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Abstract: Our paper deals with a micro-study of one residential building in the city center of Brno
(Czech Republic) where we strived to identify and better understand the main factors behind the
successful implementation of environmentally friendly solutions during the regeneration process.
We followed the unique, complicated, and often conflictual story of the regeneration (conducted
during the years 2010-2020) of the residential building, which was originally built in the 1930s. In
total, 18 solutions were discussed—all four solutions on the state level of centralization were realized,
only two of six solutions on the building level of centralization were materialized, and six of eight
decentralized solutions were realized during the regeneration process. In the field of energy savings
requiring high investments, a significant dominance of centralized solutions (on the state level) was
identified. Centralized solutions on the building level such as heat pumps or solar panels were not
realized. In the area of waste management and care for community greenery (that did not require
large investments), we see as the most beneficial the promotion of decentralized solutions in the form
of community-funded communal composting or the planting of new greenery. The formation of
various regeneration options, which is discussed in detail, appeared as an integral instrument for
dealing with conflicts among residents during the planning phase.

Keywords: regeneration; decentralization; post-socialist city; environmentally friendly technologies;
greening; Eastern Europe

1. Introduction

Cities in the modern era were formed through the centralization of many areas,
whether in architecture [1], urban planning [2], or the everyday life of its inhabitants [3].
On the other hand, the postmodern era is characterized by decentralization efforts in
cities [4]. The degree of urban system centralization varies among geographical realms
and national contexts [5]. A particularly special case is the cities of Central and Eastern
Europe where enormous dynamics occurred in the last three decades [6-8]. However, since
the fall of the Iron Curtain, substantial changes in urban development have emerged [9]
and individual solutions at the expenses of collective solutions widely spread out [10,11].
One of the disadvantages of socialist systems managed via a centrally planned economy
was their overall low effectiveness [12], whose effects might be clearly visible in the many
post-socialist cities dealing with unsuitable housing conditions until today [13,14]. The
problems of these cities are varied [15] and are especially related to underfunded, neglected,
and dilapidated residential housing built in the pre-WW?2 period [16].
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These residential buildings are far from up-to-date living standards [17]. This is true
especially regarding their energy consumption [18,19], which goes hand in hand with other
environmentally friendly issues such as sanitation, water management, waste management,
and the overall greening of urban spaces [20]. Environmentally friendly solutions for “old”
buildings are especially desired and urgently needed in the poor neighborhoods of large
cities [21] and surely are activities in the public interest [22], which is why more or less
generous subsidy programs are offered by states [23] or particular cities. On the other
hand, it is important to note that the adoption of environmentally friendly solutions for
“old” buildings is principally voluntary, that is, not demanded directly by the state [24],
and subsidies are collective or centralized. Even though there are subsidy programs for
adopting environmentally friendly solutions [21], the cost of adopting such measures is
still high [25], the profitability of adopting such measures is only on a long timeframe [21],
and, for the owners and/or tenants of the apartments, the buildings themselves are viewed
as a commons [26]. As it not only a question of “environmental” issues but also “economic”
ones, adopting environmentally friendly solutions in residential buildings can also be
viewed as a process of gentrification [27]. That is why conflict frequently arises among
owners and/or tenants regarding the adoption of these solutions, and their realization is a
question of the different and sometimes contradictory views, visions, and wider interests
of stakeholders [25].

The main objective of our paper is to identify the principal factors affecting the
successful implementation of centralized (collective) and decentralized (individual) envi-
ronmentally friendly solutions during the regeneration process of a residential building.
This case study is a micro-study of the regeneration process of a residential building in the
city center of Brno, Czech Republic, which took place between 2010 and 2020.

To better specify what we mean by environmentally friendly solutions for residential
buildings in our study, we defined these as any technological measure that can result
in lowering the negative impact of housing on its environment during the regeneration
process [28,29].

2. Conceptual Background
2.1. Environmentally Friendly Solutions for Residential Buildings and Its Adoption

The process of “greening” of the housing sector is one the most important ways
to in progressing toward urban sustainable development [30], and there are many di-
verse solutions regarding how to transform the housing sector to be environmentally
friendlier [31-33]. Substantial research was undertaken so far especially regarding the
usage of energy sources, energy consumption, heating, and/or cooling of the inner environ-
ment, water heating, and energy savings of the residential buildings [34] as a consequence
of the urgent need to mitigate the direct impact on the level of emissions of greenhouse
gases and climate change [35].

Some environmentally friendly solutions for sustainable energy consumption (includ-
ing the use of energy sources for heating/cooling of the inner environment and water
heating) were already separately analyzed in depth: residential air-conditioning [36], vari-
ous sources for residential heating [28,32,37], photovoltaics [38], solar thermal systems [28],
and heat pumps [28]. Hand in hand with the variety of energy resources and energy con-
sumption, the possibility for energy storage including thermal energy storage systems [39]
and electric storage [28] is also studied.

Energy-saving issues of the residential buildings compromise insulation [28], high-
performance windows [28], ventilation (with heat recovery) [40], and building automation
and smart metering [28,41].

Although the energy-related issues are predominantly studied [29,42], other environ-
mentally friendly solutions for residential buildings are also important for lowering the
negative environmental impacts of housing [34]. They can be divided into three main types
of technologies—waste management [31], greening [43], and water management [33].
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Waste management is dealing with two different topics—residential food waste han-
dling and composting [31,44,45] and graywater recycling [30,35]. Greening of urban space
connected with construction of residential houses or their regeneration has also a wide
variety of expressions starting with green roofs [24,46], environmentally friendly residential
gardens [43,47], and for example with urban beekeeping [48]. Water management is focused
(besides wastewater management) on rain- and stormwater management [33,49-51].

