolacije debljine 10cm
(\=0,041 W/mK) Zamjena postojecih prozora novim, s U =1,0 W/m’K (g=0,61). Ugradnja novih ulaznih vrata s U =
2,0 W/mK. e Instalacija centralnog sistema grijanja i priprema potrosne tople vode s kotlom na pelet ili drva, piro-
liticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potro3ne tople vode. Ugradnja ventila s
termostatskim glavama na grijaca tijela.

Insulation of external wall with thermal insulation layer of 20cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of the floor on the ground with thermal insulation
layer of 10cm (A=0.041 W/mK). Installing of new entrance door with U =2.0 W/m’K. e Installing of central heating
system for heating and domestic hot water on wood or wood pellet, pyrolitic boiler with heat accumulator. Installing
of additional system for domestic hot water. Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o 2 malter 2cm, puna opeka 25cm, malter 2cm w o malter 2cm, puna opeka 25cm, malter 2cm, o o malter 2cm, puna opeka 25cm, malter 2cm,
EXTERNAL WALL | iz plaster 2cm, brick wall 25cm, plaster 2cm 3 ' termoizolacija 10cm, fasadni malter 1cm 3 ‘5 termoizolacija 20cm, fasadni malter 1cm
£ a £ 3 plaster 2cm, brick wall 25cm, plaster 2cm, £ 3 plaster 2cm, brick wall 25cm, plaster 2cm,
© o © . thermal insulation 10cm, facade plaster 1cm © . thermal insulation 20cm, facade plaster 1cm
E s E 5 E 5
> e > & > &
U (W/m’/K) | U =164 W/m’/K U = 0,32 Wm?/K U = 0,18 W/m/K
SPOLJASNJI ZID | o z malter 2cm, AB zid 25cm, malter 2cm o o malter 2cm, AB zid 25cm, malter 2cm, © ‘& malter 2cm, AB zid 25cm, malter 2cm,
EXTERNAL WALL | @ iz plaster 2cm, reinforced concrete wall 25cm, = ‘% termoizolacija 10cm, fasadni malter 1cm 5 ‘% termoizolacija 20cm, fasadni malter 1cm
= 2 plaster 2cm = 3 plaster 2cm, reinforced concrete wall 25cm, £ 3 plaster 2cm, reinforced concrete wall 25cm,
© — © —  plaster 2cm, thermal insulation 10cm, © — plaster 2cm, thermal insulation 20cm,
5 < 5 2. facade plaster 1cm 5 <. facade plaster Tem
= k= =] k= = k=
U (W/m?/K) | U = 3,07 Wm¥K U = 0,36 W/m’/K U = 0,19 W/m’/K
PROZORI drveni, dvostruki sa spojenim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, single frame, connected
double sash with single glazing
U (W/m’/K) | U =3,00W/m’/K U = 1,60 W/m?/K U = 1,00 W/m7/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

POD NATLU - F1
GROUND FLOCR - F2

POSTOJECE STANJE | CURRENT CONDITION
Unutra | Inside  vinaz 0,2cm, cementna kosuljica 3cm,
hidroizolacija, betonska plo¢a 10cm, $ljunak 10cm
vinyl 0.2cm, cement screed 3cm, waterproofing,
concrete 10cm, gravel 10cm

Spolja | Outside

UNAPREBENJE 1 | IMPROVEMENT 1

NEMA IZMJENA
NO CHANGES

Inside

Spolja | Outside

UNAPREDENJE 2 | IMPROVEMENT 2
Unutra | Inside  parket 1cm, cementna koSuljica 3cm, PE folija,
e termoizolacija 10cm, hidroizolacija, betonska
ploca 10cm, Sljunak 10cm
parquet 1cm, cement screed 3cm, PE foil,
thermal insulation 10cm, waterproofing 1cm,
concrete 10cm, gravel 10cm

Spolja | Outside

U (W/mZ/K) U = 3,63 W/m’/K U = 3,63 W/m?/K U = 0,36 W/m’/K
MEDUSPRATNA | Spolja | Outside  cementna koSuljica 3cm, Spolja | Outside  termoizolacija 10cm, parna brana, cementna Spolja | Outside  termoizolacija 20cm, parna brana, cementna
KONSTRUKCIJA ISPOD TM3 konstrukcija 20cm, malter 2cm ko3uljica 3cm, TM3 konstrukcija 20cm, malter 2cm koSuljica 3cm, TM3 konstrukcija 20cm, malter 2cm
NEGRIJANOG TAVANA cement screed 3cm, TM3 slab with thermal insulation 10cm, vapor barrier, cement thermal insulation 20cm, vapor barrier, cement

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

hollow clay block 20cm, plaster 2cm

Unutra | Inside

U =1,75 W/m/K

screed 3cm, TM3 slab with hollow clay block 20cm,
plaster 2cm

Unutra | Inside

U = 0,33 Wm?/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

screed 3cm, TM3 slab with hollow clay block 20cm,
plaster 2cm

Unutra | Inside
U =0,18 W/m?%/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

= Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
- and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektri¢ni bojler
Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

| » Centralni sistem pripreme PTV povezan sa si-
/-.; stemom grijanja i sistemom solarnih kolektora
L Central domestic hot water system in
conjunction with a heating system and
solar collector system
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu
5 - Pod na tlu

1 - External wall

2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic

5 - Floor on the ground

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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SLOBODNOSTOJECE KUCE

<1945]1946-1960| 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

SINGLE-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorua objekta | SLOBODNOSTOJECA KUCA
Building category | SINGLE-FAMILY HOUSE

Godina izgradnje
Built in ’1981—1990.

Broj etaza

Number of floors 2

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

Neto povrsina grijanog prostora (m
Net surface of the heated space (m 101,44

Volumen grijanog prostora (m
Heated space volume (m’) 250,15

Faktor oblika (m )
Shape factor (m”)

E1

Slobodnostojeca porodicna kuca, spratnosti prizemlje i potkrovlje koje se koristi za
stanovanje. Krov je klasi¢an, drveni, na dvije vode, s crijepom kao krovnim pokri-
vatem. Spoljasnji zidovi su izvedeni od Supljih opekarskih blokova, debljine 29cm, sa
slojem termoizolacije od 5cm u sistemu kontaktne fasade. Meduspratne kon-
strukcije su tipa TM3, poluprefabrikovane, sa Supljim opekarskim elementima i
armiranobetonskom plo¢om. Prema tavanu meduspratna konstrukcija je izolovana
termoizolacijom debljine 5cm. Prozori su dvostruki, s drvenim okvirima i jedno-
strukim zastakljenjem.

Porodi¢na kuca spratnosti P+Pk s konstrukcijom spoljasnjih zidova od Supljih ope-
karskih blokova, s termoizolacionim slojem i obostrano su malterisani. Termovi-
zijski snimak pokazuje da postoje izraziti termicki mostovi na mjestima armirano-
betonskih serklaza (horizontalnih i vertikalnih), i pored postojanja sloja termoizo-
lacije zbog razli€itih karakteristika materijala. Snimak pokazuje toplotne gubitke na
dijelovima fasadnih otvora, Sto ukazuje na njihovo lo3e stanje.

Single-family house with ground floor and attic used for residential purposes. The
roof is traditional, wooden, gable roof, with clay roof tiles. External walls are made
of 29cm hollow clay bricks, with 5cm thermal insulation layer in the contact facade
system. Floors are separated by TM3, semi-prefabricated elements with hollow clay
elements and RC slab. The attic floor is insulated with a 5cm thick thermal
insulation layer. Double windows, wooden single-glazing frames.

Family home with ground floor + attic features external walls made of hollow clay
blocks, with thermal insulation, and plaster on both sides. Thermovision image
shows prominent thermal bridges along horizontal and vertical RC ring beams,
despite the thermal insulation layer, due to different characteristics of the material.
The image shows major heat loss at openings on the facade indicating their poor
condition.

Specificna godisnja potrebna energija za grijanje s prekldom u grijanju Q, mem (KWh/m*/god) 135.93
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prek|da u grijanju Q... (KWh/m?/god) 176.45
NEBODER| Specific energy need for continuous heating Q... (KWh/m’/year) ’
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 10cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. Izolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane) ter-
moizolacionim slojem debljine 10cm (A=0,041 W/mK). Zamjena postoje¢ih prozora novim, s U =1,6 W/m’K (g=0,61).
e |Instalacija centralnog sistema grijanja i pripreme potrosne tople vode s kotlom na pelet ili drva, piroliticki kotao s
akumulatorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim prostorima i
upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with thermal insulation layer of 10cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 10cm (A=0.041 W/mK). Replacing the windows with new ones with U =1.6 W/m’K
(g=0.61). @ Installing of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic
boiler with heat accumulator. Low-temperature heating system with insulated pipeline in unheated spaces and
operated according to the outside temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 20cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. |zolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane)
termoizolacionim slojem debljine 20cm (A=0,041 W/mK) IzolovanJePOda na tlu slojem termoizolacije debljine 10cm
(\=0,041 W/mK) Zamjena postojecih prozora novim, s U =1,0 W/m‘K (g=0,61). Ugradnja novih ulaznih vrata s U =
2,0 W/mK. e Instalacija centralnog sistema grijanja i priprema potrosne tople vode s kotlom na pelet ili drva, pi-
roliticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potrosne tople vode. Ugradnja ventila
s termostatskim glavama na grijaca tijela.

Insulation of external wall with thermal insulation layer of 20cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of the floor on the ground with thermal insulation
layer of 10cm (A=0.041 W/mK). Replacmg the windows with new ones with U =1.0 W/m’K (g=0.61). Installing of new
entrance door with U =2.0 W/m’K. e Installing of central heating system for heating and domestic hot water on
wood or wood pellet, pyrolitic boiler with heat accumulator. Installing of additional system for domestic hot water.
Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SPOLJASNJI ZID
EXTERNAL WALL

U (W/m?/K)

POSTOJECE STANJE | CURRENT CONDITION

malter 2cm, Suplji opekarski blok 29¢m,
termoizolacija 5cm, fasadni malter 1cm
plaster 2cm, clay block wall 29cm, thermal
insulation 5cm, facade plaster 1cm

UNAPREBENJE 1 | IMPROVEMENT 1

malter 2cm, Suplji opekarski blok 29cm, malter
2cm, termoizolacija 5¢m, fasadni malter Tcm,
termoizolacija 10cm, fasadni malter 1cm
plaster 2cm, clay block wall 29cm, thermal
insulation 5cm, facade plaster 1cm, thermal
insulation 10cm, facade plaster 1cm

UNAPREBENJE 2 | IMPROVEMENT 2

Unutra | Inside
Spolja | Outside

malter 2cm, Suplji opekarski blok 29cm, malter
2cm, termoizolacija 5cm, fasadni malter 1cm,
termoizolacija 20cm, fasadni malter 1cm
plaster 2cm, clay block wall 29cm, thermal
insulation 5cm,facade plaster 1cm, thermal
insulation 20cm, facade plaster 1cm

SPOLJASNJI ZID
EXTERNAL WALL

U (W/m?/K)
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U = 0,64 W/m7/K

malter 2cm, AB zid 29cm, termoizolacija 5cm,

fasadni malter 1Tcm
plaster 2cm, reinforced concrete wall 29cm,
thermal insulation 5cm, facade plaster 1cm
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U = 0,25 W/m/K

malter 2cm, AB zid 29cm, termoizolacija 5cm,
fasadni malter 1cm, termoizolacija 10cm,
fasadni malter 1cm

plaster 2cm, reinforced concrete wall 29cm,
thermal insulation 5cm, facade plaster 1cm,
thermal insulation 10cm, facade plaster 1cm

Unutra | Inside
Spolja | Outside

U =0,16 W/m/K

malter 2cm, AB zid 29cm, termoizolacija 5cm,
fasadni malter 1cm, termoizolacija 20cm,
fasadni malter Tcm

plaster 2cm, reinforced concrete wall 29cm,
thermal insulation 5cm, facade plaster 1cm,
thermal insulation 20cm, facade plaster 1cm

PROZORI
WINDOWS

U (W/m?/K)
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U = 2,93 W/m'/K

drveni, dvostruki sa spojenim krilima
i jednostrukim staklom

wooden, single frame, connected
double sash with single glazing

U = 1,60 W/m“/K

prozor s dvostrukim staklom
windows with double glazing

U = 1,00 W/m7/K

prozor s trostrukim staklom
windows with triple glazing




ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

MEBUSPRATNA
KONSTRUKCIJA IZNAD
NEGRIJANOG PODRUMA
FLOOR CONSTRUCTION
TO UNHEATED AREA

U (W/m?K)

POSTOJECE STANJE | CURRENT CONDITION
Unutra | Inside  parket 1cm, cementni estrih 3cm, PVC folija,
termoizolacija 5cm, TM3 konstrukcija 20cm,
malter 3cm
parquet 1cm, cement screed 3cm, PVC foil,
thermal insulation 5cm, TM3 slab with hollow
clay block 20cm, plaster 3cm

Spolja | Outside

U = 0,43 W/m/K

UNAPREBENJE 1 | IMPROVEMENT 1
Unutra | Inside  parket 1cm, cementni estrih 3cm, PVC folija,
R termoizolacija 5cm, TM3 konstrukcija 20cm,
malter 3cm, termoizolacija 10cm, malter 1cm
parquet 1cm, cement screed 3cm, PVC foil,
thermal insulation 5cm, TM3 slab with hollow
clay block 20cm, plaster 3cm, thermal insulation
10cm, plaster 1cm

U =021 W/m7/K

Spolja | Outside

UNAPREDENJE 2 | IMPROVEMENT 2
Unutra | Inside  parket 1cm, cementni estrih 3cm, PVC folija,
s Lermoizolacija 5cm, TM3 konstrukeija 20cm,
malter 3cm, termoizolacija 20cm, malter 1cm
parquet 1cm, cement screed 3cm, PVC foil,
thermal insulation 5cm, TM3 slab with hollow
clay block 20cm, plaster 3cm, thermal insulation
20cm, plaster Tcm

Spolja | Outside
U = 0,14 W/m’/K

MEBUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

Spolja | Outside

—

Unutra | Inside

drvene daske 2cm, vazduh 6cm, termoizolacija
10cm, PE folija, drvena lamperija 2cm,

wooden planks 2cm, air 6¢cm, thermal insulation
10cm, PE foil, wood paneling 2cm

U = 0,34 W/m?/K

Spolja | Outside

—

Unutra | Inside

termoizolacija 10cm, termoizolacija 10cm,
parna brana, drvena lamperija 2cm

vapor barrier, wood paneling 2cm

U= 0,19 W/m?/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

thermal insulation 10cm, thermal insulation 10cm,

Spolja | Outside  termoizolacija 20cm, termoizolacija 10cm,
1 parna brana, drvena lamperija 2cm,
thermal insulation 20cm, thermal insulation 10cm,

vapor barrier, wood paneling 2cm

Unutra | Inside

U = 0,13 W/m7/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

= Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
- and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektri¢ni bojler
Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

| » Centralni sistem pripreme PTV povezan sa si-
/-.; stemom grijanja i sistemom solarnih kolektora
L Central domestic hot water system in
conjunction with a heating system and
solar collector system
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Kosi krov

5 - Gubici prema negrijanom tavanu
6 - Strop prema okolini

7 - Pod na tlu

8 - Gubici kroz negrijani podrum

1 - External wall

2 - Windows and balcony doors

3 - Entrance doors

4 - Shed roof

5 - To the unheated attic

6 - Ceiling to the surroundings

7 - Floor on the ground

8 - Through the unheated basement

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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UNAPREBENJE 1 | IMPROVEMENT 1
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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SLOBODNOSTOJECE KUCE

<1945]1946-1960| 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

SINGLE-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorua objekta | SLOBODNOSTOJECA KUCA
Building category | SINGLE-FAMILY HOUSE

Godina izgradnje
Built in ’1991—2014.

