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Abstract: Currently, the optimization of thermal energy consumption in buildings is considered a
suitable alternative in the construction of new buildings, as a result of which the overall energy
efficiency of the building increases. Thus, this study examined the efficiency and efficacy of different
building renovation packages conducted across several buildings in Latvia and in Lithuania (across
a larger building stock). In the first section of this study, 13 multi-apartment residential houses
with 3 building renovation packages have been investigated in the city of Daugavpils, Latvia, in
order to determine the actual reduction in heat energy consumption across each of the renovation
implementation packages. The study findings indicate that changes in Latvian building regulations
regarding insulation thickness did not significantly impact thermal energy consumption in fully
renovated buildings. However, the combination of facade renovations, upgraded heating systems,
and improved ventilation systems resulted in substantial energy savings, with an average reduction
of 50.59% in thermal energy consumption for space heating across the reviewed multi-apartment
residential building stock. In the following section of this study, the impact of the Energy Performance
of Buildings Directive (EPBD) on building energy efficiency in Lithuania has been examined. The
results show that over a 10-year period in the 2000s, Lithuanian building stock experienced a 20%
increase in energy efficiency, followed by an additional 6.3% increase between 2010 and 2016. The
mandatory requirement for renovated buildings to achieve a minimum energy efficiency class
has resulted in significant reductions in energy consumption for heating purposes. The findings
underscore the effectiveness of building renovation packages and the EPBD regulations in enhancing
energy efficiency and promoting sustainable building practices. The importance of heat metering,
consideration of indoor air temperature, and the need to address indoor air quality during renovations
were also highlighted.

Keywords: thermal energy consumption; building renovation; multi-apartment buildings; energy savings

1. Introduction

With the rising demand for energy and the diminishing availability of fossil fuel-based
energy sources, which are both environmentally unsustainable and costly, enhancing the en-
ergy efficiency of building stock is a matter of concern worldwide. Building stock accounts
for approximately 40% of total final energy use across developed countries, constituting
up to one-third of the worldwide greenhouse gas emissions. Thus, upgrading existing
buildings to be more energy efficient and implementing sustainable design principles are
crucial. This necessitates the adoption of advanced technologies, innovative building mate-
rials, and energy-efficient systems to reduce energy consumption and promote a transition
toward renewable and low-carbon energy sources. By upgrading the energy efficiency of
the existing building stock, governments can mitigate energy demand, enhance energy
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security, and contribute to the overall sustainability and resilience of the built environment,
as well as meet carbon emission reduction targets stipulated in their agenda [1,2].

Building energy efficiency is a dynamically and rapidly growing field and has certainly
become a separate industry and a research area over recent decades, as it requires an
involvement of highly skilled professionals and continuous research and development
activities. In line with the industry’s growth, the market availability and promotion of
sustainable and energy-efficient products and solutions has increased. This development
is in large part driven by national and regional energy and environmental building codes
and regulations. Regulatory building codes have proven to be an effective way to promote
energy efficiency in buildings. Many governments across the world have put forward
nationwide long-term energy use reduction goals for newly constructed and existing
building stock that are reinforced by stringent UN regulations aimed at addressing the
environmental impact and climate change [3–7].

Residential heating is a compelling issue requiring immediate attention, particularly
in regions characterized by mild and cold climates, where low outdoor temperatures
persist for extended periods and the heating season lasts approximately 5–6 months. These
conditions necessitate efficient and effective heating systems to maintain comfortable indoor
environments and reduce building energy consumption. The duration of the heating period
is of particular importance as it influences energy demand, costs, and has a substantial
environmental impact. Therefore, in these regions, careful consideration must be given to
the selection and optimization of building energy efficiency, including heating technology,
such as centralized heating systems, heat pumps, or alternative energy sources, to ensure
sustainable and cost-effective solutions for residential heating needs [8,9].

Latvia and Lithuania, as Northern European countries, have been implementing and
continue to implement energy efficiency programs for existing and future building stock,
which help reduce energy consumption and GHG emissions. One of the feasible approaches
to reduce the energy consumption of a building is a partial or full renovation. A partial
renovation of a residential building is primarily related to insulating the building envelope
or retrofitting the heating system, while the full renovation of the building includes both the
insulation of the building envelope and the modernization of the heating system [10–12].
It should be noted that before implementing measures to upgrade a building’s energy
efficiency, what measures stipulate higher feasibility in energy consumption reduction and
economic terms have to be thoroughly evaluated [13–15].

Buildings in the EU-27 account for approximately 55% of total electricity consumption
and roughly 40% of total final energy consumption on average. Followed by transport and
industry, the building industry is the largest end-use energy sector in Europe [16–18]. In
Latvia and Lithuania, buildings’ energy use share is higher than the EU-27 average (45%)
due to the poor energy performance of the existing building stock that features a high
share of structures constructed between 1945 and 1990, and is now obsolete with regards
to meeting stringent energy performance criteria. Up until the late 1990s and early 2000s,
buildings in Latvia and Lithuania were constructed in accordance with regulatory codes,
which were insufficiently rigorous and thorough with regards to thermal performance
stipulations. As a result, the bulk of the existing building stock that has not undergone
deep renovation features poor thermal insulation, excessive outdoor air infiltration, and
condensation occurrence within the external wall structures. Moreover, the absolute major-
ity of the building stock constructed between 1945 and 1990 lacks mechanical ventilation
systems, and thus the air exchange occurs due to natural ventilation and/or outdoor air
infiltration through the external elements (walls and roofs), which entails major thermal
energy losses, especially during critical cold season months [19–21].

