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Abstract. The article applies the global costs calculation method to the energy assessment of selected
solutions for the technical equipping of buildings, dependant on their purpose and function. Rep-
resentative archetypes, the life span of which were assumed to be 30-years, were used to estimate
the performance of the minimum requirements according to the building regulations valid in 2013,
current general standards, as well as low energy building and passive house standards. The subjects
of the analysis were three residential buildings, for which the variability of the cladding and ventila-
tion needs was assumed. In all analysed cases the application of four systems of energy supply to
the building was also assumed. The optimal level of primary energy index value, dependant on the
source of heat, was established by means of the global cost method. This level was then compared
with the requirements presently valid in Poland. The analysis also allowed for the determination
of the growth in investment costs, that must be considered in order to achieve the energy needed
for heating and ventilation at the level of 40 kWh/m?/a or 15 kWh/m?/a. The analysis presents a
comparison of the subsidized loans for energy-efficient houses offered by the Polish Government.

Keywords: global cost methodology, low energy buildings, European Union Directive, support,
government.

JEL Classification: R5.

Introduction

Issues related to energy saving have become an important subject in the contemporary
world. As 42% of the energy produced in Europe is consumed by buildings, and 75% of
this final energy is consumed exclusively by residential buildings, rules and design criteria
for low energy buildings were established in the European Union. Moreover, appropriate
building regulations were applied, referring to the building’s heat protection.
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According to the idea of sustainability, natural resources should be used in such a way
so as to secure them for future generations. This means that buildings should be designed
in a manner allowing for a constant decrease in the level of consumed energy during
construction and long-term usage. Moreover, more pressure is being applied to ensure the
usage of renewable energy for the purpose of low-energy buildings.

The beginning of the extensive activities related to this subject was a European Direc-
tive, and later its amended version, the so called Energy Performance of Buildings Directive
(EPBD) Recast (Directive 2010/31/EU).

The recast directive established several newer and strengthened requirements such as
the obligation that all new buildings should reach nearly zero-energy levels by the end of
2020.

Each member country may establish the individual levels for energy related require-
ments, but they must be consistent with the comparable methodology.

Such a comparative toll is part of a global costs method which can be applied in order
to indicate the level of requirements described by means of a primary energy index for
buildings and their components, as well as for buildings’ external components, influencing
in a significant way the building’s energy characteristics. It must be highlighted that the
method mentioned above is consistent with the Polish standard (PN EN 15459:2008) and
can be used in calculations related to optimization of buildings and their technical systems.

It is worth mentioning that energy requirements for buildings were established in Po-
land using the global costs method.

Low energy building parameters are to be obtained in the years to come. The Polish
government’s target for reducing primary energy use per heated building area is 20% and
40% below 2014 levels by 2017 and 2021 respectively (Table 1).

Table 1. Energy requirements for buildings (Polish law: Dz. U., 926, 2013)

Building EPrequimems, kWh/m?/a
2014 2017 2021
single-family 120 95 70
multi-family 105 85 65

So far, in Poland the requirements regarding the heat protection of buildings have only
taken into consideration a building’s elements, so at present it is very important to also
consider the cooperation of the building’s technical installations. Achievement of the above
targets is only possible if:

— the heat insulation of the building’s cladding is improved,

— the air flow within the building’s envelope is controlled,

— steps to increase the effectiveness of heat source usage are undertaken.

An evaluation of solutions applied to building components was presented in the works
of Aviza, Turskis and Kaklauskas (Aviza, Turskis 2014; Aviza et al. 2015).

Aviza and Turskis presented a comparison of the standard requirements of “C” energy
efficiency class buildings and “A++” class. The required thickness of a thermal insulation
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layer for the typical floor on-soil sample and price increase 4 times, annual savings — 1.3
times, and simple payback time - 3.1 times up to 4.62 years (Aviza, Turskis 2014). For that
evaluation they applied the simple payback period method, not considering the change of
time value of money. In the paper (Aviza et al. 2015) the authors evaluated usage of the
appropriate thickness of walls to fulfil the requirements for heat insulation. Comparing the
standard requirements for buildings of energy efficiency classes C and B with class A++
net zero energy buildings, the required thickness of the thermal insulation layer for typi-
cal wall details and price increases 2.54 times while annual savings — increase 1.29 times
(AviZa et al. 2015). The authors also paid attention to the fact that it is necessary to take into
consideration the location, when evaluating the buildings. In the A category, the required
thickness of the thermal insulation layer pertaining to the wall varies by 4 cm between the
warmest and coldest region of Lithuania (Aviza et al. 2015).

