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Energy retrofitting of a single-family house
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Abstract. This article shows a real ongoing project called RenoActive, which is financed by company Velux. In
cooperation with the company mentioned above an old single-family house was chosen to renovate. Three energy
alternatives had been calculated: Standard, Comfort and Deluxe.

The thermal insulation system of the building is almost the same in all three alternatives. The alternatives mostly appear

in the building services systems.

This article evaluates the energy consumption and investment differences between the alternatives.

1 Intorduction

Buildings are responsible for a substantial portion of
global energy consumption. Most of the residential
buildings in Slovakia that were built in the 20th century
do not satisfy the current requirements for energy
efficiency presented in the national building code. [1]
Nationwide remedial measures have been taken to
improve the energy efficiency of these buildings and
reduce their energy use [2].

The objectives of this study are:

e Theoretical analyses of the impact of standardising
energy saving measures on the IEQ

e  Experimental measurements of indoor
environmental quality (thermal environment,
indoor air quality) in the family house after
completing the renovation,

e Experimental evaluation of energy consumption in
the family house after renovation,

e To analyse, evaluate and compare the results from
the subjective questionnaire survey if they will be
statistically significant,

e Monitoring of occupants” energy savings and
ventilation habits.

Be aware that this research is at the beginning and
additional information will be available in the near
future.

Nowadays the renovated houses must complete so called
Al primary energy class rule, according to the law No.
364/2012, 555/2005 and the Decree of the Ministry of
Transport, Construction and Regional Development No:
300/2012. It means that the primary energy consumption
has to be lower than 108 kWh/(m2.a). The buildings
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completing this criteria are called as ultra-low energy
buildings.

From the year 2021, all the newly built buildings will
have to comply the most stricter building energy criteria
so far in Slovakia. It means that the houses will have to
fit into energy class A0 according to the global indicator.
Simplistically the primary energy consumption of the
buildings mentioned above need to be lower than 54
kWh/(m2.a) regarding to family houses, 32 kWh/(m?2.a)
regarding to apartment buildings and 60 kWh/(m2.a)
regarding to office buildings. provides These buildings
are called as nearly zero energy buildings (nZEB).

These requirements can be achieved by perfect
application and increased thickness of thermal insulation
systems on to building envelope. These measures will
minimize the heat losses of the building. Except the
thermal protection of the building there must be used
some kind of renewable energy for hear source (heat
pump, gas boiler in combination with photovoltaic
panels and solar panels, mechanical ventilation system
with heat recovery etc.)

The energy consumption of building sector is directly
related to CO, emissions; account for around 36% of
total emissions in Europe. Moreover, CO; emissions are
directly connected to the particular energy mix used in
existing buildings in a particular EU country

This study presents the results of energy balance
calculations for each variants of the changing HVAC and
thermal protection of the building. Energy in European
buildings is mainly consumed by space heating, cooling,
hot water preparation, cooking and equipment, where the
biggest consumer is space heating.
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2 Building description

The investigated single-family house (Figure 1.)
located in Sala, Slovakia. It was built between years
1966 and 1970. Its dimensions are: length 11,1m; width
9,0m; max. height 8,2m.

Fig. 1. The evaluated single-family house before renovation

The base point of the work was to find the original
documentations (floor plans and cross sections) to the
house (Figure 2.). Using this we could do a detailed
inspection of the building with its surveying.

'/////// 2522,
7y wl.l

Fig. 2. “Floor plan” (higher) and “front and side view” (lower)
from the original project documentation

An architectural study has been created and then based
on this study a new project documentation for the
reconstruction had been prepared (Figure 3.)

In the new project the designers (Architects Dorsic and
Dorsicova) took note of de requirements of a modern
family and perfect interior and exterior look.

In the refurbishment the newest technology and
materials will be used (as it is stated in the capitol 3.)
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Fig. 3. Project documentation for the building reconstruction.
Floor plans of the 2 stories (higher) and a cross section (lower),
designed by Mr. and Mrs. Dorsic.

FuﬁT

3 Methodology

As it was stated in mentioned above the first task after
getting of the plans is to define the variants. These
variants are based on the boundary conditions of the
Slovak standard 730540-Z1, where the wvalid heat
transfer coefficients are listed (Table 1.)

Table 1: Heat transfer coefficient STN 730540-/Z1

Heat transfer coefficient
W/(m2.K)
Building structure type Recomm
' Target value
value
valid from valid from

2016 2021
External wall 0,22 0,15
Roof 0,15 0,10
Ceiling above exterior area 0,15 0,10
Ceiling above unheated area 0,20 0,15
Transparent structures / windows & 1.00 0.60

doors ? ?
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Input data:
Building name: Single-family house
Town: Sala
Parcel No .: 325

Total floor area: 204,8 m2

Interior parameters:
Internal temperature 20 ° C
Relative humidity 50%
Exterior parameters
External temperature -11°C
Relative humidity 83%

Three variants had been elaborated, Standard, Comfort
and De-Luxe. Detailed information about them are listed
below.

3.1 Standard

Recommended values of heat transfer coefficients (valid
from 2016) and triple glazed windows, transparent
structures with plastic frames will be used to calculate
this variant. Terrain floor without modification. External
walls will be insulated with 160mm thick thermal
insulation (mineral wool). The roof will be covered from
interior side with drywall system, and thermal insulation
will be installed in total thickness of 320 mm (mineral
wool for the tent roof and EPS polystyrene for the flat
roofs)

As heat source a condensing gas boiler will be used with
floor heating. The regulation will be controlled via
internal thermostat and three-way mixing valve in the
boiler. The hot water preparation will be provided by the
same gas boiler in an external storage tank in total
volume of 120 L.