As building energy consumption continues to rise, it is expected to constitute an
even larger proportion of the overall energy consumption. Consequently, it becomes
imperative to devote more stringent and thorough attention to building energy efficiency.
Enhancing energy efficiency in buildings is crucial for mitigating the environmental impact,
reducing energy demand, and ensuring long-term sustainability [22–24]. This entails
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the implementation of rigorous building energy upgrade measures such as advanced
building design, energy-efficient technologies, and effective energy management systems.
By prioritizing building energy efficiency, governments can strive toward achieving energy
conservation goals, reducing greenhouse gas emissions, and promoting a sustainable
future [25–27].

Furthermore, it is important to note that there is a notable research gap in the field of
renovation measure efficiency within the Baltic countries. While several studies have been
conducted in this field in various regions worldwide, a limited number of studies have
been conducted in the Baltic countries’ context.

2. Methodology
2.1. Building Selection Criteria: Case Study of Latvia

The research methodology pertained to analyzing the available thermal energy con-
sumption data (kWh) of 13 renovated multi-apartment residential houses in Daugavpils
(city in south-eastern Latvia) throughout the period from 2012 to 2021. This was aimed
at identifying common guidelines that would help to classify various buildings that had
undergone deep renovation in certain time periods, as well as understanding the effective-
ness of energy efficiency measures. Taking into account the fact that the share of renovated
residential houses in Daugavpils is very low (around 1% of the total multi-apartment
residential stock), this study included multi-apartment residential buildings that meet the
following criteria:
‚ the multi-apartment residential house put into operation before the end of 2000;
‚ the total combined floor area of the residential premises is greater than 300 m2;
‚ the total floor area of uninhabitable premises (shop, office, etc.) does not exceed 50%

of the total area of the residential building;
‚ the technical documentation of the planned renovation package has been developed

for energy efficiency improvement measures;
‚ the multi-apartment building has received municipal or state co-financing support for

the renovation project implementation.

The climate data for the city of Daugavpils are added in the table below (Table 1).

Table 1. Climate characteristics of the city of Daugavpils.

City
The Average Air

Temperature of the
Coldest Five Days

The Average Air Temperature
of the Coldest Five Days, the

Probability of Exceeding
Which Is

Coldest Monthly Temperatures

0.02 0.1 I II III X XI XII

Daugavpils –23.3 –26.4 –22.3 –42.7 –43.2 –32.0 –14.7 –24.1 –38.7

Daugavpils experiences a cold climate characterized by long, harsh winters. The
city’s geographical position in the eastern part of the country exposes it to continental
influences, resulting in significantly cold temperatures. The average winter temperatures in
Daugavpils can often drop below freezing, requiring adequate heating measures to ensure
comfort and energy efficiency in buildings. As is seen in Figure 1, the temperature range in
the city of Daugavpils in the cold season of the year (October thru March) drops below 0
◦C very frequently, falling even below −15 ◦C.
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Figure 1. Recorded outdoor air temperatures between the months of October and March (heating
season) over the period of 2016–2021 in city of Daugavpils.

The datalogger used to measure the temperature, RH, and CO2 level was Extech
Industries Datalogger SD800 (Table 2)

Table 2. Technical parameters of the datalogger.

Parameter Value

Humidity measuring accuracy ±4%

Humidity measuring range 10. . .90% RH

Humidity measuring resolution 0.1% RH

Measurement accuracy ±5%

Measuring instrument features automatic temperature compensation

Measuring range 0. . .4000 ppm

Temperature measurement accuracy ±0.8 ◦C

Temperature measurement resolution 0.1 ◦C

Temperature measuring range 0. . .50 ◦C

Type of meter datalogger

2.2. Profile of the Examined Buildings

All of the selected multi-apartment buildings were constructed before 1980, while the
renovation measures to improve the energy efficiency of those buildings were implemented
in the period from 2012 to 2020 (pertaining to the year of completion). The selected buildings
were assigned a sequence number, as well as the building group category describing the
renovation package with regards to the implemented renovation measures.

To attain the most impartial findings regarding accomplished energy efficiency advance-
ments, the analyzed buildings were categorized into separate groups based on specific criteria
(such as characteristics of structural elements, serial type of the multi-apartment building
characterizing their total floor count, layout features and materials used in their building
envelope, etc.). The photos of the analyzed building types are added in Figure 2. Considering
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the aforementioned criteria, the categorization of the renovation multi-apartment buildings is
as follows:
‚ The A-group comprises buildings #1, #3, and #12, where the classification of buildings

is based on the reference serial-type standard for residential houses (series 316), while
building #9 belongs to an enhanced series of prior residential structures (series 318)
constructed using similar materials as series 316.

‚ The B-group consists of buildings #5 and #6, which were categorized based on a
specific serial-type standard of residential houses commonly referred to as “Stalinka”.
These buildings share similar architectural characteristics, including the same number
of floors, apartment layout, and a distinctive design element known as a “turn”.