During introduction of improved thermal requirements for buildings, within a certain
time frame, attention must be given to the already existing buildings. Many of them require
works related to the application of thermos-insulation.

A number of research papers are specifically dedicated to the subject of thermo-mo-
dernisation (Basinska et al. 2015a; Chidiac et al. 2011; Kurnitski et al. 2014; Ouyang et al.
2011; Pikas et al. 2015; Ruzgys et al. 2014; Tupenaite et al. 2010).

For example, using the multi- criteria optimization method Ruzgys and his team argued
that the values of individual criteria have a greater influence on retrofit efficiency than the
type of fagade or insulation requirements both in the present and in the future (Ruzgys
et al. 2014). The authors of this paper (Basinska et al. 2015a) showed that in the case of a
building with relatively good thermal characteristics the introduction of building improve-
ments and the additional costs related to mechanical ventilation is unprofitable.

Nevertheless, Pikas (Pikas et al. 2015) indicates that it is necessary to make a choice
between continuing to live in buildings which are unhealthy and wasteful of energy and
investing in integrated energy renovation in order to enjoy significant economic and en-
vironmental benefits.

The results of his research confirm that investing in energy efficiency is not only envi-
ronmentally important but also provides economic benefits on both individual and govern-
ment budget levels.

In recent years, in the publications of Kurnitski buildings energy evaluations have been
presented by means of the global costs method (Kurnitski ef al. 2011, 2013).

The analyses presented in Kurnitski’s articles refer both to residential buildings and
public utility buildings.

Aelenei (Aelenei et al. 2015) presents the application of the global costs method when
choosing the optimum energy in selected countries of the European Union. Analyses were
made of Italy, Portugal, Spain and Greece. However it is very difficult to apply the results
from his paper to the situation in the Baltic countries mainly due to the different climate
specifics and the economic conditions.

This method allows for analysis of the building not only as a structure but also takes
into consideration its technical installations. Additionally, it indicates the costs of replacing
the elements in the building, in the time. Residential buildings within a period of 30 years
are analysed, assuming constant macroeconomic parameters.
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In the paper mentioned above (Basinska et al. 2015b), the authors noticed that the
equalization of global cost shifts along with an increase in the investment costs and energy
prices, and the cost-effectiveness of energy saving solutions increases with a decrease in
inflation.

The global cost method allows one to establish requirements dependant on the type of
building and the means of energy supply. The global cost method can also be a very good
tool for evaluating the achievements of energy policies which tend to increase the number
of low energy buildings being constructed.

In this paper, the possibilities of performing the European Directive under the energy
policy for buildings in Poland are presented, taking into consideration data regarding the
Polish economy. It also presents an evaluation of the economic tools supporting energy-
saving solutions in the Polish economic environment.

The goal of the paper is to estimate the increase in costs related to the construction,
exploitation and recreation of low-energy buildings in relation to the costs incurred when
constructing the buildings in accordance with the presently valid standards and regulations.

The paper provides a description of the assumptions of the global costs method used
in the European Union to indicate the requirements of a building’s energy characteristics.
The paper first highlights the choice of optimal indicator of the primary energy for three
of the analysed buildings and four sources of heat. The analysis was made using constant
economic parameters. Finally, the method was applied to evaluate the loans offered by the
Polish state for low energy buildings.

In the paper, the increased expenditure related to achievement of the low energy build-
ing standard NF40 (used energy at the level of 40 kWh/m?/a) and NF15 (used energy at the
level of 15 kWh/m?/a) was evaluated. Last but not least, the effectiveness of this economic
tool was also a subject of the analysis.

1. Methods

The global costs method was applied in order to determine the optimal energy rate for pri-
mary energy. The framework conditions for the calculations have to be defined in terms of
climate data, performance of energy systems and macroeconomic conditions. This method
allows for the selection of cases where the positive effects of energy savings are the greatest.
Additionally, it allows for complex presentation of matters regarding the building’s occu-
pancy, the applied materials and components as well as energy sources.

