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Like many other European countries, Croatia is also missing a systematic and adequate policy framework to
tackle the problem of energy poverty. Currently, there is no distinction between energy and general poverty in
Croatian legislation, and direct payments of utility bills are the only measure of help to (energy) poor households.
Local and national authorities are lacking validated facts to make informed investments that would make a long-
term impact on lowering energy demand, but also improving living conditions and quality of life of energy poor.
To collect relevant data, 102 energy poor households in the City of Zagreb were visited and surveyed. Data
analysis revealed a significant share of citizens living in low energy-efficient dwellings reducing heating during
winter and with draught and mould problems. Wall retrofitting investment was investigated more closely by
calculating a simple payback period and proving to be a cost-effective measure with many positive direct and
indirect implications. The higher share of rented apartments in the group of the most energy-intensive dwellings
presents a potential obstacle in conducting energy-efficiency measures and should anticipate the adoption of

stricter renting regulations.

1. Introduction

Energy (fuel) poverty is one of the significant issues in the European
Union, and the Republic of Croatia is no exception. On the one hand,
although there is no universal agreement on any definition of energy
poverty, a basic qualitative definition of energy poverty is intuitively
understandable for most — it represents the inability of a household to
afford its primary energy needs. Primary energy needs, thereat, include
the energy for indoor heating and cooling, cooking, lighting, washing
and water consumption. On the other hand, a quantitative definition is
even more challenging, without a unique definition, i.e. indicator on the
EU level and consensus among researchers. The three most applied
objective income-based definitions/indicators are the following:

- in literature, one of the most cited is definition given by Boardman
according to which a household is energy poor if it needs to spend
more than 10% of its incomes to adequately heat the home
(Boardman, 1991);

- the second is minimum income standard (MIS) indicator according to
which a household is energy poor if the income available after
meeting the basic needs is not sufficient for covering energy expen-
ditures (Moore, 2012);
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- the third well known quantitative definition is low-income high-cost
(LIHC) method in which a household is considered energy poor if it
has above-average modelled energy costs, and if after paying these
energy bills falls below a poverty line (Hills, 2012).

Lack of an official legal definition at the EU level obstructs the
monitoring of the number of energy poor and thus hampering the
relevant political decision making targeted specifically to help energy
poor households. In the meantime, the problem of energy poverty is
growing in many European countries because of rising fuel prices, low
energy efficiency of the housing stock and household appliances and
social inequalities (Boardman, 2012; Bouzarovski et al., 2012; Recalde
et al., 2019). While energy poverty and fuel poverty are often observed
as synonyms for the same problem, where fuel poverty is more used in
UK and some western EU countries and energy poverty is official term in
the EU legislation, the difference between the use of the terms “energy
poverty” and “fuel poverty” needs to be elaborated. The common
approach is to refer the term of “energy poverty” to issues of energy
access in primarily developing countries, and the term of “fuel poverty”
is referred to issues of energy affordability, primarily in developed
countries (Li et al., 2014); however, a consensus in the literature is still
missing and although Li et al. argue that energy poverty is referring only

Received 24 April 2020; Received in revised form 12 August 2020; Accepted 20 August 2020

Available online 3 September 2020
0301-4215/© 2020 Elsevier Ltd. All rights reserved.


mailto:goran.grdenic@fer.hr
www.sciencedirect.com/science/journal/03014215
https://http://www.elsevier.com/locate/enpol
https://doi.org/10.1016/j.enpol.2020.111869
https://doi.org/10.1016/j.enpol.2020.111869
https://doi.org/10.1016/j.enpol.2020.111869
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enpol.2020.111869&domain=pdf

G. Grdenic et al.

to developing countries it is a term officially used on EU level.

Regardless of the different definitions, it needs to be emphasized that
energy poverty is unanimously a unique problem, distinct from a general
poverty problem. First, energy poor households are not necessarily
income-poor, and vice versa. Second, the energy poverty problem is
closely related to efficiency of the housing stock and household appli-
ances with implications on the health and well-being of the population,
as well as energy consumption and reducing greenhouse gas emissions.

