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ABSTRACT

The increasing interest in large-panel building apartment renovation has heightened the need for a
method-based examination. This research provides support to owners, investors, designers and habi-
tants during decisions taking. The study covers the requirements, renovation trend, and cost evaluation.
These criteria were defined by using general findings as the base of optimal renovations, which allows
utilizing the results for wider areas. Renovations can be established to maintain or increase the value of
apartments and the success of the investments depending on the optimal planning. The comfort needs,
material selection, and the way of budget distribution are the main parameters of successful im-
provements. The analysis covers common quality renovation possibilities.
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1. INTRODUCTION

About 510,000 large-panel building apartments were built between 1961 and 1992 in Hungary
[1]. Large number of these buildings has heightened the need for renovation support. In 2020,
the structure of these buildings can function for more than 50–100 years [1] but nowadays the
comfort level does not meet the requirements and trends. Interior renovations are also inevitable
due to the obsolescence of the materials used. Damage to large-panel buildings is from physical
abrasion and perceived devaluation [2] and in this research, the focus was on the physical part.

The property prices in Hungary has been rising to 172.5% in 2020 compared to 2015 [3].
Many enterprises have started to renovate apartments for selling purposes but their work is
only focusing on the financial benefits. The present study provides support for owners, in-
vestors, designers and habitants on how to distribute the renovation budget and what
methods can be applied to reach the higher value of a property.

The examined area was limited to the Garden City of P�ecs. The reason is that previous
researches have been established in this area, so there is existing information about large-
panel buildings.

2. MATERIALS AND METHODS

Three main parts of the research can be distinguished that are related to an optimal reno-
vation: definition of requirements, the budget optimization, and the support for decision
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making. These parts made it possible to have an overview of
the market and to achieve the purpose of this study. In this
research, the examined properties were collected from a
website called “Ingatlan.com” [4]. There the location
(streets), offer prices, and conditions were presented with
related pictures. The information of 78 apartments was
collected with different conditions with a wide range of price
and location. These properties were used to do the analysis.
As Fig. 1 represents the analysis was made by examining the
needs, budget, and decision support possibilities. In the
following paragraphs, these criteria have been examined
separately.

2.1. Definition of requirements

In the case of the requirements the comfort, used material
quality, and budget determination are relevant criteria.
These are individual parameters related to personal expec-
tations but those have to be defined before starting a reno-
vation. Comfort is in rapport with the materials and the
materials are in rapport with the budget. The owners usually
know what they want, but they are confused about what
possibilities they have. Large-panel buildings have been
designed with simple spaces, but there is a lot of potential in
them. The structural part is fixed and is not recommended
to make significant changes, but the interior due to the
schematic design can be variously modified [5]. The living
space quality must meet the requirements of the owners,
investors, designers or habitants according to the design
trends. Other studies are focusing on these types of build-
ings’ rehabilitation possibilities from the point of view of
energy efficiency [6], structural [7], and comfort solutions
[8], but the quality and the budget has also a huge effect on
the renovation success. The large-panel building apartments
are only parts of a multi-story building but those can have
individual values. The value determination is important for
the success of the renovation. The more money was spent
the less benefit can be reached. The quality of materials and
the budget determines how to renovate an apartment and
what solutions can be applied. The renovation trend has to
be examined to clarify and generalize the needs of the
owners, investors, designers or habitants as a part of the
requirements definition.

2.1.1. Examination of the renovation trend. Examination
of trends was established by analyzing the collected reno-
vated real estates. According to the description of adver-
tisements and attached images the used materials were
examined for different rooms. There were 27 renovated
apartments examined.

In this research, the plan was to use real market prices
but real estates were not able to provide selling prices and
addresses because of the General Data Protection Regulation
(GDPR) [9]. Realizing this issue, information was manually
collected from the biggest Hungarian online real estate called
“Ingatlan.com” [4]. There the prices have been offer prices
and not selling ones, but the bargain of apartments may
result in an average value, so this information was utilized.

The data collection method was aligned with the main
classification system and was used according to the condi-
tions collected by the website. These conditions have been
sorted by renovated, good, average, and need to be renovated
conditions. 78 apartment prices were collected and an
average price was calculated by the conditions. Then the
location value was calculated to the properties as it was
determined in a previous study [10]. Due to this method, the
property prices were not distorted by their location and
condition values and the clear apartment values could be
calculated. The renovated apartments provided the base of
the budget determination. So that the calculated average
prices related to other conditions were subtracted from the
renovated one to calculate the differences.

