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Summary

Article 4 of the Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012 on
energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing Directives 206A(B/EC
2006/32/EC (Text with EEA relevarioglereinafter: the Directive 2012/27/EU) required all Member States of
the European Union to prepare their Loilgrm Strategy for Mobilising Investment in the Renovation of the
National Building Stock (hereinaftehe Strategy) and submit it to the European Commission by 30th April
2014. On 11th June 2014, the Croatian Government passed the Decision on the adoption of tfeinong
Strategy for Mobilising Investment in the Renovation of the National Building Stdabk &epublic of Croatia.

In the meantime, the above obligation referred to in the Directive has been transposed to Article 10 of the
Energy Efficiency Acand it states that the first Strategy update shall be drafted by 30 April 2017 and that
further updates shall be submitted to the European Commission every three years, along with the National
Action Plan.

The main objective of the Strategy is to identify effective measures for thetéyng mobilisation of cost
efficient integrated renovation of thebuilding stock of the Republic of Croatia (all residential and-non
residential buildings) by 2050 on grounds of the established economical and emaimal building
renovation model.

In accordance with the provisions of Directive 2012/27/EU, the &gsatovers the following topics:

1. Overview of the Croatian national building stodkcludes data on the number, area, and structural
and energy characteristics of the national building stock, grouped by purpose into four categories
(multi-residential buildhgs; family houses; public buildings and commercial buildings).

This document provides an overview of the above building categories by construction period, climate zone,
ownership and differentiation into rural and urban areds.order to provide a morgrecise and accurate
overview of the national building stock, the authors have systematically collected, processed and analyzed data
in the Statistical Yearbooks, published by the Croatian Bureau of Statistics between 1952 and 2011. According
to the resuts of a systematic research of the Statistical Yearbooks and the expert estimates of missing data,
Croatian national residential building stock consists of 762,397 buildings with a total floor area of 142,176,678
m?, of which 290,689 are multesidentialbuildings with a total floor area of 55,438,063,mand 471,708 are

family houses with a total floor area of 86,738,615 @roatian national nomesidential building stock consists

of 124,924 buildings with a total floor area of 50,342,363 af which 44728 are commercial buildings with a

total floor area of 36,540,459 fnand 80,196 are public buildings with a total floor area of 13,801,9020m
grounds of the analyses performed, it is established that the total current national building stock of the
Republic of Croatia comprises 887,321 buildings with a total floor area of 192,519°039 m

Since energy renovation programmes have been implemented within the three years from drafting the Long
Term Strategy up to today, the total floor area of the nabbuilding stock to be renewed from 2017 onwards

has been updated in accordance with the Annual Report on the Progress towards the National Energy
Efficiency Targets under Article 24 (1) in accordance with Part 1 of the of Annex XIV of the Directive
201227/EU of the European Parliament and of the Council of 25 October 2012 on energy efficiency, amending
Directives 2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and 2006/32/EC (Text with EEA
relevancej (hereinafter: the Report). According the Report providing a review of cumulative savings realized
from 2014 to 20161, 72767 PJ), the total floor area of the renovated building stock is estimated at 2,172,440
m°. Subtracting the area of the renovated building stock from the total natibonadling stock (192.519.000,00

mz), the updated area of the national building stock subject to renovation amounts to 190,346,560 m
should be noted that buildings which are not currently under the obligation of energy certification or are under

1European Commission (201B)irective 2012/27/EU of thEuropean Parliament and of the Council of 25th October 2012

on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and
2006/32/EC (Texts with EEA relevanespilable athttp://eur -lex.europa.eu/legatontent/HR/ALL/?uri=celex:32012L.0027
[2012]

2Energy Efficiency  Act, (Official  Gazette  No. 127/14) (2040, available at: http://narodne-
novine.nn.hr/clanci/sluzbeni/2014 10 127 2399.h{i30th April 2017]

®Draft [10th May 2017]
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some knd of protection are not excluded from the considered building stock due to the long period considered
within the Strategy (up to 2050), which implies the possibility of a change in the European and national
legislation.

The part relating to constructioand energy characteristics of buildings provides an estimate of the annual
heating energy requirements for coastal and continental Croatia, and also presents the buildings' structural
characteristics with heat transmittance coefficients of their structyraits and elements, depending on the
period, as well as an overview of the heating systems in use in Croatia. According to the analysis conducted,
buildings constructed prior to 1987 show the highest annual heating requirements and annual final energy
requirements for heating, cooling, domestic hot water (DHW) generation and lighting.

2. Analysis of key elements of the building renovation programnievolves an analysis of technical
options for energy renovation (retrofitjoy implementing EE and RES measuess analysis of the
technical capabilities of heating systems, and an identification of possible sustainable building
renovation models and the estimates of expected energy savings.

In order to select the optimal renovation method for each building catggwith regard to the currently
applicable technical and financial parameters, five possible models of sustainable building renovation have
been considered. Given the technical options of implementing various energy efficiency (EE) measures and
renewableenergy sources (RES) for each building category, as well as the scope of the measure packages for
the five proposed sustainable renovation models for each of the four building categories, the building
renovation model compliant to the requirements of tiechnical Regulatioon the Rational Use of Energy and
Thermal Protection of Buildings (Official Gazette No. 128Hé&einafter: the Technical Regulation), related to
large reconstruction, has been selected as the -aptmal building renovation model. The specific amount of

total costs (Annex 2, Annex 4, Annex 6, Annex 8, Annex 10, Annex 12, Annex 14 and Anasxb&@nh
considered the fundamental parameter in the comparison of various building renovation models and used as a
basis for charts drawn for each building category to illustrate the total cost dependence on the primary energy
level after renovation undea certain renovation model (Annex 3, Annex 5, Annex 7, Annex 9, Annex 11, Annex
13, Annex 15 and Annex 17). Although the shown charts and parameters in tblde3.6 and Table3.7)

suggest that the active house model is the most commercially viable, it should be noted that viability depends
on the status of preferential RE&nd cogeneratiorbased producer which thus covers a small fraction of the
national building stockdue to the obligatory administrative procedure to be followed, and due to the
obligation to report regularly and to meet the dknical conditions of the plant's efficiencyJonsequently,
building renovation compliant to th&@echnical Regulatiorequirements related to large reconstruction has

been selected as the coesptimal model.

A group of buildings built up to 1987 was sel as the target group with regard to their total floor area, state

of the heated space envelope and energy requirements. The above building stock was selected because of the
greatest savings potential and its significant share in the total floor aredl blildings. In addition, the above
input parameters in terms of the energy savings potential suggest that, within the buildings stock built up to
1987, the highest priority for integrated renovation should be given to family houses (potential dfispec
energy savings according to the useful floor area of the building up to 293.48 I&ykarly) and commercial
buildings (potential of specific energy savings according to the useful floor area of the building up to 274.78
kKWh/m? yearly). In addition tdhe great potential for energy savings, family houses are also a priority category
of buildings to be renovated in view of combating energy poverty, which is among the objectives of the Draft
4th National Energy Efficiency Action Plan 20079 However,in the category of family houses, deviation
from the data obtained is possible due to the high degree of firewood use and the smaller heated floor area of
the building than projected, which challenges the financial viability of renovation of familyehouigh these
characteristics, and the implementation largely depends on incentive measures (not only financial).

3. Policies and measures to stimulate cesffective integrated building renovatiorinclude an overview
of existing measures for and obstaclesdn integrated energy renovation of buildings in Croatia, as
well as proposed solutions and measures based on the situation in Croatia and on the analysis of
successful measures and policies of EU Member States.

“Draft [10th May 2017]



Overall, it can be concluded that theain obstacles to the renovation of the Croatian national building stock
are not only legislative and financial in nature, but that the integrated energy renovation of buildings is also
largely hampered by a lack of information and motivation on the p&imeestors, the public and stake holders.

This chapter gives an overview of successful policies and measures to mobilise investment in the energy
renovation of different building types in EU MembS8tates anddescribes the examples of financial and
legidative policies. In order to meet the set targets, the Croatian national policy of integrated renovation of the
national building stock shall include the six categories of measures detailed below.

4. Longterm perspective to guide the decisions made by individuals, the construction industry and
financial investments by the year 205(ncludes an estimate of investments required in the
renovation of the national building stock by 2050, and also idest#ieailable sources of funding and
successful methods of stimulating investors.

Meeting the set energy renovation objectives according to Tleehnical Regulatiorequirements related to

large reconstruction requires a mobilisation of sizeable resouimemvestment costs as well as maintenance

and replacement costs, that are all estimated to reach almost HRK 790 billion by 2050. The proposed pace of
renovation will achieve an overall reduction in {&nissions by 81.1%nd achieve the objectives settime EU

Energy RoadmapSince the currently available sources of funding are insufficient to achieve the set objectives,
the introduction of new, innovative funding mechanisms which combine public and market instruments
adjusted to a wide range of investois proposed. EU Structural and Investment Funds will be the primary
source of funds of removindparriers in the financialector andwill gradually enable a more intense
involvement offinancial institutionsand private investors in the energy servicearket.

5. Estimate of expected energy savings and widespread benefits of the integrated renovation of the
national building stock,based on calculation and model data, takes into account the fact that
investing in integrated renovation of the building skogields far wider economic benefits than mere
energy savings and improved housing and working quality.

Increased construction activity has a positive effect on gross domestic product (GDP), employment and budget
revenues. If the proposed programme otegrated renovation on 91.7% of the national building stock is
completed by the end of 2049, the expected impact on employment could produce 56 thousand new jobs in a
scenario involving conservatively estimated multiplier effects, or as many as 93 thomsamsdenario involving

strong multiplication. Additionally, the expected impact on employment by the year 2020 would be between
25 and 43 thousand new jobs, depending on the estimated multiplier effects, and an additional 5 to 9 thousand
more are expectd by 2030. The estimated impact of the integrated renovation programme on GDP growth by
2030 ranges between 5.0% and 8.4% and, by 2050, it ranges between 10% and 17%, depending on the
estimated multiplier effects. The estimated impact of the integrated osation programme on achieving
energy savings by 2030 is about 67.0 PJ, which is about 82% in terms of achieving the final consumption
objectives. Until 2050, it is possible to achieve energy savings of approximately 131.5 PJ, which is about 62% of
the oveall energy savings objective in the building sector. The effect gre@@sion reduction by 2030 will be
around 3,197.0 kt, and approximately 6,277.0 kt by 2050.

The wider economic benefits of the integrated renovation of the national building stogtotioesult only in
economic activities, budget revenues, and employment growth. integrated renovation of the national building
stock certainly results in improved health and, consequently, in considerable cost reduction in the Croatian
healthcare systenreduction of the energy poverty in Croatia and a steady increase of real estate value, while
indirect benefits will be visible in the tourism sector, enhanced quality of life and strengthening of the overall
national financial stability. Thanks to all tlebove reasons, it can be concluded with certainty that the
implementation of the integrated renovation programme of the Croatian national building stock will result in
improvements of the Croatian economy in almost all its segments in accordance wittletments of this
Strategy.

5Energy Roadmap 280. Luxembourg: Publications Office of the European Union, 2012, available at:
http://ec.europa.eu/energy/sites/ener/files/documents/2012_energy_roadmap 2050 en_0O.peih May 2017]
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1. Introduction

Energy security and climate change prevention largely depend on considerable improvements in building
energy efficiency. Individual EU countries have set a 20% energy saving olpgc®020 In accordance with

the Proposal for a Directive of the European Parliament and of the Council amending Directive 2010/31/EU on
the energy performance of buildings (Text with EEA relevgnm)hin the framework of the climate and
energy policy by 2030, EU obligations haverbestablished to further increase energy savings by at least 27%,
bearing in mind the Ewide 30% energy saving target. Furthermore, the European Utias set longerm

target of reducing COemissions from the building sector by 80 to 95% by 2050. In addition, Directive
2010/31/EU of the European Parliament and of the Council of 19th May 2010 on the energy efficiency of
buildings (recasf)(hereinafter: Directive 2010/31/EU) provides for thrcouragement of consideration of the
introduction of highefficiency alternative systems to the extent technically, functionally and economically
feasible, while Directive 2009/28/EC of the European Parliament and of the Council of 23rd April 2009 on the
promotion of the use of energy from renewable sources and amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC (Text with EEA relevﬁr(be)einafter: Directive 2009/28/EU) provides for the
obligation to introduce measures to increatde share of energy from renewable sources for all EU Member
States.

According to the obligations assumed under Directive 2012/27)8be Republic ofCroatia wagequired to
submit to the European Commission 89th April 2014ts LongTerm Strategy foMobilising Investment in the
Renovation of the National Building Stdblreinafter: the Strategyhich covers the following areas:

0 an overview of the national building stock;

0 an overview of construction and energy characteristics of buildings;

0 an analys of key elements of the building renovation programme;

0 identification of a coseffective approach to the renovation of buildings;

0 policies and measures to stimulate cadfective integrated renovation of the national building stock;

0 a longterm perspecive to guide investment decisions by individuals, the construction industry and
financial institutions by the year 2050;

0 an estimate of expected energy savings and wider benefits of systematic investment into integrated

renovation of the national buildingtock (new job creation, reduction of energy poverty, increase in
real estate value etc.)

The Strategy shall be updated every three years and submitted to the European Commission as part of National
Energy Efficiency Action Plans. The Strategy review shaubmitted to the European Commission along with

4th National Energy Efficiency Action Plan, the draft of which it is fully aligned with. Croatia's 4th National
Energy Efficiency Action Plan up to the end of 2019 (hereinafter: the NEEAP) was adppitsdamt to Article

8 of the Energy Efficiency Act and, in accordance with the requirements of Directive 20122 Tiidér which

EU Member States are required to draft and submit to the European Commission (EC) every three years their

6European Commission (201@&);oposal for a Directive t¢iie European Parliament and of the Council amending Directive
2010/31/EU on the energy performance of buildings (Text with EEA relevana#dble atttp://eur -lexeuropa.eu/legal
content/HR/TXT/?2uri=COM%3A2016%3A765%3 0N April 2017]

"Energy Roadmap 2050. Luxembourg: Publications Office of the European Union, 2012, available at:
http://ec.europa.eu/energy/sites/ener/files/documents/2012_energy roadmap 2050 en_0[peih May 2017]

8European Commission (201@)jirective 2010/31/EU of the European Parliament and of the Council of 19th May 2010 on
the energy diciency of buildings (recast) available at:  http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32010L (@310]

9European Commission (200®)irective 2009/28EC of the European Parliament and of the Council of 23rd April 2009 on
the promotion of the use of energy from renewable sources and amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC (Text with EEA relevancayailable at: http://eur-lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32009L (PX#)]

%European Commission (201B)irective 2012/27/EU of the European Parliament and of the Council lofCbber 2012

on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and
2006/32/EC (Texts with EEA relevane&pilable athttp://eur -lex.europa.eu/legatontent/HR/ALL/?uri=celex:32012L0027
[2012]

11European Commission (201B)irective 2012/27/EU of the European Parliament and of the Council of 25th October 2012
on energy efficiency, amending Directives 2009/125/EC artD/20/EU and repealing Directives 2004/8/EC and
2006/32/EC (Texts with EEA relevanespilable athttp://eur -lex.europa.eu/legatontent/HR/ALL/?uri=celex:32012L.0027
[2012]
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http://eur-lex.europa.eu/legal-content/HR/TXT/?uri=CELEX%3A32010L0031
http://eur-lex.europa.eu/legal-content/HR/TXT/?uri=CELEX%3A32009L0028
http://eur-lex.europa.eu/legal-content/HR/TXT/?uri=CELEX%3A32009L0028
http://eur-lex.europa.eu/legal-content/HR/ALL/?uri=celex:32012L0027
http://eur-lex.europa.eu/legal-content/HR/ALL/?uri=celex:32012L0027

plans containing masures which, once implemented, will achieve the set targets for energyusadavings
targets by 2019. NEEAP puts emphasis on the development and implementation of detailed and
comprehensive national programmes for the complete renovation of resideatidlnonresidential buildings,
which can save up to 18.0 PJ by 2019.

While the main objective of Directive 2012/27/EU is to achieve the 2020 20% headline target on energy
efficiency, Article 1 prescribes that the directive should "pave the way for furdmergy efficiency
improvements beyond that date". This will be achieved on the basis of the Proposal for a Directive of the
European Parliament and of the Council amending Directive 2010/31/EU on the energy performance of
buildings (Text with EEA releva)? in terms of energy savings of at least 27% bearing in mind the headline
target of 30% of energy savings at EU level. Article 4 goes a step further by obliging EU Member States to draft
longterm strategies for mobilising investment in the renovationtbé national building stock in order to
realise the full potential of energy and financial savings. The main objective of the Strategy is to provide
guidelines for a welplanned, realistic and ambitious approach to the renovation of the national buiktingk

by 2050, which will include both the residential and the wemidential national building stock. It is very
important to find measures for mobilising investment in the renovation of existing buildings because they make
up the single sector with # greatest potential for savings of all types of energy and, consequently, have a key
role in reducing greenhouse gas emissions b@8% in the EU by 2050 compared to 1990.

The methodology and terminology of the Strategy have been fully harmonisedtvétfollowing documents
and draft documents in force at the national level:

0 National Plan for Increasing the Number of Nearly Zemergy Buildings 2050

d National Energy Efficiency Programme 2@08.6

d 2nd National Energy Efficiency Action Plan 22013";

d 3rd National Energy Efficiency Action Plan 20046

o Draft4th National Energy Efficiency Action Plan 200719

0 Programme of Energy Renovation of Family Houses-2029 with a detailed plan 2012016'%

0 Pro%{g\mme of Energy RenovationMilti-Residential Buildings 2042D20 with a detailed plan 2014
201

0 Programme of Energy Renovation of Commercial-Renidential Buildings 2042020 with a detailed

plan for the energy renovation of commercial nogsidential buildings 20120167,
d Progranme of Energy Renovation of Public Buildings 22045

’European Commission (2016)oposal for a Directive of the European Parliament and of the Council amending Directive
2010/31/EU on the energy performance of buildings (Text with EEA releyvana#dble athttp://eur -lex.europa.eu/legal
content/HR/TXT/?uri=COM%3A2016%3A765%3 g0l April 2017]

*National Plan for Increasing the Number of Nearly Zemergy Buildings 2020, December 2014, Ministry of Constructio
and Physical Planning, availablefgtp://www.mgipu.hr/doc/Propisi/lPLAN_PBZ 0 energije_do_2020[B6th April 2017]
“National Energy Efficiency Programme 2@08.6. Ministry of Economy, March 2010, available at:
http://www.mingo.hr/userdocsimages/energetika/Nacionalni%20program%20energetske%20u%C4%8Dinkovitosti%20200
8.% 206% 202010..pd30th April 2017]

2nd National Energy Efficiency Action Plan 22013, Ministry of Economy, February 2013, available at:
http://www.mingo.hr/userdocsimages/2.20Nacionalni%20akcijski%20plan%20energetske%20ucinkovitosti%20za%%%
20razdoblje%20do 20kjado 202013.pdi30th April 2017]

%3rd National Energy Efficiency Action Plan 28046, Ministry of Economy, July 2014, available at:
http://www.mingo.hr/public/3%20Nacionalni_aljski_plan.pdf30th April 2017]

YDraft [10th May 2017]

18Programme of Energy Renovation of Family Houses-2020 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th
April 2017]

Programme of Energy Renovation for MiRiésidential Buildings 2022020 with a detailed 2012016 plan, May 2014,
Ministry of Consuction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGRADHJ3@th April 2017]

20Programme of Energy Renovation of Commercial-ResidentiaBuildings 2014020 with a detailed plan for the energy
renovation of commercial nenesidential buildings 2012016, July 2014iinistry of Construction and Physical Planning,
available athttp://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p{30th April 2017]

21Programme of Energy Renovation of Public Buildings 2018, October 2013, Ministry of Construction and Physical
Planning, available at:
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http://eur-lex.europa.eu/legal-content/HR/TXT/?uri=COM%3A2016%3A765%3AFIN
http://eur-lex.europa.eu/legal-content/HR/TXT/?uri=COM%3A2016%3A765%3AFIN
http://www.mgipu.hr/doc/Propisi/PLAN_PBZ_0_energije_do_2020.pdf
http://www.mingo.hr/userdocsimages/energetika/Nacionalni%20program%20energetske%20u%C4%8Dinkovitosti%202008.%20-%202010..pdf
http://www.mingo.hr/userdocsimages/energetika/Nacionalni%20program%20energetske%20u%C4%8Dinkovitosti%202008.%20-%202010..pdf
http://www.mingo.hr/userdocsimages/2.%20Nacionalni%20akcijski%20plan%20energetske%20ucinkovitosti%20za%20razdoblje%20do%20kraja%202013.pdf
http://www.mingo.hr/userdocsimages/2.%20Nacionalni%20akcijski%20plan%20energetske%20ucinkovitosti%20za%20razdoblje%20do%20kraja%202013.pdf
http://www.mingo.hr/public/3%20Nacionalni_akcijski_plan.pdf
http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdf
http://www.mgipu.hr/doc/Propisi/Program_EO_VS_ZGRADE.pdf
http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pdf

)

Programme of Energy Renovation of Public Buildings-2026%

In line with European Commission recommendations, the Strategy was based on the following guidelines:

)

O« O¢ O«

Ox¢

Set very high lonterm objectivedfor the national building stock renovatianminimum 80%

reduction ingreenhouse gas emissiohg 2050;

Provide an overview of the national building stock to include all buildings in Croatia;

Propose clear and practicable financial models of the nationi#dling stock renovation by 2050;

Estimate the impact of proposed policies and measures on the national economic development;
Estimate expected energy savings in the national building stock for the purpose of better planning and
monitoring of results achieed in the Strategy implementation phase;

Propose new lorngerm funding mechanisms, as well as the plans and perspectives to ensure a stable
investment climate for all market participants.

http://www.mgipu.hr/doc/EnergetskaUcinkovitost/Program_energetske _obnove_javnih_zgrada-201%.pdf[30th April

2017]

22Programme of Energy Renovation of PulBigildings 201020, March 2017, Ministry of Construction and Physical
Planning, available altttp://narodne-novine.nn.hr/clanci/sluzbeni/2017 03 22 508.htf@0th April 2017
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2. Overview of the national building stock of the Republic of Crizat
2.1 National building stock categories by purpose

For the purpose of compliance with strategic documents and programmes of energy renovation of buildings
20132020 and with the building classification in accordance with Directive 2010/31/&a#,the purpose of
drafting this Strategy, the Croatian national building stock is organised into the following categories by
purpose:

Multi-residential buildings;

Family houses;

Public buildings;

Commercial buildings.

O« O« O¢ O«

In drafting theProgramme of EnergiRenovation of MultResidential Buildings 2022D20and theProgramme

of Energy Renovation of Family Houses 20020 the results of the IPA project nameitizen Participation in
Energy Efficiency Planning (CENERssifying residential buildings into family houses and mnedtidential
buildings, have been used. The above classification of the Croatian residential building stock shall also be used
in this Strategy, as well as the definitions within fAimgrammeof Energy Renovation of Family Houses, Multi
Residential Buildings and Public Buildings the context of the Longerm Strategy, public buildings are
buildings owned by the public sector and used for social activities (education, science, culturs, Bpalth

and social welfare), the activities of state bodies and organizations, as well as those of local and regional
government bodies and organizations, the activities of legal entities with public authority, and also residential
buildings for communies, buildings of citizens' associations and religious community buildings. A family house
is any building in its entirety or in which more than 50% of gross floor area is dedicated to housing, and which
has a maximum of two housing units, which is builtabseparate building plot and has a building gross floor
area of less than or equal to 400°nA multiresidential building is any building wholly or in which more than
50% of gross floor area is dedicated to housing, and which consists of three or esatential units and is
managed by a building manager, a legal and natural person, in accordance with the Act on Ownership and
Other Real Property Rights.

As commercial buildings are not clearly defined in the relevant Croatian legislative framewo8trategy will

use the definition from the Programme of Energy Renovation of CommerciaRdsidential Buildings 2014
2020 according to which commercial buildings are all majority privateiyed buildings where more than 50%
of gross floor area is dedital to business and/or service activities, compliant to the terms used in the

23LongTerm Strategy for Mobilising Investment in the Renovation of the National Building Stock of the Republic of Croatia,
June 2014, Ministry ~ of  Construction  and Physical Planning, available  http://narodne-
novine.nn.hr/clanci/sluzbeni/2014 06 _74 1397.htf80th April 2017];

Programme of Energy Renovation of Commercial-Regidential Buildings 2042020 with a detailed 20£2016 plan for

the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pf80th April 2017];

Programme of Energy Renovation of Public Buildings 2026, March 2017, Ministry of Construction and Physical
Planning, available altttp:/narodne-novine.nn.hr/clanci/sluzeni/2017_03 22 508.htnjB0th April 2017];

Programme of Energy Renovation of Family Houses-2028 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th

April 2017];

Programme of Energy Renovation for Métesidential Buildings 2022D20 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGRADHJ3@th April 2017]

*European Commission (201@)irective 2010/31/EU of the European Parliament and of the Council of 19th May 2010 on
the energy efficiency of buildings (recast) available at:  http://eur -lex.europa.e/legat
content/HR/TXT/?uri=CELEX%3A32010L (@310]

25Programme of Energy Renovation of Family Houses-2020 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pd30th

April 2017]

Programme of Energy Renovation for MRisidential Buildings 2022020 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGRADH3@th April 2017]
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Construction A&, Physical Planning Aéand the TechnicaRegulation on Rational Use of Energy and Thermal
Protection in Buildindg, to the definition of public buildings in ¢hsector of commercial services within the
second National Energy Efficiency Action Plan and to the definition of residential andesigdéntial buildings

in the Programme of Energy Renovation of MRsidential Buildings 2012020 and the Programmefo
Energy Renovation of Family Houses 20020.

%Construction Act, Zagreb “fifial Gazette" Nos 153/2013 and 20/2017 (3221), available Htp://narodne-
novine.nn.hr/clanci/sluzbeni/2013 12 153 3221.h{i30th April 2017]

27Physical Planning Act, Zahj "Official Gazette" No 153/2013, (322)) available at: http:/narodne-
novine.nn.hr/clanci/sluzbeni/2013 12 153 3220.h{i30th April 2017]

*Technical Regulation on Energ§gonomy and Heat Retention in Buildings. Zagreb 0G128/2015 (2428), available at:
http://narodne-novine.nn.hr/clanci/sluzbeni/2015 11 128 2428.h{i30th April 2017]
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2.2 Overview of the national building stock by construction period

The overview of the national building stock according to the construction period is based on data from the
following sources:

0 Annual Statistial Yearbook of the Croatian Bureau of Statistics;

0 Programme of Energy Renovation of MiResidentiaBuildings 2012020°;

0 Programme of Energy Renovation of Family Houses-2028";

0 Programme of Energy Renovation of Commercial-Residential Building3014-202031;

0 Register of public buildings of the central government and a calculation of targets under Directive

2012/27/EU?