There are three main elements whose interdependency influences
the appearance of energy poverty: household income, energy prices, and
energy efficiency of a dwelling, also including the efficiency of devices
(Boardman, 1991). Depending on which of the three has a dominant role
(Burlinson et al., 2018), identify three dimensions of energy poverty:
poverty caused by low income, poverty caused by high housing costs,
and poverty caused by high energy costs. Efforts to alleviate energy
poverty should thus include the following measures: increasing the in-
comes, lowering energy prices through special tariffs, and increasing the
energy efficiency of dwellings and household appliances. The last one is
the most effective, with many advantages at the societal level (European
Commission, 2011; Dubois and Meier, 2016). Direct payments, influ-
encing the income of dwellers, only have short-term effects and gener-
ally do not contribute to removal of energy poverty causes, and it would
be likely in most cases be significantly more effective to reroute these
funds into energy efficiency improvements (Hills, 2012; Robi¢, 2016).
However, as improving efficiency of dwellings is often costly this is
usually a long-term process, thus short-term measures are further
necessary.

Besides the above three dimensions, socio-demographic and
geographical dimensions are additional elements of the energy poverty
problem that cannot be neglected. Researches conducted on Italian and
Dutch case studies (Besagni and Borgarello, 2018; Brounen et al., 2012)
showed that dwelling characteristics have the dominant influence on
thermal energy consumption, while the socio-economic characteristics
of dwellers (income, family composition, age, employment, health, etc.)
have the dominant influence on electrical energy consumption. The
research conducted by (Longhi, 2015) on UK case study does not
differentiate between the thermal and electrical energy consumption but
in line with the above mentioned research, it also confirms that
socio-economic characteristics have a statistically significant impact on
per-capita energy expenditures, although much lower in comparison to
dwelling characteristics. These findings have important consequences
on the policies aiming at improving energy efficiency in the residential
sector. Increasing wealth, aging of the population, an increasing pro-
portion of people living alone or in small families, increasing the ac-
commodation size, etc. may potentially offset energy savings achieved
by energy efficiency measures.

Findings from (Besagni and Borgarello, 2019) suggest that energy
poverty is more related to the geographical dimension in comparison to
the socio-demographic dimension in the Italian case. Without taking
into account cooling needs, energy poverty is more pronounced in the
north of the country, in colder climates. These conclusions also confirm
the distinction between energy and general poverty; northern regions of
Italy are mostly affected by energy poverty issues, and southern regions
are affected by general poverty issues. Calculation of the LIHC indicator
on the England study case (Robinson et al., 2018), reveals a higher
prevalence of energy poverty in inner-city areas and larger spatial het-
erogeneity in comparison to the 10% indicator. However, special
caution needs to be taken to generalize these findings to other areas or
countries.

Energy-efficiency measures, the most effective in energy poverty
alleviation in the long-term as mentioned already, can further be
decomposed into active, passive, and management/information mea-
sures (Capdevila et al., 2012). Active measures are related to the
improvement of heating/cooling systems, passive measures are pri-
marily linked to the thermal insulation of passive structures, and man-
agement/information measures are oriented towards the behavior of
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dwellers. In (Hills, 2012) was shown that the measures of increasing
thermal efficiency of buildings are the most cost-effective. However,
management/information measures should not be neglected, as partic-
ularly in the social housing sector, the behavior of household members
has a large effect on energy savings (Romero Rodriguez et al., 2018). A
retrofitting of a building envelope, in addition to energy savings, also
has a few indirect advantages which are often hard to measure and are
thus not often considered in the assessment of the cost-effectiveness of a
certain project. These include a positive impact on health and
enhancement of life quality of household members (Frieden, 2010;
Heffner and Campbell, 2011; E4The Future, 2016; Marmot Review
Team, Friends of the Earth, 2011; Robi¢ and Anci¢, 2018; Ortiz et al.,
2019). The measured energy savings, achieved through thermal insu-
lation of a dwelling, are lower than the calculated savings, the so-called
“prebound” effect (Galvin and Sunikka-Blank, 2013; Michelsen and
Muller-Michelsen, 2010). This effect is especially emphasized in energy
poor households because energy poor are forced, usually primarily
because of financial reasons, to reduce the energy use bellow what
would be the culturally considered adequate amount, i.e. reduce the
heating during winter in some rooms, or they only heat one room in an
apartment (as will also be seen from the survey conducted in this
research). For this reason, the “prebound” effect should not present an
obstacle in conducting thermal renovation measures in energy poor
households because of its co-benefits on resident’s health and quality of
life.