1.1. Methodology for the calculation of energy performance

Polish standards were applied to calculations of the energy performance of building (Dz.U.
nr 201, poz.1240. 2008.). For determination of the building’s energy needs for space heating
the static method was used. The method applied was based on monthly balances taking
into account by the relation (1):

- transmission heat losses — H,,,

- heat losses through infiltration and ventilation heat losses - H, ,
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- solar heat gains - Q_,),

- internal heat gains - Q,,,,.
The analysis takes into consideration the coefficient of efficiency of heat gains - 1y .
The authors (Basinska et al. 2015b) have previously presented a detailed flow diagram

of the calculations made for usable energy.

kx
QH,nd = rf (};thk +Hve }'(eint,H _ee,m)'tm +

m=1

, (1)
“MH,gn,m (Qsol,gn,m + Qint,m )

where: Qy ., - the building energy needed for space heating, kWh/a; H,, - the heat transfer
coefficient by transmission, W/K; H,,, — the heat transfer coefficient by ventilation, W/K;
k - the index of heat transfer coefficient by transmission; k, — the number of heat transfer
coefficient by transmissions; 0, ;; — the temperature for heating of space, °C; 0, ,, - the
monthly temperature of the external environment, °C; t,, - the number of hours in the
month; 1 ,,, .. — the monthly gain utilization factor; Q,,,, - the monthly solar heat gains
for the heating mode, kWh/month; Q; ,, ., — the monthly internal heat gains for the heating
mode, kWh/month; m - the index of months in the heating season; m; — the number of
months in the heating season.

The usable energy for the purpose of hot water preparation is established based on the
dependency presented below:

Vi Im-cyy -pyy (B =0yt

QW,nd = 3600 > (2)

where: Qy;,; - the energy needed for hot water preparation, kWh/a; V,, - the unit of
diurnal demand for hot usable water, dm?/person/d; Im - the number of people; ¢, - the
specific heat capacity of water 4.19 kJ/kg/K; p,, - the density of water, kg/m?; 8, - for cal-
culation purposes, the temperature of the hot water in the intake valve is equal to 55 °C;
6,, — for calculation purposes, the temperature of the water before heating is equal to 10
°C; t — the number of days the hot water preparation system works during the year.

For determination of final energy demands, overall system efficiency was used. The final
energy calculation takes into account losses associated with the technical installations of
the building on the side of emission, distribution, storage and generation and includes all
energy according to the equation (3):

QK,i _ Qi,nd )
MNie " Mid Miys* T]i,g
where: Qy ; - the final energy for the chosen purpose, kWh/a; Q; , ;- the building’s energy
needs, kWh/a; 1, , - regulation efficiency; ), ; - distribution efficiency; n; - storage effi-
ciency; 1, , - generation efficiency; i - the index of the system (i = H - heating, i = W - hot
water preparation).

Under the current provisions, the primary energy ratio as a function of the parameters
given in equation (4), is attributed to the heated net floor area of the controlled temperature
A; (EP ratio):

3)
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where: EP — the primary energy ratio, kWh/m?/a; Qy ; - the final energy for heating and
ventilation, kWh/a; Qy 1, - the final energy for hot water preparation, kWh/a; E, .~ the
annual demand for final electrical energy to drive the auxiliary devices of the given system,
kWh/a; w - the expenditure coefficient of non-renewable primary energy to generate and
supply the final energy carrier (or energy) to the evaluated building, which is determined
by the energy or energy carrier supplier (w,; — for electricity, wy; — for heating, W,, - for
hot water preparation; A, - heated net floor area; m?).

To carry out the analyzes, representative data available on the Polish Ministry of In-
frastructure and Development website were used (MIiD 2015), comprising some typical
meteorological years designated on the basis of information provided by the Institute of
Meteorology and Water Management. Values for the design’s indoor air temperature were
adopted in accordance with accepted standards (PN EN 15251:2012).

1.2. Energy costs

Electrical and thermal energy as well as natural gas are supplied to buildings in a continu-
ous way from the transmission network, and the price of their consumption is calculated
according to a two-part tariff. The fixed part depends on so called ordered power (in the
case of gas, on the declared volume of fuel consumption during the year), while the variable
part depends on the amount of supplied energy or gas.
The fee for the provision of comprehensive services of fuel delivery C, is calculated
from the formula:
Co=C-Qg; +S,-Qg;+S -m+S,-m, (5)

where: C, - the cost of energy, PLN; Qy; - the final energy for the chosen fuel, kWh/a; C -
the price of the energy carrier, PLN/m? PLN/kWh; S, - the network rate of the variable
fee, PLN/m?®, PLN/kWh; S_ - the network rate of the fixed charge, PLN/month; S, - the
subscription fee rate, PLN/month; m - the number of months in the billing period.

