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Abstract
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Many countries developed methods for the definition of
houses with a very low energy use in the past years, among
which Passive House represents a dwelling with extremely
thermal insulated external envelope, good air tightness and
highly efficient ventilation heat recovery to reduce energy
consumption of buildings greatly depending on the location.
This paper is carried out to see if it is possible to design
tunnel-form structures as Passive House buildings. Also in this
paper, construction of a Passive House in Turkey is discussed
considering several perspectives such as applicability of
Passive House principles, use of modern technologies, role
of public authorities and developing pilot projects in energy
efficiency.
The research found out that the Passive House Standard could
be met in the tunnel form housing unit in Ankara, assuming that
the building is thermal bridge free. 82% and 73% reductions
could be achieved respectively in annual heating demand and
in heating load of the case building. In addition to that 57%
reduction in primary energy demand which covers the space
heating, cooling, DHW and household electricity and 53%
reduction in the CO2 emissions could be obtained.
Keywords: Passive House, Tunnel Form Buildings, Energy
Consumption, Energy Efficiency, PHPP
1. Introduction
World energy crises, such as the 1979 oil shortage or the
drastic increase in the oil prices in the early 1990s, led to
governmental concerns over the supply of worldwide energy

resources. European nations that are highly dependent on
energy resources were especially affected. Concurrently, the
energy consumption of buildings was steadily increasing in
developed countries. Under such circumstances new concepts
related to energy efficiency in buildings emerged [1].
In order to achieve energy reduction targets, various directives
and plans were issued by the European Commission. According
to one of those directives, namely the Energy Performance of
Buildings Directive, all new buildings have to be nearly zeroenergy buildings by 31 December 2020. In addition to that,
the development of a pathway for moving the building stock
towards very low energy or Passive House Standard was
suggested by the European Commission in “Action Plan for
Energy Efficiency: Realizing the Potential” in 2006.
Passive House is a widespread concept that is seen as a longterm political ambition to reduce energy consumption in the
building sector by many countries [2]. The term Passive House,
represents a dwelling with very good thermal insulation, good
air tightness and highly efficient ventilation heat recovery [3].
The Standard has been named “Passive House” because the
passive use of free heat gains provided by solar irradiation
through the windows and by the heat emissions of appliances
and occupants [4].
The connection of architecture and energy was realized at
the end of the 20th century in Turkey [5]. The advantages of
architectural design to create energy efficient designs by
passive ways using renewable sources are ignored in Turkey and
intelligent buildings are usually granted as the buildings where
HVAC and electrical systems of the building are automatically
controlled by building energy management system [6]. Energy
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efficiency awareness in Turkey has not reached the desired
level since the regulations, implementations and examinations
on energy efficiency have not reached a sufficient level yet [7].
Building sector in Turkey, which is the second largest energy
consumer and responsible 32% of the total national related
CO2 emissions in 2008, uses the largest amount of this energy
to meet residential buildings’ heating demand [8]. In Turkey,
TOKİ (the Housing Development Administration of Turkey) is
the leader official institution meeting 5-10% of the housing
needs. “Tunnel form construction” which allows fast and
quality production with an earthquake resistant construction is
being used in many TOKİ houses [9]. Although the concept and
technology of energy efficient buildings become widespread
especially in the US and European Union, energy efficiency and
environmental issues are not the main issues in social housing
design and operation both in TOKİ, and in general in Turkey [10].
Considering the integration of technology to energy efficiency of
buildings, Turkey is one of the countries presenting the lowest
national shares of high-tech sectors in total employment
below 2% [11]. By applying renewable energy and energy
efficient design strategies to TOKİ mass housing projects; TOKİ
can be a forerunner so as to obtain energy savings and protect
environment in Turkey [10].
In this paper Passive House principles are applied to a
TOKİ social housing project to see if it is possible to reach
Passive House Standard in Ankara. In addition to that the
geometry of the building is examined in order to identify the
implementations that can be problem when designing Passive
Houses. Also in this paper, construction of a Passive House in
Turkey is discussed considering several perspectives such as
applicability of Passive House principles.
2. Evaluation of the principles to reach Passive House
Standard
In this section, five principles of Passive House which are
thermal insulation, energy efficient windows, air tightness,
thermal bridge free design and comfort ventilation with highly
heat recovery will be examined briefly and compared with the
applications in Turkey. Table 1 represents the requirements to
meet Passive House Standard in Cool-Temperate Climate.