‚ The C-group comprises buildings #2, #8, and #10, which are two-story structures; how-
ever, it should be noted that building #8 currently has three floors, despite originally
being constructed with only two floors in 1974.

‚ The D-group residential houses are quite different (#4—building of series 602;
#7—small-family residential house; #11—building of series 467; #13—building of
series 103), but all residential houses have one thing in common which are elements
of external enclosing structures, i.e., hollow reinforced concrete panels.
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Figure 2. Photos of reference buildings employed in the study (from left: group-A, group-B, group-D,
no group-C picture is available).

The D-group of the examined residential buildings exhibits notable variations (#4 is
602 serial-type buildings, #7 and #11 are serial-type 467 buildings, and #13 is serial-type
103 building). Nonetheless, a shared characteristic among all residential houses within
this group is the 9 to 10 story floor count, the utilization of external enclosing structures
comprising hollow reinforced concrete panels.

Despite the fact that residential houses are divided into groups according to one or
more characteristics, it is necessary to divide the groups of buildings into smaller groups
(subgroups) in order to evaluate the effectiveness of the implemented measures. For
the comparison of the objects under study, we assume a division into three subgroups,
i.e., buildings with an insulated facade and renovated heating system (first subgroup);
renovated heating system (second subgroup); insulated building facade (third subgroup).

In order to assess the effectiveness of the implemented measures across the dispersed
building stock, it was necessary to further subdivide the groups of residential houses into
smaller subgroups. Thus, it was proposed to divide the implemented renovation measures
into three subgroups: the first subgroup comprises buildings with both an insulated facade
and a renovated heating system, the second subgroup includes buildings with a renovated
heating system only, and the third subgroup consists of buildings where only facade
insulation was implemented. This subdivision allows for a more detailed evaluation of
the outcomes achieved within each subgroup and enables a comprehensive analysis of
the impact of specific interventions on energy efficiency and thermal performance of the
residential buildings.
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Table 3 compiles the building profile information and directory used for the evaluation.

Table 3. The characteristics of the examined multi-apartment buildings.

Building Characteristics Implemented Renovation Measures Heating System Description

No. Building
ID #

Building
Group

Floor
Area, m2

Year of
Construction

Renovation
Completion

Year

Facade
Renovation

Ventilation
System

Renovation

Upgrade/
Modernization

of Heating
System

Heating
System * Distribution *

1 1 A1 2840.4 1960 2012 + - + one-pipe top

2 9 A1 1920.07 1971 2015 + - + two-pipe bottom

3 12 A1 2820.4 1963 2019 + + + one-pipe top

4 3 A3 2803.5 1960 2013 + - - one-pipe top

5 5 B1 1468.1 1957 2012 + - + two-pipe top

6 6 B1 1806.1 1955 2012 + - + two-pipe bottom

7 2 C1 522.3 1949 2012 + - + two-pipe bottom

8 10 C2 317.5 1957 2017 - - + two-pipe bottom

9 8 C3 1004.25 1974 2013 + - - one-pipe top

10 7 D1 2681.5 1980 2013 + - + one-pipe top

11 11 D1 2656.42 1977 2018 + + + one-pipe bottom

12 13 D2 2069.97 1973 2020 - - + two-pipe bottom

13 4 D3 1957.92 1980 2013 + - - one-pipe top

* A one-pipe or single-pipe heating system uses a single pipe to distribute both the supply and return of hot water
or steam in one circuit, while a two-pipe system has separate pipes for supply and return circuit. “Top” and
“bottom” refer to the vertical positioning of heating system components, with “top” typically denoting higher
floor levels and “bottom” referring to lower floor levels.

2.3. Building Selection Criteria: Case Study of Lithuania

To investigate the impact of the Energy Performance of Buildings Directive (EPBD) on
building energy efficiency in Lithuania, this study employed a quantitative methodology.
Data from 5558 multi-apartment buildings, registered between 2014 and 2020, were ana-
lyzed. These buildings were classified into energy efficiency classes ranging from A++ to
G. The primary focus was on the certification calculations of renovated multi-apartment
buildings, specifically those classified as energy performance classes C and D. Energy
efficiency certificates (EPCs) issued and registered in Lithuania between 2007 and 2021,
totaling 257,196, were also considered. This study compared the average final energy con-
sumption and primary energy consumption for heating purposes across different energy
efficiency classes, highlighting the changes resulting from building renovation efforts.

2.4. Result Evaluation

Energy consumption data for the renovated buildings were collected using energy
meters installed within each building. These energy meters recorded the thermal energy
consumption (kWh) on a regular basis, allowing for a detailed analysis of energy usage
patterns before and after the implementation of the renovation measures. The data collected
included information on thermal energy consumption for space heating, providing a
comprehensive understanding of the energy performance of the buildings. By comparing
the energy consumption data (kWh) before and after the renovations, this study was able to
quantify the actual energy savings achieved through the implemented measures and assess
the effectiveness of the renovation strategies in reducing thermal energy consumption.

To determine the actual thermal energy savings (∆) as a result of the building renova-
tion measures, the following equation was used:

∆ =
Q0

i − Q1
j

Q0
i

∗ 100 [%]
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where:

– Q0
i —the actual thermal energy consumption of the building in the year i before

renovation [kWh];
– Q1

j —actual thermal energy consumption of the building in year j after renovation [kWh].