The distribution of buildings by construction period is defined by Building Energy Audit Methodolofyin
five time periods:

up to 1940;

1941-1970;

1971-1987;

1988-2005;

2006 to present.

agprwODdE

In view of a more accurate and detailed overview of the National Building Stock as well as the alignment with
the Strategy with the Operational Programriieyhich distributesthe building stock into seven construction
periods depending on the manner of construction, the building materials used and the technical regulations in
force, the overview of the national building stock by construction period shall be based on the frfigllowi
periods defined in the Programme:

0 upto 1940;
0 1941-1970;
0 1971-1980;
0 1981-1987;
0 19882005;
0 20062009;
0 20102011.

The tables below provide an overview of the national residential building stock and an overview of the national
non-residential building stck by construction periodT@ble2.1 and Table2.2).

*Progranme of Energy Renovation for MuRiesidential Buildings 2022020 with a detailed 20:2016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGRADH3th April 2017]

30Programme of Energy Renovation of Family Houses-2020 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#tp://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th

April 2017]

31Programme of Energy Renovation of Commercial-Residential Buildings 2042020 with a detailed 2012016 plan for

the renovation of commercial nomesidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/43268.pdf[30th April 2017]

#Register of public buildings of the central government and a calculation of targets under Directive 2012/27/EU of 25th
hOG206SN) HamHE 2y SySNH& SFFAOASyOes 58SO0-btpiwsviNngipur{@dth 9y SNH&
April 2017]

33Building Energy Audit Methodology [online], June 2014, Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/EnergetskaUcinkovitost/ METODOLOGIJA EP @it April 2017]

34Programme of Energy Renovation of Commercial-Residential Buildings 2042020 with adetailed 20142016 plan for

the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pd80th April 2017]
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http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pdf
http://www.mgipu.hr/
http://www.mgipu.hr/doc/EnergetskaUcinkovitost/METODOLOGIJA_EPG.pdf
http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pdf

Table2.1 Residential building stock of the Republic of Croatia by year of construction

. Multi-residential buildings Family houses

Year of construction

No. Floor area [rf] No. Floor area [rf]
up to 1940 37,201 5,830,983 64,391 10,092,805
1941-1970 85,959 13,473,337 151,507 23,747,572
1971-1980 59,882 10,398,113 93,109 16,167,887
19811987 44,434 9,401,527 68,348 14,461,473
19882005 38,358 8,177,401 75,615 16,120,249
2006;2009 18,256 6,199,252 13,762 4,673,079
20102011 6,600 1,957,449 4,976 1,475,551
TOTAL 290,689 55,438,063 471,708 86,738,615

SourceREGEAR017

Table2.2 Nonresidential building stock of the Republic of Croatiaybgr of construction

; Commercial buildings Public buildings

Year of construction

No. Floor area [rf] No. Floor area [rf]
up to 1940 2,338 1,498,159 12,365 1,545,813
19411970 12,587 8,064,602 22,525 2,815,845
1971-1980 6,733 5,251,934 19,021 1,882,000
1981-1987 4,323 5,108,279 10,158 2,152,000
19882005 10,596 8,107,287 11,059 2,722,497
200652009 6,199 6,352,000 3,673 2,073,747
20102011 1,952 2,158,198 1,395 610,000
TOTAL 44,728 36,540,459 80,196 13,801,902

SourceREGEA017

Since the firsofficial statistics on construction and floor area of buildings date back to 1952, it was extremely
difficult to find credible data on the number and total floor area of the national building stock built up to 1952
which the assessment would be based ohe Estimate of Croatia's total national building stock area prior to
1940 was based on the fact that 16.4% of the total building stock had been built prior to 1940, and on the
assumption that the share of residential buildings was 65% of the total constriwilding stock. With official
statistical records kept since 1983the total number and area of Croatia's national building stock from 1941
to 1970 has been established as follows:

0 by means of estimation for the period between 1941 and 1952;
0 according to Statistical Yearbook data for the period between 1953 and 1970.

According to the results of systematic research of Statistical Yearbooks and expert estimates of missing data,
Croatia's national residential building stock consists of 762[R28ldings with a total floor area of 142,176,678

m?, of which 290,689 are muitesidential buildings with a total floor area of 55,438,063amd 471,708 family
houses with a total floor area of 86,738,615.m

Croatian national nomesidential building teck consists of 124,924 buildings with a total floor area of
50,342,361 My of which 44,728 are commercial buildings with a total floor area of 36,540,458 80,196
are public buildings with a total floor area of 13,801,902 m

On grounds of the angses performed, it is established that the current national building stock of the Republic
of Croatia comprises 887,321 buildings with a total floor area of 192,519,639 m

Since energy renovation programn’?‘ébave been implemented within the three yedrsm drafting the Long
Term Strategy/ up to today, the total floor area of the national building stock to be renewed from 2017

#Croatian Bureau of Statistics (195870), Statistical Yearbook of the Republic of Croftialine], Zagreb, available at:
http://www.dzs.hr/ [30th April 2017

36LongTerm Strategy for Mobilising Investment in the Renovation of the National Building Stock of the Republic of Croatia,
June 2014, Ministry ~ of  Construction  and Physical Planning, available  http://narodne-
novine.nn.hr/clanci/sluzbeni/2014 06 _74 1397.htfa0th April 2017]

37Programme of Energy Renovation of Commercial-Residential Buildings 2042020 with a detailed 2012016 plan for

the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p{B0th April 2017];
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onwards has been updated in accordance with the Annual Report on the Progress towards the National Energy
Efficiency Targetainder Article 24 (1) in accordance with Part 1 of the of Annex XIV of the Directive
2012/27/EU of the European Parliament and of the Council of 25 October 2012 on energy efficiency, amending
Directives 2009/125/EC and 2010/30/EU and repealing Directive4/2EC and 2006/32/E€(hereinafter:

the Report). According to the Report which provides an overview of cumulative savings realized from 2014 to
2016, an estimate was made on the total floor area of the renovated building statdgpries.

Table2.3).

According to the Report, the savings realized through energy renovation programmes from 2014 to 2016
amount to 172767 PJ (479.908.333,30 kWh). Sinceirsgs data comes from the Energy Savings Measuring,
Monitoring and Verification Systerfi, and the data on the useful floor area of buildings is entered by users
only in the case of an integrated renovation, whereas it is not entered in case of renovatioamlinng
individual parts of the building envelope, it is necessary to estimate the amount equivalent to the useful
floor area of buildings renovated from 2014 to 2016. The documents accompanying the Report state that the
integrated renovation of buildingghe floor area of which is 84,022.49 fmealized savings of 15,023,645.26

kWh in 2016. By dividing the difference of the total savings in 2016 and the savings realized by integrated
renovation with the ratio of the area of buildings subject to integrate@movation and the resulting savings,

the amount equivalent to the area of renovated buildings subject to integrated renovation relative to total
savings is obtained. The amount equivalent to the areahlnfildings subject to integrated renovation from

2014 to 2015 is calculated analogously. The calculation results in an estimate of the area of the building stock
renovated under energy renovation programmes to the amount of 2,172,440 Bubtracting the area of the
renovated building stock from the total ngonal building stock (192.519.000,002m the updated area of the
national building stock subject to renovation amounts to 190,346,560. ince this is an estimate, the table
below gives the total estimate of the area of renovated buildings, without disuting the buildings into
categories.

Table2.3 Cumulative savings realized and an estimate of the area of the building stock renovated from 2014 to
2016

. Savings | Total investment SSRGS
Measure title (PJ] [HRK] of the renovated
building stock [rf]

Programme of Energy Renovation of Family Houses 20146 1.10438 778,492,028.45

Programme of Energy Renovation of Mirisidential Buildings 0.25131 154,535,990.29

Programme of Energitenovation of Public Buildings (20P015) 0.30125 344,258,164.79

Programme of Energy Renovation of Commercial-Residential Buildingy 0.07073 49,781,776.24

TOTAL 1.72767 1,327,067,959.77 2,172,440

SourceREGEA017

Programme of Energy Renovation of Public Buildings -2015%, October 2013, Ministry of Construction and Physical
Planning, available at:
http://www.mgipu.hr/doc/EnergetskaUcinkovitost/Program_energetske _obnove javnih_zgrada-201%. pdf

Programme of Energy Renovation of Family Houses-2028 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, &ldé at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th
April 2017];

Programme of Energy Renovation for MiRtsidential Buildings 2042020 with a detded 20142016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGRADH3ath April 2017]

*Draft [10th May2017]

*Available athttp://cei.hr/smiv-sustavmijerenje-pracenjei-verifikacijuustedaenergije/

18



http://www.mgipu.hr/doc/EnergetskaUcinkovitost/Program_energetske_obnove_javnih_zgrada_2014-2015.pdf
http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdf
http://www.mgipu.hr/doc/Propisi/Program_EO_VS_ZGRADE.pdf
http://cei.hr/smiv-sustav-mjerenje-pracenje-i-verifikaciju-usteda-energije/

2.3 Overview of the nationabuilding Stock by climate zone

According to Article 18 of the Ordinance on Building Energy Audit and Energy Certifléationdepending on
the average monthly outdoor air temperature in the coldest month at the building location, Croatia is divided
into two climatic zones:
0 Continental Croatia- cities, towns and villages where the average monthly outdoor air
GSYLISNI G§dzZNE Ay GKS O2f RSaid Y2yGK |G o0dzAft RAy3 €20l
0 Coastal Croatia- cities, towns and villages where the average monthly outdoor air
temperature in the coldest month at the building location is > 3 °C.

An overview of the national building stock by the climate zone is based on data frdiollthwing sources

0 Statistical Yearbooks of the Croatian Bureau of Statistics;
0 Programme of EneygRenovation of Commercial Nétesidential Buildings 2022020
0 Register of public buildings of the central government and a calculation of targets under Directive

2012/27/EU?

The following tables provide an overview of the national residential buildtogk and the national non
residential building stock by climate zoreable2.4 and Table2.5).

Table2.4 Overview of the national residential building stock by climate zone

; Multi-residential buildings Family houses Total
Climate zones
No. Floor area [rf No. Floor area [rf] No. Floor area [rf]
Continental Croatia 186,922 35,648,303 303,322 55,775,475 490,244 91,423,778
Coastal Croatia 103,767 19,789,760 168,386 30,963,140 272,153 50,752,900
TOTAL 290,689 55,438,063 471,708 86,738,615 762,397 142,176,688

SourceREGEA017

Table2.5 Overview of the national neresidential building stock by climate zone

. Commercial buildings Public buildings Total
Climate zones
No. Floorarea [nf] No. Floor area [rf] No. Floor area [rf]
Continental Croatia 29,968 24,482,108 53,731 9,247,275 83,699 33,729,383
Coastal Croatia 14,760 12,058,351 26,465 4,554,628 41,225 16,612,979
TOTAL 44,728 36,540,459 80,196 13,801,902 124,924 51,342,362

SourceREGEAR017

The overview of Croatia's national building stock by climate zone shows that 490,244 buildings with a total
floor area of 91,423,778 hsituated in continental Croatia and 272,153 buildings with a total floor area of
50,752,900 rhin coastal Croatia.

The overview of the Croatian national noesidential building stock by climate zone shows that 83,699
buildings with a total floor area of 33,729,383 are situated in continental Croatia and 41,225 buildings with
a total floor areaof 16,612,979 rhin coastal Croatia.

The above leads to the conclusion that, of the Croatian total national building stock, 573,943 buildings with a
total of 125,153,161 fare situated in continental Croatia and 313,378 buildings with a total floor area of
67,365,879 rhin coastal Croatia.

“°Ordinance on Building Energy Audit and Energy CertificationeZa@6 Nos 48/2014, 150/2014, 133/2015, 22/2016,
49/2016, 87/2016 and 17/2017 (929), available latp://narodne-novine.nn.hr/clanci/sluzbeni/2014 04 48 929.html

[30th April 2017]

41Programme of Energy Renovation of Commercial-Residential Buildings 2042020 with a detailed 2012016 plan for

the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planningbkzvail

at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pB0th April 2017]

42Register of public buildings of the central government and a calculation of targdesr Wirective 2012/27/EU of 25th
hOG206SNJ Hamu 2y SySNHe& STFAOASYyOez 5S50SYwan8mdipuhr[80thAprid y SNH &
2017]
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2.4 Overview of the national building stock by ownership

The overview of the national building stock by ownership is based on the d&inet through a systematic
search of Statistical Yearbooks, which are published by the Croatian Bureau of Statistics. Since the first
statistical data on construction and building floor area date from 1952 and the period considered has seen
major social banges, there are significant differences in the categorisation of buildings by ownership. Bearing
in mind that almost all buildings (except family houses) were exclusively "socially owned" until 1991 during
workers' selfmanagement, as reflected in Stditsl YearbooksTable 2.6 the data Table 2.7 provide an
estimate of the national building stock by ownership based on the assumption that about 99% of Croatia's
residential building stock has passed from social to private ownership since 1991.

Table2.6 Overview of the national residential building stock by ownership

: Multi-residential buildings Family houses
Ownership
No. Floor area [rf] No. Floor area [rf]
Private 287,783 54,883,682 466,991 85,871,229
Public 2,907 554,381 4,717 867,386
TOTAL 290,689 55,438,063 471,708 86,738,615
SourceREGEA017

Table2.7 Overview of the national nonesidential building stock by ownership

. Commercial buildings Public buildings
Ownership
No. Floor area [rf] No. Floor area [rf]
Private 44,728 36,540,459 0 0
Public 0 0 80,196 13,801,902
TOTAL 44,728 36,540,459 80,196 13,801,902
SourceREGEA017

The overview of the national building stock by ownership shows 799,502 buildings with a total floor area of
177,295,370 rhas being privately owned, and 87,820 buildings with a total floor area of 15,223,668 m
being publicly owned.
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2.5 Overview of the national building stock by type of area (urban/rural)

The categorisation of the national building stocktyyye of area (urban/rural) has been conducted according to
the Model for the Differentiation of Urban, Rural and Sesnban Settlements in the Republic of Cro&lia
which defines the urban area as the local government unit hosting the county seat andhamysettlement
counting more than 10 000 inhabitants and representing an urban, historical, natural, economic and social
entity.

Tables below provide an estimate of the national residential andnesidential building stock, respectively, by
type of congruction area Table2.8 and Table2.9).

Table2.8 Overview of the national residential building stock by type of area
e e Multi-residential buildings Family houses
No. Floor area [rf] No. Floor area [rf]
Urban 162,454 28,237,990 263,617 44,181,273
Rural 128,236 27,200,072 208,091 42,557,342
TOTAL 290,689 55,438,063 471,708 86,738,615

SourceREGEAR017

Table2.9 Overview of the national nonesidential building stock by type of area

Commercial buildings Public buildings
Type of area
No. Floor area [rf No. Floor area [rf]
Urban 31,484 25,720,860 56,450 9,715,171
Rural 13,244 10,819,599 23,746 4,086,732
TOTAL 44,728 36,540,459 80,196 13,801,902

SourceREGEA017

The overview of the national residential building stock by the type of construction area shows 426,071
buildings with a total floor area of 72,419,263 being situated in urban areas, and 336,327 buildings with a
total floor area of 69,757,414 fin rural areas.

The overview of the national neresidential building stock by the type of area shows 87,934 buildings with a
total floor area of 35,436,031 hbeing situated in urban areas, and 36 990 buildings with a total floor area of
14,906,331 rfin rural areas.

It may be concluded from the analyses conducted that of the Croatian total national building stock 514,005
buildings with a total floor area of 70855,294 rhare situated in urban areas, and 373,317 buildings with a
total floor area of 84,663,745 Tin rural areas.

“Model for the Differentiation of Urban, Rural and Sddmban Settlements in the Republic of Croatia, Methodological
Instructions 67, Croatian Bureau of Statistics, 2011; availablatpt/www.dzs.hr/ [30th April 2017]
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2.6 Energy performance and building characteristics

2.6.1 U-coefficients of building components and elements

Energy performance and buildirdparacteristics, as well as their energy consumption, are largely determined
by the construction period. While the level of energy consumption for heating in buildings can also be
monitored through other parametefé(e.g. climate temperature conditionf the location and climate zone,
building shape factor etc.), the construction period mostly provides information about construction
characteristics and the types of structures applied, as well as (non)compliance with heat retention regulations
relevant br a particular construction peridd

The essential information in the analysis of energy performance and characteristics of building components
and elements is that concerning a building's purpose and energy consumption specifics, that is, the building
usage regime according to its purpé’%eBuilding categories by purpose will not be elaborated further, but
rather a description of the characteristics of structural elements of a typical building predominant in a
particular construction period will be prested. Table2.10 presents the estimated annual thermal energy
requirements and annual consumption of energy provided for heating, cooling, domegtiwdter (DHW)
generation and lighting per fiin coastal and continental Croatia by category of the Croatian national building
stock according to building purpose as defined in Chapter 2.1.

*“Programme of Energy Renovation of Family Houses-2028 with a detailed 2012016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#tp://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th
April 2017];

Programme of Energy Renovation for MiRtsidential Buildings 2042020 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGRADHZath April 2017]

**United Nations Development Programme&NDP. (2010xnergy Certification Manuatelina: Tiskara Zelina

**United Nations Development Programme&NDP. (2010xnergy Certificatio Manual.Zelina: Tiskara Zelina
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Table2.10 Annual thermal energy requirements for heating and annual consumption of energy provided in continental and coastalk@vbatiaa]*’

Annual thermal energy requirement for heating [kKWh/fa]
Building purpose ContinentalCroatia Coastal Croatia
up to 1941 1971 1981 1988 2006 2010 up to 1941 1971 1981 1988 2006 2010
1940 1970 1980 1987 2005 2009 2011 1940 1970 1980 1987 2005 2009 2011
Multi-residential buildings 270 200 190 180 150 90 70 122 90 86 81 68 41 32
Family houses 300 320 304 288 240 144 112 141 150 143 135 113 68 53
Nonresidential public buildings 190 247 271 169 125 102 62 95 125 135 87 79 65 32
Nonresidential commercial buildings 229 298 326 204 150 123 75 115 150 163 105 95 78 38
Building purpose Annualconsumption of energy provided for heating, cooling, DHW generation and lighting [kWiajm
Multi-residential buildings 477 354 336 318 265 159 124 216 159 152 143 120 72 57
Family houses 530 566 537 509 424 255 198 249 265 253 239 200 120 94
Non-residential public buildings 237 367 473 374 332 282 148 119 224 336 281 385 305 139
Nonresidential commercial buildings 286 443 570 451 400 340 178 143 270 404 339 464 368 167
SourceREGEA017

47Programme of Energy Renovation of Commercial-Residential Buildings 2012020 with a detailed 2032016 plan for the renovation of commercial nogsidential buildings, July 2014,
Ministry of Construction and Physicdafning, available ahttp://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p{B0th April 2017];

Programme of Energy Renovation of Family Houses-2020 with a detaild 20142016 plan, March 2014, Ministry of Construction and Physical Planning, availabl¢gpdtnarodne-
novine.nn.hr/clanci/sluzbeni/dodatni/431066.pfB0th April 2017];

Programme of Energy Renovation for MiRgsidential Buildings 2022020 with a detailed 203:2016 plan, May 2014, Ministry of Construction and Physical Planning, available at:
http:/ /www.mgipu.hr/doc/Propisi/Program_EO_VS ZGRADH3@dh April 2017]
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2.6.1.1 Construction typical for the period prior to 1940

The main characteristic of buildings constructed in this period is the use of traditional techniques and
materials, with no thermal protection appliéd Buildings were built as a solid stone masonry construction
(primarily in coastal area) structures, with¢ cm walls producing satisfactory structure statics. Ceilings are
mostly wooden or constructed with brick, stone or concrete elements (ribbed concrete ceiling). Thanks to their
large wall thickness and a relatively modest degree of interior space heating, such masdieq buildings

had rather lower heat losses than more recent light concrete structures without thermal protection. Thermal
transmittance coefficient figures showm ithe table below Table 2.11) do not meet the requirements of
current regulations, so a considerable share of heat is lost and moisture appear®maseguence. Ventilated
basements serve as a buffer layer between the ground and grdlond space, while the ceilings bordering
unheated attic are usually made of wood with (plastered board) underside, a layer of rubble and an upper
board decking as thetiic floor. Windows and doors of buildings of that period are mostly wooden, single or
double, glazed with one or two sheets of glass per leaf and with no seals.

Table2.11 Heat transmittance coefficient®f typical structural element?

Typical construction part Thermal transmittance coefficient, U [W/AiK]
Typical period up to 1940 1941-1970 1971-1980

External wall, bordering garage or attic 1.40% 3.56%° 1.13*°
Floor on ground level 2.67 2.67 0.89+*
Wall bordering unheated stairwell 1.64* 2.84* -
External wall bordering outer space 1.15% 4.42% 4.42°%
Ceiling bordering unheated attic 1.16% 4.20°
Ceiling above outer space 5 2.19+° 1.41%°
Inclined roof (residential space underneath) 5 5 0.63*'°
Flat roof (residential space underneath) . 0.96** 0.96*"*
Windows 3.6 5.2*7 4.0*"7

*145 cm solid brick (plastered on both sides).

*230 cm solid brick (plastered on both sides).

*360 cm solid brick (plastered on both sides).

**40 cmwooden ceiling with sand or rubble infill, plated with 6 cm full clay masonry elements.
*5Wooden frame, double singiglazed (4 mm) window, two window jambs at a distance of d=30cm, no seal.
*625 cm reinforced concrete (1.5 cm plaster layer on the inside

*720 cm reinforced concrete (1.5 cm plaster layer on the inside).

*825 cm reinforced concrete.

*96 cm fineribbed ceiling slab, 40 cm in total height.

*1916 cm reinforced concrete.

*1116 cm concrete slab, 3 cm thermal insulation, cement screechgdcb-insulation.

*12\Wooden frame, singlglazed (4 mm) window, no seals.

*1315 cm reinforced concrete, 3 cm thermal insulation and 12cm fagade brick.

*1“Floor on ground level, 3 cm thermal insulation.

*1514 cm clay brick elements + 6 cm concrete slab.

*1%Timber joists with 5 cm thermal insulation infill.

*1” Metal frame with no thermal bridge interruption, double (4/8/4) simple glazing, no seal.

It should be noted that since a regulation concerning heat retention in buildings was adopted under aJUS
U.J5.600 standard in 1980, all typical structural elements of buildings are considered to {caedfitients
equal to those under the legislative framework applicable since 1980, which are stated for each typical period.

*8United Nations Development Programme&NDP. (2010nergy Certification Manuaelina: Tiskara Zelina
49Building Energy Audit Methodology, Table 6, Table 7 and Table 8 [online], October 2012, Ministry of Construction and
Physical Planning, available lttp://www.mgipu.hr/doc/Propisi/Metodologija_provodenja_epg.pdB0th April 2017]
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2.6.1.2 Construction typical for the pdod between 1941 and 1970

On the one hand, the main characteristic of construction in this period is the use of traditional techniques and
materials described in the previous chapter and, on the other hand, early application of new materials and
buildings with thinner, widespan structural elements, large singjazed glass surfaces, poor thermal
performance and no thermal protection applfsé’d The use of reinforced concrete allows the structural
elements to be thinner, resulting in major thermal losse$he absence of thermal insulation. In order to meet

the requirements of structural analysis for buildings, metal profiles of extremely poor thermal performance
were used. It may be concluded that the buildings constructed fi®a1l to 1970 had generall poorer
thermal performance than the buildings in the previous perioflable2.11, they are characterised by the
occurrence of moisture andondensation (mostly on the ground floor and the topmost heated floor),
numerous thermal bridges and unsatisfactory window sealing.

2.6.1.3 Construction typical for the period between 1971 and 1980

The construction period between 1971 and 1980 is characterigedhb adoption of a first regulation on
thermal protection of buildings in 1970 (Regulation on Technical Measures and Requirements for Thermal
Protection of Buildings, Official Gazette of the Socialist Federal Republic of Yugoslavia No. 35/70), which
divided the Croatian territory into three construction climate zones, also laying down maximum permissible
heat trag_)?mittance coefficient values k (V\ﬁlﬁ (currently: U) for individual elements of the external building
envelope™.

This period is characterisday modest application of @ cm thermal insulation such as heraklith, drvolit or
okipor. Reinforced concrete structures of buildings became thinner and lighter, but no energy concept was
applied. Reinforced concrete walls were 16 cm and 18 cm, as minirhigkness values under structural
analysis. Buildings are characterised by a number of thermal bridges, resulting in the occurrence of moisture
and mold on inside walls. Insulated glass windows with profiles of very poor performance, with no thermal
bridge interruption and with poor sealing were used for the most part. Total glazed surfaces grew in size
compared to the previous period. Heat transmittance coefficients of some typical structural elements are given
in the previous tableTable2.11), and the maximum permitted heat transmittance coefficient k in the table
below (Table2.12).

Table 2.12 Maximum permitted heat transmittance coefficients k [V\f/N] according to the Regulation on
technical measures and requirements for thermal protectiomwidingsc SL No. 35/79

. Construction climate zones
Construction element I M i
External wall 1.69 1.45 1.28
Floor on ground level 0.93 0.93 0.93
Ceiling bordering attic 1.16 1.16 1.16
Ceiling above basement 1.05 1.05 1.05
Ceiling above opepassages 0.70 0.58 0.52
Inclined and flat roof 0.93 0.93 0.93

*%nited Nations Development Programme&NDP. (2010nergy Certification ManuaZelina: Tiskara Zelina

*'programme 6Energy Renovation of Commercial NResidential Buildings 2022020 with a detailed 2022016 plan for

the renovation of commercial neresidential buildings, December 2013, Ministry of Construction and Physical Planning,
available athttp://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p{30th April 2017]

52Programme of Energy Renovation of Family Houses-2020 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pd30th

April 2017]

Programme of Energy Renovation for MiResilential Buildings 2012020 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGEARIf30th April 2017]
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2.6.1.4 Construction typical for the period between 1981 and 1987

New requirements with regard to thermal protection of buildings were adopted in 1980 under the JUS U.J5.600
standard: Thermal equipment in the construction industry and technical requirements for the design and
construction of buildings with a reduction permitted heat transmittance coefficient valuél(k) by approx.

3096 All commercially available materials were used for construction, with reinforced concrete dominating
because of its good static characteristics and market availability and despipoadtsthermal properties,
resulting in the occurrence of a large number of thermal bridges that significantly affect thermal losses in
buildings*. Maximum permitted heat transmittance coefficients, k for structural elements and those for
windows and doorsr& provided in tables belowrable2.13 and Table2.14).

