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ABSTRACT

Designing buildings that will exist and be inhabited for at least 50 — 100 years in the face
of climate change is an exciting and non-trivial challenge. Currently, when designing the
“Energy Efficiency” part, it is usual to use climatic data (solar and temperature), obtained from
measurements in a limited number of meteorological stations on the territory of Bulgaria in the
past 30-year climatic periods. This makes the newly designed buildings suitable for the past and
not the future with the expected significant change in temperatures, air humidity, and other
climatic parameters. Considering different possible trajectories of human behavior that lead to
different climate consequences, the Intergovernmental Panel on Climate Change IPCC defined
four climate scenarios under which corresponding global and regional climate models were
created. They can be used to investigate the behavior of newly designed buildings in the warmer
climate of the late 21% century. This methodology was applied to the study of a newly designed
building in Bulgaria. The heating energy in the period 2061 — 2080 with climate scenario RCP
4,5 (90 %) will decrease by about 32 %. The cooling energy demand will increase by about
150 % and the dry cooling load — by about 170 % due to the substantial increase in summer
outdoor temperatures. Adding active blinds to the design reduces the increase in dry cooling load
to 93 %.
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1. Introduction

At the beginning of the 21% century, our planet's climate began to change more and more
due to the increased amount of greenhouse gases of anthropogenic origin. They are released
mainly while burning fossil fuels, the primary energy source satisfying humanity's energy needs.
One of the most severe manifestations of climate change is the increase in global average
temperatures, which is illustrated in Fig. 1 for the period 1850 — 2022. An increase in average
temperatures is observed on all continents, and Europe is one of the fastest-warming continents
due to its specific position in the Northern Hemisphere (Fig. 2) [1].
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Figure 1. Relative temperature changes for the world from 1850 to 2022 compared to
the average for the period 1971 — 2000 in °C [2]
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Figure 2. Relative temperature changes for Europe from 1850 to 2022 compared to
the average for the period 1971 — 2000 in °C [2]
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All this calls into question the methodology for designing future buildings, which are
expected to have a life of at least 50 — 100 years in the future [3]. Currently, when designing the
“Energy Efficiency” part, the climatic data specified in Ordinance No. RD-02-20-3 of
November 9, 2022, on the technical requirements for the energy characteristics of buildings are
used [4]. These data were published for the first time in Ordinance No. RD-16-1058 of December
10, 2009 on energy consumption indicators and energy characteristics of buildings [5] and are
based on temperature measurements in a limited number of meteorological stations in the
territory of Bulgaria in the previous 30-year climatic period (1961 — 1990). Thus, all newly
designed buildings are adapted to the much cooler climate of past periods (see Fig. 3 for
Bulgaria), and not to the expected temperatures in the future.
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Figure 3. Relative temperature changes for Bulgaria from 1850 to 2022 compared to
the average for the period 1971 — 2000 in °C [2]

Higher temperatures in the future will affect the annual values of heating and cooling
degrees. The former will decrease gradually, and the latter will increase [6]. In connection with
the application of the principles of the circular economy, an increase in the normative life of
buildings to 100 or 150 years can be expected, which means that in their design, the features of
the climate must be taken into account not only for the next 50 years but for 100 — 150 years.

This necessitates another multidisciplinary approach in the design of buildings, where
knowledge of scenarios for the climatic future is needed even today. In turn, the development of
scenarios for the climate future needs inputs from multiple scientific fields.