Broj etaza 2
Number of floors

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

75,20

Neto povrdina grijanog prostora (m )
Net surface of the heated space (m 121,70

Volumen grijanog prostora (m

Heated space volume (m®) ‘ 298,76

Faktor oblika (m )
Shape factor (m”)

Specificna godisnja potrebna energija za grijanje s prekldom u grijanju Q, mem (KWh/m*/god)
Specific energy need for intermitted heating Q. e (KWh/m*/year)

{FLIR

‘ 127,61

Specifitna godisnja potrebna energija za grijanje bez prek|da u grijanju Q... (KWh/m?/god) ‘ 149.89

Specific energy need for continuous heating Q... (KWh/m?/year)
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Slobodnostojeca porodicna kuca, spratnosti prizemlje i sprat. Krov je klasi¢an, drve-
ni, na dvije vode, s crijepom kao krovnim pokrivacem. Spoljasnji zidovi su izvedeni od
Supljih opekarskih blokova, debljine 29cm, sa slojem termoizolacije od 5cm u siste-
mu kontaktne fasade. Meduspratne konstrukcije su tipa TM3, a prema tavanskom
prostoru postavljen je sloj termoizolacije debljine 10cm. Prozori su jednostruki, s ter-
moizolacionim staklom.

Porodi¢na kuca spratnosti P+1 s konstrukcijom spoljasnjih zidova od Supljih ope-
karskih blokova, s termoizolacionim slojem i obostrano su malterisani. Termovizijski
snimak pokazuje da ne postoje termicki mostovi na mjestima armirano-betonskih
serklaZa (horizontalnih i vertikalnih), to znaci da je pravilno izveden termoizolacioni
sloj. Snimak pokazuje toplotne gubitke na dijelovima fasadnih otvora, posebno u
podrucju okvira Sto ukazuje na njihove lo3e karakteristike.

Single-family house with ground floor + 1. The roof is traditional, wooden, gable
roof, with clay roof tiles. External walls are made of 29cm hollow clay bricks, with
5cm thermal insulation layer in the contact facade system. Floors are separated by
TM3, with 10cm thermal insulation layer towards the attic. Single, single-glazed
windows.

Family home with ground floor + 1 features external walls made of hollow clay
blocks, with thermal insulation, and plaster on both sides. Thermovision image
shows no thermal bridges along horizontal and vertical RC ring beams, indicating
properly installed insulation. The image shows major heat loss at openings on the
facade, especially along framings, indicating their poor condition.




MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida slojem termoizolacije debljine 10cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. Izolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane)
termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Zamjena starih prozora novim, s U =1,6 W/m’K (g=0,61).
e |Instalacija centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva piroliticki kotao s
akumulatorom toplote. Niskotemperaturni sistem grijanja s izolovanim cijevnim vodovima u negrijanim prostorima
i upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with thermal insulation layer of 10cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 10cm (A=0.041 W/mK). Replacing the windows with new ones with U =1.6 W/m’K
(g=0.61). ® Installing of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic
boiler with heat accumulator. Low-temperature heating system with insulated pipeline in unheated spaces and
operated according to the outside temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

|zolovanje spoljasnjeg zida slojem termoizolacije debljine 20cm (A=0,041 W/mK), sa svim ostalim slojevima karakte-
risticnim za kontaktne fasade. |zolovanje meduspratne konstrukcije prema negrijanom tavanu (s gornje strane)
termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izolovanje poda na tlu slojem termoizolacije debljine 10cm
(A=0,041 W/mK). Zamjena starih prozora novim s U =1,0 W/m°K (g=0,61). Ugradnja novih ulaznih vrata's U = 2,0
W/mK. e Instalacija centralnog sistema grijanja i pripreme potrosne tople vode s kotlom na pelet ili drva, piroliticki
kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potrosne tople vode. Ugradnja ventila s
termostatskim glavama na grijaca tijela.

Insulation of external wall with thermal insulation layer of 20cm (A=0.041 W/mK), including all layers typical of
contact facade. Insulation of construction between the floors towards the unheated attic (on the upper side) with
thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of the floor on the ground with thermal insulation
layer of 10cm (A=0.041 W/mK). Replacmg the windows with new ones with U =1.0 W/m’K (g=0.61). Installing of new
entrance door with U =2.0 W/m’K. e Installing of central heating system for heating and domestic hot water on
wood or wood pellet, pyrolitic boiler with heat accumulator. Installing of additional system for domestic hot water.
Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o 2 malter 2cm, 3uplji opekarski blok 25cm, w o malter 2cm, Suplji opekarski blok 25cm, o @ malter 2cm, 3uplji opekarski blok 25cm,
EXTERNAL WALL | 3 termoizolacija 5cm, fasadni malter Tcm = ‘G termoizolacija 5cm, fasadni malter 1cm, = ‘% termoizolacija 5cm, fasadni malter 1cm,
= 3 plaster 2cm, clay block wall 25cm, thermal = 3 termoizolacija 10cm, fasadni malter 1cm £ 3 termoizolacija 20cm, fasadni malter 1cm
© . insulation 5cm, facade plaster 1cm © —  plaster 2cm, clay block wall 25cm, thermal © — plaster 2cm, clay block wall 25cm, thermal
E = 5 % insulation 5cm, facade plaster 1cm, thermal 5 % insulation 5cm, facade plaster 1cm, thermal
5 s s & insulation 10cm, facade plaster Tcm 5 & insulation 20cm, facade plaster 1cm
U (W/m?/K) | U =052 W/m’/K U = 0,22 W/m*/K U = 0,14 W/m/K
SPOLJASNJI ZID | o 9 malter 2cm, AB zid 25cm, termoizolacija 5¢cm, m | =  malter 2cm, AB zid 25cm, termoizolacija 5cm, w = malter 2cm, AB zid 25cm, termoizolacija 5¢cm,
EXTERNAL WALL | @ G fasadni malter Tcm = ‘% fasadni malter 1cm, termoizolacija 10cm, % ‘% fasadni malter 1cm, termoizolacija 20cm,
= 3 plaster 2cm, reinforced concrete wall 25cm, = 3 fasadni malter 1cm £ 3 fasadni malter 1cm
© . thermal insulation 5cm, facade plaster 1cm © o plaster 2cm, reinforced concrete wall 25cm, © — plaster 2cm, reinforced concrete wall 25cm,
5 = E = thermal insulation 5cm, facade plaster 1cm, 5 % thermal insulation 5cm, facade plaster 1cm,
s & = & thermal insulation 10cm, facade plaster 1cm S & thermal insulation 20cm, facade plaster 1cm
U (W/m’/K) | U =0,65W/m%K U =0,25 W/m?K U = 0,15 W/m?/K
PROZORI drveni prozor s dvostrukim staklom prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS wooden, single frame with double glazing windows with double glazing windows with triple glazing
U (W/m’/K) | U =2.85W/m’/K U = 1,60 W/m?/K U = 1,00 W/m?/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

POD NA TLU
GROUND FLOOR

U (W/m?/K)

POSTOJECE STANJE | CURRENT CONDITION

Unutra | Inside

keramicke plocice 1cm, estrih 4cm, PVC folija,
termoizolacija 6cm, hidroizolacija, betonska ploca
10cm, Sljunak 10cm

< ceramic tiles 1cm, cement screed 4cm, PVC foil,
e thermal insulation 6cm, waterproofing, concrete
10cm, gravel 10cm

U = 4,74 W/m/K

05 O

Spolja | Outsid

UNAPREBENJE 1 | IMPROVEMENT 1

NEMA IZMJENA
NO CHANGES

Unutra | Inside

Spolja | Outside

U = 4,74 W/m’/K

UNAPREBENJE 2 | IMPROVEMENT 2

Unutra | Inside

keramicke plocice 1cm, estrih 4cm, PE folija,
termoizolacija 10cm, termoizolacija 6cm,
hidroizolacija, betonska plo¢a 10cm, $ljunak 10cm
ceramic tiles 1cm, cement screed 4cm, PE foil,
thermal insulation 10cm, thermal insulation 6¢cm,
waterproofing, concrete 10cm, gravel 10cm

Spolja | Outside
U = 0,23 W/m’/K

MEDUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

Spolja | Outside  termoizolacija 10cm, PVC folija,
TM3 konstrukcija 20cm, malter 2cm
thermal insulation 10cm, PVC foil, TM3 slab

with hollow clay block 20cm, plaster 2cm

Unutra | Inside

U = 0,34 W/m’/K

Spolja | Outside  termoizolacija 10cm, termoizolacija 10cm, parna
brana, TM3 konstrukcija 20cm, malter 2cm
thermal insulation 10cm, thermal insulation
10cm, vapor barrier, TM3 slab with hollow clay

block 20cm, plaster 2cm

Unutra | Inside

U = 0,18 W/m%/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

termoizolacija 20cm, termoizolacija 10cm, parna
brana, TM3 konstrukcija 20cm, malter 2cm
thermal insulation 20cm, thermal insulation
10cm, vapor barrier, TM3 slab with hollow clay
block 20cm, plaster 2cm

Spolja | Outside

Unutra | Inside
U= 0,12 W/m?¥/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

= Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
- and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektri¢ni bojler
Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

Centralni sistem pripreme PTV povezan sa si-
stemom grijanja i sistemom solarnih kolektora
Central domestic hot water system in
conjunction with a heating system and

solar collector system

s
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu
5 - Pod na tlu

1 - External wall

2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic

5 - Floor on the ground

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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POSTOJECE STANJE | CURRENT CONDITION
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UNAPREBENJE 1 | IMPROVEMENT 1
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UNAPREBENJE 2 | IMPROVEMENT 2
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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KUCE U NIZU

<1945]1946-1960 | 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

TERRACED HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorua objekta | KUCA U NIZU
Building category | TERRACED HOUSE

Godina izgradnje
Built in ’ do 1945. | up to 1945

Broj etaza 2
Number of floors

Broj stanova

Number of apartments 2

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

Neto povrsina grijanog prostora (m
Net surface of the heated space (m 135,88

Volumen grijanog prostora (m
Heated space volume (m’) 407,64

Faktor oblika (m )
Shape factor (m”)

Specificna godisnja potrebna energija za grijanje s prekldom u grijanju Q, mem (KWh/m*/god) 183.16
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prek|da u grijanju Q... (KWh/m?/god) 256 46
Specific energy need for continuous heating Q... (KWh/m?/year) ’
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Kuca u nizu je izgradena na zasebnoj parceli u okviru niza objekata i aproksimativno
je kvadratne osnove s dvovodnim krovom. NajceSca spratnost objekata iz ove kate-
gorije je P i P+1. Tehnologije gradenja i materijali su istovjetni kao kod slobodno-
stojecih kuca koje su gradene u istom periodu. Konstruktivni zidovi su masivni, s
debljinom koja varira od 30 do 70cm i radeni su od opeke austrijskog formata. Obje-
kat nema podruma, a meduspratna konstrukcijaje je izradena od drvenih greda s
dascanim pokovom, dok tavanska konstrukcija ne posjeduje termoizolaciju. Krov je
dvovodni, s drvenom konstrukcijom i pokrovom od crijepa. Na homogenom fasad-
nom omotacu nema termoizolacije, a zavrdna obrada je malter s reljefnim dekora-
tivnim elementima prema uli¢noj fasadi. Prozori su drveni, dvostruki, s razmaknu-
tim krilima i jednostrukim staklom. Tavanski i stepeniSni prostori su negrijani.

Termovizijski snimak ukazuje na razlike u toplotnim gubicima na vanjskim zidovima
objekta uslijed razli¢ite debljine spoljnih prizemnih i spratnih zidova. Na snimku se
ne mogu locirati termicki mostovi jer su vrijednosti temperaturnih o€itanja ravno-
mjerno rasporedeni po povrsini zidova. Stolarija na objektu je losih termickih ka-
rakteristika tako da su evidentirani visoki toplotni gubici.

The terraced house is built on a separate lot within a system of buildings; it features
approximately square footprint and gable roof. Buildings in this category are usually
ground floor or GF + 1. Construction technology and materials are identical to those
of free-standing houses from the same period. Construction walls are massive, 30
to 70cm, built using Austrian brick. The building does not feature a basement, and
floors are separated by wooden beams plated with wood boards, while the attic
construction does not include any thermal insulation. Gable roof is supported by
wooden beams and covered with roof tiles. Homogenous facade envelope does not
include thermal insulation, and the finish is made with plaster, and decorative relief
installed on the facade facing the street. Double single-glazed wood windows, with
space between wings. The attic and the stairway are left unheated.

The thermovision image of external walls shows different levels of heat loss
depending on the thickness of external walls on the ground floor and upper floors.
The image does not show thermal bridges since the temperature is evenly
distributed over the wall surface. Framing of doors and windows shows high rate of
heat loss which is indicative of poor thermal characteristics.




MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

|zolovanje fasadnog zida kontaktnom fasadom s termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolo-
vanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 10cm
(A=0,041 W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,6 W/m’K (g=0,61). ® Instalacija
toplotne pumpe vazduh-vazduh s vrSnim elektricnim grijatem s jednom vaankom i viSe unutrasnjih jedinica.
Centralna priprema potrosne tople vode povezana s toplotnom pumpom za period hladenja. Sistem grijanja
upravljan lokalno prema unutrasnjoj temperaturi prostora.

Insulation of the external facade wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK).
Insulation of construction between the floors below the unheated space (attic) W|th thermal insulation layer of
10cm (A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.6 W/m’K (g=0.61). ® Installing of a
heat pump air-air with peak load electric heater and one external, and several internal units. Central preparation of
domestic hot water with heat pump for the cooling period. Heating system controlled locally according to the room
temperature.

UNAPREDENJE 2 | IMPROVEMENT 2

Izolovanje fasadnog zida kontaktnom fasadom s termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izolova-
nje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 20cm (A=0,041
W/mK). Izolovanje poda na tlu termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolovanje unutrasnjih zi-
dova prema negrijanom prostoru termoizolacionim slojem debljine 5¢cm (A=0,041 W/mK). Ugradnja novih prozora
kako bi se dostigao U-koeficijent od 1,0 W/m’K (g=0,48). Ugradnja novih ulaznih vrata kako bi se dostigao U-
koeficijent od 2,0 W/m°K. e Instalacija centralnog sistema grijanja i pripreme potrosne tople vode s kotlom na pelet
ili drva, piroliticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potro3ne tople vode.
Ugradnja ventila s termostatskim glavama na grijaca tijela.