Table2.13 Maximumpermitted heat transmittance coefficient k [W/AK] according to JUS U.J5.600: Thermal
equipment in the construction industry and technical requirements for the design and construction of
buildings, 1980

. Construction climate zones
Construction element I m m
Exterior walls 1.225 0.93 0.83
Floor on ground level 0.93 0.76 0.68
Intermediate structure bordering attic 0.69 0.69 0.69
Intermediate structure above basement 0.75 0.63 0.52
Intermediate structure above open passages 0.50 0.46 0.43
Inclinedor flat roof above heated spaces 0.78 0.65 0.55

Table2.14 Heat transmittance coefficients k [W/i] of windows and balcony doors, depending on the glazing
and frame material according to the JUS U.J58@@dard: Thermal equipment in the construction industry
and technical requirements for the design and construction of buildings,5i980

Glazi Frame material groups

azing 1 > 5
Single with double insulating glass (6 mm air insulatior, 83 3.5 3.8
Singlewith double insulating glass (12 mm air insulatio 3.0 3.3 3.5
Single with doublgane (puskout) casement 2.8 3.0 3.3
Single with doublgpane casement (with insulating gla: 20 26 28
+ 1 glass)
Single with doublgoane casement (with two insulatin 17 20 23
glass sheaths)
Double with mullion post between panes 2.6 - -

**programme of Energy Renovation of Commercial-Residential Buildings 2022020 with a detailed 2022016 plan for
the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Plaanaiigble

at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pf80th April 2017];

54Programme of Energy Renovation of Commercial-Residential Buildings 2042D20with a detailed 20142016 plan for
the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narod ne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pf80th April 2017];

55Programme of Energy Renovation of Family Houses-2028 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th
April 2017];

Programme of Energy Renovation for Métesidential Buildings 2022020 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mqipu.hr/doc/Propisi/Program_EO VS ZGRADHz3M@th April 2017];

56Programme of Energy Renovation of Family $¢3u2014020 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pd30th
April 2017];

Programme of Energy Renovation for MiResidential Buildings 2022020 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGRADH3@th April 2017];
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2.6.1.5 Construction typical for the period between 1988 and 2005

New, stricter amended regulation defining the requirements for thermal protection was adopted under the
name of HRNUJ5.600 in 1987. It is important to emphasise the imposition of limits on heat loss not only for
individual elements of the external envelope, but also for the building as a whole as a crucial novelty of this
regulation. There was no substantial prograsshermal protection of buildings in the 1983005 perioci7. All
commercially available materials were used in construction, and thermal insulation was such that it complies
with applicable regulations. Maximum permitted heat transmittance coefficienfist ktructural elements and

for windows and doors are given in tables beldwalfle2.15 and Table2.16).

Table2.15 Maximum permitted heat transmittance coefficient k Wik according to JUS U.J5.600: Thermal
equipment in the construction ingstry and technical requirements for the design and construction of
buildings, 1987

. Construction climate zones

Construction element I T i
External walls and walls bordering unheated stairwells 1.20 0.90 0.80
Underground external wall 1.20 0.90 0.80
Floor on ground level 0.90 0.75 0.65
Intermediate structure bordering attic 0.95 0.80 0.70
Intermediate structure above basement 0.75 0.60 0.50
Intermedlate structure above open passages or below the panel and 1 050 045 0.40
heating

Inclined orflat roof above heated spaces 0.75 0.65 0.55

Table2.16 Heat transmittance coefficients k [VV/?rN] of windows and balcony doors, depending on the glazing
and frame material according to the JUS U.J58@@dard: Thermal equipment in the construction industry
and technical requirements for the design and construction of buildings, 1b87.

; No window Frame material groups
Glazing .
jamb
1 2 3
Insulating glass with-8 mm air insulation (two glass layers) 34 3.1 3.4 3.7
Insulating glass with-80 mm air insulation (two glass layers) 3.2 3.0 3.3 35
Insulating glass with 206 mm air insulation (two glass layers) 3.0 2.9 3.1 3.4
Double insulating glass wi2x6¢8 mmair insulation (three glass 24 29 27 3.0
layers)
Double_lnsulat_mg glass with 2¢@)mm air insulation (three glas 29 21 25 28
layers) insulating glass)
Double insulating glass with 2x3IBmm air insulation (three 21 20 24 27
glass layers)

57Programme of Energy Renovation of Commercial-Residential Buildings 2042020 with a detailed 2012016 plan for
the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanésluzbeni/dodatni/432768.pdf30th April 2017]

58Programme of Energy Renovation of Family Houses-2028 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th
April 2017]

Programme of Energy Renovation for Métesidential Buildings 2022020 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mqipu.hr/doc/Propisi/Program_EO VS ZGRADHZ3@th April 2017]

59Programme of Energy Renovation of Family Houses-2020 with a detded 20142016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pd30th
April 2017]

Programme of Energy Renovation for MelResidential Buildings 2022020 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http:// www.maipu.hr/doc/Propisi/Program_EO_VS ZGRADE3ptH April 2017]
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2.6.1.6 Construction typical for the periodetween 2006 and 2009

A newTechnical regulation on thermal energy savings and thermal protection in buildings (OG 79/05, 155/05,
74/06) adopted in 2005 represents a major breakthrough in thermal protectionudflings andapplies to both
new-builds andthe reconstruction of existing buildings. Building construction was based on an energy concept,
taking account of building shape, positioning and orientation so as to reduce energy requirements for heating
and coolin@o. Loadbearing building structure wastill mostly made of reinforced concrete. Requirements were
laid down for the manufacturing and installation of building products for the purpose of thermal energy savings
and thermal protection, depending on the type of building product. Maximum perahittermal
transmittance coefficient, U, values for construction elements, according to the Technical regulation on
thermal energy saving and heat retention in buildings (OG Nos 79/05, 155/05, 74/06) and for windows and
doors are given in tables beloWgble2.17 and Table2.18).

Table 2.17 Maximum permitted thermal transmittance coefficients, U [W/{i)], structural elements with
surface mass greater than 100 kg/m (according to the average monthly external air temperature in the building
location)

s el U [Wi(mK)]
tructural element O mih min> ¥ 3C Br YOK: Y

External walls, walls bordering garage or attic 1.00 0.80
Walls bordering unheated stairwell with a temperature above 0 °C, walls bord 1.30 1.30
unheated room

Walls bordering ground 1.00 0.80
Floors on the ground levéio 5 m room depth) 0.80 0.65
Ceilings between apartments, ceilings between heated work rooms of different us 1.40 1.40
Ceilings bordering attic, ceilings bordering unheated room above 0.85 0.70
Ceilings bordering unheated basements, ceilingglering unheated room below 0.65 0.50
Inclined or flat roof above heated spaces 0.70 0.55
Ceilings above open space, ceilings above garages 0.45 0.40

Table2.18 Maximum permitted thermal transmittanceoefficients U [\N/(r‘FK)] for windows and doors

Minimum heat retention

. . o Heating at >12 and Heating at
Glazing Heating at >12°C <18°C KMy C/
Windows, balcony doors, skylights and other transpa KM Dy <3.0
elements
Rollup shutter casing Xn dy
Solidleaf front door XKH

Additionally, the Regulation defines maximum permitted values of the following:

0 annual thermal energy requirements per unit of the useful floor area of the building;

0 maximum permitted heat transmittance loss coefficient pemit of external surface of the
building's heated part;

0 airtightness of the building envelope and ventilation of the building space;

0 performance of any heat recovery ventilation systems used.

60Programme of Energy Renovation of Commercial-Residential Buildings 2042020 with a detailed 2012016 plan for
the renovation of commercial neresidential buildings, July 2014, Mitriy of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p80th April 2017]
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2.6.1.7 Construction typical for the 201€2011 period

TheTechnicalegulation on energy economy and heat retention in buildings (OG 110/08, 88#3%dopted in

2008 and came into effect on 31 March 2009, superseding the Technical regulation on thermal energy savings
and heat retention in buildings (OG Nos 79/05, 155/0%/06) from 2005". The regulation imposed
significantly stricter permitted thermal transmittance coefficients of structural elements for-bieids and
reconstruction interventions on existing buildings (especially on external walls and ceilings botberattc).
Maximum permitted thermal transmittance coefficient, U, values for construction elements, according to the
Technical regulation on energy economy and heat retention in buildings (OG Nos 110/08, 89/09), and those
referring to windows and doorare given in the tables belowéble2.19 and Table2.20).

Table 2.19 Maximum permitted thermal transmittance coefficients, U [\me)], structural elements with
surface mass greater than 100 kg/m (according to the average monthly extertagierature in the building
location)

U [W/(m°K)]
Structural element A )'i My C, J £250810)] <A LENS .
Qe, mth,min>3vSZ YuUK|[Qe mthmn>3vSZ YuKk
°C °C °C °C
External walls, walls bordering garage or attic 0.60 0.45 0.75 0.75
Windows, balcony doors, skylights and other transpafagade 1.80 1.80 3.00 3.00
elements
Flat and inclined roofs above heated space, ceilings bord 0.40 0.30 0.50 0.40
attic
Ceilings above outdoor space, ceilings above garage 0.40 0.30 0.50 0.40
Walls and ceilings bordering unheated spaces and unhg 0.65 0.50 2.00 2.00
stairwells at temperatures above 0°C
Walls to the ground soil, floors on ground level 0.50 0.50 0.80 0.65
Solidleaf front door, solideaf door bordering unheate 2.90 2.90 2.90 2.90
stairwell
Roltup shutter casing wall 0.80 0.80 0.80 0.80
Ceilings between apartments, ceilings between heated 1.40 1.40 1.40 1.40
rooms of different users

Table2.20 Maximum permittedthermal transmittance coefficients U [W/@)] for windows and doors

Minimum heat retention

; Heating at Heating at Heating at
Glazing >12°C >12 and <18°C XMy c/
Windows, balcony doors, skylights and other transpa
elements 2 Km dy <3.0
Roltup shutter casing Xn oy - =
Solidleaf front door XKH @ - -

Additionally, the Regulation defines maximum permitted values of the following:
1 annual thermal energy requirements per unit of the useful floor area of the building;
1 maximum permitted heatransmittance loss coefficient per unit of external surface of the building's
heated part;
9 air tightness of the building envelope and ventilation of the building space;

61Programme of Energy Renovation of Goencial NonResidential Buildings 2042020 with a detailed 2032016 plan for
the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p{B0th April 2017];
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2.6.2 Heating systems

Heating systems are divided into individual (local) and cehiating systems. Individual heating systems are
characterised by a thermal source both generating and transmitting heat by radiation and convection to a
heated room. Fireplaces, tile stoves and iron stoves were used for combustion of solid fuels, witrelgai,

and electric heaters also in frequent use in individual heating systems. Central heating systems feature a
thermal energy source located in a single place within the building, with heat distribution by a pipe system to
heating units located indated rooms and consisting of the following eleméfits

Heat generator;

Flue system;

Thermal energy distribution system;

Radiators;

Circulating pumps;

Closing and regulating valves;

Expansion system;

Regulatory and control system.

=4 =4 =8 -4 -4 -4 -4 A

District heating systemiselong to a special group of central heating systems. The heat source is located in the
central heating plant supplying heating energy to one or multiple buildings. Such plants have the ability to
operate in the secalled cogeneration or trigeneration modeneaning that they can generate electricity and
cooling energy in addition to thermal energy. Such operation method allows greater system efficiency.
Historically, individual heat sources dedicated for heating of certain rooms, sources such as steplesefr

and tile stoves, were in predominant use in the late 19th and early 20th century. Over the time, fuels changed,
depending on their availability and other characteristics, so the following are currently in use:

Fuel oil;

Liquified petroleum gas;

Timber (chopped woods);

Chips, pellets, briquettes;

Electricity;

Natural gas;

Solar energy, geothermal energy, etc.

= =4 =8 -8 -4 -4 -4

The period after 1960 saw a gas network and natural gas distribution development in the territory of Croatia,
but to a limited extent’, with individual gas heaters in the form of regular heaters also if‘use

The period after 1971 saw even growth of the gas distribution network;lsjeide with a growing number of
connected buildings, which led to the development of central thermal engageration and its distribution in

the buildings. In addition, hot water and steam pipe system networks expanded and developed, and the
number of connected facilities also increased, particularly in the ind?i’sﬂFyael oil was also largely in use for
heating (oil furnaces etc.), primarily in the areas where no gas or hot water network was developed. The
period after 1981 was characterised by continued digeside growth of the gas network and the number of
connected buildings, as well as by increased ratgas consumption. Hot water and steam pipe system
networks expanded and developed too, and the number of connected facilities also increased, particularly in
the industry, albeit much less so than in the gas network. Because of uneven gas and hotlistatsution
network development in the territory of Croatia, fuel oil is also largely used for heating, and that results in a

“DNRdzL) 2F | dziK2NBES t NANHGYA] T SySNBSGiai2 OSNIATAOANIyeS |
®programme of Energy Renoiat of Commercial NoResidential Buildings 2022020 with a detailed 2022016 plan for

the energy renovation of commercial neasidential buildings, July 2014 Ministry of Construction and Physical Planning,

available athttp://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p{30th April 2017]

WSyl 38fs ~LINBY3ISNE 0>SNIDRERT y2SLIGNI X AANG (6 4Ok 21 dz] £ 2 dz6 dz2 dzo
and arconditioning, including hot water and cooling equipmedyTERKLIMBRwW! CLY! X Ny el 611 . lyet
65Programme of Energy Renovation of Commercial-Residential Buildings 2042020 with a detailed 2012016 plan for

the renovation of commercial neresidentid buildings, July 2014, Ministry of Construction and Physical Planning, available

at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p30th April 2017]

30



http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pdf
http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pdf

dominant share of liquid fuels in total consumptf8nThe period between 1998 and 2004 saw a sudden
expansion of the gas distriion network, along with an increase in the number of connected consumers. In

addition, hot water and steam pipe system networks expanded and developed, and the number of connected
facilities also increased, particularly in the industry. Hot water antl &fe Yy St 62NJ] & 6SNB RS@St 2
I NI GALY G26ya O6{A&l 12 YIENI2@0F0s +I NIORAYy Si0o0d Li
systems and energgfficient technologies (condensing boilers, heat pumps, etc.) have been more extensively
implemented.

The table belowTable 2.21) provides an overview of used technical systems, energy sources and other data
relevant to the energy efficiencgf heating systems in coastal and continental Croatia by category of the
purposerelative Croatian national building stock as defined in Chapter 2.1. Such data are the basis for an
analysis of key elements of the buildings renovation programme.

66Programmeof Energy Renovation of Commercial Neesidential Buildings 2022020 with a detailed 2032016 plan for
the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.p30th April 2017]
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Table 2.21 Overview of heating systems used in different construction periods in continental and coastal Croatia

Building Installed technical systems, fuels and other data relevant for heating systerargy efficiency
purpose Continental Croatia
prior to 1940 194151970 197151980 198151987 1988;2005 200652009 2010;2011
Multi- - solid fuel - solid fuel, steam or - solid fuel, steam or fuel | - solid fuel, steam or fuel | - solid fuel, steam or fuel oil | - storey-based natural gas | - storey-based natural gas
residential (wood, coal) fuel oil heating, oil heating, gas and hot | oil heating, further gas heating, rapid gas network | or LNG heating, HVAC or LNGheating, HVAC
buildings* heating, 6@ inefficient systems with| water network and hot water network and consumer number system automation, system automation,
75% system large losses 60¢75% developmentg rising development, liquid fuel | increase with hot water and | efficient (lowtemperature, | efficient (low temperature,
efficiency, no system efficiency, number of connected consumption still steam network expansioq condensation, heat pump | condensation, heat pump
heating predominantly with no | buildings, 6Q75% syem | dominant, 6590% system| uneven growth, liquid fuel etc.) heating systems, §5 | etc.) heating systems, 85
distribution heating distribution efficiency, central DHW | efficiency, heating consumption dominates, 8 | 108% efficiency, efficient | 108% efficiency, efficient
generation and heating | distribution, central DHW | 95% system efficiency, heating distribution (fan heating distribution (fan
development genertion heating distribution, central | coils etc.) coils etc.)
DHWgeneration
Family - solid fuel - solid fuel, steam or - solid fuel, steam or fuel | - solid fuel, steam or fuel | - solid fuel, steam or fuel oil | - natural gas or LNG centrg - natural gas or LNG centrg
houses* (wood, coal) fuel oil heating, oil heating, gas and hot | oil heating, further gas heating, rapid gas network | heating, HVAC system heating, HVAC system
heating, 6@ inefficient systems with| water network and hot water network and consumer number automation, efficient (low | automation, efficient (low
75% system large losseg 60¢75% developmentg rising development, liquid fuel | increase with hot water and | temperature, temperature,
efficiency, no system efficiency, number of connected consumption still steam network expansioq condensation, heat pump | condensation, heat pump
heating predominantly with no | buildings, 6Q75% system| dominant, 6590% system| uneven growth, liquid fuel etc.) heating systems, §5 | etc.) heating systems, 85
distribution heating distribution efficiency, central DHW | efficiency, heating consumption dominates, 8 | 108% efficiency, efficient | 108% efficiency, efficient
generation and heating | distribution, central DHW | 95% system efficiay, heating distribution (fan heating distribution (fan
development generation heating distribution, central | coils etc.) coils etc.)
DHW generation
Non- - solid fuel - solid fuel, steam or - solid fuel, steam or fuel | - solid fuel, steam or fuel | - solid fuel, steam or fuel oil | - natural gas or LNG - natural gas or LNG
residential (wood, coal) fuel oil heating, oil heating, gas and hot | oil heating, further gas heating, rapid gas network | heating, HVAC system heating, HVAC system
public heating, 6@ inefficient systems with| water network and hot water network and consumer number automation, efficient automation, efficient
buildings*** 75% system large losseg 60¢75% | developmentg rising development, liquid fuk increase with hot water and | heating (lowtemperature, | heating (low temperature,
efficiency, no system efficiency, number of connected consumption still steam network expansioq condensation, heat pump | condensation, heat pump
heating predominantly with no | buildings, 6@75% system| dominant, 6%90% system| uneven growth, liquiduel etc.) systems, 98.08% etc.) systems, 95108%
distribution heating distribution efficiency, central DHW | efficiency, heating consumption dominates, 80 | efficiency, efficiat heating | efficiency, efficient heating
generation and heating | distribution, central DHW | 95% system efficiency, distribution (fan coils etc.) | distribution (fan coils etc.)
development generation heating distribution, central
DHW generation
Nor- - solid fuel - solid fuel, steam or - solid fuel, steam or fuel | - solid fuel, steam or fuel | - solid fuel, steam or fuel oil | - natural gas or LNG - natural gas or LNG
residential (wood, coal) fuel oil heating, oil heating, gas and hot | oil heating, further gas heating, rapid gas network | heating, HVAC system heating, HVAC system
commercial heating, 6@ inefficient systems with| water network and hot water network and consumer number automation, efficient automation, efficient
buildings** 75% system large losses 60¢75% developmentg rising development, liquid fuel | increase with hot water and | heating (lowtemperature, | heating (low temperature,
efficiency, no system efficiency, number of connected consumption still steam netwok expansiorg, condensation, heat pump | condensation, heat pump
heating predominantly with no | buildings, 6Q75% system| dominant, 6590% system| uneven growth, liquid fuel etc.)systems, 9§108% etc.) systems, 95108%
distribution heating distributio efficiency, central DHW | efficiency, heating consumption dominates, &) | efficiency, efficient heating| efficiency, efficient heating

generation and heating
development

distribution, central DHW
generation

95% system efficiency,
heating distribution, central
DHW generation

distribution (fan coils etc.)

distribution (fan coils etc.)
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Building CoastalCroatia
purpose prior to 1940 194151970 197151980 198151987 1988;2005 200652009 2010;2011
Multi- - solid fuel - solidfuel, electrical and | - solid fuel, electrical and | - solid fuel, electrical, LPQG - solid fuel, electrical, LPG - electrical heating and - electrical heating and
residential (wood, coal) fuel oil heating, fuel oil heating, gas, no | and fuel oil heating, gas, | and fuel oil heating, gas, | cooling, LPG use, efficient| cooling, LPG use, efficient
buildings* heating, 6@75% | inefficient systems with | gas or hot water network | no gas or hot water no gas or hot water (low-temperature, (low-temperature,
system large losseg 60¢75% development, 6Q75% network development, network development, condensation, heat pump | condensation, heat pump
efficiency, no system efficiency, system éiciency, central | 65¢90% system 80¢95% system etc.) heating system95 etc.) heating systems, 85
heating predominantly with no DHW generation and efficiency, heating efficiency, heating 108% efficiency, efficient | 108% efficiency, efficient
distribution heating distribution heating development distribution, central DHW | distribution, central DHW | heating distribution (fan heating distribution (fan
generation generation coils etc.) coilsetc.)
Family - solid fuel - solid fuel, electrical and| - solid fuel, electrical and | - solid fuel, electrical, LPQG - solid fuel, electrical, LPG - electrical heating and - electrical heating and
houses* (wood, coal) fuel oil heating, fuel oil heating, gas, no | and fuel oil heating, gas, | and fuel oil heating, gas, | cooling, LPG use, efficient| cooling, LPG use, efficient
heating, 6@75% | inefficient systems with | gas or hot water network | no gas or hot water no gas or hot water (low-temperature, (low-temperature,
system large losseg 60¢75% development, 6Q75% network development, network development, condensation, heat pump | condensation, heat pump
efficiency, no system efficiency, system efficiency, central| 65¢90% system 80¢95% system etc.) heating systems, 85 | etc.) heating systems, 85
heating predominantly with no DHW generation and efficiency, heating efficiency, heating 108% efficiency, efficient | 108% efficiency, efficient
distribution heating distrbution heating development distribution, central DHW | distribution, central DHW | heating distribution (fan heating distribution (fan
generation generation coils etc.) coils etc.)
Nor+ - solid fuel - solid fuel,electrical and | -solid fuel, electrical and | - solid fuel, electrical, LPG - solid fuel, electrical, LPQ - electrical heating and - electrical heating and
residential (wood, coal) fuel oil heating, fuel oil heating, gas, no | and fuel oil heating, gas, | and el oil heating, gas, | cooling, LPG use, efficient| cooling, LPG use, efficient
public heating, 6@75% | inefficient systems with | gas or hot water network | no gas or hot water no gas or hot water (low-temperature, (low-temperature,
buildings*** system large losseg 60¢75% development, 6Q75% network development, network development, condensation, heat pump | condensation, heat pump
efficiency, no system efficiency, system efficiacy, central | 65¢90% system 80¢95% system etc.) heating systems, 85 | etc.) heating systems, 85
heating predominantly with no DHW generation and efficiency, heating efficiency, heating 108% efficiency, efficient | 108% efficiency, efficient
distribution heating distribution heating development distribution, central DHW | distribution, central DHW | heating distribution (fan heating distribution (fan
generation generation coils etc.) coils etc.)
Non- - solid fuel - solid fuel, electrical and| - solid fuel, electrical and | - solid fuel, electrical, LPQ - solid fuel, electrical, LPG - electrical heating and - electrical heating and
residential (wood, coal) fuel oil heating, fuel oil heating, gas, no | and fuel oil heating, gas, | and fuel oil heating, gas, | cooling, LPG use, efficient| cooling, LPG use, efficient
commercial heating, 6@75% | inefficient systems with | gas or hot water network | no gas ohot water no gas or hot water (low-temperature, (low-temperature,
buildings** system large losseg 60¢75% development, 6Q75% network development, network development, condensation, heat pump | condensation, heat pump
efficiency, no system efficiency, system efficiency, central| 65¢90% system 80¢95% system etc.) heating systems, 5 | etc.) heating systems, 85
heating predominantly withno DHW generation and efficiency, heating efficiency, heating 108% efficiency, efficient | 108% efficiency, efficient
distribution heating distribution heating development distribution, central DHW | distribution, centraDHW | heating distribution (fan heating distribution (fan
generation generation coils etc.) coils etc.)
SourceREGEA017
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The most important factors affecting the selection of heating systems aréotisving®”:
Availability of energy sources (electricity, fossil fuels, biomass, other renewable energy

(@]

O¢ O« O« O« O¢ O¢

sources);

Climate conditions (geographic location);

Investment and operating costs;

Location and type of building (residential, nogsidential, commeraeil, educational etc.);
Legislation (laws, regulations, standards, recommendations);
Daily regime of building use (2vur, 8hour etc.);

Environmental impact.

Currently, there is a large selection of boilers on the market but, since fuel resourcesmiesl liit is
important to choose a heating system of maximum efficiency; their overview is given in the following table

(Table2.22).
Table2.22 Overview of various boilers and their efficiefity
Fuel Type of device Efficiency
Heating and cooking stoves 60 t075 %
Boilers- older makes 60 to 75 %
Boilers- newer makes 80 to 90 %
Solid fuels Various biomasfired boilers 8210 92 %
Pellets 87 to 92%
Chips 85 t0 90 %
Combined boilers 70 to 78%
Combined boilers (solid fuel) 65 to 75 %
Liquid fuels Standard 85t0 90 %
Lowtemperature 90 to 95 %
Standard 92 t0 95 %
Gas fuels Lowtemperature 95 to 98%
Condensation up to 108%
SourceREGEA017

Article 66 of the Technical regulati??rprescribes that a study of alternative energy supply systems is obligatory
for every building larger than 503which has to meet energy performance requirements and which is heated
to an indoor temperature larger than 18°C, in particular in-B&®d decentralized energy supply systems,
cogeneration systems, heat pumps and district heating and cooling system&onstruction Act stipulates

that the designer must draw up a study of alternative energy supply systems and submit it to the investor
before completing the building main design which itself must comply with energy efficiency requirements.

Thanks to posive experiences and the fact that it is an optimal solution for both environmental and its energy
efficiency reasons, RE@sed district heating and/or cooling is the right course of future development of
heating systems in the Croatian national buildingck. Individual systems also using RES, such as biomass
boilers and heat pumps, should be installed in the areas where the district heating and/or cooling is not
practicable. Considering that large biomass energy potential, as well as the economicsarisiitg from its
exploitation, a greater use of biomafiged district heating systems is in the national intef8st

*’Balen I.,Grijanjekratka povijest, podjela sustava grijanja (Heating: a short history, classification of hetatgms).
Faculty of Mechanical Engineering and Naval Architecture, Zagreb
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Technical Regulation on Energy Economy and Heat Retention uinBsil'Official Gazette” Nd.28/2015 (2428),
available athttp://narodne-novine.nn.hr/clanci/sluzbeni/2015 11 128 2428.h{i30th April 2017]

Act on Renewable Energy Sources and High Effective Cogenetatibrial Gazette" Nd00/2015 and 123/2016 (1937),
available athttp://narodne-novine.nn.hr/clanci/sluzbe/®015 09 100 1937.htnjBOth April 2017]
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3. Analysis of key elements of the building renovation programme

3.1 Technical options for energy renovation (retrofit) by implementing energy
efficiency measures and renewable energy sources for each building category

For the purpose of energy renovation of buildings by implementing energy efficiency (EE) measures and
renewable energy sources (RES), attention is devoted to buildings constrpdmdto 1987 and their
renovation according to the requirements of theechnical regulationThe said building stock was chosen
owing to its greatest savings potential and a significant share in the total floor area of all buildings, and it
complies withthe objectives of building renovation measures described in the Draft 4th National Energy
Efficiency Action Plan 2019 The implementation of EE and RES measures requires project documentation
compliant with the relevant legislation. Another prerequisfter the implementation of these measures is a
completed energy audit of the building, including an elaboration of recommended measures and establishment
of the energy management system in the building.

