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Abstract The paper presents the public building typol-
ogy, energy demand estimations and retrofit scenarios,
as well as associated costs and benefits for energy-
saving measures in the public building stock of Albania.
First, representative building types were identified to
estimate their energy performance, and define retrofit

packages. Second, this information was used to analyse
the costs and benefits of the different thermal efficiency
retrofits. Apart from specific benefits due to cost savings
in the use phase, co-benefits were estimated to under-
stand their dimension and influence on decision-mak-
ing. Finally, energy efficiency supply curves were de-
veloped to show the priority sequence of retrofits and
building types. It was found that due to the growing
wealth in Albania, user behaviour will change a lot in
the future. Energy usage in the public building sector
will increase and mitigate savings resulting from
energy-saving measures making saved energy costs in-
visible. However, if other benefits beyond energy sav-
ings are considered, the cost efficiency of the measures
remain obvious. The recommended approach can be
used to assist decision-making and allocate funds.
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Introduction

Following a steep decline in the 1990s, Albania’s eco-
nomic growth reached 7.5% per year in 2008 (World
Bank (online) 2016a). Economic growth declined in the
years after the global financial crisis, but has been on the
rise again since 2014. In order to maintain the high rates
of economic growth, Albania increasingly needs access
to a long-term, secure, affordable and sustainable energy
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supply, and it has to use it in the most efficient and
wisest way.

The energy demand in the building sector represents
a special challenge. In 2015, the sector’s final energy
consumption was 37% of the national total
(EUROSTAT 2017). Furthermore, the sector was re-
sponsible for 77% of electricity available for final ener-
gy consumption. The quality of energy services deliv-
ered in buildings is much lower than it is usually in the
European Union. Most notably, Albanian public build-
ings are heated partially and only for a few hours a day
particularly in the mild climate zones.

Albania is a contracting member of the Energy
Community Treaty, and thus, it is obliged to intro-
duce EU energy efficiency legislation. Addressing
the targets and requirements of this legislation re-
quires more ambitious policy efforts and larger in-
vestments into the demand-side energy efficiency
than it occurs at present. Designing an intelligent
policy package is not easy, however, due to the lack
of understanding how to structure the building sector
for policy making, how large the potential for energy
saving is, where this potential is located and how
much it costs to realise it. The first and only attempt
to evaluate the energy-saving potential in the residen-
tial building sector of Albania was carried out by the
SLED project (Novikova et al. 2018). However, no
study on the public building sector exists.

The present publication aims to contribute to the
evidence-based design of energy efficiency and climate
mitigation policies in Albania that target the public
building sector by providing the necessary information.
The research presented here is the follow-up of the work
elaborated for residential building stock in Albania,
Montenegro and Serbia (Novikova et al. 2018). This
paper addresses the following questions:

& How should the existing public buildings in Albania
be classified? For each representative building type,
what is the net and delivered energy by energy
source for each thermal energy use?

& What are the possible retrofitting options and pack-
ages of options by representative building type?
What are the investment costs per retrofitting mea-
sure and per building by representative building
type?

& Which building types offer the largest and/or the
most cost-effective energy savings? Do they pay
back from energy cost savings?

& How significant are co-benefits of public building
energy savings if they are monetised?

The paper is structured into five sections. After the
“Introduction,” a literature review discusses state-of-
the-art approaches for modelling energy efficiency pol-
icies in the building sector and advancements in this
field in Albania. The “Methodology” section describes
our approach, including main assumptions, equations
and data sources, as well as research uncertainties. The
next section presents and discusses the results of the
assessment, and it also draws messages for policy- and
decision-makers. Finally, the “Conclusion” summarises
the key points of the paper.

Literature review

Approaches to model energy efficiency policies
in the building sector

The modelling of energy systems is divided in the
literature into top-down and bottom-up approaches.
Top-down models examine interrelations between the
macro-economic variables on the national level (e.g.
unemployment rate, inflation, gross domestic product,
energy price, etc.) and the energy consumption of the
building sector. Bottom-up models on the other hand
calculate the energy consumption of end uses of repre-
sentative individual buildings, extrapolate the results for
a geographical jurisdiction and therefore offer a higher
level of detail and possibility to model technological
improvement options. The cost is that bottom-up
models’ input data requirement is much greater than
for top-down models (Novikova 2008). There has been
a lot of work on the modelling of the residential building
stock and on the estimation of its energy-saving poten-
tial (e.g. Ballarini et al. 2017; Brøgger and Wittchen
2018; Csoknyai et al. 2016; Dall’O’ et al. 2012;
Dascalaki et al. 2011; Dineen et al. 2015; Filogamo
et al. 2014; Loga et al. 2016; Mata et al. 2015, 2014).
The drawback of the bottom-up models is that the lack
of data (e.g. related to user behaviour) compromises the
accuracy of the model and validation is often lacking.
To overcome these drawbacks, statistical and building
physics-based models are combined into hybrid build-
ing energy models. These have been successfully ap-
plied, for example, for the Canadian housing stock
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(Swan and Ugursal 2009) and for the Danish residential
building stock (Brøgger et al. 2019).

Related to this field of study, there have been only a
few studies in the EU and its accession countries which
calculate energy efficiency potential in the public sector
using the bottom-up method. Specific examples for a
successful application of bottom-up models are, for
example, Korytarova et al. (2017) and Korytarova and
Ürge-Vorsatz (2010); they calculated energy-saving po-
tential of space heating in the public sector of Slovakia
and Hungary. Paduos and Corrado (2017) compared the
energy and economic feasibility of nearly zero-energy
building solutions for the refurbishment of representa-
tive public buildings in 11 European countries. Ferrari
and Beccali (2017) showed that up to 40% reduction of
primary energy demand and emissions can be achieved
with the energy retrofit of a building representative for
the public building stock; however, an economic analy-
sis highlighted many critical elements. Mikulić et al.
(2016) estimated the impact of energy-saving invest-
ment in residential and public buildings in Croatia based
on an input–output methodology. Direct, indirect and
induced growth of added gross value, employment and
government revenues, as well as the avoided costs of air
pollution, was considered. Qu et al. (2017) analysed 14
public buildings in the severely cold region of China
with the help of energy audit, statistics and costs. In the
commercial sector, Kontokosta (2016) analysed the fac-
tors influencing the retrofit decisions in office buildings
of nineteen U.S. cities from the CBRE, Inc. portfolio.
Alves et al. (2018) developed a comprehensive frame-
work for the analysis of the energy-saving potential of
the high-rise office building stock of Brazil.

