0066-1

Towards Zero Energy Buildings in Albania: a Pilot Case Study

First A. Saimir Shtylla*
Department of Architecture

POLIS University, Tirana, Albania
e—mail: saimir_shtylla@universitetipolis.edu.al

Arben Shtylla, Etleva Dobjani

Department of Architecture
POLIS University, Tirana, Albania
e—mail: arben_shtylla@universitetipolis.edu.al; etleva_dobjani@universitetipolis.edu.al

Italo Meroni, Lorenzo Belussi, Ludovico Danza, Francesco Salamone, Matteo Ghellere,
ITC-CNR , Milan, Ital
e—mail: meroni@itc.cnr.it; belussi@itc.cnr.it; danza@itc.cnr.it; salamone@itc.cnr.it;
ghellere@itc.cnr.it

ABSTRACT

Since its introduction in 2010, the nearly Zero Energy Building (nZEB) concept has known a
large diffusion in EU countries. Unlike the European Union, Albania (as a potential candidate)
is paving the way towards its introduction by transposing EU directives in the fields of energy
efficiency into its national legislation. The paper presents the outcomes of the bilateral research
between ITC-CNR! (ltaly) and Polis University (Albania), focused on the identification of
retrofit solutions leading to a best practice level of nZEB in Albania, by relying on locally
available and affordable technical solutions. The pilot case study is the “Kol¢ Jakova” school,
located in the municipality of Tirana, a diffused typology during Socialism. In this perspective,
the article deals with the following tasks: a) assessment of the actual building’s performance;
b) identification of target performance and suitable intervention actions; and c¢) assessment of
the refurbished building’s performance.
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INTRODUCTION

The reduction of Greenhouse Gas Emissions (GHG) and consumption of energy resources is
still a challenge in the agendas of all states [1]. The improvement of the energy efficiency of
the building sector offers a real chance to achieve the requirement for a low-carbon future
(Energy Roadmap 2050). This goal is possible thanks to the full implementation of the Zero-
Energy Buildings (ZEB) concept [2].

Buildings are responsible for 35-40% of the total energy consumption worldwide [3]. The
potential offered by the sector in the reduction of energy consumption is huge, considering that
large part of the building stock consists of buildings dating back to periods with absence of
attention towards the energy related issues [4].The European Union (EU) has given a particular
attention to this aspect for more than two decades and over the year many successful case
studies in all Member States have been developed. A significant stimulus was offered by the

L[ITA] abbreviation of: Construction Technologies Institute of the National Research Council of Italy

1



0066-2

introduction of the nearly Zero Energy Building (nZEB) concept which has engaged (and still
engages) scientific community, professionals and construction companies in the identification
of innovative and sustainable solutions in the energy, environmental, economic and social point
of view. Nowadays, all European countries have established their own national energy
certification systems and requirements for the nZEBs. However, different degrees of
implementation are observed among EU countries [5]. On the other hand, in the aspiring
candidate countries the situation is even more fragmented [6, 7].

In recent years, Albania has transposed two important EU directives into its legislation,
highlighting the will to increase the energy efficiency of its building stock. Indeed, Law nr.
124/20152 (on Energy Efficiency) and Law 116/20162 (on Energy Performance of Buildings)
are the transposition of the Directives 2010/3/EU and 2012/27/EU, respectively.
Unfortunately, the impact of these laws has not yet been evaluated because there have not been
approved the decrees regulating the energy efficiency in the country. Consequently, there is no
definition of the minimum requirements guiding towards the achievement of certain level of
energy efficiency and for the nZEB label, too. The same for the building envelope elements,
plants requirements and the exploitation of the renewable energy sources (RES) leading to a
better energy performance. New constructions and retrofit interventions reflect the most this
unclear framework, giving freedom of choice to designers rather than useful guidelines leading
to a better energy performance of the national building stock.

Promoting nZEB in Albania. Differences with the EU

Although the energy efficiency framework in Albania is “under-construction”, the introduction
of the nZEB concept in the refurbishment of the existing school buildings may bring many
positive outcomes. In Law nr. 124/2015, nZEB is mentioned the same as in the directive
2010/31/EU, but as normal praxis, it should have been followed by a nZEB national plan
defining metrics and technical requirements for new buildings and refurbishment of existing
ones. Besides being energy-performant, buildings produce the low amount of energy required
by exploiting RES to decrease of reliance from the grid, usually known for transmitting non-
renewable energy and responsible for the GHG emissions as well. Precisely the grid is a point
where Albania and EU data differ. In 2017, Eurostat highlighted that 69 % of electricity
consumed in the EU derived from non-renewable sources and the remaining 31 % from
renewable sources [11]. In same proportions was the production of energy, 71.1 % from non-
renewable sources and 28.9 % from renewable sources. Although non-renewable sources still
prevail, emissions have decreased by 23 % in 2018 [18] compared with the levels registered in
1990, going beyond the 20 % goal of 2020 climate and energy framework. The importance of
nZEBs is remarked in the 2030 and 2050 climate & energy frameworks aiming the reduction
of GHG by 40% and 95 % respectively and to the decarbonization of the building stock.