2.1.2. Renovation cost evaluation method. Calculating the
renovation costs several criteria were examined due to the
appraisers’ recommendation. To determine the main factors
of property value estimation in the case of large-panel
buildings [11, 12] private interviews with professionals have
been evaluated. They gave the information that the locations
have enormous effects on prices and that is the reason why
these values were calculated as it is presented in paragraph 3.
The number, size, and type of rooms, floor plan design,
entrance door, openings, electricity, heating, and condition
of the radiators were examined during this study. Other
criteria cannot be analyzed (e.g., building structure condi-
tions, building security, usage of apartments in a building,
etc.) generally because those are unique parameters however,
those can affect the results. Therefore, the interior of the
apartments was in focus. The source about real estate eco-
nomics [13] describes the estimation of property, but in the
case of large-panel building apartments, most of the criteria
were not relevant due to their simplicity.

In a previous project, a story of a large-panel building
geometry was surveyed by modern and traditional methods.
The result of the survey was a Building Information Model
(BIM model) [14, 15] what was used to calculate and
manage the needed values. Lists were created in the model

Fig. 1. The optimal renovation planning process
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and then those were exported to an excel sheet. The cost
calculation of the renovation was made by using offer and
market prices according to the Hungarian cost estimate
guide [16] what is supported by the Hungarian Government
– Deputy Secretary of State for Architecture and Construc-
tion, Chamber of Hungarian Architects [17], Chamber of
Hungarian Engineers [18], National Association of Con-
struction Contractors [19], Budapest Chamber of Commerce
and Industry [20]. This source was mainly used to estimate
the cost of the occurring labor and materials. The purpose of
the paper was to find optimal renovation possibilities, costs,
and its dispersion by rooms as these have major impact on
the renovation success.

2.1.3. Renovation decision support. The main objective of
this study is to provide support to owners, investors, de-
signers and habitants in the case of the renovation of an
apartment which is located in a large-panel building. The
previous paragraphs presented the criteria of decisions and
the values that should be taken into account. During the
support for decision making, these criteria must be assumed
and a workflow shall be defined to reach the optimal
renovation process. The way of thinking was described in
Fig. 1 but the information has to be collected in a compa-
rable format. Table 1 presents the form of the support and
defines the main parameters, which have to be known in the
case of renovations. The comfort levels are determined in

Table 1. Decision support chart for the optimal renovation determination

Re
qu

ire
m

en
ts

Comfort 
criteria

Name of the room Bathroom Kitchen
Living 
room

Bedroom Toilet

Number of rooms
(quan�ty)

1 1 1 2 1

Min. size of rooms 5 m2 10 m2 20 m2 10 m2 2 m2

Connected spaces In one space Separate

Quality of 
materials

Classifica�on [23, 
24]

PEI: 1 PEI: 2 PEI: 3 PEI: 4 PEI: 5

AC21 AC22 AC23

Requirement
Average quality, �les on floors in kitchen bathroom and 
toilet, laminated floor in living room and bedroom, �les 

on wall in kitchen and bathroom

Quality of 
equipment/ 
furniture

Classifica�on [25]
(quality levels -

stability, strength, 
durability, surface) 