The above-mentioned topics of environmentally friendly solutions for residential
buildings will serve us as the classification for areas of environmentally friendly solutions
in our study (please see Table 1):

Source of energy for heating and hot water,
Energy savings,

Waste management,

Greenery and water management.

Table 1. Environmentally friendly solutions under study as discussed by stakeholders during the regeneration process.

Area of Environmentally

Decentralized (Individual)
Solutions for One Owner or Groups

Centralized (Collective)

Solutions Influenced by Urban, Centralized Solutions at the

Friendly Solutions State, and EU Policies Building Level of Owners
. . 1.4 Modernization of individual hot
1.2 Disconnection from Brno . .
: water heating systems using gas or
heating plants and use of new gas A
o - electricity in individual apartments
1. Source of energy for 1.1 Replacement of the building heating 1.5 Separate eas heating of three new
heating and hot water heat exchanger station 1.3 Disconnection from Brno 2 o¢p 8 5

2. Energy savings

3. Waste management

4. Greenery and water
management

apartments under the roof
1.6 Rooftop solar collectors for
generation of hot water

heating plants and investments in
a building heat pump

2.2 Installation of remote heat
readings and thermovalves in
residential units
2.3 Replacement of older, central

2.4 Refurbishment of wooden castle
windows and installation of
aluminum windows with a hidden

2.1 Insulation of the building’s
outer envelope and replacement

of old w1ndows with new plastic heating distribution within the . frame.
windows o . 2.5 Window blinds in apartments
building, and old cast iron heaters
. . o under roof
in housing units with new ones
3.1 New place for urban waste 3.2 Building level plastic 3.3 Two-chamber sheet metal
(garbage) bins composters insulated composter
4.1 Possibility to usep laygrounds 4.4 Small regeneration activities with a
and greenery in city parks 4.2 Green roofs . o
) focus on leisure activities
regenerated by the use of EU 4.3 Water harvesting system lanti ¢
funds 4.5 Planting of new greenery

Diversified environmentally friendly solutions are (as discussed above) developing
hand in hand with upgrading residential buildings toward sustainability [30]. Demand-
side actors deciding about the adoption of environmentally friendly solutions are truly
central to the diffusion of pro-environmental technologies into housing sector [52]. How-
ever, the actual technical potential is far from being fully utilized [30]. Enormous efficiency
gaps are occurring as a consequence of severe obstacles that are usually (but not exclu-
sively) of economic origin as are high investments, a lack of economic incentives, long
payback periods, difficulties in accessing financing, financial limitations of owners, and
investment risks [29]. Even if environmentally friendly technologies are implemented,
such investments can certainly lead to problems, for example, with energy poverty [53]
and to a deepening of gentrification and segregation processes in cities [27,54].

We already know that such intervention in environmentally friendly technologies
for mass housing requires the acceptance of all concerned parties, causing a variety of
possibly conflictual situations [55] because of the different power and interests of individual
groups of stakeholders [29,52]. This process results in the not uniform but rather highly
differentiated level of adoption of various environmentally friendly solutions [29]. Barriers
for adoption differentiate among particular solutions and countries; the most distinctive
differences were detected (besides Belgium) for post-socialist Poland [28]. We may say
that general environmental awareness among the population in post-socialist countries is
significantly lower [56] in comparison to the situation in western Europe, which stipulates
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the negotiations within the groups involved in environmentally friendly regeneration
projects even more difficult [57]. The post-socialist legacy [58,59] connected to a low level
of trust within society seems to be one of the major obstacles in advancing with innovative
environmentally friendly projects [56] and was evident in the transformation of housing
estates in post-socialist cities [60-64].

These previous findings lead us to hypothesize that the level of adoption concerning
various environmentally friendly solutions differs from one to the other (Hypothesis 1).

2.2. Centralized and Decentralized Residential Building Regeneration in Post-Socialist
Urban Space

Under state socialism in the Czech Republic, the largest number of government
investments were primarily directed at the extensive development of heavy industries and
a build-up in prefabricated housing estates for workers [15]. These prefabricated housing
estates were supported starting in the mid-1950s as a modern collective housing solution,
where new “socialistic” relations among the residing people would arise [60]. This type of
housing is typified by highly unbalanced level of technical quality in the buildings and
their poor energy efficacy [65]. Following the fall of the Iron Curtain in the late 1980s, the
country’s cities underwent a complex process of multiple transformations [12]. Funding
for the regeneration of the neglected housing stock first originated privately from the
residents themselves, who were allowed to buy their apartments for set, non-market prices
during the process of housing stock privatization [66]. Real, large-scale urban housing
regenerations began only in the new millennium [60]. Following the EU accession in
2004, the inflow of European money was enormously important in terms of introducing,
implementation, and further support for new innovative urban concepts such as creative
cities [67,68], smart cities [69,70], green cities [71,72], or culture-led urban regenerations [73].
Numerous urban planning documentation has since been widely expanded and redefined;
however, strong influences from a centralized (city) level on the housing regeneration
possibilities are clearly visible [6,74].