Insulation of the external facade wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK).
Insulation of construction between the floors below the unheated space (attic) with thermal insulation layer of
20cm (A=0.041 W/mK). Insulation of the floor on the ground with thermal insulation layer of 10cm (A=0.041 W/mK).
Insulation of internal walls to unheated areas with thermal insulation layer of 5cm (A=0.041 W/mK). Installing of
new windows to reach U-coefficient of 1.0 W/m’K (g=0.48). Installing of new entrance door to reach U-coefficient of
2.0 W/m’K. e Installing of central heating system for heating and domestic hot water on wood or wood pellet,
pyrolytic boiler with heat accumulator. Installing of additional system for domestic hot water. Installation of
thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o 2 malter Tcm, puna opeka 60cm, malter 1ecm w o malter Tcm, puna opeka 60cm, malter 1cm, o ‘& malter Tcm, puna opeka 60cm, malter 1cm,
EXTERNAL WALL | 7 plaster 1cm, brick wall 60cm, plaster 1cm 3 ‘% termoizolacija 10cm, fasadni malter 1cm 3 ‘5 termoizolacija 20cm, fasadni malter 1cm
£ 3 = 3 plaster 1cm, brick wall 60cm, plaster 1cm, £ 3 plaster Tcm, brick wall 60cm, plaster 1cm,
© . © . thermal insulation 10cm, facade plaster 1cm © . thermal insulation 20cm, facade plaster Tcm
U (W/m?/K) | U =093 W/m’/K U = 0,28 W/m*/K U = 0,17 W/m¥K
SPOLJASNJI ZID | o z malter 1cm, puna opeka 30cm, malter 1cm @ o malter 1cm, puna opeka 30cm, malter 1cm, o 2 malter 1cm, puna opeka 30cm, malter 1cm,
EXTERNAL WALL | iz plaster 1cm, brick wall 30cm, plaster 1cm = G termoizolacija 10cm, fasadni malter 1cm = 3 termoizolacija 20cm, fasadni malter 1cm
£ E £ 3 plaster 1cm, brick wall 30cm, plaster 1cm, £ 3 plaster 1cm, brick wall 30cm, plaster 1cm,
© . © - thermal insulation 10cm, facade plaster 1cm © - thermal insulation 20cm, facade plaster 1cm
U (W/m?/K) | U =1,58 W/m¥/K U = 0,32 W/m*/K U = 0,18 W/m’/K
ZID PREMA | o 2 malter 1cm, puna opeka 30cm,vazduh o 2 NEMA IZMJENA © o gips-kartonske plote 1,25cm, termoizolacija
SUSJEDNOM OBJEKTU | & % (dilatacija) 3cm, puna opeka 30cm, = % NO CHANGES 5 G 5cm, malter 1cm, zid od pune opeke 30cm,
WALL TO THE £ a malter lem o £ a £ 3 vazduh (dilatacija) 3cm, puna opeka 30cm,
© —  plaster 1cm, brick wall 30cm,air (dilatation) © — © —  malter Tcm
ADJACENT BUILDING | 5 S 3cm, brick wall 30cm, plaster 1cm E = = < gypsum plasterboard 1.25cm, thermal
=] & =] & 5 S insulation 5cm, plaster 1em, full brick wall
— — 30cm, air (dilatation) 3cm, brick wall 30cm,
U (W/m’/K) | U =156 W/m¥K U = 1,56 W/m7/K U = 0,52 W/m?/K plaster 1cm
PROZORI drveni, dvostruki s razmaknutim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, double frame, double sash
with single glazing
U (W/m?/K) | U =5,20 W/m'/K U = 1,60 W/m/K U = 1,00 W/m/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

MEBUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

POSTOJECE STANJE | CURRENT CONDITION
Unutra | Inside  drvene daske 2cm, drvene grede/vazduh 20cm,
drvene daske 2cm, malter 2cm
E wooden planks 2cm, wooden beamers/air 20cm,
- - wooden planks 2cm, plaster 2cm
Spolja | Outside

U = 0,55 W/m?/K

UNAPREBENJE 1 | IMPROVEMENT 1

Unutra | Inside  termoizolacija 10cm, parna brana, drvene daske
2cm, drvene grede/vazduh 20cm, drvene daske
ﬁ 2cm, malter 2cm
thermal insulation 10cm, vapour barrier, wooden
Spolja | Outside planks 2cm, wooden beamers/air 20cm, wooden
planks 2cm, plaster 2cm

U = 0,24 W/m“/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

UNAPREDENJE 2 | IMPROVEMENT 2

Unutra | Inside  termoizolacija 20cm, parna brana, drvene daske
2cm, drvene grede/vazduh 20cm, drvene daske 2cm,
malter 2cm
thermal insulation 20cm, vapour barrier, wooden
planks 2cm, wooden beamers/air 20cm, wooden

Spolja | Outside planks 2cm, plaster 2cm

U =0,15 W/m’/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

. Elektricne peci (grijalice + TA peci)
* Electric heaters (heaters + electric
thermal storage heaters)

UNAPREBENJE 1 | IMPROVEMENT 1

Toplotna pumpa vazduh-vazduh

= s vr3nim elektrinim grijacem
Heat pump air-air with peak load
electric heater

—_—
—

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
- and thermostatic valves

STEPEN ISKORISTENJA

SISTEMA GRIJANJA 0,98
HEATING SYSTEM |
EFFICIENCY FACTOR
SISTEM PRIPREME Elektricni bojler ] Centralni sistem pripreme PTV
POTROSNE TOPLE VODE Electric water heater ® | povezan sa sistemom grijanja
DOMESTIC HOT Central domestic hot water system

WATER SYSTEM (DHW)
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in conjunction with heating system

| » Centralni sistem pripreme PTV povezan sa si-
/'.\- stemom grijanja i sistemom solarnih kolektora
I Central domestic hot water system in
conjunction with a heating system and
solar collector system
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TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu
5 - Gubici prema negrijanom stepenistu
6 - Zid ka susjednom objektu

7 - Pod na tlu

1 - External wall

2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic

5 - To the unheated staircase

6 - Wall to the adjacent building
7 - Floor on the ground

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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POSTOJECE STANJE | CURRENT CONDITION
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SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporucena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

ELEKTRICNA ENERGIJA OBNQVLIJIVI IZVOR ENERGIJE DRVO ILI PELET
ELECTRIC POWER RENEWABLE ENERGY SOURCES WOOD OR PELLET

HW mb

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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KUCE U NIZU

<1945]1946-1960|1961-1970| 1971-1980 | 1981-1991 | 1992-2014

TERRACED HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorija objekta | KUCA U NIZU
Building category | TERRACED HOUSE

Godina izgradnje
Built in ’1946—1960.

Broj etaza 1
Number of floors

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

47,47

Neto povrsina grijanog prostora (m’)
Net surface of the heated space (m”) 36,4

Heated space volume (m’)

Volumen grijanog prostora (m’) ’ 93,18
Faktor oblika (m™)

Shape factor (m”) 1,36

Specifitna godisnja potrebna energija za grijanje s prekidom u grijanju Qe (KWh/m*/god) 32127
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prekida u grijanju Q,,,.... (KWh/m?*/god) 449 45
Specific energy need for continuous heating Q... (KWh/m?/year) ’

Kuca u nizu, granici sa susjednim objektom, pravougaone je osnove i ima dvovodni
krov. NajceSca spratnost objekata iz ove kategorije je P i P+1. Tehnologije gradenja i
materijali su istovjetni kao kod slobodnostojecih kuca koje su gradene u istom
periodu. Konstruktivni zidovi su masivni, od pune opeke debljine 25cm, sa zavrsnom
obradom od maltera. Objekat nema podruma i izgraden je bez horizontalnih i
vertikalnih armiranobetonskih serklaza, dok su drvene grede ujedno natprozornici i
nadvratnici. Strop je izraden od drvenih greda, sa slojem trstike i oblogom od
maltera, bez termoizolacije prema tavanu. Konstrukcija krova je drvena, s pokrovom
od crijepa. Tavanski prostor se ne koristi za stanovanje i negrijan je. Prozori su
drveni, dvostruki, s razmaknutim krilima i jednostrukim staklom i imaju izrazeno
velike gubitke.

Termovizijski snimak pokazuje visoke gubitke po cijeloj povrsini omotaca registro-
vane kroz svjetlije boje koje definiSu visa temperaturna o€itanja. Drvene grede na
mjestima natprozornika i nadvratnika predstavljaju mjesta velikih i neravnomjernih
toplotnih gubitaka kroz kompletni omotac objekta. Vidljiva su velika temperaturna
ocitanja na vanjskim zidovima, kako u stambenom dijelu tako i tavanskom prostoru.
Stropna konstrukcija nema termoizolacioni sloj uslijed ¢ega se toplota prenosi u
tavanski dio.

Terraced house, borders with the adjacent building, of rectangular footprint, with
gable roof. Buildings in this category are usually ground floor or GF + 1.
Construction technology and materials are identical to those of free-standing
houses from the same period. Construction walls are massive, full 25cm brick, with
plaster finish. The building does not feature a basement, it is built without
horizontal or vertical RC ring beams, while wooden beams serve the purpose of both
the window and door arches. The ceiling is made of wooden beams covered with
cane and plaster finish, without any thermal insulation towards the attic. The roof
is supported by wooden beams, and covered with roof tiles. Attic is not used for
residential purposes, and is left unheated. The exterior features double single-
glazed wood windows, with space between wings that show major heat loss.

Thermovision image shows great loss over the entire envelope which is presented by
brighter colours indicative of high temperature readings. Wooden beams arching
the windows and doors stand as areas of unevenly distributed heat loss occuring
through the entire envelope of the building. High temperature readings are evident
on external walls of both the residential and attic area. Ceiling constructions does
not include thermal insulation so the heat is released into the attic space.
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje fasadnog zida kontaktnom fasadom s termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izo-
lovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 10cm
(A=0,041 W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,6 W/m’K (g=0,61). ® Instalacija
centralnog sistema grijanja i pripreme potroSne tople vode s kotlom na pelet ili drva piroliticki kotao s akumulato-
rom toplote. Niskotemperaturni sistem grijanja s izolovanim cijevnim vodovima u negrijanim prostorima i uprav-
ljan prema spoljnjoj temperaturi s programskim satom.

Insulation of the external facade wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK).
Insulation of construction between the floors below the unheated space (attic) with thermal insulation layer of
10cm (A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.6 W/m’K (g=0.61). e Installing of
central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic boiler with heat
accumulator. Low-temperature heating system with insulated pipeline in unheated spaces and operated according
to the outside temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje fasadnog zida kontaktnom fasadom s termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izo-
lovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 20cm
(A=0,041 W/mK). Izolovanje poda na tlu termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Ugradnja novih
prozora kako bi se dostlgao U-koeficijent od 1,0 W/m°K (g=0,48). Ugradnja novih ulaznih vrata kako bi se dostigao
U-koeficijent od 2,0 W/m’K.  Instalacija centralnog sistema grijanja i pripreme potrosne tople vode s kotlom na
pelet ili drva, piroliticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potrosne tople vode.
Ugradnja ventila s termostatskim glavama na grijaca tijela.

Insulation of the external facade wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK).
Insulation of construction between the floors below the unheated space (attic) with thermal insulation layer of
20cm (A=0.041 W/mK). Insulation of the floor on the ground with thermal insulation layer of 10cm (A=0.041 W/mK).
Installing of new wmdows to reach U-coefficient of 1.0 W/m’K (g=0.48). Installing of new entrance door to reach U-
coefficient of 2.0 W/m’K. @ Installing of central heating system for heating and domestic hot water on wood or
wood pellet, pyrolitic boiler with heat accumulator. Installing of additional system for domestic hot water.
Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o 2 malter 2cm, puna opeka 25cm, malter 1cm w g malter 2cm, puna opeka 25cm, malter 3cm, o o malter 2cm, puna opeka 25cm, malter 3cm,
G 7 plaster 2cm, brick wa cm, plaster 1cm G 7 termoizolacija 10cm, fasadni malter 1cm G ‘7 termoizolacija 20cm, fasadni malter 1cm
EXTERNAL WALL | = 3 laster 2cm, brick wall 25cm, plaster 1 E= 5 izolacija 10cm, fasadni malter 1 = 7 izolacija 20cm, fasadni malter 1
£ 3 = 3 plaster 2cm, brick wall 25cm, plaster 3cm, £ 3 plaster 2cm, brick wall 25cm, plaster 3cm,
© o © . thermal insulation 10cm, facade plaster 1cm © —  thermalinsulation 20cm, facade plaster Tcm
H B H B : g
> & > F > "y
U (W/m/K) | U = 1,87 Wim¥/K U = 0,33 W/m¥K U = 0,18 W/m¥K
ZID PREMA | o & malter 2cm, puna opeka 25cm, vazduh o & NEMA IZMJENA o o gips-kartonske ploce 1,25cm, termoizolacija 5¢cm,
SUSJEDNOM OBJEKTU | & % (dilatacija) 3cm, puna opeka 30cm, malter 2cm = % NO CHANGES 5 ‘5 malter 2cm, puna opeka 25cm, vazduh (dilatacija)
WALL TO THE = 3 plaster 2cm, brick wall 25cm, air (dilatation) = E £ 3 3cm, puna opeka 30cm, malter 2cm
© —  3cm, brick wall 30cm, plaster 1cm © — © — gypsum plasterboard 1.25cm, thermal insulation
o o ® g
ADJACENT BUILDING | £ Loi 5 % 5 S 5cm, plaster 2cm, brick wall 25¢m, air (dilatation)
5 =3 5 =3 5 2 3cm, brick wall 30cm, plaster 2cm
(%2} wv wv
U (W/m’/K) | U =153 W/m%K U = 1,53 W/m?/K U = 0,52 W/m?/K
PROZORI drveni, dvostruki s razmaknutim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, double frame, with double sash
and single glazing
U (W/m’/K) | U =350 wW/m’/K U = 1,60 W/m?/K U = 1,00 W/m?/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

MEBUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

POSTOJECE STANJE | CURRENT CONDITION

Spolja | Outside

wooden planks 2cm, wooden beams/air 7*14cm,
wooden planks 2cm, wood fibre boards 1cm,
plaster 2cm

Unutra | Inside

U = 1,30 W/m?/K

drvene daske 2cm, drvene grede/vazduh 7*14cm,
drvene daske 2cm, ploce od drvenih vlakana 1cm,
Q malter 2cm

UNAPREBENJE 1 | IMPROVEMENT 1

Spolja | Outside termoizolacija 10cm, parna brana, drvene daske

2cm, drvene grede/vazduh 7*14cm, drvene daske
ﬁ 2cm, ploce od drvenih vlakana 1cm, malter 2cm

thermal insulation 10cm, vapour barrier, wooden
planks 2cm, wooden beams/air 7*14cm, wooden
planks 2cm, wood fibre boards 1cm, plaster 2cm

Unutra | Inside

U = 0,30 W/m“/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

UNAPREBENJE 2 | IMPROVEMENT 2

Spolja | Outside  termoizolacija 20cm, parna brana, drvene daske

2cm, drvene grede/vazduh 7*14cm, drvene daske
2cm, ploce od drvenih vlakana 1cm, malter 2cm
thermal insulation 20cm, vapour barrier, wooden

planks 2cm, wooden beams/air 7*14cm, wooden

Unutra | Inside planks 2cm, wood fibre boards 1cm, plaster 2cm

U= 0,17 W/m?/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

o Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

g

UNAPREBENJE 2 | IMPROVEMENT 2

Centralni sistem grijanja na drva

ili pelet, s akumulatorom toplote

i termostatskim ventilima

Central heating system - wood or
wood pellet, with heat acummulation
and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektri¢ni bojler
Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

Centralni sistem pripreme PTV povezan sa si-
stemom grijanja i sistemom solarnih kolektora

| L
o
I’ Central domestic hot water system in
conjunction with a heating system and
solar collector system
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TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu
5 - Pod na tlu

1 - External wall

2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic

5 - Floor on the ground

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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UNAPREBENJE 1 | IMPROVEMENT 1
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SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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KUCE U NIZU

<1945]1946-1960| 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

TERRACED HOUSES

o el

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorija objekta | KUCA U NIZU
Building category | TERRACED HOUSE

Godina izgradnje
Built in ’ 1968.