For energy prices, current average price levels in Poland were used as follows (1 Euro =
4.20 PLN):

- Electricity 0.71 PLN/kWh + VAT (23%),

— Natural gas 0.32 PLN/kWh + VAT (23%),

- District heating 0.28 PLN/kWh + VAT (23%),

— Pellet 0.21 PLN/kWh + VAT (23%).

1.3. Methodology for the calculation of global cost

Global costs of buildings and their components, including installations, are calculated as
sum of the initial investment costs and the discounted annual operating costs during the
calculation period.
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Global costs related to the initial year take into account the initial investment costs and
the annual operating costs discounted during the calculation period, minus the residual
value of each of the components taken into account. Analysis by means of the global costs
method was performed using the following formulas (PN EN 15459:2008):

x| =
CG (T) = Cin,inv + Z Z(Ca,i (J) ’ Rd (l)) - Vf,‘r (]) > (6)
j=1Li=1
where: C(t) - the global cost referred back to the starting year, PLN; C, ,,, - the initial
investment costs, PLN; j — the index of the component or system; j, — the number of com-
ponents or systems; T - the calculation period, a; C, /(j) - the annual costs for component
or system j of the year i, PLN; R,(i) - the discount rate (for year i); V, .(j) - the final value
of the component or system j (corresponding to the calculation period T); in other words,
the residual value of a measure or set of measures at the end of the calculation period (with
respect to the initial year), PLN.

The time value of money taking into account the annual inflation rate and the market
rate of interest can be described by formulas (7). The discount rate depends on the real
interest rate Ry and on the timing of the considered costs. To estimate the real interest rate
3 months WIBOR was taken into account. The Warsaw Interbank Offered Rate (WIBOR)
for 10-year government bond provides a good estimator of the risk-free rate:

1 p

Ry

100

where: R (p) - the discount rate; R, - the real interest rate, %; p - the number of years of

operation of the building measured from the year zero.

WIBOR - R,
RR :—R’ (8)
1+
100

where: Ry, - the real interest rate, %; WIBOR - the Warsaw Interbank Offered Rate, %;
R; - the annual rate of inflation, %.
The present value factor depends on the real interest rate Ry and the number of years

Rd (p) = > (7)

1+

n considered for the annual costs: “n
1- (1 + 1012))
fp‘v (}’l) = RR > (9)
100

where: fpv(n) - the present value factor; R, — the real interest rate, %; n — the number of
years considered for the annual costs.

Energy costs represent the costs of energy consumption and fixed fees for its willingness
to provide energy. If the calculation period t includes the life time t,(j) of the considered
component (j), the last replacement cost is taken into account by assuming a linear reduc-
tion in its value:



Technological and Economic Development of Economy, 2016, 22(6): 830-849 837

n.(j)t,(j)
. ) R, | " n.(j)-t,(j)-t
_ . P | n .
Vi (D =V,() {”100] { ) } Ry(v), (10)

where: V, - the investment cost, PLN; #_(j) - the total number of replacements of com-
ponents j throughout the calculation period; R (t) - the discount rate at the end of the
calculation period.

In the formula for the final value V;(j) individual components denote the cost of the
last exchange with regard to the rate of increase in the prices of the product (R,) and the
straight-line depreciation of the value of the component exchange, taking into account the
remaining life time left after the last exchange.

2. Reference building

A case study was prepared for three types of residential buildings. The first two buildings
are single-family houses where the heated unit area A, = 164 m?2. BSC_1 was assumed for
free-standing buildings with the shape coefficient A/V = 0.67 m™!, BSC_2 was assumed
for six-compound buildings (A/V = 0.45 m™!), each compound with the same area and
functional arrangement as BSC_1 buildings. The third building (BSC_3) is a typical multi-
family building with a shape coefficient at the level of A/V = 0.37 m™! and a heated area
with the regulated temperature at the level A;= 833 m?. The building represented a typical
medium-sized multi-storey building in an urban context. 20 °C was the assumed weighted
arithmetic mean temperature in the buildings.

