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Abstract. Due to the changes in the energy standards for housing
in Poland there are many concerns. Is the standard required by the
regulation achievable and if it is, then at what cost?

There are many solutions to construct a building in line with the
requirements of passive house technology. They are differentiated by price
and time required for implementation. This study is based on the solution
proposed by one of Polish companies, offering technologically integrated
products allowing, according to the producer, to build passive houses faster
and easier. The goal of this study was to confront producer’s claim with
reality by comparing time and cost of the same investment using
conventional and passive house technology. The basis for time and cost
analysis was a basic detached house design, partially modified with regards
to materials and technology used.

Conclusions of the study are based on the comparison of the two Gantt
charts defined in Ms Project. Construction schedule was used to analyse
the duration of both projects and the resources assignment was used in cost
analysis.

1 Introduction

According to the directive of European Parliament and the European Council from April
2009 [1, 2], all member states must prepare legal framework allowing for the application
of passive house technology standards to every newly constructed house [3]. Meanwhile
current research [3, 4] shows that housing in Europe still uses 40% of the energy produced
(85% of the energy in buildings is used for heating, lighting and heating water [4]), and
36% of CO2 emission is caused by it. Generalizing the problem one may say that one of the
biggest global energy consumers is civil engineering sector [5, 6, 7].

In Poland energy standards for housing were defined in Regulation of the Ministry
of Infrastructure and Development regarding technical conditions that must be met by
housing and its localization [8]. In line with those standards design practice includes
requirements regarding walls insulation, as well as maximum primary energy consumption
per 1 m? of usable area [9]. Changes in the requirements of Technical Standards started
in January 2014, the current version has been introduced in January 2017 and the following
version will become binding in January 2021. According to the current regulations
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buildings cannot exceed the maximum values of heat transfer coefficient U for external
walls and the limit of consumption of non-renewable primary energy. The new regulation
can be a cause for concern. Is the standard required by the regulation achievable [9] and
if it is, then at what cost?

Passive houses do not seem to radically differ from conventional buildings, however
through the appropriate design, materials and technology they allow to drastically decrease
energy consumption. According to the literature it translates into energy savings of
75%+90% [9, 10, 11, 12]. This way passive houses are an important part of climate
protection. The key question remains the cost the investor has to bear to build a passive
house.

There are many solutions to construct a building in line with the requirements of passive
house technology. They are differentiated by price and time required for implementation.
This study is based on the solution proposed by one of Polish companies, offering
technologically integrated products allowing, according to the producer, to build passive
houses faster and easier. The goal of this study was to confront producer’s claim with
reality by comparing time and cost of the same investment using conventional and passive
house technology.

The basis for time and cost analysis of the investment was a basic detached house
design, partially modified with regards to materials and technology used. In the
conventional building the commonly used materials were chosen, in case of passive house
styrofoam based materials were selected.

Conclusions of the study are based on the comparison of the two Gantt charts,
as defined and optimised in Ms Project. Construction schedule was used to analyse the
duration of both projects and the resources assignment was used in cost analysis.

The article consists of four main parts. The first one includes analysis of the literature
with regards to passive house requirements. The second part considers the obstacles in the
implementation of passive house technology, focusing on the investment costs. The next
part is a case study comparing time and cost of construction of a detached house in
conventional and passive house technology. That part is the basis for conclusions and
practical recommendations that should be considered when making a decision to build
a passive house.

2 Passive house

2.1 Technical requirements

The concept of passive house originated in Darmstadt in 1983. Eight years later the first
passive house has been constructed in the same city [3, 4].
A passive house is a building:

e with very low heating energy consumption of 15 kWh/m? per year, resulting from the
use of passive heat sources including: sun, the energy produced by inhabitants,
appliances, the heat passively consumed by the house [3],

e which total energy consumption for heating, hot water and electricity should not
exceed 120 kWh/m? per year,

e which leaked air volume cannot be larger than 0.6 of the building volume per hour,
measured at the pressure of 50 Pa [4].