Broj etaza

Number of floors 2

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)

Gross surface of the building base (m?) 84,00
Neto povrsina grijanog prostora (m’)

Net surface of the heated space (m”) 118,78

3

Volumen grijanog prostora (m’)
Heated space volume (m”) 285,83

Faktor oblika (m™)

Shape factor (m”) 0.69

C2

Stambena kuca u nizu je kompaktne pravougaone osnove s dvovodnim kosim kro-
vom. Najcesca spratnost je P+1 (2 etaZe). KarakteriSe je klasicna gradnja, masivni
konstruktivni sistem. Konstruktivni i ujedno svi spoljasnji zidovi su od pune opeke,
debljine 25cm, u oba pravca, obostrano omalterisani, samo s horizontalnim armi-
ranobetonskim serklazima. Ove kuée u nizu imaju potpunu dilataciju bo¢nih spo-
ljasnjih zidova, koji su za 1/3 duzi od poprecnih/ulaznih spoljasnjih zidova. Medu-
spratne konstrukcije su armiranobetonske ploce s ispunom od opekarskih blokova, a
javljaju se i pune ploce. U ovom periodu u omotacu nema termoizolacije. Prozori i
balkonska vrata su dvostruka, razmaknuta drvena krila koja imaju dva obi¢na
jednostruka stakla. Kuce imaju negrijane prostore tavana i garaze, koja je u nivou
terena.

Termovizijski snimak ukazuje da kuca u nizu, zbog nepostojanja termoizolacije, ima
ravnomjerne toplotne gubitke na cijelom omotacu ali da su veci toplotni gubici na
poziciji armiranobetonskih horizontalnih serklaza i natprozornika. Vidno je da su
veliki povrSinski toplotni gubici u poziciji svih prozora, te kod meduspratne kon-
strukcije ispod tavanskog negrijanog prostora. Najveci toplotni gubici su na garaz-
nim i ulaznim vratima.

The terraced house is of compact rectangular footprint with a gable roof. Buildings
in this category are usually ground floor + 1 (two floors). Typical, massive
construction. Construction walls are 25cm thick, made of solid brick, with plaster
finish on both sides, with horizontal RC ring beams. These terraced houses have
fully dilated side facade walls which are 1/3 longer than the cross/entrance external
walls. Construction between the floors includes full reinforced concrete slabs, solid,
or filled with bricks. Buildings from this period do not have thermal insulation on
any section of the envelope. Windows and balcony doors are double, separated
wooden frames, with regular single glazing. These houses include unheated attics
and garages on the ground level.

Thermovision image of the house shows evenly distributed heat loss over the entire
envelope due to the lack of thermal insulation, but higher values are registered
along horizontal ring beams, window and door arches made of reinforced concrete.
All window surfaces as well as constructions between floors below the unheated
attic space show significant heat loss. The greatest loss is recorded at the garage
door and entrance door.

Specifitna godisnja potrebna energija za grijanje s prekidom u grijanju Qe (KWh/m*/god) 196.42
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prekida u grijanju Q,,,.... (KWh/m?*/god) 25397
NEBODERI Specific energy need for continuous heating Q... (KWh/m’/year) ’
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izo-
lovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 10cm
(A=0,041 W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,6 W/m’K (g=0,61). ® Instalacija
centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva, piroliticki kotao s akumu-
latorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim prostorima i
upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of
construction between the floors below the unheated space (attic) with thermal insulation layer of 10cm (A=0.041
W/mK). Installing of new windows to reach U-coefficient of 1.6 W/m’K (g=0.61). e Installing of central heating
system for heating and domestic hot water on wood or wood pellet, pyrolitic boiler with heat accumulator. Low-
temperature heating system with insulated pipeline in unheated spaces and operated according to the outside
temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izo-
lovanje meduspratne konstrukcije ispod negrijanog prostora (tavana), termoizolacionim slojem debljine 20cm
(A=0,041 W/mK). Izolovanje poda na tlu termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolovanje unu-
trasnjih zidova prema negrijanom prostoru (garaza) termmzolauonlm slojem debljine 5cm (A=0,041 W/mK).
Ugradnja novih prozora sa dostlzanjem U-koeficijenta od 1,0 W/m’K (g=0 ,48). Ugradnja novih ulaznih vrata kako bi
se dostigao U-koeficijent od 2,0 W/m’K. e Instalacija centralnog sistema grijanja i pripreme potrosne tople vode s
kotlom na pelet ili drva, piroliticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potrosne
tople vode. Ugradnja ventila s termostatskim glavama na grijaca tijela.

Insulation of external wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of
construction between the floors below the unheated space (attic) with thermal insulation layer of 20cm (A=0.041
W/mK). Insulation of the floor on the ground with thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of
internal walls to unheated areas (garage) with thermal insulation layer of 5cm (A=0.041 W/mK). Installing of new
windows to reach U-coefficient of 1.0 W/m’K (g=0.48). Installing of new entrance door to reach U-coefficient of 2.0
W/m’K. @ Installing of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic
boiler with heat accumulator. Installing of additional system for domestic hot water. Installation of thermostatic
radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

SPOLJASNJI ZID

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

) 3 malter 3cm, puna opeka 25cm, malter 3cm o 3 malter 3cm, puna opeka 25cm, malter 3cm, o S malter 3cm, puna opeka 25cm, malter 3cm,
EXTERNAL WALL | 7 plaster 3cm, brick wall 25cm, plaster 3cm 3 3 termoizolacija 10cm, fasadni malter Tcm 3 ‘¢ termoizolacija 20cm, fasadni malter 1cm
£ 3 = a plaster 3cm, brick wall 25cm, plaster 3cm, £ 3 plaster 3cm, brick wall 25cm, plaster 3cm,
© o © o thermal insulation 10cm, facade plaster 1cm © —  thermalinsulation 20cm, facade plaster Tem
E = E = E =
5 & 5 & 5 &
U (W/m’/K) | U =158 W/m’/K U = 0,32 W/m“/K U = 0,18 W/m%K
SPOLJASNJI ZID | o 3 malter 3cm, AB zid 25cm, malter 3cm o [ < malter 3cm, AB zid 25cm, malter 3cm, @ malter 3cm, AB zid 25cm, malter 3cm,
EXTERNAL WALL | 5% plaster 3cm, reinforced concrete wall 25cm, = 3 termoizolacija 10cm, fasadni malter 1cm 5 ‘% termoizolacija 20cm, fasadni malter 1cm
£ 3 plaster 3cm £ a plaster 3cm, reinforced concrete wall 25cm, £ 3 plaster 3cm, reinforced concrete wall 25cm,
© — © — plaster 3cm, thermal insulation 10cm, © —  plaster 3cm, thermal insulation 20cm,
5 < 5 < facade plaster Tcm 5 £ facade plaster 1cm
5 & 5 & 5 &
U (W/m’/K) | U =286 W/m¥K U = 0,35 W/m?/K U =0,19 W/m7/K
ZID PREMA | o o malter 3cm, puna opeka 25cm, o = NEMA IZMJENA o o NEMA IZMJENA
SUSJEDNOM OBJEKTU | & G puna opeka 25cm, malter 3cm =2 % NO CHANGES = % NO CHANGES
= = plaster 3cm, brick wall 25cm, £ = £ =
WALL TO THE © c brick wall 25cm, plaster 3cm © c © =
ADJACENT BUILDING | £ = = 5 = =
c Q = =] 2 o]
> & > & > &
U (W/m?/K) | U =0,89 W/m’/K U = 0,89 W/m“/K U = 0,89 W/m/K
PROZORI drveni, dvostruki s razmaknutim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, double frame, double sash
with single glazing

U (W/m?K) | U= 2,90 Wm'/K U = 1,60 W/m/K U = 1,00 W/m/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POD NA TLU
GROUND FLOOR

U (W/m?/K)

POSTOJECE STANJE | CURRENT CONDITION
Unutra | Inside  parket 2cm, hidroizolacija, betonska ploca 12cm,
3 == sljunak 10cm
parquet 2cm, waterproofing, concrete 12cm,
gravel 10 cm

U = 2,89 W/m/K

UNAPREBENJE 1 | IMPROVEMENT 1

NEMA IZMJENA

Unutra | Inside
e NO CHANGES

Spolja | Outside

U = 2,89 W/m’/K

UNAPREBENJE 2 | IMPROVEMENT 2

Unutra | Inside

parket 2cm, cementni estrih 5¢cm, PE folija,
termoizolacija 10cm, hidroizolacija 1cm,
betonska plo¢a 12cm, $ljunak 10cm

parquet 2cm, cement screed 5cm, PE foil,
thermal insulation 10cm, waterproofing 1cm,
concrete 12cm, gravel 10cm

4

Spolja | Outsid
U = 0,35 W/m/K

MEBUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

Spolja | Outside  TM3 konstrukcija 20cm, malter 2cm

TM3 slab with hollow clay block 20cm, plaster 2cm

Unutra | Inside

U = 1,82 W/m?/K

Spolja | Outside  termoizolacija 10cm, parna brana,
TM3 konstrukcija 20cm, malter 2cm
thermal insulation 10cm, vapor barrier, TM3 slab

with hollow clay block 20cm, plaster 2cm

Unutra | Inside

U = 0,33 Wm?K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

Spolja | Outside  termoizolacija 20cm, parna brana,
1 TM3 konstrukcija 20cm, malter 2cm
thermal insulation 20cm, vapor barrier, TM3 slab

with hollow clay block 20cm, plaster 2cm

Unutra | Inside

U = 0,18 W/m’/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

-~ } Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
. and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektri¢ni bojler
' Electric water heater

Centralni sistem pripreme PTV

13 povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

| »Centralni sistem pripreme PTV povezan sa si-
/.\- stemom grijanja i sistemom solarnih kolektora
I’ Central domestic hot water system in
conjunction with a heating system and
solar collector system
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu
5 - Gubici prema negrijanom prostoru

6 - Zid ka susjednom objektu
7 - Pod na tlu

1 - External wall

2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic

5 - To the unheated area

6 - Wall to the adjacent building
7 - Floor on the ground

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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POSTOJECE STANJE | CURRENT CONDITION
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UNAPREBENJE 1 | IMPROVEMENT 1
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UNAPREBENJE 2 | IMPROVEMENT 2
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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NS

SLOBODNOSTOJECE
KUCE

~\~\\
"R

KUCE U Nizu

(2

MANJE
STAMBENE
ZGRADE

Ty

STAMBENE
ZGRADE U NIZU /
GRADSKOM
BLOKU

iy

VELIKI STAMBENI
BLOKOVI / STAMBENE
LAMELE

KUCE U NIZU

<1945]1946-1960| 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

TERRACED HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Katedgorija objekta | KUCA U NIZU
Building category | TERRACED HOUSE

Godina izgradnje
Built in ’ 1974.

Broj etaza

Number of floors 2

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

82,72

Neto povrsina grijanog prostora (m’)
Net surface of the heated space (m”) 131,17

Volumen grijanog prostora (m’)
Heated space volume (m’) 328,40

Faktor oblika (m™)

Shape factor (m”) 0.91

D2

Stambena kuca u nizu je kompaktne pravougaone osnove s dvovodnim kosim kro-
vom. NajCesca spratnost je P+1 (2 etaze). Karakterise je klasina gradnja, masivni
konstruktivni sistem. Konstruktivni i fasadni zidovi su od opekarskog bloka, debljine
19 i 29cm, u oba pravca, obostrano omalterisani, s horizontalnim i vertikalnim
armirano-betonskim serklaZima. Ove kuce u nizu imaju potpunu dilataciju bo¢nih
fasadnih zidova. Meduspratne konstrukcije su pune armirano-betonske ploce. U
ovom periodu u omotacu spoljasnjeg zida i u podu na tlu nema termoizolacije, ali
pojavljuje se 5cm termoizolacije na meduspratnoj konstrukciji ispod tavana. Prozori
i balkonska vrata su dvostruka spojena drvena krila koja imaju dva obi¢na jedno-
struka stakla. Kuce imaju negrijane prostore tavana i garaze, koja je u nivou terena.

Termovizijski snimak ukazuje da kuca u nizu ima ravnomjerne toplotne gubitke na
cijelom omotacu zbog nepostojanja termoizolacije, ali da su ve¢i toplotni gubici na
poziciji armirano-betonskih horizontalnih serklaza, nadvratnika i natprozornika.
Vidno je da su veliki povrinski toplotni gubici u poziciji svih prozora, gdje se griju
prostorije. Najvec¢i toplotni gubici su na ulaznim vratima i na fasadnom zidu,
armirano-betonu, ispod ploce lode.

The terraced house is of compact rectangular footprint with a gable roof. Buildings in
this category are usually ground floor + 1 (two floors). Typical massive construction.
Construction and facade walls are made of clay block, 19 and 29cm thick, in both
directions, with plaster on both sides, with horizontal and vertical RC ring beams.
These townhouses have fully dilated side facade walls. Construction between the
floors includes reinforced concrete slabs. This period of construction does not feature
any thermal insulation on the ground floor or in the envelope, but there is a 5cm
layer of thermal insulation between the top floor and the attic. Windows and balcony
doors are double conjoined wooden frames, with regular single glazing. These
houses include unheated attics and garages on the ground level.

The thermovision image of the town house shows evenly distributed heat loss over
the entire envelope due to the lack of thermal insulation, but higher values are
registered along horizontal ring beams, window and door arches made of reinforced
concrete. All window surfaces of heated rooms show significant heat loss. The
greatest loss is recorded at the entrance door and on the facade wall, reinforced
concrete, and below the deep-set balcony.

Specifitna godisnja potrebna energija za grijanje s prekidom u grijanju Qe (KWh/m*/god) 199.04
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prekida u grijanju Q,,,.... (KWh/m?*/god) 25132
NEBODER| Specific energy need for continuous heating Q... (KWh/m’/year) ’
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izo-
lovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 10cm
(A=0,041 W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,6 W/m’K (g=0,61).  Instalacija
centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva, piroliticki kotao s akumu-
latorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim prostorima i
upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of
construction between the floors below the unheated space (attic) with thermal insulation layer of 10cm (A=0.041
W/mK). Installing of new windows to reach U-coefficient of 1.6 W/m’K (g=0.61). @ Installing of central heating
system for heating and domestic hot water on wood or wood pellet, pyrolytic boiler with heat accumulator. Low-
temperature heating system with insulated pipeline in unheated spaces and operated according to the outside
temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izo-
lovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 20cm
(A=0,041 W/mK). Izolovanje poda na tlu, termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolovanje unu-
trasnjih zidova prema negrijanom prostoru (garaza) termoizolacionim slojem debljine 5cm (A=0,041 W/mK).
Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,0 W/m’K (g=0,48). Ugradnja novih ulaznih vrata kako
bi se dostigao U-koeficijent od 2,0 W/m°K. e Instalacija centralnog sistema grijanja i pripreme potro3ne tople vode
s kotlom na pelet ili drva, piroliticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potrosne
tople vode. Ugradnja ventila s termostatskim glavama na grijaca tijela.

