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Motivation Statement:
Energy efficiency and renewable energies in the
building sector have become priority matter of future
urban development. Nevertheless, it is not easy to
take into account all the parameters that have
influence on the building energy performance. In this
sense, predictions, digital models and simulation are
essential for the right design process from the very
beginning of every architectural and HVAC project.
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Building physics:
Deep understanding of the building physics is essential to
use the digital calculation tools. Energy demand arises from
the interior space comfort requirements, which can be
summarized as:
- Visual comfort: 200-500 lx
- Thermal comfort: 20-25ºC at 40-60% relative humidity,
- Air quality index (AQI): between 0 and 50; 1.5-2 air
changes per hour, 350-500 ppm CO2 concentration; fine
particle 50 μg/m3 PM10 and 25 μg/m3 PM2.5
- Acoustic comfort: 35-40 dB noise level
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Methodology and tools:
A usual method to estimate the building performance is to
introduce model input and using thermodynamic
algorithms to simulate the heat transfer in terms of
conduction, convection (fluid mass transfer), radiation (UV,
visual and IR) and latent loads. Perhaps the most
sophisticated and exact algorithms are called Energy Plus,
developed by US Department of Energy introduced in
different graphical interfaces. Usual input required is:
-

Building geometry
Climate data
Site orientation and local shading
Building enclosure and HVAC data
User behavior and schedule of use
Automation control
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Shadowing and building enclosure analysis
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Energy simulation output:
The approach for correct and realistic simulation results
(margin of error between 5-10%) is to compare it with
some benchmark. For existing buildings, the best way is to
compare the energy demand with average energy bills and
if needed – to calibrate the model accordingly. Possible
mismatches may result from infiltration rate (unless
Blower-Door test is performed, the infiltration is estimated
qualitatively) or user behavior.
Usual output from the simulation procedure are:
-

Heating load
Cooling load
Yearly, monthly, daily, or hourly energy consumption
Primary and useful final energy
Related CO2 emissions.
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TRANSFORM preliminary results:
10 building sites are simulated, which should give a
representative image for about 60-70% of the existing
building stock in Sofia, situated in different part of
Sofia, including superficial previous renovation efforts,
where access and sufficient input data are available.
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Home 1 - Centre

2

Home 6 - Banishora

Home 2 - Bezden

Home 7 - Iztok

Home 3 - Dragalevtsi

Home 8 - Bistritsa
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Home 4 - Gotse
Delchev

Home 5 - Mladost 1
(Simeon)
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Home 9 - Mladost 2

7

9

3

Map of Sofia
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Home 10 - Mladost 4

Building Site 1:
Now we will present the first building site situated in
Gurko Str. 25a in the center of Sofia.
The building year is from the first decade of the 20th
century, occupied by Hans and Julia. The neighboring
apartments except for one are constantly occupied.
The staircase is unconditioned space with very low
temperatures in the winter season.
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Building enclosure and user behavior
The main façade is cultural heritage, so there are no
previous energy saving measures except for the
glazing changed in the existing wooden frames.
According to the users, the undesired infiltration is
high. Precise occupation schedule and natural
ventilation patterns were summarized and put into
the digital energy model.
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Building geometry and architectural
record. Existing HVAC system
Due to the lack of architectural plans, the apartment
was precisely recorded, including the existing HVAC
connection points and some data for the internal
gains (equipment, computers, lighting, etc.). The data
was then exported to the BIM software.
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Digital and Full Transformation – Definition
Digital transformation is defined by digitalization of the heating
system only, introducing room thermostats and remotely
controlled radiator valves. Due to a precise control of the heating
system, we assume that the heating setpoint temperatures can be
reduced by approx. 2 degrees, maintaining sufficient comfort
levels, but without excessive use of energy.
The full transformation is cost intensive and includes:
•
•
•
•
•
•
•
•

Linear light control.
Interior insulation with 10cm XPS.
Interior insulation in false ceiling – 10cm mineral wool.
Exterior insulation on the façade facing the yard – 15cm EPS
Insulation towards building block staircase – 5cm EPS
Replacement of window frames + glazing: PVC frames with triple glazing
with two low-e coatings and warm-edge spacer
Decentralized heat recovery units – produced in Bulgaria. 5 units.
Rooftop PV panels
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Digital and Full Transformation – Results
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The results for this site show slight reduction of the heating
loads (from 10.4 down to 9.6 kW) after digital transformation
with moderate reduction of the annual consumption (from
181 down to 156 kWh/m2a, approx. 14%).
If a full transformation is applied, there is a significant
reduction in both – heating load (from 10.4 down to 1.8 kW)
and annual consumption (from 181 down to approx. 94%).
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Carbon neutral considerations on district level
If the full transformation (deep renovation on massive scale) is
applied on a whole district, we can significantly reduce the
total heating load for whole urban area.
Lower heating load means easier transition to a low
temperature heating, which allows more sources to be
included in the grid (waste heat, RES, etc.) and lower energy
losses.
If local heat pumps are installed in each building and the
radiators are changed to fan coil units, and if district heating
delivery temperature is low enough (say 16-20 degrees) we
can potentially use the district heating grid also as district
cooling grid, the transport infrastructure will be much cheaper
(at low temperatures no thermal insulation is required).
Furthermore, the surrounding thermal soil can be used as
thermal mass – the grid becomes also a horizontal ground
heat exchanger.
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Carbon neutral considerations on district level
The final electrical demand of such buildings based on the
apartment studied and applying full package of EE
measurements, will be predominantly based on the electrical
consumption for lighting and home appliances. The total
electrical demand for heating, lighting and appliances in a
hypothetical situation of fully transformed apartment with
local / district heat pump is about 37 ekWh/m2a, or 3700
ekWh for 100 m2 living unit.
The estimated annual production from 1 kWp photovoltaic
panels for this region of Sofia with 35 degrees slope facing
south is 1220 ekWh. This means that 3 kWp of optimally
positioned PV panels will cover the total annual energy
demand and will contribute for net carbon neutrality. The
total surface area on pitched roof with such slope facing south
with the state of the art monocrystalline PV panels will be
approx. 15m2. Horizontally installed panels will produce 1058
ekWh. This will result in 3.5kWp or 17m2.

General consideration for full retrofit of an arbitrary building for
the Sofia climate zone
The energy saving measurements are divided in active and passive measurements.
The usual way is to start with the passive measurements (no control, no
maintenance, long life span), such as:
- Improved airtightness – down to 0.6 [1/h]
- Super insulation on the opaque enclosure –20-50 cm (U=0.06-0.15 W/m2K)
- Absence of thermal bridges when possible
- Tripple glazing with at least two low emissivity coatings and warm edge spacer
Once the maximum energy was saved, additional active measurements are taken,
such as:
-

Home automation – digitally transformed homes.
Mechanical ventilation with efficient heat recovery units centralized of
decentralized (up to 90%)
Integration of renewable energy sources
Improved HVAC design and fuel considerations
Active solar protection
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