Moreover, the EU money has recently been directed especially at upgrades dealing
with environmental conditions, such as the adaptation of the housing stock to ongoing
climate change or accommodation of energy-saving measures. One of the main driving
forces behind residential building renovations in the Czech Republic at the beginning of the
new millennium has been the introduction of energy performance certificates (according to
the Act 406/2000). This act and its amendments substantially influenced the possibilities of
dealing with housing regenerations from a centralized (national) level. Although a direct
effect on property prices was not proved [75], it influenced the technical condition for
obtaining subsidies for the implementation of environmentally friendly solutions at the
most centralized (national) level.

Financial subsidies for environmentally friendly solutions were enabled by a program
called the “Green Savings Programme”, which started in 2009 and was renewed in 2013 (the
condition details were changed many times), and it is funded via revenues from the sale of
European Union Allowance and European Union Aviation Allowance units. In addition to
investments into the building of new environmentally friendly residential family homes
and buildings, it is also aimed at environmental friendly solutions for “old” residential
buildings including thermal insulation of the facade, roof, and ceiling; replacement of
windows and doors; solar thermal and photovoltaic systems; green roofs; use of heat from
wastewater; controlled ventilation systems with heat recovery; replacement of heat sources
for heat pumps; biomass boilers; and others. [76]. This program states strict conditions
for the funding of environmentally friendly solutions projects—especially which funding
is available to the whole residential building (with no funding for single apartments)
and which funding is available to single apartments. For example, funding for thermal
insulation of a facade is available only for the whole residential building, but funding for
energy-saving windows is available both for the whole residential building and a single
apartment [76]. This state represents centralization on the building level (but based on
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A literature
search on
urban

housing
regeneration
issues.

the decisions of households, not from the city or national levels) and a decentralized level
based only on the decisions of each household.

From a strictly environmental point of view, the renovation of “old” residential build-
ings is extremely problematic, as is also claimed by Dubois and Allacker: “Due to con-
sumer preferences and budget restrictions, most renovations only induce minor energy
savings: the first aim of many renovations is to improve comfort rather than energy perfor-
mance” [21]. They have found that “half-way energy renovations” paid for by subsidies
is a waste of public money, and thus, centralized-decentralized solutions are of crucial
importance for both the economy and the environmental value of regeneration projects.
Therefore, the decisions of households within a residential building are extremely im-
portant for the overall success of a regeneration project. A recent international study on
the drivers and barriers toward the adoption of environmentally friendly technologies
in residential buildings is extremely diversified among countries as well as technology
type [28]. The impact of different centralization represented by personal motives and legal
conditions was also found to be important for different technologies [28]. Based on this
knowledge, we can state that the level of centralization has an influence on the realization
of different environmentally friendly solutions (Hypothesis 2).

Our study complements urban regeneration studies with a unique perspective on the
implementation of environmentally friendly solutions during the regeneration process.
We observe this process as a complicated search for fragile balance between centralized
(collective) and decentralized (individual) solutions. Our research concept and its flow are
summarized in Figure 1.

Hypothesis 1:
The level of
adoption of

types of
environmentally
friendly
solutions differs
one from the
other.

Hypothesis 2:
The level of
centralization
has influence on
the realization
of
environmentally
friendly
solutions.

Selection of
the case study
(regeneration
of residential

house) and
realization of

the field
visits.

Figure 1. Research conceptualization.

In-depth study
of all
concerned
documentation
(reports, plans,
minutes from
meetings,
applications for
subsidies,
technical
reports, etc.).

3. Materials and Methods

Identification
of the topics
and
communication

partners for
semi-

structured

interviews.

Semi-
structured
interviews
conducted.

Results
discussed
with the
committee
of the
housing

association.

Formulation
of the key
findings and
recommend
ations.

3.1. Case Study Area
The selected residential building is located in the central part of Brno (Figure 2),

which is the second-largest city in the Czech Republic (population 381,346 inhabitants as of
1 January 2020) [77].
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Poland

Czech
Republic
Brno

Figure 2. Location of the studied residential building in the urban space of Brno. Author’s elaboration.

Many old apartment buildings face the challenge of their regeneration so that the
demanding standards of the twenty-first century in terms of environmental protection
in heating, waste management, and greenery are met. The older the housing structure,
the more demanding the regeneration in terms of adaptation to current environmental
needs. For very old buildings (such as Baroque or Art Nouveau buildings), the protec-
tion of historical and architectural heritage takes precedence over the implementation of
environmentally friendly solutions; for instance, Art Nouveau buildings cannot insulate
their exteriors due to the existence of decorative facades. The studied building was chosen
intentionally because it was built in the interwar period; over time, it has become extremely
neglected, and environmentally friendly solutions are not in conflict with conservation
needs. After the Second World War and the communist takeover in Czechoslovakia, the
building was nationalized and ownership transferred to the government. With the collapse
of communism in 1989, the building became the property of the city administration. All
15 apartments were rented to residents. Later on, in 1999, the city administration decided
to sell the building to the residents. It was agreed that contemporary residents could buy
their apartments from the city administration for a discounted price, establish a housing
cooperative, and deposit their property into the cooperative as shares.