3. Results
3.1. Case Study of Latvia

Within building group-A (Figure 3), the pre-renovation thermal energy consumption
for space heating ranged from 142.77 to 159.42 kWh/m2, while the thermal energy con-
sumption during the most recent heating season varied from 73.06 to 103.47 kWh/m2. Due
to the absence of the A2 subgroup within the group-A building sample, it was not possible
to estimate the energy savings achieved solely by renovating the heating system without
insulating the facade.
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Figure 3. Comparison of thermal energy consumption for space heating within building
group-A [kWh/m2].

However, upon comparing the average heat energy consumption before and after
renovation, the average savings are as follows: building #1—53.09%, building #3—37.92%,
building #9—64.31%, and building #12—53.84%. Analyzing the results of building #3
(subgroup A3), it is evident that the savings significantly differ from the A building group
belonging to subgroup A1. This finding indicates that the facade insulation upgrade alone,
without adjustments to the heating system in a specific series-type house, is not sufficiently
effective. Buildings #1 and #12 exhibit rather similar results to building #9 in terms of
the thermal energy savings. Despite variations in the thickness of the facade insulation
(#1 and #9—100 mm stone wool, #12—150 mm stone wool), the distribution type of the
heating system plays a more significant role than the insulation thickness itself. Buildings
#1 and #12 have a common heating distribution pattern (single-pipe distribution from the
attic), while building #9 features a different heating system distribution (two-pipe bottom
distribution from the basement).

Building group-B (Figure 4) constitutes the smallest group in the study, containing only one
subgroup, B1. Both buildings share similar layouts and external building envelope materials.
However, despite these similarities, the average thermal energy consumption for space heating
per square meter is higher for building #5 compared to building #6, both before renovation
(#5: 187.55; #6: 143.12 kWh/m2) and after renovation (#5: 79.61; #6: 55.06 kWh/m2).



Buildings 2023, 13, 1916 8 of 17

Buildings 2023, 13, x FOR PEER REVIEW 8 of 17 
 

groups/subgroups, such as A1 and B1 (buildings #1, #12, and #5), the thermal energy sav-
ing for building #5 is on average 4% higher compared to buildings #1 and #12. This implies 
that the reduction in thermal energy consumption in this case is influenced by the tech-
nical characteristics of the building’s fundamental enclosing structures. 

 
Figure 4. Comparison of thermal energy consumption for space heating within building group-B 
[kWh/m2]. 

Building group-C (Figure 5) encompasses all individual subgroups for the detailed 
result comparison, consisting of buildings that had undergone facade and heating system 
renovations (C1), only the heating system upgrade/renovation (C2), or only the facade 
insulation (C3).  

Notably, buildings #2 and #8 feature partial insulation due to their status as cultural 
and historical monuments. Additionally, buildings #2 and #10 share the same heating sys-
tem distribution (horizontal distribution with individual heat meters). The implementa-
tion of energy efficiency measures enables the evaluation of each building under equiva-
lent conditions. The average heat energy savings are as follows: building #2—60.92%, 
building #8—31.21%, and building #10—33.40%. These results indicate that heating sys-
tem modernizations (C2) yield similar savings to facade insulation (C3), and, when com-
bined (C2 + C3), the energy savings are lower than those achieved through a comprehen-
sive renovation (C1).  

Comparing buildings with the same heating distribution system and insulation thick-
ness from different groups/subgroups, such as B1 and C1 (buildings #6 and #2), the ther-
mal energy savings are notably close (<2%). This finding suggests that the thermal system 
distribution pattern is a significant factor for buildings with a smaller total floor space for 
living areas (up to 522.3 m2). Conversely, buildings with a similar insulation thickness 
from different groups/subgroups, such as A3 and C3 (buildings #3 and #8), demonstrate 
nearly identical results in thermal energy savings (<1%), indicating an average thermal 
energy resource saving of 31% for brick-type buildings. 

Figure 4. Comparison of thermal energy consumption for space heating within building
group-B [kWh/m2].

The average thermal energy savings are as follows: building #5—57.55%, building
#6—55.05%. Despite having different heating distribution systems (building #5: two-pipe
top distribution from the attic; building #6: horizontal distribution with individual heat
meters), the thermal energy savings are quite similar. When comparing buildings with
the same heating distribution system (upper distribution from the attic) from different
groups/subgroups, such as A1 and B1 (buildings #1, #12, and #5), the thermal energy
saving for building #5 is on average 4% higher compared to buildings #1 and #12. This
implies that the reduction in thermal energy consumption in this case is influenced by the
technical characteristics of the building’s fundamental enclosing structures.

Building group-C (Figure 5) encompasses all individual subgroups for the detailed
result comparison, consisting of buildings that had undergone facade and heating system
renovations (C1), only the heating system upgrade/renovation (C2), or only the facade
insulation (C3).
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Notably, buildings #2 and #8 feature partial insulation due to their status as cultural
and historical monuments. Additionally, buildings #2 and #10 share the same heating sys-
tem distribution (horizontal distribution with individual heat meters). The implementation
of energy efficiency measures enables the evaluation of each building under equivalent
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conditions. The average heat energy savings are as follows: building #2—60.92%, build-
ing #8—31.21%, and building #10—33.40%. These results indicate that heating system
modernizations (C2) yield similar savings to facade insulation (C3), and, when combined
(C2 + C3), the energy savings are lower than those achieved through a comprehensive
renovation (C1).