2. Climate scenarios — meaning and application

Modeling the future of our planet's climate involves elements of uncertainty. The reasons
for this are various, but one of the most important is the uncertainty of how far humanity will be
aware of the problem, whether and how it will plan measures to solve it, and how successful they
will be. In 2014, the Intergovernmental Panel on Climate Change (IPCC) developed various
scenarios for the future of Earth's climate [7]. These are called Representative Concentration
Pathways (RCP) and were provided in the Fifth Assessment Report of the IPCC. Four scenarios
represent model trajectories of greenhouse gas concentration (Fig. 4) and radiation pressure [8],
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which are used in climate models. Radiation pressure is the difference in W/m? per unit time

(hour) between incoming and outgoing radiation in the atmosphere and is the primary driver of
climate change.
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Figure 4. Model trajectories of greenhouse gases translated into carbon
equivalent under the four climate scenarios from 2000 to 2100 [7]

2.1. Overview of climate scenarios

Here is a brief overview of the scenarios developed by the IPCC and their meaning [7]:

RCP 2,6 is the most optimistic scenario for a radiation pressure of 2,6 W/m? in 2100,
which assumes a sharp reduction in greenhouse gas emissions and stabilization of concentrations
by the middle of the century. This scenario is associated with strict emission reduction policies
and intensive adaptation measures. In this scenario, limiting global warming to below 2 °C
relative to pre-industrial levels is possible. Unfortunately, this scenario is unrealistic to expect to
happen, as action on it should have been launched around 2015 and is already well advanced.

RCP 4,5 is characterized by a radiation pressure of 4,5 W/m? in 2100. This is a scenario
with a moderate reduction in emissions, which, however, fails to stabilize greenhouse gas
concentrations by 2100. This scenario assumes significant but achievable efforts to reduce
emissions, which may lead to more moderate warming (by 2 — 3 °C).

RCP 6,0 is a scenario with a radiative forcing of 6 W/m? in 2100, in which emissions
continue to rise until mid-century and then begin to decline. Still, total greenhouse gas
concentrations continue to increase until 2100. In this scenario, moderate to significant warming
(by 2 — 4 °C) is expected, requiring considerable adaptation measures.

RCP 8,5 is the most pessimistic scenario, with a radiation pressure of 8,5 W/m? in 2100,
where emissions will continue to increase throughout the century without any significant
restrictions. Extreme and continued exponential warming (by 4 — 6 °C or more) is predicted,
which would have catastrophic consequences for the climate and require aggressive and
desperate measures for adaptation and survival.

Global and regional climate models are built based on the RCP scenarios, which predict
the development of a large set of climate factors and parameters (amount of greenhouse gases,
radiation pressure, temperatures, humidity, solar radiation, etc.).
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2.2. Global and regional climate models

Global climate models (Global Climate Models, GCM) [8] are computer models for
simulating Earth's climate. They are crucial to climatology and are used to study various aspects
of the climate, including how it may change due to human activity and greenhouse gases.

Global models are based on the fundamental laws of physics, chemistry, and fluid
dynamics and integrate multiple sub-systems of the climate system, for example, atmospheric
processes (such as cloudiness and precipitation), ocean currents, ice cover, vegetation, etc.

These models are used to produce climate forecasts at various temporal and spatial scales,
from decades to centuries, and from global to regional scales. Their disadvantages are related to
insufficient accuracy and spatial resolution (resolution). The outputs of these models are
typically represented as probability distributions and scaled spatially and temporally to regional
climate models for more detailed predictions.

Regional climate models (Regional Climate Models, RCM) [9] are computer models that
provide detailed information about climate conditions in specific geographic areas under
different climate scenarios, offering higher spatial and temporal resolution. This is important
because climatic conditions can vary dramatically over short distances due to location,
topography, and microclimatic effects. RCMs have applications in designing energy-efficient
buildings because they provide information on the climate conditions by 2100 in which they will
exist.

The development of climate scenarios and global and regional models is an ongoing
process that is refined over time to match reality better.

3. Methodology

When designing new buildings, the main emphasis is placed on energy efficiency and
managing future operating costs related to maintaining an optimal microclimate and comfort
inside the building. Designers' attention is directed to analyzing energy costs — site and source
energy, selection of primary energy sources, their carbon footprint, and applicable methods to
reduce the building's energy consumption and carbon emissions. This approach involves looking
at different strategies and techniques that can be implemented to optimize energy efficiency and
decrease environmental impact.