On the other hand, the implementation of nZEB in Albania concept in new constructions and
refurbishment of existing buildings can have a great impact on the energetic panorama because
of: a) the current state of the grid; and b) the availability of renewable resources. Indeed, most
of energy demand is produced by crude oil (53.3%) and renewables (46.7%) whereas the
production of electricity derives for more than 90% from hydropower [12]. The second aspect,
related to its geographic position, guarantees high potentials of solar and geothermal energy. In
particular, the annual solar exposure ranges between 1,185-1,690 kWh/m?, with an average of
1,500 kWh/m2 [13]. From these considerations, the nZEB concept in Albania should not be
perceived as: a) urgent, because of the different energetic and environmental situation in
comparison with the EU; b) impossible, no necessity to avoid the grid or establish low U-values

2[ALB] Ligji Nr. 124/2015 “Pér eficencén e energjisé”
3 [ALB] Ligji Nr. 116/2016 “Pér performancén e energjisé sé ndértesave”
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for building envelope elements as in Northern EU countries’ building code. However, it should
be approached as an opportunity: c) to increase energy performance of the building stock; and
d) to contribute enormously to the achievement of important goals, included 2030 and 2050
climate and energy framework even sooner than actual EU countries, too.

Scope

On behalf of the bilateral agreement between the National Research Council of Italy and the
Ministry of Education and Sport of the Republic of Albania, the research project* aims at
identifying promote the diffusion of nZEB in Albany, providing a preliminary approach for the
definition of the performance requirements for these high-performance buildings. To reach this
goal, apilot case study, represented by an existing school building located in the municipality
of Tirana, was analysed. The energy performance of the building was estimated with a
customized version of the simplified Italian energy certification software [8], adapted to the
typology of the reference building, the Albanian climate context and the available energy
carriers. The results will serve as base in the definition of the guidelines for new buildings and
retrofit of the existing ones in order to achieve the nZEB target, also serving as starting point
for the implementation of dedicated energy policies by the local government, beside the energy
refurbishment of the specific pilot case.

MATERIALS AND METHODS

Climatic context

Albania has a Mediterranean climate in the coast, with hot and dry summers and mild, wet
winters [14]. The country has three climate zones [17] where zone A is the hottest and zone C
the coldest one. The reference building is located in the North-West of the municipality of
Tirana, more precisely in the lowlands, in climate zone A. Classified with a Hot-summer
Mediterranean climate by the Koppen-Geiger system [15], the average annual temperature is
14.8 °C, around 7 °C in winter and 24 °C in summer. Figure 1 shows the monthly average
temperature and the global horizontal irradiance used for the energy analysis.

30 30
25 25
20 20
o
© 15 15 £
=
10 10
5 5
0 0

Gen Feb Mar Apr Mag Giu Lug Ago Set Ott Nov Dic

I Dry bulb temperature — Global horizontal irradiance

Figure 1 Monthly average temperatures and global horizontal irradiance for Tirana (source:
Climate.OneBuilding.org)

* This project is financed by the Agency for Research, Technology and Innovation (ARTI) - [ALB] Ky projekt u
mundésua falé financimit t& Agjensisé Kombétare té Kérkimit Shkencor dhe Inovacionit (AKKSHI)
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Figure 2: Albany Climate context and site map of the school building and interventions (source: asig.al)

Figure 3 Main facade of the school and comparison current situation (green) and original design (red)

Since the end of the World War 11 (WWII) when in the country was established, the Socialist
political system (1945-1990), the number of public school buildings grew enormously. The
basic education system (compulsory), including the low cycle and lower secondary cycle [16],
has registered various changes through the years: (i) In the period 1950-61, structured as seven-
year cycle; (ii) Inthe period 1962-2012, structured as eight-year cycle; and (iii) since 2013
structured as nine-year cycle. Precisely, during the eight-year cycle system, the design approach
consisted in the diffusion in the national territory of standard school building typologies known
as Shkolla tip®. High capacity school buildings (16 to 18 classrooms) were frequent in urban
centers whereas in the suburban and rural those with lower capacities (up to 12 classrooms).
The reference building is a school building typology of 12 classrooms located in the outskirts
of Tirana (the countries capital), that according to design specification consulted in the National
Technical Archive (NTA), was introduced for the first time in 19736 (see Figure 2). The recent
years the building has undergone to several interventions to incorporate some functions to the