Some of the residents who bought their apartments at the time used the opportunity
to make a quick profit and sold their apartments to new owners for a much higher market
price. The era of the housing cooperative lasted for one decade (1999-2009), and within
this period, the exchange of residents from rather more elderly and low-educated to
university-educated people of an economically active age started. These newcomers
became the main drivers of the following regeneration changes and the implementation
of environmentally friendly solutions. This process could be viewed as evidence of a
gentrification process [78] known also to post-socialist cities [10,17]. In 2010, a new era of
ownership status started when the residents established an owners” housing association.
The main motivation for the transition from cooperative ownership to private ownership
was better management of the property—for example, easier mortgage settlements on
apartments, apartment rentals, and investments in apartments. In this period, the building
was in a poor technical state (Figure 3) due to the absence of major investments in the
previous decades. Most of the infrastructure within the building was in an emergency
condition (e.g., a dilapidated leaking roof, inefficient heating system, leaking original
wooden castle windows, original common electricity distribution using aluminum wires,
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etc.), which increased the urgency to regenerate the building. At the same time, options
started to be considered as to how, where, and for what costs the new environmentally
friendly solutions and technologies should be implemented. Finally, in June 2020, after the
overall reconstruction and modernization of the building (e.g., the construction of rooftop
apartments and elevators; replacement of the common electricity distribution system;
replacement of gas, water, and sewerage; etc.) and the installation of many environmentally
friendly solutions (insulation of the building exterior, replacement of leaking old windows,
heating system repairs and remote heat consumption control, community composting),
significant improvements in the quality of the residential building were achieved (Figure 4).

RN

10

el

Figure 3. A eastern view (A) and an western view (B) of the neglected and underfinanced residential building before its

reconstruction in 2010. Source: Vojtéch Sip.

In terms of studying the behavior and the decision-making of different groups of
residents, it is important to note that the building has been owned by the owners’ housing
association since 2010, and it was the last step from centralized socialist ownership to
decentralized ownership in the market economy. All residents were continually made
to decide together on all major regeneration issues, including the need for particular
regeneration, implementation, the scope of environmentally friendly solutions, the creation
of public subsidy applications to collect money for investments, and so on.

3.2. Data Collection and Case Study Description

This study follows up on research dealing with the issue of urban regeneration in
Brno [79,80]. From a spatial point of view, attention is focused on research concerning a
selected case study area and thus complements the mosaic of information published about
regeneration activities in the other case study areas in Brno [70,81] located in different
types of functional urban areas [12,82]. This study concentrates on the regeneration of
housing, and, in the beginning, it was necessary to identify a suitable case study area.
We used contacts in the Brno university environment, which were created within the
previous research focused on energy vulnerability [53], and we asked members in that
network to send recommendations on a suitable possible location of housing regenerations.
Five apartment buildings built in the pre-WW?2 period in inner-city Brno were identified,
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as it was necessary to assume a higher rate of underfunding compared to residential
buildings built in later periods. Subsequently, the owners of these buildings were contacted
with an offer to conduct qualitative research. The members of the owners’ association
committee of the selected building showed the greatest willingness to cooperate. The
advantage of the chosen house is that all documentation and reports (e.g., minutes from
meetings of the owners’ association committee, minutes from general owners’ meetings,
applications for subsidies in the field of energy-saving and composting, reports from
specialized companies on the condition of the building) were kept in a very detailed and
systematic way. The regeneration process was studied based on these available materials,
and attention was focused both on the regeneration of the building itself and on the
revitalization of the adjacent land, which belongs to the owners of the building. In total,
18 environmentally friendly solutions of four types were discussed during the decision and
realization process (Table 1).

Figure 4. A eastern view (A) and an western view (B) of the modernized and regenerated residential building at the end of
the studied period in June 2020. Source: Petr Klusagek (A) and Vojtéch Sip (B).

The overall concept of our approach and the flow of our research are graphically shown
in Figure 1. As the observation spanned ten years (2010-2020), a large number of documents
were available where various opinions, statements, suggestions, and protests of different
actors were recorded. We first analyzed all available materials provided by the members of
the owners’ association committee and, based on that information, in the second half of
2020, we also contacted two selected members of the association committee, three other
selected owners, and three external actors (Table 2) involved in the regeneration process
(as important sources of the decision process [28,52]) with additional questions to clarify
unresolved issues, such as who invested time and money in finding information about
environmentally friendly solutions and in their implementation. Selected communication
partners were contacted via various methods (e.g., Microsoft Teams, telephone, and in
writing) due to the COVID-19 pandemic. All statements of respondents were coded and
anonymized to ensure the safety of sensitive information. The timeline of the regeneration
process can be found in the Appendix (Figure A1).
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Table 2. Overview of selected communication partners for interviews (anonymous style).
Interview Partner Type Age Category Profession Role in the Regeneration Process Gender
Member of the owners association 61-70 years architect Leader of the regeneration process M
committee 1
Member of the owners’ association . Dealing with economic issues including
. 41-50 years economist - F
committee 2 subvention
Owner 1 31-40 years artist Dealing with composting issues F
Owner 2 41-50 years teacher Dealing with greenery issues M
Owner 3 31-40 years GP Owner f)f two apartments and an investor M
in the new attic apartments
External actor 1 3140 years economist Consultant in the field of public subsidies F
External actor 2 51-60 years construction engineer Expert in quality 5\?’;101 of construction M
Expert in preparation of legal documents
External actor 3 3140 years lawyer (e.g., contracts, appeals against rejection of F

applications for public subsidies)

Concerning the case study description, in March 2010, the studied residential building
was owned by a group of 13 owners who owned 15 residential units (some owners owned
more than one unit) of various sizes (studios, one-room, two-room, and three-room apart-
ments), with a total floor area of 953 m? for the entire building. Ten years later (in June
2020), the building was owned by a group of 15 slightly different owners (please see below)
who owned 17 housing units of various size (studios, one-room, two-room, and three-room
apartments as well as two duplex apartments built during the regeneration), with a total
floor area of 1130 m?. The groups of owners from the beginning of the studied period in
March 2010 to its end in June 2020 were relatively stable, and changes in the ownership
structure occurred in the case of only two housing units due to a situation in which one
elderly couple passed away—this apartment was inherited by descendants—and the sale
of another housing unit. The owner of this apartment was not satisfied with the course of
the renovations and sold his property. The apartment ownership structure in the building
was diverse. We found both families with small children and also owners living outside
the studied site who rented their apartments. Among the owners, both economically active
and inactive people could be found.