State of knowledge on the potential for energy savings
in the building sector of Albania

Research about energy savings in the building sector of
Albania is very limited. In order to show the state of
knowledge, relevant studies and their main contents are
mentioned in this section.

Within the project “Capacity building for Moni-
toring, Verification and Evaluation of the Energy
Efficiency policy in SEE countries in terms of the
EU accession process”, energy supply and consump-
tion are determined for the present state in the res-
idential, public and private service sectors of Alba-
nia. The energy demand is forecasted for these sec-
tors and energy efficiency targets are explained

according to the National Action Plan on Energy
Efficiency (NEEAP) and the Albania Energy Effi-
ciency Plan (KEEP). As a result, monitoring indica-
tors for energy efficiency measures were developed,
while energy-saving potentials were only taken into
account through experiences of different developed
countries (GIZ 2011).

Different scenarios of energy developments were
analysed in the study by the U.S. Agency for Interna-
tional Development (2015). This survey considers dif-
ferent scenarios of fuel availability, market penetration
and energy efficiency developments.

Potential energy savings in the building stock in
Albania are mentioned in Bidaj et al. (2015). This
study determines the heating share of electricity con-
sumption in households to point out multiple poten-
tials. For instance, the results show that electric en-
ergy used for domestic hot water is the largest single
electricity use among households, representing the
largest share, at 22.7% of total electricity consump-
tion. This suggests that the impact of higher penetra-
tion of solar panels for domestic hot water enables a
big opportunity to raise energy efficiency in the
building sector. The survey concludes that Albania’s
energy challenges can be viewed as opportunities to
respond to the country’s changing economic and
climatic conditions with smart choices that provide
Albanians with reliable and sustainable energy ser-
vices. Therefore, policies and technical approaches
are needed that consider how to address critical areas
of energy use in Albania more sustainably (Bidaj
et al. 2015).

It becomes clear that only very occasional specific
potentials for energy savings are mentioned. The
studies focus mostly on energy demand and scenarios
on energy development in residential areas. In con-
trast, our paper focuses on the public building sector
of Albania. The goal is to determine the energy-
saving potential of this sector by classifying existing
public buildings and calculating the potential energy
saving through different retrofit packages. A novelty
is that besides the traditional financial analysis, an
economic analysis with the monetisation of the co-
benefits is also carried out. The latter is especially
important to justify energy efficiency and mitigation
policies because energy savings resulting from the
application of energy efficiency measures are offset
by the growing energy consumption making saved
energy costs invisible.
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Methodology

Research design

The first step of our work was to construct a typology of
the public buildings for Albania that had not existed
before. To create it, the Albanian expert panel conducted
surveys of existing public buildings, which served as the
basis for creating the typology. Public buildings were
classified into six categories according to the function of
the building: dormitories, hospitals, kindergartens, of-
fices, schools and universities.

The second step was to estimate the energy demand
of each building type. For this purpose, energy audits
were carried out in altogether forty-eight public build-
ings classified into the six types. Indicators, such as net
energy need per building type and delivered energy per
building type and energy source, were determined for
each thermal energy use. Also for each building type,
complex thermal efficiency retrofit options were defined
and the associated energy saving were determined.

The third step was to analyse costs and benefits of
thermal efficiency retrofits of Albanian public buildings
at the country level. For this, traditional financial anal-
ysis was conducted based on the comparison of financial
inflows and outflows taking into account capital invest-
ment and installation costs of retrofits, their maintenance
costs, as well as saved energy costs. Furthermore, other
benefits of thermal efficiency improvement beyond
saved energy costs were also assessed and monetised
for the country. These benefits include thermal comfort,
avoided CO2 emissions, avoided economic effects from
airborne pollutants, employment and economic growth.
Finally, the analysis using the approach of energy effi-
ciency supply curves was conducted to show visually
the priority sequence of retrofits. In our case, a supply
curve of energy efficiency characterised the potential
energy savings from a set of thermal energy retrofit
packages applied to different building types as a func-
tion of the cost per unit.

Research boundaries

Only thermal energy services delivered in the public
buildings, namely space heating, space cooling, ventila-
tion and water heating, were assessed. Other, excluded
energy services consume a large share of the public
sector balance, and therefore, it is important to keep in

mind that building energy consumption would be higher
if they would be taken into account.

The retrofit options included both the improvement
of thermal envelope and the exchange of technical sys-
tems for water heating, space heating, ventilation and
space cooling. The impact of climate change on space
heating and cooling patterns was not considered. The
building stock statistics, based on which the estimates
were prepared, were dated as of 2012. The energy
consumption was not calibrated to the sector energy
balance at the national level. However, building energy
demand is calibrated to energy bills of buildings audited;
the ratios for measured to calculated consumption are
presented in Annex 6. Buildings with electric heating
are excluded from the table because heating energy
consumptions were not measured separately from other
uses (such as technological use), and thus, the values
were not comparable. For some buildings, consumption
bills were not available at all.

The estimates of the building stock

Based on the information provided by the Albanian
expert panel, it was estimated that in 2012 the floor area
of the main types of public buildings was 6.6 million
m2. Out of that, 76% is occupied by the buildings used
for educational purposes. Around 13% of the floor area
is occupied by offices and 11% by hospitals. The largest
part of the public building floor area (57%) was located
in climate zone A (see Fig. 1). It was followed by
climate zone B with 26% of this floor area and finally
climate zone C with 17% of this floor area. The expert
panel relied on the figures of the Albanian National
Strategy of Energy (Republic of Albania 2003) updated
based on the UNDP and Ministry of Economy Trade
and Energy (2010). Based on the data series provided by
statistical books of Albania, it was estimated that the
floor area of the public sector has not changed signifi-
cantly over the last years.