Insulation of external wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of
construction between the floors below the unheated space (attic) with thermal insulation layer of 20cm (A=0.041
W/mK). Insulation of the floor on the ground with thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of
internal walls to unheated areas (garage) with thermal insulation layer of 5cm (A=0.041 W/mK). Installing of new
windows to reach U-coefficient of 1.0 W/m’K (g=0.48). Installing of new entrance door to reach U-coefficient of 2.0
W/m’K. e Installing of central heating system for heating and domestic hot water on wood or wood pellet, pyrolytic
boiler with heat accumulator. Installing of additional system for domestic hot water. Installation of thermostatic
radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

SPOLJASNJI ZID

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

o 3 malter 2cm, Suplji opekarski blok 29cm, @ 2 malter 2cm, Suplji opekarski blok 29cm, o 2 malter 2cm, Suplji opekarski blok 29cm,
EXTERNAL WALL | 3 malter 3cm = 'z malter 2cm, termoizolacija 10cm, = 3 malter 2cm, termoizolacija 20cm,
= E plaster 2cm, clay block wall 29cm, = 3 fasadni malter 1cm £ a3 fasadni malter 1cm
© — plaster 3cm © — plaster 2cm, clay block wall 29¢cm, © —  plaster 2cm, clay block wall 29cm,
5 % 5 % plaster 2cm, thermal insulation 10cm, 5 _g plaster 2cm, thermal insulation 20cm,
5 & s & facade plaster 1cm 5 &  facade plaster 1cm
U (W/m’/K) | U =1,29 W/m’/K U = 0,31 W/m?/K U = 0,18 W/m%K
SPOLJASNJIZID | o 2 malter 2cm, AB zid 19cm, malter 2cm o ] malter 2cm, AB zid 19cm, malter 2cm, W z malter 2cm, AB zid 19cm, malter 2cm,
EXTERNAL WALL | 7 plaster 2cm, reinforced concrete wall 19cm, 3 Z termoizolacija 10cm, fasadni malter 1cm 2 %) termoizolacija 20cm, fasadni malter 1cm
£ 3 plaster 2cm £ E plaster 2cm, reinforced concrete wall 19cm, £ a plaster 2cm, reinforced concrete wall 19cm,
© — © — plaster 2cm, thermal insulation 10cm, © — plaster 2cm, thermal insulation 20cm,
5 = 5 < facade plaster 1 cm = =3 facade plaster 1 cm
5 & 5 & 5 &
U (W/m?/K) | U = 3,34 W/m¥/K U = 0,36 W/m*/K U = 0,19 W/m’/K
ZID PREMA | o o malter 2cm, Suplji opekarski blok 29cm, w = NEMA IZMJENA o o NEMA IZMJENA
SUSJEDNOM OBJEKTU | & ‘5 vazduh (dilatacija) 10cm, 3uplji opekarski = ‘5 NO CHANGES = ‘5 NO CHANGES
WALL TO THE = 3 blok 29cm, malter 2cm £ 3 £ 3
© — plaster 2cm, clay block wall 29cm, air © — © —
ADJACENT BUILDING | £ % (dilatation) 10cm, clay block wall 29cm, 5 % =] %
5 & plaster 2 cm 5 & 5 &

U (W/m’/K)

U = 1,29 W/m“/K

U = 1,29 Wm“/K

U = 1,29 W/m?/K

PROZORI
WINDOWS

U (W/m?/K)
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U =291 W/m/K

drveni, dvostruki sa spojenim krilima
i jednostrukim staklom

wooden, single frame, connected
double sash with single glazing

U = 1,60 W/m“/K
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prozor s dvostrukim staklom
windows with double glazing

U = 1,00 W/m?/K

prozor s trostrukim staklom
windows with triple glazing




ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POD NA TLU
GROUND FLOOR

U (W/m?/K)

POSTOJECE STANJE | CURRENT CONDITION

Unutra | Inside

hidroizolacija, betonska plo¢a 8cm, $ljunak 10cm
parquet 1cm, cement screed 2cm, concrete 6cm,
waterproofing, concrete 8cm, gravel 10cm

Spolja | Outside

U = 2,59 W/m?/K

parket 1cm, cementna koSuljica 2cm, beton 6cm,

UNAPREBENJE 1 | IMPROVEMENT 1

NEMA IZMJENA
NO CHANGES

Unutra | Inside

Spolja | Outside

U = 2,59 W/m?/K

UNAPREBENJE 2 | IMPROVEMENT 2

Unutra | Inside

P

parket 1cm, cementna koSuljica 4cm, PE folija,
termoizolacija 10cm, beton 6cm, hidroizolacija,
betonska plo¢a 8cm, Sljunak 10cm

parquet 1cm, cement screed 4cm, PE foil,
thermal insulation 10cm, concrete 6cm,
waterproofing, concrete 8cm, gravel 10cm

77222272222 22222

V07777 7
4

Spolja | Outside
U = 0,35 W/im¥K

MEBUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

Spolja | Outside

cementna ko3uljica 2cm, krovna ljepenka,
termoizolacija 3cm, AB konstrukcija 12cm,
malter Tcm

cement screed 2cm, roofing felt, thermal
insulation 3cm, reinforced concrete slab 12cm,
plaster 1cm

U = 0,97 W/m/K

Unutra | Inside

Spolja | Outside

termoizolacija 10cm, parna brana, cementna

AB konstrukcija 12cm, malter 1cm

thermal insulation 10cm, vapor barrier, cement
screed 2cm, roofing felt, thermal insulation 3cm,
reinforced concrete slab 12cm, plaster 1cm

Unutra | Inside

U = 0,29 W/m%/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

ko3uljica 2cm, krovna ljepenka, termoizolacija 3cm,

Spolja | Outside

termoizolacija 20cm, parna brana, cementna
koSuljica 2cm, krovna ljepenka, termoizolacija 3cm,
AB konstrukcija 12cm, malter 1cm

thermal insulation 20cm, vapor barrier, cement
screed 2cm, roofing felt, thermal insulation 3cm,
reinforced concrete slab 12cm, plaster 1cm

Unutra | Inside

U = 0,17 W/m’/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

-~ } Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
. and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektri¢ni bojler
' Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

| »Centralni sistem pripreme PTV povezan sa si-
/.\- stemom grijanja i sistemom solarnih kolektora
I’ Central domestic hot water system in
conjunction with a heating system and
solar collector system
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

TOPLOTNI GUBICI 100,00 100,00 100,00

ELEMENATA TERMICKOG
OMOTACA ZGRADE 90,00

HEAT TRANSFER COEFFICIENT

(W/K)

1 - Spoljasnji zid 70,00 70,00 70,00
2 - Prozori i balkonska vrata
3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu 60.00 60.00 60.00
5 - Gubici prema negrijanom prostoru

6 - Zid ka susjednom objektu 50,00 50,00 50,00
7 - Gubici kroz grijani podrum

- 8 - Pod na tlu 40,00 40,00 40,00
9 - Gubici kroz negrijani podrum

1 - External wall 30,00 30,00 30,00
2 - Windows and balcony doors
3 - Entrance doors

4 - To the unheated attic 20,00 20,00 20,00
5 - To the unheated area

6 - Wall to the adjacent building 10,00 10,00 10,00

7 - Through the heated basement . I l I .
8 - Floor on the ground 0,00 0,00 0,00 . |
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 5 6 7

9 - Through the unheated basement 4 8 9

90,00 90,00

80,00 80,00 80,00

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |

VENTILACIONOG GUBITKA H, | H H
RATIO OF HEAT | H H,
TRANSFER COEFFICIENT 0,00 100,00 200,00 30,00 400,00 500,00 0,00 100,00 200,00 300,00 400,00 500,00 0,00 100,00 200,00 300,00 400,00 500,00

BY TRANSMISSION H,
AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA

ZA GRIJANJE m lm II‘!:I 10,86 15,25
B —— | —— | ———
FOR HEATING

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

m o

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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KUCE U NIZU

<1945]1946-1960| 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

TERRACED HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Kateforua objekta | KUCA U NIZU
Building category | TERRACED HOUSE

Godina izgradnje
Built in ’1981—1991.

Broj etaza 3
Number of floors

Broj stanova

Number of apartments 1

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

Neto povrsina grijanog prostora (m
Net surface of the heated space (m 81,05

Volumen grijanog prostora (m
Heated space volume (m’) 205,04

Faktor oblika (m )
Shape factor (m”)

Specificna godisnja potrebna energija za grijanje s prekldom u grijanju Q, mem (KWh/m*/god) 2192
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prek|da u grijanju Q... (KWh/m?/god) 294 01
Specific energy need for continuous heating Q... (KWh/m?/year) ’

E2

Kuca u nizu granici sa susjednim objektom, pravougaone je osnove i ima dvovodni
krov. NajceSca spratnost objekata iz ove kategorije je P, P+1 i P+2. Tehnologije gra-
denja i materijali su istovjetni kao kod slobodnostojecih kuca koje su gradene u
istom periodu. Konstruktivni zidovi su masivni, od Suplje blok opeke debljine 25cm,
sa zavrsnom obradom od maltera. Suterenski prostor je nestambenog karaktera.
Objekat je izgraden s horizontalnim i vertikalnim armiranobetonskim serklazima,
dok je stropna konstrukcija izvedena od armiranog betona. Dvovodni krov je izveden
bez termoizolacije, s drvenom konstrukcijom i pokrovom od crijepa. Tavanski prostor
i suterenski prostor ostave su negrijani i ne koriste se za stanovanje. Prozori su
drveni, s dvostrukim staklom i izraZzenim toplotnim gubicima.

Termovizijski snimak porodi¢ne kuée u nizu, s masivnim vanjskim zidovima, poka-
zuje velike gubitke po cijeloj povrsini omotaca, posebno na mjestima horizontalnih
armiranobetonskih serklaza i natprozornika, kao i na promjeni geometrije objekta.
Vanjska stolarija, prozori i vrata, je neodgovarajuca i pokazuje visoka temperaturna
ocitanja na okvirima i ostakljenim povrsinama.

The house borders with adjacent building are of rectangular footprint and gable
roof. Buildings in this category are usually ground floor or GF + 1 and +2. The
construction technology and materials are identical to those of free-standing
houses from the same period. Construction walls are massive, 25cm hollow brick
blocks, with plaster finish. Basement area is not of residential character. The
building is constructed with horizontal and vertical RC ring beams, while the roof is
constructed of reinforced concrete. Gable roof is without thermal insulation,
supported by wooden beams and covered with roof tiles. Unheated attic space and
basement area are used for storage, not for residential purposes. Windows are
double-glazed wooden frames with high heat losses.

The thermovision image of the townhouse, with massive external walls, shows
major losses all over the envelope, particularly along horizontal RC ring beams and
window arches, as well as on changes of the building geometry. External framings,
doors and windows, are inadequate, showing high temperature readings along the
framework as well as on glass surfaces.
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

|zolovanje fasadnog zida kontaktnom fasadom s termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolova-
nje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 10cm (A=0,041
W/mK). Izolovanje meduspratne konstrukcije iznad negrijanog prostora (podruma), termoizolacionim slojem deblji-
ne 10cm (A=0,041 W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,6 W/m’K (g=0,61). ® Insta-
lacija centralnog sistema grijanja i pripreme potrosne tople vode s kotlom na pelet ili drva, piroliti¢ki kotao s aku-
mulatorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim prostorima i
upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of the external facade wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK).
Insulation of construction between the floors below the unheated space (attic) with thermal insulation layer of
10cm (A=0.041 W/mK). Insulation of construction between the floors above the unheated space (basement) with
thermal insulation layer of 10cm (A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.6 W/m’K
(g=0.617). e Installing of central heating system for heating and domestic hot water on wood or wood pellet,
pyrolytic boiler with heat accumulator. Low-temperature heating system with insulated pipeline in unheated spaces
and operated according to the outside temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje fasadnog zida kontaktnom fasadom s termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izolova-
nje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 20cm (A=0,041
W/mK). Izolovanje meduspratne konstrukcije iznad negrijanog prostora (podruma) termoizolacionim slojem deblji-
ne 20cm (A=0,041 W/mK). Izolovanje poda na tlu termoizolacionim slojem debljine10 cm (A=0,041 W/mK). Ugrad-
nja novih prozora kako bi se dost|ga0 U-koeficijent od 1,0 W/m’K (g=0,48). Ugradnja novih ulaznih vrata kako bi se
dostigao U-koeficijent od 2,0 W/m’K. e Instalacija centralnog sistema grijanja i pripreme potrosne tople vode s
kotlom na pelet ili drva, piroliticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potrosne
tople vode. Ugradnja ventila s termostatskim glavama na grijaca tijela.

Insulation of the external facade wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK).
Insulation of construction between the floors below the unheated space (attic) with thermal insulation layer of
20cm (A=0.041 W/mK). Insulation of construction between the floors above the unheated space (basement) with
thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of the floor on the ground with thermal insulation
layer of 10cm (A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.0 W/m’K (g=0.48). Installing of
new entrance door to reach U-coefficient of 2.0 W/m’K. e Installing of central heating system for heating and
domestic hot water on wood or wood pellet, pyrolytic boiler with heat accumulator. Installing of additional system
for domestic hot water. Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID 2 2 malter 2cm, 3uplji opekarski blok 25cm, w g malter 2cm, 3uplji opekarski blok 25cm, o 9 malter 2cm, 3uplji opekarski blok 25¢m,
EXTERNAL WALL | & 7 fasadni malter 1cm 3 3 fasadni malter 1cm, termoizolacija 10cm, 3 @ fasadni malter 1cm, termoizolacija 20cm,
= E plaster 2cm, hollow clay block 25cm, = 3 fasadni malter 1cm £ a fasadni malter 1cm
© . facade plaster 1cm © o plaster 2cm, hollow clay block 25cm, © — plaster 2cm, hollow clay block 25cm,
5 = 5 = facade plaster 1cm, thermal insulation 10cm, 5 % facade plaster 1cm, thermal insulation 20cm,
5 & = & facade plaster 1cm 5 = facade plaster 1cm
U (W/m’/K) | U =130 Wm’/K U = 0,31 W/m?/K U = 0,18 W/m¥/K
SPOLJASNJI ZID g 2 malter 2cm, Suplji opekarski blok 25cm, @ s malter 2cm, Suplji opekarski blok 25cm, o o malter 2cm, Suplji opekarski blok 25cm,
EXTERNAL WALL | @ iz fasadni malter 1cm, kamene ploce 3cm Té gul fasadni malter Tcm, termoizolacija 10cm, E ‘3 fasadni malter Tcm, termoizolacija 20cm,
£ a plaster 2cm, hollow clay block 25cm, £ 3 fasadni malter 1cm = 3 fasadni malter 1cm
© o facade plaster 1cm, stone slabs 3cm © - plaster 2cm, hollow clay block 25¢cm, © —  plaster 2cm, hollow clay block 25cm,
5 = E = facade plaster 1cm, thermal insulation 10cm, =] % facade plaster 1cm, thermal insulation 20cm,
5 i~ 5 k= facade plaster 1cm S & facade plaster Tcm
U (W/m?/K) | U =1,28 W/m¥/K U = 0,31 W/m?/K U = 0,18 W/m?/K
ZID PREMA g ] 2 malter 2cm, Suplji opekarski blok 25¢m, o [ ] 3 NEMA IZMJENA o o gips-kartonske ploce 1,25cm, termoizolacija 5cm,
SUSJEDNOM OBJEKTU | 2 ‘% vazduh (dilatacija) 3cm, Suplji opekarski = ‘% NO CHANGES = ‘5 malter 2cm, 3uplji opekarski blok 25¢m, vazduh
WALL TO THE | = 3 blok 25cm, malter 2cm £ a £ 3 (dilatacija) 3cm, Suplji opekarski blok 25cm,
© —  plaster 2cm, hollow clay block 25cm, © — © —  malter 2cm
ADJACENT BUILDING ‘é % air (dilatation) 3cm, hollow clay block 25cm, El % 5 % gypsum plasterboard 1.25cm, thermal insulation
5 & plaster 2cm 5 & 5 & 5cm, plaster 2cm, hollow clay block 25cm,
, S S air (dilatation) 3cm, hollow clay block 25cm,
U (W/m7/K) | U =168 W/m’/K U = 1,68 W/m’/K U=0,54W/mYK  plaster 2cm
PROZORI drveni, jednostruki s dvostrukim staklom prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS wooden, single frame with double glazing windows with double glazing windows with triple glazing
U (W/m?K) | U = 3,00 Wm'/K U = 1,60 W/m/K U = 1,00 W/m/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