Support in paying the utility bills and prevention of disconnections
for some vulnerable groups have been so far the only measures to alle-
viate the burden of the income-poor households in Croatia. Moreover,
energy poverty in the Croatian legislation is closely linked with income
poverty. However, the situation is starting to improve, primarily thanks
to the demands of the European Union. The development of “The pro-
gram for energy poverty alleviation” has been foreseen as one of mea-
sures in “The 4th National Energy Efficiency Action Plan (NEEAP,
2017-2019)” and in the “Integrated energy and climate action plan”
(Government of the Republic of Croatia, 2019; Ministry of Environ-
mental Protection and Energy, 2017; Ministry of Environmental Pro-
tection and Energy, 2019). However, despite the fact NEEAP presented
measures to be implemented by the end of 2019, Program has still not
even been drafted. Another sign of progress in Croatian energy poverty
policy landscape is that part of the energy efficiency retrofitting fund has
in 2020 been directly allocated to poor households, covering 100% of
their investment costs in the improvement of energy efficiency of
dwellings (Ministry of Construction and Physical Planning, 2020). One
of the main challenges in energy poverty struggle is that local and na-
tional decision makers are lacking validated facts upon which to make
informed investment decisions. Therefore, the objective of this research,
conducted as a part of “FER solutions for a better community” project
(Society for Sustainable Development Design, 2020), is the proposal of
measures for mitigating energy poverty in the City of Zagreb, capital of
Croatia. To achieve this, 102 poor households were visited and sur-
veyed. Based on the collected data, the payback period calculation has
been derived for retrofitting walls, which was proven to be a
cost-effective method to combat energy poverty.

Particular attention should be dedicated to tenants because it is more
difficult to conduct thermal retrofitting measures in such accommoda-
tions. The percentage of tenants varied greatly in different European
countries, from only 3.6% in Romania to 48.5% in Germany in 2019
(European Commission, 2020). In (Rehdanz, 2007) was showed that
energy expenditures are lower in owner-occupied dwellings because the
owners are more willing to invest in energy efficiency measures. In
Croatia, with a tenancy rate of only around 10%, there is no specific law
or rules which would regulate the issue of investments in rented apart-
ments. The positive example and possible role model could be UK Green
Deal (Hough and White, 2014) in power from 2012 to 2015 in which
necessary investment loans were attached to properties, not the owners,
and the loans were repaid from achieved energy savings. Shifting the
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financial burden of thermal renovation directly to tenants through
increased renting rate can lead to migration of residents to lower
energy-efficient buildings (Gropmann et al., 2014; Wolff et al., 2017).

The rest of the article is organized in the following way. In the second
chapter, the actual state of energy poverty in Croatia is presented
comparatively to the EU average through selected economic and living
conditions statistics. Afterward, the current legal measures aimed at
helping (energy) poor households are introduced. The third chapter
presents the results and discussion on the socio-demographic and
dwelling characteristics and the selected responses from the question-
naire from the field visits to poor households in the City of Zagreb. The
model for the payback period of wall retrofitting is developed in the
fourth chapter. The input data, results of the model and accompanying
discussion are presented. The final remarks and conclusions of the paper
are given in the final chapter.

2. Energy poverty in the Republic of Croatia
2.1. Indicators of Croatia in the EU context

In this section, a comparative analysis of selected economic and
living conditions parameters from EUROSTAT (European Commission,
2020) is presented for Croatia and the European Union average. The key
energy poverty indicators — energy prices and incomes — are analyzed
first. In Fig. 1a and b) electricity and natural gas prices for household
consumers including all taxes and levies are depicted for the period from
2010 to 2018. The electricity prices in 2018 in comparison to 2010 in the
EU were 22.4% higher (full line) and 13.9% higher in Croatia (dash
line). The natural gas prices over the same period increased by 13% in
the EU and decreased by 3.9% in Croatia. The natural gas price for
household consumers in Croatia is one of the lowest in the whole EU (the
third lowest after Romania and Hungary in 2018). The real GDP per
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capita, presented in Fig. 1c, has been growing steadily both for the EU
and Croatia, 10.9% and 14.2%, respectively. Positive economic trends
and energy efficiency policies at the EU level have resulted in decreasing
the number of people at risk of poverty and social exclusion (Fig. 1d),
despite generally increasing energy prices. The value of the indicator
dropped for 8% in the EU and 20.3% in Croatia in the period 2010-2018.