Step 1. Building surveys

Bottom-up modelling is usually based on a representa-
tive set of houses or in case of lack of data on a selection
of real example buildings. The TABULA project that
aimed at creating a harmonised structure for building
typologies defined three approaches to classify building
types (Loga et al. 2016): (1) real example building, (2)
real average building and (3) synthetic average building.
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In this research, we applied the synthetical average
building approach, a virtual building or an archetype
that is a “statistical composite of the features found
within a category of buildings in the stock” (IEA
Annex 31 2004). This approach was selected because
it enabled the most comprehensive reduction of uncer-
tainties given the limited size of the available building
sample—altogether, the Albanian expert panel surveyed
forty-eight public buildings.

When selecting buildings to be surveyed, we were
careful to include significantly different buildings with
regard to the construction period, the size (small, medi-
um and large buildings in each type) and the location of
the building (from each climate zone). This ensured that
buildings with different thermal characteristics were part
of the survey. Table 1 presents the results of our selec-
tion of the main types of public buildings in Albania.
The number of surveyed buildings was limited by the
project budget. Certainly, it can be extendedwith further
buildings in the future to improve model accuracy if
further funds shall be allocated for this purpose. After
the surveys, one synthetic average building was created
for each building type, and the geometry parameters and
the thermal values of this were defined as the mean
values of the available sample. This approach was found
to produce more reliable results than selecting just one

representative building. For the technical building sys-
tems, the typical systems and their national share were
determined by the local expert panel. Some surveyed
buildings were very specific (e.g. under monumental
protection) and, thus, were excluded from the average.

Construction characteristics, information about
building envelope and technical systems of the surveyed
buildings can be seen in the Electronic supplementary
material (Annex 1, Annex 2 and Annex 3). The estimat-
ed duration of space heating and the share of heated
floor area are provided in Table 2.

Step 2. Energy demand calculation method and main
assumptions

Climate data

Albania was divided into three climate zones: zone A is
the mildest along the coastline, zone B is the medium
zone and zone C is the coldest in the mountainous
region (Fig. 1). The Albanian regulations provided the
heating degree days for the largest cities of Albania, but
other climatic data are missing. By using theMeteonorm
database and the PHPP software (Passive House Plan-
ning Package), information about other climate param-
eters, such as global, diffuse and direct radiation; air and
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dew point temperature; and wind speed, was collected.
For climate zones A and C, the parameters were
corrected based on degree days provided by the Alba-
nian regulations.

Energy demand calculations

The energy calculations included the thermal energy
services, i.e. space heating and domestic hot water pro-
duction, as well as space cooling and ventilation where
relevant. Space heating and cooling energy need was
calculated according to the quasi-steady-state seasonal
method defined in EN ISO 13790 (2008). The method
considers a sufficiently long period, which makes it
possible to take into account the dynamic effects (stor-
age and release of heat) by an empirically determined
gain and/or loss utilisation factor.

The energy need for space heating and cooling were
calculated by:

QH;nd ¼ QH;nd;cont ¼ QH;ht−ηH;gn � QH;gn

¼ Qtr þ Qveð Þ−ηH;gn � Qint þ Qsolð Þ; ð1Þ

and

QC;nd ¼ QC;nd;cont ¼ QC;gn−ηC;ls � QC;ht

¼ Qint þ Qsolð Þ−ηC;ls � Qtr þ Qveð Þ; ð2Þ

where (for each building zone)

QH/C,nd,cont is the building energy need for continuous
heating/cooling [MJ];

QH/C, ht is the total heat transfer for the heating/
cooling mode [MJ];

QH/C,gn is the total heat gains for the heating/
cooling mode [MJ];

ηH,gn is the dimensionless gain utilisation
factor;

ηC,ls is the dimensionless utilisation factor for
heat losses;

Table 1 Characteristics of the main building types

Typology Surveyed buildings by
climate zone

Size [m2] Occupants/users Construction period Last renovation

A B C

Dormitories 1 2 2 1300–4900 74–518 1950–1975 10–15 years ago

Hospitals 1 2 2 2000–12,800 N/A 1959–1987 3 hospitals: 15 years ago
2 hospitals: recently

Kindergartens 2 2 3 290–720 100–200 1960–1990 In the last decade

Public Offices 1 2 4 110–1680 9–104 1952–1982 5–14 years ago

Schools 3 2 12 1000–4000 130–1160 1950–2000 Some in 1990, some in the last decade

Universities 1 6 – 740–5200 350–2500 1965–1979 5–10 years ago

Source: author results. Note: For the definition of climate zones, please see “Step 2. Energy demand calculation method and main
assumptions” section

Table 2 Heated floor area and the duration of space heating by building type

Typology Opening time [day/per annum] Heating time [hours/day] Heated floor area [%]

Dormitories Some all year around, some close during summer months 5–8 45–80

Hospitals All year 10–20 50–80

Kindergartens 220 5–8 65–90

Public Offices 220 6–8 35–80

Schools 160–220 4–5 50–70

Universities 220 4–8 50–70

Source: author results
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Qtr is the total heat transfer by transmission
[MJ];

Qve is the total heat transfer by ventilation
[MJ];

Qint is the sum of internal heat gains over the
given period [MJ];

Qsol is the sum of solar heat gains over the
given period [MJ].

Internal dimensions were used and corrected with the
effect of thermal bridges as provided by the Albanian
expert panel (Simaku 2016). For the calculation of solar
gains, average orientation shading was assumed in win-
ter (80% reduction factor) and temporary external sun
protection—in summer. The input data was based on the
weighted mean values of the survey results.

As public buildings are usually not used all day
around, correction factors for intermittent and partial
heating (cooling) were introduced based on the number
of heated (cooled) hours and the percentage of heated
(cooled) floor area. A simplified method was applied for
taking into account partial and intermittent heating/
cooling (see “Partial heating and cooling” section).

For building service systems, several options were
calculated according to the heating system typical for
the type of the building and the climate zone, detailed
information is presented in Annex 2. In the baseline
option, the energy demand of all building types was
calculated for the climate of Tirana (climate zone B, as
defined in the next section) and adapted the results to the
other climate zones (climate zones A and C) by correc-
tion factors based on heating and cooling degree days.

Partial heating and cooling

For most buildings, consumption bills were available
and have been analysed. In parallel, energy performance
calculations were performed for each surveyed building.
For many buildings, the calculated energy demand ap-
peared to be higher than measured, which indicated
insufficient heating of these buildings as compared to
recommended health standards.