Comparing buildings with the same heating distribution system and insulation thick-
ness from different groups/subgroups, such as B1 and C1 (buildings #6 and #2), the thermal
energy savings are notably close (<2%). This finding suggests that the thermal system
distribution pattern is a significant factor for buildings with a smaller total floor space for
living areas (up to 522.3 m2). Conversely, buildings with a similar insulation thickness from
different groups/subgroups, such as A3 and C3 (buildings #3 and #8), demonstrate nearly
identical results in thermal energy savings (<1%), indicating an average thermal energy
resource saving of 31% for brick-type buildings.

Building group-D (Figure 6) encompasses all subgroups for result comparison, includ-
ing buildings within the same subgroup (D1) with varying thermal insulation thicknesses
but using the same insulation material (mineral wool). The average thermal energy savings
are as follows: building #4—42.17%, building #7—57.19%, building #11—67.22%, and
building #13—36.17%. These results indicate that the lowest savings were achieved in
buildings where only the facade was insulated (third subgroup). A similar outcome was
observed for building #8 (C3—31.21%) and building #3 (A3—30.69%).
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group-D [kWh/m2].

Furthermore, the results demonstrate that, similar to building group-C, the renovation
of the heating system (second subgroup) yields nearly identical thermal energy savings
in cases where the facade is not insulated (third subgroup). It is important to note that
building #13 had its heating system replaced during renovation, similar to building #9
(bottom distribution with two-pipe system from the basement), which falls within the first
subgroup (A1) with a thermal energy saving of 65.02%. Theoretical calculations suggest
that insulating building #13 with a 100 mm thick thermal insulation could result in very
close savings compared to building #9.

Additionally, building #7 and building #11 feature the same subgroup (D1), sharing
the similar heating distribution system (single-pipe top/bottom distribution), but differing
in thermal insulation thickness—100 mm (#7) and 150 mm (#11). In this case, the 10%
difference in thermal energy savings for panel-type residential houses is directly influenced
by the insulation thickness.

Table 4 compiles averaged thermal energy consumption (kWh/m2) and thermal energy
savings (%) before and after renovation implementation. The data provided in the table
allow for investigating the correlation between different retrofit packages and the relative
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humidity (RH) and carbon dioxide (CO2) levels in the buildings after renovation, where
RH and CO2 were monitored. Buildings underwent various retrofit packages, including
facade upgrades, heating system upgrades, and full retrofit packages (facade, ventilation,
heating system upgrades). These buildings exhibited notable energy savings ranging from
34.80% to 67.22%.

Table 4. The comparison of measured parameters in the examined multi-apartment buildings.

No. Building ID # Building
Group

Average Thermal Energy Consumption Q
for Space Heating [kWh/m2]

Average
Measured Parameters

CommentsBefore
Renovation,

Qi per
Floor Area

After
Renovation,

Qj per
Floor Area

Savings [%] RH [%] CO2 [ppm]

1 1 A1 153.32 71.91 53.10% 37.5 1079 Facade + heating
system upgrade

2 9 A1 143.63 51.25 64.31% 25.5 457 Facade + heating
system upgrade

3 12 A1 151.23 69.81 53.84% 42.6 1314 Full retrofit package

4 3 A3 147.82 91.75 37.93% N/A N/A RH, CO2 were
not monitored

5 5 B1 187.56 79.62 57.55% 44.3 1096 Facade + heating
system upgrade

6 6 B1 143.12 55.06 61.53% 40.0 1399 Facade + heating
system upgrade

7 2 C1 185.48 72.43 60.95% N/A N/A RH, CO2 were
not monitored

8 10 C2 182.29 110.62 39.31% 62.0 2796 Only heating
system upgrade

9 8 C3 148.23 96.65 34.80% N/A N/A RH, CO2 were
not monitored

10 7 D1 147.94 63.33 57.19% 41.9 747 Facade + heating
system upgrade

11 11 D1 128.87 42.24 67.22% 29.9 438 Full retrofit package

12 13 D2 127.81 82.92 36.17% 34.2 1131 Only heating
system upgrade

13 4 D3 146.11 84.49 42.17% 35.4 1496 Only facade renovation

When examining the average RH levels, it is important to note that the measured
RH levels were not excessively high and remained within the comfort range of 30 to 70%.
This suggests that the retrofit packages implemented in these buildings, which included
improvements to the building envelope and heating systems, potentially contributed to
better moisture control and healthier indoor environments. However, in buildings 9 and
11, the average RH level was <30% which suggests that the humidity level is rather low.
Although the cause behind the low RH levels in buildings 9 and 11 may require further
investigation, it is highly likely that the retrofit measures implemented in these buildings,
such as improved insulation or sealing, inadvertently resulted in reduced moisture infiltra-
tion from outside. Inadequate humidity control systems or insufficient moisture sources
within the buildings may have also contributed to the low RH levels.

