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Executive Summary

The integration of energy efficiency (EE) and renewable energy (RE) in public buildings is essential
for adapting to climate change. It enhances building performance by reducing energy consumption,
greenhouse gas (GHG) emissions, and operating costs. Achieving these improvements requires
strategic planning, efficient resource management, and performance evaluation, fostering long-
term sustainability and significant energy savings.

This report presents a roadmap for decarbonising public buildings on the island of Korcula, Croatia.
Based on energy certificates and audits, energy consumption data was analysed for 15 buildings.
The findings indicate that heating energy consumption varies between 55.97 and 253.5 kWh/m? per
year, with an average of approximately 116.6 kWh/m? per year.

Two buildings, Gradska Uprava Grad and Dje¢ji vrti¢ Korcula, underwent a comprehensive analysis
to identify opportunities for improvement and enhance their operational efficiency and
sustainability. Proposed measures include the installation of energy-efficient lighting, upgrades to
the heating system and improvements in thermal insulation to reduce electricity consumption. These
interventions are expected to generate total energy savings of 242,313 kWh, representing a
reduction of over 75.2% in energy consumption, with estimated financial savings of 37,732 Euros
per year. Implementing these measures would require an initial investment of approximately
554,006 Euros.

The report also outlines a detailed roadmap to enhance energy efficiency and integrate renewable
energy solutions in public buildings. The roadmap includes the following key steps:

— Data assessment and collection

— Implementation of EE and RE measures

— Monitoring, evaluation, and reporting

— Continuous improvement and future planning
— Engagement and communication

Finally, the successful implementation of these initiatives relies on a strong regulatory framework
and adequate financial support, both of which are addressed in the report.



1. Introduction

This report presents a roadmap to decarbonise public buildings on the island of Korcula, Croatia. It
is designed to guide the integration of energy efficiency (EE) and renewable energy (RE) in public
buildings through strategic planning, resource management, and performance evaluation, fostering
long-term sustainability and substantial energy savings.

The roadmap is essential not only for identifying the most effective and cost-efficient EE and RE
measures but also for prioritising which buildings should be targeted first. This prioritisation will
help decision-makers concentrate on improvements that offer the greatest impact, ensuring
efficient resource allocation and maximising energy savings.

The report opens with a detailed explanation of the methodology used for the selection process and
the estimation of savings. It then provides an overview of the building portfolio and presents the
final selection of buildings for in-depth analysis. Following this, the report outlines the results in
terms of energy savings and the associated investment requirements. Finally, the roadmap defines
the steps required to renovate public buildings, aiming to reduce greenhouse gas emissions and
energy costs.



2. Methodology

The selection process prioritised analysing the energy performance of the buildings, including their
heating energy demand and primary energy consumption in kWh/m? (when available). Buildings
with energy ratings below B (C, D, E, F, or G) were given priority for further analysis, as they hold
substantial potential for energy performance improvement. Notably, the Croatian Energy
Efficiency Fund provides support for buildings with an energy rating of C or lower.

The selection of buildings proceeded as follows:

— Availability of primary energy consumption: Buildings with energy certificates that
included primary energy consumption data were prioritised. For others, these values can be
estimated later using data from energy audit reports.

— Heating energy demand and energy labelling: The most energy-intensive buildings
were given priority based on their heating energy demand and labelling values.

— Diverse building portfolio: A variety of building types, sizes, and municipalities were
considered to ensure a well-rounded portfolio.

The methodology for estimating energy savings potential and investment costs for public buildings
relies on the use of and a detailed analysis of RETScreen Expert software. This tool was selected
due to its robust capabilities for modelling energy performance, its ease of integrating data from
energy audits and energy certificates, and its ability to simulate a range of energy efficiency and
renewable energy interventions.

The key features of RETScreen Expert software are presented below. More detailed information is
provided in Appendix 2.

Key Features of RETScreen Expert

— 40,000+ new users each year — EE/RE project performance analysis: Monitor,

— Available in 37 languages (including English, French, analyse, and report key EE/RE project
Spanish, and Dutch) performance data

— Analysis capabilities covering EE/RE projects — EE/RE project portfolio analysis: Manage energy

— EE/RE project feasibility analysis: Energy analysis, cost across many facilities and compare either facilities
analysis, greenhouse gas (GHG) emission analysis, or project performance

financial analysis, and sensitivity/risk analysis — User-friendly software



The software enables detailed analysis by incorporating critical building parameters, such as:
Building Type

Building Floor Area

Envelope Characteristics

Energy Use (energy bills and cost structure)

Energy Flows

Systems/Equipment/Processes (efficiency of existing systems, energy balance)
End Uses (loads)

Water Consumption

Existing renewable energy systems

Building occupancy

R R N 2 2R 2 %

The analysis starts with detailed building modelling in RETScreen, incorporating parameters from
the energy certificates and energy audits. Key inputs include the power and efficiency of heating
systems, U-values for walls, windows, and doors, and data on lighting fixtures and energy-intensive
equipment. This modelling process establishes an accurate energy profile, capturing all major
sources of energy use.

Once the model is built, the next step is calibrating the building’s energy consumption in RETScreen
to closely match observed data from the energy audit. This calibration is essential for ensuring
model reliability, as it validates that simulated energy use aligns with actual data. A reliable model
builds confidence in projected savings and enables precise planning of efficiency measures.

Primary energy efficiency measures target improvements in thermal insulation, upgrades to modern
lighting systems (such as LED), and the adoption of high-efficiency heating and cooling technologies.
RETScreen is then used to simulate these upgrades, estimating reductions in energy consumption,
financial savings, and CO, emissions.

Due to regulatory constraints, it is not possible to integrate solar PV panels into the proposed
measures. However, it is planned to analyse the potential to install PV panels on top of parking lots
to provide electricity to public buildings in Korcula. This analysis will be developed from mid-2025.

This approach will leverage data available from existing energy certificates and audit reports,
supplemented by assumptions and parameters provided by RETScreen Expert. This combination will
enable a comprehensive and informed analysis of potential savings.

Then, the results of the analysis done in RETScreen are compared with the results of the energy
audits provided by the local Energy Transition Team.



3. Analysis of the portfolio

As part of this mandate, 20 building files were provided via the EU Island NextCloud exchange
platform. Each file was thoroughly reviewed to assess its relevance and data completeness for the
energy analysis. The list below includes the public buildings for which files were shared and
analysed:

Spani¢ building

Osnovna Skola Racisce

NGO building ex vojarna

Dom kulture Lumbarda

Zgrada opcine Lumbarda

ex Hotel Mediteran

Domince old school

Dom kulture Pupnat

. Srednja Skola Korcula

10. Ambulanta u Cari

11. Culture center Korcula

12. Pool Korcula

13. Gradska uprava Korcula

14. Elementary school Kor¢ula (Managed by the Dubrovnik-Neretva County)

15. Djecji vrti¢ Korcula

16. Dom zdravlja Kortula

17. 0Osnovna Skola Vela Luka

18. Sportska Dvorana Vela Luka

19. Srednja Skola Vela Luka

20. Osnovna Skola Zrnovo Kortula

OONOUAWNE

Out of the 20 files received, only 15 contained energy certificates or audit reports for the buildings.
The remaining 5 lacked these essential documents, making it challenging to assess their current
energy performance. However, all public buildings within this portfolio are intended for future
retrofitting. Therefore, a single comprehensive roadmap will be developed to accommodate
buildings with complete information as well as those with incomplete or missing data, ensuring that
all buildings are effectively integrated into the retrofitting plan.

Consequently, the analysis proceeded with the 15 buildings listed in Table 1. It is important to note
that, for most buildings, primary energy consumption data is unavailable. Gathering this data is
crucial, as it will enable a more accurate assessment of current energy use and help identify
opportunities for energy efficiency improvements, particularly in lighting and electrical equipment,
where consumption reductions can be achieved through targeted energy efficiency measures.



Table 1 : Description of buildings with documentation

NAME OF THE

N® BUILDING

Osnovna skola Racisc¢e

(Elementary school)

NGO building ex vojarna

Ex Hotel Mediteran

Srednja Skola Korcula

(High School)
Ambulanta u Cari

Culture center Kor¢ula
Gradska uprava Korcula

Djecji vrti¢ Korcula
(Kindergarten)

Dom zdravlja Korcula

Osnovna $kola Vela Luka

(Zone 2)

Sportska Dvorana Vela

Luka

Srednja Skola Vela Luka

Osnovna $kola Zrnovo

Korcula

Dom culture Lumbarda

Zgrada opcine
Lumbarda

MUNICIPALITY

Racisce

Korcula
Racisce
Korcula

Cara
Korcula
Korcula

Korcula
Korcula
Vela Luka
Vela Luka

Vela Luka

Zrnovo
Lumbarda

Lumbarda

DATE OF
TYPE OF BUILDING CONSTRUCTION
Educational 1950
building
Office 1960
Hotel 1963
Educational 2002
building
Health center 1990
Cultural Center 2005
Office 1970
Educational 1983
building
Health center 2015
Educational 1970
building
Sports Hall 2007
Educational 1950
building
Educational 2004
building
Cultural center Not
available
Office 1946

HEATING ENERGY
DEMAND'

(Labelling

2%,
(kWh/m**year) level)

110.09

110.86
120.13

253.5

189.41
89.21

154.71
92.85
55.97

168.08

1565.47

82.8

69.3
64.05

32.21

PRIMARY ENERGY CONSUMPTION

(kWh/m?*year) (Labelling level)

Figure 1Fehler! Verweisquelle konnte nicht gefunden werden. shows the heating energy consumption of each building, measured in

kWh per square meter per year.

! The heating energy demand is based on the reference climate data.
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Figure 1: Heating Energy Demand
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The heating energy consumption of the buildings varies between 55.97 and 253.5 kWh/m? per year,
with an average of approximately 116.6 kWh/m? per year. The relatively low energy consumption
may indicate inadequate thermal comfort within the buildings. To ensure optimal thermal comfort
in all public buildings, it is essential to verify the temperatures set for heating and cooling and
measure the actual indoor temperatures.

Among the 15 buildings analysed, two of the least efficient are in the education sector. The
breakdown of the building types includes six educational buildings, three office buildings, two health
centres/hospitals, two cultural centres, one sports hall, and one hotel, distributed across five
municipalities. This distribution is illustrated in Figures 2 and 3.

Figure 3 : Distribution of buildings by municipality
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4. Selection of Buildings

The two buildings, Gradska uprava Korcula and Djecji vrtic Korcula, were selected based on their
energy performance for the first one, having the lowest energy rating (F), and for the second
building, based on a request from the Island Transition team. The team wanted to include a building

owned and operated by the Municipality.

Figure 4: Heating Energy Consumption of Selected buildings
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Table 2 : Description of selected buildings from a technical point of view

SIZE
NAME OF THE ADDRESS MUNICIPALITY TYPE OF HEATING ENERGY DE?JAND PRIMARY ENERGY CONSU.MPT|0N
BUILDING BUILDING (m3) (kWh/m?**ye (Labelling (kWh/m?*year) (Labelling
ar) level) level)

The review of the two buildings documentation revealed inconsistencies and missing data, which introduced errors into the modeling process
as assumptions must be made, affecting the accuracy of energy savings estimates and proposed measures investments estimations. Accurate
estimates of energy savings require data that is as comprehensive and reliable as possible. Therefore, it has been decided to continue detailed
analysis with these two buildings and to develop an in-depth roadmap outlining the necessary steps for renovating public buildings. This
includes a comprehensive list of parameters that need to be collected to prepare for an audit.