Fig. 2 presents trends for four indicators from the European Union
statistics on income and living conditions (EU-SILC) survey (European
Commission, 2020):

a) Housing cost overburden rate, defined as the percentage of the
population spending more than 40% of disposable household income
on the housing costs,

b) The total population living in a dwelling with a leaking roof, damp
walls, floors or foundation, or rot in window frames or floor,

¢) Overcrowding rate, defined as the percentage of the people living in
an overcrowded household which is defined with several criteria,

d) Arrears on utility bills.

All the observed income and living conditions indicators improved in
the period 2010-2018, with higher improvement rates for Croatia in
comparison to the EU average. The housing cost overburden rate
(Fig. 2a) and the total population living in a dwelling with a leaking roof
et al. (Fig. 2b) for Croatia dropped below the EU average at the begin-
ning of the observed period and currently, Croatian citizens stand better
than the EU average in these categories. However, the overcrowding
rate in Croatia (Fig. 2c) is one of the highest in the European Union (the
third highest after Romania and Bulgaria in 2018) and high above the
EU average. Moreover, the percentage of the population with arrears on
utility bills (Fig. 2d) is significantly higher than the EU average (also the
third largest in the EU after Greece and Bulgaria in 2018), reflecting still
much lower purchasing power of Croatian citizens. Despite the fact that
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Fig. 1. Selected economic indicators for Croatia (dash line) and the EU average (full line) (European Commission, 2020).
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Fig. 2. Selected income and living conditions indicators for Croatia (dash line) and the EU average (full line) (European Commission, 2020).

most indicators for Croatia have improved over the last decade, it is
evident that there is still a significant share of population suffering from
living in overcrowded dwellings, with leaking roofs and being unable to
pay their utility bills on time.

2.2. Legal framework

The energy poverty term and closely related phrase of a vulnerable
consumer entered the Croatian legislation after the EU’s “Third Energy
Package” in 2009 (Robi¢ and Anci¢, 2018). Since then, it has been
mentioned in many legislative documents — ranging from strategies to
by-law decrees, and it is mostly identified with economic poverty. The
reasons for choosing the same vulnerable groups which are already re-
cipients of some sort of social support are primarily of administrative
nature — collecting new data is a complex and at times costly challenge.
Currently, there are three direct payment measures in Croatia regulated
mostly by The Social Welfare Act (Croatian parliament, 2019) and partly
by The Energy Act (Croatian parliament, 2015):

- compensation for electricity costs for vulnerable energy consumers
up to 200 HRK (26 EUR); the status of a vulnerable consumer can
have recipients of guaranteed minimum compensation (social wel-
fare) and/or disability support,

- compensation for heating costs for households which are recipients
of guaranteed minimum compensation and which use fuelwood are
entitled to 3 m® of wood for heating annually or the equivalent
monetary value,

- compensation for living costs (utility bills) for households which are
recipients of guaranteed minimum compensation in the amount up
to 50% of the received minimum compensation (living costs include
renting, heating, electricity, water and other utility costs); however,
this compensation is reimbursed by the local authorities and depends
on their financial capacity.

All three of these measures have only a limited impact, without a
long-term improvement of living conditions and quality of life of (en-
ergy) poor households. However, adjustments have been made recently
in “The program of energy renovation for single-family houses” where
one-fifth of the allocated funds will be directed specifically to poor
households, covering 100% of their investment in energy efficiency
(Ministry of Construction and Physical Planning, 2020). Unfortunately,
because of the limited budget, in the first phase of the measure execu-
tion, it will only be available to the most vulnerable ones - recipients of a
guaranteed minimum compensation, equalizing once again energy
poverty with general poverty. Finally, the creation, adoption, and
implementation of “The program for energy poverty alleviation” is
specified in the three strategic documents: “Proposal of the strategy of
energy development of the Republic of Croatia by 2030, with a view to
2050” (Government of the Republic of Croatia, 2019), “The 4th National
Energy Efficiency Action Plan (NEEAP, 2017-2019)” (Ministry of
Environmental Protection and Energy, 2017), and “Integrated energy
and climate action plan for the Republic of Croatia for the period from
2021 to 2030” (Ministry of Environmental Protection and Energy,
2019). The three main components of the program will be a unique
model for cost compensation, energy consulting, and measures for
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energy renovation and improving energy efficiency in energy poor
households. The execution of the announced “Program for energy
poverty alleviation” is anticipated impatiently because the current
Croatian policy affronting the issue of energy poverty is insufficient and
unsystematic. The Program was already to be adopted and developed by
the end of 2019; however, this has not yet been done.