° [ALB] Standard Typologies of schools from1to 4 storey high for specific context (urban, sub-urbanand rural).
® Technicalname ofthe project at the Central National Technical Archive: “Shkollé 8-vjecare me 12 dhe 8 klasa
73.6” (8-year cycle school with 12 and 8 classrooms 73.6)
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existing building as illustrated in Figure 2 and the addition of the gym. In terms of orientation,
it has an East-West orientation, meaning that most of the fronts avoid exposition to North, but
considering the organization of the didactic activity the Western front is not very pleasant in
spring and summer. Unlike school buildings in Europe, the hygienic services are outside the
main building and it did not include the gym, too. Figure 3 shows the current state of the school.
During winter, there positioned wood stoves at the entry of the classroom in order to provide
heating but the corridors where not. Another limit inherited from the past is the shortage of
classrooms that constrains the split of the didactic activity in the morning and in the afternoon.

Building technology

The school reflects the standard building solutions adopted in the past. The recent years it has
undergone to few restorations and waterproofing works. The composition and thermal
performances of opaque components are described in Table 1. The external load-bearing
masonry walls are uninsulated and they have plaster finishes on the inside and outside. The roof
is flat and has only a waterproof finish, whereas the ground floor slab with tiles finish on top.
Due to the impossibility to comprehend its layers, referring to the original design drawings it
emerges that it bases on an eight-centimeter thick reinforced concrete layer (including
waterproofing). In order to avoid eventual flooding, it waselevated from the courtyard a couple
of centimeters, placing a layer of stone (or gravel) atthe bottom. The windows are single-glazed
with aluminum frame. The thermal performance of each glazing system is calculated according
to the technical standard EN 10077-1, with U-values ranging between 6.0 and 6.8 W/m?2 °K
based on the geometric dimensions, shape and structure. Besides the addition on the backyard,
on top of the canopy at the main entrance, a new volume was added increase the area on the
first floor, but uninsulated with large single-glazed windows.

Table 1. Thermal performances of opaque building components

Technical Layer Thickness ~ Conductivity U-Value
solution cm W/mK W/im2K
External Ex_ternal plaster 3 0.90

wall Brick 25 0.44 1.25
Internal plaster 2 0.90
Tiles ceramic tiles 2 1.00
Concrete substrate 2 0.90 3.09

G]flglé?d Waterproof 1 0.35 '

Reinforced Concrete 8 2.00
Gravel/Stone 15 1.70
Waterproof membrane 1 0.26
Polystyrene insulation 5 0.04

Roof Concrete floor foundation 115 0.9 0.50
Reinforced concrete and hollow 24 0.46

tiles mixed floor

As mentioned above, heating of the classrooms occurred by using wood stoves in each
classroom. For more than 10 years, it a fuel-based heating plant is operative with radiators as
terminals in each classroom. It is a two-stage plant with an installed power ranging between
178-391 kW and used only for heating. Two separate boilers guarantee the production of
Domestic Hot Water (DHW).
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Energy analysis
The energy analysis is performed by using the simplified Italian energy certification software

based on the monthly steady-state balance. The thermal energy needs for heating (Qu ng) and
cooling (Qc.ng) are calculated to the following equations:

QH,nd = (Qtr + Qve) — Ny (Qsol + Qint) (1)
QC,nd = (Qsol + Qint) - nC(Qtr + Qve) (2)

Where, Qy, and Q.. are the thermal losses by transmission and ventilation, whereas Qs and
Qint are the internal and solar gains and n, and n are the gain or loss utilization factors.
Primary energy is calculated for eachenergy service (heating, cooling and DHW and the related
electric energy), including the energy delivered from renewable energy sources. The primary
energy for each energy service is expressed by the following equation as a function of the
delivered (Qge,i) and exported (Qexp,i) energy by eachenergy carrier multiplied by their primary
energy factor (PEF) (fp,dei,i and fy exp,i, respectively):

Qp = Z(Qdel,i X fp,del,i) - Z(Qexp,i xfp,exp,i) (3)

Besides the calculation procedure, the definition of the PEF plays a fundamental role in the
analysis of the energy performance of a building and in the definition of a national rating
system. PEFs may be based on national or regional annual weighted averages or a specific value
for onsite production [9]. For the current analysis, lacking specific data for Albany, the Italian
values are applied.