5. Energy Savings Potential and Related Investments

The following section provides a comprehensive analysis of the two public buildings identified in
section Fehler! Verweisquelle konnte nicht gefunden werden.. The evaluation encompasses a
thorough examination of each building's characteristics and energy performance. Additionally, it
identifies potential areas for improvement, with the objective of uncovering opportunities to
enhance their operational efficiency and sustainability. By focusing on these aspects, the analysis
aims to provide actionable recommendations that align with best practices in energy management
and sustainable design.

The audit report for this building contained several inconsistencies, complicating the information
processing and modelling in RETScreen Expert.

Some of the inconsistencies include:

— Section 1 of the audit report states that electricity is used, while Section 3 of the same report
mentions the use of natural gas and diesel. However, the modelling was based on electricity.

— Although Section 1 of the audit report indicates that electricity-powered boilers are used for
domestic hot water, it lacks detailed information on annual energy consumption and
essential parameters for estimation, such as daily hot water consumption (in litres per day)
and supply water temperature. A similar issue exists with lighting; the technical parameters,
including the type of luminaire, power per lamp, and hours of use, are not clearly specified,
and there is no information regarding the annual energy consumption associated
with lighting.

Comprehensive information regarding the simulation for this building is available in Appendix 1. The
energy consumption for the base case of Gradska uprava Grad was calculated using RETScreen
Expert software and is presented in Figure 5.

Figure 5: Base case energy consumption - Gradska uprava Grad

Base case energy consumption (kWh/year)

|9,708 652

B8.262 132342

Heating = Cooling Lighting = Hot water



To validate the accuracy of the simulation performed in RETScreen, the energy consumption values
obtained from the software—132,342 kWh/year for heating and 88,282 kWh/year for cooling—were
compared to the historical energy consumption reported in the energy certificate, which indicated
139,053 kWh/year for heating and 89,277 kWh/year for cooling. This comparison revealed only a
5% difference for heating and 1% for cooling values, concluding that the simulation accurately
reflects the energy consumption of the building analysed.

It is important to note that while there is electricity consumption associated with lighting and hot
water generation, the available documentation does not provide the annual energy consumption for
these categories. Consequently, it was not possible to compare the simulated values (19,798
kWh/year for lighting and 652 kWh/year for hot water) with actual consumption.

For this building, the primary energy consumption is related to heating (54,9%), followed by cooling
(36.6%), lighting (8.2%), and hot water (0.3%).

Based on the information from the energy performance certificates, energy audit reports and best

practices, the following measures were analysed:

Table 3: Analysed EE and RE measures - Gradska uprava Grad

BASE CASE PROPOSED CASE
SOURCE OF
MEASURES INFORMATION SOURCE OF INFORMATION INFORMATION INFORMATION
The technology and the
Upgrading to power per lamp were defined Assumption
energy-efficient Incandescent - 60W  based on inconsistent LED-10W based on best
lighting systems information from the energy practices
certificate report
The energy source and the
. efficiency were defined based )
Upgrading the . ) ) . . Assumption
. Electric heaters (75%) |on inconsistent information
heating system e based on best
from the energy certificate .
report Ground Source Heat- |practices
The equipment was indicated pump (COP=3) Assumption
Upgrading the in the energy certificate based on best
cooling system Split AC (COP=2.3) report but the COP was not practices
available, so it was estimated.
The energy source was
. . indicated in the energy Assumption
Upgrading the hot |Electric water heaters . - Heat pump for hot
certificate, but the efficiency based on best
water system (75%) ) . water (COP=4) .
was not available, so it was practices
estimated.
Imbrovin U-value (W/m?2C) walls
inszlatior? 20r08S above the grade: U-value (W/m2C) walls
N:1.78; E:1.93; 5:1.74; above the grade: 0.6  |Standard

various building
components to
enhance thermal
performance (Walls,
Roof and windows)

W:1.79

U-value roof: 2.68
U-value wall below the
grade: 1.54

U-value windows: 3.86

U-value roof: 0.4
U-value wall below the
grade: 0.5

U-value windows: 1.8

Energy certificate report

provided by the
energy certificate
report

As can be seen, many of the data used were established from assumptions based on available or

partially available information.



It should be noted that Gradska uprava Grad is located in a restricted heritage area, where
installing photovoltaic systems is not permitted; therefore, it was not included in the evaluation.

Based on the calculations performed in RETScreen Expert, Table 5 presents the results of the
analysed measures, highlighting the initial investment, energy savings, financial savings, and
avoided CO, emissions. The investment was calculated based on the RETScreen Expert database.
Additional costs were included in the investment: inflation cost (20%), island incremental cost (30%),
heritage building (35%) and contingency (5%).

Heritage building EE Renovation

The improvement of energy performance of historic buildings is tackled in the European Standard
EN -16883. It presents a normative working procedure for selecting measures to improve energy
performance, based on an investigation, analysis and documentation of the building, including its
heritage significance.

Renovating heritage buildings is generally more expensive than renovating standard buildings,
primarily due to the need for specialised techniques and materials to preserve historical integrity
and the potential for unforeseen issues arising from the age and condition of the building. Also,
specialized architect must be part of the project to ensure that EE measures respect the architectural
constraints of historic buildings.

Regarding cost, EE retrofits in heritage buildings typically cost 15% to 30% more than in non-
heritage buildings. In some cases (especially when very strict conservation rules apply or when major
interventions are needed, e.g., insulation upgrades without altering facades), the additional cost can
reach up to 50% more?.

Table 4: Additional cost estimation for heritage building EE renovation

Measure Type Extra Cost for Heritage
Buildings

Insulation (walls, roofs) ~10-30% higher

Window ~30-50% higher

restoration/replacement

HVAC system upgrades ~10-20% higher

For Gradska uprava Grad building, the additional cost is considered to approximately 35%.

2 BPIE (Buildings Performance Institute Europe) — "Renovating Historic Buildings: An Opportunity for Europe” (2011)
IEA (International Energy Agency) — 2023 Report "Energy Efficiency in Historic Buildings'



Table 5: EE savings - Gradska uprava Grad

MEASURES

Upgrading to
energy-efficient
lighting systems
Upgrading the
heating system
Upgrading the
cooling system
Upgrading the
hot water
system
Improving
insulation
across various
building
components to
enhance
thermal
performance
(Walls, Roof and
windows)

Total

BASE CASE

DESCRIPTION

Incandescent - 60W

Electric heaters (75%)
Split AC (COP=2.3)

Electric water heaters
(75%)

U-value walls above
the grade: N:1.78;
E:193;S:1.74; W:1.79
U-value roof: 2.68
U-value wall below the
grade: 1.54

U-value windows: 3.86

PROPOSED
CASE

DESCRIPTION

LED-10W

Heat Pumps
(COP=3)

Heat pump for
hot water
(COP=4)
U-value walls
above the
grade: 0.6
U-value roof:
04

U-value wall
below the
grade: 0.5
U-value
windows: 1.8

RETSCREEN
DATABASE
COST (EUR)

791

117,000

1,500

138,486

INFLATION
COST (EUR)

20%

158

23,400

300

27,697

INITIAL INVESTMENT
CONTINGENCY

ISLAND ACCESS
INCREMENTAL
COST (EUR)

30%

237

35,100

450

41,546

HERITAGE
BUILDING
(EUR)

35%

277

40,950

525

48,470

(EUR)

5%

40

5,850

75

6,924

TOTAL INVESTMENT
COST (EUR)

1,503

222,300

2,850

263,123

EUR 489,776



ENERGY ENERGY | EMISSION FINANCIAL INCREMENTAL | SIMPLE

MEASURES SAVINGS SAVINGS | SAVINGS SAVINGS 0O&M SAVINGS | PAYBACK
(KWH/YEAR) (%) (TCO2/YEAR) | (EUR/YEAR) (EUR/YEAR) (YEARS)

Upgrading to energy-efficient 16,498 6.8% 4 2,724 39 05

lighting systems

Upgrading the heating system 103,233 | 42.8% 24 17,042 0 13.0

Upgrading the cooling system

Upgrading the hot water system 530 0.2% 0 88 0 326

Improving insulation across

various building components to 80817 | 33.5% 19 13,342 0 197

enhance thermal performance

(Walls, Roof and windows)

Total 201,078 83.4% 47 33,196 39 14.7

It is observed that the measure analysed with the highest simple payback corresponds to the
upgrading of the hot water system, reaching 32.6 years to recover the investment made, mainly
because the energy consumption related to hot water is too low in the energy balance. In second
place is improving the insulation of the building with 19.7 years of simple payback. If all the
proposed measures are considered, it would be possible to recover the investment in 14.7 years.

In this analysis, the specific primary energy consumption for the baseline scenario is 185.4
kWh/m?2year. In contrast, the proposed scenario shows a reduction to 30.8 kWh/m?year after the
implementation of efficiency improvements.

Only one significant inconsistency was detected in the Djedji vrtic Korcula audit report, which did
not notably affect the RETScreen simulation:

— On page 12 of the energy certificate, it mentions an indoor design temperature of 20°C for
both heating and cooling, while on page 26, it states that the average indoor design
temperature for heating is 20°C and for cooling is 24°C. For the simulation, the values of
20°C for heating and 24°C for cooling were used.

Comprehensive information regarding the simulation for this building is available in Appendix 1. The
energy consumption for the base case of for Djecji vrtic Korcula was calculated using RETScreen
Expert software and is presented in the next figure.

Figure 6: Base case energy consumption



Base case energy consumption (EWhiyear)

20,348
28,433
7.293
18,346
Space heating = Space cocling Lighting = Hotwater  wm Electrical equipment

The energy consumption of the base case obtained by the software RETScreen is divided as follows:
28,433 kWh/year for electrical equipment (28,478 kWh/year in the audit report)

20,348 kWh/year for space heating (18,966 kWh/year in the audit report)

18,346 kWh/year for hot water (18,615 kWh/year in the audit report)

7,293 kWh/year for lighting (7,275 kWh/year in the audit report)

6,859 kWh/year for space cooling (6,178 kWh/year in the audit report)

RN

Compared to the historical energy consumption indicated on the energy certificate, we observe an
overall energy consumption difference of -2% between the data in the report and the data. It is
therefore concluded that the simulation accurately represents the energy consumption for the
analysed building. The difference between the energy consumption of the base case obtained in
RETScreen and the energy consumption presented in the report is 7% for space heating, 11% for
space cooling and -19% for hot water.

For this building, the main energy consumption is related to electrical equipment (35.0%), then space
heating (25.0%), hot water (22.6%), lighting (9%) and finally space cooling (8.4%).