3. Field visits

Recognizing the need for gathering evidence and providing much
needed data on reality of energy poverty in Croatia to decision makers,
survey was designed, and field visits were undertaken.

3.1. Description

Research data was collected in the City of Zagreb from January to
July 2019 by students of Faculty of Electrical Engineering and
Computing University of Zagreb who have undergone basic energy audit
training and were acquainted with principals undertaking structured
interviews/surveys. During visits to 102 vulnerable households, stu-
dents also implemented simple and low-cost energy efficiency measures,
such as LED bulbs, draught proofing of windows and doors, water-saving
aerators, timers for electrical boilers etc. The list of 102 households was
provided by the City of Zagreb, Office for social welfare and people with
disabilities, and by local nongovernmental organizations working with
different vulnerable groups such as pensioners, people with disabilities
and users of social shops. All visited households are recipients of guar-
anteed minimum compensation and/or some other support provided by
local NGOs.

Structured surveys consist of basic household and respondent de-
mographic data, energy-related part, and health/social aspects. In each
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household, one household member was surveyed. Overall, the survey
consisted of 29 questions and approximately students needed 30 min to
examine and fill in the answers. All collected data has been used
exclusively on the aggregated level, and according to the GDPR
compliance. Survey was based on the previous research done in Croatia
which were primarily focused on health issues (Robic and Ancic, 2018;
Ancic et al., 2015). In this paper, energy-related aspects are the primary
focus, including type, age, and the surface of a dwelling, wall and
window materials and characteristics, insulation properties, heating
systems and consumption, utility bills expenses, etc. Due to the limited
time and equipment, only descriptive data on the wall materials and
properties were collected.

3.2. Selected results

The selected socio-demographic characteristics of respondents are
presented in Fig. 3. The largest age group consists of persons older than
65 years-38.2% (Fig. 3a), and two-thirds of all the respondents are older
than 55 years. Women were more represented in comparison to men as
can be observed in Fig. 3b, and this was especially emphasized in older
age groups. Most of the respondents are pensioners - 54.9% (Fig. 3c)
which is expected concerning the age structure. The second most rep-
resented “work status” group is the unemployed group with 21.6%,
followed by the employed and the permanently sick or disabled group
with an equal share of 8.8%. Regarding the education, most of the re-
spondents, 55.9% of them have a secondary degree (Fig. 3d), tertiary
degree have 21.6%, followed by respondents with an only primary de-
gree — 15.6%, while 5.9% of them does not have any formal degree, i.e.
they have not finished their primary education.

The selected characteristics of the visited dwellings are presented in
Fig. 4. Most of the visited households are the owners of their dwelling —

37.3%
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Female
63.7%
b)
1.0% 5.9%
) ‘. 15.6%
m No formal degree
Primary level
Secondary level
Tertirary level
m N/A
55.9%
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Fig. 3. Selected socio-demographic characteristics of respondents: a) age; b) sex; ¢) work status; d) education.
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67.6% (Fig. 4a) but still much lower than the Croatian average of 90%
(which is one of the highest in the EU). A higher share of the visited
dwellings belongs to apartments — 57.8% (Fig. 4b), which is to be ex-
pected as it is an urban area, and most of the dwellings were built in the
period from 25 to 60 years ago — 66.7% (Fig. 4c). Fig. 4d presents wall
materials of the visited buildings. Full bricks are represented with
39.2%, hollow bricks 18.6%, wooden houses with 2% and other
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materials including reinforced concrete and concrete blocks have a share
of 36.3%. Regarding the thermal characteristics of an outer envelope,
most of the dwellings do not have any insulation (52.0%, Fig. 4e), and
double-glazed windows without insulation are the most common type of
windows (56.9%, Fig. 4f). Single-glazed windows still have a significant
share of 12.7%. Most of the dwellings are connected to a district heating
plant — 36.3%, or have a natural gas central heating system — 32.4%, as

42.2% w House

57.8%- = Apartment
b)
3.9%
39.2% u Full brick
36.3% = Hollow brick
= Wooden
Other
/ u N/A
2.0% ‘
18.6%
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56.9% /
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= Natural gas
36.3% -
= Electricity
Fuel wood {central
stem)
= Fuel wood {furnace)

= Fuel oil

m N/A

Fig. 4. Selected characteristics of the visited dwellings: a) ownership; b) type; c) age of construction; d) wall materials; e) building insulation; f) window type; g)

heating system.
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can be observed from Fig. 4g. Considerable 13.7% are heated with
electricity, almost 15% are heated on fuelwood (of which more than half
have central heating systems, and other have furnaces), and fuel oil is
still represented as a heating fuel in one visited household.