In Albania, typically, only a part of the building is
heated to save energy and costs. Corridors, staircases,
toilets and other secondary functions do not have
heating at all, or the heating is not used in these areas
(Simaku 2016). It is also typical for a heating system not
to be turned on all day long, in order to save energy
costs. Many public buildings have no central heating

and especially cooling systems. Even if a central system
exists, there is usually no automatic regulation.

Hence, a simplified method was applied for taking
into account partial and intermittent heating (cooling)
that multiplies the continuous heating (cooling) need
with a correction factor based on the fraction of the
heated (cooled) area and the fraction of the number of
hours in the week with a normal heating (cooling) set
point. These values were provided by the surveyors who
asked questions about the normal use of the building;
the values are presented in Electronic supplementary
material Annex 5. The set-point temperature was as-
sumed to be 20 °C for heating and 26 °C for cooling,
based on the survey results. The calibrated energy con-
sumption values fit well with the measured values for
the buildings where corresponding consumption data
were available (Annex 6).

Definition of retrofit options

Two renovation options were developed for all building
types, which consist of differently distinct measures for
upgrading the building envelope and technical systems.
Detailed information about thermal and technical up-
grades, as well as specific boundary conditions for the
retrofit options, can be seen in the supplementary mate-
rial (Annex 2, Annex 3, Annex 4, Annex 5). The fol-
lowing descriptions of the retrofit options roughly sum-
marise their qualities.

– The “business as usual” option (BAU improve-
ment) included the renovation option most fre-
quently applied at present—that is, most commonly
the changing of windows, insulation of roofs and/or
attic slabs, installing individual direct electric hot
water heaters and low efficiency decentralised split
cooling units in some of the rooms.

– The “efficiency” improvement option included a set
of interventions for upgrades of the building enve-
lope from an insulation point of view. In addition,
efficient building service systems were introduced:
reversible heat pumps with better coefficient of
performance, efficient wood pellet boilers, low-
temperature gas boilers or efficient oil boilers. In
terms of water heating, direct electric heating (as for
BAU) or if not electric, combined systems with
heating were applied. In heating zones A and B,
no additional cost for cooling was assumed due to
reversible heat pumps. In zone C, the same simple
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cooling units were assumed as for BAU to keep the
costs low.

Poor airtightness was considered due to leaky windows
in the present state, resulting in excess infiltration in the
winter. For the retrofit options, no excess infiltration was
assumed due to the replacement of the windows.

In the future, it is predicted that the user behaviour
will change. As the welfare of Albanian people is grow-
ing, the population will demand higher thermal comfort
in public areas, in line with comfort levels of
neighbouring countries. Therefore, public sector opera-
tors will have to heat and cool larger floor areas for a
longer period of time and provide more domestic hot
water, especially given that it is still not supplied in
some public buildings.

In the retrofit options, an increase in the heated/cooled
floor area and in the daily heated/cooled hours is therefore
assumed, as well as higher hot water demand. The in-
crease in these BAU comfort level was estimated in line
with the current national trends as concluded in consul-
tation with the Albanian expert panel based on the sur-
veyors. In the efficiency option, the comfort levels are
assumed to be even higher than the BAU levels, namely
with heating and cooling of all relevant floor area for at
least the minimum number of hours according to the
health standards (for instance, daily heating hours of
hospitals in climate zones A and B would grow from
8 h at present, to 12 in the BAU case, and to 18 h in the
efficiency option, whereas their heated floor area would
grow from 58% at present, to 80% in the BAU case, and
to 100% in the efficiency option). Specific values of the
future development of intermitting and partial heating,
cooling and ventilation can be seen in Electronic supple-
mentary material Annex 5.

System efficiencies

Delivered (final) energy was calculated using the net
heating energy demand (QND) per energy source:

Qdelivered ¼
QND

ηt
:

The system efficiency (ηt) of the energy supply sys-
tems was calculated as follows:

ηt ¼ ηb � ηp � ηc;

where

ηb boiler (source) efficiency (defined by higher
heating value)

ηp piping (distribution) efficiency
ηp control (regulation) and emission efficiency

Step 3. Economic and financial analysis

First, the traditional financial analysis was conducted
based on the comparison of financial inflows and out-
flows related to the thermal efficiency retrofits of public
buildings. The outflows were the associated costs, i.e.
capital investment, installation and maintenance costs.
The inflows were monetised benefits, which include
saved energy costs.

Second, the first attempt to identify other benefits of
thermal efficiency improvement beyond saved energy
costs was made. These benefits included thermal com-
fort, avoided CO2 emissions, avoided economic effects
from airborne pollutants, employment and economic
growth.

Third, the analysis using the approach of energy
efficiency supply curves was conducted. In our case, a
supply curve of energy efficiency characterises the po-
tential energy savings from a set of thermal energy
retrofit packages applied to different building types as
a function of the cost per unit. Comparing the cost of
energy efficiency illustrated by the curve with energy
prices allows prioritising energy-savings options or
building types in terms of potential energy savings and
their cost-effectiveness and suggests the investment
schedule.

Financial analysis with consideration of saved energy
costs

The traditional financial analysis was conducted in line
with the methodology for public buildings as presented
in EXERGIA (2013). It includes calculation of such
indicators as investment size, simple payback period,
net present value (NPV), internal rate of return (IRR)
and the benefit–cost ratio:

& The investment size illustrates the total amount of
incremental investment required for thermal effi-
ciency improvement of public buildings.

& Simple payback period is the time required (in
years) for the repayment of investment through its
benefits (not discounted).
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& Internal rate of return is a discount rate that equates
the present value of the expected outflows with the
present value of the expected inflows.

& Net present value is a present value of the project
cash flow over the measure lifetime.

& The benefit–cost ratio is the ratio between the net
present value of benefits and costs.

The financial analysis was conducted based on real
prices, i.e. not taking into account the inflation impact.
The investment costs of technological options were esti-
mated including the value added tax (and other taxes
included in the price). The lifetime of retrofit packages
was assumed to be 30 years in accordance with EU
regulation 244/2012 (The European Commission 2012).
The lifetime of the technical equipment was assumed to be
30 years for the packages, since in Albania most technical
equipment are used past their lifetime.