Based on the EPC's information and best practices, the following measures were analysed. It should
be noted that due to its requlatory constraints linked to location, it is not possible to install PV panels
or other elements on the roof of this building

Table 6: EE and RE measures

BASE CASE PROPOSED CASE

SOURCE OF
MEASURES INFORMATION INFORMATION INFORMATION SOURCE OF INFORMATION

Fluorescent 18W and
36W, Incandescent 60W
and Compact
Fluorescent 12W

Upgrading to energy-
efficient lighting
systems

Assumption based on

Energy certificate |LED 10W energy audit



Upgrading the heating
and hot water system

Improving insulation
across various building
components to
enhance thermal
performance (Walls,
Roof and Floor)

Heating: Electric boiler
(98%)

Hot water: Electric
heater (809%)

U-value walls (W/m?2C):
1.33

U-value roof: 2.7
U-value floor: 1.7

Energy certificates
and efficiency
were estimated

Energy certificate

Heat pump
(COP=4)

U-value walls
(W/m?C): 0.45
U-value roof: 0.3
U-value floor: 0.5

Assumption based on best
practices

Standard provided by the
energy certificate

Based on the calculations performed in RETScreen Expert, Table 7 presents the results of the
analysed measures, highlighting the initial investment, energy savings, financial savings, and
avoided CO, emissions. The investment was calculated based on the RETScreen Expert database.
Additional costs were included in the investment: inflation cost (20%), island incremental cost (30%)
and contingency (5%).

Table 7: EE and RE savings - Dje¢ji vrti¢ Korcula

MEASURES

Upgrading to energy-
efficient lighting systems

Upgrading heating and
hot water system

Improving insulation
across various building
components to enhance
thermal performance
(Walls, Roof and Floor)

Total

PROPOSED
BASE CASE CASE
DESCRIPTION DESCRIPTION
Fluorescent 18W | LED 10W
and 36W,
Incandescent
60W and
Compact
Fluorescent 12W
Heating: Electric | Heat pump
boiler (98%) (COP=4)
Hot water:
Electric heater
(80%)

U-value walls
(W/m2C): 1.33
U-value roof: 2.7
U-value floor: 1.7

U-value walls
(W/m?2C): 0.45
U-value roof:
03
U-value floor:
0.5

INITIAL INVESTMENT

RETSCREEN ICNOFSL_II_A-(I-IIE?JE) INCREMENTAT
DATABASE COST (EUR)
COST (EUR)
20% 30%
1,910 382 573
26,800 5,360 8,040
12,729 2,546 3,819

ISLAND ACCESS

CONTINGENCY

(EUR) TOTAL

INVESTMENT
COST (EUR)
5%

96 2,961

1,340 41,540

636 19,730

EUR 64,230



ENERGY ENERGY EMISSION FINANCIAL INCREMENTAAL | SIMPLE

MEASURES SAVINGS SAVINGS (%) SAVINGS SAVINGS O&M SAVINGS PAYBACK
(KWH/YEAR) (TCO2/YEAR) (EUR/YEAR) (EUR/YEAR) (YEARS)

Upgrading to energy-efficient 5,881 7.2% 14 647 6 45

lighting systems

Upgrading heating and hot water 30,040 37.0% 7.1 3304 0 126

system

Improving insulation across various

building components to enhance o

thermal performance (Walls, Roof 2314 6.5% 12 85 0 337

and Floor)

Total 41,235 50.7% 9.7 4,536 6 141

The measure analysed with the highest simple payback is upgrading the insulation of the building,
with a payback period of 33.7 years. The second measure, upgrading the heating and hot water
system, has a payback period of 12.6 years to recover the investment made. If all the proposed
measures are considered, it would be possible to recover the investment in 14.1 years.

In this analysis, the specific primary energy consumption for the baseline scenario is 30.5
kWh/m?2year. In contrast, the proposed scenario shows a reduction to 15.0 kWh/m?year after the
implementation of efficiency improvements.

The results of the energy savings and investment estimates are shown in Table 8.

Table 8: Summary of Results

NVESTMENT | ENERGY ENERGY EMISSION FINANCIAL | INCREMENTAL | SIMPLE
BUILDING NAME | (> Fio SAVINGS SAVINGS (%)* | SAVINGS SAVINGS | O&MSAVINGS | PAYBACK
(KWH/YEAR) (TCO2/YEAR) | (EUR/YEAR) | (EUR/YEAR) (YEARS)
g:ggfka tprava 489,776 201,078 83.4% 47.2 33,196 39 147
Djedji vrti¢ Korcula 64,230 41,235 50.7% 9.7 4,536 6 14.1
Total 554,006 242,313 75.2% 56.9 37,732 a5 14.7

Assuming that energy demand reduction measures are implemented across all buildings annual
energy saving of 242,313 kWh, equivalent to a financial savings of 37,732 per year, could be
achieved for the two buildings of interest. This scenario would require an initial investment of
approximately 554,006 EUR.

3 Compared to the baseline for each building.

4 Measures: Upgrading to energy-efficient lighting systems, Upgrading heating system, Upgrading cooling system,
Upgrading hot water system, Improving insulation across various building components to enhance termal,
performance (Walls, Roof and windows), Photovoltaic (PV) System for Reducing Electricity Consumption.



It should be noted that for each building, it is essential to conduct a comprehensive energy audit to
obtain accurate and detailed economic and technical data. This audit should adhere to recognised
standards, such as those set by ISO 50002, the ASHRAE (American Society of Heating, Refrigerating
and Air-Conditioning Engineers) standards, or the local regulation on energy audit and energy
certification of buildings (NN 88/17, 90/20, 1/21, 45/21).

Although, due to regulatory issues, it is not possible to install photovoltaic systems on the roofs of
the two analyzed buildings, there are alternatives in which the electricity generation system is
installed in a nearby location, such as a parking lot, and supplies energy to multiple buildings. This
is called a distributed energy system or energy community, depending on the specific requlatory
framework.

The following tables summarise the measures and investments proposed in this report and those
proposed in the audit reports.

5321 Gradska uprava Grad

Table 9 : Results from the audit report and the roadmap report for Gradska uprava Grad

INVESTMENT ENERGY EMISSION FINANCIAL | INCREMENTAL | SIMPLE
REPORT PROPOSED MEASURES COST (EUR) SAVINGS SAVINGS SAVINGS O&M SAVINGS | PAYBACK
(KWH/YEAR) | (TCO2/YEAR) | (EUR/YEAR) | (EUR/YEAR) (YEARS)
: : <
Audit — Alte-rat!on pf external-carpentry 34,269 N/A N/A 1283 0 270
Report — Revitalization of the lighting system
— Upgrading to energy-efficient
lighting systems
— Upgrading heating and cooling
Roadmap system
Report — Upgrading hot water system 489,776 201,078 47 33,196 39 147

Improving insulation across various
building components to enhance
thermal performance (Walls, Roof
and windows)

An analysis of the results shows that the audit report represents an investment of 34,269 Euros,
compared with 489,776 Euros for the roadmap report, with a simple payback of 27 and 14.7 years,
respectively. Comparing the two analyses reveal differences in the recommended measures.

Although both consider improving the insulation of the building, the roadmap report considers a
much deeper renovation, considering walls, roof and windows. In addition, there are additional
measures aimed at reducing energy consumption, such as upgrading the heating and cooling
systems with a heat-pump.

It should be noted that although the initial investment of all the measures proposed in the roadmap
report is higher than the audit report, the simple payback is much lower, so it is possible to repay

the investment in a shorter period of time, in this case 14.7 years.

5322  Djedi vrtic Korcula

5 Considering that this is a heritage building, it is not possible to implement this measure.



Table 10: Results from the audit report and the roadmap report for Djecji vrti¢ Korcula

PROPOSED MEASURES

REPORT
N
_)
N
Audit
Report
N
_)
Roadmap —
Report
_)
_)
An analysis

Education of building
users

Installation of
thermal insulation
Installation of a
solar system for hot
water preparation®
Replacing part of the
existing lighting with
energy-efficient LED
lights

Installation of a
photovoltaic system
Upgrading to energy-
efficient lighting
systems and
occupancy sensors
Upgrading heating
and hot water
system

Improving insulation
across various
building components
to enhance thermal
performance (Walls,
Roof and Floor)

of the results shows that the audit report represents an investment of 73,680 Euros,
compared with 64,2430 Euros for the roadmap report, with a simple payback of 8.8 and 14.1 years,

INVESTMENT
COST (EUR)

73,680

64,230

ENERGY
SAVINGS
(KWH/YEAR)

60,165

41,235

EMISSION
SAVINGS
(TCO2/YEAR)

26

10

FINANCIAL
SAVINGS
(EUR/YEAR)

8,396

4,536

INCREMENTAL
0&M SAVINGS
(EUR/YEAR)

SIMPLE
PAYBACK
(YEARS)

88

141

respectively. Comparing the two analyses reveal differences in the recommended measures.
Although both the audit report and the roadmap report propose nearly the same measures, the
roadmap report does not recommend installing a solar water heating system due to local
regulations. Instead, it suggests installing a heat pump for both space heating and water heating.
In contrast, the audit report does not include measures to improve the space heating system.

Additionally, the roadmap analysis has been conducted using more current technical and financial

values, making it more realistic for the present period.

& Due to local regulations, it is not possible to implement this measure.



6. Roadmap for Energy Efficiency in Public Buildings

Developing an Energy Efficiency (EE) and Renewable Energy (RE) roadmap for public buildings
involves a strategic approach that integrates both energy-saving measures and the adoption of
renewable energy sources. Here's a structured set of steps:

— Building Inventory Definition: To effectively implement energy efficiency (EE) and
renewable energy (RE) projects, it is essential to define a comprehensive list of existing
public buildings eligible for these initiatives. This involves compiling an inventory of all
public buildings to further assess their potential for participation in EE and RE projects
based on criteria such as location, current energy performance, and structural

characteristics.

The following is a non-exhaustive list of parameters that can be incorporated into the
building inventory. The information included in the EEC of the buildings of Korcula is in italic.
Building Identification Information
» Building name
» Unigue identification number (e.g., asset ID)
» Address (street city, postal code)
Building Characteristics
» Year of construction
» Building type (e.g, school, hospital, government office)
»  Heritage building (Y/N)
» TJotal floor area (square meters)
»  Number of floors
» Building occupancy type (e.q., public access, restricted access)
Energy Performance Data (if available
» Current Energy Performance Certificate (EPC) and reports, if available
» Energy consumption data (electricity, heating, cooling)
» Utility cost information/energy tariff (historical, usually three years and current)
Energy Consuming Systems and types of energy
= Type of heating and cooling systems (e.g, central, decentralised) and fuel used
» Year of installation and efficiency rating of HVAC systems
» Building envelope: thermal characteristic and condition
» Lighting systems: technology, energy type, quantity, capacity, efficiency
» Hot water systems: technology, energy source, hot water demand, temperature, etc.
» Flectrical systems: quantity, capacity, hours of operation.
— Other energy-consuming systems.
= QOperation schedule
Existing renewable energy systems (e.g., PV solar panels, solar thermal panels)
» Year of installation
» Technical parameters of the system
» Energy production (kWh/year)
Condition and Maintenance History
» Current condition of the building structure (e.g, good, fair, poor)
»  Maintenance history and recent upgrades or renovations
= Known issues affecting energy performance (e.q., air leaks, old equipment)



Stakeholder Information

» (Contact information for building management or maintenance personnel

» Relevant stakeholders involved in energy management (e.g, local government,
facility managers)

— Define Criteria and Select Buildings for Program Participation: To create a
structured approach for identifying and selecting public buildings that will be included in
the program, this task entails establishing clear selection criteria and compiling a
comprehensive list of buildings suitable for participation in energy efficiency (EE) and
renewable energy (RE) initiatives.