The key aspect in passive house design is the highest possible reduction of heat losses
through thermal bridges, walls and ventilation, while at the same time maintaining
comfortable micro climate inside. Passive houses do not require conventional heating,
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because the heat is recuperated from ventilation and heating happens through warming the
ventilation air [8, 10].

Table 1. Criteria for passive houses in Central Europe [11].

No. Criteria Value
1. | Heating Energy consumption max. 15 kWh/m? per year
2. | Heat load demand max. 10 W/m? per year
3. | Cooling demand max. 15 kWh/m? per year
4. Total energy consumption max. 120 kWh/m? per year
5. | Leaked air volume (at the pressure of 50Pa) max. 0.6 change/h

6. Frequency of excessive temperatures max. 10%

7. | Areato volume ratio max 0.7

8. | Heat transfer coefficient — windows and doors max. 0.8 W/m?K

9. | Heat transfer coefficient — thermal bridges max. 0.01 W/mK

10. | Efficiency of ventilation with heat recovery max. 75%

Based on estimated values a conclusion may be reached that passive housing, depending
on the selected heating technology, allows to save even up to 90% of the cost when
compared with conventional building heated with, for example, natural gas. Primary energy
consumption at a level of 15 kWh/m? annually would cost according to [11], depending on
the energy source:

e 1.51ofheating oil /m? p.a.,
e 1.5+1.7 m’ of natural gas /m” p.a.,
e 4.3 kWh of electricity /m® p.a.
For a 190 m? building the cost of heating with respective sources would be as follows:
heating oil - 1.5 1/ m? p.a. x190 m?>x4 PLN = 1140 PLN
natural gas (average) - 1.6 m* / m?p.a. X190 m?>x2.5 PLN = 760 PLN
electricity — 4.3 1/ m?p.a. 190 m*>x0.64 PLN = 523 PLN
Passive house technology allows not only to save money or reduce emission of CO2,
but also meets the important criteria of inhabitant’s comfort. The use of mechanical
ventilation allows constant air replacement, which assures fresh air in all rooms. Humidity
is kept at 30%+50% and the temperature reaches required levels — in the summer maximum
of 25°C, and in the winter 20°C [11]. To meet those requirements, it is necessary to
implement many specific solutions. The summary of passive house criteria is presented in
Table 1.

2.2 Obstacles in introduction of passive house technology

Despite many similarities passive house differs from a conventional one in many
architectural, construction and technological aspects, which translates into additional
investment cost [10], but also numerous obstacles during implementation. The most
important ones include [12]:

o imperfect and incomplete information about standards of passive house technology,

e lack of knowledge regarding introduction and development of relatively new energy-

saving technologies,
e burdensome processes — regulatory/legal, administration, regarding planning,
e insecurity and risk related to new concepts/technologies,
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limited access to technology,

high initial investment cost,

limited access to financing,

transaction costs being the result of cooperation of many business entities.
The conducted research confirms that undoubtedly the biggest issue is the cost.
According to [13] initial costs of investment in energy-saving buildings may be 4%+16%
higher than in case of conventional ones, and transaction costs are estimated at 20% of the
investment cost. Other research [12] shows that additional costs of newly build passive
houses is between 0%+17%. With time this cost can be minimized, because of wider access
to technology and higher awareness of investors, constructors, architects, etc. As the
number of passive houses grows in Germany, Austria and Switzerland, average additional
cost decreased to 5%+8% [14], and in Sweden it is at the level of < 10% [15].

In Poland it is estimated that the actual investment cost of passive building is 15%+20%
higher than in case of conventional construction. At the same time the return on investment
is predicted on average after nine years of operation [11, 16].

Additional cost of passive house technology not only makes its implementation difficult
for private investors, but also makes it impossible for developers to enter the energy-
efficient market [12]. Another issue is calculation of the period of the return on investment,
which depends mostly on the prices of heating energy, which is difficult to predict [10].