Whenever a building is renovated, the prioritised ege efficiency measure is theeconstruction of the
external envelope of its heated space. In addition to considerable savings resulting from it, the advantage of
this measure is in frequent need for a-demensioning of technical systems (primarily hegtiand cooling
systems) after its implementation because of reduced energy requirements. While no major modification of a
building's architectural design is possible in the renovation, the design options regarding architectural details of
the building as mbile shading elements, implementation of large glass surfaces on southern {sasitkrn,
south-western) parts of the facade, thermal protection of unprotected overhangs and penetrations to
eliminate thermal bridges etc., need to be taken into account safedy for each building when renovating it.

In addition to all the activities listed above, this measure needs to comply with the maximum permitted
thermal transmittance of structural parts.

The standard of constructing a nearly zenwergy building (nZE standard) in Croatia is fully defined by the
Technical regulation on energy economy and heat retention in buildings. Article 9 of Directive 2010/31/EU
provides a special objective indicating that, by 31st December 2020, all new buildings must begbuwilidin
nearly zero or very low amount of energy required (nearly zarergy buildings). Nearly zero or very low
amount of energy required should be substantially covered by RES energy. The same provision applies to public
buildings to be built after 31dbecember 2018. In addition to requirements for new buildings, the Directive
requires Member States to establish policies to encourage adaptation of buildings which are being renovated
into nearly zereenergy buildings. The Croatian legislative framewarll plans describing the nZEB standard
are as follows:

1 Technical regulation on energy economy and heat retention in buil?ﬁngs

i Plan for Increasing the Number of Nearly Z&mergy Buildings 2020

Properties of nearly zerenergy buildings are establishettcording to stock characteristics provided for the
definition of reference buildings, accompanied by optimization of geometric characteristics to achieve as low a
level of energy as possible to meet building energy requirements. The definition of meesignergy buildings

in Croatia applies to new buildings according to the following uses:

one-family building;

multi-residential building;

office building;

educational building;

trade building (retail and wholesale);

hotel and restaurant building;

=A =4 -8 -4 -4 -4

"Draft [10th May 2017]

"European Commission (201@)irective 2010/31/EU of the European Parliament and of the Council of 19th May 2010 on
the energy efficiency of buildings (recast) available at:  http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32010L (®WR10]

"*Technical Regulation on Energy Economy and Heat Retention in Buildings. Zagreb OG 128/2015 (2428)aavailable
http://narodne-novine.nn.hr/clanci/sluzbeni/2015_11 128 2428.h{i30th April 2017]

"National Plan for Increasing the Number of Nearly Zeémergy Buildings 2020, Decemi®914, Ministry of Construction

and Physical Planning, availablel#tp://www.mgipu.hr/doc/Propisi/lPLAN_PBZ 0 energije_do_2020[B6th April 2017]

35



http://eur-lex.europa.eu/legal-content/HR/TXT/?uri=CELEX%3A32010L0031
http://eur-lex.europa.eu/legal-content/HR/TXT/?uri=CELEX%3A32010L0031
http://narodne-novine.nn.hr/clanci/sluzbeni/2015_11_128_2428.html
http://www.mgipu.hr/doc/Propisi/PLAN_PBZ_0_energije_do_2020.pdf

i hospital building;
i sports hall building.

The nearly zer@nergy building is defined by the consumption of primary energy for heating, cooling,
ventilation, DHW generation and lighting, and a minimum RES share of 30% in the primary energy required to
meet the building energy requirements. For each type of building according to their purpose, the Technical
regulation defines the limitations in the amount of annual heat energy requirements per unit of the useful floor
FNBF 2F KSa[Kavtizeot-a, Janhial deli@efed energyydrand annual primary energy,f, which
includes energy for heating, cooling, ventilation, DHW generation and, irresidential buildings, lighting.

Plans to increase the number of nearly zemergy building7s5 should cove at least 65,000 m2 of nen
residential buildings annually, provided that buildings are categorized by purpose as shown in the table below
(Table3.1).

Table3.1 The target floor area of nearly zeemergy buildings by purpose per year

The target floor area of nearly Target floor area per year Specific additional cost relate{ Total additional cost related tq
zeroenergy buildings by [m?] to new-builds [HRK/m?] new-builds [HRK]

purpose per year

multi-residential buildings 90,700 1,512 137,138,400

hotels and restaurants 14,630 214 3,133,870

offices 19,736 337 6,660,033

trade buildings 20,879 408 8,528,265
hospitalbuildings 4,723 691 3,264,192

sports halls 1,428 1,496 2,136,297
educational building 3,612 1,211 4,375,061

SourceNational Plan for Increasing the Number of Nearly Zamergy Buildings 2020

According to Directive 2010/31/I§Uproviding for encouraging the consideration of installing kégficiency
alternative systems to the extent technically, functionally and economically feasible and Directive
2009/28/EU® providing for the obligation to imbduce measures to increase the share of RES energy, in
addition to the previously described reconstruction measure involving the external envelope of the heated
building space, measures to increase EE and implement RES as listed below shall be implemented

3.1.1 Measure of heating system centralisation and modernisation by applying RES

The measure involves centralisation of heating systems and modernisation of existing boiler rooms by replacing
them with biomasdired boilers (pyrolysis, pellets and chigs) where that is not feasible owing to technical
reasons (e.g. no space for a biomass container) and in addition to the existing connection to natural gas, with
low-temperature condensing boilers fueled by natural gas, to be used with existing radistensy If the
building's total energy requirements are small, and the system is suitable foitelmywerature heating
operation with pronounced cooling requirements, it is recommended to apply geothermal or air heat pump for
heating cooling andDHW generéon.

For the purpose of defining the most appropriate heating system, it is necessary to consider the following
options for each building separately:

0 separate (independent) boiler system;

0 district heating systembiomassfired boiler system chips (cotract sale of heat model).

In the case of separate boiler systems, the boiler room is situated within the building at the current location. In
the case of a district heating system, the boiler does not have to be located in the building but may within

"National Plan for Increasing the Number of Nearly Zemergy Buildings 2020, December 2014, Ministry of Construction
and Physical Planning, availablel#tp://iwww.mgipu.hr/doc/Propisi/PLAN_PBZ 0 energije_do_2020[gath April 2017]
"National Plan for Increasing the Number of Nearly Zemergy Buildings 2020, December 2014, Ministry of Construction
and Physical Planning, availabletgtp://www.mgipu.hr/doc/Propisi/lPLAN_PBZ 0 energije_do_2020[g6th April 2017]
""European Commission (201@)irective 2010/31/EU of the European Parliament and of the Council of 19th May 2010 on
the energy effi@gncy of buildings (recast) available at:  http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32010L (WR10]

78European Commission (200®irective 2009/28/ECfdhe European Parliament and of the Council of 23rd April 2009 on
the promotion of the use of energy from renewable sources and amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC (Text with EEA relevanceyailable at: http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32009L (WXA30]
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other facilities connected to the pipe system. In this case, it is necessary to provide a substation for heat energy
transmittance from the district heating to the facility. This measure involves the heating system regulation and
balancing (thermostat sets, ifterential pressure controllers, frequently operated pumps etc.), as well as
performing thorough cleaning of the pipeline radiator system and all exchangers. In separate boiler systems,
the need for chimney renovation should also be considered for eadtibg separately.

3.1.2 Measure of cooling and ventilation system centralisation and modernisation by applying RES

The measure provides for centralisation of the cooling system by using heat pump systems to cool space. In
case of sufficient natural ventilation, it should be noted that brief ventilation through-aplsned windows or
balcony doors (e.g. at regular enwals, 5 to 10 minutes every hour)is better than continuous ventilation
through halfopen door or window, especially in terms of protection against colds, as well as in terms of
thermal energy savings for heating and cooling. In case of natural veortilttrough vertical ducts, it is
necessary to ensure constant supply of fresh air inappropriate amounts and the possibility of regulating air
changes in rooms by means of adjustable duct dampers, with mandatory heat or cooling energy recovery.

Where moreair changes are necessary (more users or risk of moisture condensation), a local pressure/exhaust
ventilation system with a recovery option needs to be planned in certain rooms(e.g. corridors and waiting
rooms). It is desirable to have automatic ventitaticontrol which would allow air change in summer during the
night (ambient air temperature lower than the air temperature in the building), and in turn result in space
cooling. Ventilation devices must meet the requirements given in Table 4 of Annex fBetdechnical
regulation

3.1.3 Measure of DHW generation system centralisation and modernisation by appl{REp

The measure provides for DHW generation in each building via primary and secardagy sources
Throughout the year, especially in winter montiBHW needs tde generatedby the boiler heating system,
which represents grimary sourceof heating energyThe solarcollector system or &econdary sourcef
heating energy needs to be implemented and optimally dimensioned so that all hot water egwgrits in the

period betweenJune and Septembenay be suppliedfrom the solar collector system. This eliminates boiler
operation for heating small amounts of water when there is no need for heating, and thus increases the annual
efficiency and boiler seree life. When implementing this measure, actual DHW requirements should be
considered depending on the primary function of the facility.

3.1.4 Lighting system modernisation measure

As a preparatory action, the measure involving the lighting system modewnisatiust necessarily involve
consideration of how to make better use of natural(day) lighting for the purpose of improving lighting comfort
of the user. For optimal utilisation of natural lighting, space reorganisation and installation of internal partition
reflecting daylight and contributing to its distribution shall be considered.

Technical characteristics of proposed light technology solutions for internal lighting in the building must comply
with the HRN EN 124642008 standard, energy class A, wRbbHSguidelines EU 2002/95/EC (restriction of

the use of certain hazardous substances in electrical and electronic equipment), the EE guidelines 2005/32/EC
(guidelines for establishing a framework for the settingeob-designrequirements for energyisingproducts),

and 2000/55/EC guidelines (energy efficiency requirements for ballasts). Recommended light sources are high
energyefficient LEDs (min 90 Im/W) and light source colour (4000K or lower) and colour rendering index (CRI)
of 85 or higher. Techrat characteristics of proposed light technology solutions for the external lighting must
also comply with the HRN EN 13201 standard, as well a@tbction against Light Pollution Act (OG No.
114/11) In addition, light source power needs to be conedlto allow for energy savings and a decrease in

light pollution in latenight hours.

3.1.5 Water consumption reduction measure

In order to reduce water consumption, sensor taps, aerators and cisterns with a reduced flush volume need to
be planned. For thpurpose of rain water (rainfall) storage and its use for maintaining grassy areas around the
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building, it is necessary to envisage rainfall collection containers. Where possible, it is recommended to take
advantage of the natural slope of the terrainaify.

3.1.6 Central control and management system installation measure

The measure involves a central control and management system installation to provide for remote reading of
the consumption of all energy and water. It is necessary to plan and carry ouigablall meter points (for
electricity, water, gas etc.) and install metering units with pulse output. The installation of a Central Control
and Management System (CCM#pws the operation of the boiler, temperatures in rooms, internal and
external liditing, irrigation system and other systems contributing to energy efficiency, to be controlled from a
single place. It is necessary to ensure a minimum class C automation and management system under the HRN
EN 15232 standard.

3.1.7 Other energy efficiency and reewable energy source measures

With regard to the electricity consumption, it is necessary to install a waste energy compensation device, in
accordance with electricity consumption parameters (especially with regard to the lighting system and the
coolingsystem, if planned to be installed). Also, it is recommended to examine the possibility of utilising the
roof surface to mount photovoltaic modules for generating electricity for personal purposes since, for the first
time in world history, the cost of cépl investment for installing 1MW of installed power of a photovoltaic
system is lower than 1MW of installed power of a wind generator, which makes photovoltaic systems the most
costeffective sources of RES electricity. Considering the trend of decire#éise price of installed photovoltaic
power, it is expected that, by 2025, the price of LMW will be about USD 0.8 million, i.e. that it will fall by an
additional 60% compared to today's price of installed p0\7/3ewhich fact will certainly affect the wide
application of these systems in the building sector.

“IRENA ¢ The power to change: solar and wind ost reduction potential to 2025 [online], available at:
http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenulD=36&Cat|D=141&SubcatIDfB3April 2017]
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3.2 Technical possibilities for district heating system (DHS) heating

District heating systems (DHS) or centralised heating systems exist in a large number of cities and larger towns
Ay I NBFGAFZT ylhYStey % 3INB6x haraeaSlz {Aralrlz StAllL D
£ NI ORAY X wA 2152 dCGA = AMNR|IPAAIANI LY R Aty2 OS 3 @

Pursuant to the Thermal Energy Market Rene following provisions defining the above conditions apply:

0 General Terms and Conditions of Thermal Energy S‘i}pmyis regulation governs relations between
thermal energy producersdistributors and suppliers, duties and responsibilities of thermal energy
producers, distributors and suppliers, as well as the criteria of thermal energy supply quality and
safety, criteria of thermal energy supply restrictions and suspension, crdgexiarning the accounting
and collection of thermal energy charges, the procedure of switching between thermal energy
suppliers, measures to protect end customers and legal protection;

® General Terms and Conditions of Thermal Energy Defivatyis regulatin governs relations between
thermal energy suppliers and thermal energy customers, relations between thermal energy customers
and end customers, duties and responsibilities of thermal energy suppliers and thermal energy
customers, duties and responsibiit of thermal energy customers and end customers, criteria
governing the accounting and collection of thermal energy charges, criteria of restrictions and
suspension of thermal energy deliveries, investment, reconstruction and maintenance of generation
fadlities and internal installations, access to heat meters and connection installations, procedure in
the event of unauthorised use of thermal energy, procedure in the event of technical and other
disruptions in thermal energy supply, procedure in the eveihthermal energy redistribution to the
end customer, procedure in the event that an entire building is disconnected from the heating system,
measures to protect end customers, the procedure of thermal energy customer change, manner of
informing end custmers about thermal energy consumption and cost, thermal energy customers'
obligation to inform end customers of each change in the final price of thermal energy, the right to
access consumption data, including the right to forward data to another thermetgy customer and
the conditions thereof, as well as legal protection;

0 Network Rules of Thermal Energy Distribufforhereinafter: the Network Rules). This regulation
governs the distribution network description, development, construction and maintenatiee,
management and supervision of the distribution network, conditions of connecting to the distribution
network, the connection construction and connecting to the distribution network, the rights and
duties of thermal energy distributors and distributioretwork users, metering criteria in respect of
delivered heat, the publication of data and exchange of information, the quality of service and safety
of thermal energy supply, measures to protect distribution network users, unauthorised use of
thermal enegy, indemnification and legal protection. In addition, the Network Rules stipulate that
they are to be adhered to by the investor in or owner of a building to be connected to the distribution
network, thermal energy consumer, end customer connected to digribution network, thermal
energy suppliers, distributors and producers.

In view of the above, technical possibilities and requirements for connecting a building to the central heating
system are described in detail in the Network Rules, but themidifference in the technical possibilities and
requirements depending on the building categories considered within the scope of this Strategy.

In accordance with Article 17 of the Network Rules, Preliminary thermal energy approval establishes the
possbility and requirements of connection of the building to the distribution network, technical requirements
for the connection and terms of use of the distribution network. In addition, it is noted that the Preliminary
thermal energy approval is issued dttet request of the building investor or a third party authorised by the

®Thermal Energy Market Act, Zagreb OG 80/2013, 14/20BR/2014 and 95/2015 (1655), available at:
http://narodne-novine.nn.hr/clanci/sluzbeni/2013 06 80 _1655.hti80th April 2017]

8General Conditions for Heat Supply, Zagreb OG No. 35/2014 (628), availabléntt@t/narodne-
novine.nn.hr/clanci/sluzbeni/2014 03 35 628.Htf80th April 2017]

¥General Conditions for Heat Delivery, Zagreb OG Nos 35/2014 and 129/15 (629), availabiip:dtarodne-
novine.nn.hr/clanci/sluzbeni/2014 03 35 629.htf80th April 2017]

®Network Rules for Heat Distribution, Zagreb OG No. 35/2014 (630), available htgt://narodne-
novine.nn.hr/clanci/sluzbeni/2014 03 35 630.htf80th April 2017]
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building investor/owner, and prior to the drafting of the main project of the building or the main project of
mechanical installations and heating substation.

Article 26 of the NetworlRules stipulates that, in the event of building renovation by which the thermal energy
requirement for heating is reduced, making the building is more energy efficient, the thermal energy customer
has the right to require a reduction in connected loadtla® meter point, as well as the issuance of a new
Thermal energy approval by the distributor.

It should also be emphasized that Article 7 Energy*Atipulates an obligation of local sgjbvernment and

local (regional) government units to plan the needs and the method of energy supply in their development
documents, and harmonise such documents with the Energy Development Strategy and the Energy
Devdopment Strategy Implementation Programme. This obligation also includes planning of district heating
system development.

Systems using a centralised thermal supply have certain advantages over separate heat generation systems,
including the exploitatiorof waste heat from cogeneration plants (which significantly increases the overall
efficiency of such plants compared to the case in which waste heat is not used)and possible interpolation to
other systems (waste management, exploitation of waste heat firmshustry etc.). In the event that renewable
energy sources (primarily biomass energy) are used in the DHS, when setting the optimum plant variant in
terms of thermal energy generation only (heating plant) or thermal energy and electricity cogenerati®n, it
necessary to consider limitations related to energy efficiency laid down in the Tariff system for electricity
generation from renewable energy sources and cogenerdtidha biomasdired cogeneration plant is built,

the financial effectiveness of thimvestment increases by a great number of peak hours a year and these
values, typically, range from 6 000 up. However, thermal energy requirements of buildings do not depend
solely on the energy performance of buildings, but also on climate characteristicsely, the number of
heating degree days. In continental Croatia, typical amounts of heat generation system peak working hours a
year range between 1 500 and 2 000 in we#linned systems (in the sense that they are not overly large).
Taking into accout what has been stated above, in case of DHS heat generation from bidimegbss
cogeneration plants, around a maximum of 30% of the generated thermal energy would be used for buildings'
heating requirements, so the overall EE of such plants (defined diogpto the Tariff system for electricity
generation from RES and cogeneration, as well as the efficiency of the fuel primary energy conversion into
generated electricity and useful generated heat) would range from 50% down. Considerably higher efficiency
of up to 80% is achieved in the event that thermal energy from bioffiesx$ cogeneration plants is used
within industrial plants (such as wogqatocessing industry), which have thermal energy requirements
throughout the year, so the peak number of workimgurs is typically 6 000 or higher.

It needs to be pointed out that, when planning the connection of existing buildings to existing or future DHS as
well as when connecting to other heating sources, it is hecessary to consider possible hindrancedy phiena

fact that a certain number of building has no internal or central heating installations (all buildings with-storey
based heating systems) Connecting buildings to DHS requires significantly higher financial resources than the
buildings heated, foexample, from joint separate boiler room with central heating installations. The said
problem needs to be examined in more detail when analysing the possibilities of connecting each individual
building to the DHS.

84Energy Act, Zagreb OG Nos 120/2012, 14/2014, 95/2015 and 102/2015 (2583), availaliittp:&narodne-
novine.nn.hr/clanci/sluzbeni/2012_ 10 120 2583.h{i30th April 2017]

S Tariff System for the Production of Electricity from Renewable Energy Sources and Cogeneration, Zagreb OG Nos
133/2013, 151/2013, 20/2014, 107/2014, 100/2015 (2888), available athttp://narodne-
novine.nn.hr/clanci/sluzbeni/2013 11 133 2888.h{i30th April 2017]
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3.3  Possible sustainable building renovat models

For the purpose of selecting the optimum renovation model for each building category, in accordance with
costeffectiveness of EE and RES measures and in view of currently applicable technical and financial
parameters, the following models ofistainable building renovation have been considered:

1 integrated building renovation according to minimum requirements of Teehnical regulation

1 integrated building renovation according to theechnical Regulatiorequirements related to large
reconstructon
1 integrated building renovation to the nZEB standard (defined byTéehnical Regulatidh;
1 integrated building renovation to the passive house standard;
1 integrated building renovation to the active house standard,;

All five renovation models include renovation of the envelope and replacement and/or installation of efficient
technical systems with the utmost level of RES use. Complete building renovation according to minimum
requirements of theTechnical Regulatioimplies envelope renovation in view of meeting the thermal
transmittance coefficients set out in th&echnical RegulatiorfTable3.2). Pursuant to Article45(7), an
integrated renovation model according to th&echnical Regulationrequirements related to large
reconstruction implies a reconstruction of an existing building, more specifically renovation, partial or complete
replacement of envelope parts im¢ heated building part where the works cover at least 75% of the envelope
in the heated building part and, under a restriction related to the value of the thermal transmittance
coefficients in building parts and a restriction related to the value of #rpired heating energy per unit of the
useful floor area of the building Qs [KWh/(nf-a)], annually delivered energy.HKWh/(nf-a)] of annual
primary energy Fim [KWh/(nf-a)], which includes the energy for heating, cooling, ventilation, DHW geéaerat
and, in nonresidential buildings, for lighting. In the integrated building renovation to the nZEB standard, the
same restrictions apply as in the model of building renovation accordifigthnical Regulatiorequirements
related to major reconstructin, provided that criteria for the amounts of annual heating energy required per
unit of the useful floor area of the building @ns annually delivered energysdrand annual primary energy

Eyim are made stricter.

Since all the five listed renovationodels includehe renovation ofthe external envelope of the heated space,
target heat transmittance coefficients of various envelope elements included in the said renovation models are
shown below Table3.2).

®Technical Regulation on Energy Economy and Heat Retention in Buildings. Zagreb OG 128/2015 (2428), available at:
http://narodne-novine.nn.hr/clanci/sluzbeni/2015 11 128 2428.h{i30th April 2017]
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Table3.2 Overview of target thermal transmittance coefficients of structural building elements impossible
sustainable building renovatiamodels

Technical Regulation/nZEB *

Thermal transmittance coefficient of the Passive house/ active house**

structural element [W/(nfK)]

Continental Croatia Coastal Croatia Continental and coastal Croatia,
Extern_al Walls_, waIIs_ bordering garage, wg 0.30 0.45 013
bordering ventilated attic
Windows, balcony doors, . §kyl|ghts, oth 1.60 1.80 0.80
transparent elements of the building envelope
Glazed parts of windows, balct_)ny doors, skylig 110 1.40 0.70
transparent elements of the building envelope
Flgt_ and |ncI|_ned rogfs aboymeated space 0.25 0.30 0.10
ceilings bordering ventilated attic
Ceilings above outdoor space, ceilings abq 0.25 0.30 0.10
garage
Walls and ceilings bordering unheated spaces 0.40 0.60 015

unheated stairwells at temperatures abové®

Walls to the ground soil, floors on ground level 0.40 0.50 0.15

Exterior door, doors bordering unheate
staircase, with no#transparent doorwing and

glazed partitions bordering unheated an e 240 )
ventilated space

Roltup shutter casing rim 0.60 0.80 =
Ceilings and walls between apartments

between various heated separate parts 0.60 0.80 0.15
buildings (business premises etc.)

Domes and light strips 2.50 2.50 -
W|nd§h|elds, viewed in the direction of the dod 3.00 3.00 )
opening

Source: Technical Regulatiori* ISOVER Saif@obain Plannercatalogs and brochures, passive house standard

In view of technical possibilities @hplementing various EE and RES measures for each building category
shown in the previous chapter, an outline of the measure package scope for the five proposed models of
sustainable renovation for each of the four building categories is provided belableg3.3 and Annex 1). It is
necessary to point out that there are differences in the parameters of identical measures applicable to a
certain renovaion level to achieve energy and cost savings in percentage terms, as well as specific investment
amount.
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Table 3.3 EE and RES measures in respect of building categories to be considered for pmskilig

renovation models

Measure number

Building category o[1]2]3J]a[5]6]7[8]9]1of]11]12]13
Public buildings
Building renovation according to minimum requiremen|
: : X X X X X X X X X X X
of the Technical Regulation
Building renovation according to tfieechnical
. . ) X X X X X X X X X X X
Regulatiorrequirements related to large reconstruction|
Building renovation to the nZEB standard X X X X X X X X X X X
Building renovation to the passive house standard X X X X X X X X X X X X
Building renovation to the active house standard X X X X X X X X X X X X X
Commercial buildings
Building renovation according to minimum requiremen|
: : X X X X X X X X X X X
of the Technical Regulation
Building renovation according to tfieechnical
. ’ ) X X X X X X X X X X X
Regulatiorrequirements related to large reconstruction|
Building renovation to the nZEB standard X X X X X X X X X X X
Building renovation to the passive house standard X X X X X X X X X X X X
Building renovation to the active house standard X X X X X X X X X X X X X
Multi -residential buildings
Building renovation according to minimum requiremen|
- . X X X X X X X X X X X
of the Technical Regulation
Building renovation according to tfieechnical
. ’ ) X X X X X X X X X X X
Regulatiorrequirements related to large reconstruction|
Building renovation to the nZEB standard X X X X X X
Building renovation to the passive house standard X X X X X X X
Family houses
Building renovation according to minimum requiremen|
: : X X X X X X X X X X X
of the Technical Regulation
Building renovation according to tfieechnical
. . : X X X X X X X X X X X
Regulatiorrequirements related to large reconstruction|
Building renovation to the nZEB standard X X X X X X X X X
Building renovation to the passive house standard X X X X X X X X X X
Building renovation to the active house standard X X X X X X X X X X X

Measure 0: Energy audit of thriilding and establishment of systematic energy management

Measure 1: Outer window and door frame replacement

Measure 2: Thermal insulatiomplementationto external walls

Measure 3: Thermal insulatiamplementationto the roof/ceiling bordering unheated attic

Measure 4: Thermal insulatiamplementationto the ceiling bordering unheated basement (if any)

Measure 5: Thermal insulatiomplementationto the floor on ground level

Measure 6: Heating system centratism and modernisation by applying RES, if possible

Measure 7: Cooling and ventilation system centralisation and modernisation by applying RES

Measure 8: DHW system centralisation and modernisation by applying RES

Measure 9: Lighting system modernisatio

Measure 10: Water consumption reduction

Measure 11: Central control and management system installation

Measure 12: Installation of waste energy compensation devices

Measure 13: Installation of photovoltaic modules for RES electricity generation

Source:REGEA017
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3.4 Identification of a costeffective approach to renovation, dependingn building
category and climate zone

A group of buildings built up to 1987 was selected as the target group with regard to their total floor area, state
of the heated space envelope and energy requirements. In the renovation period 2020, renovation measures
are to be applied in accordance with the existing Programmes of Renovation of Public, Commercial and Multi
Residential Buildings and Family Hodbesd, after 2020, the application of an integrated energy renovation is
assumed in accordance with thEechnical regulatiomequirements related to major reconstruction under
Directive 2010/31/EE which provides for the encouragement of consideration oé introduction of high
efficiency alternative systems to the extent technically, functionally and economically feasible and Directive
2009/28/E¥° on the obligation to introduce measures to increase the share of energy from renewable sources.
Given the obljations under the Proposal for a Directive of the European Parliament and of the Council
amending Directive 2010/31/EU on the energy performance of buildings (Text with EEA reléyaneajures

or packages of measures to meet the energy savings target #th NEEAP are listed for two renovation
periods: renovation period up to 2020 and the renovation period after 2020.