The following is a non-exhaustive list of parameters that can be incorporated into the criteria
definition:
Energy Performance Metrics:

» Historical Energy Consumption: Analyse past energy usage data (electricity,
heating, cooling) to identify buildings with high consumption relative to their type
and size.

Building Characteristics:

= Age and Condition: Prioritise well-maintained buildings or those that have not
undergone recent major renovations, as these may present more opportunities for
energy upgrades.

» Building Type: Classify buildings by type (e.qg., educational institutions, healthcare
facilities, government offices) to ensure a representative mix of energy needs.

Renewable Energy Potential

» Site Suitability: Assess physical features of the site, such as available roof space
and orientation, which may support additional renewable energy installations.

» Heritage Building and other limitations: Assess the regulatory limitations to
install panels on the roof or other RE architectural features

Occupancy and Usage Factors

» Occupancy Levels: Evaluate average occupancy rates, with a preference for
buildings that are consistently occupied to maximise the impact of energy
efficiency measures.

* Hours of Operation: Consider the operating hours of the building, prioritising
those that are used extensively during peak energy demand periods.

Financial Considerations

» Cost of Energy: Analyse the financial implications of energy costs for each
building, focusing on those with high energy expenses that would benefit
significantly from efficiency measures.

» Access to Funding: Evaluate eligibility for national or EU funding programs aimed
at promoting energy efficiency and renewable energy in public buildings.

» Available Program Budget: Assess the budget allocated for the energy
efficiency and renewable energy program, ensuring that selected buildings fall
within the financial limits and can be feasibly supported for the implementation
of recommended measures. This will help prioritise projects that align with the
program's funding capacity.



Social and Community Impact

» Community Usage: Prioritise buildings that serve a significant public function and
have high community engagement, maximising the social benefits of energy
efficiency improvements.

*» Demographic Considerations: Consider the demographics served by the
building, such as schools or community centres, to ensure that the benefits of EE
and RE measures reach diverse populations.

— Design and Implementation of the Energy Audits
Although some buildings have preliminary information on the current energy status of some
buildings, this information is not available for all buildings eligible to participate in the program,
nor is the information standardised between buildings. There is also evidence of confusing or
missing information in some cases that would allow a correct understanding of the current
status of the facilities and the potential for improvement in terms of energy use.
Design of the Energy Audit

» Scope Definition: Establish the scope of the audit, including the buildings to be
audited, the systems to be evaluated (lighting, heating, cooling, ventilation, etc.),
and specific objectives (energy consumption reduction, efficiency improvement,
emission reductions, increase of renewable energy capacity, etc.).

» Methodology: Adopt internationally recognised methodologies, such as the I1SO
50002 or ASHRAE standard, which provides a framework for planning and
conducting energy audits, ensuring an objective and structured evaluation of
energy consumption.

= Cost: The energy audits of the selected buildings will use the data already
collected and analysed in the existing documentation. However, some elements
need to be refined in the operation and maintenance, to design the EE measures
more accurately. Based on this situation, the estimation of energy audit cost per
building is around 2000 EUR for the type of building in Korcula. As mentioned, this
price can be reduced significantly due to the existing information and the bulk
approach. For seven buildings, the overall cost for an updated energy audit is
estimated to 7 000 EUR.

Procurement Process

To effectively define energy efficiency and renewable energy measures for all selected
buildings, it is crucial to have updated, reliable, and standardised information. Therefore,
it is advisable to initiate a bidding process specifically designed to gather this data.
Rather than conducting a single bidding process that encompasses both the energy audit
and the implementation phases, it is more effective to separate them. This approach is
generally more cost-effective and aligns with the differing skill sets required for each
stage. It also increases the likelihood of attracting consulting firms for the audit phase
and implementation firms for the execution phase. The goal of this strategy is to first
identify the most suitable measures for each building and, subsequently, to seek the
best alternatives in terms of quality and cost for their implementation.

However, to include the financing of the revision of the energy audit, EE measures design
and implementation in a single tender could be a good approach in the case that the
authorities do not have the financing resources for the energy audit.



Preparation of Terms of Reference (ToR): Draft a document that outlines the
requirements, objectives, and scope of the energy audit. This will include expectations
for the final report, timeline, and deliverables. Engaging qualified auditors with a proven
track record in energy assessments is crucial, as is setting clear communication protocols
to facilitate ongoing dialogue between auditors and stakeholders throughout the audit.
Additionally, incorporating stakeholder feedback by including input from building
managers and occupants will help identify specific energy concerns and opportunities,
ensuring a more effective and tailored approach to energy efficiency improvements. To
enhance the energy audit process, it is recommended to conduct comprehensive data
collection, including precise measurements of energy usage and performance metrics
from each building.

» Tender Process and Firm Selection for Energy Audit Services: Issue a tender
to hire a consulting firm specialising in energy audits, ensuring that the selected
firm possesses relevant experience and certifications that comply with
international guidelines. The tender should outline the specific qualifications
required, including previous project experience in energy assessments and
expertise in applicable energy efficiency standards. To ensure a successful
selection process for energy audit services, it is essential to develop clear
evaluation criteria that encompass technical expertise, past performance,
approach to data collection, and stakeholder engagement strategies. Firms should
be required to submit detailed proposals to outline their methodology, project
timeline, team qualifications, and cost estimates. After reviewing the proposals,
shortlist potential candidates and invite them for interviews or presentations to
assess their understanding of the project scope and their capacity to meet your
requirements. Additionally, verify references from previous clients and ensure that
the firm holds relevant certifications, such as ISO standards or other recognised
industry credentials. Favour firms with local knowledge, as their experience in the
regional context can provide valuable insights into regulations and energy markets.

* Implementation of the energy audits: The selected consulting firms will carry
out comprehensive data collection, including reviewing energy bills, conducting site
visits, and gathering operational data related to energy use. They must analyse
the collected data to establish a baseline of current energy usage, identifying
patterns and inefficiencies within the building systems.

They need to evaluate the performance of existing energy systems, including
HVAC, lighting, and insulation, to determine their efficiency and identify potential
improvements, in order to develop a list of feasible energy-saving measures and
renewable energy solutions tailored to each building, taking into account both
technical and economic considerations.

A final audit report should consolidate findings into a comprehensive document
detailing the building’s current energy performance, highlighting inefficiencies, and
outlining recommended energy efficiency measures along with renewable energy
options. This report must then be presented to key stakeholders, including building
management and local authorities, to promote transparency and support informed
decision-making.



» Definition of Energy Efficiency (EE) and Renewable Energy (RE) Measures
to be Implemented per Building: After the completion of the energy audits, a
set of potential EE and RE measures is identified for the building's specific
characteristics. Measures may include HVAC upgrades, advanced insulation,
energy-efficient lighting, and renewable energy sources like solar panels, among
others. Each measure undergoes a technical feasibility assessment to verify
compatibility with the building’s current systems and operations, ensuring minimal
disruption during future implementation.

A cost analysis for each proposed measure is conducted, factoring in initial
investment, operational savings, payback periods, and any available financing,
incentives, or grants. This assessment evaluates the financial feasibility of each
measure and helps prioritise based on cost-effectiveness, projected energy
savings, and alignment with the building’s strategic objectives.

Based on technical and financial assessments, measures are prioritised by energy-
saving potential, cost effectiveness, and alignment with operational goals. This
ranking ensures that the most impactful measures are implemented first,
optimising resources and maximising energy efficiency improvements. A
comprehensive action plan is created, detailing the selected measures, timelines,
responsible parties, and estimated budgets. This plan should be structured to
support a future streamlined tender process to implement the measures, ensuring
that all technical specifications, financial estimates, and implementation
requirements are clearly outlined.

— Define an Implementation Plan
Review Approved Measures: To ensure the successful implementation of Energy
Efficiency (EE) and Renewable Energy (RE) measures, it is essential to review and, if
necessary, update the list of approved measures, especially when a significant gap exists
between the energy audits and the actual implementation. During this review, the team
should assess whether the previously identified EE and RE measures still align with the
building’s current operational needs, structural conditions, and any recent changes in
regulatory requirements. For example, shifts in building occupancy, usage patterns, or
technological advancements may render some measures obsolete or reveal more
effective options. Additionally, market changes, such as updated costs or availability of
newer technologies, may influence the original prioritisation of measures. This
reassessment ensures that the implementation plan remains relevant, feasible, and fully
aligned with current best practices and the building’s objectives, maximising both energy
savings and cost effectiveness.



Establish Timelines and Milestones: Establishing clear timelines and
milestones is critical to the efficient implementation of EE and RE measures. Start
by defining realistic timelines for each building, taking into account resource
availability, project complexity, and any seasonal factors that may affect progress.
Next, outline key milestones to monitor progress at various stages, ensuring that
these checkpoints allow for timely adjustments if delays or challenges arise. It's
also essential to coordinate the implementation schedules to minimise disruptions
to building operations, ideally planning around periods of lower usage or scheduled
maintenance. This structured approach helps keep the project on track, optimises
resource allocation, and facilitates timely project completion.

Define Roles and Responsibilities: Start by clearly defining the scope of
responsibilities for each role: project managers should oversee the overall
coordination of activities, ensuring that timelines are met, budgets are adhered to,
and resources are allocated efficiently. They act as the central point of contact,
bridging communication among all parties involved and promptly addressing any
issues that could delay progress. Contractors, meanwhile, are responsible for the
technical execution of EE and RE measures, ensuring that installations, upgrades,
and modifications are carried out according to design specifications and
compliance standards. Facility managers play an equally important role, as they
integrate these new measures into the building's operational framework,
coordinating maintenance, adjusting operational protocols, and providing ongoing
support. For other supporting personnel, such as energy consultants or compliance
officers, responsibilities may include monitoring project adherence to regulatory
standards, verifying energy saving post-implementation, and reporting on
outcomes. By defining these roles with precision, the project minimises overlaps,
reduces the risk of miscommunication, and fosters a strong sense of
accountability. This structured approach enhances efficiency and keeps all team
members aligned with the project's overarching objectives, ensuring a seamless,
collaborative path to completion.

Secure Necessary Approvals and Permits: Identify and obtain all necessary
approvals, permits, and certifications required for the implementation of the
measures to ensure compliance with local, regional, and national requlations. Begin
by reviewing the regulatory requirements specific to each measure, as different
installations—such as solar panels, insulation upgrades, or HVAC system
modifications—may require distinct permits or certifications. Engage with local
authorities early in the process to clarify any documentation needs and anticipated
processing times, allowing for these timelines within the project schedule. This
proactive approach helps to avoid potential legal setbacks, ensures adherence to
safety and quality standards, and facilitates a smooth, compliant
project implementation.