In Fig. 5 the selected results from the questionnaire are presented,
data on the living conditions and housing costs, as collected by students
during the field visits. Remarkable 29.4% of respondents consider inside
temperature to be too low during winter (Figs. 5a) and 52% are forced to
reduce or turn-off heating in certain rooms, reducing thereby their living
space in winter, because of financial reasons (Fig. 5b). More than half of
surveyed respondents (54.9%) perceive draught through windows and
mould is visible in 29.4% of households. In many visited households,
windows and/or doors could not be adequately closed because of the
wearing and deformities of frames, contributing to the draught feeling of
the dwellers. Almost one-third of respondents have financial difficulties
with all three utility bills (electricity, water, heating) as can be observed
in Fig. 5¢, while most of the respondents have difficulties with heating
bills (41.2%).

3.3. Discussion of the survey

The analysis of the collected data suggests that all main three pre-
conditions which cause the occurrence of energy poverty have been met:
income, prices, and energy efficiency. From the socio-demographic
perspective of the visited households, this is a significant share of
older and retired residents which in general have lower than average
income and spending most of the time at home. Moreover, the literature
suggests that elderly people have higher heating expenditures, e.g.
(Tonn and Eisenberg, 2007; Brounen et al., 2012). Furthermore, among
this group, female singles are the most common, which also aggravates
the issue since single-families have larger per-capita energy expendi-
tures in comparison to families with two or more members. From the
building’s perspective, a high share of dwellings without any wall or
window insulation indicates a poor energy efficiency of the visited
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households. The fact that half of the visited dwellings are heated either
on electricity or heating plant is credited for the fulfillment of the third
condition — prices. As will be discussed in the next chapter, the cost of
these heating systems/fuels is significantly higher compared to natural
gas or fuelwood. As a result, the fact that more than 50% of dwellers are
unwillingly reducing heat during winter, is, unfortunately, a natural
consequence of these conditions. Nevertheless, it is not even necessary
that all three preconditions need to be satisfied to cause energy poverty —
two of them in many circumstances could be enough.

4. Payback period of retrofitting building walls

As it was discussed throughout the introduction, energy poverty is to
a large extent preconditioned by poor efficiency of dwellings. To un-
derstand the complexities of a living situation in energy aspects in the
City of Zagreb, field data were collected and analyzed. To gain insights
into potential benefits of energy efficiency retrofits focus was put on
those visited dwellings without any or with partial thermal wall insu-
lation which make a considerable 63.8% of the visited households
(Fig. 4e). The payback period of walls retrofitting is calculated for
overall N = 62 households which account for 60.8% of all the visited
households, excluding those without necessary data being collected.

4.1. Calculation description and input data

The payback time of walls retrofitting is calculated according to the
following formula:

I tment [HRK
Payback period [year] = nvestment | ]

" Savings [HRK /year] )

Walls retrofitting [HRK /m?] -Surface [m?]
Heating savings kWh/year|-Heating cost [HRK /kWh]|
(2)

Payback period [year] =

Reduced heating NN
———
praught [ o 392% 1.0%

47.0% 1.0%

67.6% 3.0%

0% 20% 40% 60% 80% 100%
M Yes ™ Partially mNo = N/A
b)
64.7%
64.7%
58.8%
68.6%

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

HYes

c)

| No

Fig. 5. The selected responses from the questionnaire: a) inside temperature satisfaction; b) reduced or turned-off heating in certain rooms (unwillingly), perception
of draught through windows, and visible mould; c) financial difficulties with utility bills.
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3)

Payback period [year| =

Walls retrofitting [HRK /m?
Payback period [year] = alls retrofitting | /m’]

Ak [W/m2K]- VAT [K]-1 [h]- Surface [m?]-Heating cost [HRK/kWh]

with Ak = Kpefore — Kafter, Where Kpefore and kpr are the heat transfer
coefficients of walls before and after the retrofitting (without and with
thermal insulation).