The investment costs for the building envelope and
service systems were provided by the Albanian expert
panel per building type and measure. Prices include all
system elements, although, depending on the present
state of the building, there could be some additional
work to remove the old installations. Prices include
labour costs. For the national extrapolation, the prices
to units per net floor area were transferred.

The applied technical building systems reflect the
expected national energy mix of the corresponding
retrofit level envisaged by the Albanian expert pan-
el. As a consequence, the proposed technical solu-
tions were not applicable for a single building (it
was not realistic that the national energy mix was
applied in one single building), but for a large num-
ber of buildings. In other words, this approach was
suitable for the objectives of this work (national
level extrapolation), but not for conceptual planning
of single buildings.

The total specific retrofit costs were the summary of
the costs for the building envelope refurbishment and
that of the modernisation of the technical building sys-
tem per net floor area unit (Table 3). On the top of these
costs, the maintenance costs of 0.5 EUR/m2 floor area
for “efficiency” retrofit had to be added.

The results of the financial (as well as the other two
types of analyses) are highly dependent on the assump-
tion of the discount rate. These in turn are highly depen-
dent on a number of national circumstances and, most
importantly, dependent on the chosen definition. In our
assessment, a social discount rate of 4% was used as it

was recommended by the European Commission (“Eu-
ropean Commission” 2019).

There was no single source or agency which collects,
reports and forecasts the dynamics of energy and fuel
prices inAlbania. Therefore, the current energy priceswere
gathered from different sources; when the information was
missing, the best estimate was made. All future dynamics
of energy was estimated as presented in Table 4.

Economic analysis with the consideration of other
benefits

Improving energy efficiency is rarely a policy goal in its
own right: it is rather used as a vehicle to arrive at other
important social, political and economic ends. Some of
the most frequently searched benefits of improved en-
ergy efficiency beyond saved energy costs are thermal
comfort, reduced needs for energy, reduced exploitation
on finite natural resources, health benefits, higher eco-
nomic growth and the related reduction of GHG emis-
sions. An attempt was made to include some of these
important benefits into our analysis based on studies
prepared for Albania and other countries with similar
conditions.

Thermal comfort A big challenge for Albania is that at
present the level of energy services delivered in public
buildings is inadequately low. In case of BAU renova-
tion of public buildings, the level of these services
increases but remains low. In case of the “efficiency”
renovation, it was assumed that Albania moved towards
the level of thermal services which were in line with
minimum health and comfort standards required by
these facilities and typical for the European Union. It
was assumed that due to higher thermal comfort provid-
ed in retrofitted buildings, their real estate value in-
creases by 2% in total (Birleanu et al. 2013). The as-
sumed estate value in BAU is EUR 300/m2 based on the
statistics provided by the Albanian Statistical Office
online (INSTAT).

Reduction in air pollution and health Energy efficiency
improves air quality contributing to better public health
(e.g. increased life expectancy, reduced emergency
room visits, reduced asthma attacks, fewer lost work
days and others) and avoidance of structural damage to
buildings and public works. Birleanu et al. (2013)
assessed and monetised the benefit of lower incidence
of illness caused by air pollution. In line with this study,
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we assume that the avoided emissions of airborne pol-
lutants result in benefits of EUR 1.38/MWh/year saved.

Climate change mitigation Energy savings result in a
reduction of GHG emissions. Only CO2 emission re-
ductions are calculated in our project. CO2 emission
reductions could be also monetised applying a CO2

price. Based on Birleanu et al. (2013), it was assumed
that CO2 cost increased from the current level to EUR
45/tCO2 in 2030. After this year, the CO2 price was kept
constant.

Employment creation Most studies agree that energy
efficiency investments will have positive effects on
employment, by creating new business opportunities
and thus jobs via domestically produced energy-

efficient technologies and services, and through the
economic multiplier effects of spending in other ways
the money saved on energy costs. Further, a national
policy that promotes both the production and the use of
energy-efficient technologies helps all sectors of the
country to compete internationally, thus contributing to
economic development and job creation.

The researchers of the Arizona State University
(2015) prepared an input–output model for Albania,
basedonwhichtheyestimatedtheimpactsofconverting
Albanianschoolstogreenandenergyefficient.Thestudy
assumedfourtiersofbuildingimprovement.Ourretrofit
packagescorrespond to thecombinationof tiers1,2and
3,andtherefore,weused theproxiescalculatedfromthe
impactof thesetiers.Table5presents theproxies,which
weusedfor thequantificationofemploymenteffects.

Table 3 Total investment costs per net floor area for all renovation options in all zones, EUR/m2

Retrofit Dormitory Hospital Kindergarten Office School University

Climate zones A and B

BAU Envelope cost 1.60 1.35 4.36 1.80 2.05 0.76

HVAC system cost 0.81 0.96 0.83 0.83 0.80 0.80

Total cost 2.41 2.31 5.18 2.63 2.85 1.56

Efficiency Envelope cost 16.76 15.40 25.81 21.26 21.14 22.69

HVAC system cost 48.62 66.95 55.09 62.54 56.8 56.35

Total cost 65.38 82.35 80.90 83.80 77.94 79.04

Climate zone C

BAU Envelope cost 1.60 1.35 4.36 1.80 2.05 0.76

HVAC system cost 0.85 0.80 0.88 0.88 0.80 0.80

Total cost 2.45 2.15 5.24 2.68 2.85 1.56

Efficiency Envelope cost 16.76 15.40 25.81 21.26 21.14 22.69

HVAC system cost 56.66 66.99 50.33 54.16 62.8 61.35

Total cost 73.42 82.39 76.14 75.42 83.94 84.04

Table 4 Energy source prices

Energy sources Price

2016 [EUR/kWh] 2045 [EUR/kWh] Annual growth [%]

Electricity 0.104 0.160 1.5%

Wood 0.024 0.037 1.5%

LPG 0.061 0.247 5%

Diesel oil 0.117 0.473 5%

Source: assumptions based on Enti rregullator I Energjisë (online) (n.d.), Global petrol prices (online) (n.d.), Szabo et al. (2015) and World
Bank (online) (2016b)
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Economic growth One of the most important effects of
thermal retrofit works is their contribution to the eco-
nomic growth. Similar to employment effects, the ex-
perts of the Arizona State University also calculated the
increase in value added due to retrofit works. Similarly,
from this study, we calculated the proxies to make an
estimate of multiplier effects for GDP due to thermal
efficiency retrofits of the public sector. Table 6 presents
the proxies, which were used for the quantification of
GDP effects.