Requirements and approach for nZEB in Albania
Table 2. Minimum U-values for existing buildings in Greece, Italy and the proposed values for Albania

Country  Climate zone and Heating  External Ground

Degree Days (HDD) walls floor Roof Openings
(W/m2K)  (W/m2K) (W/m2K)  (W/m2K)

Zone A (<1000) 0.60 1.20 0.50 3.20

Greece Zone B (1000 - 1500) 0.50 0.90 0.45 3.00

Zone C (1500 - 2000) 0.45 0.75 0.40 2.80

Zone D (> 2000) 0.40 0.70 0.35 2.60

Zone A (< 600) 0.40 0.42 0.32 3.00

Zone B (600 - 900) 0.40 0.42 0.32 3.00

Italy Zone C (901 - 1400) 0.36 0.38 0.32 2.00

Zone D (1401- 2100) 0.32 0.32 0.26 1.80

Zone E (2101-3000) 0.28 0.28 0.24 1.40

Zone F (> 3000) 0.26 0.26 0.22 1.00

Zone A (< 1500) 0.50 0.75 0.45 3.00

Albania’” Zone B (1501 - 2500) 0.45 0.70 0.40 2.80

Zone C (>2500) 0.40 0.65 0.35 2.60

In this part will be described the path leading to the refurbishment of the school building in a
nZEB perspective. To bridge this gap, minimum requirements for nZEB were set based on the

" The proposed values are referred from the Author’s PHD thesis.
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analysis of the energy efficiency frameworks in the neighboring countries Italy? and Greece?
(see Table 2). Albania has less climate zones, in particular the climate zone A includes about
three climate zones of Italy and two of Greece, the proposed values are in between, because the
requirements for the existing building envelope components between these two countries have
a big difference in some components.

Refurbishment interventions
The interventions for the refurbishment of the existing school building are listed in Table 3.

Table 3 Refurbishment intervention

Components Description of the intervention
6.5 cm thick Expanded polystyrene (EPS) with
External Walls A = 0.045 W/mK and 2 cm external plaster
finish

6.5 cm thick Expanded polystyrene (EPS) with
A=0.045W/mK and 7 cm gravel finish

5 cm thick Cellular glass foam with A = 0,045
W/mK and 2 cm tiles finish

Building Roofs
envelope

Ground floor

Windows Double glazed with 9 mm gap in between (Ug
= 3.00 W/m2K)
Hezgﬂ%\}amd Ground source heat pump Power = 5185 kW and COP = 3.5
Solar PV panels Installation of south-oriented poly-crystalline
energy photovoltaic (Kpy=0.13 kW/m?2) solar panels

with peak power equal to 10.07 kW

Building envelope interventions

The proposed interventions on the building envelope rely on locally available materials. The
most critical part is the ground floor because its insulation results with the reduction of the
classrooms’ height in ground floor because of the building technology, but with a better energy-
performance. For the external walls, it is proposed a simple 6.5 cm insulation and new plaster
finish whereas for the roof, a gravel finish because it is cheap guaranteeing a good indoor
temperature for the classrooms on the first floor. The insulation’s thickness in each building
component is determined by:

1 1
s;=AR;x A= (Rl—RO)*Az(U—l—U—O)*A (4)
Where: s;is the necessary insulation thickness in [m]; U; ang Upthe final transmittance values for
the insulated and uninsulated building envelope element respectively [W/m2K]; and A the
conductance of the insulation material [W/m?K].

Heating and DHW

The actual plant is replaced with a Ground based heat pump that guaranteeing heating and
DHW. Besides the avoided emissions, it guarantees it is not active only during autumn and
winter like the actual one.

8 Interministerial Decree of 26.06.2015: “Applicazione delle metodologie di calcolo delle prestazioni
energetiche e definizione delle prescrizioni e dei requisiti minimi degli edifici”

® Law nr.2367 of 12.07.2017: “Eykpion Kovoviopov Evepyeioxic Amddoong K- piov”. Ot vrovpyot
OKOVOLIK®V - TEPPAAAOVTOC KOl EVEPYED
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Solar Energy

Even if the grid in Albania supplies clean power, in countries like Italy, to reach the nZEB
target the use of renewable energy sources (RES) is mandatory, depending on the building’s
footprint, as stated in Legislative Decree nr. 28 of 03 March 201110. Considering the promising
values, it is included also in the refurbishment proposal.
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Figure 4. Comparison of thermal energy needs before and after refurbishment
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Figure 5. Comparison of renewable and non-renewable primary energy before and after refurbishment