The reason for the scope of measures not being identical for all building categories diferiences among
measure effectiveness in dain building categories, depending on the estimafeel spendingand regime of
individual technical system use. Input parameters for identifying a-effsttive approacho the renovation of

each building category are the specific amountsenérgy andcost savings per frof the building floor area,

and are shown separately for buildingsdantinental andcoastal Croatia in the tables beloffable3.4 and
Table3.5). These input parameters are calculated based on the initial assumptions given in Chapter 2. The
above input parameters in terms of the energy savings potential suggest that, within thénbsilstock built

up to 1987, the highest priority for integrated renovation should be given to family houses (potential of specific
energy savings according to the useful floor area of the building up to 293.48 kaHﬂy) and commercial
buildings (potatial of specific energy savings according to the useful floor area of the building up to 274.78
kKWh/m? yearly) Table3.4). In addition to the greapotential for energy savings, family houses are also a
priority category of buildings to be renovated in view of combating energy poverty, which is among the
measures of the Draft 4th National Energy Efficiency Action Plan-2019". The plan provides fdhe design

and launch of a systematic Programme of Energy Poverty Prevention through Implementing Energy Efficiency
Measures, and the Programme will establish a list of available measures dudding rates for specific
measures. The prerequisite for -fonding programme participation is the acquisition of the status of a
vulnerable energy customer in accordance with the legal regulations in force at the time of the implementation
of an individual measure. The specific objective of the measure is tlablestment of a system that would

87Programme of Energy Renovation of Family Houses-2020 with a detailed plan 2032016, March 2014, Ministry of
Construction and Physicalamhing, available athttp://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th

April 2017]; Programme of Energy Renovation of MRé#sidential Buildings 2012D20 wth a detailed plan 2012016,

May 2014, Ministry of Construction and Physical Planning, available at:
http://www.mqipu.hr/doc/Propisi/Program_EO VS ZGRADHZ3®@th April 2017];

Progamme of Energy Renovation of Commercial f@sidential Buildings 2042020 with a detailed 20:2016 plan for

the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/432768.pf80th April 2017];

Programme of Energy Renovation of Public Buildings -201%, October 2013, Ministry of Construction and Ptalsi
Planning, available at:
http://www.mgipu.hr/doc/EnergetskaUcinkovitost/Program_energetske_obnove_javnih_zgrada-201%.pdf[30th Apri

2017];

Programme of Energy Renovation of Public Buildings 2026, March 2017, Ministry of Construction and Physical
Planning, available altttp://narodne-novine.nn.hr/clanci/sluzbeni/2017_03 22 508.htri80th April 2017]

88European Commission (201@irective 2010/31/EU of the European Parliament and of the Council of 19th May 2010 on
the energy efficiency of buildings (recast) available at:  http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32010L (@310]

%European Commission (200®irective 2009/28/EC of the European Parliament and of the Council of 23rd April 2009 on
the promotion of the use of energy from renewable sources and amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC (Text with EEA relevancayailable at: http://eur-lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32009L (WXA30]

90European Commission (201®)oposal for a Directive of the European Parliament and of the Council amending Directive
2010/31/EU on the energy performance of buildings (Text ®WEA relevancejvailable atittp://eur -lex.europa.eu/legal
content/HR/TXT/?uri=COM%3A2016%3A765%3 g0t April 2017]

Draft [10th May 2017]
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http://www.mgipu.hr/doc/Propisi/Program_EO_VS_ZGRADE.pdf
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http://eur-lex.europa.eu/legal-content/HR/TXT/?uri=COM%3A2016%3A765%3AFIN

allow vulnerable energy consumers to improve energy efficiency at the household level while improving living

conditions at the same time.

Table 3.4 Overview of parametersfoEE and RES measures involving possible building renovation models in

continental Croatia depending on building category

Building category ircontinental Croatia

Packages of measures

Specific energy savingg
in delivered energy
per useful floor area of

the building [KWh/nf

Specific cost savings

per useful floor area
of the building

[HRK/nf annually]

annually]

Public buildings

Building renovation according to minimum requirements of ti Measures 0, 1, 2, 3, 4, 6, 7,

Technical Regulation 9, 10, 11 and.2 189.41 89.23

Building renovation according to thEechnical Regulatiorequirements | Measures 0, 1, 2, 3, 4, 6, 7,

related to large reconstruction 9, 10, 11 and 12 218.12 100.37
- . Measures 0, 1, 2, 3, 4, 6, 8,

Building renovation to the nZEB standard 9,10, 11 and 12 222.94 102.24
- . . Measures 0, 1, 2, 3, 4, 5, 6,

Building renovation to the passive house standard 8,9, 10, 11 and 12 237.46 109.26
. . . Measures 0, 1, 2, 3, 4, 5, 6,

Building renovation to the active house standard 8,9 10, 11, 12 ant3 308.42 163.38

Commercial buildings

Building renovation according to minimum requirements of ti Measures 0, 1, 2, 3, 4, 6, 7,

Technical Regulation 9,10, 11 and 12 26113 122.66

Building renovation according to thBechnical Regulatiorequirements | Measures 0, 1, 2, 3, 4, 6, 7, 274.78 127.95

related to large reconstruction 9, 10, 11 and 12 ’ )
- . Measures 0, 1, 2, 3, 4, 6, 7,

Building renovation to the nZEB standard 9,10, 11 and 12 284.61 131.77
- . . Measures 0, 1, 2, 3, 4, 5, 6,

Building renovation to the passive®use standard 8,9, 10, 11 and 12 319.50 147.17
- . . Measures 0, 1, 2, 3, 4, 5, 6,

Building renovation to the active house standard 8,9, 10, 11, 12 and 13 415.61 220.66

Multi-residential buildings

Building renovation according to minimum requirements of ti Measures 0, 1, 2, 3, 4, 6, 7,

Technical Regulation 9, 10, 11 and 12 161.29 47.51

Building renovation according to thBechnical Regulatiorequirements | Measures 0, 1, 2, 3, 4, 6, 7, 167.07 49.07

related to large reconstruction 9, 10, 11 and 12 ) ’

Building renovation to the nZEB standard Measures 0, 1, 2, 3, 4, 6 and 1 176.41 51,61

Building renovation to the passive house standard Measures 0, 1, 2, 3, 4, 6 and 7 208.24 61.56

Familyhouses

Building renovation according to minimum requirements of ti Measures 0, 1, 2, 3, 4, 6, 7,

Technical Regulation 9, 10, 11 and 12 278.52 88.78

Building renovation according to thBechnical Regulatiorequirements | Measures 0, 1, 2, 3, 4, 6, 7, 293.48 92.64

related to large reconstruction 9,10, 11 and 12 : .

Building renovation to the nZEB standard gﬂn%aigres 0.1,234678, 302.68 95.01

Building renovation to the passive house standard g/legangeioo, 1,2,3,4,5,8, 335.31 105.52

Building renovation to the active house standard Measures 0, 1,2, 3, 4, 5, 6, 431.83 179.09

8,9,10and 13

Measure O:

Energy audit of the building and establishment of systematic energy management

Measure 1: Outer window and doframe replacement

Measure 2: Thermal insulatiamplementationto external walls

Measure 3: Thermal insulatiamplementationto the roof/ceiling bordering unheated attic

Measure 4: Thermal insulatiamplementationto the ceiling bordering unheated basement (if any)

Measure 5: Thermal insulatiamplementationto the floor on ground level

Measure 6:

Heating system centralisation and modernisation by applying RES, if possible

Measure 7: Cooling and ventilation gy centralisation and modernisation by applying RES

Measure 8:

DHW system centralisation and modernisation by applying RES

Measure 9: Lighting system modernisation

Measure 10: Water consumption reduction

Measure 11: Central control and management sysinstallation

Measure 12: Installation of waste energy compensation devices

Measure 13: Installation of photovoltaic modules for RES electricity generation

SourceREGEAR017
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Table 3.5 Overview ofparameters of EE and RES measures involving possible building renovation models in

coastal Croatia depending on building category

Building category irtoastal Croatia

Packages of measures

Specific energy savingy
in delivered energy

per useful floor areaof

the building [kWh/m?

Specific cost savingy

per useful floor area
of the building

[HRK/nf annually]

annually]

Public buildings

Building renovation according to minimum requirements of ti Measures 0, 1, 2, 3, 4, 6, 7,

Technical Regulation 9, 10, 11and 12 114.46 60.35

Building renovation according to thBechnical Regulatiorequirements | Measures 0, 1, 2, 3, 4, 6, 7, 128.91 66.02

related to large reconstruction 9, 10, 11 and 12 ) )
- . Measures 0, 1, 2, 3, 4, B, 8,

Building renovation to the nZEB standard 9,10, 11 and 12 130.08 66.48
i . . Measures 0, 1, 2, 3, 4, 5, 6,

Building renovation to the passive house standard 8.9, 10, 11 and 12 139.27 71.63
- . . Measures 0, 1, 2, 3, 4, 5, 6,

Building renovation to the active house standard 8.9, 10, 11, 12nd 13 187.88 108.54

Commercial buildings

Building renovation according to minimum requirements of ti Measures 0, 1, 2, 3, 4, 6, 7,

Technical Regulation 9,10, 11 and 12 156.69 82.82

Building renovation according to thBechnical Regulatiorequirements | Measures 0, 1, 2, 3, 4, 6, 7, 171.08 88.47

related to large reconstruction 9, 10, 11 and 12 ’ )
- . Measures 0, 1, 2, 3, 4, 6, 7,

Building renovation to the nZEB standard 9,10, 11 and 12 172.83 89.15
- . . Measures 0, 1, 2, 3, 4, 5, 6,

Building renovation to the passive houstandard 8,9, 10, 11 and 12 189.66 97.88
- . . Measures 0, 1, 2, 3, 4, 5, 6,

Building renovation to the active house standard 8,9 10, 11, 12 and 13 256.56 148.88

Multi-residential buildings

Building renovation according to minimum requirements of ti Measures 0, 1, 2, 3, 4, 6, 7, 78.49 29.19

Technical Regulation 9, 10, 11 and 12 i '

Building renovation according to thBechnical Regulatiorequirements | Measures0, 1, 2, 3, 4, 6, 7, 8 82.67 3037

related to large reconstruction 9,10, 11 and 12 . !

Building renovation to the nZEB standard Measures 0, 1, 2, 3, 4,6 and 7 84.66 30,93

Building renovation to the passive house standard Measures 0, 1, 2, 3, 4, 6 and 7 102.01 37.09

Family houses

Building renovation according to minimum requirements of ti Measures 0, 1, 2, 3, 4, 6, 7,

Technical Regulation 9,10, 11 and 12 139.12 54.97

Building renovation according to thBechnical Regulatiorequirements | Measures 0, 1, 2, 3, 4, 6, 7, 152.55 58.57

related to large reconstruction 9,10, 11 and 12 : .

Building renovation to the nZEB standard gllnedaigres 0,1,234678, 154.03 58.97

Building renovation to the passive house standard Measures 0, 1, 2, 3, 4, 5, 6, 176.21 67.03

8,9 and 10
Building renovation to the active house standard WIEESIIES (B 25, 22 € 4 ) 211.38 93.38

8,9,10and 13

Measure 0: Energy audit of the building and establishment of systematic energy management

Measure 1: Outer window and door frameplacement

Measure 2: Thermal insulatiamplementationto external walls

Measure 3: Thermal insulatiamplementationto the roof/ceiling bordering unheated attic

Measure 4: Thermal insulatiamplementationto the ceiling bordering unheated basement (if any)

Measure 5: Thermal insulatiamplementationto the floor on ground level

Measure 6:

Heating system centralisation and modernisation by applying RES, if possible

Measure 7: Cooling and ventilation & centralisation and modernisation by applying RES

Measure 8:

DHW system centralisation and modernisation by applying RES

Measure 9: Lighting system modernisation

Measure 10: Water consumption reduction

Measure 11: Central control and management sysinstallation

Measure 12: Installation of waste energy compensation devices

Measure 13: Installation of photovoltaic modules for RES electricity generation

SourceREGEAR017
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The amounts of investment into energy renovation have been calculated &nailable bills of quantities of

the renovation projects implemented by the NoftNest Croatia Regional Energy Agency for the past five
years, and from the Programme of Energy Renovation of Public Building202@6Tables 7.1, 7.2. and 73.
and, for he purpose of drafting the Strategy, they have been reduced to the area of buildings under renovation
(investment amount in HRK divided by’ f the building ared). In the case of renovation according to
minimum requirements of thelechnical regulationthe cost of investment irthe renovation ofthe heated
space envelope is 767.00 HREfor continental Croatia, and 671.00 HRK/ior the coastal Croatia and, in the
case of building renovation according T@chnical Regulatiorequirements related to largeeconstruction, it
amounts to 800.00 HRK/nfor continental Croatia, and 700.00 HRK/for coastal Croatialn the case of
renovation according to nZEB, the cost of investmertharenovation ofthe heated space envelope amounts

to 1,000.00 HRK/Mmfor continental Croatia, and 874.00 HRK/rfor coastal Croatia (in the case of
passive/active house 1,750.00 HRR/for continental Croatia, and 1,530.00 HRK/for coastal Croatia). In
addition to the reconstruction ofthe external heated space envelope, thgerall investment cost into the
energy renovation of individual buildings includes the replacement of inefficient technical systems with more
efficient ones and, where possible, with the Rie8/ered systems. The investment cost of heating system
replacemen by new ones, presuming the replacement of 30% of the existing systems with gas systems, 35% of
the existing systems with heat pump systems and 35% of the existing systems with bfoethésilers, along

with system balancing and installation of thernaissets on radiator units, is 468.50 HRKffor continental
Croatia, and HRK 413.007rfor coastal Croatia. The above distribution of selected heating systems is in line
with the data provided by the Programme of Energy Renovation of Public Building2@PQgChapter 11.2),
where the analysis of three possible public building renovatimtefs uses a standard system based on fossil
fuel for 30% energy requirements and a RB®ered system for 70% of requirements as the standard heating
power generation system. The investment cost of cooling system centralisation andcoimg system
installation using a heat pump stands at 233,00 HRH#amcontinental Croatia, AND 223.00 HRKfor coastal
Croatia (in the case of passive/active house 350,00 HRfoImcontinental Croatia, and 335.00 HRK/for
coastal Croatia). The installation of sotallector systems for DHW generation is a measure \&itbost
investment amounting to 20.20 HRKJrfor continental Croatia, and HRK 14.06/for coastal Croatia, while

the replacement of existing lightingystems withmore efficient ones is an EE measwrigh a cost investment

of 61.00 HRK/fmof the building floor areaFinancial savings have been calculated in accordance with the
percentage distribution of fueland energysources in direct consumption for each building cate&‘be;nd

their respective pdes in April 201%. The financial savings amount does not include VAT.

92Programme of Energy Renovation of Public Buildings -2026, March 2017, Ministry of Construction and Physical
Planning, available altttp://narodne-novine.nn.hr/clanci/sluzéni/2017 03 22 508.htniB0th April 2017]

% North-West Croatia Regional Energy Agency (2@M&3ign Guidelines for Sustainable Constructf@greb; City Office for

Energy, Environmental Protection and Sustainable Development of the City of Zagreb @andMdst Croatia Regional

Energy Agency (2013Jagreb- Energy Efficient City Proje@agreb; NorthWest Croatia Regional Energy Agency (2013),
Report on the Energy Audit of the Dubovac Primary School Building, KaNavideWest Croatia Regional Energgency
(2013),Report on the Energy Audit of the Karlovac Hostel Bujlékagovac; NorttWest Croatia Regional Energy Agency
(2013),Analysis of the Internal Lighting System in the Velika Gorica Grammar School Bddédjred, NorthWest Croatia

Regimal Energy Agency (2018)ity of Zagreb Energy Sustainable Development Action Pdaneb

*International Energy Agency (2017), Online Report  for Croatia [online], available at:
http://www.iea.org/statistics/statisticssearch/report/?country=CROATIA&product=Balances&year3014 April 2017]

*Decision on the Tariff Line Amount for Electricity Supply within the Universal Service, Zagreb OG No. 63/2015 (1219),
available athttp://narodne-novine.nn.hr/clanci/sluzbe®015 06_63 1219.htn{BO0th April 2017];

®Decision on the Tariff Line Amount for Electricity Supphbgreb OG No. 134/2015 (2533), availabléntip://narodne-
novine.nn.hr/clanci/sluzbeni/2015 12 134 2533.h{i30th April 2017]

®Decision on the Tariff Line Amount for Electricity Transmissagreb OG No. 134/2015 (2532), available at:
http://narodne-novine.nn.hr/clanci/sluzbeni/2015 12 134 2532.h{i30th April 2017]

®Decision @ Tariff Line Amounts in the Tariff System for Natural Gas Supply, with the Exception of Preferential Customers,
without Tariff Line Amounts, Zagreb OG Nos 49/2012 and 99/2012 (21&®ilable at: http://narodne-
novine.nn.hr/clanci/sluzbeni/2012_08 99 2199.htf30th April 2017]

95Methodology for Setting the Tariff Line Amounts for the Publivi€e of Gas Supply and Guaranteed Supply, Zagreb OG
No.26/2017 (585), available atitp://narodne-novine.nn.hr/clanci/sluzbeni/2017_03 26 585.htf80th April 2017]

®Decision on Tariff Line Amounts in the Tariff System for Heat Distribution in District Heating Systems of Zagreb, Osijek and
Sisak for HER ¢ 2 LX Ay NAG @2 Rd2d2ds aAOSPS61F Mpkl Ihitg#hafod®6 hD b2
novine.nn.hr/clanci/sluzbeni/2014 08 105 _2040.ht[B0th April 2017]; Decision on Tariff Line Amounts in the Tariff
System for Heat Distribution in District Heating Systems of Dubrava, \@ikea and Samobor for HEF oplinarstvo

RbP2 02 X ail0S@S61 | Mp KL %l INB o h D b 2 @itp:/navodne-k H 1 M N (
novine.nn.hr/clanci/sluzbeni/2014 08 105 203drtit; Decision on Tariff Line Amounts in the Tariff System for Heat
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http://narodne-novine.nn.hr/clanci/sluzbeni/2017_03_22_508.html
http://www.iea.org/statistics/statisticssearch/report/?country=CROATIA&product=Balances&year=2014
http://www.iea.org/statistics/statisticssearch/report/?country=CROATIA&product=Balances&year=2014
http://narodne-novine.nn.hr/clanci/sluzbeni/2015_06_63_1219.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2012_04_49_1176.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2015_12_134_2533.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2015_12_134_2533.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2015_12_134_2532.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2012_04_49_1171.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2012_04_49_1171.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2012_08_99_2199.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2012_08_99_2199.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2012_04_49_1172.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2012_04_49_1172.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2017_03_26_585.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2040.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2040.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2039.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2039.html

The specific amount of total costs has been discussed as a basic parameter in the comparison of various
building renovation models, depending on the climate zone (Annex 2, Annex 4x Andanex 8, Annex 10,
Annex 12, Annex 14 and Annex 16) and used as a basis for a chart, foraeach building category to
illustrate overall cost dependence on the primary energy level after renovation according to a certain
renovation model (Annex #nnex 5, Annex 7, Annex 9, Annex 11, Annex 13, Annex 15 and Annex 17). Overall
costs include initial investment costs, energy costs while taking into account the rise in energy source prices at
an annual levéf, maintenance costs and replacement costs.nfrreach of the presented graphs, it may be
concluded which of the five proposed renovation models is currently the mosteffesttive (minimum total

costs) and which level of primary energy is achieved with the said model. The parameters also depend on the
calculation period, so a graph showing a,30, and 70year calculation period has been provided for each
building category for the purpose of comparing the impact of input parameters. A summary of the above
parameters is shown in the tables beloWaple3.6 and Table3.7)

Distribution in District Heating Systems of Dubrava, Velika Gorica and Samobor for energy compariopliEBrstvo

Rb2 d2 b3 arA0S@S61 | MpKI X %l INB o bb Nnttp g/ marodner n dHno
novine.nn.hr/clanci/sluzbeni/2014 08 105 2038.htmDecision on Tariff Line Amounts in the Tariff System for Heat
Distribution in District Heating Systems of Zagi®Bijjek and Sisak, for HEProizvodnja d.o.o., Ulica grada Vukovara 37,

Zagreb OG No. 105/2014 (2037), available hitp://narodne-novine.nn.hr/clanci/sluzbeni/2014 08 108037.html ;

Decision on Tariff Line Amounts in the Tariff System for Heat Distribution in District Heating Systems of Karlovac, for

DNJ Ra I G2 L) Fyl Rb2 D2 ¢AYL ' 2S5SOA0B I T3  Mip/kEr@@t O hD b
novine.nn.hr/clanci/sluzbeni/2014 08 105 2036.htmDecision on Tariff Line Amounts in the Tariff System for Heat
Distribution in District Heating Systems of Karlovac, for Gradska toplanaxd.0.0.A y I | 2S@A 61 T3 YI NI 23 C

(2035), available at:http://narodne-novine.nn.hr/clanci/sluzbeni/2014 08 105 2035.html Decision on Tariff Line
Amounts inthe THA FF {&adSY F2NJ I SIiG 5A&0NROdziAZ2ZY Ay S5A&AGNROG | SI i
Energo d.o.0o., Dolac 14, Rieka OG No. 105/2014 (2034), available Hdtp://narodne-
novine.nn.hr/clanci/sluzbeni/2014 08 105 2034.htmDecision on Tariff Line Amounts in the Tariff System for Heat
SEA&GNAOGdzGAZ2Y AY SB5AAGNAROG 1SHGAy3 {eadsSvya 27 D2Nyal +SOAO0!L;
105/2014 (2033), available athttp://narodne-novine.nn.hr/clanci/sluzbeni/2014 08 105_2033.htmDecision on Tariff

Line Amounts in the Tariff System for Heat Distribution in Ristieating Systems of Borovo Naselje and Olajnica for
¢SKy2aidly Ro2020T 5NXP CNIryaS ¢dsSYIl Yyl H O X htpdmagodhe-NJ h D b2
novine.nn.hr/clawi/sluzbeni/2014 08 105 2032.html Decision on Tariff Line Amounts in the Tariff System for Heat
S5AaGNROdzEA2Y Ay S5AAGNROG 1 SFHidAy3a {eadsSvya 2F .2NR@2 blasSte
Vukovar OG No. 105/2014 (2031), availabte http://narodne-novine.nn.hr/clanci/sluzbeni/2014 08 105 2031.html

Decision on Tariff Line Amounts in the Tariff System for Heat Distribution in District Heating sSg&t@lavonija, for Bred

plin d.o.o., Tome Skalice 4, Slavonski Brod OG No. 105/2014 (2030), availablénttm@t/narodne-
novine.nn.hr/clanci/sluzbeni/2014 08 105 2030.htmDecision on Tariff Line Amounts in the Tariff System for Heat

Distribution in District Heating Systems of Slavonija, for #iodd.o.o., Tome Skalice 4, Slavonski Brod OG No. 105/2014

(2029), available ahttp://narodne-novine.nn.hr/clanci/sluzbeni/2014 08 105 _2029.html

“Available athttp://www.hak.hr/info/ciiene-goriva/[10th May 2017]

96European Commission (2010), Edergy Trends to 2030; update 2009. European Union, 2010. [online], available at:
https://ec.europa.eu/energy/sites/ener/files/documents/trends _to_2030 dgte 2009.pd{30th April 2017]
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http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2038.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2038.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2037.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2036.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2036.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2035.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2034.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2034.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2033.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2032.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2032.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2031.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2030.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2030.html
http://narodne-novine.nn.hr/clanci/sluzbeni/2014_08_105_2029.html
http://www.hak.hr/info/cijene-goriva/
https://ec.europa.eu/energy/sites/ener/files/documents/trends_to_2030_update_2009.pdf

Table3.6 Overview of total costs of possible building renovation models in continental Croatia, depending on
building category and calcdlan period

Building category ircontinental Croatia Public buildings Commercial buildings Mu'g;ri?;i:;smial Family houses
Total cost of five analyzed renovation models for a-§6ar calculation period [HRK/f

Building renovation according to minimur 14,169.65 17,057.25 13,632.75 16,889.45
requirements of theTechnical Regulation

Building renovation according to th

Technical Regulatiorequirements related to 13,824.11 16,935.75 13,629.33 16,747.64
large reconstruction

Building renovation to the nZEB standard 14,252.60 17,289.76 13,992.43 17,110.48
Building renovation to the passive houg 16,737.42 10,425.46 16,255.05 19,303.83
standard

Building renovation to the active hous| 9,124.55 8,701.24 9.621.82 8.529.33
standard

Total cost of five analyzed renovation models for a-§6ar calculation period [HRK/f

Building renovation according to minimut 37,784.09 46,147.37 36,229.10 45,661.37
requirements of theTechnical Regulation

Building renovation according to th

Technical Regulatiorequirements related to 36,737.91 45,750.08 36,173.80 45,205.28
large reconstruction

Building renovation to the nZEB standard 37,699.72 46,496.17 36,946.23 45,976.94
Building renovation to thepassive house 43,310.55 51,095.87 41,013.48 50,743.60
standard

Building renovation to the active hous| 22.478.97 21,896.04 23.716.77 21,408.53
standard

Total cost of five analyzed renovation models for a-y8ar calculation period [HRK/f

2Ll EASENET G W My 83,231.72 103,562.90 79,451.52 102,381.45
requirements of theTechnical Regulation

Building renovation according to th

Technical Regulatiorequirements related to 80,562.91 102,471.56 79,191.55 101,147.13
large reconstruction

Building renovation to the nZEB standard 82,129.02 103,513.25 80,297.26 102,250.99
Building renovation to the passive houg 91,478.58 110,404.73 88,082.27 109,548.36
standard

Building renovation to the active hous| 41,774.55 41.256.15 44.500.76 40,085.50
standard

SourceREGEA017
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Table 3.7 Overview of total costs of possible building renovation models in coastal Croatia, depending on
building category and calculatigreriod

Building category irtoastal Croatia Public buildings Commercial buildings Mu'g;?;f;smial Family houses
Total cost of five analyzed renovation models for a-§6ar calculation period [HRK/f

Bund_lng renovation accgrdlng to mlnlmuﬂ 10,755.70 12,845.49 8.133.70 9.549.82
requirements of theTechnical Regulation

Building renovation according to th

Technical Regulatiorequirements related to 10,612.01 12,702.63 8,143.51 9,420.61
large reconstruction

Building renovation to the nZEB standard 11,031.86 13,113.85 8,551.47 9,835.70
Building renovation to the passive houg 13,321.62 15,234.09 10,769.36 11,922.29
standard

Building renovation to the active hous| 8,473.63 8,123.49 9.469.13 8.735.78
standard

Total cost of five analyzed renovation models for a-§6ar calculation period [HRK/A

Building renovation according to minimut 28,226.34 34,278.93 20,632.33 24,733.79
requirements of theTechnical Regulation

Building renovation according to th

Technical Regulatiorequirements related to 27,770.48 33,825.49 20,621.03 24,319.86
large reconstruction

Building renovation to the nZEB standard 28,742.39 34,772.41 21,558.50 25,277.98
Building renovation to thepassive house 33,932.53 39,471.58 26,540.50 29,879.69
standard

Building renovation to the active hous| 20,537.31 19,990.89 22.687.29 20,953.12
standard

Total cost of five analyzed renovation models for a-y8ar calculation period [HRK/f

2Ll EASENET G W My 60,876.34 75,590.25 42,415.24 52,385.93
requirements of theTechnical Regulation

Building renovation according to th

Technical Regulatiorequirements related to 59,658.41 74,378.19 42,278.03 51,269.92
large reconstruction

Building renovation to the nZEB standard 61,346.14 76,005.17 43,882.05 52,924.13
Building renovation to the passive houg 70,060.71 83,535.18 52,099.62 60,217.23
standard

Building renovation to the active hous| 37.644.90 36,970.09 41,846.82 38,175.78
standard

SourceREGEA017

Based on the charts shown in the Annexes (Annex 3, Annex 5, Annex 7, Annex 9, Annex 11, Annex 13, Annex 15
and Annex 17) and the data presented in tabl€shle3.6 and Table3.7), the active house model is most cost
effective, but it also includes thprocess of obtaining the status of eligible REBd cogeneratiofbased
producers and the status of preferential energy purchase price (as defined in Article 44 of the Act on
Renewable Energy Sources and High Effective Cogené’?;iti@h/en the above, thstated active house model

can be chosen for a low percentage of buildings. In the above tables, the optimal model in terms of cost is
marked in dark green, while the next most cedtective model is marked in light green. The model of building
renovation according toTechnical Regulatiorequirements related to large reconstruction (in the previous
tables marked with a darker green tint) was selected as optimal in terms of cost. However, it should be noted
that its realization in terms of public buildingrrovation in continental Croatia is almost impossible, given the
limitations for the annual delivered energy.Fand the annual primary energy . This model does not prove
optimal only in the multresidential building category of coastal Croatia wheais a cosbptimal model, it
results in a renovation model according to minimum requirements offteehnical RegulatiorThe realization

of the renovation model to the nZEB standard is impossible due to the restrictions in the annually delivered
energyEye for public buildings in continental Croatia and the annual primary enesgyf& almost all building
categories (exceptions involve commercial buildings in continental Croatia and coastal Croatia). However, if
reduced criteria could result in itsealization, its coseffectiveness would increase with the length of the
calculation period for the buildings in continental Croatia. Building renovation model according to minimum
requirements of theTechnical Regulatiois less coseffective than the bilding renovation model according to
Technical Regulatiomequirements related to large reconstruction, specifically to a greater extent in
continental Croatia and with the extension of the calculation period.