Similarly, when examining the CO2 levels in these buildings, it was observed that
all buildings had CO2 concentrations below 1500 ppm, except for building #10 where
the average CO2 concentration was 2796 ppm, critically exceeding the DIN 1946 Part 2
stipulated limit for a healthy IEQ of 1500 ppm. The CO2 level <1500 ppm in other buildings
indicates improved ventilation and indoor air quality, which can be attributed to the retrofit
measures implemented. These measures likely enhanced air circulation and facilitated
the removal of indoor air pollutants. In building #10, only the heating system upgrade
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was carried out, suggesting that the overly high CO2 concentration might have been an
underlying issue, and further retrofit measures are suggested (improved air circulation,
mechanical ventilation system) to control the CO2 concentration within the premises. The
measured humidity level is also higher in building #10, suggesting that insufficient air
exchange and poor ventilation lead to both moisture and indoor pollutant build-up.

Further research and monitoring are necessary to obtain more conclusive evidence
regarding the correlation between specific retrofit strategies and the RH and CO2 levels
in buildings, as these parameters are position-dependent, implying that the measurement
and data might be influenced by the specific position or location where they are taken, and
therefore the readings may fluctuate substantially depending on the sensor position with
regards to the building layout and potential sources of pollution.

3.2. Case Study of Lithuania

Most buildings by area (83%) in Lithuania were built before 1993 (Table 5). Insulation
materials were not used for the better thermal insulation of these buildings and only the
specific thermal resistance of the building materials (such as bricks, blocks, or panels)
determined the thermal resistance of the building. In addition, a significant part of these
buildings has not been renovated either by participating in renovation programs. As a
result, a large part of the building stock is in poor technical condition (especially in the
apartment segment). A total of 58% of the area of the building fund consists of buildings
built between 1961 and 1992, the architectural and structural diversity of which is probably
not great [28–31]. Accordingly, there is a potential for implementing repeated (standard)
renovation solutions, especially in the apartment building segment, where ~72% buildings
were built between 1961 and 1992.

Table 5. Building stock by year of construction completion (thousand m2).

Type of Building
Year of Construction

Total Total %
<1900 1901–1960 1961–1992 1993–2005 2006–2013 2014–2016 2017–2018 2019

1. Residential 1.765 23.105 72.038 11.067 10.461 4.841 3.768 1.958 129.004 64%
1–2 apartment buildings 1.212 17.095 29.160 6.628 7.231 3.912 2.861 1.441 69.540 34%
Multi-apartment
buildings 553 6.010 42.878 4.439 3.230 929 907 517 59.464 29%

2. Non-residential 840 8.384 44.337 7.405 6.477 2.360 1.954 913 72.670 36%
Industrial 235 3.416 23.537 3.382 2.627 968 891 433 35.490 18%
Administrative 169 1.554 5.706 924 844 351 332 217 10.097 5%
Educational 118 1.257 6.367 386 220 125 16 14 8.503 4%
Trade 47 495 2.375 1.627 1.631 491 316 83 7.064 4%
Treatment 27 467 1.973 218 178 50 37 2 2.952 1.46%
Accommodation 40 261 987 257 424 207 206 116 2.497 1.24%
Culture 145 467 1.449 122 59 14 23 0 2.279 1.13%
Service 31 227 1.231 291 203 87 83 45 2.199 1.09%
Other 28 239 711 199 291 66 49 5 1.589 0.79%

Total 2.605 31.489 116.375 18.472 16.938 7.201 5.722 2.872 201.674 100%

Total in % 1% 16% 58% 9% 8% 4% 3% 1% 100%

The typical energy consumption designed for in these houses is for 160–180 kWh/m2

per year. In terms of heating systems, according to data published by the Lithuanian Heat-
ing Association [32], 46.97% of multi-apartment buildings are supplied by a district heating
system, with the remaining share of multi-apartment buildings using individual boiler
modules present within the building or inside of individual apartments. A smaller per-
centage of multi-story residential buildings are heated via the use of electric radiators [33].
Notwithstanding the high percentage of multi-apartment buildings connected to a central
district heating system, by area, this is significantly smaller, with only 26% of the total
area comprising the entire Lithuanian multi-apartment building stock currently connected
to a centralized heating system. To address this, the Lithuanian long-term strategy is to
transform the current building stock in a way that would lead to a much more efficient
use of energy (with conditions mature enough to transform these buildings into almost
zero-energy buildings) and make the country independent of fossil fuels by 2050.
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In all of this, the energy certification of buildings plays an important role, positioning
itself as one of the most important tools of the energy policy for buildings in Lithuania.
Over the period 2007–2021, 257,196 EPCs were issued and registered in Lithuania. For
the purpose of this study, the data comprised the certification calculations of 5558 multi-
apartment buildings registered between the period 2014–2020 [34]. Figure 7, to this effect,
shows the distribution of energy performance certificates issued for these 5558 multi-
apartment buildings.
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Most common energy renovation strategies taken in those buildings were the replace-
ment of the heating system (or part of it), outer wall insulation, roof insulation/replacement,
window replacement. The implementation of the Energy Performance of Buildings Di-
rective (EPBD) in Lithuania started in 2007 and during a period of 10 years (from 2000
to 2010), the overall energy efficiency in Lithuania increased by about 20% (Norvaišienė,
Karbauskaitė, and Bruzgevičius 2014), while during 2010 and 2016, it grew additionally
by 6.3% (Statistics Lithuania, 2018). All buildings in Lithuania are classified into one of
nine classes: A++, A+, A, B, C, D, E, F, or G, where class A++ represents the highest energy
efficient building class or NZEB building, while class G refers to a building with poor
energy efficiency. It should also be noted that for renovated (modernized) buildings in
Lithuania, it is mandatory to achieve an energy efficiency class no lower than C from 2014
and D energy efficiency class till 2014. Over the period 2007–2021, 257,196 energy efficiency
certificates (EPCs) were issued and registered in Lithuania. For the purpose of this study,
the data comprised the certification calculations of 5558 multi-apartment buildings regis-
tered between the period 2014 and 2020, among which were 1253 of C class and 53 D energy
efficiency class renovated multi-apartment buildings. Due to the increased level of thermal
insulation of the building envelope, the average final energy consumption used for heating
purposes decreased from 262 kWh/m2.annum for buildings with an energy performance
class G, compared to 78 kWh/m2.annum for renovated multi-apartment buildings with an
energy performance class D and 56 kWh/m2 with an energy performance class C. Likewise,
primary energy consumption decreased from 440 kWh/m2.annum for buildings with an
energy performance class G, compared to 102 kWh/m2.annum for buildings with an energy
performance class D and 74 kWh/m2 with an energy performance class C.