Pursuing low- and zero-emission buildings represents a significant challenge that requires
the application of high-quality software solutions and computational simulations. These tools are
vital for determining the energy needs of buildings, integrating renewable energy sources, and
evaluating their efficiency in operational terms. Leading global engineering and certification
organizations such as ASHRAE, CIBSE, LEED, and BREEAM attach particular importance to
the development of energy models of buildings already in the design phase, using highly efficient
and science-based computational simulation software. This approach is essential for achieving
sustainable solutions in building construction.

3.1. Description of the software used

The essential advantage of the computational simulations lies in the use of regional
climate data, realized based on the base climate scenarios, considering different percentage
probabilities of their realization. These simulations provide valuable data for analyzing the
building's current and future energy consumption in various climatic conditions. This publication
uses the Integrated Environmental Solutions Virtual Environment (IES VE) software [10].
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Understandably, it uses a different methodology for calculating energy consumption according
to Bulgarian legislation but applies more modern ways of modeling the climatic parameters of
the environment around the building. This makes the information obtained particularly valuable.
Advantageously, the software can work with different sets of climate data for the specific
location — this gives the designer an idea of what the behavior and energy needs of the newly
designed building will be under different external conditions, for example, expected in the future
according to climate scenarios.

The energy model analyzes the energy consumption of the designed building based on
the selected climate scenario for a certain period. Thus, for the chosen location, it is possible to
compare the different RCP climate scenarios with three different percentage probabilities of their
realization (10 %, 50 %, and 90 %) for different 20-year periods (2041 — 2060, 2061 — 2080,
2081 —2100). This provides an opportunity for an informed and detailed analysis of the condition
of the building during the selected period.

Version 2023.2.0.0 of the Integrated Environmental Solutions Virtual Environment (IES
VE) software was used for this development. An earlier version of it was approved by BREEAM,
making it the first product with such approval for producing energy models to certify buildings
in the design phase.

The product includes integrated computational and analytical tools for building design
and reconstruction.

3.2. Working principle

The tools integrated into the software perform the following functionalities:
e Three-dimensional geometric modeling of the building, with added
thermophysical parameters of the materials used in the building;

e Three-dimensional geometric modeling of the environment around the
investigated building, for example, other surrounding buildings in the vicinity;

e Calculation of the trajectory of the sun on the sky throughout the year, taking into
account the geographical location of the building (according to its coordinates),
modeling of the penetration of solar radiation through the building envelope, a
study of local shading and that from the surrounding buildings.

Energy consumption calculation and data analysis.

Analyses of the energy consumption of the building were carried out, working with the
same data on building elements, work schedule, number of occupants, load from lighting and
appliances, types of HVAC installations, and microclimate conditions in the premises, and only
the climate data changed. The file BGR_Sofia.156140_ IWEC.epw (originating from Energy
Plus [11]), which contains monthly meteorological data (temperature, humidity, wind speed,
solar radiation, and other climatic factors), was used to evaluate the building's behavior under
historical climate data) for a whole year, but selected as representative from those measured in
different years at station 156140 of Sofia Airport from 1980 to 2000. Thus, the data for January
in the representative year are from January 1997, for February — from the same year month in
1992, for March — from 1995, etc.

The same format is also used to describe climate data for future representative years for
different climate scenarios. The file used BGR_Sofia.156 1 40 _RCP45 2061-2080_90%.epw
was generated by IES [10] and contains climate data representative of the period 2061 — 2080
under the RCP 4,5 climate scenario.
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3.3. Object of the study

The object of the research is an administrative building with offices, shops, underground
floors, and two levels of underground garages in the eastern part of the city of Sofia. It consists
of one underground, ground, and six above-ground levels, with the first above-ground level being
the reception/lobby, which houses retail outlets, and the remaining six levels are office premises.

The orientation of the main facades of the building is north-south. The source of heating
and cooling for the building is a separate VRF-type heat pump unit with a hydrobox for each
separate office — in the specific case, two offices per level. The ventilation systems are highly
efficient recuperative air handling units. Figure 5 shows a view of the building in a virtual
environment, with adjacent buildings added to the model, which can influence the solar load by
shading the building.