9Act on Renewable Energy Sources and High Effective Cogeneration. Zagreb OG Nos 100/2015 and 123/2016 (1937),
available athttp://narodne-novine.nn.hr/clanci/sluzbeni/2015 09 100 1937.h{30th April 2017]
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3.5  Description of the method used in cosffectiveness analysis

Costeffectiveness analysis is based on the optimum cost method, in compliance with thENRB452008
standard:Energy performance of buildings evaluation procedure for energy systems in buildings (in accordance
with the requirementsof Directive 2002/91/EC of the European Parliament and of the Council of 16th
December 2002 on the energy performance of build?ﬁgsereinafter: Directive 2002/91/EC)), as well as the
Commission Delegated Regulation (EU) No. 244/2012 of 16th January f2@i#ementing Directive
2010/31/EU of the European Parliament and of the Council on the energy performance of buildings by
establishing a comparative methodology framework for calculating-apsmal levels of minimum energy
performance requirements fobuildings and building elements (Text with EEA relevance) and respective
guideline€® (hereafter: Commission Delegated Regulation (EU) No. 244/2012). The said standard defines the
method used in the calculation of energy performarafebuildingswith regardto the functionality of energy
systems in the building, with an emphasistbe methodof economic heating system parametrisation.

The method defines the calculation of castectiveness of individual energy saving methatisis comparing
different eneggy saving methods. It also enables assessment of an economic paraoreteuilding
performance as a whole, with parametrisation of individual energy saving meaapmied tothe existing
system, with regard to the calculation of its initial and finahdition.

Based on the standard, in view of the guidelines provided for the definition and structwesotypesin the
economic or financial calculation of energy savings, parameters requireds$bidefinition the very method of
economic or financial calculation, the method of presenting tbsults ofeconomic or financial calculation and
service life parameters of different technicistem componentst is possible to select cesptimal measures
to increase energy efficiency imdividual buildingcategories.

Although the standard is based on Directive 2002/91/EC, considering that the said Directive has been replaced
by the new Directive 2010/31/E9, the Commission Delegated Regulation (EU) No. 244/R&04I80 takerinto
accountin selecting the method used in the cesffectiveness analysis, since it describemore detaila part

of Directive 2010/31/EU, more specifically the development of a comparative method of calculating- a cost
optimal level ofenergy performancef a building and its elements. The Directive obliges EU Member States to
decide which one of the two methods of calculating overall cost they will select (macroeconomic, observed
through the building's entire service life, or financi@king into account only the initial investment). Croatia

has not selected any of the said calculation methods to date, so its method of calculating individual measures
or a combination of several measures is based on the financial model.

In selecting masures to increase energy efficiency, simultaneous consideration has been given to the
introduction of REBased systems to the greatest possible extent, in order to meet the requirements of
Directive 2010/31/EY" and Directive 2009/28/EX¥, as well as the @ft 4th National Energy Efficiency Action

98European Commission (200B)jirective 2002/91/EC of the European Parliament and of the Council of 16th December 2002
on the energy performance of buildingsailable athttp://eur -lex.europa.eu/eli/dir/2002/91/0j[2002]

“European Commission (2012), Commission Delegated Regulation (EU) No. 244/2012 of 16th January 2012 supplementing
Directive 2010/31/EU of the Eopean Parliament and of the Council on energy performance of buildings by establishing a
comparative methodological framework for calculating eoptimal levels for minimum energy performance requirements

for buildings and building elements (Text with AEEelevance), available athttp://eur-lex.europa.eu/legal
content/HR/TXT/?uri=celex%3A32012R02#@th January 2012] European Commission (2012), Guidelines Accompanying
Commission  Delegated Regulation (EU) No  244/2012, available laftp://eur -lex.europa.eu/legal
content/EN/ALL/?uri=CELEX:52012XC0419%280p%20April 2012]

100Ewopean Commission (201@jrective 2010/31/EU of the European Parliament and of the Council of 19th May 2010 on
the energy efficiency of buildings (recast) available at:  http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32010L (@310]

e yuropean Commission (201@)irective 2010/31/EU of the European Parliament and of the Council of 19th May 2010 on
the energy efficiency of buildings (recast) available at:  http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32010L (PR10]

102European Commission (200®)irective 2009/28/EC of the European Parliament and of the Cafir&Skd April 2009 on

the promotion of the use of energy from renewable sources and amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC (Text with EEA relevanceyailable at: http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32009L (WXA30]
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Plan 20172019} ®which, in the case of implementing a significant renovation of an existing building, prescribe
the obligation to take measures in the consideration of installing Heificiency alternative systemto the
extent technically, functionally and economically feasible.

The package of measures to increase energy efficiency (hereinafter: EE) and the use of renewable energy
sources (hereinafter: RES) is selected by optimising the measures, or by setenting several existing
measure packages that have the greatest impact on primary energy savirggsdaainbuilding with regard to
total costs.For the purpose of cost optimisation, it is necessary to take into account a number of parameters
adjusted b national conditions, such as service life of the building, all types of costs throughout the building's
service life (energy sources, materials, systems, maintenance, operating and labor costs), factors of delivered
energy conversion into primary energfluctuations in energy prices etc. In addition to the European
legislation mentioned above, the selection and parameterization of various packages of the measures to
increase EE and RES use of each building catatgaryakes into account the nationiggislation. With regard
to the proposed building renovation models, the following measures to increase EE and RES have been
developed in accordance with the HRN EN 15459/2008 standard:
1. Renovationof the external building envelope according to thechnial Regulationrequirements,
using realistic models in the calculation for each building catéfbry
2. Introduction of central heating systems using a wood biorfassl (pellets, wood chips) boiler, heat
pumps using ambient air temperature or, where impoksila condensation boiler using natural gas
as fuel;
3. Introduction of the central DHW generation system with a solar collector system;
4. Introduction of the central cooling system using heat pumps;
5. Existing lighting system replacement by a more energy efficae.

As the Programmes of Renovation of Public, Commercial and-Riegidential Buildings and Family Houd&es
cover the building renovation period up to 2020, the application of an integrated energy renovation according
to Technical Regulatiorequirements related to large reconstruction is assumed after 2020. In the case of a
significant building renovation, Directive 2010/31/Etprovides for encouraging the consideration of installing
high-efficiency alternative systems to the extent technically, tiowally and economically feasible, while
Directive 2009/28/EY’ stipulates the obligation to introduce measures to increase the share of RES energy.

193D raft [10th May 2017]

1%North-West Croatia Regional Energy Agency (208i8al Report on the Energy Audit of the Terme Tdhdlgljske Spa
ComplexZagreb; Final Report on the Energy Audit of the Dubovac Primary School, KaBtacReport on the Energy
Audit of Gaza Kindergarteiarlovac; NorttWest Croatia Regional Energy Agency (2(Hidpl Report on the Energy Audit

of the KrapinaZagorje Couty's Community Health Centre, Pregrada Outpatient Cliagreb;Final Report on the Energy
'dzZRAG 2F GKS wSaARSYyGALlt . Fied ReRokt grithelEfiergy Audlifloffa]FamilyoHeis&in Purat  { | Y 2
Final Report on the Energy Audit Citffi€® for Energy, Environmental Protection and Sustainable Development of the City
of Zagreb and NorthVest Croatia Regional Energy Agency (2A&jreb- Energy Efficient City Proje@agreb.

105Programme of Energy Renovation of Family Houses-2028 with a detailed 2032016 plan, March 2014, Ministry of
Construction and Physical Planning, availableh#ip://narodne-novine.nn.hr/clanci/sluzbeni/dodatni/431066.pdB0th

April 2017];

Programme of Energy Renovation for Métesidential Buildings 2022020 with a detailed 2032016 plan, May 2014,
Ministry of Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/Propisi/Program_EO VS ZGRADH3@th April 2017];

Programme of Energy Renovation of Commercial-Regidential Buildings 2042020 with a detailed 20:2016 plan for

the renovation of commercial neresidential buildings, July 2014, Ministry of Construction and Physical Planning, available
at: http://narodne-novine.nn.hr/clanci/sluzbeni/dodai/432768.pdf[30th April 2017];

Programme of Energy Renovation of Public Buildings -2015%, October 2013, Ministry of Construction and Physical
Planning, available at:
http://www.mqipu.hr/doc/EnergetskaUcinkovitost/Program_energetske obnove_javnih_zgrada-201%.pdf[30th April
2017];

Programme of Energy Renovation of Public Buildings 2026, March 2017, Ministry of Construction andlyBical
Planning, available alttttp://narodne-novine.nn.hr/clanci/sluzbeni/2017 03 22 508.htf80th April 2017]

106European Commission (201@)jirective 2010/31/EU of the Eurean Parliament and of the Council of 19th May 2010 on
the energy efficiency of buildings (recast) available at:  http://eur -lex.europa.eu/legal
content/HR/TXT/?uri=CELEXA82010L003{2010]

107European Commission (200®)irective 2009/28/EC of the European Parliament and of the Council of 23rd April 2009 on
the promotion of the use of energy from renewable sources and amending and subsequently repealing Directives
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For these reasons, comprehensive measure packages including EE andd&RE&s are to be implemented in
respect of the said building categories.

The calculation of savings in £énissions as well as the amount of primary energy is based on the Building
Energy Audit Methodolody?, more specifically the conversion factors related to delivered energygritoary
energy and C©*emissions published on the official site of the Ministry of Construction and Physical Planning,
in which the overall component of the primary energy factor taken from the official site of the Ministry of
Construction and PhysicalaRhing™. is used for the purpose of calculating the building energy performance

in accordance with the instructions of the Ministry. To calculate savingse@iSsions, specific G@mission
factors were used per energy unit of fuel (kg@®WVh). The d&a obtained correspond to the energy savings of
individual building categories and are in line with the energy source distribution in energy consumption based
on data from thelnternational Energy AgencylEA Statisticslatabase in Croatfd’. Calculationof required
investment and appropriate cost savings is based on existing price catalogueadistic Cosspecificationélz.

Given the guidelines related to Article 6(3) of the Commission Delegated Regulation (EU) No. 24%/a012
data source related toeconstruction under lowenergy standards was taken into account when calculating
required investment.The calculation derives from instructions in Annex 1 to the said regulation (Article 2(4)),
which lay down an obligation of calculation in compliance thth standard prescribed as a prerequisite for co
funding by national institutions, such as the Environmental Protection and Energy Efficiency Fund (EPEEF).

In the parameterization of measures to increase energy efficiency, 2016 is taken as the refggander the
calculation, where the current condition model is based on data provided by the Croatian Bureau of Statistics,
the 2011 census and the records on total building permits issued and buildings completed, as well as the
division of delivered enexg for the purposes of different technical systems in buildings based on the
International Energy AgencyEA Statisticslatabase in Croatfa”.

2001/77/BEC  and 2003/30/EC (Text with EEA relevancegvailable at: http://eur-lex.europa.eu/legal
content/HR/TXT/?uri=CELEX%3A32009L (WX#0]

%y8i2R2t 23421 LINHIANDAI ISRy SNB SEDNR+ 69y SNBE | dzRAG aSiKzR2
Construction and Physical Planning, available at:
http://www.mgipu.hr/doc/EnergetskaUcinkatost/METODOLOGIJA EPG[BOth April 2017]

%% actors of Primary Energy and {Eissions [online], October 2014, Ministry of Construction and Physical Planning,
available at:

http://www.mgipu.hr/doc/EnergetskaUcinkovitost/FAKTORI_primarne eneii€9.9.2017.pdB0th April 2017]

"available at:

http://www.mgipu.hr/doc/EnergetskaUcinkovitost/FAKTORI_primarne_enempée9.9.2017.pdB0th April 2017];

Minternational Energy  Agency (2017), Online Report  for Croatia [onlinedvailable at:
http://www.iea.org/statistics/statisticssearch/report/?country=CROATIA&product=Balances&yearH3014 April 2017];
"2North-West Croatia Regional Energy Agency (20D8sign Guidelines for Sustainable Constructitagreb; City Office

for Energy, Environmental Protection and Sustainable Development of the City of Zagreb antlVistriGroatia Regional
Energy Agency (201,Zagreb- Energy Efficient City Proje@agreb.

"% yropean Commission (2012), Commission Delegated Regulation (EU) No. 244/2012 of 16th January 2012 supplementing
Directive 2010/31/EU of the European Parliament and of the Council on energy performance of buildings by establishing a
comparative methodologal framework for calculating cesptimal levels for minimum energy performance requirements

for buildings and building elements (Text with EEA relevance), availablehtgi://eur-lex.europa.eu/legal
content/HR/TXT/?uri=celex%3A32012R0224@th January 2012] European Commission (2012), Guidelines Accompanying
Commission Delegated Regulation (EU) No. 244/2012, available laitp://eur -lex.europa.eu/legal
content/EN/ALL/?uri=CELEX:52012XC0419%280p%20April 2012]

"nternational Energy  Agency (2017), Online Report  for Croatia [online], available at:
http://www.iea.org/statistics/statisticssearch/report/?country=CROATIA&product=Balances&year=3014 April 2017]
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4. Policies and measures to stimulate cesffective integrated building renovation
4.1 Overview of existing measure® stimulate building renovation in Croatia

An overview of existing measures to stimulate building renovation in the Republic of Cralitiaclude
the following:

1 National and international projects and programmes of building renovation;

1 Implementationof Croatia's operational programmes for different types of buildings

Programmes of financial institutions dedicated itdegrated building renovation are described idetail in
Chapter 5.2.

4.1.1 Overview of national and international building renovation pregts and programmes

A large number of building renovation projects in Croatia have been implemented withiscthyige ofthe
following programmes and initiatives:

1 Crossborder cooperation under thénstrument for PreAccession AssistanggPA™:

1 European @mmission's CONCERTO initiative under the European Research Frarfeogndmme
(FP7Y",
Competitiveness and Innovation Framework Prograngr@p**";
European Union's Horizon 20Z0r research and innovation 2012p20™8
Programmes and projects of the Emrimental Protection and Energy Efficiency Fund (Elyl*%EF)
Loan programmes involving projects of environmental protection, EE and RES, and Loan programmes
of the Croatian Bank for Reconstruction and Development (HBOR) involving environmental protection
projects®’;
European Bank for Reconstruction and Development (EBRD) technical assistance pro&bmmes
UNDP project: Increasing Energy Efficiency in the Republic of Cthatia
Technology Research and Development Promotion ProgramﬁEéS*l“;
Strategy Plan cthe Ministry of Economy 2013015
Science and Research Investment Action Plan of the Ministry of Science, Edaodtiﬁportézs;
Entrepreneurial Impul§éeof the Ministry of Economy, Entrepreneurship and Crafts

=A =4 =4 =4

=A =4 =4 =4 -4 -4

Ministry of Regional Development and EU Funds (R017 available at:
http://www.strukturnifondovi.hr/UserDocslmages/Publikacije/Instrument_pretpristupne_pomoci_IPA3fth April 2017]
"®Europan Commission (2014), available fttp://www.concertoplus.eu/[30th April 2017]

"European Commission (2014), availablenétp://ec.europa.eu/cip/ [30th April 2017]

118Agpncy for Mobility and EU Programmes (2017), availabletai://www.obzor2020.hr/[2017]

9 nvironmental Protection and Energy Efficiency Fund (2017), available at:
http://www.fzoeu.hr/hr/energetska_ucinkovitost/enu_u_zgradarstvi2017]

%%Croatian Bank for Reconstructon and Development (2017), available atps://www.hbor.hr/wp-

content/uploads/2017/05/Za%C5%A1titkoli%C5%A1Rkprojekataza%C5%Altitekoli%C5%Atanergetske
u%C4%8Dinkovitostl612-1704.pdf[2017]

121European Bank for Reconstruction and Development (2017), availaigmtiwww.wb -reep.org/[2017]

22NDP Energy Efficiency Promotion Project in Croatia (2012), availahiatwww.enu.fzoeu.hr/ [2012]

123Business Innovation Agency of the Republic of Croatia (2013), availabigpatwww.hamagbicro.hr/inovacije/javni
sektor/test/ [31st December 2013]

2Ministry of Economy (2012), available at:
http://www.mingo.hr/userdocsimages/STRATE%C5%A0KI%20PLAN%20MINGO922080d23Rona%C4%8Dno.doc

[30th April 2017]

Z\inistry of Science, Education and Sports (2008), available at:
http://novebojeznanja.hr/UserDocslmages/Dokumenti%20i%20publikacije/Dokumenti%20i%20publikacije%20referirani%2
0u%20SOZT
u%20(popis%201)/146%20Akcijski%20plan%20za%2ap{E%20ulaganja%20u%20znanost%20i%20istra%C5%BEivanje.p
df [30th April 2008]

126Ministry of Entrepreneurship and Crafts (2016), available hdtp://www.strukturnifondovi.hr/natjecaji/1276 [30th
September 2016]
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http://www.strukturnifondovi.hr/natjecaji/1276

Croatian Ministry of Construction and PhoaiPlanning (MCPP) continuously stimulates and supports research
and development of new energglated and environmentally friendly construction materials and technologies
through a number of national and international research and development projents ttee following stand

out: 2011 CIFEIREccInnovation project entitled Energy Efficient, Recycled Concrete Sandwich Facade Panel
ECGSANDWICH'. The objective of the EGEANDWICH project is to stimulate recycling and reuse of
construction and demolitiorwaste, promote the substitution of conventional thermal insulation materials,
promote the application of prefabricated energy efficient products and reduce energy consumption
introduction, greenhouse gas emissions and production wast@rbgucts and prodct use. The Horizon
2020 BUILD UPON projétt is the world's largest coperation project in the field of energy building
renovation and has connected more than 1,000 organizations from 13 countries in 80 events held in 2016 and
2017. It aims to launch eevolution in renovation across Europe, helping states to deliver energy renovation
strategies of existing buildings by 30th April 2017. These strategies are critical to reducing energy consumption
in Europe, reducing climate change impacts and constrgdbiildings that ensure high quality of life. In the
period up to 2020, a number of building renovation projects within the scope of BORIZON 2020
programme are expected to be implement&d One of the important HORIZON 2020 programme objectives is
the acquisition of necessary knowledge and skills by all stakeholders in the prafoassrgyefficient building
renovation (building owners, designers, contractors and-agers).

4.1.2 Implementation of Croatia's operational programmes for different types ofillings

Since its establishment on 1st January 2004, the Environmental Protection and Energy Efficiency Fund (EPEEF)
has been continuously and systematically promoting energy building renovation through numerous
programmes of sustainable developmentftmding. Table4.1 shows the cumulative savings of the alternative

policy measures that have been realized from 2014 to 2016, that is after taking and adogihgrigTerm

Strategy for Mobilising Investment in the Renovation of the National Building Stock, through tenders of the
Environmental Protection and Energy Efficiency Fund. Collected data on all measures implemented are
contained in the System for measuginand verifying energy savings (SMiV) which contains the savings
calculated according to the bottomp methodology.

2lyniversity of Zagreb, Faculty of Civil Engineering (2015), availabkpatiwww.eco-sandwich.hr/hr/

128 )ropean Union, available dtttps://ec.europa.eu/info/fundingtenders_en[30th April 2017]
29 vailable athttp://buildupon.eu/hr/

130European Union, available dtttp://ec.europa.eu/programmes/horizon2020f30th April 2017]
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Table4.1 Cumulative savings of alternative policy measures realized from 2014 to 2016

. . . Total investment Total Fund resources
Measure title Savings [PJ] Savings [tC& [HRK] issued [HRK]
RESIDENTIAL BUILDINGS
Programme of Energy Renovation of Fan
Houses 20142016 1.10438 53,709.00 778,492,028.45 487,329,822.20
FIEgEITS Of [ENey RenoEicn @ 0.25131 19,825.03 154,535,990.29 61,997,642.77
Residential Buildings
ez ol @i € el MEReEmeT e 0.51337 42,331.63 116,930,071.23 46,313,643.72
involving heat energy consumption
PUBLIC BUILDINGS
HEUENTS @F [S1ep) [REna i e (R 0.30125 22,388.49 344,258,164.79 155,309,742.45
Buildings (20142015) . 1200 195, 2O WIS e
Programme of Energy Renovation of Pub
Buildings (20162020) v B B v
COMMERCIAL NGRESIDENTIAL BUILDINGS
CTAEETTIE € ENSEY REVDEN @F CTmmEr 0.07073 5,388.05 49,781,776.24 20,279,641.08
Non-Residential Buildings
PUBLIC LIGHTING
Energyefficient public lighting programme | 0.19776 | 19,783.05 160,986,313.89 84,028,721.96
TRANSPORT
Financial incentives for energfficient vehicles 0.083556 7,706.02 207,250,726.57 39,996,341.06
Encouraging ecdriving 0.09159 6,784.91 2,986,214.63 977,649.24
Establishment of a s_peC|aI tax on motor vehic 0 0.00 0.00 0
based on CO2 emissions
TOTAL 2.61395 177,916.18 1,815,221,286.09 896,233,204.48

Source: Annual progress report on the achievement of national energy efficiency targets pursuant to Article 24(1) in@xeatddart 1
of Annex XIV of the Directive 2012/27/EU of the EuropPaniiament and of the Council of 25 October 2012 on energy efficiency,
amending Directives 2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and 2006/32/EC, CEl
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4.2  Analysis of measures to stimulate integrated building renovation Buropean
Union Member States

Article 5 of Directive 2012/27/E¢} defines the obligation of all MSs to renovate public buildings owned by the
central government. For this purpose, national plans and policies were drafted as a framework for the
implementation of the renovation programme. Each MS has a different appnaagrding implementation as
well as financial mechanisms. Implementation of Article 5 Directive 2012/27/EC is possible with the so called
standard approach, more specifically by renovating 3% of the total floor areeatéd and/or cooled buildings
owned and used by the central government every year, and the alternative approach implementing other cost
effective measures taken in eligible buildings owned and used by the central government, provided that they
achieve at least equal savings as the standgsgroach. In alternative approaches, each MS defines various
energy efficiency measures for achieving the required savings. One of the key factors for a successful
renovation programme are the funding methods, i.e. financial instruments. Briefly, ttevfaly can be noted
at the EU level:

1 Almost all MSs have programmes encouraging building renovation by means of classic or innovative
funding models, of or external funding;
Most of the financial instruments target existing buildings;
The most commonly usefunding methods are subsidies, more specifically -nefundable ce
funding. Loans or fiscal instruments are used to a lesser extent;
I There is no systematic way of monitoring, using standardized indicators and there are no reports on
the final objectiveschieved,;
A small part of financial instruments is directed at comprehensive building renovation;
More active involvement of private funding is not addressed in many MSs.

f
f

f
f

Energy building renovation activities being carried out in most EU Member Statesegimnal or local
initiatives, specifically projects that have the option of usingiwading from development funds in view of
sustainable development. The data available on the implemented energy renovation programmes is related to
benefiting from EU Ogrational Programmes (ERDF) and development programmes (Jessica and Elena) and a
partial share in the national budget, subsidies or funding the building occupant himself. Programmes focused
on a specific group of buildings or territorial unit are larger namber than the integrated national
programmes. Only several programmes are listed below for the purpose of presenting different approaches to
solving the problem of encouraging building stock renovation and construction to the nZEB principles of
sustaindle construction:

1 Portugal- Energy Efficiency Programme in Public Administration (Eco.AP) was initiated in 2011 in view
of increasing energy efficiency by 30% by 2020 in public services and public administration bodies (all
institutions under the authorit of the central government). The Energy Efficiency Fund financed the
programme activities, yet a detailed overview is not available.