2.1. Technical variants of the analysis

Four different levels of insulation standards were defined - beginning with the heating en-
ergy demand SEB, which represents the minimum requirement according to the building
regulations in the year 2013 (Dz.U. nr 201, poz. 1238. 2008), and ending at VLEB, which
is representative of the insulation quality of a very low energy building standard.

Table 2 shows the variation of heat transfer coefficients of the building envelope, and
the share of thermal bridging. The SEB* variant is a variant of SEB improved by about 15%.
For thermal variants from SEB to LEB the air tightness was assumed to be on the ng, =
3.0 h! level.

The variation of the insulation standard (variants SEB to VLEB) is the basic variation
which is then repeated in combination with other technical measures as described below.

Upon the running analyses the following variants of the ventilation systems were fore-
seen:

— V1 natural (for natural ventilation, the infiltration was not taken into account),

- V2 hybrid (implemented through a higro-control air inlet and natural ventilation

channels),

- V3 mechanical exhaust,

- V4 mechanical supply and exhaust air as a function of the load, 50% of heat recovery,

- V5 mechanical supply and exhaust air as a function of the load, 70% of heat recovery.
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Table 2. The heat transfer coefficient of building envelopes, the share of thermal bridges depending
on the energy standard

Variants SEB SEB* LEB VLEB
U-value,  wall 0.30 0.25 0.20 0.15
W/m*K  “ground floor 0.45 0.35 0.30 0.20
roof 0.25 0.20 0.16 0.12
door 2.60 1.80 1.80 1.80
window 1.80 1.30 1.30 0.90
g 0.70 0.60 0.60 0.55
thermal bridges in H,,, % 15 15 10 5

Note: (1) coeflicient of solar energy transmittance for solar radiation.

For all analysed variants 4 systems of energy supply were assumed, based on the usage
of a gas condensing boiler (GCB variant), district heating (DH variant), a ground heat
pump (GHP variant) and finally a pellet boiler (PB variant). Depending on the particular
variant the efficiency of the regulation was differentiated from 93 to 99%. The efficiency of
the distribution was assumed at a constant level of 95%. The producing efficiency depends
on the chosen heat source and was assumed respectively: for GCB - 96%, DH - 91%,
GHP - 340%, PB - 72%. Taking into consideration the volatility of the building’s envelope
7 variants for each of the four heat sources were analysed (Table 3).

Table 3. Description of the analysed variants

Variants TV_1 TV_2 TV_3 TV_4 TV_5 TV_6 TV_7
Building’s SEB SEB* LEB LEB VLEB VLEB VLEB
Technical’s V1 V2 V3 V4 V4 V5 V5

The TV_7 variant is the one where the value of the usable energy for the building was
obtained at the level of Qy 4= 15 kWh/m?/a and is equal to the values of the passive
buildings.

2.2. Investments costs

The investment costs define the calculation of the price according to the agreed methods.
In Poland the price estimation of the given civil work (CK) is a sum of: the estimated
value of the labour, the estimated value of the building materials, the estimated value of
the building machines work, the costs of the building material purchase as well as indirect
costs and VAT (value added tax).
Unit costs were assigned to individual categories, as follows:
- IC_1 - construction components affecting energy consumption - sun blinds,
- IC_2 - investment costs of installed equipment associated with the consumption of
energy — chimneys, heat sources, central heating system, ventilation and hot water
preparation,
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— IC_3 - construction investment costs
affecting energy consumption - win-
dows, thermal insulation,

-IC_4 - construction investment
costs — building the envelope, plumb-
ing the system, gas and electricity in-
stallations.

In the diagram (Fig. 1) a comparison of
the investment building costs was present-
ed for the analysed buildings, not related to
the sources of heat applied to the building.

In the diagram (Fig. 2), there is a com-
parison of the investment costs of the in-
stalled equipment related to energy usage.

1800
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1740
1720
1700
1680
1660
1640
1620
1600

Investment cost, PLN/m?2

BSC_1 BSC_2 BSC_3

Fig. 1. The building unit costs for the analysed
costs IC_4, PLN/m?