Figure 5. View of the southern facade of the investigated building and the environment around it.
Nearby buildings are shown in purple. The image is generated in the IES VE environment

The heating and cooling schedule coincides with building hours, 8 A.M. to 6 P.M. on
weekdays. Room temperature control uses a setpoint with an amplitude of £1 °C while the plants
operate from 6 A.M. to 10 P.M. In this way, the parameters are guaranteed during extended
working hours, and in the rest of the day and on weekends, a temperature set point with a decrease
of -5 °C is used for the heating season, and a set point with an increase of +5 °C for the cooling
period.

The object is modeled according to the requirements for heat transfer coefficients of
external enclosing elements of Ordinance No. RD-02-20-3 of November 9, 2022, on the
technical specifications for the energy characteristics of buildings.

The facade of the building is mostly glass with aluminum frames with two different types
of glazing. The first of them allows better solar transmittance and is located on the northern and
eastern facades (U = 1,00 W/m?K; g = 0,36; shading coefficient = 0,42), while the second is
located on the south and west facades and aims to limit the transmittance of sunlight (U = 1,00
W/m?K; g = 0,32; shading coefficient = 0,36).

Two simulations were prepared for the present study:

e with historical climate data (BGR_Sofia.156140 IWEC.epw) — for the period
from 1980 to 2000;
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e with data on climate scenario RCP 4,5 for the period 2061 — 2080 with a
probability of the predicted model coming true with 90 % accuracy
(BGR_Sofia.156140_RCP45_2061-2080_90%.epw).

Let us recall that RCP 4,5 is a scenario in which significant but achievable efforts to
reduce emissions are implemented, which may lead to more moderate warming (by 2 — 3 °C).
Of the possible climate scenarios, this is the most favorable. The rest (RCP 6,0 and RCP 8,5) are
less favorable. For the RCP 2,6 scenario, all relevant deadlines for action are omitted, and
therefore, it is impossible.

4. Results

4.1. Result of IES VE software

The results of the calculations of the IES VE software are formed into an energy report
on the annual energy consumption for all the needs of the building and their distribution by
month, as well as the carbon footprint for each type of energy required for the set climate data.
With the help of the analytical tool in the software, climatic and building data — such as loads,
energy consumption, carbon footprint, and information about specific rooms — can be analyzed
and visualized.
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Figure 6. Using historical data, the amount of direct and diffuse horizontal solar irradiation by
month. The image is generated in the IES VE environment
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4.1.1. Simulations with historical climate data

For the present development, simulations were first performed with historical climate data

representative of the 1980 — 2000 period.

Figure 6 shows the direct and diffuse horizontal solar irradiation for the entire year period
by months in one direction and by hours in the other, in W/m2. The annual amount of solar
irradiation is 593,33 kWh/m? for direct and 739,91 kWh/m? for diffuse component. Their annual
sum is 1333,24 kwh/m?. Diffuse irradiation prevails over direct irradiation by 22 %.

The energy consumption report using historical data shows that the amount of total energy
required for the building amounts to 109 kwh/m?, including 44,4 kWh/m? for heating and 8,3
kwh/m? for cooling (including loads for conditioning the fresh air), visualized by month in one
of the graphs included in Fig. 7. Thus, the predicted energy in this building for heating and

cooling is 48,3 % of the total energy required.
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4.1.2. Simulation with data for the RCP 4,5 climate scenario for the period 2061 —
2080

The simulation with data for the RCP 4,5 climate scenario is produced with the same
building model, the only change being the climate file — for the RCP scenario 4,5, with a 90 %
chance of happening.

Figure 8 shows graphs of direct and diffuse horizontal solar radiation by months and hours
for the whole year in W/m? according to the predictions of the scenario and IES. The annual
amount of solar irradiation is 730,26 kwh/m? for direct and 876,84 kWh/m? for diffuse
component. Their sum is 1607,1 kwh/m?, which is about 20,5 % above the value for the period
1980 — 1999 and represents a significant increase in solar energy reaching the Earth's surface.
This will naturally lead to higher surface air temperatures, as shown in the RCP 4,5 climate
scenario.