4. Results
4.1. Avenues and Blind Alleys in the Regeneration Planning

In the initial planning phase of the regeneration, the problem concerning sources of
financing had to be solved. Several financial calculations were made by the owners, and
it was found that if the funds saved in the collective bank account were used and a bank
loan was taken (up to the maximum amount without mortgaging individual apartments),
then the money would only be enough to conduct basic repairs, construction of the outer
insulation, and necessary repairs to the old roof. To carry out this first regeneration option,
it was necessary to obtain 75% support from all involved owners. The second option
envisaged the construction of an elevator while anticipating that additional funds would
be obtained through the sale of the attic space for the construction of new attic apartments.
The second option was conditioned by a necessary change in the ownership shares and
therefore required 100% consent of all owners. As the owners frequently stressed during the
interviews, after long and complicated negotiations, it was agreed that further requirements
from all owners would be incorporated into the common agreement (such as building a
soundproof and heat-insulating partition to prevent noise pollution from the lift operation
and compensation for any damage caused by the renovations). In the end, an agreement
was negotiated, and all owners supported the second regeneration option. This agreement
allowed for the usage of funds from the sale of the attic space, which was subsequently
invested in the building of a new elevator and a new roof. The next portion of funding was
procured through the Green Savings Programme [76] and the final part from a bank loan
(to be repaid by 2026).
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The owners reported during the interviews that despite considering the use of almost
all possible sources of funding, the money gathered was limited. Consequently, decisions
had to be made as to which of the proposed environmentally friendly solutions would
be implemented and which of them would be too costly and thus had to be left out from
further considerations.

Among the most intensively discussed regeneration issues among the owners was
the question of how to transform the energy use of the building. Advancements in heating
and cooling in the building were the most frequently raised requirement to be added to
the regeneration project. Owners usually highlighted that the heating system before the
regeneration was far from ideal due to poor thermal comfort. Some households reported
using highly inefficient mobile direct heaters to heat their apartments during winters.
Similarly, during summers, mobile air conditioning units were frequently used.

From the perspective of energy savings, it is remarkable that the owners carefully
considered the possibilities of using alternative energy sources together with the energy
sources used so far. For example, during the owners’ association meetings, a large number
of owners repeatedly demanded the formulation of individual heating options as they
strongly criticized the position of the Brno Heating Plant Company as a monopoly supplier
of heat that charges too much. As shown during the interview with a member of the
committee, there was not a real possibility of switching to cheaper gas heating, as such
an energy switch would not get a permit from the relevant public authorities (due to
air protection in the city center). Other heating options considered were electric heating
(perceived by the owners as too expensive) and the usage of a heat pump that required
drilling boreholes. As reported by the member of the committee, this heating option was
connected to unacceptable uncertainty, as drilling boreholes would be too demanding, and
the installation company was able to guarantee trouble-free operation of the heat pump for
just ten years but not beyond. As a long-term heating solution was required by the owners,
this option was abandoned.

In the end, the owners decided to continue to have the building heated by the Brno
Heating Plant Company. The decision was surely influenced by the fact that the Brno
Heating Plant Company;, as a traditional heat supplier, recently made large investments,
co-funded via EU funds, to upgrade the heating equipment and distribution network [83].

It was visible during the interviews that the owners calling for disconnection from
the traditional heating plant identified themselves as voices seeking energy independence,
and, even more interestingly, this call for energy independence was also supported by the
new owners who had bought newly constructed apartments in the building. It was these
new owners who devised the idea to have an independent heat source (gas) at least in
these new apartments. As a secondary argument, they stated that the building costs would
be lower if this part of the building was heated independently. Some of the owners also
intended to switch from electrical heating to gas during the regeneration as gas heating
was more cost-effective at that time. As was already mentioned above, gas as a heating
option would not get the permission of authorities, so this option was also abandoned.

Another plan to introduce renewable energy to the building occurred in the case of
one of the newly built apartments whose owner considered the usage of rooftop solar
collectors for the generation of hot water. As demonstrated in the latter stage, this plan was
also abandoned, as it would have resulted in a reduction in the size of one of the bedrooms.

4.2. Real-Life Regeneration and Conflict Situations

Within the studied building, the following energy savings measures were
finally implemented:

Insulation of external walls, roof, and ceilings of the building;

Replacement of old wooden castle windows with new ones;

Repair of the heat exchanger station and balancing of the heating system; and
Installation of thermovalves and heat consumption meters (with remote reading) on
all radiators in individual apartments.
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In the area of energy savings, many fundamental decisions had to be made during the
regeneration. The most important decisions were whether to insulate the building with a
thicker layer of insulation material and use a grant from the Green Savings Programme
for funding or whether to insulate the building with a thinner layer of insulation mate-
rial and avoid the administratively demanding subsidy program. As reported during a
committee meeting, the option not to use the subsidy was recommended to the owners
by a construction expert, arguing that in the case of errors in administrative reporting and
project implementation, there was a risk the subsidy from the Green Savings Programme
would not be granted. However, going against the recommendation, the owners decided
to use the subsidy program and implement more thorough insulation of the building.