And finally, taking, as an example, the primary energy used to heat renovated build-
ings in Lithuania with an energy performance class, class C utilize a share of around
35% of their total primary energy consumption for heating, 34% for domestic hot water
preparation, 27% for lighting and electrical appliances, and 4% for cooling.
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4. Discussion

Due to the limited number of studies of a similar nature carried out in Latvia, this
study drew upon the framework of scientific studies on the same subject carried out in
Sweden, Lithuania, and Poland.

A substantial amount of data on thermal energy consumption in partially or fully
renovated multi-apartment residential buildings were collected over a 10-year period to ob-
jectively identify successful projects. Despite regional variations and a relatively slow pace
of building renovations in both of the examined countries (Latvia and Lithuania), ongoing
projects present opportunities to amend deficiencies and implement new technologies and
materials. Renovated buildings were grouped based on structural features such as floor
count, construction material, and living space area, facilitating comparative analysis.

The BETSI experiment (buildings, energy consumption, technical status, and indoor en-
vironment) conducted in Sweden, which involved numerous residential buildings, demon-
strated that countries situated in a single climatic zone do not require dispersed national
data acquisition [35,36]. Consequently, measurements can be organized in a selected in-
habited area or city within Latvia, based on data availability. Daugavpils, the second most
populous city in Latvia, experiences lower winter temperatures compared to the capital
and other coastal cities, making indoor temperature readings more significant. The majority
of housing in Daugavpils consists of series-type buildings constructed between 1945 and
the late 1980s, further simplifying the grouping of renovated buildings. Subgroups were
created to evaluate the effectiveness of renovation measures, such as facade insulation,
heating system renovation, or full renovation.

Considering the volatile global energy market and economic calculations, prioritiz-
ing projects with shorter payback periods, such as heating system renovations, is rec-
ommended. Projects with longer repayment periods should be deferred until the State
Treasury’s discount rate stabilizes or until project co-financing support significantly re-
duces the repayment period. During the research, it was discovered that the air exchange
systems in renovated residential buildings often lacked sufficient ventilation, resulting in
compromised air quality in habitable rooms. This finding aligns with observations made
by [37], emphasizing the overlooked aspect of ventilation during building renovations.

The determination of actual thermal energy consumption in buildings is influenced by
factors such as the performed renovation package, calculation methodologies before and
after the renovation, and individual heat energy metering. Installation of additional heat
energy metering devices in buildings undergoing complete renovation or heating system
renovation allows for the accurate measurement of thermal energy consumption. However,
for buildings that do not have an integrated metering option, alternative approaches are
required to determine actual thermal energy savings [38].

The findings of this study provide valuable insights into the effectiveness of the
Energy Performance of Buildings Directive (EPBD) and building renovation packages in
improving energy efficiency in Lithuania. The observed 20% increase in energy efficiency
over a 10-year period, coupled with an additional 6.3% increase in subsequent years,
suggests that the EPBD regulations have positively influenced the energy performance of
buildings. The mandatory requirement for renovated buildings to achieve a minimum
energy efficiency class has demonstrated significant reductions in energy consumption for
heating purposes. The decrease in average final energy consumption from class G buildings
to class C buildings highlights the impact of building renovation efforts on energy efficiency
improvement. Furthermore, the distribution of primary energy consumption in renovated
class C buildings, with a considerable share allocated to heating, domestic hot water
preparation, lighting, electrical appliances, and cooling, indicates a balanced and efficient
use of energy resources. The findings support the notion that building renovation packages,
aligned with the EPBD regulations, play a crucial role in enhancing energy efficiency and
promoting sustainability in the built environment. Future research could explore the long-
term effects of these measures and assess the economic feasibility of building renovation
packages in achieving even higher energy efficiency targets.
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The study conducted by Yu et al. [39] serves as a valuable complement to our re-
search, emphasizing the importance of considering multiple objectives and post-occupancy
evaluation in building retrofits for more comprehensive and sustainable outcomes. By
employing a post-occupancy evaluation approach and multi-objective optimization (MOO)
techniques, the authors effectively address the challenges of achieving comfort and energy
efficiency in retrofit projects. Their findings demonstrate the potential of integrating energy
performance feedback, as demonstrated in our own research. This integration enables
stakeholders to make more informed and efficient choices, resulting in sustainable and
optimized retrofit solutions.