After describing the refurbishment approach, it is time to compare the results of the energy
simulation between the current state and the refurbishment scenario. The energy demand for
heating and cooling result 151.43 kWh and 37.93 kWh respectively, with an energy
performance (EP) indexes, calculated by dividing the previous values by the net area of the
building, equal to 150.40 kWh/m? y and 37.67 kWh/m2y. The total primary energy, including
primary energy for heating and DHW, is equal to 323.83 kWh with a non-renewable EP is equal
to 322.70 kWh/m2y and renewable EP equal to 0.66 kwWh/m2y. Cooling is not included in the
calculation of primary energy due to the absence of systems for it. The results obtained in the

10 egislative Decree 28 of 03 March 2011: “Attuazione della direttiva 2009/28/CE sulla promozione delluso
dell'energia da fonti rinnovabili, recante modifica e successiva abrogazione delle direttive 2001/77/CE e
2003/30/CE”. The minimum installed power is calculated by dividing the footprint of the building by a
coefficient K equal to 50 m?/kW
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energy simulation are higher in comparison with the other statistics [10], based on billed
consumption or dynamic energy simulation. The reason is the standard utilization period,
providing working conditions for all hours of the day. Typically, school buildings have an
occupation from 6 to 8 hours per day (excluding weekends) because the didactic activity is split
in two rounds (morning and afternoon).

The proposed refurbishment measures based on the requirements defined for Albanian climate
context result with a significant reduction of primary energy consumption. In particular, the
energy demand for heating amounts to 82.77 kWh with an energy index of 82.21 kwWh/m2y, or
45% less than the current situation. The energy need for cooling reaches similar values with an
energy index of 36.38 kWh/m2y. The monthly results of the thermal energy needs before and
after the refurbishment are illustrated in Figure 4. The interventions on technical systems and
the installation of photovoltaic panels as reported in Table 3, together with the improvement of
the performance of the building envelope, allow a reduction in non-renewable primary energy
consumption of about 80% with a global non-renewable EP equal to 65.67 kWh/m2y and a
renewable EP equal to 75.59 kWh/m2y. Figure 5 shows the comparison of the rate of renewable
and non-renewable monthly primary energy before and after refurbishment.

Limitations and recommendations

Although these results represent an important improvement of the buildings’ performance,
thanks to the elaboration of interventions made in relation to the climate, the capacity of the
school building represents an important limit. As long the didactic activity is divided in partin
the morning and in the afternoon, the reference building cannot be compared with other nZEB
refurbishment proposals for existing school buildings in the EU countries (and in particular in
the Mediterranean ones) that are designed to host the didactic activity entirely in the morning.
However, the refurbishment of the school buildings in an nZEB perspective should consider
the possibility to increase the capacity. In the specific case, it was not possible considering the
plot of the area. Inthis perspective, besides the technical requirements and the definition of the
energy efficiency framework promoting the diffusion of nZEB concept in the refurbishment of
the school buildings, two possible scenarios are possible. When it is impossible to increase the
capacity, the energy performance the indoor comfort should be at optimal levels. Especially for
illumination considering lower daylight levels shorter in autumn and winter, and especially
systems with guaranteeing a good indoor air quality. In cases where increase of capacity is
possible, the refurbishment in a nZEB perspective should be programmed with the new
construction, as a single or multistage one.

CONCLUSION

Considering the problematics of the energy efficiency framework in Albania, the case study
highlighted that the refurbishment in an nZEB perspective of the existing school buildings can
be very advantageous. The differences with the EU energetic panorama, should trigger the
diffusion of the refurbishment in an nZEB perspective of the school buildings because it can
lead towards the decarbonisation of the school building stock in shorter time than those
expected in the 2030 and 2050 climate and energy frameworks, due to the sustainability of the
country’s grid. The ground-based heat pumps can contribute further to the reduction of GHG
emissions covering the heating demand during cold months and the DHW demand for the entire
year. The interventions in the building envelope with values that are in between the Greek and
Italian laws resulted with a reduction of the energy demand for heating by 45%, whereas the
technical systems and the installation of photovoltaic panels reduce the non-renewable primary
energy consumption by about 80%. As mentioned above these results should consider the
capacity issues, totally uncommon (or inexistent) in EU countries, but with the potential to
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trigger a debate in the future on the strategy to pursue in Albania for the refurbishment and
increase of capacity of the existing school buildings.
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