For all dwellings, the same retrofitting measure is considered — an
external thermal insulation composite system (ETICS) with 8 cm thick-
ness. The conservative cost of 200 HRK/m? (26 EUR/mZ) of such ther-
mal insulation used currently in Croatia (EMAJSTOR, 2020) is chosen
for the payback period calculation. Heating costs depend on the heating
system of a dwelling. Five different heating systems are considered:
district heating plant, natural gas, fuelwood, electricity, and fuel oil.
Heating costs are specified in Table 1, together with fuel costs and ef-
ficiencies of different heating technologies.

The City of Zagreb is located in the continental part of Croatia (see
Fig. 6), and according to the Koppen climate classification belongs to the
Cfb category (Segota and Filipci¢, 2003), temperate oceanic climate
without a dry season and warm summer. This information is relevant to
the geographical dimension of energy poverty occurrence. For the
calculation purposes, average air temperatures in Zagreb during 2018
with the hourly resolution are acquired by the courtesy of Croatian
Meteorological and Hydrological Service (Fig. 7). It is assumed that the
heating system is working maximally 14 h a day from 8 a.m. to 10 p.m.,
only if the outdoor air temperature is lower than 20 °C. From thus
defined conditions results in 3153 heating hours in 2018 (36% of the
time).

Lastly, heat transfer coefficients of walls are determined by consid-
ering wall materials, thickness, and age of dwelling construction. Since
data acquisition in households were done by student volunteers who are
not specially trained professionals, the values of heat transfer co-
efficients are taken as a range of values using the “Methodology for
conducting energy audits of buildings” (Ministry of Construction and
Physical Planning, 2017). Heat transfer coefficients of walls before and
after retrofitting and for different wall materials are shown in Table 2.
Because of the uncertainty in the wall material category “other” a larger
range is considered. The conservative values of the payback period are
obtained by using the lower values of ranges from the table. All
households are finally categorized into 15 different groups regarding the
heating system/fuel and wall materials.

Table 1
Heating costs for different technologies (HEP Elektra, 2020; HEP Plin, 2020).

Heating Fuel cost Energy Efficiency  Heating cost

system conversion

Heating plant - - - 0.5 HRK/kWh

Natural gas 0.29 HRK/ 1 92% 0.315 HRK/
kWh kWh

Fuelwood 420 HRK/m® 200 kWh/m? 70% 0.3 HRK/kWh

Electricity 0.99 HRK/ 1 99% 1 HRK/kWh
kWh

Fuel oil 4.89 HRK/L 10 kWh/L 92% 0.532 HRK/

kWh

Ak [W/m2K]- SV AT [K]-1 [h]-Heating cost [HRK /kWh]

4

4.2. Results and discussion

The number of households (without wall insulation considered in
this calculation) by different heating systems and wall materials is
presented in Fig. 8. The largest number of households are connected to a
district heating plant and have walls built from other/concrete mate-
rials. Only one household uses fuel oil for heating. The number of
households in categories: Other/Fuel wood, Other/Fuel oil and Hollow
brick/Fuel oil is equal to zero.

The results of the payback period calculation for different heating
systems and wall materials are presented in Fig. 9. For each category two
values are calculated: the high or conservative (using lower values of
heat transfer coefficients before retrofitting from Table 2), and the low
(using higher values from Table 2). The lowest payback periods are
obtained for dwellings heated on electricity (because of the highest
heating energy cost of electricity, Table 1) and the highest payback
periods are obtained for dwellings heated on fuelwood or natural gas
and with walls built from hollow bricks (a combination of low heating
energy cost and low heat transfer coefficient of walls before the
retrofitting).

If the conservative values are considered, the following categories
have the payback period lower than 10 years: Fuel brick/Electricity,
Hollow brick/Electricity, Other/Heating plant, Other/Electricity, and Other/
Fuel Oil. These households account for 40.3% of the observed house-
holds (25 out of 62). If the categories whose lower payback period is less
than 10 years are also taken into account (Full brick/Heating plant, Full
brick/Fuel oil, Hollow brick/Heating plant, Hollow brick/Fuel oil, Other/
Natural gas, and Other/Fuel wood) the corresponding number of house-
holds with payback period lower than 10 years increases to 58.1% (36
out of 62).