Moderate Normal Medium Big Special

Requirement Modern style

Ci
rc

um
st

an
ce

s

Budget

Current condi�on Needs to be renovated

Exis�ng budget 2,500,000 HUF

Calc. budget gap 78,223 HUF/m2

Budget dispersion
Bathroom

Kitchen and living 
room

Bedroom Toilet

20.09% 15.52% 20.66% 3.88%

Decision support

Su
m

m
ar

y

∑: Size of rooms 5 m2 30 m2 20 m2 2 m2

∑: Renova�on costs 
by rooms

817,180 
HUF

631,290 HUF
840,365 

HUF
157,822 

HUF

∑: Budget gap 2,500,000 HUF − 2,446,657 HUF = 53,343 HUF �

Re
su

lts Renova�on 
success

Comfort scale −2 −1 0 +1 +2

Quality scale −5 −3 0 +3 +5

Budget scale −2 −1 0 +1 +2
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government decree in Hungary [21] but the definitions they
used are only related to the size, utilities, and heating system.
In Baranya county, 42.7% of all flats were all-comfort in
2007 and this value is increasing [22]. Most of the large-
panel buildings have all-comfort apartments, but the quality
of the spaces is different. It is mainly related to the quality of
materials used during the renovation. The strength of the
coverings is mainly rated by the Porcelain Enamel Institute
(PEI) value, which indicates how resistant is the material
against damage resulted by daily usage [23]. Quite the same
form of classification is available for laminated floors, which
is named Abrasion Classes (ACs) [24]. The values, which
were presented in Table 1 can be utilized for domestic usage.
These are related to the required longevity of the renovated
structures. If a room has to function for 20 years, it is rec-
ommended to use higher quality materials. In this study, a
10-year perspective was taken into account because the
electrical, mechanical, and heating systems usually have to
be renovated in 10 years. The furnishing [25] is also a part of
the renovation but the choice of furniture is often based on
mostly subjective regards. Table 1 contains information
about it, but during the calculations, it is not counted
because of its complexity (e.g., style, colors, sizes, qualities,
spaces, etc.).

The second part of Table 1 represents a summary and
results of the current renovation. The renovation success can
be evaluated in numbers that are compared to the examined
trends. The symbol 0 is the value when the renovation is
totally aligned with the examined trends, �1 and �3 belong
to lower, and -2 and -5 mean the lowest comfort, quality, or
budget that was used for the renovation. Symbols þ1 and
þ3 are related to higher, and þ2 and þ5 the highest com-
fort, quality, and budget level that can be planned for the
renovation. These values can help to modify and optimize
the parts of the renovation. The calculation in this study
represents a trend-based renovation. As it was mentioned
previously the requirements can be various and according to
the needs, the optimized solution can be different. The scale

values can be automatically calculated: in the case of comfort
level, if the owner, investor, or user wants an extra room
(e.g., bathroom) to be on the ‘normal’ comfort level, this
value will increase to þ1. The quality scale depends on three
different values (materials as ceramic and laminated floor,
and equipment/furniture) so that if the PEI value is 5, AC23
is selected for laminated floor quality, and special furniture
is chosen, the highest value will result in þ5.

In the case of the budget scale, the level 0 is the budget
that was calculated in this study and the deviation of the
budget will result in the value increasing or decreasing in
Table 1.

3. RESULTS AND DISCUSSION

In paragraph 2.1.1 the renovation trend was highlighted as
part of the optimization process and it provides the funda-
mental information (e.g., materials, spaces, costs) for the
decision support.

Table 2 presents that the trend can be defined with more
than 80% accuracy of what materials have been used for
renovation of apartments nowadays. Some comments were
added which indicate the ratio of different materials used in
the same room. These were used during the calculation of
renovation costs.

After the trend examination, the calculation of the reno-
vation budget was established by using the renovated condi-
tion as fundamental information. Table 3 presents the results
of the calculation what was created by using offer prices. After
the location value was removed from the equation as was
mentioned in paragraph 2.1.2. It presents the budget in the
case of known conditions that are for example 66.697 HUF/
m2 for average condition apartments. This value shows that
spending more money would increase the renovation costs to
a level where the price margin would be too low.

If only the financial aspects of a project are considered it
is visible that the feasibility of a higher investment will

Table 2. Definition of the materials used during the renovation

Rooms Surface Used materials Summary of the percent of use Comments

Entrance/Corridor Floor Tile 95.7%
Wall Paint 91.3%

Dining room Floor Tile 100.0% 80% paint; 20% tile
Wall Tile/paint 87.0%

Kitchen Floor Tile 100.0% 80% paint; 20% tile
Wall Tile/paint 95.7%

Bathroom Floor Tile 100.0%
Wall Tile/paint 91.3% 80.77% tile; 19.23% paint

Toilet Floor Tile 100.0%
Wall Tile/paint 82.6% 69.23% tile; 30.77% paint

Bedroom Floor Laminated 100.0%
Wall Paint 95.7%

Living room Floor Laminated 95.7%
Wall Paint 82.6%

Terrace Floor Tile 90.0%
Wall Paint 100.0%
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depend on expectations of the owners, investors, designers,
or habitants. The budget has the highest effect on the success
of the renovation and it usually relates to the comfort and
material quality. The requirements were defined according
to the examined trends. To calculate the optimal renovation
budget the quantities, works, and materials have to be taken
into account.

