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OPTIMIZATION OF PUBLIC
BUILDING GLAZING ACCORDING
TO ENERGY EFFICIENCY
CRITERIA

The object of research is a two-story office building. One of the problem areas in building envelopes is stained glass structures that
do not meet modern energy efficiency requirements and have significant heat loss. The research aims to develop optimal design solu-
tions for modernizing existing glazing, aimed at reducing heat loss while preserving the architectural appearance of the facade and the
economic feasibility of implementing thermal renovation measures.

The research used a set of methods, namely the creation of a BIM model of the building, analysis of the thermal insulation properties
of building envelopes, technical and economic comparison of thermal renovation options, and online calculation tools from window
companies. The research results provided indicators of heat loss through the stained glass windows of the existing system and the pro-
posed reconstruction options, as well as the amount of solar gain. Three options for replacing the stained glass windows were developed.
One option involved the use of Rehau SYNEGO® MD-80 with 490 mm mullions and a reduction in the area of translucent structures.
The heat loss savings are 56%, and the implementation cost is 3084 EUR, which is an acceptable indicator among the options consid-
ered. This is because the proposed option meets energy efficiency requirements and also takes into account the customer’s restrictions on
changing the architectural appearance of the facade by no more than 50%.

The proposed approach allows for a comprehensive assessment of the impact of the proposed measures on the energy balance of the
building, taking into account architectural constraints and justifying an economically viable solution. Compared to traditional solutions
for replacing stained glass windows based solely on thermal conductivity or standard facade solutions without taking into account the
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conditions of a specific object.

The results obtained can be used for implementation in similar objects in public and office buildings during reconstruction or new

construction.

Keywords: energy efficiency, glazing, facade, thermal insulation, Building Information Model, heat loss, energy conservation,

thermal renovation.

Received: 10.10.2025
Received in revised form: 03.12.2025
Accepted: 23.12.2025
Published: 29.12.2025

How to cite

© The Author(s) 2025
This is an open access article
under the Creative Commons CC BY license

https://creativecommons.org/licenses/by/4.0/

Kosenko, L., Koval, O., Yurchenko, Y., Koval, A., Hryshyn, S. (2025). Optimization of public building glazing according to energy efficiency criteria. Technology Audit and Production

Reserves, 6 (1 (86)), 57-63. https://doi.org/10.15587/2706-5448.2025.347970
1. Introduction

In the context of global climate change and constantly rising en-
ergy prices, the issue of energy efficiency in buildings is becoming
increasingly important. Particular attention is paid to public buildings,
namely office buildings, as they tend to consume significant amounts
of energy and have large transparent enclosing structures. According
to the literature, buildings consume about 40% of the world’s primary
energy. Office buildings account for a significant share of this con-
sumption [1].

Based on recent studies concerning office buildings, there is a no-
ticeable trend toward the use of large stained glass wall structures.
While making facade systems lightweight and giving them a modern
appearance, the question of the energy efficiency of such buildings
arises. Studies indicate that such structures can experience significant
heat loss throughout the year.

Today, Ukraine is implementing new NZEB (Nearly Zero Energy
Building) building requirements aimed at reducing energy consump-
tion. Thermal renovation of glazing systems can significantly reduce
energy costs in administrative and public buildings.

Translucent enclosure systems are becoming more energy efficient.
With the help of BIM modeling tools, it is possible to design or compare
window system options and see how a particular glazing option will
affect the performance of the building. BIM is well suited for analyzing
thermal characteristics and allows to avoid mistakes that were previ-
ously discovered after the facade was installed.

Despite the large number of scientific papers on the energy ef-
ficiency of glazing, some topics remain underdeveloped. For example,
facade design is often evaluated separately from its energy performance,
although in practice these two parts are inseparable. Similarly, little
attention is paid to how to combine actual operating conditions, local
climate, and cost of work with the choice of structural solution. In the
text analyzed, the authors propose a more comprehensive approach that
takes into account architectural requirements, thermal performance,
and financial feasibility - effectively creating a methodology for select-
ing the best scheme for renovating a stained glass facade.