Table 1. Passive House Requirements in Cool-Temperate
Climate
Annual heating demand
Heating load
Pressuration test result n50

≤15kWh(m²a)
≤10W/m²
0.6 h-1

Primary energy demand

≤120kWh(m²a)

Annual cooling demand

≤15kWh(m²a)

U values of exterior components

≤0.15W(m²K)

U values of windows

≤0.8W(m²K)

Effective heat recovery rate of ventilation
system
Noise emission of ventilation system

≤%75
<25dBA

Around 1980, a new approach called super insulation, like it is
used in a Passive House came to the attention of architects. A
moderate amount of insulation is provided at the sills, headers,
eaves, window and door frames in these houses [12].The
insulation of buildings was not a common occurrence in Turkey
until it became obligatory after the publication of the TS 825
Turkish Thermal Insulation Standard [13]. In Turkey heat loss
from buildings is one of the primary sources of energy waste,
since no or little insulation is used in existing and new buildings
[14]. Low density, cheap insulation materials with 3 or 4 cm
thickness is applied to the buildings that are insulated [15].
Low energy houses use two layer insulated windows with
U=1,1 to 1,3 W/m2K, while the Passive Houses have three layer
insulated windows with U<0.7W/m2K [16]. Different climate
regions will require different target window U values and
different glazing types to meet Passive House Standard [17]. A
comparison of the required U values for the building elements
as walls, roofs, floors and windows for the three different
standards is presented in Table 2. When U value requirements
of 3rd region and Passive House Standard are compared, it is
seen that Passive House Standard requires three times better
U values for wall, floor and window and requires two times
better windows.

Table 2. Comparison of U values for the Standard
U wall U roof (W/ U floor
(W/m2K)
m2K)
(W/m2K)

TS 825
Standard

Passive
House

U window
(W/m2K)

1st region

0,7

0,45

0,7

2,4

2nd region

0,6

0,4

0,6

2,4

3rd region

0,5

0,3

0,45

2,4

4th region

0,4

0,25

0,4

2,4

0,15

0,15

0,15

0,8

Thermal bridge free design is one of the pillars of Passive
House concept [18]. Careful design and ‘architectural detailing’
of building junctions are very necessary to deal with thermal
bridges [19]. According to a research on Turkish buildings, there
is about %95 increase in U-value of walls owing to thermal
bridges [20]. According to TS 825 Standard, to have a linear
thermal transmission coefficient (Ψi,e) less than 0,1 W/(mK),
is satisfactory to omit thermal bridges in the related equation.
If this assumption is compared with Passive House Standard,
in order to fulfill Thermal Bridge Free definition linear heat
coefficient should be less than 0.01 W/(mK).
In Passive Houses, the measured air leakage must not exceed
0,6 h-1 at a pressure differential of 50 pa.[17]. Materials and
workmanship used in constructing buildings influence the
air infiltration rate in buildings [21]. Air tightness testing is
an important tool to evaluate the effectiveness of air barrier
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assemblies. Today, using a blower door is the most common
quantitative test method to measure the air leakage of the
building enclosure [22]. Figure 1 illustrates a blower door test.

for the year 2000 contains prescripts for well insulated and tight
buildings and new buildings must install ventilation systems
with heat recovery [26]. Ventilation systems of new buildings
that have an air flow of more than 500 m3/h, a minimum of 50%
efficiency is required in Turkey. Taking into account investment
and operation costs, if the energy economy is advantageous,
to use heat recovery systems are an obligatory since 2010 [27].
4. Material and Method
4.1. Material
The case study building consists of a tunnel form work social
housing unit that is designed by TOKİ. The building is located
in Ankara, which is classified in Climate Region III in TS 825
standard. The Weather data of Ankara using Standard case
(Latitude 39.92º and Longitude East 32.83º) is obtained from
the database included in the Meteonorm software.