3 Case study

Acknowledging the observed difficulties in implementation of passive house technology,
especially regarding additional costs, the goal of this article was to compare time and cost
of building construction in conventional and passive technology. An important aspect is the
fact that the time parameter is not considered in the context of obstacles in implementing
passive house technology, but to verify producer’s declarations. The case study uses
a solution proposed by one of Polish companies that offers technologically integrated
products, which should make the construction of passive house faster.

The basis of comparison of time and cost of the investment was a basic design
of a detached house, which has been modified with regards to materials and technology
used. In the conventional technology commonly used materials have been selected, and
in case of the passive house styrofoam based materials were chosen. The important thing
to note is that both investments were limited to works on core and shell, shell and roof up
to closed-in building stage.

The conclusions of the analysis conducted are based on comparison of the two Gantt
charts defined and optimised in Ms Project. Construction schedule was used to analyse
the time aspect of both projects and resources assignment to tasks allowed to analyse costs.

To conduct appropriate comparative analysis, the following assumptions were made:

o the same scope of works, differentiated only by technology used,
e the same number of employees assigned to specific tasks,
e the same project calendar.

3.1 Construction and material solutions — passive house

The design of passive house was based on a modern system by one of Polish producers.
This technology was used, among others, for walls, made of hollowed styrofoam blocks.
Its core is reinforced and filled with concrete, therefore such modules combine insulation
with load-bearing role. Floor slabs are also a systemic solution of the producer, replacing
traditional filler blocks. The company claims that the most important advantages of this
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technology are shorter construction time (which is analysed in the following part of this
article), high insulation parameters and lack of thermal bridges. Additional modification,
when compared to the conventional building, are windows and doors, which low heat
transfer coefficient meets the criteria of passive house.

3.2 Construction and material solutions — conventional house

The design of the conventional house was meant to meet the basic requirements of the
Regulation of the Ministry of Infrastructure and Development from 14" November 2017
regarding technical requirements of buildings and their location [8]. In result the walls have
been designed from autoclaved aerated concrete blocks insulated with styrofoam from the
outside. Insulation of remaining walls is thinner compared to passive technology. Windows
and doors used are adjusted to the criteria of conventional technology, which has major
impact on the difference of cost between the two projects.

3.3 Analysis of the investment time

Gantt chart defined in Ms Project allowed to establish duration time of both projects.
In case of the passive house it was 91.5 working days, while for the conventional house
104 working days. The investment duration time of the passive house was shorter
by 17 calendar days, confirming the producer’s declaration.

As the scope of construction works was the same, the duration time for majority of tasks
is also equal. Some changes, such as thickness and type of insulation, using different
windows and doors, did not affect the time necessary to complete the project. Figure 1
presents only those tasks where the duration time between the two compared solutions was
different.

0 2 4 6 8 10 12

Bearing walls

Main beams, lintels, tie beams, floor slab -
reinforcement

Main beams, lintels, tie beams, floor slab - 10.5

concreting

Insulation of the external walls

u Conventional house  m Passive house

Fig. 1 Duration time of the selected tasks for passive and conventional house [working days].

The task that impacted the project completion time the most was construction of load-
bearing walls. The effort required to construct those walls in the technology of company
x is estimated (depending on the experience of the workers) on average at 0.5 h/m?, while
construction of the conventional walls takes 0.8 h/m?. This data shows that the time
necessary to build a wall from styrofoam blocks is 40% shorter than the time needed to
build in conventional technology. However it should be noted that duration time to
reinforce and fill the styrofoam wall with concrete has to be added. As a result, the
difference in time is rather small (“Load-bearing walls — ground floor”) or none (“Load-
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bearing walls — 1% floor”). Small differences in duration time are also related to the
relatively small size of the building. It is estimated that with the larger surface area the time
difference will increase, resulting in time savings. The key advantage of the chosen passive
house technology is the possibility of constructing the walls together with insulation, which
eliminates the need of additional building insulation. In the analysed project it shortened the
investment time by 9 working days.