Despite the large number of scientific works that consider the en-
ergy efficiency of glazing, some topics remain underdeveloped. For
example, facade design is often evaluated separately from its energy
performance, although in practice these two parts are inseparable.
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Similarly, little attention is paid to how to combine actual operating
conditions, local climate, and cost of work with the choice of struc-
tural solution. In the analyzed text, the authors propose a more com-
prehensive approach that takes into account architectural require-
ments, thermal performance, and financial feasibility - effectively
creating a methodology for selecting the best scheme for renovating
a stained-glass facade.

A separate example in the article is a two-story office building in
Dnipro. The authors describe its existing glazing in detail, offer several
possible options for its improvement, and compare these solutions
according to a number of criteria. This approach makes it possible not
only to determine which option works best, but also to explain why
itis justified.

The text also emphasizes that glass structures in public buildings
must perform a number of functions, not just decorative ones. They
must provide sufficient daylight and maintain acceptable conditions
inside the premises. However, older systems often fail to meet these
requirements: a lot of heat is lost in winter, and in summer the tempera-
ture inside rises too high, increasing heating and cooling costs. Other
studies also draw attention to this issue [1-12].

The object of research is a two-story office building.

The aim of research is to determine the optimal design solution for
modernizing the stained glass windows of an office building in order to
improve its energy efficiency.

Research tasks:

- analyze existing stained glass windows and identify their short-

comings in terms of energy efficiency;

- develop options for modernizing the stained glass structure;

- conduct an analysis using the developed BIM model and online

tools from window companies;

— determine the optimal solution based on a comprehensive analy-

sis of all criteria.

2. Materials and Methods

The paper considers the issue of improving the energy efficiency
of stained glass windows in a two-story office building in the city of
Dnipro (Ukraine). The building has large stained glass windows, which
is a typical solution for modern office buildings. Large stained glass
windows are used in office buildings to improve natural lighting and
architectural expressiveness of facades. Such solutions lead to increased
heat loss, which makes the selected object a typical option for research-
ing energy efficiency optimization measures.

The research uses a comprehensive approach, including modeling,
analysis, and economic assessment based on the scientific principles of
energy efficiency theory, namely:

— thermal calculations in accordance with current Ukrainian stan-

dards. DBN V.2.6-31:2021 - thermal insulation and energy effi-

ciency of buildings, DSTU 9191:2022 — thermal insulation method
for selecting thermal insulation material for building insulation,

DSTU 9190:2022 - energy efficiency of buildings;

- computer modeling of BIM models of buildings. Modeling and

calculation of structures using specialized software Veka Windo-

plan (manufacturer: VEKA AG, Germany), Rehau Window-Plan-
ning (manufacturer: Rehau, Germany), Autodesk Revit (manufac-
turer: Autodesk, USA);

— economic analysis (costs for implementing the proposed options,

annual energy savings);

— analysis of proposed solutions. Comparison based on energy ef-

ficiency and economic feasibility criteria (energy criteria — annual

heat loss through transmission, solar heat gain during heating and
cooling periods, overall energy balance).

Optimization method. Optimization was carried out according to
the target function of minimizing heat loss through translucent struc-

tures and capital expenditures while complying with the following
restrictions:

— thermal requirements according to DBN B.2.6-31:2021: the heat
transfer coeflicient of enclosing structures (for translucent structures)
must comply with the requirements of climate zone I of Ukraine

U(X) < Unax = 1/quim quin =09 m?*. K/W;

- architectural restrictions imposed by the customer (preserva-
tion of at least 50% of the original glazing area and architectural ap-
pearance of the facade), preservation of the aesthetic characteristics
of the facade, and ensuring comfortable working conditions.

For each option, monthly calculations of heat transfer and solar heat
gains were performed, graphs and diagrams were constructed for visual
comparison, and compliance with regulatory requirements was verified.
The final stage consisted of selecting a compromise solution that pro-
vides an optimal balance between energy efficiency, investment attrac-
tiveness, and preservation of the architectural concept of the building.