The energy consumption report under the RCP 4,5 scenario shows that the total energy
required for the building amounts to 107 kWh/m?, including 30,2 kWh/m? for heating and
21,0 kWh/m? for cooling (including fresh air conditioning loads). The projected total energy for
heating and cooling of this building is 47,4 % of the total required energy — the percentage is
close to the one obtained in the calculations using historical data (Fig. 9).
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Figure 8. Amount of direct and diffuse solar radiation for all months in the year, with an hourly
distribution using the climate scenario RCP 4,5 (90 %). The image is generated in the IES VE
environment
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4.2. Significance of results

The balance of the calculations made for the specific building in the climatic conditions
of the city of Sofia is that the energy consumption of the building in an annual aspect remains in
the same order. However, the computational model clearly shows that cooling energy
consumption under the RCP 4,5 scenario used for the period 2061 — 2080 increases by 153 % —
from 8,3 kWh/m? to 21,0 kwh/m?. A significant cooling consumption increase is observed in the
summer and transitional seasons.
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Figure 9. Energy report for the building using climate scenario RCP 4,5 (90 %). The image is
generated in the IES VE environment

At the beginning of summer, the outside temperature rises dramatically, eliminating the
potential for applying free-cooling or natural ventilation. The temperature graphs for the period
from June 14 to June 20 are shown in Fig. 10 and Fig. 11. The two graphs look at the outside air
temperature, the approximate comfort temperature of 22 °C to 25 °C depicted in white, the
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outside temperature above 25 °C in red and below 22 °C in blue. The areas in red show in which
periods of the day the building will have a cooling load compared to the external conditions, and
the areas in blue show a heating load. There are possibilities for free cooling when designing
buildings with occupancy during working hours from Monday to Friday. This type of cooling
uses colder outside air without needing energy to lower its temperature by forcing it through
mechanical ventilation or designing a natural ventilation solution.

Date: Mon 14/Jun to Sun 20/Jun

Temperature (°C)
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Figure 10. Outdoor air temperature for the period 14 — 20 June in a simulation with historical data.
The image is generated in the IES VE environment

When considering the temperatures in Fig. 10, it is clearly seen that the selected period
has a balanced amplitude about the relatively comfortable temperatures in an office space.
Accordingly, the external conditions provide a theoretical possibility to implement natural
ventilation and free cooling of the building, which would reduce the costs of mechanical
ventilation in transitional periods and cooler summer days. These measures can lead to
significant energy savings combined with active or passive shading.

The temperature amplitude for the same period in a simulation with the RCP 4,5 climate
scenario in Fig. 11 drastically reduces the possibility of natural ventilation of the premises at the
beginning of the summer season. On the contrary, the premises need mechanical cooling, which
will require more energy in view of the extreme peak temperature levels above +35 °C.

As a final aspect, we should consider the energy required for heating and cooling for the
two different periods. The energy reports produced with the various climate models clearly show
a decrease in heating energy and an increase in cooling energy under the RCP 4,5 climate
scenario. The difference in consumption for the two calculation files is displayed in Fig. 12 and
Fig. 13. In blue are the cooling and heating loads for historical data, and in red for the RCP 4,5
climate scenario.

The heating load of the building is equal to 1642,63 MWh in one year. In the simulation
with the RCP climate scenario 4,5, this value is reduced to 1117,36 MWh. This drop equals to
about 32 % of heating energy compared to the original simulation.
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Figure 11. Outdoor air temperature for the period 14 — 20 June in simulation with climate scenario
RCP 4,5 (90 %). The image is generated in the IES VE environment

Respectively, the dry cooling load of the building in the simulation with historical data
amounts to 167,79 MWh, and this load increases to 459,51 MWh when adapting the climate data
for RCP 4,5. The percentage increase amounts to nearly 174 % of the original load.