Additional differences in the duration time can be observed in constructing main beams,
lintels, tie beams or floor slabs. The differences are mostly caused by the various types
of reinforcement used. Additionally, the used passive technology required a larger number
of main beams (some elements of this technology are not suited to long lintels).

3.4 Analysis of the investment cost

As previously mentioned, the most important factor limiting every investor is the cost. The
presented analysis shows the difference in cost of constructing a detached house in both
technologies, indicating at the same time the elements that are major reasons for it.

Construction cost of the passive house has been estimated at 390206 PLN, and the
conventional house at 283244 PLN. This large difference is caused mostly by the
technology of load-bearing walls. Walls of the passive house have been constructed using
styrofoam blocks but also reinforcement and concrete. On the other hand, load-bearing
walls built in passive technology do not require additional external insulation. It does not
change the fact that the cost of building walls is three time lower in case of conventional
technology. Similar situation happens in case of floor slabs. Here the conventional
technology is almost four times cheaper. Additional significant element are windows and
French-windows. The application of higher standards increased the cost of passive house
by app. 15%.

Foundations
Ground slab
Ground floor 193499
1st floor

Roof

Closed-in building

0 50000 100000 150000 200000 250000

m Conventional house ™ Passive house

Fig. 2 The value of lump sum items for both technologies [PLN].

Figure 2 shows the values of lump sum items for both projects. The cost for
,,Foundations”, ,,Ground slab” and ,,Roof” shows insignificant variance. It is caused mainly
by the different thickness and quality of insulation materials. The item with the highest
difference is “Ground floor”, which is caused by the different technology used to construct
load-bearing walls. This translates into an enormous change in cost, in case of “Ground
floor” it was 106000 PLN, and in case of “1% floor” 7500 PLN in favour of the
conventional method. The last position generating the difference is “Closed-in building”.
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In this case the cost is unfavourable for the conventional method, mostly due to the required
additional building insulation.

All of the above-mentioned factors increase the cost of building a detached house
in passive technology by over 100000 PLN when compared to conventional technology.
The data shows that construction of a passive house if 38% more expensive than
a conventional one, although it should be noted that the scope of analysed project is limited,
which is not without impact to the value of estimated percentage increase of investment
cost.

4 Conclusions

The goal of this article was to present an influence of passive house technology on time and
cost of construction investment. The analysis was based on the project which limited scope
could have impacted the resulting additional cost of constructing passive house,
nevertheless the results allow to formulate some general conclusions.

The technology used in the study, offered by one of the Polish producers, allowed to
confirm shorter time required to complete investment. It is difficult to undoubtedly
conclude if shortening the investment time by app. 14% when compared with conventional
technology is sufficient justification for selecting this solution. Nevertheless it is estimated
that in case of wider scope of works and long-term investments this difference may become
significant.

Cost analysis allows to draw more explicit conclusions. Application of passive
technology increased the investment cost by 38%, which translated to 108000 PLN more
than in case of conventional technology. Additionally, transaction costs should be
considered; it is estimated that they would also be higher than in case of conventional
building.

Considering only the cost aspect, the above conclusion may discourage potential
investors. However, it is also important that passive house technology results in
significantly lower energy consumption, so operating costs when compared to conventional
house are a lot lower and in the longer run bring the return on investment. Additionally,
to assess the entirety of costs associated with constructing a passive house it is
recommended to use life-cycle cost (LCC) methodology, which allows to select the most
financially beneficial option [17, 18]. Basing only on initiation investment cost may result
in selecting the solution that will generate high operation cost in the long term [7].

Additional aspect supporting passive house technology is wider spread access and
knowledge of Building Information Modelling (BIM) [19, 20]. Research shows that the
application of BIM may result in lower transaction costs, but also provide much more
certainty and efficiency in the process of design and project implementation [21].
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