— Financing: At this stage, the overall cost for the retrofit of the selected buildings is known.
Some projects will be able to get funding from the National Croatian Fund for EE. This fund
does not cover the overall cost of the projects. Also, the availability of resources is limited,
and the call for projects is highly competitive.

The estimation of the retrofit building program cost is the following’

COST DESCRIPTION COST (EUR)
Building EE/RE measures 1,248,457
Additional measures not related to EE/RE (EV charger, waste management, 187,269
green spaces, bicycle station, other) (15%)

Management and contingencies (15%) 187,269
Total 1,622,994

Once the cost estimation is agreed upon, financing options will be determined: commercial
banks should be the most suitable financing source for this program.
Procurement Process
Develop Tender Documentation: The tender documentation will serve as the foundation
for selecting firms to implement the identified energy efficiency (EE) and renewable energy
(RE) measures. It should outline the project’s scope, objectives, and technical requirements
in a way that aligns with the specific needs of each building. The documentation will include
detailed technical specifications for each measure, such as equipment standards,
performance benchmarks, and installation requirements to ensure quality and functionality
expectations are met. Qualification criteria will specify the minimum required experience and
certifications, focusing on firms with proven expertise in EE and RE installations. The tenders
document can either target a building or a group of buildings to reduce costs and
administrative burdens.

Additionally, the proposal submission requirements will instruct bidders to submit

comprehensive implementation plans, including timelines, methodologies, and cost

breakdowns. To promote transparency and facilitate selection, the documentation should
clearly list evaluation criteria that weigh technical expertise, past performance, and
alignment with the project’s energy-saving goals.

Finally, the tender documents should include reporting and monitoring expectations to ensure

ongoing compliance and performance tracking post-installation. This structured approach will

help attract qualified firms and secure reliable partners for the successful implementation
of EE and RE measures in each building.

— Select Contractors and Suppliers: Once the tender documentation has been prepared
and proposals have been submitted, the next step is to conduct a comprehensive evaluation
to select contractors and suppliers for implementing the identified energy efficiency (EE) and
renewable energy (RE) measures. This selection process will focus on identifying firms that
meet the established qualification and technical criteria, ensuring that they have the
expertise and resources to effectively carry out the project. Key steps in the contractor and
supplier selection process include:

Vo

7 For seven buildings with a heating energy demand rating between C and F



Initial Screening of Proposals: Review each submitted proposal to ensure it meets
the minimum qualifications and aligns with the outlined project scope, technical
requirements, and submission criteria. Verify that each bidder has provided all required
documentation, including implementation plans, cost breakdowns, and evidence
of experience.

Detailed Evaluation Against Criteria: Evaluate proposals based on the established
criteria, focusing on technical expertise, past project performance, approach to
implementation, and compliance with international and local standards. Give particular
weight to firms with demonstrated experience in EE and RE projects for similar
building types.

Cost and Quality Analysis: Assess each proposal’s financial aspects, balancing cost-
effectiveness with quality. Prioritise proposals that offer value for money while ensuring
compliance with equipment standards, installation quality, and long-term
performance requirements.

Interviews or Presentations with Shortlisted Bidders: Invite shortlisted contractors
and suppliers for interviews or presentations. These sessions provide an opportunity to
further assess the bidders' understanding of the project, their methodology, and their
approach to stakeholder engagement and troubleshooting.

Reference and Certification Verification: Contact references provided by shortlisted
bidders to verify their past performance and confirm that they meet certification and
experience requirements. This step helps to ensure the reliability and credibility of the
contractor and supplier.

Local Knowledge and Compliance Check: Prioritise bidders with experience in the
local context, as their familiarity with regional regulations and energy markets can
improve project efficiency and compliance. Ensure they meet all local regulatory
requirements related to EE and RE installations.

Final Selection: After the evaluation, conduct a final review to select contractors and
suppliers that meet the project’s technical, financial, and operational needs. Prioritise
those who align with the project goals and can deliver high-quality EE and RE solutions
on time and within budget. Ensure transparency by informing all participants of the
outcome and providing feedback when needed. The final selection will be based on
technical expertise, past performance, and regulatory compliance, ensuring the chosen
firms are qualified and capable of carrying out the project successfully

Establish Contracts: Formulate contracts that explicitly define the project’s scope,
expected deliverables, timelines, performance standards, and payment terms.
Additionally, include clauses on penalties for delays or non-compliance to enhance
accountability. A well-structured contract will provide a solid foundation for managing
the project and ensuring that all parties adhere to agreed-upon standards and deadlines,
thereby facilitating smoother project execution.



Install EE and RE Measures:

Coordination with the Selected Firms: Begin by establishing a kickoff meeting
with the selected firms to review the scope of work, timelines, and specific
installation requirements outlined in the contract. Ensure mutual understanding of
goals, quality standards, and communication protocols. Define any dependencies
that may impact the start date, such as material delivery, access to work areas, or
preliminary site preparations.

Installation Schedule and Milestones: Develop a detailed installation schedule,
including task-specific timelines for each EE and RE measure. Break down the
installation process into clear phases, such as preliminary site assessments,
material setup, installation, and testing. Set key milestones, tracking progress, and
provide a mechanism for early issue detection. This schedule should also minimise
disruption to building operations by planning work during low-occupancy periods
or aligning with routine maintenance schedules.

Site Inspections and Quality Assurance: Schedule regular site inspections
throughout the installation process to verify that each step complies with project
specifications and relevant codes. Assign roles for quality control, ensuring that
project managers or designated personnel monitor workmanship, material quality,
and compliance with technical standards. Inspections should be aligned with each
milestone, confirming that tasks are completed to standard before moving to the
next stage.

Safety and Compliance Checks: Throughout the installation, verify that all
activities meet safety reqgulations and that workers follow established safety
protocols. This includes confirming that necessary permits and approvals are in
place, especially for RE measures like solar panel installations, which may require
additional certifications or inspections by local authorities.

Commissioning and Final Verification: Following implementation, initiate a
thorough commissioning process to ensure that all installed energy efficiency (EE)
and renewable energy (RE) measures are fully integrated, properly calibrated, and
functioning as intended. This process includes verifying system configurations,
ensuring operational readiness, and conducting initial performance tests to
confirm that the measures meet the expected energy savings and operational
efficiency targets. Additionally, any adjustments needed to optimise system
performance should be made during this phase to ensure the systems operate at
their highest potential.

Handover and Training: Provide a formal handover process with the building
management team, including training on operating and maintaining the new
systems. This ensures that building personnel understand how to use and care for
the installed EE and RE measures to sustain energy savings.



— Establish Monitoring and Evaluation Framework: Define key performance indicators
(KPIs) to assess energy savings, renewable energy generation, and operational efficiency.
Set baseline data for comparison and determine the tools and systems required to monitor
performance, such as energy management systems, smart meters, and real-time monitoring
software. These KPIs should align with the goals of energy efficiency and renewable energy
measures implemented in the buildings. By capturing data on actual energy consumption
and savings, stakeholders can evaluate the effectiveness of the measures and identify any
discrepancies between projected and actual results. This process will facilitate ongoing
optimisation, ensuring the buildings perform efficiently and sustainably over time.

— Collect and Analyse Data Regularly: Conduct regular evaluations to assess the project's
progress and effectiveness. These evaluations should analyse the energy performance data
collected, enabling the identification of successful interventions and areas requiring
improvement. If new challenges or opportunities arise, such as changes in building
occupancy, energy price shifts, or hours of operation, the roadmap should be adjusted
accordingly to maintain the project's relevance and effectiveness. This adaptive approach
ensures that the retrofit remains aligned with long-term energy goals and sustainability
targets.

— Report Performance and Results: Provide regular reports to all stakeholders, including
local government agencies, municipal building occupants, and the general public. These
reports should detail progress made, showcasing the project’s successes and highlighting
any significant savings achieved. Additionally, include lessons learned and outline any
modifications made to the roadmap based on recent evaluations. Transparent reporting not
only keeps stakeholders informed but also reinforces public trust, demonstrates
accountability, and promotes community engagement in the sustainability efforts of
municipal buildings.

— Optimisation: Use the insights gained from ongoing performance monitoring and periodic
evaluations to enhance the energy efficiency and renewable energy output of municipal
buildings. Optimisation can involve various strategies, such as fine-tuning building
management systems to improve climate control and lighting schedules or adjusting HVAC
settings based on occupancy patterns. Additionally, consider upgrading to more advanced
energy-efficient technologies, such as LED lighting, variable-speed drives, or smart
thermostats. Expanding the capacity or integration of renewable energy systems, such as
adding solar panels or optimising storage solutions, can also contribute to a more robust and
efficient energy framework. These adjustments, based on real-time data, ensure continuous
improvement in energy performance and cost savings.



— Plan for Future Projects or Expansions: Anticipating future energy needs and
opportunities is crucial for maintaining long-term sustainability. Use the insights gained from
current projects, as well as emerging energy trends, to plan for future upgrades or expansions
of energy efficiency (EE) and renewable energy (RE) systems in public buildings. This planning
should consider factors like the growth of building occupancy, the introduction of new
technologies, potential changes in energy reqgulations, and the evolving energy landscape.
Identify areas where additional measures, such as expanding renewable energy capacity
(e.g., adding more solar panels or integrating other renewable sources), implementing
advanced energy-saving technologies, or enhancing energy storage systems, could provide
further benefits. Establish a roadmap for these future projects, ensuring alignment with both
short-term goals and long-term energy targets, such as reducing carbon emissions and
increasing self-sufficiency in energy generation. This proactive planning will help secure
ongoing improvements in energy performance and allow for timely adjustments to meet new
challenges and opportunities.

— Stakeholder Engagement: Establish transparent communication channels with
stakeholders, including local government officials, municipal staff, building occupants, and
community representatives, to ensure active involvement throughout the project’s
implementation. Develop a communication plan detailing the frequency, format, and
channels for sharing information (e.g., emails, reports, meetings). Customise messages based
on stakeholder interests to facilitate engagement and understanding, ensuring their
continuous support and commitment to the project’s success.

— Public Awareness Campaigns: Launch strategic awareness campaigns to educate the
broader community on the benefits of energy efficiency and renewable energy. Utilise
diverse media platforms, such as social media, local radio, and community events, to
effectively reach different audiences. Highlighting successful outcomes—Ilike energy savings,
emissions reductions, or cost savings—can inspire public support and create a sense of pride
in local sustainability efforts. This visibility can foster greater public enthusiasm and support,
promoting community pride in sustainable municipal projects.

— Collaboration: Build partnerships with municipalities, government bodies, and organisations
involved in similar energy initiatives. Collaborative efforts through workshops, joint research,
and knowledge sharing can enhance best practices and drive innovation. Working together
on large-scale projects or policy advocacy strengthens the impact of the program, ensuring
its alignment with broader national and global sustainability objectives. By engaging with a
network of partners, the program can remain aligned with national and global sustainability
trends, enhancing its long-term success and scalability.



7. Legal Framework and Financial Support in Croatia

Legal frameworks regulate and form the foundation for energy renovation processes and define
the requirements for energy efficiency. A strong understanding of these laws and reqgulations is
essential for guiding the energy transition in Croatia, with emphasis on the documents outlined in
this document:

1.