All calculations were obtained using formulas (1)-(6), in accor-
dance with the regulatory requirements of the current DSTU 9190
methodology.

Algorithm for calculating the effectiveness indicator of a measure

F:(AEH;AEC; By By Bc)’ (1)
where AEj; - annual savings during the heating season; AE¢ - annual
savings during the cooling period; Bgys — cost of an energy efficiency
measure; By — heating costs; B¢ — cooling cost.

Determining annual savings during the heating season
H H
E,=Q -Q,» (2)

where QI - heat loss through transmission during the heating sea-
son, kWh; QSI — heat supply during the heating season, kWh.

Determining annual savings during the cooling period
E.=Q,-Q,, ©)

where Q:; / Q:;, — heat loss through transmission/heat gain during cool-
ing period, kWh.
Calculation of heat loss through transmission

_XA-24-U-%(6,-6,,)n,

, 4
Q 1000 @

where Q,, — heat loss through transmission, kWh; A; - glazing area, m?%;
U — thermal conductivity coefficients, W/(m? - K); @;,, - internal
temperature, °C; 6,y — average monthly outside temperature, °C;
1, — number of days in the heating period.

Calculation of solar heat gains

Qy =F,-A,-gy1L,n, (5)

where Fy, - shading coefficient of an element; Ay, — equivalent insola-
tion area of the element, m* g, - solar heat gain coefficient (SHGC)
of the structure; I,, — average daily insolation per month, kWh/m?;
n,, — number of days in the heating period.

Determining the most cost-effective measure in terms of annual
energy savings

F=B,,,—AE, —AE. —min, (6)

EEM

where AEj; - annual savings during the heating season; AE¢ — annual sav-
ings during the cooling period; By, — cost of an energy efficiency measure.

s
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The presented calculation algorithm using formulas (1)-(6) pro-
vides a consistent determination of the effectiveness indicators of ther-
mal renovation measures.

3. Results and Discussion

The building has stained glass windows on the north and south
facades. A preliminary analysis of the building showed that the existing
stained glass windows don't provide enough natural light to create op-
timal working conditions in the office space. This means that artificial
lighting is needed for a big part of the workday.

The identified insufficiency of natural lighting through stained
glass windows indicates potential for optimization. Reconstruction or
replacement of part of the stained glass windows with more energy-
efficient designs can contribute to reducing operating energy costs.
The use of stained glass windows in the office space, as shown in
Fig. 1, has been reviewed with a view to optimizing or partially replac-
ing them. This will ensure higher energy efficiency of the building,
increase employee comfort and contribute to reducing the impact on
the environment.

Fig. 1. General 3D view of the object (the color indicates the window
enclosing structures of the office space)

Options for renovating the stained glass structure to improve its en-
ergy efficiency were considered. Variable calculations were performed
and their technical and economic indicators were compared:

1. Replacement of glazing with the energy-eflicient VEKA SOFT-
LINE 82 AD system (manufacturer: VEKA AG, Germany).

2. Use of the Rehau SYNEGO® MD-80 (manufacturer: Rehau,
Germany) combined system with insulated mullions.

3. Complete replacement of the glazing with a brick enclosure
structure.

To compare different envelope systems, it is firstly isolated heat loss
through the existing Rehau Design 60 (manufacturer: Rehau, Germany)
stained glass windows. The building has two similar stained glass win-
dows on the north and south facades.

A comparative analysis of the options was conducted based on
three main criteria:

1. Heat transfer through transmission.

2. Solar heat gain.

3. Economic indicators (capital costs for implementation and eco-
nomic effect).

The calculation of heat transfer through the existing Rehau De-
sign 60 stained glass windows for each month is shown in Table 1.

Table 1 shows the results of heat transfer calculations for each
month through existing Rehau Design 60 stained glass windows (manu-
facturer: Rehau, Germany). The calculations were made taking into
account the duration of the heating period and average monthly out-
door temperatures. The greatest heat loss during the year is observed
in January (1176.12 kWh), due to the lowest outdoor air temperature.
In the warm months of the year, negative values are obtained due to the
heating of rooms from solar heat gains.