1 City of Berlin- the Berlin Energy Agency manages the project (Berlin Energy Saving Partnership) in
which the partners arg¢he City of Berlin and several ESCOs. The service is procured through a public
tender. Funding is provided through ESCOs which guarantee savings. Payback period with regard to
the measures is 8 to 12 years, and 80% of the savings serves as a compédpsdtierESCO, and the
remaining 20%s direct profit for the City of Berlin. Throughout the term of the energy saving
contract, technical systems amgaintainedby an ESCO, and the building by the City of Berlin.

1 Province of Milan- a centrally coordinad and joint preparation of the project for the energy
renovation of 3640 school buildings in several municipalities. Standardized energy performance
contracts were drafted, and the projects were carried out as an ESCO service with guaranteed savings
of 20% and payment through the realized savings in energy costs. The project was implemented
through local banks and was financed by a EIB loan of EUR 65-BELENR instrument).

91 City of Prague energy renovation of 15 schools through three stakeholdersoaliog to the energy
performance contract, modernization/replacement of technical systems is implemented, and the

131European Commission (201B)irective 2012/27/EU of the European Parliament and of the Council of 25th October 2012
on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing Dir200Mé/EC and
2006/32/EC (Texts with EEA relevanespilable athttp://eur -lex.europa.eu/legatontent/HR/ALL/?uri=celex:32012L.0027
[2012]
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external envelope is financed by a subsidy from the Operational Programme EU Cohesi<202807
and the resources of building owners (abou®28

1 Poland- TM programme (Thermdodernization) provides a subsidy of 20% for commercial loans.
Subsidies are provided from the state budget and managed by the state commercial bank (BGK). The
programme is designed for all sectors, but 90% of projectseveermpleted in the housing sector.
Commercial loans are disbursed through 16 banks in which the client submits an energy overview
showing the project's feasibility and a unique application for a loan and subsidies;

1 Graz, Austria integrated energy contrding included the application of 3 ESCO service mechanisms:
energy savings contract on replacing cogeneration plant boilers; energy performance contracting for
mechanical ventilation equipment and system with heat recovery; energy savings contract based on
renewable energy sources for solar thermal systems. ESCO services provided 75% edfititingo
The model was implemented to a public building under the architectural heritage protection.
Delivered energy savings amounted to 15% and savings in emis$iGasto 35%.

We have already mentioned that the majority of MSs attempt to involve private funding in the energy
renovation of public buildings. Past experience shows the lack of profitability of integrated building
reconstruction projects, notably binvesting in the external building envelope, which discourages potential
private investors. In very rare cases it shall be possible to carry out integrated building renovation using only
one funding source energy service providers . Due to a possible kairexpansion, the energy service
providers have been presented with additioriedancingmethods such as efunding and subsidies with a view

to ensuring project coseffectiveness. According to available data, only Croatia, Lithuania and Slovenia opted
for a programme of public building renovation based exclusively or predominantly on the ESCO model. In other
MMs, the ESCO model is one of the instruments most commonly implemented at the local or regional level,
although it is considered to become introdett as the dominant model. For thigason,as well as the
aforementioned unprofitability, sample programmes of integrated renovation are smaller in volume and in
number. From EU practices, the following can be concliied

1 The ESCO model is used in pargéalovation of buildings. The stated is left to the owners, regional or
local government units, to develop or choose. In higlality contract development and transfer of
necessary risks onto the service provider, the model is not considered a debt. Tthenajasity
concerns individual projects carried out in most MSs (Germany, Poland, Czech Republic, Slovenia,
Slovakia, etc.). The experience of the ESCO model in developed markets such as Italy showed a
significant penetration of energy services in publigldings in partial renovation (HVAC systems,
energy source change);

1 In a complete renovation of residential buildings, sources of funding without subsidies such as ESCO
models, classic debt or revolving funds are implemented relatively successfullyngt dut that,
primarily because of high energy consumption, market profitability is found in integrated renovation
of residential buildings, which includes private capital. These models were noted in countries with
exceptionally high heating energy consuinp, especially due to climatic specifics (e.g. Latvia);

9 In a complete renovation of public nersidential buildings, there are rare cases where funding was
covered by the ESCO model withoutfooding. First of all, this depends on the prices of enetgye
of energy consumed, how the building is used and the existing technology (including the external
envelope). The examples include individual buildings, without the possibility of replication onto a
larger sample. In order to expand the model, subsiddasuring profitability to private investors were
introduced.

The saving of heating and cooling energy in the residential building stock of the Republic of Croatia is of great
importance for the following reasons:
- reduction of carbon dioxide emissiorS@) in the atmosphere;
- security of supply reduction of a country's dependence on imported energy;
- saving money for the supply of energgnerating products on the side of the supplier (country,
company);
- prevention of energy poverty reduction of enegy costs on the user/consumer side (households,
population).

1¥250urce: Programme of EnerBgnovation of Public Buildings 202820
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This importance has been recognized in the EU, where there are already significant experiences with the
energy renovation of residential buildingable4.2 shows energy renovation measures for mu#tsidential
buildings in the EU region, which includes the Czech Republic, Hungary, Slovakia, and Slovenia. This region's
climate is the most simitato Croatia, albeit with significant climatic differences compared to Croatia (Adriatic
region). In these countries, there are about 3 million apartments in medtidential buildings, or around 27%

of apartments in the region, which in theory represeatsout 50,000 buildings. The possibility of saving heat
energy with construction measures was estimated at about 64%, or about 75%, if the effect of installing
thermostatic valves on the heating elements is included. The simple time of recovering thieihftexds is 8.6

years. The total potential for energy savings in mrgsidential buildings is about 39%, or 2.5% of the direct
energy demand in the region, or 4 Mt of £Qhe particularity of the mentioned region of the EU is the
greatest possibility bsaving energy compared to other regions. The buildings are predominantly made of
prefabricated large concrete walls, with flat concrete roofs and floors and deglbleed windows in wooden
frames. The buildings are mainly connected to the district hgatietwork, with the possibility of installing
thermostatic valves and balancing.

Table4.2 Energy Renovation of Multesidential Buildings, International Energy AgeniyA/AlE,
Table no. 10, from the puisation "High rise refurbishment"

Size| Ucgvalue Uc¢value Cost of Simple
Energy saved Annual
before after : conserved payback
renovation | renovation annually nvestment energy time
2 = v 4N 1

Element (W/m*C) | (W/m*C) (kWh/m') 023aU99 458 y | (years)
Walls 1.20 0.30 50.1 33.1% 0.92 15 8.7
Roof 2.17 0.24 21.7 12.0% 0.15 0.7 3.8
Floor 1.10 0.45 7.3 4.0% 0.13 1.7 9.9
Windows 2.90 1.70 26.7 14.7% 0.71 2.7 15.2
Package 1.63 0.59 115.8 | 63.8% 1.91 1.6 9.3
Thermostatic valves 54.5 30.0% 0.19 0.3 1.6
All ofthe above combined 1355 | 74.7% 2.10 15 8.6

Source: Programme of Renovation of MiRgsidential Buildings

At the EU level, where residential buildings represent 75% of the total building stock, several structure
scenarios and intensity of the implemenion of the energy renovation of the total residential and other
building stock are elaborated. In the event of a complete energy renovation, annual energy savings in 2020 are
estimated at 527 TWh, or 13% in relation to direct energy consumption in ZRilding energy renovation
Ay@SaildySyida ¢2dzZ R FY2dzyd (2 € ntT1 O0AffA2Yy dzyRSNJ (KA &
Annual C@emission reduction would amount to 161 Mt. in 2020. By implementing the energy renovation
programme, a totalof 1.2 million jobs would be created by the Hlitle complete renovation scenario
annually. By launching the Programme of Renovation of NRé8idential Buildings and Family Houses,
buildings will fall into two groupsrenovated and nosrenovated. The fst of these will have a higher market

price, which means a rise in real estate prices. But even though the Programme of Renovation implies an initial
rise in real estate prices, according to the microeconomic theory, as the supply of renovated real estate
increases, their price will decrease, but in any case will always be higher than the pricerehowgated real

estate. Experience from EU countries, for example Ireland, shows that the difference in the price of real estate
with energy grade A/B and Fi& 169>, This is an additional effect of the Programme of Renovation, as it is an
incentive for building owners to invest in renovation, because they will be able to achieve a better price by
selling/renting.

%3The survey was conducted in Ireland in 2012 on a sample of 20,000estesé properties, available at:
http://www.arhitekti-hka.hr/fi les/fi le/pdf/2013/ZET/PLANETARIEA201305-14.pdf This link is not available online any
more !l
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4.3  Analysis of existing obstacles for integrated energy renovation of buildings

The existing obstacles to integrated energy renovation of buildings are numerous and can generally be divided
into 4 main categories shown in the following figuFégure4.1).

— Access to finance

— Long period of return on investment

L— Longlasting and complex public grant tenders
— Regulatory and planning

— Institutional

— Structural

Barriers
|

L Different interests of stakeholders

— Lack of information

— — Insufficient public awareness

Insufficient knowledge and awareness of the
construction sector

Figure4.1 The main categories a@xisting obstacles to integrated energy renovation of the national building
stock of the Republic of Croatfa

Overall, it can be concluded that the main obstacles to the renovation of the Croatian national building stock
are financial in naturé®but alsothat the integrated energy renovation of buildings is also largely hampered
by a lack of information and motivation on the part of investors, the public and stakeholders. Directive
2012/27/EU* requires support in developing the energy services market,eligpment of new financial
mechanisms and incentives as well as institutional, financial and legal frameworks to remove existing market
obstacles and shortcomings preventing efficient ars of energy. Consequently, this chapter identifies the
legal, finarial, and organizational obstacles to wider implementation of energy efficiency improvement
measures.

By joining the European Union, Croatia has assumed the obligation to fully align the relevant national
legislation with EU directives, but given the quexity of the task, it is clear that full harmonization will require
time and professional knowledge. Until the moment of full Croatian compliance with the EU legislation,
investing in the integrated renovation of the national building stock represemiskaor all interested parties:

from investors, through financial institutions, to owners or users of buildings.

Existing Croatian legislation is satisfactory in the part related to technical guidelines and requirements for
energy renovation of buildingsnd does not constitute an obstacle in the technical sense, but there is a lack of
regulation that would commit to the energy renovation of existing buildings with the mandatory use of the
optimal renewable energy source for heating and cooling whers technically feasible and economically
viable. At this point, only the obligation to carry out energy audits and the production and presentation of
energy certificates is regulated.

134Building Performance Institute Europ8PIE: Europe's Buildings under the Microscope, October 2011

¥More on financial barriersral limitations in Chapter 5.2.2

136European Commission (201B)irective 2012/27/EU of the European Parliament and of the Council of 25th October 2012
on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and
2006/32/EC (Texts with EEA relevanespilable athttp://eur -lex.europa.eu/legatontent/HR/ALL/?uri=celex:32012L.0027
[2012]
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The major economic crisis in Croatia has resulted in a significant treduim investment capacity for
investment in all branches of the economy, as well as in the construction sector in the section related to the
renovation of existing buildings, which is largely dependent on economic indicators at the national level. Since
the beginning of the economic crisis in 2009, the Croatian economy recorded a steady decline and renovation
of all types of buildings has been steadily declining. An important indicator of movement in the construction
sector is the index of the physicallume of construction works based on the working hours of construction
workers according to the Methodology for shaerm business statistics. According to the data of the Croatian
Bureau of Statistics, the index of the physical volume of construction sva&orded a steady growth until

2008 anddeclined until 2014. Since the recovery of the construction sector in Croatia was preceded by the
recovery of the entire real sector (consequently the labour market as well), it is realistic to expect a
continuation of the trend of positive moves that will significantly contribute to its further recovery, especially in
the light of capital investment.

If a rather long period of investment return on renovation, insufficient financial incentives, and a lack of
succesful financial models are added to the generally bad financial situation in Croatia, the financial barriers
are even stronger. Lack of strong incentive systems and insufficient preparation of financial institutions for
lending for energy renovation of bdihgs further slow down the whole process. And to a large extent, the
sociallydetermined price of energgenerating products in Croatia is destimulating the implementation of
energy efficiency measures, primarily those with a relatively long investmentnreperiod. The expected
increase in energy prices will make energy renovation more financially viable, and this barrier will decrease
over time.

The next barrier which is taken into account is partially information, education, and participation ptithie

in making important decisions on the renovation of buildings. Insufficient awareness of the positive effects for
every individual and the society as a whole which the integrated renovation of the entire national building
stocks certainly brings reka in insufficient motivation and often undesirable increase in risk that further
blocks potential investors. Furthermore, unlike public buildings, where ownership relationships are relatively
simple, the ownership relations of multésidential buildingsare extremely complex, because renovation
investment decisions related to the amount of investment require a minimum of 51% of tenants.

The precondition for a successful start and implementation of the integrated energy renovation of the National
buildings stock is a good development of the market for construction and energy services, and a sufficient
number of experienced companies specializing in the implementation of integrated energy renovation
involving mechanical, energetic, and construction elemseof a building and requires an interdisciplinary
approach. The crisis in the Croatian construction and energy sector resulting in the shutdown or bankruptcy of
a large number of companies has further strengthened the existing barrier of inadequate gajkaciiviedge,
abilities, and skills to successfully implement the complex task of integrated building renovation.

An important barrier to successful implementation of integrated renovation of buildings are also the
demographic and migration trends, as Was changes in housing culture and living habits. Integrated building
renovation is a complex process with a large number of participants interrelated by different interests and
objectives that make another in a series of barriers to successful impletient Unresolved property and
legal relations and property ownership status are the next obstacle in deciding on energy renovation.

A typical obstacle to the process of energy renovation of public buildings is the public procurement process,
which is alvays time consuming, and in many cases unsatisfactory. The procurement processes that have been
implemented so far based on the most financially favourable selection criteria for the contractor simply did not
yield good results. Such contractual relatioqshido not guarantee the quality, respecting the construction
deadlines or the longerm guarantee for the works carried out. Over the next few years, in the field of
contracting public works, the application of the most economically advantageous tendeelmbduld also

apply criteria such as the smlled " Design and Bulff or ESCO or JPP mdd@bf realization with mandatory

¥ The Design and Build (D&B) Contract reggiithe most economically viable offer, which will also guarantee a functional

construction and reduce the overall cost of living through its design. This model implies a "turnkey" project. The public
partner announces the tender, and the money is issuedht® private partner only upon the project completion at the
completed stages and the largest part. The cost risk and quality risk is transferred to the private partner, while fudding an
funding costs are defrayed by the public partner.
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bid selection criteria such as the Whole Life Cycle Cost , achieving guaranteed savings and guarantees for the
performed works.

In the Programme of Energy Renovation of Public Buildings-2018, according to the ESCO model, value
added tax calculation has not been clearly resolved. Namely, the provisions of Article 26, paragraph 7 of the
Energy Efficiency Act stipulates that fonsees, works, and goods under the energy performance contract, the
value added tax liability is repaid over a period of ten years after energy renovation has been completed.
However, Article 30 Paragraph 1 of the Value Added Tax Act stipulates thaixdtdea@vent and obligation to
calculate value added tax arises when the goods are delivered or services performed. It is apparent from the
abovementioned that the provisions of the Energy Efficiency Act stipulating payment of value added tax
obligations @er a period of ten years are not in accordance with the provisions of the Value Added Tax Act, but
the fact is that the provisions of these laws are simultaneously in force.

Pursuant to the Budget Act, units of local and regional government may bevibedrby taking out loans and
issuing securities. The total annual commitment of the units of local and regional government can amount to
up to 20% of the realized income in the year preceding the year in which they are debited. However, this
provision doesnot apply to projects cdinanced by preaccession programmes and EU funds, and energy
efficiency improvement projects involving local and regional government units, as well as tax and accounting
treatment of energy performance contracts that is not traaspnt enough in the Republic of Croatia. From the
previously analyzed obstacles, there is a need to finalize the standard energy performance contract, which is
the basis for establishing a sustainable model and removing important barriers to implementAsothe

terms of the agreement in the implementation of the public procurement procedure are defined by the bidding
documents, the drafting of the standard contract facilitates the implementation of the public procurement
procedure itself and reduces thedministrative burden. Public procurement documentation should include, in
addition to the usual parts and the technical background described above, the standard energy performance
contract and the rules for action on verification of savings and/or bugldinergy renovation project, and the
selection criteria must be predictable, transparent, and stgcriminatory.

In practice, there is a problem of different interpretations of the scope of pysiicate partnerships in relation

to the energy performaoe contract. The clear delineation of these two institutes is a prerequisite for public
sector security, which has often received contradictory instructions regarding the contracting or application of
these two models. Although there are different typespafitnerships between public and private entities, there

is no doubt that a great deal of influence in this area lies with an understanding of some important general
terms and their proper use in practice. The term puplitvate partnership is understooth the broadest
possible sense, i.e. as any "contractual or legally regulated relationship between public and private entities
aimed at enhancing and/or expanding infrastructure services." In such a definition, a PPP in the sense of the
Public Private Pamership Act (Official Gazette, nos 78/12 and 152/14) is only one of the emerging forms of
publicprivate partnership, specific to Croatian legislation.

Starting from such a definition, energy services could be characterised as apuldie partnershipsolely in
the situation when maintenance services are provided during the implementation of the energy service. The
distinction between the publiprivate partnership and energy services models in accordance with the Public
Private Partnership Act is modearly manifested in three elements that define it:
l. Definition of a Public Private Partnership Project
Il. Obligation to establish a special purpose company
Il. The right of construction or concession as a mandatory part of the ppbliate parnership
contract.

1391 the Energy P&rmance Contract, the public partner announces a tender, the private partner applies to it and wins it

in the case (as with the D&B model) it guarantees the most economically viable conditions in terms of reducing overall
living costs based on planned egg savings. However, in this model, the private partner receives the first payment only
after the reconstruction project has been carried out, more specifically on a monthly basis during the next ten years
(depending on how amount of the contract signedply if the project demonstrates the realization of planned energy
savings or if the energy service delivered and other standards are in accordance with agreed terms. In the event that this
does not occur, the private partner bears the risk and receivesvar fee than agreed, since obviously the job was not
performed as contracted.
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Pursuant to the applicable public debt and deficit rules, i.e. the European Accounting Standard, a key feature of
a PPP is that, in the case of renovation of an existing building, the private partner investment must amount to
more than W% of the final market value of the building after renovation. If such level of investment is not
achieved, such a contract is not a PPP contract. As the energy performance contract never achieves such
amounts for existing buildings, this rule sets outlaac delimitation of energy performance contracts and
public-private partnership contracts.

The following analysis shows the following:

1 A publieprivate partnership agreement deals with investments in which new real estate is created for
the purpose of proiding public services, or investments exceed 50% of the final value of the building
after renovation;

1 The energy performance contract shall renovate buildings for which no change in use and/or intensity
of use is planned, in view of achieving energy sge/at least equal to the value of the payment of the
fee payable to the energy service provider under such contract.

The economic crisis that has affected Croatia since 2008 has been a significant impact on the emergence of a
greater number of financial anstraints for the implementation of energy efficiency measures in public
buildings. It has caused general market uncertainty, postponing many projects and investments, and
discouraging potential customers.

According to the Ministry of Finance data on BetlExecution of LRGUs for the period 201AD14, interest
payments on received loans at the level of all considered LRGUs increased by 64% overybarfperiod.
The above data shows one of the main obstacles to the implementation of energy remowatipublic
buildings, which is a lack of financial resources and creditworthiness. This problem arises especially when the
building is not suitable for renovation using the ESCO model. Despite the share of grants in public building
energy renovation projets, some LRGUs are unable to secure the remaining part of the required investment.
Potential providers of energy services are companies in the construction sector, and they are already
overburdened by indebtedness and inadequate revenues due to unfalesimnomic trends in recent years.
Both factors limit their credit standing, especially for the need to raise recurrenttienmg loans. On the other
hand, alow-incomelevel ensures a limited amount of own resources. Banks in the Republic of Croatid do n
show sufficient interest in funding projects on the principle of contracting energy performance. There are
several reasons for this:

9 credit insolvency of a large number of potential energy service providers;

9 insufficientnumberof guarantees;

91 high costof capital in the Republic of Croatia.

Due to the low credit rating of the Republic of Croatia, the cost of capital is extremely high. In addition, the
bank assess the level of risk separately for the energy service provider or client. Banks are néomréauy

term funding of a client who fully takes on the risk in the project. Therefore, banks seek additional guarantees
such as pledged rights related to real estate. Interest rates are high, both because of country risk as well as
client risk. Accordig to the experiences from the Programme of Energy Renovation of Public Buildings 2014
2015, the guarantee system issued by HAMAG BICRO did not survive. There are no financial instruments
available on the Croatian market for energy renovation of therentublic building potential. That is why this
Strategy, along with the already prepared Programme documents of building energy renovation, aims to define
the necessary financial instruments to achieve the renovation objective.

The category of building®if which the implementation of energy renovation is an even more complex process
are buildings are entered in the Register of Cultural Goods of the Ministry of Culture. In the Republic of Croatia,
there are 6,207 individual real estate cultural goods armligs of cultural goods registered in the Register of
Cultural Goods, which are permanently and preventively protected. With an assumed average floor area of
1000™ there is currently about 6.2 million Tof protected building areas in Croatia, which makes up almost
3% of the total floor area dhe national building stock.

The impact of various obstacles to the integrated renovation process of the national stock of public buildings of
the Republic of @atia is not identical, and in view of determining the potential risks, some identified obstacles
depending on impact will be divided into obstacles of great, medium, and small impact. The obstacles which
have an impact on the process of integrated buitdrenovation are the following:

0 lack of strong financial incentives for energy renovation of buildings;
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lack of developed and tested financial models for investing in energy renovation of buildings;
insufficient preparation of financial institutions favdns (e.g. on project funding) for the purpose
of stimulating ESCO markets;

the lack of regulation which obliges the application of the selection criteria based on the lowest
total cost of living for the building, the achievement of guaranteed savings by means of
renovation measures and guarantees on performed works and contratéaedards.

The following barriers have a midnge impact on the integrated building renovation process:

il

il

1

insufficient development of the energy services market, primarily through the insufficient number
of companies specializing in providing completdding renovation services and a lack of

financial resources;

insufficient information, education, and participation of the public in making important decisions
on the renovation of buildings;

socially dictated energy prices.

The following obstacles hava small, but not negligible impact on the implementation of integrated
building renovation:

il

f
f
f

the complexity of the process of initiating and implementing the process;

the necessity of an individual and multidisciplinary approach to each building;
unresolvedproperty and legal relations;

additional complexity of the procedure for renovation of buildings entered in the Register of
Cultural Goods of the Ministry of Culture.

In existing multresidential buildings and family houses, the existing Programmess fegalusively on the
heating needs of buildings, i.e. energy efficiency measures aimed at reducing energy consumption for heating
and DHW preparation. Regarding other energy needs, especially household appliances and interior lighting,
further developmentof standards and regulations in this area (e.g. prohibition of the sale of light sources with
wire filament, stricter regulations for energy efficiency classes etc.) is already yielding visible results on the
market and usually require smaller investmenbsts than the renovation measures proposed by the
Programmes andre a prerequisite for integrated renovation.
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4.4  Proposals for solutions and new measures to overcome the existing obstacles

Identification of effective measures to encourage eeffective inegrated renovation of the national stock of
the Republic of Croatia will be based on a plan of possible targets and indicators for the period up to 2050
according to the Energy Roadmap 2080the European Parliament passed in January 28{Bable4.3).

Table 4.3 Longterm Plan for the Integrated Renovation of the National Building Stock bylﬁ’(Bﬂergy
Roadmap 2050)

Target
year Target
2050 Redugtigmf greenhouse gas emissioimspuildings byl 80% ) o
All buildings are almost zero energy buildings or with a high level of energy efficiency
65% of buildings are nearly zero energy buildings or with a high level of energy efficiency
2040 Around 3.5% of the buildings is renovated annually

4% of historical buildings or buildings of cultural significance are renovated annually
95% of users are aware of the positive effects of integrated building renovation

30% of the building has beeanovated to the level of nearly zernergy and high energy efficiency properties

Around 3.5% of the buildings is renovated annually

Prepared regulations for requirements that all building properties be at a high energy efficient level as a condgale forlease.

2030 Full renovation fully developed with optimized costs

Construction companies with a certificate for renovation and with workers educated for carrying out works in the energyioenofvbuildings.
50% of users are aware of the benefits efiovation

Developed techniques for renovation of historic and buildings of cultural significance

15% of the building has been renovated to the level of nearly-eegrgy and with high energy efficiency properties

Around 3% of the buildings ienovated annually

Developed renovation techniques for all types of buildings

20% of users are aware of the benefits of renovation

2025 Techniques for renovation of historic and buildings of cultural significance are being developed

50% of contractors have a itéicate for energy renovation of zero energy buildings and 50% of workers that are trained for performing
works

The government provides support to banks in lending the full renovation for socially vulnerable groups

User education on the benefitsf renovation is provided

5% of the building has been renovated to the level of nearly-eeergy and high energy efficiency properties

About 1% of the building is renovated annually to the level of -merergy buildings

Renovation techniques for nsb types of buildings are developed

Complete renovation technique developed

20% of contractors have a certificate for energy renovation of zero energy buildings and 20% of workers that are trgieerioing such
works

The government provides a budgéir the renovation of public buildings and provides incentives for the renovation of buildings of g
character.

User education is carried out by energy agencies etc.

Prepared educational materials for the implementation of training in schooldandties

2020

Renovation techniques for most types of buildings are developed

5% of contractors have been certified for energy renovation of zero energy buildings and 5% of employees are traineatfieingesfich works
Universities and schools haverimduced energy renovation into the curriculum

The government prepared funding plans for the renovation of public buildings and social housing

The government supports research and presentation of energy renovation

The government supports the educationwérkers in carrying out renovation

2017

Materials for renovation of the existing building stock completely prepared

Agreement on the level of required building properties that the renovated buildings should reach in 2050 and the stratagyméachievet
Overview of the complete renovation techniques including application to different types of buildings

A complete renovation technique has been developed for most types of buildings

Materials for education prepared

Government support for renovation resezn

2015

Croatia's national policy on the integrated renovation of the national building stock to achieve the objectives
set in accordance with the provisions of the EU directive should cover six categories of méasures

strategic;

legislative;

technical;

financial;

communication and capacity building measures;

research and development.