This variant does not calculate with mechanical
ventilation system. The air exchange rate will be secured
simply with natural ventilation.

3.2 Comfort

In this variant the target het transfer coefficient values
were be used (except transparent structures). It means
Triple glazed windows and doors with aluminium
frames. External walls wit thermal insulation with total
thickness of 220-240 mm (mineral wool). The roof will
be insulated with mineral wool and EPS panels in total
thickness of 400 mm. This creates very low het losses by
the calculated heat transfer coefficient 0,09 W/(m2.K).
The floor will be insulated as well with mineral wool
panels, which are 120mm thick.

The heat source will be the same condensing boiler as in
the standard variant with floor heating, but the regulation
will be equithermic. It means the heat source
performance will be changing based on the outside air
temperature. The DHW systems primary source will be

the same boiler as well, but thermal solar collectors will
be used to preheat the water in the DHW system in
winter season and to heat the whole volume of the water
in the summer season. Therefore here we can not use the
120 L storage tank, because that a 300 L tank was
designed which fulfils the requirements for the solar
system as well.

The ventilation would be natural as well, but to the
bathrooms and kitchen an air outlet unit will be installed.

3.3 De-Luxe

In this variant the same structures will be used as in the
variant no. 2 — Comfort, except the transparent
constructions. To the calculations were put data form of
the four glazed windows with aluminium frames. This
structure has extremely low U value (compared to other
types of windows) only 0,55 W/(m2.K)

Fig. 4. Aluminium window frame with four glazings — Arcus
international

The heat source will be an air source heat pump with 5,5
kW performance. To support its operation and reduce the
lighting cost photovoltaic panels will be used with
annual performance of 4,7 MWh. The heating system,
regulation and DHW system will be the same as in the
previous variant — Comfort.

The ventilation will be mechanical with heat recovery
system (minimal efficiency 75%).
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4 Results

The calculation of energy balance is presented for each
of the variants in the following tables.

Table 2: Assessing the properties of structures to their
heat transfer coefficient based on STN 730540-2/Z1 —
Variant Standard

The values of the heat
transfer coefficients Results
U W/(m*.K i
Structure type ( ) according to
Designed [R ded ] the Standard
£ ccommended ) 730540-2/71
value value
g External walll 0,20 o2 Fulfils the
a B .
Z| Extemalwall2 | 0.14 requirements
2
.: Transparent 085 1.00 Fulfils the
- structures ’ ’ requirements
g
S Tent roof 0,12
> ’ 015 Fulfils the
Flat roof 0.12 ? requirements
Ceiling above the| 053 0.60 Fulfils the
unheated area T ’ requirements

Table 3: Assessing the properties of structures to their
heat transfer coefficient based on STN 730540-2/Z1 —
Variant Standard

The values of the heat
transfer coefficients Results
U W/(m?.K) according to
SO Desioned the Standard
g Target U value | 730540-2/Z1
value
€1 External walll 0,15
8 ’ 0.15 Fulflls the
S| External wall 2 0,14 requirements
=}
el . Does not fulfill
.E requirements
bl
<
>|  Tentroof 0,09 010 Fulfils the
Flat roof 0,09 ’ requirements
Ceiling above the| 034 035 Ful'hls the
unheated area requirements

As it was mentioned the Variant Comfort was designed
to fulfil the Target heat transfer coefficient values,
except the windows and doors. The

Table 3: Assessing the properties of structures to their
heat transfer coefficient based on STN 730540-2/Z1 —
Variant Standard

The values of the heat

transfer coefficients Results
U W/(m?.K) according to
AN Desioned the Standard
vaigue Target U value | 730540-2/Z1
E External walll 0,15 oS Fulfils the
j External wall 2 0,14 requirements
[=]
= Transparent 055 0.6 Fulfils the
E structures ’ ’ requirements
=
S| Tentroof
ent roo 0,09 010 Fulfils the
Flat roof 0,09 ’ requirements
Ceiling above the Fulfils the
unheated area 0,34 0,35 requirements

Heat loss by transmission and ventilation had been
calculated and compared. The results are presented in the
Figure 5. For more information are heat gains and heat
demand are compared of the three variants in Figure 6.
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Fig. 5. Comparison of heat loss by transmission and heat loss

by ventilation
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Fig. 6. Comparison of heat gains and total heat demand for the
variants.
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Table 3: Classifying the calculated variants into energy classes

Mechanical Total ener: Primar Emissions of
Heating DHW ventilation and gy y
. need energy need CO2
cooling
kWh/(m?.a) kWh/(m?.a) kWh/(m?.a) kWh/(m?.a) kWh/(m?.a) kg/(m?.a)

67,38 16,11 - 83,49 91,84 18,37

STANDARD NOT CLASSIFIED Al -
59,62 16,11 75,84 73,02 14,57

COMFORT NOT CLASSIFIED Al -
16,98 7,41 37,99 32,54 2,47

DE-LUXE A A NOT CLASSIFIED A A0 -
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5 Conclusion
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fuel consumption and so reduce the emission of
greenhouse gases and help prevent climate change.
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comfort) or nearly zero energy building (variant de-luxe)
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