After analyzing the data on the increased values of solar radiation, the outdoor
temperature for the summer period and the cooling load, the unprofitable implementation of
natural ventilation and free cooling, as well as the drastically increased loads and energy
consumption for cooling, the need for active and passive shading of the facade glazing elements
of the building becomes obvious. Through additional simulation of the RCP climate scenario 4,5
(90 %), the possibility of integrating active blinds to reduce solar radiation load through the
glazing is investigated. The energy report shows a reduction in cooling site energy of 5,2 W/m?2,
At the same time, the dry cooling load is reduced from 459,51 MWh to 324,61 MWh, a
significant reduction of approximately 29 % of the required cooling site energy (Fig. 14).

4.3. Significance of the results for design today

By integrating climate scenarios into software tools such as IES VE, we can orientate
ourselves on the necessary measures to achieve energy efficiency of the building not only for the
near future but also for more distant periods in time. The measures are passive and active.

Passive measures focus on using natural resources, and energy flows without active
mechanical equipment. These include design and construction solutions that reduce the need
for artificial heating, cooling, and lighting. Examples of passive measures include good
thermal insulation, strategic positioning of the building to maximize the use of natural light
and ventilation, choosing materials with high thermal mass, planting plants for shade and
cooling, etc.
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Figure 12. Comparison of building heating load in annual aspect, distributed by months.
The image is generated in the IES VE environment
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Figure 14. Energy report for the building using the climate scenario RCP 4,5 (90 %) combined
with shading with external blinds. The image is generated in the IES VE environment

Active measures include using mechanical and electrical systems to improve the
building's energy efficiency. They usually require an external energy source, including solar
panels to produce electricity, photovoltaic systems, heat pumps, high-efficiency heating,
ventilation, air conditioning systems, and automated building management systems that optimize
energy use. Among all the measures to achieve energy efficiency in buildings, the passive ones
have the longest life and the lowest price.

The projected rise in temperatures that occurs when comparing historical climate data
from 1981 — 2000 and those under RCP 4,5 climate scenarios (90 %) shows that the proportion
of energy for heating and energy for cooling is changing over time — the first decreases, and the
second increases — by 153 % (from 8,3 to 21,0 kWh/m?). Therefore, investors, designers, and
future users of such buildings must pay considerable attention to passive cooling methods.

In 60 — 80 years, in the context of ongoing climate change and potential increases in
average global temperatures, passive measures to protect buildings from overheating will be even
more critical [12]. Here are some possible passive strategies that can be effective:

e Building orientation and design: Optimizing building orientation and design to
maximize the use of natural light and minimize direct solar radiation can reduce
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the need for artificial cooling. It also affects the optimized use of natural lighting
in the premises [13].

e Green roofs and walls: Integrating green roofs and vertical gardens reduces
building temperatures, improves air quality, and enhances biodiversity. They offer
extra thermal insulation, lower heat radiation, and increase thermal inertia,
allowing gradual heat release and air filtration.

e Shading elements: The use of shading elements such as canopies, blinds, and
vegetation, can reduce the impact of direct solar radiation [14].

e Advanced thermal insulation: Using highly efficient thermal insulation
materials will be vital to keeping buildings cool. This may include new, innovative
materials more effective at holding off heat.

e Compact shape: It directly impacts the building's heat exchange with the
environment. A more compact shape leads to smaller heat gains and losses, and a
more complex shape — leads to a more significant transfer through the building
envelope and, from there to more considerable heat losses in winter and unwanted
heat gains in summer [15].

o Well-designed natural ventilation: Well-designed natural ventilation is crucial
for maintaining fresh air flow and minimizing air conditioning use. Utilizing the
“chimney effect” [16], where hot air rises and exits through higher openings,
allows warm air to be replaced by cool, fresh air through facade openings like
windows.

e Use of high thermal mass materials: In building construction, high thermal mass
materials can help absorb heat during the day and release it at night, resulting in
more uniform indoor temperatures. This stabilizes the temperature in the building,
and sudden climatic changes outside are not felt so strongly. This improves
comfort in the premises and reduces the need for active cooling systems in them.