6.

BUILDING ACT (NN 125/2019): Requires the construction of nearly zero-energy buildings
(nZEB) starting in 2021, mandating that all buildings meet the energy efficiency standards
set by the Technical Regulation on Rational Use and Thermal Protection in Buildings
ENERGY EFFICIENCY ACT (NN 41/2021): Requlates efficient energy use and outlines
local, regional, and national plans for improving energy efficiency. It defines building energy
renovation as 'the application of energy efficiency measures to improve the energy
performance of a building or part of it and heat preservation”. Measures include energy
audits, energy certification for building renovation purposes, project documentation to
demonstrate energy savings, and upgrades to thermal protection and technical systems (e.q.,
heating, cooling, ventilation, lighting), along with renewable energy system integration.
ACT ON RENEWABLE ENERGY SOURCES AND HIGH-EFFICIENCY COGENERATION (NN
138/2021): Establishes a framework for using renewable energy in buildings and sets
guidelines for integrating renewable sources in heating and cooling.
REGULATION ON MONITORING GREENHOUSE GAS EMISSIONS, POLICIES, AND
MEASURES FOR THEIR REDUCTION IN THE REPUBLIC OF CROATIA (NN 5/2017):
Provides a framework for managing greenhouse gas emissions, with specific mechanisms
for monitoring and reporting carbon content across the life cycle within strategic and legal
contexts.
CROATIAN CLIMATE CHANGE AND OZONE LAYER PROTECTION ACT (NN 127/19)
Defines key documents for climate change mitigation and ozone layer protection, including:

Low-Carbon Development Strategy of the Republic of Croatia

Climate Change Adaptation Strategy of the Republic of Croatia

Action Plan for the Implementation of the Low-Carbon Development Strategy of the

Republic of Croatia

Action Plan for the Implementation of the Climate Change Adaptation Strategy of the

Republic of Croatia

Integrated Energy and Climate Plan of the Republic of Croatia

Program for Mitigating Climate Change, Climate Change Adaptation, and Ozone Layer

Protection
REGULATION ON ENERGY AUDIT AND ENERGY CERTIFICATION OF BUILDINGS (NN
88/17, 90/20, 1/21, 45/21): Specifies procedures for energy audits, energy certificate
creation, and reqular inspections of heating and cooling systems in buildings.



The Building Energy Renovation Program in Croatia is implemented through the Environmental
Protection and Energy Efficiency Fund (FZOEU) and the Ministry of Physical Planning,
Construction, and State Assets. These institutions are responsible for creating, managing, and
launching calls for funding renovation projects.

The calls for proposals are launched by the responsible institutions.

1. Environmental Protection and Energy Efficiency Fund (FZOEU): The Fund is the
primary operator of the program and issues calls for co-financing building energy renovation.
It also provides technical and financial support to applicants. The calls are issued for various
types of buildings — from residential buildings and public institutions to privately owned
buildings.

2. Ministry of Physical Planning, Construction, and State Assets: The Ministry manages
funds from the European Structural and Investment Funds, particularly through the
Operational Programme Competitiveness and Cohesion, which is one of the main
sources of funding for energy renovation of public and residential buildings. The Ministry
issues a call for applications and manages the application process for projects co-financed
by EU funds.

Calls for proposals are published periodically and target different groups of beneficiaries,
including:
Public buildings (schools, kindergartens, hospitals, municipal buildings)
Residential buildings (multi-apartment buildings and individual houses)
Private companies and enterprises.
Funding comes from:
National sources (Croatian state budget funds)
European funds (specifically the European Regional Development Fund through the
Operational Programme Competitiveness and Cohesion).
To apply for these calls, detailed energy audits of the building, project documentation, and plans for
implementing energy efficiency measures are usually required.

8. Conclusions

To understand the potential of energy savings in public buildings in Korcula, a methodology to select
the buildings to be analysed and the estimation of savings is presented. The methodology was
implemented, and the analysis of energy savings estimation was focused on two key public
buildings: Gradska Uprava Korcula and Djecji vrti¢ Korcula. These buildings were selected due to
their poor energy performance ratings, with potential energy reductions estimated at over 80% for
Gradska Uprava Kortula and approximately 50% for Djecji vrti¢ Korcula. However, these figures
must be interpreted cautiously due to inconsistencies in the primary data and assumptions made
during the analysis, underscoring the necessity for detailed energy audits to obtain more accurate
assessments of each building’s energy-saving potential.

The report also presents a comprehensive roadmap designed to enhance energy efficiency (EE) and
integrate renewable energy (RE) solutions in public buildings. This systematic and data-driven
approach establishes a solid foundation for identifying and implementing effective measures that
can lead to substantial energy savings and reduced greenhouse gas emissions.



The next critical step in Kor€ula’s renovation journey involves conducting thorough energy audits for
all identified buildings. It is recommended that these audits be procured simultaneously through
one or more bundled contracts. This strategy will not only enhance cost-efficiency but also attract
highly qualified experts who can provide tailored insights to support effective energy
efficiency improvements.

Following the completion of these audits, the next critical step is to implement the recommended
energy efficiency measures. This involves developing a detailed action plan that prioritises
interventions based on their potential for energy savings and economic viability. By analysing audit
results, specific improvements can be identified for each building, such as upgrading insulation,
modernising lighting systems, and enhancing heating and cooling technologies. The audits and
installations of EE/RE measures can be tendered in a single tender if preferred.

It is recommended to select contractors based on the unique requirements identified during the
audits rather than bundling contracts for simultaneous implementation. This strategy allows for
tailored solutions that address each building's specific needs, ensuring effective execution of the
projects. The audits and installations of EE/RE measures can be tendered in a single tender
if preferred.

Additionally, establishing a monitoring system will facilitate ongoing evaluation of implemented
measures, helping to optimise performance and ensure long-term sustainability.

In conclusion, the roadmap outlined in this report serves as a vital tool for guiding the renovation of
public buildings in Korcula, Croatia. By prioritising accurate data collection and analysis, the city can
effectively pinpoint opportunities for energy savings and implement measures that align with best
sustainability practices. The successful execution of these strategies will not only improve
operational efficiency but also yield significant long-term economic benefits and environmental
enhancements, positioning Korcula as a leader in sustainable public infrastructure development.
This initiative not only supports local sustainability goals but also aligns with broader EU directives
aimed at promoting renewable energy and reducing carbon footprints across member states.



Appendix 1: Detailed information

The following tables and figures present the input data and modelling outputs generated using RETScreen for the two audited buildings. The

information has been extracted directly from the RETScreen software and is based on the data collected during the site audits.

Gradska uprava Grad

Location
Climate data location
Facility location

Facility

Facility type

Type

Description

Prepared for

Prepared by

Facility name

Address

City/Municipality
Province/State

Country

Facility size (m2)

Specific primary energy consumption
(kWh/m2*year)

Energy

Electricity rate (EUR/kWh)
Natural Gas rate (EUR/m3)

Schedules

Temperature space heating, occupied
(°Q)

Temperature cooling heating, occupied
(0

Temperature space heating,
unoccupied (°C)

Table 11: Base Case Input Data

Value

Croatia - Smokvica
Croatia - Dubrovnik-Neretva County -
Kortula

Commercial/lnstitutional
Office building

Gradska uprava Grad
European Comission
Econoler

Gradska uprava Grad
Trg Antuna i Stjepana Radica 1
Korcula

Grand Korcula

Croatia

1300

1756

0.11
0.46
20
20

20

Source of Information

RETScreen
Energy certificate (Trg Antuna i Stjepana Radica 1)

Energy certificate
Energy certificate
Energy certificate
Energy certificate
Energy certificate
Energy certificate
Energy certificate
Energy certificate
Energy certificate
Energy certificate
Energy certificate
Energy certificate

Assumption

Assumption (https://tradingeconomics.com/croatia/gas-prices-medium-size-
households-eurostat-data.html)

Assumption to obtain similar energy consumption for heating

Assumption to obtain similar energy consumption for cooling

Assumption to obtain similar energy consumption for heating



Temperature cooling heating,
unoccupied (°C)

Occupancy, Monday (h/day)
Occupancy, Tuesday (h/day)
Occupancy, Wednesday (h/day)
Occupancy, Thursday (h/day)
Occupancy, Friday (h/day)
Occupancy, Saturday (h/day)
Occupancy, Sunday (h/day)
Heating/cooling changeover
temperature (°C)

Heating system - Electric Boiler
Fuel type

Capacity (kW)

Seasonal Efficiency (%)

Cooling system - Compressor
Fuel type

cop

Building Envelope

Building north (°)

Wall area north (m2)

Wall area east (m2)

Wall area south (m2)

Wall area west (m2)

Wall U value north (W/m2/°C)
Wall U value east (W/m2/°C)
Wall U value south (W/m2/°C)
Wall U value west (W/m2/°C)
Window area north (m2)
Window area east (m2)
Window area south (m2)
Window area west (m2)
Window U value north (W/m2/°C)
Window U value east (W/m2/°C)
Window U value south (W/m2/°C)
Window U value west (W/m2/°C)
Doors area north (m2)

Doors area east (m2)

Doors area south (m2)

Doors area west (m2)

Value

= O O 00 00 0o 00

Electricity
100
75%

Electricity
23

0
4314
225.05
409
2557
1.78
193
1.74
1.79
40.68
21.22
38.57
2411
3.86
3.86
3.86
3.86
5.60
0.00
0.00
0.00

Source of Information

Assumption to obtain similar energy consumption for cooling

Assumption
Assumption
Assumption
Assumption
Assumption
Assumption
Assumption

Assumption to obtain similar energy consumption for heating (139.053 kWh/year)

and cooling (89.277 kWh/year)

Energy certificate
Assumption
Energy certificate

Energy certificate
Assumption

Assumption

Assumption based on Energy certificate
Assumption based on Energy certificate
Assumption based on Energy certificate
Assumption based on Energy certificate
Assumption based on Energy certificate
Assumption based on Energy certificate
Assumption based on Energy certificate
Assumption based on Energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate



Doors U-value north (W/m2/°C)
Doors U-value east (W/m2/°C)
Doors U-value south (W/m2/°C)
Doors U-value west (W/m2/°C)
Roof area (m2)

Roof U value (W/m2/°C)

Floor area (m2)

Floor U value (W/m2/°C)
Wall-below-grade Area (m2)

Wall-below-grade U-Value (W/m2/°C)
Floor-below-grade Exposed perimeter

(m)
Floor-below-grade Description

Floor-below-grade U-Value (W/m2/°C)

Natural infiltration

Heating system

Cooling system

Lights

Lamp & fixture type

Efficiency (Im/W)

Electricity load per lamp (W/lamp)
Number of lamps per fixture (#)
Number of fixtures (#)
Operating hours (h/day)

Initial cost - lamp (EUR/lamp)
Lamp life (h)

Hot water

Hot water system - technology
Hot water system - fuel type
Hot water system - fuel rate
(EUR/KWh)

Hot water system - seasonal
efficiency (%)

Hot water use - Volume (L/d)
Hot water use - Temperature (°C)
Hot water use - operating hours
(h/day)

Hot water use - Heat recovery
efficiency (%)