5. Conclusions

The present study examined the efficiency of building renovation measures across the
building stock in the context of two Northern European countries—Latvia and Lithuania.

5.1. Latvia

The findings reveal that amendments to Latvian building regulations in the last
10 years, regarding the insulation thickness of the enclosing structure, did not significantly
affect the average thermal energy consumption in fully renovated buildings. In buildings
that were renovated in 2012 (featuring 100 mm thick mineral wool insulation), compared
to buildings renovated in 2020 (featuring 150 mm thick rock wool insulation), the thermal
energy consumption was very similar, despite the fact that the registered winter tempera-
ture averages have risen, highlighting the impact of regulatory building codes during full
renovation. The majority of the examined buildings in the study were subject to facade
renovations (11 of 13) and 10 out of 13 had their heating systems upgraded. The upgrades
also involved transitioning from less efficient one-pipe distribution systems to more ef-
ficient two-pipe heating distribution systems. This change allows for better heat control
and distribution throughout the buildings, contributing to improved energy efficiency and
thermal comfort. The renovation measures resulted in significant reductions in thermal
energy consumption. Average energy consumption for space heating decreased from
151.34 kWh/m2 to 74.78 kWh/m2, resulting in a remarkable 50.59% reduction in thermal
energy consumption for space heating. These savings can be attributed to a combination
of facade renovations, improved ventilation systems, and upgraded heating systems. The
findings also emphasize the importance of heat metering. Installing a heat energy meter in
the heating circuit prior to renovation greatly simplifies the assessment of actual thermal
energy savings. Access to pre-renovation thermal energy consumption data during energy
audits improves the accuracy of building models and helps mitigate the influence of regu-
latory changes on energy consumption calculations. In conjunction with the heat energy
meter, measurements of indoor air temperature should be conducted. Residents’ prefer-
ences for maintaining consistent temperature conditions indicate the need for regulatory
standards on minimum room air temperatures to prevent excessive individual adjustments
that affect neighboring apartments during prolonged absences. Insufficient attention has
been addressed with respect to indoor air quality during renovation processes. Energy effi-
ciency interventions in serial-type multi-apartment buildings primarily focus on reducing
thermal energy consumption rather than enhancing the quality of living conditions. The
installation of heat recovery mechanical ventilation systems is not feasible within simplified
building renovation frameworks. Therefore, to improve indoor environmental quality,
a shift from traditional radiator-based room-heating systems to air-heating/ventilation
(hybrid) systems is suggested, albeit the integration of such systems is more complex and
thus not commonly applied in the multi-apartment housing sector in Latvia.

5.2. Lithuania

The implementation of the Energy Performance of Buildings Directive (EPBD) in
Lithuania has resulted in a notable increase in overall energy efficiency. Over a 10-year
period (2000–2010), energy efficiency in Lithuania improved by 20%, with an additional
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6.3% increase in subsequent years. The mandatory energy efficiency requirements for
renovated buildings have been effective, as evidenced by the significant decrease in energy
consumption for heating purposes. The distribution of primary energy usage in renovated
buildings reflects a balanced and efficient utilization of resources. These findings highlight
the positive impact of building renovation packages and the EPBD regulations in improving
energy efficiency in Lithuania.

This study demonstrates the effectiveness of renovation measures in improving energy
efficiency and reducing thermal energy consumption in buildings. Facade renovations,
improved ventilation systems, and upgraded heating systems all contributed to significant
energy savings. Future renovation projects should prioritize comprehensive measures
that encompass all aspects of the heating and distribution systems to maximize energy
efficiency and achieve substantial reductions in thermal energy consumption.

Our study contributes to highlighting building retrofit effectiveness by providing
quantitative evaluations of thermal energy reduction achieved through retrofit measures. By
analyzing data from real-world retrofit projects in Latvia and Lithuania, we offer empirical
evidence of the energy-saving potential associated with specific strategies. Additionally,
our research contextualizes retrofit practices within the Baltic countries, filling a gap in
localized knowledge and guidelines. This tailored information enables stakeholders to
make informed decisions, prioritize cost-effective measures, and achieve significant energy
savings. Moreover, the findings contribute to sustainability efforts by quantifying the
environmental impact reduction resulting from retrofit interventions. In summary, our
study’s insights support informed decision-making, advance sustainable practices, and
address the unique retrofit challenges faced in Baltic countries.
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30. Monstvilas, E.; Borg, S.P.; Norvaišienė, R.; Banionis, K.; Ramanauskas, J. Impact of the EPBD on Changes in the Energy
Performance of Multi-Apartment Buildings in Lithuania. Sustainability 2023, 15, 2032. [CrossRef]
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