MEBUSPRATNA
KONSTRUKCIJA IZNAD
NEGRIJANOG PODRUMA
FLOOR CONSTRUCTION
TO UNHEATED AREA

POSTOJECE STANJE | CURRENT CONDITION

Unutra | Inside

parket 2cm, cementni estrih 4cm, PVC folija,
termoizolacija 2cm, beton 4cm, fert ispuna 14cm
parquet 2cm, cement screed 4cm, PVC foil,
thermal insulation 2cm, concrete 4cm,

Spolja | Outside  hollow clay block 14cm

UNAPREBENJE 1 | IMPROVEMENT 1
Unutra | Inside  parket 2cm, cementni estrih 4cm, PVC folija,
termoizolacija 2cm, beton 4cm, fert ispuna
14cm, termoizolacija 10cm, malter Tcm
parquet 2cm, cement screed 4cm, PVC foil,
thermal insulation 2cm, concrete 4cm, hollow clay
block 14cm, thermal insulation 10cm, plaster Tcm

Spolja | Outside

UNAPREBENJE 2 | IMPROVEMENT 2

Unutra | Inside

parket 2cm, cementni estrih 4cm, PVC folija,
termoizolacija 2cm, beton 4cm, fert ispuna

14¢cm, termoizolacija 20cm, malter 1cm

parquet 2cm, cement screed 4cm, PVC foil,
thermal insulation 2cm, concrete 4cm, hollow clay
block 14cm, thermal insulation 20cm, plaster 1cm

Spolja | Outside

U (W/m’/K) | U =086 W/m’/K U = 0,28 W/m”/K U =0,17 W/m/K
MEDUSPRATNA | Spolja | Outside  AB konstrukcija 15cm, malter 2cm Spolja | Outside  termoizolacija 10cm, parna brana, Spolja | Outside  termoizolacija 20cm, parna brana,
KONSTRUKCIJA ISPOD reinforced concrete floor 15cm, plaster 2cm AB konstrukcija 15cm, malter 2cm AB konstrukcija 15cm, malter 2cm
NEGRIJANOG TAVANA thermal insulation 10cm, vapor barrier, thermal insulation 20cm, vapor barrier,

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m’/K)

Unutra | Inside

U = 2,36 W/m?/K

reinforced concrete floor 15cm, plaster 2cm

Unutra | Inside

U = 0,35 W/m?/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

reinforced concrete floor 15cm, plaster 2cm

Unutra | Inside

U = 0,19 W/m?/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

-~ } Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREDENJE 2 | IMPROVEMENT 2
=" Centralni sistem grijanja na drva
ili pelet, s akumulatorom toplote
i termostatskim ventilima
Central heating system - wood or
wood pellet, with heat acummulation
. and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,50

H

d

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Electric water heater

' Elektri¢ni bojler

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

| »Centralni sistem pripreme PTV povezan sa si-
/.\- stemom grijanja i sistemom solarnih kolektora
I’ Central domestic hot water system in
conjunction with a heating system and
solar collector system
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT

(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Ulazna vrata

4 - Gubici prema negrijanom tavanu
5 - Pod na tlu

6 - Gubici kroz negrijani podrum

1 - External wall

2 - Windows and balcony doors

3 - Entrance doors

4 - To the unheated attic

5 - Floor on the ground

6 - Through the unheated basement

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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POSTOJECE STANJE | CURRENT CONDITION
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UNAPREBENJE 1 | IMPROVEMENT 1
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SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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MANJE STAMBENE ZGRADE

<1945]1946-1960 | 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

MULTI-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA A3

Kateforija objekta | MANJA STAMBENA ZGRADA
Building category | MULTI-FAMILY HOUSE

Godina izgradnje
Built in ’ 1932.

Broj etaza 4
Number of floors

Broj stanova

Number of apartments 6

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

246,64

Neto povrsina grijanog prostora (m’)
Net surface of the heated space (m”) 492

Volumen grijanog prostora (m’)
Heated space volume (m’) 1640

Faktor oblika (m™)

Shape factor (m”) 0,53

Specifitna godisnja potrebna energija za grijanje s prekidom u grijanju Qe (KWh/m*/god) 23073
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prekida u grijanju Q,,,.... (KWh/m?*/god) 30853
Specific energy need for continuous heating Q... (KWh/m’/year) ’

Stambena slobodnostojeca zgrada je razudene osnove, sa slozenim kosim krovom.
Najcesca spratnost joj je Po+P+2 (4 etaze). KarakteriSe je masivni konstruktivni si-
stem. Konstruktivni zidovi od pune opeke, debljine 45cm, obostrano su omalterisani
u oba pravca, samo s horizontalnim armiranobetonskim serklaZzima. Meduspratne
konstrukcije su armiranobetonske sitnorebraste ploce, ali se javljaju i pune armi-
ranobetonske ploce. U ovom periodu u omotacu nema termoizolacije. Prozori i bal-
konska vrata su dvostruka drvena razmaknuta krila koja imaju dva obi¢na jedno-
struka stakla. Zgrade imaju negrijane prostore stepenista, tavana i podrumske pro-
store. Podrumski prostori su poluukopani.

Termovizijski snimak ukazuje da stambena zgrada zbog nepostojanja termoizolacije
ima ravnomjerne toplotne gubitke na cijelom omotacu, ali da su ve¢i toplotni gubici
na poziciji armiranobetonskih horizontalnih serklaza i natprozornika. Vidno je da su
veliki povr3inski toplotni gubici u poziciji svih prozora, te najveci kod balkonskih vra-
ta na posljednjoj etazi, te kod meduspratne konstrukcije ispod tavanskog negrijanog
prostora. Gradacija temperature od najnize na prizemlju do najviSe na posljednjoj
etazi moze ukazivati i na neuravnotezenu unutrasnju temperaturu u stanovima.

Multi Family House of somewhat discontinuous footprint with a complex shed roof.
Buildings in this category are usually basement, ground floor + 2 (four floors).
Typical massive construction. Construction walls are 45cm thick, made of solid
brick, with plaster finish on both sides, with horizontal RC ring beams. Floors are
separated by finely-ridged but also solid reinforced concrete slabs. Buildings from
this period do not have thermal insulation on any section of the envelope. Windows
and balcony doors are double separated wooden frames, with regular single glazing.
The buildings feature unheated staircases, basement and attic area. Basement is
partially underground.

Thermovision image of the residential building shows evenly distributed heat loss
over the entire envelope due to the lack of thermal insulation, but higher values are
registered along horizontal ring beams and window arches. All window surfaces
show significant heat loss, but the greatest loss is recorded at the balcony doors on
the top floor, as well as between floors below the unheated attic space. Temperature
ranges from the lowest at the ground floor to the highest at the top floor, which
might be indicative of disbalanced room temperature in the apartments.
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolo-
vanje meduspratne konstrukcije iznad negrijanog prostora (podruma) termoizolacionim slojem debljine 10cm
(A=0,041 W/mK). Izolovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem
debljine 10cm (A=0,041 W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,6 W/m’K (g=0,61).
e Instalacija centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva, piroliticki kotao s
akumulatorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim prostorima
i upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of
construction between the floors above the unheated space (basement) with thermal insulation layer of 10cm
(A=0.041 W/mK). Insulation of construction between the floors below the unheated space (attic) with thermal
insulation layer of 10cm (A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.6 W/m’K (g=0.61).
e |Installing of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic boiler
with heat accumulator. Low-temperature heating system with insulated pipeline in unheated spaces and operated
according to the outside temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izo-
lovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem debljine 20cm
(A=0,041 W/mK). Izolovanje meduspratne konstrukcije iznad negrijanog prostora (podruma) termoizolacionim slo-
jem debljine 20cm (A=0,041 W/mK). Izolovanje unutrasnjih zidova prema negrijanom prostoru (garaza), termo-
izolacionim slojem debljine 5cm (A=0,041 W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,0
W/m’K (g=0,48).  Instalacija centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva,
piroliticki kotao s akumulatorom toplote. Instalacija dopunskog sistema grijanja potro3ne tople vode. Sistem gri-
janja hidraulicki balansiran po krugovima i vertikalama s balans ventilima. Instalacija ventila s termostatskim
glavama na grijaca tijela.

Insulation of external wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of
construction between the floors below the unheated space (attic) with thermal insulation layer of 20cm (A=0.041
W/mK). Insulation of construction between the floors above the unheated space (basement) with thermal insulation
layer of 20cm (A=0.041 W/mK). Insulation of internal walls to unheated areas (garage) with thermal insulation layer
of 5cm (A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.0 W/m°K (g=0.48). e Installing of
central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic boiler with heat
accumulator. Installing of additional system for domestic hot water. Heating system hydraulically balanced per
heating circuits and vertical lines with balancing valves. Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o 2 malter 3cm, puna opeka 45cm, malter 3cm w o malter 3cm, puna opeka 45cm, malter 3cm, o o malter 3cm, puna opeka 45cm, malter 3cm,
EXTERNAL WALL | iz plaster 3cm, brick wall 45cm, plaster 3cm = ‘% termoizolacija 10cm, fasadni malter 1cm = ‘% termoizolacija 20cm, fasadni malter 1cm
£ 3 = 3 plaster 3cm, brick wall 45cm, plaster 3cm, £ 3 plaster 3cm, brick wall 45cm, plaster 3cm,
© o © - thermal insulation 10cm, facade plaster 1cm © . thermal insulation 20cm, facade plaster 1cm
E E 2 El E B
= n = & = &
U (W/m’/K) | U =1,05W/m/K U = 0,29 W/m*/K U = 0,17 W/m¥K
ZID PREMA | o 2 malter 3cm, puna opeka 45cm, malter 3cm o 9 NEMA 1ZMJENA o & malter 3cm, puna opeka 45cm,
NEGRIJANOM STUBISTU | @ 3 plaster 3cm, brick wall 45cm, plaster 3cm = g NO CHANGES 5 ‘@ termoizolacija 5¢cm, malter Tem
= 3 = 3 £ 3 plaster 3cm, brick wall 45cm, plaster 3cm,
PARTITION WALL TO | "% o © o © —  thermalinsulation 5cm, plaster 1cm
UNHEATED STAIRCASE | 2 g El g 3 S
= % = ) > )
U (W/m’/K) | U =096 W/m’K U = 0,96 W/m7/K U = 0,44 W/m?/K
PROZORI drveni, dvostruki s razmaknutim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, double frame, double sash
with single glazing
U (W/m’/K) | U =350 wW/m’/K U = 1,60 W/m?/K U = 1,00 W/m?/K

POD NA TLU
GROUND FLOOR

U (W/m?K)
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Unutra | Inside

Spolja | Outside

U = 1,38 W/m?/K

parket 2cm, das¢ani slijepi pod 2,5cm,
potpatosnice u pijesku 5cm, betonska
ploca 15cm, bitumenska hidroizolacija,
beton 10cm, $ljunak 20cm

parquet 2cm, wooden subfloor 2.5cm,
sleepers in sand bedding 5cm, concrete
slab 15cm, waterproofing, concrete 10cm,
gravel 20cm

Unutra | Inside

Spolja | Outside

U = 1,38 W/m?/K
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NEMA IZMJENA
NO CHANGES

Unutra | Inside

Spolja | Outside
U = 0,34 W/m’/K

parket 2cm, cementni estrih 5¢cm, PE folija,
termoizolacija 10cm, betonska ploca 15cm,
bitumenska hidroizolacija, beton 10cm,

Sljunak 20cm

parquet 2cm, cement screed 5cm, PE foil,
thermal insulation 10cm, concrete slab 15cm,
waterproofing 1cm, concrete 10cm, gravel 20cm




ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

MEBUSPRATNA
KONSTRUKCIJA 1IZNAD
NEGRIJANOG PODRUMA
FLOOR CONSTRUCTION
TO UNHEATED AREA

U (W/m’/K)

POSTOJECE STANJE | CURRENT CONDITION

Unutra | Inside  parket 2cm, drvene daske 2,5cm, potpatosnice u
pijesku 5cm, AB konstrukcija 15cm, malter 3cm
parquet 2cm, wooden subfloor 2.5cm,

sleepers in sand bedding 5cm,

concrete slab 15cm, plaster 3cm

Spolja | Outside

U = 1,23 W/m?/K

UNAPREBENJE 1 | IMPROVEMENT 1

Unutra | Inside

parket 2cm, drvene daske 2,5cm, potpatosnice u
pijesku 5cm, AB konstrukcija 15cm, malter 3cm,
termoizolacija 10cm, malter 1cm

parquet 2cm, wooden subfloor 2.5cm, sleepers in
sand bedding 5cm, concrete slab 15cm, plaster
3cm, thermal insulation 10cm, plaster 1cm

Spolja | Outside

U = 0,30 W/m“/K

UNAPREBENJE 2 | IMPROVEMENT 2

Unutra | Inside

parket 2cm, drvene daske 2,5cm, potpatosnice u
pijesku 5cm, AB konstrukcija 15cm, malter 3cm,
termoizolacija 20cm, malter 1cm

parquet 2cm, wooden subfloor 2.5cm, sleepers in
sand bedding 5cm, concrete slab 15cm, plaster
3cm, thermal insulation 20cm, plaster 1cm

Spolja | Outside
U =0,17 W/m’/K

MEBUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TOUNHEATED ATTIC

U (W/m?/K)

Spolja | Outside  pijesak 2cm, blato s pljevom 5cm, AB sitnorebrasta
konstrukcija 35cm, malter na trsci 2,5cm
sand 2cm, rammed earth with chaff 5¢cm, ribbed

concrete slab 35cm, straw-plaster ceiling 2.5cm

Unutra | Inside

U = 1,22 W/m?/K

Spolja | Outside  termoizolacija 10cm, parna brana, pijesak 2cm,
blato s pljevom 5cm, AB sitnorebrasta konstrukcija
35cm, malter na trsci 2,5cm

thermal insulation 10cm, vapor barrier, sand 2cm,
rammed earth with chaff 5cm, ribbed concrete

slab 35cm, straw-plaster ceiling 2.5cm

Unutra | Inside

U = 0,30 W/m?/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

Spolja | Outside  termoizolacija 20cm, parna brana, pijesak 2cm,
blato s pljevom 5cm, AB sitnorebrasta konstrukcija
35cm, malter na trsci 2,5cm

thermal insulation 20cm, vapor barrier, sand 2cm,
rammed earth with chaff 5cm, ribbed concrete

slab 35cm, straw-plaster ceiling 2.5cm

Unutra | Inside
U=0,17 W/m?¥K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na tvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood+coal)

UNAPREBENJE 1 | IMPROVEMENT 1

-~ } Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREBENJE 2 | IMPROVEMENT 2

Centralni sistem grijanja na drva

ili pelet, s akumulatorom toplote,
hidraulickim balansiranjem mreZe i
termostatstkim ventilima

Central heating system - wood or wood
pellet, with heat accumulator, hydraulic
system balance and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

e

SISTEM PRIPREME
POTROSNE TOPLE VODE

DOMESTIC HOT
WATER SYSTEM (DHW)
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Elektricni bojler
Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

Centralni sistem pripreme PTV povezan sa si-
stemom grijanja i sistemom solarnih kolektora
Central domestic hot water system in
conjunction with a heating system and

solar collector system

1,
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TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Gubici prema negrijanom tavanu
4 - Gubici prema negrijanom stepenistu
5 - Pod na tlu

6 - Gubici kroz negrijani podrum

1 - External wall

2 - Windows and balcony doors

3 - To the unheated attic

4 - To the unheated staircase

5 - Floor on the ground

6 - Through the unheated basement

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporu¢ena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

DRVO | UGALJ DRVO ILI PELET DRVO ILI PELET
WOOD AND COAL WOOD OR PELLET WOOD OR PELLET

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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MANJE STAMBENE ZGRADE

<1945]1946-1960|1961-1970| 1971-1980 | 1981-1991 | 1992-2014

MULTI-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA B3

Kateforua objekta | MANJA STAMBENA ZGRADA
Building category | MULTI-FAMILY HOUSE

Godina izgradnje
Built in ’ 1958.