The committee was instructed by the owners to hire a specialized company to deal
with the application for the subsidy program. As shown later, the construction expert’s
warning proved accurate: After applying, the administration of the subsidy program was
suspended. Funds from the subsidy program were finally obtained only two years after
the submission of the application, which made usage of the subsidy complicated.

The implementation of the measures also provoked certain conflict situations between
the owners. First, there was a complication regarding window replacement, which was
caused by the fact that one owner had two years prior replaced an old wooden window
with new plastic windows and demanded reimbursement from the common repair fund.
Similarly, the replacement of windows with plastic ones was refused for aesthetic reasons
by another owner who had had old wooden castle windows refurbished at his own
expense; this owner also demanded reimbursement from the repair fund. The owners’
committee proposed and agreed in an owners’ meeting that the owners who had replaced
or refurbished windows would be reimbursed from the repair fund as if they had installed
plastic windows as part of the insulation action but for a quantity discount—it means
the owner who had paid for the costly refurbishment of wooden windows was paid only
about half of the amount spent. The committee also tried to meet the other requirements
of the owners; for example, one owner had aluminum windows with a hidden frame
installed so as not to reduce the brightness in one room due to the installation of a plastic
window with a wide frame. However, responsiveness to the individual needs of individual
owners brought complications from the Green Savings Programme as the relevant technical
documentation had to be submitted for each type of window (e.g., properties in terms of
heat transmission).

Some conflicts also arose around the fact that the implementation of energy-saving
measures influenced some of the life habits of the owners, which may look marginal but
may be of great symbolic value. For example, a lady in retirement criticized the replacement
of the windows because she used the space between the wings of the old wooden windows
for overwintering flowers, which is not possible with new plastic windows. However,
most owners greatly appreciated the thermal comfort increase as well as the decrease in
heating costs for their apartments. Some owners also appreciated the improved thermal
comfort during the summer months, as the insulation materials also prevent heat from
penetrating during summer heatwaves. In connection with protection against summer
heatwaves, the possibility of installing window blinds was discussed, but for financial
reasons, it was decided that they would not be installed throughout the building; funds
were only dispersed for this to the owners of the attic housing units, where the problem of
overheating is the largest.

Furthermore, the owners discussed the following measures to improve the heating of
the building during the study period: (1) disconnection from the Brno heating plant and
use a heat pump, (2) insulation of the building’s outer envelope and replacement of the old
windows, (3) installation of remote heat readings and thermovalves in residential units
to motivate residents to save energy, (4) replacement of older central heating distribution
systems within the building and old cast iron heaters in residential units with new ones,
(5) replacement of the exchanger station due to the transition from a steam to hot water
heating system. Of these five measures, only three were implemented, with the two most
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expensive (insulation of the building’s outer envelope and window replacement and the
replacement of the exchanger station) implemented thanks to subsidies from the public
sector (Green Savings Programme, large investments by the city of Brno in transitions from
steam to hot water heating systems). The other two costly measures were not implemented
(use of a heat pump and replacement of the older central heating systems within the
building and old cast iron heaters in residential units with new ones) due to a lack of funds.

4.3. Regeneration of Building Surroundings with Attention to Environmentally Friendly Solutions

For the surroundings of the building, the main challenge in the regeneration was how
to use the land in a suitable and environmentally friendly way for the building’s inhabitants.
The main topics discussed during the owners’ meetings included waste management and,
above all, composting options. The building first acquired two city-subsidized classic
composters (Figure 5A). In the years 2012-2020, the city of Brno provided property owners
with almost 7000 composters for free or at a significant discount [84]. After a year in
operation, the composters turned out to be a target for numerous groups of rats that
searched for food and reproduced here. Due to their spread, it was necessary to repeatedly
pay a company specialized in dealing not only with the studied building but also this issue
in the neighboring buildings, which provoked great criticism not only among the owners of
the building but also among owners of the surrounding properties. Therefore, these plastic
composters were disposed of with the consent of most owners. A small number of owners
who promoted environmentally friendly solutions agreed with the owners” committee
to buy, at their own expense, a special sheet metal rotary composter (Figure 5B) that is
resistant to rat penetration.

Figure 5. Subsidized urban plastic building composters (A) were replaced due to the reproduction of rats by a two-chamber

sheet metal insulated composter used by a minority of owners (B). Author: Petr Klusacek.

In this context, it should be noted that Brno is a city in which environmental activists
have a strong position and are strongly involved in urban development issues [85].

The topic of greenery was also loudly articulated within the community of owners.
Before the implementation of the main phase of the regeneration, the possibility of a
green roof on the building was considered, but it was not implemented due to enormous
additional costs. In terms of rainwater collection, the installation of an underground
rainwater catchment tank was considered, but again, installation was found to be too
costly in addition to technically complicated as the yard is used to run (heat, electricity, gas,
telephones, and internet) networks.