Analysis using the supply curve method

Usually, energy efficiency supply curves are prepared
on a more granular level for a set of technological
measures applied to each building type. In our case,
the individual measures were merged into packages
applicable to building types. This is because the techni-
cal possibilities in public buildings usually enable the
implementation of complex measures.

The cost of energy efficiency (CEEj, EUR/kWh) was
estimated as:

CEE j ¼ ΔAIC j−ΔMC j

ΔFEC j
;

where ΔAICj is a difference in annualised investment
and installation costs, ΔMCj is a difference in annual

maintenance costs, ΔFECj is a difference in final energy
consumption and j is a building type

ΔAIC j ¼ aj �ΔIC j;

where ΔICj is a difference in investment and installation
costs and aj is the annuity factor.

aj ¼ 1þ DRð Þn j � DR

1þ DRð Þn j−1
;

where DR is the discount rate and nj is the technology
lifetime.

Retrofit packages are cost-effective if the energy
source price is greater than the cost of energy conserved.

Results

Energy calculation results

Figure 2 presents the results of our calculations for net
energy demand of buildings at their present state by
building type in all climate zones. The figure shows that
space heating or domestic hot water (DHW) demand is
the most important thermal energy uses, but the picture
strongly depends on the building type since the service
equipment differs so much. In between the climate
zones of one building type, heating energy demand
increases most significantly from A to C, whereas
DHW and cooling energy almost stay the same, except
for zone C where no cooling is provided at all.

The highest energy demand belongs to hospitals and
dormitories, because of the high DHW demand. The
heating energy demand is also high in these building
types, because of the more than double weekly heated
hours than those for schools and universities. In general,
it can be stated that in the present state the users’ profiles
have a higher influence on the energy demands than the
buildings themselves. However, it should be noted that
if comfort demands increase in the future, the energy
demands will be significantly higher (Simaku 2016) and
this situation may change. All values related to users’
habits applied in the model have been determined by the
Albanian expert panel (Simaku 2016).

Figure 3 presents the results of our calculations for
net energy demand of the three types of buildings at
their present state, BAU and efficiency improvements
for climate zones A and C. The figure attests that even
though the performance of the building envelopes and

Table 5 Proxies for the quantification of multiplier effects for
employment

Effect Unit Value

Labour income [EUR/EUR] 0.30

Direct [EUR/EUR] 0.17

Multiplier effects [EUR/EUR] 0.13

Annual employment [jobs/million EUR] 148

Employment [jobs/million EUR] 85

Multiplier effects [jobs/million EUR] 63

Source: assumed based on Arizona State University (2015)

Table 6 Proxies for the quantification of multiplier effects for
GDP

Effect Unit Value

GDP increase [EUR/EUR] 0.65

Direct [EUR/EUR] 0.30

Multiplier effects [EUR/EUR] 0.35

Source: assumed based on Arizona State University (2015)

1397Energy Efficiency (2020) 13:1387–1407



the technical building systems is better in retrofit options
than at the present state, the energy demand is higher.
This phenomenon is a result of the higher number of
heated, ventilated and cooled hours; larger heated and
cooled floor area; higher water demand; and the provi-
sion of hot water in building types where originally there
was no DHW at all in the retrofitted buildings as com-
pared to their present state. This is particularly notable
for BAU renovation, where only minor energy efficien-
cy measures are taken, but the comfort level rises.

Figure 4 presents the results of our calculations for
final energy with its breakdown by energy carrier for
three types of buildings at their present state, BAU and
efficiency improvements for climate zones A and C. For
both the present and retrofit packages, we used energy
mix estimates provided by the Albanian expert panel.
Our calculations reveal that at the country scale, in
climate zone A, the most important energy source is
electricity, while in climate zone C, it is wood. The
detailed results of energy calculations can be found in
Annex 6 and Annex 7.

In Figs. 3 and 4, only climate zones A and C are taken
into account, since they represent the most extreme and
opposing weather conditions and therefore the most
extreme energy demand. In terms of building types,
the figures focus on hospitals, kindergartens and
schools, as they represent the biggest share of the public
building stock in Albania.

Traditional financial analysis

One of the most common reasons for conducting ther-
mal efficiency in buildings is to save on energy bills. In
this regard, there are two challenges how to make the
right estimates of energy cost savings. This is, first, how
to make the right assumption about the amount of ener-
gy demand given current low standards of living and
their improvement in the future and, second, how to
make the right assumption about the expected energy
prices (the latter was already presented in the “Financial
analysis with consideration of saved energy costs”
section).

As discussed in the previous chapter, the efficien-
cy improvement assumed higher levels of thermal
services than the current levels or those observed in
case of the BAU retrofits. Having higher energy
service levels in case of efficiency renovation makes
energy savings much smaller, but it is the reality of
Albania increasing its welfare. In order to make the
efficiency retrofit package comparable with the
BAU renovation, the country-wide financial and
economic analyses were prepared according to the
level of comfort for the BAU renovation as it is in
the efficiency improvement. Further, all calculations
and results are reported using this assumption and
compare the results of calculations between BAU
and efficiency retrofits.
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Figure 5 presents the final energy savings by building
type and climate zone for the “efficiency” retrofit at a
country level as compared to the BAU retrofit. The
figure attests that the highest final energy demand sav-
ings per square meter are observed in the buildings of
climate zone C. These indicators are twice smaller for
climate zones A and B, the difference between which is
not so significant. The highest final energy demand

savings per square meter are in dormitories, hospitals
and offices in different ranking order among climate
zones. Climate zone A locks the largest share of final
energy savings in absolute values because of the larger
number of buildings than in climate zone C.

Table 7 presents the costs of retrofits by building type
and climate zone for the “efficiency” retrofit, which are
already additional to the BAU retrofit costs. The table
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illustrates that investment costs per square meter are the
lowest among building types for dormitories, followed
by kindergartens and schools. The differences between
climate zones are not significant. In order to retrofit all
Albanian public buildings to the level of the “efficiency”
retrofit, ca. EUR 500 million is needed. The building
types requiring the highest investment on the national
scale are kindergartens and schools followed by offices
and hospitals. If classified by climate zone, the largest
investment is required in climate zone A.