Value
2.20
0.00
0.00
0.00
460
268
123
172
1855
1.54
4712

Insulated / below-grade
032

Medium
Electric heaters
Individual split systems

Incandescent
147

60

1

113

8

0.26

1000

Electric water heaters
Electricity

0.11

75%

70

60

8

0%

Source of Information

Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Assumption based on energy certificate
Energy certificate

Energy certificate

Energy certificate

Energy certificate

Energy certificate

Energy certificate

Assumption based on the area

Assumption
Assumption

Assumption
Energy certificate.
Energy certificate

Assumption (they speak about incandescent and fluorescent)
Assumption

Assumption

Assumption

Energy certificate

Assumption

Assumption

Assumption

Energy certificate
Energy certificate
Assumption
Assumption
Assumption
Assumption

Assumption

Assumption



Clean energy for EU islands

Figure 7: RETScreen Climate Data Input

Unit Climate data location Facility location Source
Latitude [ 429 | 430 |
Longituds [ 169 | 17.1 |
Climate zone [ 3A - Warm - Humid - NASA
Elevation [ m .| 43 | 17 | NASA - Map
Heating design temperature [ ic ~| 2.9 ] NASA
Caoling design temperature [ “C = I 268.5 ] MASA
Earth temperature amplitude [ “C = [ 1.2 ] MASA
Daily solar Heating Cooling
radiation - Atmospheric degree-days degree-days

Maonth Air tem ture  Relative humidity Precipitation horizontal p Wind speed Earth temperature 18°C 10 °C

C - % [ mm v KWhimid v kPa - ms - T - Cd v “C-d
January [ 102 | 73.6% | 8432 1.90 101.3 54 124 242 6
February [ 100 | 72.6% 78.68 2.80 101.1 5.5 12.1 224 0
March [ 17 | 744% 76,57 417 1010 53 129 195 53
April [ 141 | 769% 69.60 548 100.8 a3 14.6 17 123
May [ 180 | 76.7% 48.67 6.76 100.9 40 18.1 0 243
June [ 219 | 72.5% 3660 7.50 100.9 37 220 0 357
July [ 248 | 67.6% 20.15 7.69 1008 26 249 0 459
August [ 25.1 | 61T% 3348 5.74 1008 37 254 0 468
September [ 219 | 70.0% 67.80 5.14 101.0 41 226 0 357
October [ 185 | 73.7% 82,15 3.36 1012 a7 19.7 0 264
November [ 147 | 747% 120.90 1.98 101.1 55 16.5 a9 141
December [ 16 | 733% 9951 1.55 1012 57 139 198 50
Annual 16.9 72.8% 818.43 4.61 101.0 47 18.0 1,076 2525
Source NASA NASA NASA NASA NASA NASA NASA NASA NASA
Measured at [ m 'I 10 I 0

Public building decarbonization roadmap - Island of Korcula
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Clean energy for EU islands

Figure 8: RETScreen Measures

. . . Incremental . Incremental
Show: | Al - Heating Cooling Electricity intial costs Fuel cost savings O&M savings
Energy saved = kWh = kWh kWh EUR EUR EUR
Heating
Heating system 117,000 16,386 0
Water heater 1,500 875 i}
Cooling
Cooling system 4] 3886 0
Building envelope
Building envelope 60,503 135,540 138 486 11,118 0
Lights
Lights 16,498 791 2724 39.6
Hot water
Hot water 0 0 0 0
Total 66,503 135,540 16,498 257,177 34,201 39.6
Figure 9: RETScreen Electricity and Fuels
Summary - Electricity and fuels
Fuel type Base case Proposed case Savings
Fuel consumption -
Fuel type Fuel rate unit Fuel consumption Fuel cost| Fuel consumption Fuel cost Fuel saved Savings
Electricity EUR 0.185 kWh 241,074 EUR 39,798 33,900 EUR 5598 207174 EUR 34,201
Total EUR 39,798 EUR 3,596 EUR 34,201
Figure 10: RETScreen Savings
-Savings
Heating Cooling Electricity Total
Fuel consumption = kWh E kWh kWh kWh
Base case 132,994 88282 19,798 241074
Proposed case 11,040 19,560 3,300 33,900
Fuel saved 121,954 68,722 16,498 207174
Fuel saved - % 9M.T7% 17.8% 83.3% 859%
Public building decarbonization roadmap - Island of Korcula Page
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Djedji vrti¢ Korcula

Location

Climate data location

Facility location
Facility

Facility type
Type
Description
Prepared for
Prepared by
Facility name
Address
City/Municipality

140,000

120,000

100,000

80,000

60,000

40,000

20,000

0

Public building decarbonization roadmap - Island of Korcula

Clean energy for EU islands

Figure 11: Energy Consumption Base Case vs. Proposed Case

Energy consumption (kWh/year)

Heating Cooling Lighting

mbBasecase mProposed case

Table 12: Base Case Input Data

Value

Smokvica
Croatia - Dubrovnik-Neretva County - Korcula

Commercial/Institutional

Educational Building

Dje¢ji vrti¢ Korcula

European Comission

Econoler

Djedji vrti¢ Korcula

Cvjetno Naselje 24A, 20260, Kortula, Croatia
Kortula

Haot water

Source of Information

RETScreen
Energy certificate

Energy certificate
Energy Audit
Energy certificate
N/A

N/A

Energy certificate
Energy certificate
Energy certificate
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Province/State
Country
Facility size (m2)

Specific primary energy consumption (kWh/m2*year)

Energy

Electricity rate (EUR/kWh)

Schedules

Temperature space heating, occupied (°C)
Temperature cooling heating, occupied (°C)
Temperature space heating, unoccupied (°C)
Temperature cooling heating, unoccupied (°C)
Occupancy, Monday (h/day)

Occupancy, Tuesday (h/day)

Occupancy, Wednesday (h/day)

Occupancy, Thursday (h/day)

Occupancy, Friday (h/day)

Occupancy, Saturday (h/day)

Occupancy, Sunday (h/day)
Heating/cooling changeover temperature (°C)
Heating system - Average

Fuel type

Capacity (kW)

Seasonal Efficiency (%)

Volume of heated space (m3)

Heating system - Electric Boiler hot water
Fuel type

Capacity (L)

Capacity (kW)

Seasonal Efficiency (%)

Cooling system - Compressor

Fuel type

CopP

Building Envelope

Building north (°)

Total area of the facade (m2)

Wall area north (m2)

Wall area east (m2)

Wall area south (m2)

Wall area west (m2)

Wall U value north (W/m2/°C)

Value
Dubrovnik-Neretva

Croatia

2661

253.54

0.16508

20
24
8.2
28
2

NOONNNN

25

Electricity
392

98%
442512

Electricity
160

75

80%

Electricity
45

-30
1665
340
99.8
196.38
132.04
1333

Source of Information
Energy certificate
Energy certificate
Energy Audit

Energy certificate

Energy bill

Assumption to obtain similar energy consumption for heating
Energy certificate

Assumption to obtain similar energy consumption for heating
Assumption to obtain similar energy consumption for heating
Energy Audit

Energy Audit

Energy Audit

Energy Audit

Energy Audit

Assumption to obtain similar energy consumption for heating
Assumption to obtain similar energy consumption for heating
Assumption to obtain similar energy consumption for heating

Energy Audit
Energy Audit
Assumption

Energy Audit

Energy Audit
Energy Audit
Energy Audit
Assumption

Energy Audit
Energy Audit

Estimation based on Google Earth
Energy Audit

Energy Audit

Energy Audit

Energy Audit

Energy Audit

Average based on Energy Audit Report



Wall U value east (W/m2/°C)
Wall U value south (W/m2/°C)
Wall U value west (W/m2/°C)
Total window area (m2)

Window area north (m2)
Window area east (m2)

Window area west (m2)

Window area south (m2)
Window U value north (W/m2/°C)
Window U value east (W/m2/°C)
Window U value south (W/m2/°C)
Window U value west (W/m2/°C)
Solar heat gain coefficient north
Solar heat gain coefficient east
Solar heat gain coefficient south
Solar heat gain coefficient west
Total door area (m2)

Door area north (m2)

Door area east (m2)

Door area west (m2)

Door area south (m2)

Door U value north (W/m2/°C)
Door U value east (W/m2/°C)
Door U value south (W/m2/°C)
Door U value west (W/m2/°C)
Roof area (m2)

Roof U value (W/m2/°C)

Floor area (m2)

Floor U value (W/m2/°C)

Natural infiltration - walls
Natural infiltration - window
Natural infiltration - doors
Heating system

Cooling system

Lights

Lamp & fixture type

Efficiency (Im/W)

Electricity load per lamp (W/lamp)
Number of lamps per fixture (#)
Number of fixtures (#)

Value
1.333
1.333
1.333
13253
63.19
153
11.05
2094
1.77
1.77
1.77
1.77
0.66
0.66
0.66
0.66

12,50

0.00

0.00

480

2.59

259

259

259

1083.32

27

707.25

17

Medium
Medium
Medium
Electric heating
Electric cooling

Fluorescent T8
85.5

18

1

3

Source of Information

Average based on Energy Audit Report

Average based on Energy Audit Report

Average based on Energy Audit Report

Energy Audit

Energy Audit

Energy Audit

Energy Audit

Energy Audit

Average based on Energy Audit Report

Average based on Energy Audit Report

Average based on Energy Audit Report

Average based on Energy Audit Report

Assumption based on Typical Values from RETScreen
Assumption based on Typical Values from RETScreen
Assumption based on Typical Values from RETScreen
Assumption based on Typical Values from RETScreen

Energy Audit

Energy Audit

Energy Audit

Energy Audit

Average based on Energy Audit Report
Average based on Energy Audit Report
Average based on Energy Audit Report
Average based on Energy Audit Report
Energy Audit

Average based on Energy Audit Report
Energy Audit

Average based on Energy Audit Report
Assumption

Assumption

Assumption

Energy Audit

Energy Audit

Assumption based on Energy Audit Report
Assumption

Energy Audit

Energy Audit

Energy Audit



Operating hours (h/yr)

Cost per lamp (EUR/lamp)

Lamp life (h/year)

Lamp & fixture type

Efficiency (Im/W)

Electricity load per lamp (W/lamp)
Number of lamps per fixture (#)
Number of fixtures (#)
Operating hours (h/yr)

Cost per lamp (EUR/lamp)

Lamp life (h/year)

Lamp & fixture type

Efficiency (Im/W)

Electricity load per lamp (W/lamp)
Number of lamps per fixture (#)
Number of fixtures (#)
Operating hours (h/yr)

Cost per lamp (EUR/lamp)

Lamp life (h/year)

Lamp & fixture type

Efficiency (Im/W)

Electricity load per lamp (W/lamp)
Number of lamps per fixture (#)
Number of fixtures (#)
Operating hours (h/yr)

Cost per lamp (EUR/lamp)

Lamp life (h/year)

Other Devices

Devices

Number of unit

Unit power (kW)

Hours of operation (h/year)
Duty cycle (%)

Devices

Number of unit

Unit power (kW)

Hours of operation (h/year)
Duty cycle (%)