These results confirm the cost-effectiveness of walls retrofitting as an
energy efficiency measure which can ensure long-term energy savings
and thus lower direct payments to vulnerable households provided by
the local and national authorities. It needs to be emphasized that the
calculated payback periods are to some degree underestimated because
of the “prebound” effect. However, reflecting the high rates of the visited
households in the City of Zagreb which reduce heating during the winter
and with mould and draught difficulties, a positive impact of thermal
retrofitting on living conditions and wellbeing of mostly socially
vulnerable residents certainly offsets the difference between the calcu-
lated and accomplished energy savings.

Furthermore, if only the first group of households is considered, with
the conservative payback period of walls retrofitting lower than 10
years, 72% of them live in an apartment dwelling and 44% are tenants
which are significantly higher compared to the rates for all the visited
households (57.8% of apartments and 32.4% of tenants in Fig. 4a and b).
Higher apartment and tenure rates present a potential obstacle to the
implementation of energy efficiency measures of retrofitting walls in
dwellings with the lowest payback periods since landlords will likely not
make long-term investments in rented dwellings, and measure of ret-
rofitting walls is more difficult to conduct in apartment buildings in
comparison to single-family houses. For these reasons, there is a ne-
cessity to adopt regulations that will restrict the renting of low energy-
efficient dwellings.
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Fig. 6. Koppen climate classification in Croatia (Segota and Filipci¢, 2003).

Airtemperature (C}

Hours inayear

Fig. 7. Average air temperature in Zagreb during 2018 with the hour-
ly resolution.

Table 2
Heat transfer coefficients of different wall materials (Ministry of Construction
and Physical Planning, 2017).

Wall materials Before After
retrofitting retrofitting
Full brick 1.4-1.89 0.38-0.41
Hollow brick 1.21-1.62 0.37-0.4
Other (reinforced concrete, concrete 1.61-2.65 0.4-0.45
blocks)

14
12
10
8
6 ; '
a . Racta Other
A H. brick
2 -
0 F. brick
H. plant Natural Fuelwood Electricity Fuel oil
gas

BF. brick BH.brick ®Other

Fig. 8. Number of households by different heating systems and wall materials.
5. Conclusion and policy implications

Existing policies in Croatia (and in most of the other countries) are
focused on lowering the financial burden of (energy) poor households,
without long-term improvement on living conditions and without
removing some of the main causes of energy poverty. Therefore, in the
creation of new policies, the delicate balance between direct financial
payments for energy costs and investments in energy efficiency should
be found. Since, at the moment, there are no systematic policies to
alleviate energy poverty in Croatia, the announced “Program for energy
poverty alleviation” is expected impatiently. Economic and living
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Fig. 9. Payback periods for different heating systems and wall materials.

conditions indicators in Croatia have improved significantly since
entered the EU in 2013. Still, the share of people at risk of poverty or
social exclusion is higher than the EU average. It is also notable, that the
overcrowding rate in Croatia, the percentage of people living in an
overcrowded household, is more than twofold than the EU average.

Within the project, “FER solutions for a better community” 102 poor
households were visited in the City of Zagreb in which the simple energy
efficiency measures were also conducted and the basic information on
the dwelling characteristics and energy consumption was gathered.
Most of the visited households live in buildings without any thermal
insulation and a significant share is heated on electricity. More than one-
half of the respondents perceive draught through doors and windows,
more than one-half reduce or turn off the heating in certain rooms, and
mould is visible in almost one-third of the visited households. This data
gathered during the field visits shows poor living and energy conditions
in the visited households.

The calculation of the payback period of walls retrofitting first
showed that between 40.3 and 58.1% of poor households without wall
insulation in the city of Zagreb has the payback period lower than 10
years, making the walls retrofitting financial competitive and cost-
effective energy efficiency option. Retrofitting buildings have a long-
term effect on systematically decreasing energy consumption and
related expenses, decreasing greenhouse gas emissions and stimulating
the local economy. Moreover, it contributes to the improvement of
living conditions, and consequently on the health of household mem-
bers. Second, it was showed that among these high-intensity energy
households, there is a higher share of rented apartments compared to all
the visited households. A lot of buildings with poor energy-efficiency are
on the renting market which should facilitate the adoption of rental ban
regulations of such dwellings.
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