As part of the regeneration, balconies were rebuilt to enable the growth of flowers
and, generally, some greenery. Naturally, not all owners use the balconies in this way,
and, especially in the case of short-term rented apartments, the possibility for greenery
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is not utilized. If we focus on greenery on the surrounding land, fast-growing willow
and evergreen ivy were selected as site-suitable species (Figure 6). There is an informal
agreement between the owners of the building that these adjacent lands are used by the
owners of the first-floor apartments, who do not have balconies for gardening. The owners
had been using these lands in the previous ten years mainly for growing vines, fig trees
(Figure 7), tomatoes, and roses.

Figure 6. Greenery formed by ivy and willows combined with a place for a garbage dump. Author:
Petr Klusacek.

Figure 7. The fig tree and roses east of the building as part of the adaptation to global climate change.
Author: Petr Klusacek.

In terms of composting and greenery, it should be emphasized that the adjacent land
is relatively small, which leads to issues arising from the combination of leisure activities
and waste management. Most frequently, it is people enjoying the leisure activities with
their children (trampoline, swings, sandbox) who are bothered by the smell emitted from
composting (Figure 8). On the other hand, joint leisure activities among the owners
(barbecues, joint celebrations) are important in terms of building mutual relationships
among the community living in the apartment building. It is vital for further development
of the building’s community that voluntary activities among the owners who care about
the surroundings are successfully developed. Contrariwise, the owners who live outside
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the locality and rent their apartments do not support the leisure activities or the joint use
of space as they perceive these as a disturbance.

Figure 8. Combination of leisure activities (swing for children) and composting and garbage cans,
which are separated by fast-growing greenery (ivy and willows). Author: Petr Klusacek.

5. Discussion of Results and Conclusions

Our research focused on a case study that illustrates the regeneration process and the
implementation of environmentally friendly solutions (Figure 1) conducted in a residential
building located in the city center of the second-largest city in the Czech Republic—Brno.

The analysis of the apartment renovation and regeneration process confirmed that
the level of support for individual solutions is different as are the driving forces and
barriers acting in the selection process. The primary motivation of the building inhabitants
for adaptation can be described as economic (energy/money savings), together with an
effort to improve living comfort and property valorization. Environmental and other
motivations are background issues. There is no large difference between the situation in
post-socialist countries and elsewhere in the European Union [86]. On the contrary, the
research of Camarasa et al. [28] shows that economic aspects play a more important role in
post-socialist countries.

As part of the regeneration process, the owners discussed various environmentally
friendly solutions and where to find funding for their implementation. Due to the under-
funded condition of the building, investments were primarily focused on basic improve-
ments (window replacement, elevator construction, replacement of common electrical
lines and water, gas, and waste risers). A set of environmental solutions (Figure 9) was
realized. Measures with the lowest financial barriers, the fastest financial return, and
majority support among the building residents were implemented; for example, one fully
implemented measure was the thermal insulation. In the Czech Republic, this is the most
common energy savings solution with a full return on investment taking approximately
four years [87]. However, some considered solutions (heat pump, green roof, replacement
of internal central heating and radiators in apartments, rainwater harvesting) failed to
materialize, as the implementation of these plans encountered economic and technical
limits [29]. Similar trajectories in decision-making processes were found in UK house-
holds [88]. This fate is obvious for expensive technical solutions with long-term return (or
no visible economic value at all) such as rooftops solar collectors [89] for the generation of
hot water, green roof [90], and rainwater harvesting solutions [91]. Other difficulties that
ruled out full project implementation were the current technical possibilities, the reluctance
of owners to borrow more money, and, undoubtedly, the risks connected with the selection
of alternative options that were not sufficiently supported by expert advisors. So, the
activity and knowledge of actors played an important role in the adoption of different solu-
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tions [52]. It is also important to emphasize that some important environmentally friendly
solutions such as graywater management [92] or photovoltaic [38] were not discussed at
all, although the city has one of the best solar locations in the Czech Republic [93].

Centralization Decentralization
—
Envir 1} C lized (collective) soluti infl d by C lized sol at the building level D alized (individual) soluti for one owner

friendly solutions

urban, state, and EU policies
implemented, non-implemented
(main reason)

implemented, non-implemented
(main reason)

or groups of owners
implemented, non-implemented
(main reason)

Source of energy for
heating and hot
water

Building exchanger station replacement
(municipal project for transition from steam to
hot water urban heating system)

Disconnection from Brno heating plants and
use of new building-wide gas heating (urban
regulation for air pollution)

Disconnection from Brno heating plants and
investment in a building-level heat pump (high
financial demands, little confidence in long-term
operation of heat pump system)

Modernization of individual hot water heating
systems using gas or electricity in individual
apartments (need to comply with stricter regulatory
standards in the field of fire protection)

Separate gas heating of three new attic apartments
(urban reg for air pollution, the obligation to
share the heating costs of common spaces)
Rooftops solar collectors for generation of hot
water (equipment expense according to apartment
size)

Energy savings
(energy
management during
winter and summer
seasons)

Insulation of the building’s outer envelope and
window replacement (cofinancing from state-
run Green Savings Programme)

Installation of remote heat readings and
thermovalves in residential units (fairness of
energy costing)

Replacement of old central heating distribution
within the building and old cast iron heaters in
residential units (high financial demands, fear
of construction within apartments)

Refurbishment of wooden castle windows and
installation of aluminum window with a hidden
frame (aesthetic reasons, owners’ willingness to
invest money in more expensive solutions)

Window blinds in apartments under roof
(protection against summer heat waves, willingness
of some owners to invest money in additional
solutions)

Waste management

New place for urban waste bins (traditional
connection to and use of Brno municipal waste
collection and disposal system, modernized with
EU money—creation of Brno waste incineration
plant and urban waste sorting system with
containers next to building)