Broj etaza 4
Number of floors

Broj stanova

Number of apartments 9

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

203,00

Neto povrsina grijanog prostora (m
Net surface of the heated space (m 451,83

Volumen grijanog prostora (m
Heated space volume (m’) 1265,12

Faktor oblika (m )
Shape factor (m”)

Specificna godisnja potrebna energija za grijanje s prekldom u grijanju Q, mem (KWh/m*/god) 216.19
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prek|da u grijanju Q... (KWh/m?/god) 278.99
Specific energy need for continuous heating Q... (KWh/m’/year) ’
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Stambena slobodnostojeca zgrada je kompaktne pravougaone osnove s Cetverovo-
dnim kosim krovom. NajceSca spratnost je Po+P+2 (4 etaze). KarakteriSe je masivni
konstruktivni sistem. Konstruktivni zidovi od Suplje opeke, debljine 25 i 38cm, su u
oba pravca obostrano omalterisani, samo s horizontalnim armiranobetonskim ser-
klazima. Meduspratne konstrukcije su armiranobetonske sitnorebraste i rebraste
ploce. U ovom periodu u omotacu nema termoizolacije. Prozori i balkonska vrata su
dvostruka, drvena krila koja imaju dva obi¢na jednostruka stakla. Zgrade imaju ne-
grijane prostore stepenista, tavana i podrumske prostore. Podrumski prostori su
poluukopani.

Termovizijski snimak ukazuje da stambena zgrada ima ravnomjerne toplotne gu-
bitke na cijelom omotacu zbog nepostojanja termoizolacije, ali da su veci toplotni
gubici na poziciji armiranobetonskih horizontalnih serklaza i natprozornika. Vidno
je da su veliki povrsinski toplotni gubici u poziciji svih prozora, kod meduspratne
konstrukcije ispod tavanskog negrijanog prostora. Najveci toplotni gubici su na bo-
¢nom fasadnom zidu kod prepustenih betonskih ploca za terase. Na snimku se vidi
da se pojedini stanovi i pojedine prostorije u stanovima ne griju.

The multi-family house is of compact rectangular footprint with a hip roof.
Buildings in this category are usually basement, ground floor + 2 (four floors).
Typical massive construction. Construction walls are 25cm and 38cm thick, made of
hollow brick, with plaster finish on both sides, with horizontal RC ring beams. Floors
are separated by finely-ridged and ridged reinforced concrete slabs. Buildings from
this period do not have thermal insulation on any section of the envelope. Windows
and balcony doors are double, wooden frames, with regular single glazing. The
buildings feature unheated staircases, basement and attic area. Basement is
partially underground.

The thermovision image of the residential building shows evenly distributed heat
loss over the entire envelope due to the lack of thermal insulation, but higher values
are registered along horizontal ring beams and window arches. All window surfaces
as well as constructions between floors below the unheated attic space show
significant heat loss. The highest heat loss is recorded on the side facade wall near
the nosing concrete terrace floors. The image shows that some apartments and
rooms in the apartments are left unehated.




MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolo-
vanje meduspratne konstrukcije iznad negrijanog prostora (podruma) termoizolacionim slojem debljine 10cm
(A=0,041 W/mK). Izolovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem
debljine 10cm (A=0,041 W/mK). Ugradnja novih prozora sa dostizanjem U-koeficijenta od 1,6 W/m’K (g=0,61).
e [nstalacija centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili drva, piroliticki kotao s
akumulatorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u negrijanim prostorima
i upravljan prema spoljnjoj temperaturi s programskim satom. Sistem grijanja je hidraulicki balansiran po kru-
govima i vertikalama s balans ventilima. Instalacija ventila s termostatskim glavama na grijaca tijela.

Insulation of external wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of
construction between the floors above the unheated space (basement) with thermal insulation layer of 10cm
(A=0.041 W/mK). Insulation of construction between the floors below the unheated space (attic) W|th thermal
insulation layer of 10cm (A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.6 W/m’K (g=0.61).
e |nstalling of central heating system for heating and domestic hot water on wood or wood pellet, pyrolitic boiler
with heat accumulator. Low-temperature heating system with insulated pipeline in unheated spaces and operated
according to the outside temperature using a programmable timer. Heating system is hydraulically balanced per
heating circuits and vertical lines with balancing valves. Installation of thermostatic radiator valves.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izolo-
vanje meduspratne konstrukcije iznad negrijanog prostora (podruma) termoizolacionim slojem debljine 20cm
(A=0,041 W/mK). Izolovanje meduspratne konstrukcije ispod negrijanog prostora (tavana) termoizolacionim slojem
debljine 20cm (A=0,041 W/mK). Izolovanje unutradnjih zidova prema negrijanom prostoru (garaza) termoizola-
cionim slojem debljine 5cm (A=0,041 W/mK). Ugradnja novih prozora kako bi se dostlgao U-koeficijent od 1,0 W/m’K
(g=0,48). Ugradnja novih ulaznih vrata kako bi se dostigao U-koeficijent od 2,0 W/m’K.  Instalacija centralnog
sistema grijanja i pripreme potrosne tople vode s kotlom na pelet ili drva, piroliticki kotao s akumulatorom toplote.
Instalacija dopunskog sistema grijanja potro3ne tople vode. Sistem grijanja hidraulicki balansiran po krugovima i
vertikalama s balans ventilima. Instalacija ventila s termostatskim glavama na grijaca tijela.

Insulation of external wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of
construction between the floors above the unheated space (basement) with thermal insulation layer of 20cm
(\=0.041 W/mK). Insulation of construction between the floors below the unheated space (attic) with thermal
insulation layer of 20cm (A=0.041 W/mK). Insulation of internal walls to unheated areas (garage) with thermal
insulation layer of 5cm (A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.0 W/m’K (g=0.48).
Installing of new entrance doors to reach U-coefficient of 2.0 W/m’K. ® Installing of central heating system for
heating and domestic hot water on wood or wood pellet, pyrolitic boiler with heat accumulator. Installing of
additional system for domestic hot water. Heating system hydraulically balanced per heating circuits and vertical
lines with balancing valves. Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POSTOJECE STANJE | CURRENT CONDITION

UNAPREBENJE 1 | IMPROVEMENT 1

UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o 2 malter 2cm, puna opeka 38cm, malter 3cm w o malter 2cm, puna opeka 38cm, malter 3cm, o ‘& malter 2cm, puna opeka 38cm, malter 3cm,
EXTERNAL WALL | 3 plaster 3cm, brick wall 38cm, plaster 3cm = ‘% termoizolacija 10cm, fasadni malter 1cm = ‘% termoizolacija 20cm, fasadni malter 1cm
£ e = 2 plaster 2cm, brick wall 38cm, plaster 3cm, £ 3 plaster 2cm, brick wall 38cm, plaster 3cm,
© o © - thermal insulation 10cm, facade plaster 1cm © . thermal insulation 20cm, facade plaster 1cm
U (W/m’/K) | U = 1,04 Wm?/K U = 0,29 W/m?%/K U =017 W/m’/K
ZID PREMA o ] < malter 2cm, puna opeka 25cm, malter 2cm o g NEMA IZMJENA @ 3 malter 2cm, puna opeka 25cm, malter 2cm,
NEGRIJANOM STUBISTU | 2 g0 plaster 2cm, brick wall 25cm, plaster 2cm ‘E G NO CHANGES E 3 termoizolacija 5¢cm, malter Tcm
= 3 = S = 3 plaster 2cm, brick wall 25cm, plaster 2cm,
UNPI_/?SJ]I_E?":T\'/AV&IEI‘AEE © % © % © % thermal insulation 5cm, plaster 1cm
U (W/m’/K) | U =096 W/m%K U =0,96 W/m?/K U = 0,44 W/m?/K
PROZORI drveni, dvostruki s razmaknutim krilima prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS i jednostrukim staklom windows with double glazing windows with triple glazing
wooden, double frame, double sash
with single glazing
U (W/m?/K) | U =527 W/m¥K U = 1,60 W/m?/K U = 1,00 Wm?/K
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

MEBUSPRATNA
KONSTRUKCIJA IZNAD
NEGRIJANOG PODRUMA
FLOOR CONSTRUCTION
TO UNHEATED AREA

U (W/m?K)

POSTOJECE STANJE | CURRENT CONDITION
Unutra | Inside  drveni pod 2cm, cementni estrih 3cm,
- AB konstrukcija HERBST sistema 40cm
wooden floor 2cm, cement screed 3cm,
ribbed concrete slab 40cm

Spolja | Outside

U = 1,65 W/m7/K

UNAPREBENJE 1 | IMPROVEMENT 1
Unutra | Inside  drveni pod 2cm, cementni estrih 3cm,

; AB konstrukcija HERBST sistema 40cm,
termoizolacija 10cm, malter 1cm
wooden floor 2cm, cement screed 3cm,
ribbed concrete slab 40cm, thermal
insulation 10cm, plaster 1cm

Spolja | Outside
U = 0,32 W/m?/K

UNAPREBENJE 2 | IMPROVEMENT 2

Unutra | Inside

drveni pod 2cm, cementni estrih 3cm,
AB konstrukcija HERBST sistema 40cm,
termoizolacija 20cm, malter 1cm
wooden floor 2cm, cement screed 3cm,
ribbed concrete slab 40cm, thermal
insulation 20cm, plaster 1cm

Spolja | Outside
U = 0,18 W/m’/K

MEDUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?/K)

Spolja | Outside

cementni estrih 3cm, AB konstrukcija

HERBST sistema 40cm, malter 2cm

cement screed 3cm, ribbed concrete slab 40cm,
plaster 2cm

Unutra | Inside

U =221 W/m/K

Spolja | Outside  termoizolacija 10cm, parna brana,

cementni estrih 3cm, AB konstrukcija HERBST
sistema 40cm, malter 2cm

thermal insulation 10cm, vapor barrier,
cement screed 3cm, ribbed concrete slab 40cm,

plaster 2cm

Unutra | Inside

U = 0,34 W/m?/K

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

Spolja | Outside  termoizolacija 20cm, parna brana,

cementni estrih 3cm, AB konstrukcija HERBST
sistema 40cm, malter 2cm

thermal insulation 20cm, vapor barrier,
cement screed 3cm, ribbed concrete slab 40cm,

plaster 2cm

Unutra | Inside
U = 0,18 W/m“/K

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

. Elektricne peci (grijalice + TA peci)
* Electric heaters (heaters + electric
thermal storage heaters)

UNAPREBENJE 1 | IMPROVEMENT 1

Centralni sistem grijanja na drva

s
ili pelet, sa akumulatorom toplote,
hidraulickim balansiranjem mreze
i termostatstkim ventilima
] Central heating system - wood or wood
pellet, with heat accumulator, hydraulic

system balance and thermostatic valves

UNAPREBENJE 2 | IMPROVEMENT 2

Centralni sistem grijanja na drva

el
r ili pelet, s akumulatorom toplote,
hidraulickim balansiranjem mreze
i termostatstkim ventilima
% Central heating system - wood or wood
pellet, with heat accumulator, hydraulic

system balance and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

0,98

SISTEM PRIPREME
POTROSNE TOPLE VODE
DOMESTIC HOT

WATER SYSTEM (DHW)

TIPOLOGIJA STAMBENIH ZGRADA BOSNE | HERCEGOVINE | TYPOLOGY OF RESIDENTIAL BUILDINGS IN BOSNIA AND HERZEGOVINA

Elektri¢ni bojler
[ Electric water heater

Centralni sistem pripreme PTV
povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

| »Centralni sistem pripreme PTV povezan sa si-
/'.\- stemom grijanja i sistemom solarnih kolektora
I’ Central domestic hot water system in
conjunction with a heating system and
solar collector system
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

TOPLOTNI GUBICI

ELEMENATA TERMICKOG
OMOTACA ZGRADE

HEAT TRANSFER COEFFICIENT
(W/K)

1 - Spoljasnji zid

2 - Prozori i balkonska vrata

3 - Gubici prema negrijanom tavanu
4 - Gubici prema negrijanom stepenistu
5 - Gubici kroz negrijani podrum

1 - External wall

2 - Windows and balcony doors

3 - To the unheated attic

4 - To the unheated staircase
5 - Through the unheated basement

ODNOS KOEFICIJENTA
TRANSMISIONOG
TOPLOTNOG GUBITKA H, |
VENTILACIONOG GUBITKA H,,
RATIO OF HEAT

TRANSFER COEFFICIENT

BY TRANSMISSION H,

AND BY VENTILATION H,,

(W/K)

GODISNJA POTREBNA
TOPLOTNA ENERGIJA
ZA GRIJANJE
ENERGY NEED

FOR HEATING

(MWh/god) | (MWh/year)

Potrebna energija | Energy need @
Usteda | Savings @
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UNAPREBENJE 1 | IMPROVEMENT 1
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STANJE | UNAPREDENJE TERMICKOG OMOTACA - ENERGETSKI BILANS | BASELINE AND THERMAL ENVELOPE IMPROVEMENT - ENERGY BALANCE

SPECIFICNA GODISNJA POTREBNA
ENERGIJA ZA GRIJANJE

SPECIFIC ENERGY

NEED FOR HEATING

(kWh/m/god) | (kWh/m*/year)

Potrebna energija | Energy need @
Usteda | Savings @

SPECIFICNA ISPORUCENA
ENERGIJA ZA GRIJANJE
SPECIFIC DELIVERED
ENERGY FOR HEATING

(kWh/m*/god) | (kWh/m?year)

Isporucena energija | Delivered energy @
Usteda | Savings @

ENERGENT
FUEL

SPECIFICNA PRIMARNA
ENERGIJA ZA GRIJANJE

SPECIFIC PRIMARY
ENERGY FOR HEATING

(kWh/m’/god) | (kWh/m/year)

Primarna energija | Primary energy @
Usteda | Savings @

EMISIJA CO,
CO,EMISSION

(t/god) | (t/year)
Emisija CO, | CO,emission @

Smanjenje emisije CO,
Reduction CO,

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

ELEKTRICNA ENERGIJA DRVO ILI PELETI DRVO ILI PELETI
ELECTRIC POWER WOOD OR PELLET WOOD OR PELLET

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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MANJE STAMBENE ZGRADE

<1945]1946-1960| 1961-1970| 1971-1980 | 1981-1991 | 1992-2014

MULTI-FAMILY HOUSES

OSNOVNI PODACI O OBJEKTU | GENERAL BUILDING DATA

Kateforija objekta | MANJA STAMBENA ZGRADA
Building category | MULTI-FAMILY HOUSE

Godina izgradnje
Built in ’1961—1970.