e Use of light colors and reflective surfaces in facades: Light colors and mirrored
surfaces reflect more solar radiation, which helps reduce indoor temperatures.

e Planning and zoning of the urban environment: Urban planning and zoning,
which includes creating sufficient green areas and water bodies, can help reduce
the “urban heat island” effect and improve the microclimate.

e Window shading devices: Since the sun is higher in the sky in summer than in
winter, shading devices can easily prevent the sun's rays from entering the
building. Such an element can even be creeping vegetation on the facade, as well
as various types of visors, blinds, slats, shutters, etc.

e Degree of glazing of the facade: The degree, type, location, and characteristics
of the transparent elements greatly influence the energy efficiency of the buildings
due to the high value of the heat transfer coefficient of the glazed parts.

e Air space between the top floor and the roof acts as an air chimney for
convection ventilation. In this way, in the presence of openings in the roof or its
construction with porous materials, the heated air from the interior comes out
naturally and is replaced by fresh air from the outside [17].

Most of these methods of protecting buildings from overheating are relatively cheap and
easy to implement, especially regarding new construction or renovation. The listed passive
measures should already be considered in the initial design stages. Not all can be implemented
in one project, but all should be familiar to designers.
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It is important to note that the effectiveness of these measures may vary depending on the
specific climatic and geographical conditions and the specific characteristics of the building.

Integrating climate scenarios in architectural design and using software tools such as IES
VE [9] are essential to achieve energy efficiency in buildings in the future. Passive measures that
utilize natural resources and energy flows offer long-term, low-cost solutions, while active
measures involving mechanical and electrical systems contribute to optimizing energy
efficiency. It is important to emphasize that successfully implementing these measures requires
well-thought-out design and planning, considering current and future climate conditions. In this
context, architects must be well informed about the different possibilities and use innovative
approaches to create buildings that are energy efficient and sustainable in the long term.

5. Conclusions

Designing buildings in the context of ongoing climate change presents a significant
challenge, especially in light of the common practice in Bulgaria of using outdated climate data.
These data do not adequately reflect the future climatic conditions where the design will function
for buildings today. In this regard, the climate scenarios developed by the Intergovernmental
Panel on Climate Change (IPCC) provide critically important models for predicting future
climate conditions.

The publication analyzes the four key climate scenarios (RCP 2,6, 4,5, 6,0, and 8,5),
highlighting their relevance for modeling different potential climate change scenarios. Each of
these scenarios presents different projections of the rate of temperature increase and the possible
consequences for the global climate. Furthermore, the article explores the importance of global
and regional climate models in the context of climate change prediction and their impact on
architectural design. Particular attention is paid to the significance of the higher resolution of
these models, the integration of diverse scientific disciplines, and the application of artificial
intelligence to refine the models.

The paper also discusses the methodology for assessing the energy needs of buildings
using modern software tools such as IES VE. These tools provide an opportunity for a complex
analysis of the energy consumption of buildings under different climatic conditions and
scenarios. An analysis of the energy consumption of a building in Sofia was carried out,
comparing historical data with predictions for future climatic conditions.

The calculations results highlight a significant increase in the energy demand for cooling
in the period 2061 — 2080 with moderate climate scenario RCP 4,5 (90 %) by about 150 % and
the dry cooling load — by about 170 % in the considered example due to the substantial increase
in summer outdoor temperatures. Adding active blinds to the design reduces the increase in dry
cooling load to 93 %. At the same time, the energy used for heating in the future will decrease
by about 32 %.