The total annual heat loss through the stained glass windows
is 915 kWh. The results of annual losses will be used as initial values
for further modernization of the glazing system and evaluation of the
effectiveness of the proposed design solutions [13-15].

Option 1: VEKA SOFTLINE 82 AD (Aluminum cover profile).

The first thermal renovations option was chosen complete replace-
ment of the existing stained-glass window with a new VEKA SOFT-
LINE 82 AD (manufacturer: VEKA AG, Germany) system with the
following characteristics:

— profile system with aluminum overlay;

- energy-eficient double-glazed unit 4/12A/4/12A /4;

— heat transfer coeflicient U,, = 0.964 W/(m? - K);

— reduced heat transfer resistance R, = 1.037 (m? - K/W);

- requirements of DBN B.2.6-31:2021 for the I climatic zone of

Ukraine for thermal conductivity resistance R,, > 0.9 m* - K/Btu

is met.

The design and calculation of energy eficiency values for glazing is
performed using Veka Windoplan's proprietary software [16], as shown
in Fig. 2. The type and dimensions of the structures (12,000 x 3,000 mm)
are shown in Fig. 2.

Calculations show that the implementation of this solution will
reduce heat transfer through the transmission to 484.42 kWh per year,
which is a 47% saving compared to the existing design.

Monthly calculation of heat transfer by transmission through existing Rehau Design 60 stained glass windows fiblet
Months of the year | Outside temperature Number of days in a month Hours per month #, h Heat transfer by transmission Q,,, kWh
January -47 31 744 1176.12
February -3.8 28 672 163.43
March 1.1 31 744 -52.38
April 9.6 13 312 -191.69
May 16 0 0 0.00
June 19.6 0 0 0.00
July 216 0 0 0.00
August 20.7 0 0 0.00
September 154 0 0 0.00
October 8.6 15 360 -198.14
November 2.2 30 720 -101.38
December -25 31 744 119.04
O e H 20 - - -
Total 915.00
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Fig. 2. Design and calculation of stained glass structures with Veka Windoplan software

Option 2: Rehau SYNEGO* MD-80 with 490 mm walls.

The second option is a combined solution that includes:

— three independent Rehau SYNEGO" MD-80 window construc-

tions;

- energy-eflicient double-glazed unit 44 mm 4 — 16Ar — 4 — 16Ar - 4;

- profile: REHAU SYNEGO" AD - 72 AD Synego — 1537605;

- imposts: 96 AD SYNEGO' lamellas - 1537405;

- insulated glass unit with 490 mm thickness;

— heat transfer coefficient of windows U,, = 0.83-0.94 W/(m? - K);

— heat transfer coefficient of partitions 0.242 W/(m? - K).

The design and calculation of glazing energy efficiency values is
performed in the proprietary Rehau Window-Planning system [17],
as shown in Fig. 3.

Rehau profile structures have a minimum angle restriction of 45°,
so a design solution was adopted to divide the stained glass window
into three independent windows and fill the spaces between them
with a 4990 mm partition wall (insulated on both sides). According
to preliminary calculations, U-value = 0.242 W/(m? - K). The general
view of the structure and the cross-section of the windows are shown

This option reduces heat transfer through the transmission by up
to 401.31 kWh per year, which is a 56% saving compared to the existing
design. The area of translucent structures is reduced by 24% from the
initial value, which meets the requirement for a permissible reduction
in glazing of no more than 50% while preserving the architectural ap-
pearance of the facade.

Option 3: Brick construction.

The third option involves the complete replacement of stained
glass glazing with a 490 mm thick brick structure with the following
characteristics:

- multilayer construction with insulation;

— total heat transfer coefficient of 0.242 W/(m? - K);

— the reduced heat transfer resistance is 3.91 (m? - K/W).

It is decided to abandon stained glass windows altogether and
replace them with brick enclosing structures (490 mm). According to
preliminary calculations, U-value = 0.242 W/(m? - K).