Broj etaza 4
Number of floors

Broj stanova

Number of apartments 10

Bruto povrsina osnove objekta (m’)
Gross surface of the building base (m?)

169,39

Neto povriina grijanog prostora (m°)
Net surface of the heated space (m”) 561,99

3

Volumen grijanog prostora (m’)
Heated space volume (m”) 1404,97

Faktor oblika (m™)

Shape factor (m”) 0.71

Specifitna godisnja potrebna energija za grijanje s prekidom u grijanju Qe (KWh/m*/god) 188.44
Specific energy need for intermitted heating Q. e (KWh/m*/year) ’

Specifitna godisnja potrebna energija za grijanje bez prekida u grijanju Q,,,.... (KWh/m?*/god) 265.04
Specific energy need for continuous heating Q... (KWh/m?/year) ’

Stambena zgrada je kompaktne pravougaone osnove s plitkim kosim krovom. Naj-
ceSca spratnost objekata iz ove kategorije je od P+1 do P+3. Objekte iz ove kategorije
karakterise masivni konstruktivni sistem s nosivim zidovima u oba pravca. Spo-
ljasnji zidovi su izvedeni od pune opeke debljine 25cm bez vertikalnih armiranobe-
tonskih serklaZza. Objekat nema podruma, a meduspratna konstrukcija je izradena
od polumontazne betonske ploce debljine 20cm. Tavanski prostor je djelimi€no isko-
riSten za stanovanje, dok je suterenski prostor u potpunosti rijeSen kao stambeni.
Kosi krov je Cetverovodan, bez termoizolacije, s drvenom konstrukcijom i pokrovom
od valovitog salonita. Na fasadnom omotacu nema termoizolacije, a zavrSna obrada
je malter. Prozori su drveni, dvostruki sa spojenim krilima, jednostrukim staklom i
ugradbenim roletnama. Stepenisni i nestambeni tavanski prostori su negrijani.

Termovizijski snimak fasade stambene zgrade s masivnim spoljasnjim zidovima po-
kazuje da je zgrada izgradena bez termoizolacije i nehomogene je strukture. Mogu
se uoCiti toplotni gubici zbog razlicitih termickih karakteristika materijala i prisutni
su termicki mostovi na armiranobetonskim horizontalnim serklazima i na promje-
nama geometrije objekta. Na vanjskoj stolariji, konstrukciji prozora i vrata, kao i na
ostakljenim povrSinama, primjetni su toplotni gubici.

Free-standing residential building is of compact rectangular footprint with a
shallow shed roof. Buildings in this category usually have ground floor + 1 to + 3
floors. Typical of this category is massive construction system with load-bearing
walls in both directions. External walls made of solid 25cm brick, without vertical RC
ring beams. The building does not feature a basement, and floors are separated by
pre-fabricated 20cm concrete slabs. Attic space is partially used for residential
purposes, while the basement area is completely residential. Hip roof is without
thermal insulation, supported by wooden beams and covered with corrugated roof
panels. The facade is without thermal insulation, with plaster finish. Windows are
made of wood, double winged, with conjoined wings, single-glazed, and with built-
in shades. The staircase and non-residential attic space are left unheated.

Thermovision image of the apartment building facade with massive external walls
indicates that the building was built without thermal insulation, and that it is of
heterogeneous structure. Heat losses are due to different thermal characteristics of
the materials used. Thermal bridges can be detected along horizontal RC ring beams
and where building geometry changes. External framings, windows and doors, as
well as glass surfaces show heat loss.
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MJERE UNAPREDENJA ENERGETSKIH PERFORMANSI | ENERGY PERFORMANCE IMPROVEMENT MEASURES

OPIS UNAPREDENJA | IMPROVEMENT MEASURES DESCRIPTION

UNAPREBENJE 1 | IMPROVEMENT 1

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolo-
vanje meduspratne konstrukcije prema negrijanim prostorima (ostave, stepeniSni prostor i tavan) s termoizo-
lacionim slojem debljine 10cm (A=0,041 W/mK). Na dijelu stambenog potkrovnog prostora izolovati kosi krov ter-
moizolacionim slojem debljine 20cm (A=0,041 W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od
1,6 W/m’K (g=0,67). @ Instalacija centralnog sistema grijanja i pripreme potro3ne tople vode s kotlom na pelet ili
drva, piroliticki kotao s akumulatorom toplote. Niskotemperaturni sistem grijanja s izlovanim cijevnim vodovima u
negrijanim prostorima i upravljan prema spoljnjoj temperaturi s programskim satom.

Insulation of external wall with contact facade thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of
construction between the floors towards the unheated spaces (storage rooms, staircase, and the attic) with thermal
insulation layer of 10cm (A=0.041 W/mK). Insulation of the steep roof with thermal insulation layer of 20cm
(A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.6 W/m’K (g=0.61). e Installing of central
heating system for heating and domestic hot water on wood or wood pellet, pyrolytic boiler with heat accumulator.
Low-temperature heating system with insulated pipeline in unheated spaces and operated according to the outside
temperature using a programmable timer.

UNAPREBENJE 2 | IMPROVEMENT 2

Izolovanje spoljasnjeg zida kontaktnom fasadom s termoizolacionim slojem debljine 20cm (A=0,041 W/mK). Izolo-
vanje unutrasnjih zidova (stepenidni prostor) termoizolacionim slojem debljine 5cm (A=0,041 W/mK). Izolovanje
poda na tlu termoizolacionim slojem debljine 10cm (A=0,041 W/mK). Izolovanje meduspratne konstrukcije prema
negrijanim prostorima (ostave, stepeni$ni prostor i tavan) termoizolacionim slojem debljine 20cm (A=0,041 W/mK).
Na dijelu stambenog potkrovnog prostora izolovati kosi krov termoizolacionim slojem debljine 30cm (A=0,041
W/mK). Ugradnja novih prozora kako bi se dostigao U-koeficijent od 1,0 W/m’K (g=0,48). ® Instalacija centralnog
sistema grijanja i pripreme potroSne tople vode s kotlom na pelet ili drva, piroliticki kotao s akumulatorom toplote
visoke efikasnosti. Instalacija dopunskog sistema grijanja potro3ne tople vode. Sistem grijanja hidraulicki balan-
siran po krugovima i vertikalama sa balans ventilima. Ugradnja ventila s termostatskim glavama na grijaca tijela.

Insulation of external wall with contact facade thermal insulation layer of 20cm (A=0.041 W/mK). Insulation of
internal walls (staircase) with thermal insulation layer of 5cm (A=0.041 W/mK). Insulation of the floor on the
ground with thermal insulation layer of 10cm (A=0.041 W/mK). Insulation of construction between the floors
towards the unheated spaces (storage rooms, staircase, and the attic) with thermal insulation layer of 20cm
(\=0.041 W/mK). Insulation of the steep roof above the residential space with thermal insulation layer of 30cm
(A=0.041 W/mK). Installing of new windows to reach U-coefficient of 1.0 W/m’K (g=0.48). ® Installing of central
heating system for heating and domestic hot water on wood or wood pellet, high efficiency pyrolytic boiler with heat
accumulator. Installing of additional system for domestic hot water. Heating system hydraulically balanced per
heating circuits and vertical lines with balancing valves. Installation of thermostatic radiator valves.
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

POSTOJECE STANJE | CURRENT CONDITION UNAPREBENJE 1 | IMPROVEMENT 1 UNAPREBENJE 2 | IMPROVEMENT 2

SPOLJASNJI ZID | o 2 malter 2cm, puna opeka 25cm, malter 2cm o g malter 2cm, puna opeka 25cm, malter 2cm, o @ malter 2cm, puna opeka 25cm, malter 2cm,
EXTERNAL WALL | iz plaster 2cm, brick wall 25cm, plaster 2cm = iz termoizolacija 10cm, fasadni malter 1cm = ‘% termoizolacija 20cm, fasadni malter 1cm
£ 3 = a plaster 2cm, brick wall 25cm, plaster 2cm, £ 3 plaster 2cm, brick wall 25cm, plaster 2cm,
© . © - thermal insulation 10cm, facade plaster 1cm © - thermal insulation 20cm, facade plaster 1cm
= = E = E =
5 & 5 & 5 &
U (W/m’/K) | U =188 W/m’/K U = 0,33 W/m“/K U = 0,18 W/m%K
ZID KA NEGRIJANOM | o [T] = malter 2cm, puna opeka 12cm, malter 2cm m 2 NEMA IZMJENA w g malter 2cm, puna opeka 12cm, malter 2cm,
PROSTORU 3 k) plaster 2cm, brick wall 12cm, plaster 2cm = i) NO CHANGES = ‘G termoizolacija 5cm, malter 1cm
= 3 = 3 £ 3 plaster 2cm, brick wall 12cm, plaster 2cm,
ZID KA NEGRIJANOM | " ~ © . © o thermal insulation 5cm, plaster 1cm
PROSTORU | 2 = E = El =)
> & > & > &
U (W/m’/K) | U =234 W/m¥K U = 2,34 W/m*/K U = 0,59 W/m’/K
PROZORI | drveni s jednostrukim staklom prozor s dvostrukim staklom prozor s trostrukim staklom
WINDOWS wooden, with single glazing windows with double glazing windows with triple glazing

U (W/m?/K) | U = 4,50 W/mi/K U = 1,60 W/m?/K U = 1,00 W/m?/K

Unutra | Inside parket 2cm, cementni estrih 5cm, natron papir,

MEBUSPRATNA Unutra | Inside parket 2cm, cementni estrih 5cm, natron papir,

KONSTRUKCIJA IZNAD
NEGRIJANOG PODRUMA

ploce od drvenih vlakana 1,5cm, betonska
konstrukcija 20cm, malter 1cm
parquet 2cm, cement screed 5cm, kraft paper,

Unutra | Inside parket 2cm, cementni estrih 5¢cm, natron papir,

ploce od drvenih vlakana 1,5cm, betonska
konstrukcija 20cm, malter 1cm, termoizolacija
10cm, malter 1cm

ploce od drvenih vlakana 1,5cm, betonska
konstrukcija 20cm, malter 1cm, termoizolacija
20cm, malter Tcm

parquet 2cm, cement screed 5cm, kraft paper,

; ) parquet 2cm, cement screed 5cm, kraft paper,
Spolja | Outside {04 fibre boards 1,5cm, concrete slab 20cm.

plaster 1cm, thermal insulation 10cm,
U=0,31W/m%K plaster 1cm

FLOOR CONSTRUCTION | Spolja | Outside  wood fibre boards 1,5cm, concrete slab 20cm,
TO UNHEATED AREA plaster Tcm
U (W/m’/K) | U =130 Wm’/K

wood fibre boards 1,5cm, concrete slab 20cm,
plaster 1cm, thermal insulation 20cm,
U=0,18 W/m%/K plaster Tcm

Spolja | Outside
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ELEMENTI UNAPREDENJA OMOTACA | BUILDING ENVELOPE IMPROVEMENTS ELEMENTS

SKLOPOVI TERMICKOG OMOTACA | ELEMENTS OF THE THERMAL ENVELOPE

MEBUSPRATNA
KONSTRUKCIJA ISPOD
NEGRIJANOG TAVANA

FLOOR CONSTRUCTION
TO UNHEATED ATTIC

U (W/m?K)

POSTOJECE STANJE | CURRENT CONDITION

Spolja | Outside

AB plota 20cm, malter 1cm
reinforced concrete slab 20cm, plaster 1cm

Unutra | Inside

U = 2,33 W/m?/K

UNAPREBENJE 1 | IMPROVEMENT 1

Spolja | Outside

termoizolacija 10cm, parna brana,

AB plo¢a 20cm, malter Tcm

thermal insulation 10cm, vapor barrier,
reinforced concrete slab 20cm, plaster 1cm

Unutra | Inside

U = 0,35 W/m“/K

UNAPREBENJE 2 | IMPROVEMENT 2

Spolja | Outside

termoizolacija 20cm, parna brana,

AB plo¢a 20cm, malter 1cm

thermal insulation 20cm, vapor barrier,
reinforced concrete slab 20cm, plaster 1cm

Unutra | Inside

U =0,19 W/m?/K

KOSI KROV
PITCHED ROOF

U (W/m’/K)

Spolja | Outside  salonit ploge Tcm, drvene letve/vazduh 5cm,

%_% termoizolacija 5cm, PE folija, daske 2,5cm,

“ malter 1cm

asbestos cement slabs 1cm, wooden battens/
air 5em, waterproofing 1cm, planks 2.5cm,

U = 0.68 W/mYK rafter 10x14cm, thermal insulation 5cm,

PE foil, planks 2.5cm, plaster 1cm

Unutra | Inside

hidroizolacija 1cm, daske 2,5cm, rog 10x14cm,

Spolja | Outside  novi krovni pokrivag, drvene letve/vazduh 5cm,
hidroizolacija 1cm, daske 2,5cm, termoizolacija
-~ 20cm (izmedu i iznad rogova sa sekundarnom
podkonstrukcijom 10x14cm), PE folija,
daske 2,5cm, malter 1cm
new roof covering, wooden battens/air 5cm,
_ 2, waterproofing 1cm, planks 2.5cm, thermal
U'= 0,20 W/m'/K insulation 20cm (between and above rafters
with secondary substructure 10x14cm),
PE foil, planks 2.5cm, plaster 1cm

Unutra | Inside

ELEMENTI UNAPREDENJA TEHNICKIH SISTEMA | TECHNICAL SYSTEMS IMPROVEMENTS ELEMENTS

Spolja | Outside  novi krovni pokrivac, drvene letve/vazduh 5cm,
hidroizolacija 1cm, daske 2,5cm, termoizolacija
30cm (izmedu i iznad rogova sa sekundarnom
% 4 podkonstrukcijom 10x14cm), PE folija,
daske 2,5cm, malter 1cm
Unutra | Inside  new roof covering, wooden battens/air 5cm,
_ 2, waterproofing 1cm, planks 2.5cm, thermal
U'=0.13 Wim'/K insulation 30gcm (between and above rafters
with secondary substructure 10x14cm),
PE foil, planks 2.5cm, plaster 1cm

SISTEMI GRIJANJA | PRIPREME POTROSNE TOPLE VODE | HEATING AND DOMESTIC HOT WATER SYSTEM

SISTEM GRIJANJA
PROSTORA
HEATING SYSTEM

POSTOJECE STANJE | CURRENT CONDITION

Pojedinacne peci na cvrsto gorivo (drvo+ugalj)
Individual solid fuel-burning furnaces (wood + coal)

UNAPREBENJE 1 | IMPROVEMENT 1

- Centralni sistem grijanja na drva ili pelet
Central heating system - wood or wood pellet

UNAPREBENJE 2 | IMPROVEMENT 2

Centralni sistem grijanja na drva

el
r ili pelet, s akumulatorom toplote,
= hidraulickim balansiranjem mreZe i
termostatstkim ventilima
% Central heating system - wood or wood
pellet, with heat accumulator, hydraulic

system balance and thermostatic valves

STEPEN ISKORISTENJA
SISTEMA GRIJANJA
HEATING SYSTEM
EFFICIENCY FACTOR

J

0,85

SISTEM PRIPREME
POTROSNE TOPLE VODE
DOMESTIC HOT

WATER SYSTEM (DHW)
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Electric water heater

' Elektri¢ni bojler

Centralni sistem pripreme PTV

13 povezan sa sistemom grijanja
Central domestic hot water system
in conjunction with heating system

1

| » Centralni sistem pripreme PTV povezan sa si-
/.\— stemom g