In this aspect, the importance of integrating climate scenarios in the building design
process and developing different strategies for adapting buildings to the adverse conditions of
very high outdoor summer temperatures is growing. These strategies include passive and active
measures to increase the energy efficiency of buildings. The present work highlights the growing
need for a multidisciplinary approach to building design, considering expected climate changes.
Sustainable construction and energy efficiency are becoming increasingly important in the
context of global warming, and technological advances in simulation and analysis software tools
play a key role in adapting architectural design to the challenges presented by future climate
change.
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ITPOEKTHUPAHE HA CI'PA/IX B YCJIOBUS HA TVIOBAJIHO
SATOIIVIAHE C U3IIOJI3BAHE HA KNIMMATHYHU CHEHAPUN

Ct. UBanosal, JI. 3axapues?, JI. YooaHnosa®

Knwuoeu oymu: xiumamuynu cyenapuu, 2100a1HU KIUMAMUYHY MOOENU, PESUOHATHU
rkaumamuunu mooenu, RCP 4,5, RCP 6, RCP 8,5, nompebnenue na enepeus 3a OmonieHue u
oxaadcoame, Cyx oxaaoumenern moeap, NACUGHU MepKu

PE3IOME

[IpoekTHpaHeTo Ha Crpaad, KOWTO I CHIIECTBYBaT M IIe OBJaT OOUTaBaHU B
cneapanute noHe 50 — 100 roguHu B yCIOBHSATA Ha KIMMAaTUYHU IIPOMEHH, € UHTEPECHO U
HETPUBUAIHO IPEAM3BUKATEICTBO. B MoOMeHTa o0OWuaifHO TpH NPOEKTHpaHe Ha YacT
»EHEpruiiHa e(peKTUBHOCT ce M3MOJ3BaT KIMMAaTHYHM JaHHHU (COJIapHU M TEeMIIEpaTypHH),
KOHTO ca IOJY4eHH OT M3MEpPBaHMA B OrpaHMYCH OpoH METEOpONOTHYHM CTaHLUU Ha
TeputopuiTa Ha bbarapus B otmuHanu 30-TOAMIIHM KIMMAaTHYHU THepHoAu. ToBa MpaBu
HOBOIIPOEKTUPAHUTE B MOMEHTa CTpag MOAXOAAIIM 3a MHUHAJOTO, a HE 3a OBACIIETO, NpH
OYaKBaHaTa 3HAYWTENHA TPOMSIHA HA TEMIIEPAaTypHUTE, BIAKHOCTTA Ha BB3AyXa M APYTH
KIMMaTH9HU TapaMeTpu. C OTYMTaHE HA PA3IMYHM BB3MOXKHH TPACKTOPHM Ha YOBEIIKO
MIOBE/ICHUE, KOUTO BOJSAT IO Pa3iIMYHU IOCIEACTBHUS 32 KJIMMaTa, MeXIylnpaBUTEICTBEHATA
rpyma mo m3MeHeHune Ha ximMata [PCC nedunmpa 4 KIMMaTHYHU CIICHAPHS, IO KOUTO Osxa
CB3JIaJICHH CHOTBETHH TJIOOATHM W PETHMOHAIHH KIMMaTW4HH Mozenu. Te morar na Opaar
W3I0JI3BaHM, 32 Ja C€ M3CJIe/IBa TOBEICHHETO Ha HOBONIPOEKTUPAHH CTPAIH B TO-TOIUTHS KIIMMAT
B Kpas Ha 21 Bek. Ta3u MeTO/¥Ka € MPIIIOKEHA IIPU M3CIIeIBaHE Ha HOBOIIPOEKTHPAHA Crpaja B
Bbenrapus. TorumaHaTta eneprus B nepuoaa 2061 — 2080 r. npu kiuMatuueH crieHapuiit RCP 4,5
(90 %) me Hamanee ¢ okosio 32 %. [ToTpeOHOCTTa OT eHeprus 3a OXJIAXKAAHE IIIE CE YBEIUYH C
okono 150 %, a cyxusaT oxmaguTeNieH ToBap — C okojo 170 % mopaad 3HAUUTEITHOTO
MOBHUIIABAHE Ha JICTHUTE BHHIIHM TemrepaTypu. Jlo0aBsiHeTO Ha aKTHBHH IOPH KBM IIPOEKTA
HaMaJIsiBa YBEJIMUCHNETO Ha CyXHsl OXJIauTesIeH ToBap 110 93 %.
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