Figure 6 presents saved energy costs per square meter
by building type and climate zone in case of the “effi-
ciency” retrofit. The figure attests that the highest ener-
gy cost savings per square meter are offered by hospitals
and dormitories. The largest absolute energy cost sav-
ings could be achieved in kindergartens, schools and
hospitals. Saved energy costs per square meter in cli-
mate zone C are more than twice higher than those in
climate zone A and they are 65% higher than those in
climate zone B. The average energy savings over life-
time are approx. 4.4 EUR/m2 annually or 76 EUR/m2

over the whole lifetime. The figure shows that the total
energy cost savings are EUR 29 million/year or EUR
500 million over the lifetime. Almost 45% of it is in
climate zone A due to its large number of buildings.

Table 8 presents the results of the financial anal-
ysis aggregated across all climate zones at a

country level. The table shows that the retrofits of
universities are not financially feasible if only
saved energy costs are taken as benefits (the pay-
back time higher than the measure lifetime, the
cost–benefit ratio is higher than 1, NPV is negative,
IRR is negative). The retrofits of schools and kin-
dergartens also are not financially attractive (nega-
tive NPV, the cost–benefit ratio is higher than 1).
Dormitories and hospitals are financially feasible
for retrofits, whereas offices are on the edge of
feasibility.

Economic analysis including co-benefits

Table 9 presents the results of monetising other benefits
of thermal efficiency retrofits than energy cost savings
over the lifetime of retrofit packages. The table illus-
trates that these benefits (EUR 534million over measure
lifetime and ca. 75 thousand jobs) are cumulatively
comparable to saved energy costs. Especially high are
effects on GDP and employment. It should be noted that
we quantified only a limited number of co-benefits. If all
of these benefits are taken into account in the financial
analysis, the cost-effectiveness of thermal efficiency
retrofit of all types of public buildings would be much
higher.
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Analysis using the supply curve method

Comparing the cost of energy efficiency with energy
prices helps to identify the priority measures in the
public sector for policy makers. If we compare the cost
of energy efficiency calculated with the current electric-
ity price (0.104 EUR/kWh), the retrofits in all building
types except for schools of climate zone C as well as the
retrofits of dormitories in climate zones A and B are
cost-effective (Fig. 7). If the electricity price will grow
as it was assumed, the retrofits of all building types in

climate zone C as well as dormitories and hospitals in
climate zone B will become cost-effective. Similar con-
clusions could be also drawn comparing the cost of
energy conserved with other energy prices.

Figure 8 presents the cumulative potential for final
energy savings as a function of the cost of energy
efficiency for the whole country. The figure illustrates
that building types which cumulatively are able to sup-
ply the largest potential are kindergartens, schools and
hospitals. Offices also offer large potential for energy
savings. If all retrofits in the country will be conducted,

Table 7 Saved energy costs by building type and climate zone, the “efficiency” retrofit

Building type Dormitory Hospital Kindergarten Office School University Total

Annual over measure lifetime, EUR/m2

Average 12.3 11.2 3.7 4.6 2.9 2.2 4.4

Climate zone A 9.6 7.5 3.2 3.5 2.4 1.1 3.4

Climate zone B 12.6 9.5 4.2 4.6 3.1 2.0 4.5

Climate zone C 21.2 26.7 4.8 7.7 4.1 6.5 7.4

Total over measure lifetime (NPV), million EUR

Total 1.90 147 163 68 122 0.42 502

Climate zone A 0.9 55.1 83.1 27.0 60.6 0.12 227

Climate zone B 0.5 34.1 45.2 19.6 32.4 0.09 132

Climate zone C 0.5 58.1 34.5 21.7 28.6 0.2 144
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it will help save approximately 210 GWh/year. If only
those retrofits would be conducted, which cost is less
than 0.1 EUR/kWh, then approximately 62 GWh/year
could be saved.

Discussion and policy implications

Design options of the public sector energy efficiency
program

According to the law 124/2015 “On Energy Efficiency”,
an energy efficiency fund is going to be established as
an independent organisation governed by a government-
appointed board of governors or board of trustees com-
prising both public sector and private sector members.
The analysis presented, even simplistic, can help the
stakeholders involved to make their decisions. These
are policy makers at the state and local levels, energy
service companies (ESCOs), developers, architects, de-
signers, contractors, suppliers/manufacturers, inspec-
tors, auditors, building maintenance/operators and
clients/users as well as the donors providing financing
to Albania.

The amount of financing depends on the available
local and international funding and expected demand. In
the 2nd and 3rd NEEAP, the following indicative bud-
get was assumed for the period 2017–2020 (Table 10).

There are several approaches to the distribution of
these funds. These could be, for instance, according to
the breakdown of building stock by type or according to
the size of the potential that makes it easier to apply
standardised methodologies, according to the cost-
effectiveness of investment and according to the scale
of other benefits, e.g. social benefits and other
approaches.

Table 11 presents a possible choice, which fo-
cuses on the building types where retrofits are the
most cost-effective and which could be selected as
a priority from the social point of view. Namely,
if all kindergartens and hospitals in climate zone C
will be retrofitted to the level of performance
defined by the “efficiency” retrofit, the total in-
vestment required is exactly EUR 40 million.

Table 12 presents another choice of funding
allocation disbursed according to the breakdown
of the building floor area by building type. The
budget of 40 million EUR allows retrofitting of
8% of the floor area in each building type accord-
ing to the “efficiency” retrofit.

It should be understood that the success of the
scheme depends not only on the allocation of financing,
but also on many other factors such as the effective
design of the scheme, the design of procurements, the
access to capital of ESCOs given their typically small
size and many others.