The category consists of the costs related to construction of the internal ventilation ducts
and the chimney, the installation of the heat source, the installation of the central heat-
ing system, the preparation of hot water and ventilation, the installation of windows and
the application of the external blinds and the application of the thermal insulation to the

building’s partitions.
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Fig. 2. To be continued
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Investment costs of installed equipment associated with the consumption of energy

Fig. 2. The investment unit costs of the installed equipment related of the usage of the energy for
the analysed buildings and the applied heat sources, PLN/m?2 a - GCB; b - DH; ¢ - GHP; d - PB

3. Choice of solution according to the optimal global cost

The general assumptions were taken into consideration during an evaluation of the effec-
tiveness of the applied technical solutions according to standard (PN EN 15459: 2008). The
analysis includes fixed macro-economic parameters: inflation - 0.5%, increase in energy
prices — 0.5%, market interest rate (cost of money - WIBOR) - 3.0.

3.1. Primary energy

The value of primary energy used for hot water preparation in case of the buildings is
constant and independent of the analysed technical variant, and this is also the case, de-
pending on the heat source, for single-family buildings EP,,®“E = 19.9 kWh/m?/a - for a
gas condensing boiler up to the value EP,/ = 4.5 kWh/m?/a for a pellet boiler, and for a
multi-family building, respectively EP,, B = 34.0 kWh/m?/a and EP,® = 7.7 kWh/m?/a.

The improvement in the building’s envelope and control over the in-taking of air to
the building results in a decreasing primary energy index. For the gas condensing boiler,
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the building BSC_1 decreases by 71%, the building BSC_2 by 69%, the building BSC_3 by
53%. Also, the share of energy for heating and ventilation decreases, but at the same time
the share of energy for preparation of hot water and auxiliary energy increases. The biggest
share of auxiliary energy in the primary energy index value is for the pellet boiler and for
the variant TV_7, which on average, for the analysed buildings, can value up to 59%. The
low values of primary energy for the pellet boiler result from the coefficient of the invest-
ment for Polish conditions, assumed in the analysis at the level of w;; = 0.2.

3.2. Analysis of the variability of global cost

Detailed analysis of global costs dependant on the character of technical parameters changes
was presented for the analysed buildings and the heat sources in the graphs below (Fig. 3).

When comparing, in relation to the initial variant TV_1, the variability of the increase
in global costs with the improvements in the energy characteristics of the building, we
observe that the global costs of the single-family buildings decrease down to the TV_3
variant, and then increase, while in case of the multi-family building they increase for all
areas of the characteristics, except for the TV_4 variant. The usage of better ventilation
units results in an increase in global costs for both single-family and multi-family buildings.
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Fig. 3. To be continued
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Fig. 3. The absolute change in global costs in relation to the TV_1 technical variant for the analysed
buildings and the different heat sources, kWh/m?/a: a - GCB; b - DH; ¢ - GHP; d - PB

3.3. Optimum primary energy index

Using the global costs method, based on the 7 items of variability for the primary energy
index (TV_1 up to TV_7) for each building and the analysed heat source, the optimal level
for the primary energy index (EP,,) was defined (Fig. 4).

Achieving the minimum global costs is related to decreasing the EP index in relation
to the heat requirements valid in Poland in 2013, on average, by 27.3%.

Depending on the heat source applied in the building, the optimal EP,,, in terms of
global costs varies. It has the lowest value for pellet boiler, and the biggest — for the gas con-
densing boiler — the most popular solution in newly constructed buildings in Poland. The
difference, related to the global costs between the sources in the building, results mainly
from the costs of the heat source and the energy. In the case of the pellet boiler, the addi-
tional costs of the service were taken into account. EP,, values are getting lower along with
a lowering of the building shape index.

Table 4 shows a summary of the optimal level for the primary energy index, indicated
by the global costs method for the analysed buildings and heat sources, comparing the
requirements which were successively introduced in Poland.



Technological and Economic Development of Economy, 2016, 22(6): 830-849 843

3500

a)
3000

2500

2000

1500

1000

o
=3
S

Global cost / investment costs, PLN/m?

0 20 40 60 80 100 120 140 160 180
EP, kWh/m?/a

b) 3500

3000

2500

2000

1500

1000

500

Global cost / investment costs, PLN/m?

0 20 40 60 80 100 120 140 160 180
EP, kWh/m?/a

0 3500

3000 — g
2500 & | e A

2000 o

1500

1000

500

Global cost / investment costs, PLN/m?