Option 3 provides the greatest reduction in heat transfer through
the transmission system — up to 201.76 kWh per year, which represents
a 78% saving. A comparison of heat transfer through the transmission

in Fig. 4. system via the enclosing structures of the three options is shown in Fig. 5.
s © O & window-planning.rehau com s menx Ocow ~«URNS» 10O
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Fig. 3. Designing and calculating windows with Rehau Window-Planning software
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Fig. 4. General view of the structure

Heat Transfer by Transmission, kWh/year

915

Rehau Design 60 (existing)

484.42

Veka SOFTLINE 82 AD

401.31

Brick wall 490 mm with insulation

Solar heat gains for three options during the heat-
ing period and during cooling.

According to the formula for calculating solar
gains through translucent structures, they depend
only on the solar energy transmittance coeflicient
(Solar Heat Gain Coeflicient).

However, for translucent structures, the addi-
tional heat flow resulting from thermal radiation to
the sky from the element is zero. Thus, the U, value
of the window does not affect the calculation. The
existing glazing also has a solar energy transmittance
coefficient of 0.7, the same as the Veka stained glass
system.

Let’s assume that Rehau Design 60 and VEKA

47%
56%
Rehau SYNEGO® MD 80 and 490 mm walls
78%
100 200 300 400 500 600 700 800
Fig. 5. Comparison of the difference in heat transfer by the transmission through the enclosing structures
4344
Solar heat gain losses, kWh 893
128
0
-28
Solar heat gain per year 3423
Q sol, kWh 4188
4316
-1000 0 1000 2000 3000 4000 5000
Wall 490 mm = Rehau SYNEGO® AD 72 + 490 mm walls
= VEKA SOFTLINE 82 AD ® Rehau Design 60 (existing version)

SOFTLINE 82 AD have the same heat gains.

The Rehau SYNEGO” MD 80 + 490 mm parti-
tion wall solution must take into account the heat
flow resulting from thermal radiation to the ceiling
of brick partition walls and other areas of translu-
cent structures.

The results of solar heat gains during the cool-
ing period of the building are shown in Fig. 6 and
during the heating period in Fig. 7.

The analysis of enclosing structures is shown
in Fig. 8.

The figure shows the analysis of four build-
ing envelope structures — Rehau Design 60, VEKA
SOFTLINE 82, Rehau SYNEGO + partitions and
walls 490 mm with reflection of their annual heat
transfer in kWh, percentage of savings and related
costs in thousand EUR.

Fig. 6. Comparison of enclosure design options for solar gains during the cooling period

e

Solar heat gain losses, kWh B 30 p62
0
58 |
Solar heat gain during the heating 3228
season Q sol, kWh 3960
4090
-500 0 500 1000 1500 2000 2500 3000 3500 4000 4500
=Wall 490 mm Rehau SYNEGO® AD 72 + 490 mm walls
= VEKA SOFTLINE 82 AD = Rehau Design 60 (existing version)

Fig. 7. Comparison of enclosure design options for solar gains during the heating season
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kWh ity, it was found that the existing stained glass windows
1000 915 have significant heat loss, especially during the heating
200 season, and do not provide an optimal balance of annual
energy consumption. This makes them economically and
600 487.42 40431 energetically inefficient and in need of modernization.
400 i 2. Options for modernizing the stained glass struc-
200 473.332 563.084 201'76782.629 ture were developed. Three options for replacing the
0 0 0 o o - stained glass were developed. In particular, the option
i) VB0 oo i LA LN
(existing version) SOFTLINE 82  partition walls

® Annual Heat Transfer, kWh  ® Savings, %

Fig. 8. Analysis of enclosing structures

Fig. 8 shows that the basic Rehau Design 60 version has the high-
est heat loss (915 kWh/year), while modernized systems, in particular
Rehau SYNEGO with partitions, provide up to 56% energy savings
at optimal implementation costs.

Validation of research results: Analysis of stained glass windows showed
a correlation between a reduction in stained glass area and a reduction in
heat loss. Replacing stained glass windows with insulated walls showed
the greatest energy savings but demonstrated a complete lack of solar heat.