Figure 1. Illustration of blower door test
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In buildings with traditional brick or precast concrete
construction, achieving the assumed level of air tightness is
easier than in those with wood-frame construction since wood
frame constructions have a more complicated construction
details [23]. The relationship between air tightness and its
influencing factors in the UK is studied. Results showed that
houses built using precast concrete panels were significantly
more airtight than those built using timber frame [24]. Air
tightness of 18 rooms and air infiltration rate of 34 rooms
have been measured using two blower doors and decaying
tracer gas technique with nitrous oxide (N2O). Air tightness
of the rooms was about 2.64 to 20.54 ACH (Air changes per
hour) at 50 Pa indoor outdoor air pressure differences, while air
infiltration rates were in the range of 0.16 to 1.99 ACH [21]. A
comparison of air tightness levels for TS 825 Standard, Passive
House Standard can be seen in Table 3.

The case building showed in Figure 2, has 6 floors and a
basement floor with 25 numbers of dwellings inside. In the
TOKİ social housing unit, one apartment and auxiliary rooms
such as installation rooms and storage rooms are located on
the basement floor and four identical apartments on the other
floors. Each main hall and apartment is designed inside the
heated area. Therefore the apartment and main hall on the
basement floor are included in the thermal envelope.

Table 3. Comparison of airtightness levels for the
Standards
TS 825 Standard
multi dwelling

one dwelling

n50<2

n50<4

2≤n50≤5

4≤n50≤10

5<n50

10<n50

Passive House
new buildings

retrofits

0.6≤n50

1≤n50

While airtight buildings are effective for energy savings,
infiltration rates are reduced, and as a result indoor air quality
deteriorates. To solve this problems, heat recovery ventilators
are used as an effective way of saving energy and maintaining
necessary ventilation rates [25]. In Germany the building code

Figure 2. Photo of the case study
To estimate the specific building demands as space heating,
cooling and primary energy demand of the existing building and
Passive House building, a spreadsheet based design tool called
The Passive House Planning Package Version 7 (2012) has been
used.
4.2. Method
Calculation of the energy demand of the existing building is
carried with the guidelines stated in Passive House Planning
Package 2012 manual.
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4.2.1. Calculation of the energy demand of the case study
building
Calculation of the energy demand of the baseline building (BB) is
carried mainly on two steps. In the first step, all necessary data
such as architectural, mechanical, sanitation and construction
drawings of BB are collected from the TOKİ Administration. A
site inspection is made at the building plot with photographing
surrounding buildings. To have more accurate results, the
models of mechanical units such as gas boiler, circulation
pumps, etc. are recorded by visiting mechanical room. Domestic
hot water (DHW) consumption of the each dwelling is recorded
to have more realistic results on DHW energy demand.
Therefore short interviews with building contractor are made
on the phone to clarify the type of the materials. Corresponding
to these interviews, the thermal conductivity of the materials
is taken from TS 825 Standard. Firstly the thermal envelope
of the existing building is determined. Figure 3 indicates the
thermal envelope of the existing building. Following that, all
the necessary data is entered to the PHPP which is defined
according to the PHPP software’s own worksheet sequence.