EP, kWh/m?/a

) . 0
3000 1Y

2500 M
. s
[ Y

2000 L]

1500

1000

500

Global cost / investment costs, PLN/m?

0 20 40 60 80 100 120 140 160 180
EP, kWh/m?%/a

«— Global-BSC_1 =rereses Global-BSC_2 — = = Global-BSC_3
~0-— Investment-BSC_1 -:-®-:- Investment-BSC_2 = ® — Investment-BSC_3

Fig. 4. The variability of global costs for the analysed buildings and the different heat sources
in kWh/m?/a: a - GCB; b - DH; ¢ - GHP; d - PB



844 M. Basitiska, H. Koczyk. Analysis of the possibilities to achieve the low energy residential ...

Table 4. Optimal level for the primary energy index for the analysed buildings and heat sources in-
cluding the requirements regarding the building’s thermal insulation, kWh/m?/a

EP,,, kWh/m?/a

Building
GCB DH GHP PB
BSC_1 114.0 89.6 93.8 32.6
BSC_2 92.2 72.0 73.3 27.8
BSC_3 100.0 83.0 84.5 -

According to the presently valid rules the permissible value of primary energy for the
purpose of heating, ventilation and hot water preparation for the single-family building
reaches the level of 120 kWh/m?/a, while for the multi-family building it is 105 kWh/m?/a
(Dz.U. p0z.926. 2013). The Polish government introduced a programme for achieving the
heat requirements of the low-energy standard, successively decreasing the permissible pri-
mary energy indexes by 20% and then 40% in the following years: 2014, 2017 and finally
2021. From this analysis, the results show that achieving the requirements in the future will
be possible only if changes are introduced not only to the thermal envelope of the building
but also and first of all to the system of air flow control and the choice of heat source based
on renewable energy sources.

4. Polish support instruments for the low-energy construction industry
4.1. Proposed instruments

In connection with the European Union requirements for improving the thermal protection
of buildings, Poland introduced subsidies for the construction of low-energy buildings.

In 2013, the National Fund for Environmental Protection and Water Management in-
troduced a priority program constituting a national support instrument for people con-
structing residential buildings with low energy consumption, and designed to help inves-
tors, designers and contractors to implement the main objective of the Directive. Support
for individuals building energy efficient houses is realized in the form of subsidies or bank
loans. The primary endpoint of the residential building is the NF ratio, the value of which
stems from the quotient Qy ,; (energy needs for heating and ventilation, kWh/m?/a) re-
ferred to the conditioned floor area with a controlled temperature. In addition, some other
requirements need to be met, including the efficiency of the heating system and hot water
preparation. Depending on the obtained standard, the Polish government provides a sub-
sidy at the amount of (NFOS 2015):

- for a single-family detached building, standard NF40 - 30 000 PLN/building,

— for a single-family detached building, standard NF15 - 50 000 PLN/building,

- for a multi-family building, standard NF40 - 11 000 PLN/apartment,

- for a multi-family building, standard NF15 - 16 000 PLN/apartment.
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4.2. Investment costs for a building to achieve a low energy standard

To achieve a standard of energy need at the level of NF40 or NF15 one should increase in-
vestment costs at the execution stage, mainly on the side of the investment costs of installed
equipment associated with power consumption and construction investment costs that af-
fect energy consumption, which include costs associated with the installation of windows
with better thermal characteristics and extra thick insulation that meets the criteria for
thermal protection of the building.

Based on the example of the analyses of buildings with a gas-fired boiler, Figure 5 shows
the variability of investment costs, depending on the thermal characteristics of the building
with the corresponding energy need ratios at the level of NF15 and NF40. For residential
buildings: a detached single-family - BSC_1 and terraced - BSC_2, the initial assumptions
adopted guarantee meeting the NF15 standard; for a multi-family dwelling - BSC_3, due
to the high share of needs for hot water preparation in primary energy, the NF15 standard
for the building is difficult to achieve without additional improvements especially in the
area of hot water preparation.
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Depending on the building analyzed, and the heat source used, the investment costs are
at the level presented in Table 5.