Water

Hot water system - technology

Value
730

20000
Fluorescent T8
85.5

36

1

53

730

20000
Incandescent
147

60

1

133

730

1000

Compact fluorescent bulbs
56.7

12

1

2

730

10000

Large consumers of electricity
1

98.68

282

100%

Other electricity consumers

1

2.17

279

100%

Electric boiler

Source of Information

Assumption based on Energy Audit Report
Assumption

Assumption

Energy Audit

Assumption

Energy Audit

Energy Audit

Energy Audit

Assumption based on Energy Audit Report
Assumption

Assumption

Energy Audit

Assumption

Energy Audit

Energy Audit

Energy Audit

Assumption based on Energy Audit Report
Assumption

Assumption

Energy Audit

Assumption

Energy Audit

Energy Audit

Energy Audit

Assumption based on Energy Audit Report
Assumption

Assumption

Energy Audit
Energy Audit
Energy Audit
Assumption
Assumption
Energy Audit
Energy Audit
Energy Audit
Assumption
Assumption

Energy Audit



Clean energy for EU islands

Value Source of Information
Hot water use - Volume (L/d) 4800.0 Assumption
Hot water use - Temperature (°C) 60 Assumption
Hot water use - operating hours (h/day) 4 Assumption
Hot water use - Heat recovery efficiency (%) 0 Assumption
Figure 12: RETScreen Climate Data Input
Unit Climate data location Facility location Source
Latitude [ 429 | 430 |
Longitude | 16.9 | 171 |
Climate zone [ 3A - Warm - Humid = l MNASA
Elevation ( m | 43 | 19 | NASA - Map
Heating design temperature I C = ] 29 l MNASA
Cooling design temperature I L = ] 26.5 I MNASA
Earth temperature amplitude I L = ] 11.2 I MNASA
Daily solar Heating Cooling
radiation - Atmospheric degree-days degree-days
Month Air temperature  Relative humidity Precipitation horizontal pressure Wind speed Earth temperature 18°C 10°C
[ C | % ( mm *|  kWh/mid v | kPa | m/s | C ~|  cd | Cd
January | 102 | 73.6% | 8432 | 1.90 | 101.3 | 54 | 124 | 242 | 6
February | 100 | 72.6% | 78.68 | 2.80 | 101.1 | 5.3 | 121 | 224 | 0
March | 1.7 | T4.4% | 76,57 | 417 | 101.0 | 53 | 129 | 195 | 53
Aprl | 14.1 | 76.9% | 59,60 | 548 | 100.8 | 48 | 14.6 | 17 | 123
May | 18.0 | 76.7% | 4867 | 6.76 | 100.9 | 40 | 18.1 | 0 | 248
June | 219 | 72.5% | 36,60 | 7.59 | 100.9 | 37 | 220 | 0 | 357
July | 245 | 67.6% | 20,15 | 7.69 | 100.8 | 16 | 249 | 0 | 459
August | 25.1 | 67.7% | 3348 | 6.74 | 100.8 | 37 | 254 | 0 | 468
September | 219 | 70.0% | 67.80 | 514 | 101.0 | 41 | 226 | 0 | 357
October | 185 | 73.7% | 82.15 | 3.36 | 101.2 | 47 | 197 | 0 | 264
November | 147 | TAT% | 120.90 | 198 | 101.1 | 55 | 165 | g | 141
December | 16 | 73.3% | 99,51 | 155 | 101.2 | 57 | 139 | 198 | 50
Annual 16.9 72.8% 818.43 4.61 101.0 47 18.0 1,076 2,525
Source NASA NASA NASA NASA NASA NASA NASA NASA NASA
Measured at [ m 'I 10 I 0 I
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Figure 13: RETScreen Measures

. . - Incremental . Incremental
) Show: [an - Heating Cooling Electricity initial costs Fuel cost savings O&M savings
| Fuel saved *| KWh  ~|  KkWh kWh € € €
Heating
Electric heating 15383 26,800 1,690
‘Water heater 14,677 [ 1,614
Cooling
Electric Cooling 0 0 0 0
Building envelope
Building envelope 4935 329 12,729 585 0
Lights
Lights - Fluorescent 18W 17.5 20 1.9 0
Lights - Fluorescent 36W 1,006 530 m 0
Incandescent 60W 4855 1330 534 5.8
Compact fluorescent 12 W 2.9 20 032 0.29
Electrical equipment
Electrical equiprment 0 0 0 0
Hot water
Hot water 0 0 0 0
Power
Photovoltaic 0 0 0 0
Total 35,025 329 5,881 41,439 4,536 6.1
Figure 14: RETScreen Electricity and Fuels
Summary - Electricity and fuels
Fuel type Base case Proposed case Savings
Fuel consumption -
Fuel type Fuel rate unit Fuel consumption Fuel cost, Fuel consumption Fuel cost Fuel saved Savings
Electricity € 0N kWh 81,261 € 8939 40,027 £ 4403 41,235 £ 4536
Total €8.939 €4.403 £4.536
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Figure 15: RETScreen Savings

- 3avings
Heating Cooling Electricity Total
| Fuel consumption ¥ | KWh -| kWh kWh kWh
Base case 38,694 6,258 35,708 81,261
Proposed case 3,609 6,530 20827 40027
Fuel saved 35025 329 5,881 41,235
Fuel saved - % 90.5% 4.8% 16.5% 50.7%
Figure 16: Energy Consumption Base Case vs. Proposed Case
Energy consumption (kWh/year)
25,000
20,000
15,000
10,000
- I I I
0 | I
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Appendix 2: RETScreen Expert Software

RETScreen Expert allows energy professionals and decision makers to identify, assess and optimise
the technical and financial viability of potential clean energy projects (energy efficiency, renewable
energy, cogeneration, etc.). Its decision intelligence software platform also allows managers to
measure and verify the actual performance of facilities, helps identify additional energy
savings/production opportunities, and allows for the management of multi-facility portfolios. The
main characteristics of the software are presented in Figure 17.

Tracker

RETScroen;

Finandlal Risk Smart Project
Assessor Identifier

Feasibility

Figure 17: RETScreen Expert - Workflow

RETScreen is the world’s leading clean energy management software, growing at 40,000+ new users
each year and available in 37 languages (including English, French, Spanish and Dutch), covering
two-thirds of the world’s population. The viewer mode version is free of charge (sufficient for casual
users), but the software is also available in Professional mode (which includes the possibility to
save, print and export files, among others) by purchasing a renewable 12-month subscription,
currently priced at 869 CAD per subscription (plus applicable taxes).

The feasibility analysis allows engineers, architects, and financial planners to model and analyse
any clean energy project. Decision-makers can conduct a five-step standard analysis, including
energy analysis, cost analysis, emission analysis, financial analysis, and sensitivity/risk analysis.

The Energy Model worksheet is used to simulate the energy consumption and/or production of
various types of facilities, including individual measures and systems. An example of a lighting
system is shown in the figure below:



3 RETScreen Expert

- Location Facility Energy Cost Emission Finance Risk Report Custom Language
& T N % @ A T 2 & g, €@ oD [7)
o /O L=
Electricity Schedules Heating Coolin Ener Heating Power Include  Comparison | Dashboard.. End-use.. Target.. ; Help
and fuetl:-‘sf - g - ¢ vg)' - < - measure? " ? g Copy base to proposed e
RETScreen - Energy Model Subscriber: Viewer

Inividhual measure - Compact flucrescent light - Lights

#  Fuels & schedules

Lights vel sLearming
t Blectriciy and fusls W ction Real space p—
% Schedules . = = B

~ Equipment

~/ End-use Lights - Level 2

& T lgms Base case Proposed case Energy saved

Retail space ¥] Hlumination level - calculator
o Spacs type Retail space -
SOy, lleminaticn level - suggested = = 500
~ Summary luminaticn lavel Lux ) 600 500
] Include measure? Lamp & fixture type |y Incandescent hd Compact fluorescent - screw-in - | [
& Comparizon Efficiency Imw 147 567
Elecaricity load per lamp w 100 25
Number of lamps per fisture 1 1
Miscellaneous losses w -
Eleciricity load per fixture w 100 25
Number of fistures - suggested 26
Number of fixtures £ 25
Number of lamps - total 0 28
llumination level - variance = 029%
Opsrating hours hd v 2 12
Costing method Level 1 -
ncramental initial costs 5 260
ncramental O&M savings
Number of units 1 1
Elacricity awn v 13140 2847 10293
783%

Impa:t
Space co0ling IMPAc | | 100% ¥
Space heafing IMPECt | 100% -

Figure 18: RETScreen Expert — Energy Model Worksheet

The Emission Analysis worksheet helps the user estimate the GHG emission reduction (mitigation)
potential of the proposed facility. An example of the same project is shown in the figure below:

@ RETScreen Expert
PRE] ocston racity Enery  Cost  Emision  Finance Rk Report  Custom
=g =m i Show graph e 6

& Show GHG equivalence L=
Level2 Level3 | Dashboard. [ = Show notes Help eleamning

Level 1

RETScreen - Emission Analysis Subscriber: Viewer

GHG emission
factor GHG emission
Base case electricity system (Baseline) (excl. T&D) T&D losses factor
Country - region Fueltype | kgCOJKWh + % kgCOx/kWh
Canada - Ontario - Alltypes  ~ 0,030 50% 0032
ase €0z o4
e e €Oz 0,09
Gross annual GHG emission reduction 0z 033 783%
3o
P
L o
i
o
:
: | fo=15
o
Legend 033 tC0: isequivalentto  0.06
S B .

Figure 19: RETScreen Expert — Emission Analysis Worksheet

The Financial Analysis worksheet, with its financial parameters input items (e.g. discount rate, debt
ratio, etc.), and its calculated financial viability output items (e.qg. internal rate of return (IRR), simple
payback, net present value (NPV), etc), allows the project decision maker to consider various
financial parameters with relative ease (see figure below).
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@ RETScreen Expert

- Location Facility Energy Cost Emission Finance Risk |
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Figure 20: RETScreen Expert — Financial Analysis Worksheet

The performance analysis module helps the user monitor, analyse, and report key energy
performance data to facility operators, managers and senior decision makers. Implementing an
energy monitoring, targeting and reporting (MT&R) system can be a powerful way to better manage
energy project investments as well as identify additional project opportunities. In addition, the
measurement and verification (M&V) of actual savings achieved by an energy efficiency project is
an important final step in the energy decision chain (see figure below).
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Figure 21: RETScreen Expert — Analytics Worksheet
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The portfolio analysis module enables professionals to manage energy across a large number of
facilities. From multiple energy efficiency measures in a single facility to a portfolio comprising
thousands of facilities around the world, this comprehensive tool helps enterprises achieve their
energy-related investment goals. Sub-portfolios can be created to allow for comparison across
different facility types and geographic regions, and a mapping tool helps the user visualise assets
across the globe (see figure below).

@ RETSCreen Expe: -~ «
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Te NRCon - Real property 4 Fuel 46.408 45046 44882 43260 21512 455655 49.439
@) 737 24271 23662 20269 23317 23608 23357
20352 21850 22374 21054 21nR4 27825 n7e -

Figure 22: RETScreen Expert — Portfolio Dashboard
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