=A =4 =4 -8 -4 -4

139Energy Roadmap 2050. Luxembourg: Publications Office of the European Union, 2012, available at:

http://ec.europa.eu/energy/sites/ener/files/documents/2012_energy roadmap 2050 _en_Q.peith May 2017]

1%Janned Targets of Enerdgdenovation under the operational Programmes of Energy Renovation of Various Building
Types, Ministry of Construction and Physical Planning according to the EC's European Roadmap 2050

1A guide to developing strategies for building energy renovation, BetbiEdry 2013
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In accordance with the conclusions and recommendations of the EU Build Upon pfojis, Strategy is
harmonized in the part of the recommendations for improving the laegjiee framework (legislation), a part
related to innovative funding mechanisms, a part related to ensuring the necessary knowledge and skills, and
communication aspects for promotion and informing the wider public.

Strategic measuresf integrated renovéon of the national building stock include:

1 establishing the support of the entire political spectrum of the Republic of Croatia for the integrated
renovation of the national building stock;

1 establishing a broad network of stakeholders as a basis fostheessful implementation of the building
renovation plan;

1 establishing an independent commission to monitor and report on progress on a permanent basis,
including timely constructive suggestions for improvement;

1 carrying out a systematic assessment of thistacles to successful implementation of the integrated
renovation of the national building stock and to develop individual solutions for the removal of each of
them;

1 setting the target for reducing energy poverty of the Croatian population by imprariegqy efficiency of
the housing sector;

1 setting objectives for integration of various sectors: sustainable urbanism, sustainable construction, local
energy resources etc.;

1 providing a good example through successful renovation ofegmmmercial public bidings and
encouraging the renovation of other types of buildings from the national stock.

Legislative measurefor successful renovation of the national building stock are the following:

91 identifying the most effective legislative mechanisms that wouklitein the improvement of energy
efficiency of buildings (energy certification, boiler room inspection, stricter technical standards etc.);

91 using legislature to mandate the use of renewable energy sources and implementing energy efficiency
measures in esting buildings;

I amending or abolishing restrictive legislative acts that will discourage the improvement of energy
efficiency in buildings (Decree on building maintenafitetc.);

1 using legislation to mandate improving buildings with poor energy characteristics (e.g. introducing various
restrictions and restrictions on the sale and renting of buildings afitenergy class worse than D).

Technical measureshould include the followg:

1 continuously aligning technical standards with the new technological solutions available on the market;

1 analyzing and applying centralized heating systems for heating and cooling buildings to the fullest extent;

9 building regional biomass heating sysis;

1 ensuring adequate control of compliance with construction regulations and the implementation of penal
provisions in case of necompliance;

1 developing standard solutions for easy application in buildings of the same purpose;

1 introducing mandatory cetfiication of the quality of installation services and products.

Financial measurefor the integrated renovation of buildings include the following:

1 Development of financial instruments;

1 Granting method;

In order for the financial institutions to keepaitk of energy service providers, it is necessary to develop
financial instruments in accordance with the rules for the use of ESI Funds with a specific purpose for energy
service providers. The development of financial instruments in the context of ttate8y should also create
conditions for the development of the energy services market, including via the PPP model, i.e. the
development of markets among private entities wishing to operate on the principles of providing energy
services. In the case ohfincial instruments, it is possible to offer products that will first and foremost facilitate

ey project BUILD UPQ@&lailable athttp://buildupon.eu/hr/
“Regulation on Building Maintenance, Zagreb OG 64/1997 (1002), available htp://narodne-
novine.nn.hr/clanci/sluzbeni/1997 06 64 1002.html
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access to funding to all entities implementing projects following the energy service model and then stimulate
market development by removing specific obstaclesnsiing from the energy service model itself and
reducing the problem of undercapitalization (which is the systemic problem of the economy as a whole, and
especially expressed by ESCO companies due to capital intensity and the specific problem of thasmodel
such). Given the specifics of the financial instruments, it is possible to achieve the following objectives: to
provide access to funding of EE projects to encourage the development of ESCO markets through specific
products to reduce the cost of fundirigr EE projects. There are three basic instruments:

a) a guarantee instrument;
b) equity instrument;
C) credit line.

The coefunding model should be adjusted in such a way as to grant the aid directly to the service provider
without the intermediaryrole of e.g. APN, so that the risk of subsidizing is borne by the energy service
provider, which does not affect the obligations under the energy performance contract.

Communication and capacity building measurieglude the following:

1 Establishing publig accessible databases with examples of good practice and all necessary data for
launching and implementing energy renovation projects;

1 initiating and continuously implementing educational programmes for all categories of workers in the
building sector;

1 Establishing good communication channels for the exchange of knowledge and experience between
different levels of administration (national, regional, county, local);

1 continuously carrying out promotion&ducational activities for different target groupstitviemphasis
on the positive effects of energy renovation of buildings;

1 continuously informing stakeholders and the public about the implementation of this Strategy.

Research and development measurese based on the support for research and developmehtnew
technologies, techniques, materials, and components for-opsimal integrated renovation of buildings.

Concrete examples of possible measures are described in more detail below.
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Models and incentives

The Description of Social Benef{Shapter 6) defines the framework for modeling and incentives that will
mobilize investors on the demand side, and the construction industry on the supply side. The gap between
what was planned and what was realized in the first years of implementatioheofStrategy shows that
incentive models were not aligned in ways that would contribute to the targeted mobilization of investment
demand and supply.

Conceiving optimum incentives goes beyond the scope of this document, which briefly describes théegrincip
and possible tools for designing the incentive model. Among the funding sources of the model are the EU funds
(whose allocation for the purpose of meeting the objectives of the Strategy should be increased if possible),
expected benefits for general gernment budgets, which justify the use of publicly financed incentives and
new financial instruments. Concrete incentive models must bet@seed on microeconomic models in order to
achieve the maximum impact ratio in the form of new investments towaresource reallocation in
construction.

Grant Scheme

By using a grant scheme, it is possible (and necessary) to achieve the following objectives:

1 encourage end recipients to develop technical backgrounds necessary for the implementation of
energyrenovation projects with the aim of developing energy efficiency renovation projects ready for
execution;

1 Encourage investment in energy efficiency technologies that have not yet been proven on the

domestic market, with the aim of early exploitation of narous innovations in the market;

subsidize projects whose cesffectiveness is below the margin level of market interest;

encourage the market to invest in energy efficiency measures which achieve a technical standard

higher than the minimum required;

1 subsidizing ESCO projects by-foading the fee (PPP or EPC) over the duration of the contractual
relationship.

= =4

Bearing in mind the above objectives, as well as the practical needs and disadvantages set out in this Strategy,
the grant scheme should be formé&u such a way as to encourage:
1 investing in technical documentation;
9 investing in innovative technologies;
1 investing in projects below marketable levels of profitability, but that achieve high economic benefits
for the community;
9 investing in measures thachieve higher levels of technical standards.

The grant scheme, under (a), would finance the development of technical and economic documentation which
will clearly show the feasibility of investing in a possible energy renovation project. Given that the
implementation of the Energy renovation project depends on findings and conclusions from the relevant
documentation, in this case a high proportion of-ftmding is recommended in order to encourage end
beneficiaries to take risks and invest their ownfaading. For private sector projects, this may befanding

of an investment study, a main and a performance project, detailed energy audits, PPP cost comparators, cost
and benefit analysis, etc.

Grant schemes under (b), would approve grants exclusteellge private sector for the use of equipment not
previously used in the market. This would encourage-esets to take the risk of investing in equipment that is
not widely applied in the market, which indirectly promotes technical innovation in the afeanergy
efficiency.

Grant schemes under (c) would approve grants for measures or projects aimed at achieving a higher level of
technical standard. Given a number of external factors, an investment above a certain level of a technical
standard has naeconomic justification, but what is actually paid is the price of achieving aenonomic
objective (e.g. the development of the energy services market, employment, reduction,@n@i€sions). This

kind of grant scheme would encourage those end reciggeniio are willing to pay that price.
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Finally, the grant scheme under (d) promotes investment in-mamketable projects. Within the context of this
Strategy, normarketable projects are those projects which, under available funding conditions, offer the
investor a Return on Equity (ROE) which below the level available on the market. The logic is, that in case of
insufficient return to own investment into an energy efficiency project, a rational entity will engage their own
capital somewhere else, therefotlis investment should be encouraged in such a way that projects that are
below acceptable levels of return on own investment under this scheme of allocation of grants be granted aid
that will compensate for the necessary difference.

Tax incentives

Investment tax incentives are most commonly introduced within the income tax system. However, the system
of taxation of income iran indebted country such as Croatia must be as clear and simple as possible, and the
incentives must be, if possible, omitted oxamptional and, if any, associated with more important social
objectives. However, real estate tax could be a useful source for new incentives. Considering the multiple
public benefits of sustainable renovation of buildings, real estate taxation shouldderdéor tax incentives for
property owners who invest in renovation and achieve targeted building and energy standards. Such incentives
can be returned several times over through the shown return effects of boosted economic activity on public
revenue. Anther important source of potential incentives is real estate sales tax. In the tax reform of 2017, the
real estate sales tax has been symbolically reduced from 5% to 4%, which still makes it a potentially generous
source of incentives. Because of the agpapulation, energy poverty of the elderly and their inability to
ensure necessary investments, there is a threat of further #@mm decline in the value of poorly maintained

real estate. Therefore, the transfer of real estate from the hands of oldepleeavho cannot maintain them,

into the hands of younger people who will be able to invest in renovation makes it necessary and mutually and
socially useful. By moving into cheaper real estate, older people obtain funds equal to the difference in real
estde prices, which can significantly improve the standard of living in old age or allow for renovation of some
less valuable real estate, while younger people can relatively cheaply obtain real estate at better locations in
whose renovation they can inveshd whose valuewill therefore increase. Therefore, the abolition of real
estate sales tax or its return when the new owner invests in the renovation of the building according to the
target standard is an important instrument in encouraging the optimkdcation of the real estate fund to
people who will be able to maintain it and increase its value.

Stimulated housing savings system

Although incentives for housing savings were abolished in 2014 due to excessive deficit and public debt, they
were subsgquently returned. Housing savings institutions are trying to find survival modalities. People investing
in housing saving still believe in the possibility of return on some form of incentive, as evidenced by some 500
000 open savings accounts. An importdatt is that almost half of all loans granted in housing savings
institutions are intended for adaptations and renovatidtls which speaks of the great need for citizens to
finance the renovation of apartments and buildings. Incentivized housing savirgsighly customizable
financial instrument, suitable for conducting sector policy in construction. By introducing differentiated
incentives, the preferred purpose of savings or raising loans can be encouraged, which in this case refers to
certain types ofsustainable renovation of housing units. Housing savings institutions are the only credit
institutions that, while savings are governmesgonsored, can offer lonterm loans with a fixed interest rate

fixed over the entire lifetime of the loan repaymenthis manner achieves a major contribution to the
realization of the indirect objective of financial stability and strisee repayment. Therefore, it is necessary to
consider the return of differentiated incentives for housing savings, related to thdirignof sustainable
renovation of buildings. Dedicated differentiated incentives need to be followed by regulatory reform that
would allow collective bargaining of owners' savings in rreltidential buildings.

Special funding programmes that include thpossibility of using EU nerefundable funds

“Ynstitute of Public Finance (201Pnalysis of the System of Subsidised Housing SavittgsRepublic of Croatidagreb:
Institute of Public Finance, available at:

http://www.ijf.hr/upload/files/file/projekti/Anali za_sustava poticanja_stambene_stednje u_Republici_Hrvatskd] @itif
May 2017]

69


http://www.ijf.hr/upload/files/file/projekti/Analiza_sustava_poticanja_stambene_stednje_u_Republici_Hrvatskoj.pdf

These incentives are unlikely to be sufficient to initiate sustainable building renovation in the volume and the
dynamics required by the ds state and envisaged herein. Therefore, it is necessary to arispremal credit
guarantee financial schemes that include risk sharing and subsidizing part of the costs of preparation, design,
supervision and performance, which cannot be done without engaging EU funds and budget funds. This is to

examine the possibilityf using innovative financial schemes such as securitization of loan portfolios and
revolving funds.
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5. Longterm perspective for guiding decisions of individuals, construction industry
and financial institutions on investments by 2050

5.1 Estimates of requied investments

Achievement of the set objectives of energy renovation of the national stock of the Republic of Croatia will
require the mobilization of significant financial resources. Estimated total investment for the perioe2Pd94
which includes tb costs of initial investment, maintenance, and replacement of outdated equipment was
made according to the selected building renovation model according td #ehnical Regulatiorequirements
related to large reconstructionF{gure5.1).

Structure of investments in national building stock renovation 2017 - 2049
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Figureb.1 Structure of investments in the renovation of the National Stock of the Republic of Croatia
SourceREGEA017

The total cost of initial investment and exploitation cost in the considered period are estimateiit790
billion. Investmentis estimated based on specific construction (reconstruction) costs accordifigdonical
Regulationrequirementsrelated to large reconstruction and the total building floor areabe subjected to
energy renovation. Detailed overview of investment structure by expenditure type-2049 is providedn
Annex 18.

The renovation dynamics of the national buildingcitdas been developed to meet the energy saving targets
set by the 4th National Energy Efficiency Action Plan of the Republic of Ctoatid the Energy Roadmap
2050°. The renovation dynamics by year is roughly assumed and not uniform throughout the period
considered, and it involves several different phases:

From2017 t02029, renovation will take place at 3.5% per year;

From2030 t02039, the renovation rate will take place at 3.0% per year;

0 From2040 to2049, renovation rate will be reduced to 1.5% peas;

O¢ O«

Planned energysavings of 14,124 PJ set out in the Draft 4th Natidtargy Efficiency Action Plan of the
Republic of Croatia 2012019 are achieved with this realization dynamic in practice.

“*Draft [10th May 2017]
146Energy Roadmap 2050. Luxembourg: Publications Office of the European Union, 2012, available at:
http://ec.europa.eu/energy/sites/ener/files/documents/2012_energy_roadmap 2050 en_0O.peih May 2017]
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CQ emission reduction targets set out in the Energy Roadmap 2050 will also be achieved with the proposed
dynamics andhey amount to 81.1% (miB80%). By achieving this target, a total of,&% of the national
building stock will be renovated.
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5.2  Funding soure identification

LongTerm Strategy for the Energy Renovation of the National Building Stock of the Republic of Croatia requires
a comprehensive and systematic approach that will provide the most appropriate funding mechanisms to
public and private invests in the long run. The primary role of the state is not to provide financial resources
for energy renovation, but to create and improve conditions in order to create a favourable investment climate
between investors for realizing the required investmededined in the Strategy. Favourable conditions include
macroeconomic stability, efficient state administration, competitive tax burden, legal certainty, market
competition and the existence of appropriate financial incentives for investments. An oveofi@xisting
funding sources, limits and barriers in their implementation, and the 4mngn strategy for funding renovation
projects in the building sector is given below.

5.2.1 Existing funding sources

Energy renovation projects in the building sector are dediag capital investments the successful
implementation of which largely depends on funding sources. In the present practice, a number of different
financial instruments and models have emerged, and the most significant include grants, soft loans,
guarantees, tax instruments and the ESCO model.

So far, investors in Croatia have relied largely on public grants and various types of subsidized financial
instruments. Longer return periods and very high investments to increase energy efficiency are the reasons
why most of the EU member states introduced this form of financial aid and provided investors with a higher
level of costeffectiveness regarding the investment. Although financial institutions have developed market
models with more favorable conditions fwrovide loans for energy efficiency projects, the role of the state in

this sector remains crucial to the success of project implementation. For this reason, Ministry of Construction
and Physical Planning has developed energy renovation programmes fdiothebuilding types (public,
commercial, multresidential buildings and family houses). These programmes also provide for specific funding
models accompanied by existing instruments listed beldab{e5.1).
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Table5.1 Overview of existing programmes and funding instruments

National programmes and funds

Programme of Energy Renovation of PulBigildings 2016 | The government programme provides for renovation implementati

2020 through MODEL I, which provides partiaifanding grants from ES|

Funds, while the beneficiarydepending on their own paymen

possibilities, selects the optimal type of implementation from t

following models:

1  Contracting energy services, within which ESCO undertakg
implement energy saving measures in exchange for
remuneration paid by the @nt from the realized savings;

1  Financial instrument in the form of a specialized line of crg
with a favorable interest rate and delayed payment until tl
completion of renovation;

1  Funds of the EU Project Implementation-Banding Fund, whicH
funds are provided by MRRFEU to -fioance the
implementation of EU projects at the regional and local level;

1  Own funds provided in the budget of the applicant.

Programme of Energy Renovation of Family Houses-2028; | 1  The government programme provides for-tmding of energy
renovation of family houses through state budget grants (20
2015) and the European Regional Development Fund 2

2020).
Programme of Energy Renovation of Miesidential Buildingg 1  The programme provides for danding ofenergy renovation of
20142020; multi-residential buildings through grants of the Europe

Regional Development Fund.

The programme provides for danding of energy renovation o

Programme of Energy Renovation of Commercial -N| commercial buildings fromhe state budget (201£2015) and the

Residential Buildings 2022020 with a detailed 20:2016 plan| European Regional Development Fund (2Q080) through the

for the energy renovation of commeial nonresidential | following financial mechanisms:

buildings 1  Establishing special financial instruments by the aid of
European Regional Development Fund;

1 By introducing legal obligations to energy suppliers to achi
energy savings for their clients;

T Continuous implementation of Environmental Protection a|
Eneagy Efficiency Fund programmes and projects.

Environmental Protection and Energy Efficiency Fund ®w The Fund provides systematic technical and administra]
support to the implementation of the energy renovatio
programme and conducts educational activities public and
private beneficiaries.

Development banks, funds and lines of credit

Croatian Bank for Reconstruction and Development (HBOR) §  Soft loans and guarantees are offered as part of several en
efficiency improvement programmes to public and privg
investors.

Croatian Agency for SMEs, Innovation and Investm §  Financial instruments provide investment support throu

(HAMAGBICRO) loans, guarantees with the possibility of combine them w
interest rate subsidies and energy renovation of busin
facilities.

European development banks and funds (EIB Group, E| 1 Direct and indirect soft loans and guarantees are offered

European Emgy Efficiency Fund, European Fund for Stratg public and private investors for large energy renovation proje

Investments)

EBRD Programme for Croatian Private Sector Sup 1 EBRD lending programme dedicated to citizens

(REENOVA+) entrepreneurs.

Technical Assistance Programmes

European Technical Assistance Programmes (ELENA, JA| 1  Cofunding and technical support programmes for developi
Horizon 2020) large projects of theublic sector.

SourceREGEA017

Looking at the currently available sources of funding, it is clear that most instruments are dedicated to public
investors. The reasons thereof are provided in the obligations deriving from EU directives, which tequire
public sector to take a leading role in implementing energy efficiency improvement activities in the building
sector. In addition to meeting the obligations undertaken by accession to the EU, the public sector serves as an
example for the private sectoby implementing energy building renovation and also contributes to the
establishment of new financial models and the application of new technology and knowledge in the
construction sector.
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5.2.2 Financial barriers and restrictions

Directive 2012/27/EY’ requires support in developing the energy services market, development of new
financial mechanisms and incentives as well as institutional, financial and legal frameworks to remove existing
market barriers and shortcomings preventing efficient ers# ofenergy. Financial barriers currently hindering

the development of energy renovation projects, the removal of which barriers the Strategy is to contribute to,
include:

Very limited public aid funds available;

Lack of financial capacity and high levepoblic sector indebtedness;

Tax (VAT) and statistical (EUROSTAT) treatment of energy performance contracts;

Lack of appropriate, renewable financial instruments;

High cost of capital due to risky perception of energy renovation projects, and lack ofidihanc
products for project funding;

Lack of special aid programmes for energy renovation of cultural heritage buildings;

Lack of aid instruments for large enterprises;

A lack of tax incentives for energy renovation programmes;

Underdeveloped ESCO market;

Non-marketbased energy prices reduce the profitability of energy efficiency projects;

High minimum size of projects for benefiting from EU technical assistance programmes for investors
from Croatia.

O¢ O¢ O¢ O¢ O«

O¢ O¢ O« O¢ O¢ O«

Currently, the existing institutions and related sourcdsfunding in Croatia do not have sufficient financial
strength to provide for the entire investment set out herein. This especially applies to limited budgetary
resources of the state as well as of regional and local government units, which should bed&iemeans of

new and innovative funding mechanisms.

The commercial sector is guided by the principle of maximizing profits and a steady reduction in operating
costs, which is why it is interested in energy efficiency in cases where investments resigmnificant
expenditure cuts and allow the return of invested funds in a short time frame. In the context of public financial
incentives,enterprisesare subject to restrictions on the use of state aid, which restrictions are imposed upon
EU MSs by theutopean Commission to prevent distortion of competition on the market by placing certain
economic operators in a more favorable posiﬁf)BhTo enable this sector to use public aid beyond the level of
low-value aid, the Ministry of Environmental ProtectiondaEnergy plans to develop a state aid model for
energy renovation of commercial buildings, which model would be consistent with state aid rules, assuming
that the applicablegeneral block exemption regulations apply (GBER

Citizens are a particularly wndrable group of engdonsumers, who require the consideration of special
financial models as well as promotional campaigns to raise awareness and provide information on the need
and benefits of investing in the energy renovation of their homes. Energyvedion in the family house and
multi-residential building sector can effectively combat the growing danger of citizen energy poverty, due to
which a new Energy Poverty National Programme is under preparation.

5.2.3 LongTerm Model of Energy Renovation Funding

Lack of soft and constantly available sources of funding leads to the implementation of exclusively
commercially viable projects of energy efficiency improvement in the building sector. By establishing special
programmes, funds and lines of credit in-gperation with European development banks, the Republic of
Croatia has recognized the importance of financial aid to investors. Lack of public sector funding due to
unfavorable macroeconomic developments was a key obstacle to wider implementation of erigeggney

projects. Croatia has not had the Cohesion Policy Funds and the European Structural and Investment Funds at

147European Commission (201BD)irective 2012/27/EU of the European Parliament and of the Council of225tiber 2012

on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and
2006/32/EC (Texts with EEA relevanespilable athttp://eur -lex.europa.eu/legatontent/HR/ALL/?uri=celex:32012L.0027
[2012]

“¥0fficial Journal of the European Union (OJ C 83, 30.03.20t&60%0lidated version of the Treaty on the Functioning of the
European Union available at:  http://eur -lex.europa.eu/resource.html?uri=cellar.c382f66d8a4c729135

1e68087499fa.0006.02 / doc_3 & format = PR2Bth October 2012]
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its disposal in the previous implementation of the energy renovation programifiieshich fact greatly
restricted the possibilities of prading aid to investors in this sector. At the same time, the European Union
imposes and allows MSs to finance their energy renovation programmes in the building sector through these
instruments. This is particularly stated in Article 20 of Directive 20¥EA27° which calls upon MSs to
establish national funds to promote energy efficiency if there are no sufficiently strong market instruments to
implement the planned targets.

In the previous multiannual financial framework (268013), ESI Funds were the mary source of most
national energy renovation programmes, and their role in the new financial framework was further reinforced.
The European Commission has set the minimum allocation of funds from the European Regional Development
Fund for less developddSs like Croatia at 12% to achieve the Thematic Objecti&upporting the shift to a
low-carbon economy in all sectdrd Through operational programmes, funding must be used to mobilize
investments in the energy renovation of the public and private ding stock, promote the use of RES,
advanced energy networks and urban mobility. These funds represent a significant step forward and the
opportunity to support the complete renovation of the national building stock, therefore the financial
mechanisms oftte LongTerm Strategy are largely based on the resources of the European Funds.

During the previous financial framework for the use of ESI funds, a departure from the classic instruments of
grants was made in order to achieve the three objectives that weissing from the previous programmes.
Longterm funding sources of the Lofiterm Strategy for the Renovation of the National Stock of the Republic
of Croatia is based on these targets, and their key features are:

Financial sustainability;

Rationality inallocating grants in view of encouraging comprehensive energy renovation projects,
which realize ambitious energy savings;

0 Involvement of the private sector and market mechanisms in project funding.

O¢ O«

In addition to complying to the requirement of introdugirinnovative and sustainable financiaktruments

and taking into account the barriers identified in Chapter 5.2.2., an overview of the financial measures
facilitating the implementation of the national building stock renovation up to 20B&ble5.2) has been
prepared.

1%Cohesion Fursl consist of the European Regional Development Fund (ERDF), the European Social Fund (ESF) and the

Cohesion Fund (CF). European Structural and Investment Funds (ESI Funds) relate to the three mentioned funds and to the
European Agricultural Fund for RuBsvelopment (EAFRD) and the European Maritime and Fisheries Fund

150European Commission (201BP)irective 2012/27/EU of the European Parliament and of the Council of 25th October 2012

on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU epwdling Directives 2004/8/EC and
2006/32/EC (Texts with EEA relevanespilable athttp://eur -lex.europa.eu/legatontent/HR/ALL/?uri=celex:32012L.0027

[2012]

151Funding fom the Cohesion Fund can also be used for Thematic Objective 4, allowing for 15% fund allocation
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Table5.2 Longterm financial and fiscal measures to encourage energy renovation of buildings

Financial measures Effectson identified barriers
Establishment of financial instrumentghe urban renovation fund| w  Ensured continued availability of funds regardless
for energy renovation projects through the funds of the Europe budgetary resources of the state and regional and log
Structural and Investment Funds and development banks wi government units.
would offer longterm and sustainableuhding mechanisms (loany w Involvement of commercial financiainstitutions and
guarantees, equity) to public and private beneficiaries mobilization of a larger volume of private capital.

w  Reduction of the risk of placing funds in energy renovat
projects for financial institutions.

w  Possibility of receiving grants to increase the profitabil
of ambitious and innovativprojects.

w Facilitated access to capital and lower funding costs
energy service providers and projects of pulplitvate
partnerships.

Further implementation of the Programme of Energy Renovatiorl w  Encouraging the development of thenergy service|
Public Buildings market.

w Reducing the burden on theublicsector budget by
avoiding additional debt.

w Engagement of financial resources and capacity of
private sector.

Establishment of a special aid programme foifwading the energy| w  Encouragement of the energy renovation of cultu

renovation ofprotected cultural heritage buildings heritage buildings with high economic return (ERR) &
low financial return (IRR).

Establishment of a special instrument for -tmding technical| w  Avoidance of high project development costs.

project preparation w Creation of a database of projects ready for funding &
implementation.

Introduction of a legal provision which transfers the obligation| «w  Secured grant sources for large entrepreneurs who st

implement energy efficiency projects for large entrepreneurs aid is insufficient for.

energy suppliers through a system of contributions w Disencumberment of financial and human capacity
public institutions.

Establishment of a tax deduction system on invesitaen energy| w  Mobilising investment in the renovation of inefficier

renovation and higher real estate tax rates for particularly ineffici buildings.

buildings

The optimal financial model to support the implementation of the Strategy's targetc@rplex package of
financial and fiscal mechanisms combining market and public instruments. At that, the state must, by its action,
ensure the maximum efficiency of public fund use in a way to avoid the displacement of private investments in
commercial prgects by allocating grants.
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