Plastic building composters (provided free of
charge by city and liquidated after a year in
operation thanks to huge infestation of rats
causing sharp complaints from some owners and
neighboring inhabitants)

Two-chamber sheet metal insulated composters
(protection against rats, willingness of some owners
to invest time and money into additional solutions)

Greenery and other
activities

Possibility to use playgrounds and greenery in
city parks regenerated through use of EU funds
(in proximity to studied building is Brno’s largest
park, Luzanky, which was regenerated through
public investment in greenery, exercise

Green roof (high financial demands)

Water harvesting system (complicated technical
solution - lack of space for underground
rainwater tank and high financial demands)

Small regeneration activities with a focus on leisure
activities (willingness of some owners to invest time
and money in additional solutions)

Planting of new greenery (willingness of some
owners to invest time and money in additional

equipment, children’s playgrounds, public grills, solutions)

and other facilities)

Figure 9. Overview of centralized and decentralized solutions discussed and factors affecting implementation in the studied
area during the 2010-2020 period.

The role of public support is crucial for the acceptance of energy savings solutions [86],
and, paradoxically, subsidies also have (under certain circumstances) the potential to create
problematic and conflictual situations. Experience with the Green Savings Programme
in our study shows that in the case of non-compliance with very complicated and bu-
reaucratic conditions, the risk of subsidy rejection increases. It has to be stated that the
enormous amount of required documentation accompanied by complicated bureaucratic
processes of application approval requires the involvement of various external specialists
and companies. We have identified this issue as one of the barriers to the greater use of
public subsidies [94].

From the perspective of centralized or decentralized solutions (Figure 9), there are
obvious differences in the acceptance of particular solutions. While centralized solutions
(associated with the public sector and subsidies) were all accepted, only economically
efficient measures were implemented when the entire apartment building or individu-
als/groups of owners were involved. Therefore, the economics (return on investment)
can be described following Camarasa et al. [28] as the fundamental barrier to the accep-
tance/rejection of a given solution. Other barriers were legislation (municipal regulations),
the technical disposition of the building, and, to a lesser extent, confidence in the effect of
environmental measures. The economic advantage of centralized solutions is the result
of the generous subsidy provided through public money (EU, national, city funds), and
the majority of owners lack the motivation to invest their time and financial resources
in individualized solutions when they have the opportunity to use the modernized, cen-
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tralized systems (e.g., Brno heating plants, urban waste collection and sorting system,
regenerated city parks, and playgrounds). Decentralized solutions were dependent on
the willingness of some owners to invest their own time and money in “above standard”
individual environmentally friendly solutions.

Due to the facts described above, the final form of the building regeneration cannot
be described as exemplary/ideal, as not all measures were implemented. It is an image
of reality that mainly reflects economic aspects. It would be appropriate for other energy-
efficient technologies to be implemented in the coming years because, as Dubois and
Allacker [21] point out, “giving subsidies for half-way energy renovations in these old
houses is not an efficient way to spend public money”.

The following policy considerations emerged from this detailed case study of a multi-
occupancy residential dwelling in Brno: (i) the core motivation for revitalization is to
save money, improve living comfort, and property valorization; therefore, return on
investment is the fundamental barrier to the acceptance/rejection of environmentally
friendly solutions; (ii) it is useful to develop more scenarios/options concerning financial
matters of the project; (iii) only measures with the lowest financial and technical barriers
and the fastest financial return have a chance for successful implementation; (iv) mutual
communication between concerned parties from the very first planning stages of the project
is crucial; (v) it is not that easy to get support from public sources due to administrative
matters; (vi) detailed planning of the project and involvement of construction supervision is
necessary; (vii) installation of facilities for the generation of renewable energy is financially
demanding, and such investments have to be assessed from perspectives beyond financial
return; and (viii) the involvement of professional project management will likely increase
the project initial budget but generate long-run savings in the end.
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Appendix A

Regeneration activities on the adjacent Regeneration of activities

a
lands of the building in the building
TIME
Postponement of the start of
2020 P
Bu\ldli]nlg of a;jdmonar\] p(\:aé%/r%u;\g for « ® g construction on the first floor due to
children ( url;g! e) o 2020 the COVID-19 pandemic
panaemic
2019 >
2019
Planting of new greenery. Preparation of final regeneration
Creation of a new parking space for phase (construction of new cellars
bicycles. and other repairs on the first floor).
2018
< @ >
2018
2017 Emergency repairs of old
7 — > concrete floors in cellars to avoid
2017 rat infestation from sewer pipes
Use of plastic building composters
provided free of charge. These were
removed soon after dueto rat
infestation. 2016
<
o 2015 New heat exchanger station
Eies!!ucuon O pan (ot greeniery:cllie < — g installed using a hot water
o the building of a new hot water 2015 v
pipeline. system instead of a steam water.
New place for a garbage dump 2014
for urban waste bins. < ¢
Installation of barriers against
Small regeneration activities with < 2013 ® > pigeons on the roof and
a focus on leisure activities. 2013 balconies.
Planting of new greenery.
2012
< e > :
2012 Implementation of major
Destruction of greenery around Busicing repairs;(naw ool
the house due to construction ipsuiation wincows, and
aciivities elevator; new window blinds in
2011 apartments under roof; etc.)
< ® >
2011
L > Establishment of apartment
2010 owners' association.

Figure A1l. Timeline of regeneration activities.
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