The use of VEKA SOFTLINE 82 AD window systems without
changing the appearance of the facade showed the smallest heat loss
savings among the options considered. Based on the results obtained
in terms of heat loss savings, this option is not economically viable for
implementation.

The Rehau SYNEGO MD-80 system with 490 mm partitions
demonstrates the best result in terms of the ratio of implementation
cost to heat loss savings.

Replacing stained glass windows with brick walls completely mini-
mizes heat loss, but changes the architectural appearance of the facade
and reduces the level of natural lighting. Due to the customer’s restric-
tions on changing the architectural appearance of the facade by no more
than 509%, this option does not meet the requirements for implementa-
tion in the building.

The research results are of practical importance for designers, energy
auditors, and architects and can be used to implement similar solutions
in public and office buildings.

The main limitation is that the research was conducted for a specific
type of building and climatic region in the city of Dnipro. The research
results may differ in other climatic regions. Also, the modeling is based
on the calculated parameters of materials and does not take into ac-
count possible technological deviations during installation. For the full
implementation of the proposed solutions, it is necessary to conduct
a detailed check at the project implementation stage and monitor the
actual energy consumption indicators after modernization.

Further research should be aimed at improving the methodology
for assessing the energy efficiency of facade systems, taking into account
factors such as the thermal insulation properties of enclosing structures,
the light transmission of glass, the influence of solar radiation, and the
microclimate parameters of premises.

A promising direction is the integration of BIM models with energy
models, which will allow combining energy analysis with a technical
and economic assessment of the proposed modernization options. It is
also relevant to develop standard recommendations for administrative
buildings in accordance with energy efficiency standards.

4. Conclusions

1. Ananalysis of the existing stained glass windows was conducted
and deficiencies were identified. Based on the research results of struc-
tural solutions in terms of their energy efficiency and economic feasibil-

Cost, thousand EUR

ovation of the entire building: the cost of implementation
is 3332 EUR, which is the highest among all the options
considered. In addition, this option provides the lowest
savings in transmission heat loss, namely 47%. The level
of solar gains in the summer remains at the current level.

The option using Rehau SYNEGO" MD-80 with 490 mm mullions
and a reduction in the area of translucent structures showed favorable
characteristics. Transmission heat loss savings are 56%, and the average
implementation cost is 3084 EUR, which is an acceptable indicator
among the options considered. The savings on cooling are offset by
increased heat loss during the heating season. To make a final decision
on the feasibility of this option, it is necessary to conduct additional
studies of the microclimate of the premises in the summer and assess
the level of comfort for office workers.

The most effective option was to replace the stained glass window
with a 490 mm thick brick structure. This solution provides significant
savings in energy costs for cooling and reduces transmission losses by
4.5 times during the heating period and has the lowest implementation
cost of all options at 2629 EUR.

3. Analysis using BIM models and online tools. The research de-
veloped a methodology for evaluating the optimal glazing solution
using online tools provided by window companies. A BIM model of
the research object was developed, and all subsequent calculations were
based on this model. The modeling results confirmed that even a slight
reduction in the thermal conductivity of the structure and optimization
of the glazing area can significantly affect the annual energy balance of
the building. At the same time, the choice should not be based solely on
maximum heat loss savings, as an excessive reduction in light-transmit-
ting surfaces can lead to increased artificial lighting costs and reduced
visual comfort. Taking these factors into account made it possible to
choose an option that not only meets the regulatory requirements of
the DBN and ensures a significant reduction in energy consumption,
but also preserves the architectural integrity of the building and the
comfort of its operation.

4. Determination of the optimal solution based on a comprehen-
sive analysis. The rationale for the final decision is based on a compre-
hensive comparison of energy, economic, and architectural criteria.
Based on the analysis and taking into account the customer’s architec-
tural requirements for further thermal renovation of the facility, op-
tion 2 was selected — Rehau SYNEGO” MD-80 with 490 mm mullions.
This option provides the necessary thermal insulation properties and
changes the overall appearance of the glazing by less than 50%, which
meets the customer’s requirements and is economically feasible.
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