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Abstract

Standard auditing and maintenance management of school facilities constitute two essential
components for ensuring a safe, functional and suitable educational environment for all users —
students, teaching staff and administration. These processes are essential for preserving school
infrastructure, increasing its lifespan and ensuring optimal conditions for the development of
educational activities. Energy audit is a systematic assessment process, through which existing
facilities are analyzed in terms of energy consumption, in order to identify its current performance and
recommend concrete measures to improve energy efficiency. This audit aims to reduce energy
consumption, reduce operational costs, as well as improve internal conditions in terms of thermal
comfort and indoor air quality.

Through the audit, we aim for an accurate description of current energy consumption and the analysis
of the factors that affect it; identification of equipment and systems that contribute most to energy
consumption; proposal of energy efficiency measures; assessment of potential savings, analysis of
costs and financial performance indicators; recommendations for interventions that, although not
directly lead to energy savings, are necessary to guarantee the sustainability of investments and the
optimal functioning of the facilities.

Efficient maintenance management aims to ensure the uninterrupted functioning of school facilities
through preventive maintenance planning and corrective interventions. A proactive approach to
management helps prevent major damage, optimize operational costs and preserve the value of these
public assets.
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Entrance

An energy audit is a systematic assessment process aimed at analyzing the current condition of
buildings to identify their energy performance level and determine appropriate energy
efficiency improvement measures. These measures not only reduce energy consumption but
also enhance thermal comfort, improve indoor air quality, and lower maintenance costs in
school facilities.

This audit was conducted in the educational institutions of the Municipality of Kaganik, with a
particular focus on evaluating all sources of energy consumption within these buildings. The
collected data indicates that no previous energy audit had been carried out in these facilities.
Initially, the primary energy consumers were identified, followed by a detailed analysis of
current consumption, potential savings, and the associated costs of implementing the proposed
measures.

The audit enables an evaluation of saving potentials, cost assessments, and financial
performance indicators. Ultimately, structured recommendations are provided for energy
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efficiency measures, taking into account both financial and economic parameters. These
recommendations are supported by in-depth analyses to validate assumptions and examine
currently available products and technologies on the market. The key findings include both
energy-saving measures and essential interventions to ensure investment sustainability and
return.

Energy audit methodology

The energy audit methodology is based on international standards (e.g., EN 16247, ISO 50002)
and follows a structured, multi-phase approach designed to evaluate the current energy
performance of buildings and identify cost-effective and sustainable energy efficiency
measures.
The main phases of the methodology include:

1. Initial Data Collection and On-Site Inspection

2. Energy Consumption Monitoring and Analysis

3. Energy Modeling and Simulations

4. ldentification and Proposal of Energy Efficiency Measures

Legal and regulatory framework and applied standards in the energy audit

The energy audit for school buildings in the Municipality of Kacanik has been conducted in full
compliance with the relevant international, European, and national legal and technical
frameworks, ensuring a harmonized, technically sound, and best-practice-based approach to
energy efficiency assessment.

1. International and European Standards and Directives

The audit is primarily based on the Energy Performance of Buildings Directive (EPBD),
specifically:

« Directive 2010/31/EU of the European Parliament and of the Council, which defines
minimum requirements for the energy performance of buildings, the obligation to
conduct energy audits, inspection of technical systems, and the promotion of nearly
zero-energy buildings.

Implementation of this directive was carried out in line with the applicable European and
international standards, including:

e EN 16247 series — Energy audit standards

e 1SO 50002 — International standard for energy auditing methodology

e 1SO 50001 — Energy management systems

These standards outline the methodologies for assessing energy consumption, analyzing
building systems, and evaluating energy-saving opportunities through technical and financial
lenses.

2. National Legal and Regulatory Framework

For the application of the audit in the context of the Republic of Kosovo, the following national
laws regulating the energy and construction sectors were taken into account:

e Law No. 03/L-201 on electricity

e Law No. 03/L-185 on the Energy Regulator

e Law No. 04/L-016 on Energy Efficiency

e Law No. 03/L-116 on Central Heating

e Law No. 04/L-110 on Construction

3. Relevant Administrative Instructions

212



In addition to the legal framework, a set of administrative instructions were also followed to
guide the technical procedures and promote the implementation of energy efficiency policies:
o Administrative Instruction No. 01/2012 on Energy Auditing
e Administrative Instruction No. 14/2012 on Promoting Energy Efficiency among Final
Consumers and Energy Services
o Administrative Instruction No. 09/2012 on Energy Labelling of Energy-Consuming
Products
The implementation of this legal and regulatory framework enabled the audit to be conducted
in an integrated manner, delivering reliable and comparable results to support strategic decision-
making and investment planning in improving energy performance in the educational sector.

Methods and materials
Description of the condition of school buildings

The following is a detailed description of the existing condition of the buildings, including
construction, electrical and mechanical systems and general condition. In this research, we have
presented three school buildings in three different locations in the Municipality of Kaganik.

The location is located in Bicec. The school building offers good access for both pedestrians
and vehicles. It is surrounded by other buildings with different characteristics both in
architecture and in the period of construction. The school was built in three periods, Annex in
1973, Annex B in 2003 and Annex C in 2017. The building now has an area of 1041 m?, of
which 937m? is for heating.