For a detached single-family building and a terraced building, in order to achieve the
NF40 standard, an average rise of 6.5% in investment costs should be expected when com-
pared to the costs of the construction of buildings according to the standard for thermal
requirements in force in 2013 in Poland, for a multi-family building the costs increase is
lower and amounts to 3.7%. In order to achieve the NF15 standard, increases of 19.2% and
12.9% respectively are incurred.

Table 5. Rise in investment costs [PLN/m?/a] necessary to implement NF40 and NF15 standards for
the analyzed buildings and heat sources with reference to the requirements in force in 2013 in Poland,
1 Euro = 4.20 PLN

GCB DH GHP PB

PLN % PLN % PLN % PLN %
BSC_1 NF40 198 9.0 199 9.1 202 8.7 146 6.4
NF15 442 20.2 443 20.3 442 19.1 372 16.4
BSC_2  NF40 116 5.8 100 5.0 82 3.9 88 43
NF15 416 20.9 405 20.3 380 18.1 372 18.1

BSC_3  NF40 102 4.7 85 3.9 54 24 - -

NF15 302 14.0 290 13.4 260 11.4 - -

The observed increase in the investment prices and global costs related to the construc-
tion of the low-energy building is a common phenomenon and it does not depend on the
country. The presented analyses give us the opportunity to establish the proportions of
price changes so they can be used during the planning process of technical solutions for
low-energy and passive buildings in each country where the European Directives — regard-
ing energy saving — were or are implemented. The results will also be applicable in the
Baltic countries.

4.3. Evaluation of existing credit support instruments
by means of the global costs method

In the case of a detached single-family building (BSC_1) and a terraced house (BSC_2)
a subsidy of 30 thousand PLN is at the borderline of the price increases associated with
achievement of the NF40 standard. In order to achieve the standard of NF15, an increase
in costs by about 45% above a granted subsidy of 50 thousand PLN should be expected.
Developers, whose apartment price can include a loan subsidy covering the price increase
resulting from the improvements to the thermal characteristics of the building regardless
of the expected standard, are in a comfortable position. Taking into account the real estate
market demand for small apartments, their situation is even better.

In addition to the construction costs, a subsidy also includes funds for the banking ser-
vices of banks cooperating with the Fund and the verifier’s fee. The beneficiary is required
to pay income tax related to the granted financial support.
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In a case where the assumed NF15 standard is not achieved, the subsidy may be reduced
to the level provided for by the standard NF40. When the assumed NF40 standard is not
achieved, the subsidy will not be granted.

Conclusions

Each member country of the European Union is obliged, by means of a Directive, to save
energy and popularize the construction of low-energy buildings.

This paper uses the provisions of the transformed EPBD directive to evaluate the possi-
bilities of achieving low-energy standards for residential buildings in Polish conditions. For
evaluation, the global costs method was chosen, as this method allows for complex estima-
tion of the building along with its networks, taking into consideration the costs related to
exploitation. The method mentioned above gives the opportunity to forecast the propor-
tions of price changes during the planning of sustainable buildings, though one needs to be
careful when shifting the absolute values of the costs to the situation in a different country.

The Polish state, tending toward a decrease in primary energy, introduced the priority
programme as an instrument to support those who build residential buildings with low
levels of energy consumption. The participants in this programme are 6 banks which pro-
vide the preferential loans for the goal described above.

Since the beginning of 2013, the number of provided loans has been small, which means
that the proposed tool is unattractive, as it is connected to requirements which are the dif-
ficult to fulfil and inadequate grants which are not sufficient to fully cover the additional
costs related to the NF15 standard’s achievement. The change in the economic parameters,
especially in the case of the unstable Polish market economy, may mean that investments
which were assumed to be unprofitable become profitable due to the change in economic
conditions.

The presented algorithm of cost estimation for low-energy buildings and the evaluation
of subsidies can be used in all countries executing the provisions of the EU Directive. It
can be applied in the preparation of practical recommendations for decision-making bodies
when taking certain decisions regarding the form and volume of the supporting instru-
ments. But the necessity of undertaking sensitivity analysis must be taken into account,
as sensitivity analysis is important to the process of establishing energy performance for
buildings because economic changes will lead to changes in macroeconomic parameters
and requirements over time.

In conclusion, the global cost model as presented in this paper was shown to be an
adaptable tool for assessing buildings. The model considered all life cycle stages to assist
policy makers and designers in understanding the true national, regional and global impact
of buildings on the environment.
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