Table 8 Financial analysis, the “efficiency” retrofit

Financial analysis Dormitory Hospital Kindergarten Office School University Total

Simple payback, years 5 7 20 17 27 n/a 17

Internal rate of return (IRR), % 15.7% 11.1% 3.0% 4.0% 1.1% − 0.2% 3.9%

Net present value (NPV), EUR/m2 1.3 83.2 −25.8 0.2 − 63.3 − 0.4 − 4.8
Cost–benefit ratio 0.3 0.4 1.2 1.0 1.5 2.1 1.0

Table 9 Co-benefits of thermal efficiency retrofits of public buildings, the “efficiency” retrofit

Analysis of co-benefits Dormitory Hospital Kindergarten Office School University Total

GDP increase, million EUR 0.4 39.4 123.0 44.2 121.6 0.6 329

Labour income, million EUR 0.2 18.1 56.4 20.3 55.8 0.3 151

Employment, jobs 85 8963 27,969 10,048 27,652 127 74,844

CO2 avoided, million EUR 0.02 4.1 2.4 1.2 1.2 0.0 9

Air quality, million EUR 0.0 1.1 1.8 0.8 1.4 0.0 5

Improved comfort, million EUR 0.1 4.6 15.2 5.1 14.8 0.1 40

1402 Energy Efficiency (2020) 13:1387–1407



Importance to integrate co-benefits into the analysis
of energy efficiency programs

The paper illustrated a challenge of designing energy
efficiency and decarbonisation policies in European
economies with warm climates and low standards of

living. Even though the climate is milder than in North-
ern Europe and the buildings’ energy consumption for
thermal services per square meter is respectively lower,
the growing energy consumption of the building sector
due to improving welfare represents an issue for energy
security of the country. The largest share of thermal
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energy services in Albania is currently addressed with
domestic electricity, mostly produced at hydropower
plants, and wood; however, in the future, these energy
carriers will not be enough. In fact, the buildings sector
and the industrial sector do already compete for energy
sources in the country. The alternative carriers are those
which have higher carbon content, for instance imported
electricity produced at coal power plants in
neighbouring countries. The traditional approach to as-
sess the economic attractiveness of energy efficiency
projects relies on the comparison of capital, installation
and maintenance costs versus saved energy costs. Our
calculations illustrate, however, that even though

building envelopes and building systems of efficiency
retrofits are much better than those at the present state,
the difference in energy consumption between these two
is not significant. This is due to low standards of energy
services currently observed in Albania, i.e. partial and
intermittent heating and cooling that is much lower than
health standards used elsewhere in Europe. Further-
more, in some building types, still such basic energy
services are absent such as domestic hot water. The
efficiency retrofit fixes these issues addressing the prop-
er level of comfort offsetting a part of energy savings
which it provides.

Therefore, for efficient policy and decision-making,
it is important to make the right assumption about the
amount of energy demand given these low standards of
living and their improvement in the future, and it is
essential to consider other benefits of energy efficiency
improvement beyond saved energy costs. Thus, first it is
critical to calculate energy savings not versus the status
quo, but against the business-as-usual development with
proper comfort levels according to European standards,
as this development will define future energy consump-
tion trends. Second, it is important to identify and assess
other benefits, such as thermal comfort, avoided CO2

emissions, avoided economic effects from airborne pol-
lutants, employment and economic growth. As illustrat-
ed, their monetised value is higher than saved energy
costs that makes the importance of energy efficiency
actions more evident.

Further research needs

It should be noted that the analysis presented in the
paper offers many opportunities for improvement. Be-
sides more detailed analysis of the benefits of thermal
efficiency improvement, levels of comfort and others, in
particular, risk and uncertainty assessment should be
made. This should include the sensitivity of the key
critical variables such as energy prices and key risks
carried out by different stakeholders.

Conclusion

This paper developed a step-by-step methodology for
the assessment of the energy-saving potential of public
buildings. First, building surveys were conducted and
representative types were established based on a pool of
public buildings. Second, the energy demand in the

Table 10 The initial indicative budget for funding the public
sector energy efficiency (period 2017–2020)

Investment subsidies: total concessional loans,
commercial loans and partial credit guarantees

€ 40
million

Other costs covered by grant funding: technical
assistance, outreach, pre-feasibility, administration,
and monitoring & verification

€ 6
million

Total budget € 46
million

Table 11 Retrofitting plan for the most cost-effective and socially
acceptable options

Plan characteristics Hospitals Kindergartens

Floor area retrofitted, thousand m2 126 419

Costs of energy conserved, EUR/kWh 0.03 0.07

Investment cost, million EUR 10 30

CO2 reduction, tCO2 3.841 1.072

Primary energy demand savings, GWh 18 13

Final energy demand savings, GWh 20 28

Saved energy costs, annual over
measure lifetime, million EUR

3.4 2.0

Simple payback period, years 3 15

Internal rate of return, % 23 5

NPV, EUR/m2 46 5

Cost–benefit ratio 0.2 0.9

GDP increase, million EUR 6.6 19.3

Labour income, million EUR 3.0 8.8

Employment, jobs 1490 4383

Monetised CO2 emissions avoided,
million EUR

1.8 0.5

Air quality including health impacts,
million EUR

0.5 0.7

Improved comfort and services of
buildings, million EUR

0.8 2.5
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present state was calculated and validated against mea-
sured data from energy audits; energy saving was cal-
culated for two retrofit options. Third, the financial and
economic analyses were conducted. The economic anal-
ysis made an attempt to quantify the co-benefits of
energy efficiency improvements, such as thermal com-
fort, avoided economic effects from airborne pollutants,
increase in employment and economic growth. Finally,
energy efficiency supply curves were developed to il-
lustrate the sequence of priority measures.

The goal of this approach was to support policy
making in the efficient use of energy and the optimal
allocation of available funds. In Albania, thermal
comfort in buildings is generally lower than it is
usual in the European Union, but it is expected that
user behaviour will significantly change in the future
with rising comfort expectations. As a result, energy
use is expected to increase and not all the retrofit
options will be cost-effective based on a traditional
financial analysis. However, if co-benefits are
monetised, their value is comparable and even higher
than saved energy costs.
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Table 12 Retrofitting plan with funding allocation proportional to the breakdown of the building floor area by building type
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Investment cost [million EUR] 0.0 5 15 5 15 0.1 41

CO2 reduction [tCO2] 4 713 416 198 211 2 1544

Primary energy [GWh] 0.1 4 5 2 4 0.0 15

Final energy savings [GWh] 0.1 4 6 3 5 0.0 17

Saved energy costs, annual over
measure lifetime

[million EUR] 0.15 12 13 5 10 0.03 40

Simple payback [years] 5 7 20 17 27 N/A 17

Internal rate of return [%] 15.7 11.1 3.0 4.0 1.1 − 0.2 3.9
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