Heat demand analysis

The existing situation is considered to have energy losses through the building envelope because
the walls, roof and floor are uninsulated while the windows have been manufactured from poor
quality material and cause significant losses.

The external walls are assessed to be in good structural condition but lack thermal insulation
while the existing plaster is in good condition.

The existing and proposed layers for renovation are presented in the table below:

Table 1. U-values for walls Annex A

Before After

Shtresa d A R Shtresa d A R
[mm] |[[W/mK] |[m2K/W] [mm] |[[W/mK] |[m2K/W]
Suvatim 20 0.80 0.03 Suvatim 20 0.80 0.03
Tulla 400 0.81 0.49 Tulla 400 0.81 0.49
Llacfasade 20 0.80 0.03 Llac fasade 20 0.80 0.03
EPS 100 0.04 2.50
U-value |[W/m2K] 1.401 U-value |[W/m2K] 0.311
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U-values for walls Annex B

Before After

Shtresa d A R Shtresa d A R
[mm] |[W/mK] [[m2K/W] [mm] [[W/mK] |[m2K/W]
Suvatim 20 0.80 0.03 Suvatim 20 0.80 0.03
Bllok argjile 280 0.48 0.58 Bllok argjile 280 0.48 0.58
Llac fasade 20 0.80 0.03 Llacfasade 20 1.60 0.01
EPS 100 0.04 2.86
U-vlera |[W/m?K] 1.24 U-vlera|[W/mK] 0.27

Floor

The floor is generally in good condition, but it has poor thermal properties.
Table 2. - U values for the floor

Shtresa d A R
[mm] |[W/mK] |[m2K/W]
Linoleum 25 0.8 0.031
Estrih 50 1.6 0.031
Pllake betoni 120 2.6 0.046
EPS 20 0.04 0.500
U-value 1.22

Roof

During the interview it was learned that the upper roof is not damaged, it is not thermally
insulated.
Table 3. - U values for the roof

Before After

Shtresa d A R Shtresa d A R
[mm] [[W/mK] [[m2K/W] [mm] [[W/mK] [[m2K/W]
Suvatim 20 0.8 0.03 Suvatim 20 0.8 0.03
Monta 160 0.48 0.33 Monta 160 0.48 0.33
Beton 100 2.6 0.04 Beton 100 2.6 0.04
EPS 100 0.04 2.50
Dérrasa 25 0.13 0.19
U-value 1.86 U-value 0.310

Windows and external doors
The windows are PVC framed, with double glazing. According to the visual inspection, it was

observed that the windows only need to be replaced with the locking mechanism.
Table. 4 - U values for Windows and external doors

Before After
U vlerat 2.5 W/m2K 2.5 W/m2K
Infiltrimi 0.7 nth 0.5n?th

Energy analysis

Data on energy costs were obtained from the relevant administration. These data are only for
2017. The energy consumed for heating was reported in different units such as ton/coal,
m3/firewood, liter of oil or even Euro. Their conversion into kWh was made based on official
data. Electricity was mainly reported in monetary units and the conversion was made with the
tariff of 1kWh of electricity being 10 Eurocents. From these data, they were converted into
common units and we have: 175.23 MWh annual energy costs. The calculation of energy for
heating was made according to the EN ISO 13790 standard. The procedure includes the
necessary calculations taking into account the physical properties of the building (U-values and
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surfaces) for walls, windows, roof and floor. The calculations are based on heating degree days.
In addition, the calculation also includes infiltration losses and internal gains.
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Energy efficiency measures

The audit foresees construction works on the building envelope which affect the reduction of
energy losses in the buildings. The measures that need to be taken are:
=  Supply and installation of thermal composite facade on the external walls with the
necessary layers
= Supply and installation of thermal composite facade for the roof with the necessary
layers
= Replacement of doors and window accessories
= Thermal insulation of the roof

The analysis was also carried out in two other locations and the situation is almost the same
with some minor changes due to the age of the building and the specifics of the locations.

Summary

The energy audit of school buildings in the Municipality of Kaganik was conducted based on a
clear and comprehensive legal and technical framework, aligned with both
European/international standards and national legislation and guidelines.

At the international level, the audit was carried out in accordance with the Directive 2010/31/EU
on the Energy Performance of Buildings (EPBD) and implemented following relevant standards
such as EN 16247, 1SO 50002, and ISO 50001, which define the methodology, criteria, and
performance indicators for effective and comparable energy audits.

At the national level, the audit was grounded in the legal framework of the Republic of Kosovo,
including laws regulating electricity, energy efficiency, energy sector regulation, construction,
and district heating. Furthermore, relevant administrative instructions were applied, covering
energy auditing procedures, energy labelling of appliances, and the promotion of energy
efficiency measures among end-users.

The implementation of this legal and technical framework ensured a standardized, sustainable,
and education-sector-tailored approach, enabling a professional assessment of energy
performance and the identification of feasible energy-saving measures that also improve indoor
environmental quality in school facilities.
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