After the quantities have been calculated the related
budgets needed to be defined. The previously introduced
system was used and as the result of the calculation, the costs
of full renovation were calculated for three apartments. In
most of the cases two prices were used for the calculation
because the cost estimate guide [16] has contained a mini-
mum and maximum pair of prices. Many criteria could
distort the prices (e.g., using a higher quality of materials or
if there is a need for special equipment during the renova-
tion, etc.) but an average can be calculated, which can
support decisions. After the renovation costs with minimum
and maximum values were calculated their averages were
examined by rooms. The windows, electrical renovation, and
coverings of rooms were also counted but have separate
values. It is because the rooms can be renovated separately
but windows and electrical systems are recommended to at
the same time in whole apartment. In the case of partial
renovation, evidentially the costs per rooms could be higher
whereas if the works were synchronized the renovation

could cost less. Table 4 represents an example part of the
calculation where the floors, ceilings and some wall covering
workflows have been examined.

The calculated total price of the renovation is higher than
the possible rise of the property value. It may be because of
the high material and labor costs. In the last few years, the
material prices increased more than 15–25% annually in the
construction industry in Hungary [26, 27] but the property
prices could not follow this high tendency. That is the reason
why it is important to support decisions and clarify how
much it cost to renovate the different parts of a property.

Table 5 presents the final ratio of the renovation costs
between different rooms, openings, and electrical refur-
bishment. The diagram shows that the electrical renovation
requires a high amount (28.43%) of the total costs and the
bathroom is also relevant with its 20.09%.

The decision support chart can be used to determine
which part of the property needs to be renovated and which
parts are over the budget. Unfortunately, if the budget is
over the limit or the required price margin cannot be
reached the comfort or quality requirements should be
lowered. The optimization process can contain different
options for rooms (e.g., using different quality of laminated
floor in bedroom and living room) or expected comfort that
is also related to rooms (e.g., number of bathrooms – double
comfort is not necessary).

Table 3. Renovation budget calculation in the case of offer prices and the case of reduced prices by location values

Conditions
Renovated
(HUF/m2)

Good condition
(HUF/m2)

Average condition
(HUF/m2)

Need to be renovated
(HUF/m2)

Average prices of properties
344,042 318,197 281,451 274,820

Renovation budget – 25,845 62,591 69,222
Reduced average prices by location value

299,370 263,540 232,673 221,147
Renovation budget – 35,830 66,697 78,223

Table 4. Example of the calculation of renovation costs

Refurbishment works

Floor covering
Wall and ceiling

covering

Laminated floor Preparation

Unit m2 m2

Source of information III/1–8.2.1.3 [16] III/1–13.1.1.3 [16]

Cost/Unit (HUF/m2)
7,500 11,000 1,200 1,800

Rooms Area (m2) Wall surfaces (m2)

Entrance/Corridor 9.46 28.18 33,816 50,724
Dining room 7.44 25.54 30,648 45,972
Kitchen
Bathroom 3.11 17.7
Toilet 0.83 8.26
Bedroom 18.9 51.8 141,750 207,900 62,160 93,240
Living room 18.2 36.12 136,500 200,200 43,344 65,016
Terrace 3.25 6.53 7,836 11,754
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4. CONCLUSION

As a conclusion, this analysis can support the decisions on
renovations. Although in this study large-panel building
apartments from the Garden City of P�ecs were examined but
the results can be interpreted to other areas and types of
buildings with similar forms. Examination of how the
comfort, quality and budget were selected and distributed
between rooms or the starting point of a renovation was
supported by the ratio of the costs can be implemented for
different projects. In some cases, renovation costs are higher
than its effect on the property value and sometimes these are
equal with the values related to their conditions. In the case
of renovation, it is important to know accurately the initial
conditions and define the optimal level of comfort, quality
and budget, because the results can be vary. The findings of
this study can be used as guidance for planning renovation
and according to these results a complex program can be
developed to solve the issues of the large-panel buildings on
a country level.
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