Figure 3. Thermal Envelope boundaries of the existing
building

Table 4. Properties of existing household appliances for
domestic electricity demand
Dishwashing

Cold water connection

Clothes washing

Cold water connection

Clothes drying with

Clothes line

Refrigerator

Combined (freezing, refrigerating)

Cooking with

Gas

To calculate domestic electricity demand, properties indicated
in Table 4 are applied considering Sanitation Drawings.
Calculation of the length of the DHW and heating pipes are
calculated considering sanitation and mechanical drawings.
Technical specifications of the related units that are gathered
from the manufacturer are entered to PHPP. Since there is no
mechanical ventilation, no ventilation unit is entered to the
software.

The total length of space heating distribution pipes, circulation
pipes and individual pipes that are inside and outside of the
thermal envelope is entered using the sanitary installation
projects delivered by the TOKİ as it is presented in Table 5. The
descriptions to calculate the length of distribution pipes are
given in [17].

Table 5. DHW system pipe lengths
Space Heat Distribution

Warm Region Cold Region

Length of distribution pipes

2037,53

Pipe width

50

Pipe insulation thickness

40

Insulation thermal conductivity

0,04

DHW consumption per Person and
Day(lt)

76

DHW distribution and storage

Warm Region Cold Region

Length of circulation pipes (flow
return)

103,7

30,8

Total length of individual pipes

727,15

84

Storage losses

2,5 W/K

24,54

There is not any blower door test carried to measure air
tightness of existing TOKİ houses in literature. Therefore, air
exchange rate @50pa is assumed to be 5 (1/h). Air change rate
by natural ventilation in summer is entered as 0.8 (1/h) which is
a standard value in TS 825. It is planned that 2 windows in the
bedroom and one window in living room are open for 6 hours (a
fraction opening %50) on each apartment during the summer
at night.
According to PHPP, the standard value of DHW consumption is
25lt/p/d. To get more realistic values, water consumption of 24
dwelling is measured. It was seen that the water consumptions
differentiates too much from one apartment to another. The
highest five value is taken as sample and the average value
that is 76 lt per person per day is used in the calculations.
Achieving Passive House Standard was possible with installing
triple window glazing with Argon filling. Table 6 indicates all
the applied systems in BB and in Passive House (PH). The
technical specifications of the glazing are selected from one
of the leading companies of the flat glass market. To ensure
indoor comfort, Mechanical Ventilation with Heat Recovery is
applied. Planned supply, extract and transferred air zones for
one dwelling is seen in Figure 4.
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Table 6. Applied systems in BB and in PH

5.1. Achieving Passive House Standard in TOKİ social
housing unit

Baseline Case
(BB)

Passive House Case
(PH)

Wall insulation

EPS, 5cm,
ʎ=0,04 W/(mK)

Rock wool 15 cm,
ʎ=0,035 W/(mK)

The results indicate that it is possible to achieve Passive House

Roof insulation

EPS, 5cm,
ʎ=0,04 W/(mK)

Rock wool 15 cm,
ʎ=0,035 W/(mK)

House Standard 82% and 73% reductions can be achieved

Basement
insulation

EPS, 5cm,
ʎ=0,04 W/(mK)

Rock wool 15 cm,
ʎ=0,035 W/(mK)

Foundation
insulation

6mm Water
proofing
membrane

Rock wool 15 cm,
ʎ=0,035 W/(mK)

Double(16-4-16),
Air, Ug=2,7,
g=0,77

Triple(16-4-16-4-16),
Argon, Ug=0,6, g=0,55

Window Frame

PVC, Uf=1,6 W/
(m2K)

PH Frame,
Uf=0,79 W/(m2K)

Brick Masonry

20cm, ʎ=0,36 W/
(mK)

20cm, ʎ=0,33 W/(mK)

Natural
Ventilation

MVHR Unit,
%85 Efficiency

Heating

Central Heating
with Gas Boiler

Air Source Heat Pump,
COP:4

DHW

Gas Water
Heater for DHW

Solar collectors+Air
Source Heat Pump

5(assumed)

0.6(assumed)

Glazing

Ventilation type
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5. Results and Discussions

Air tightness
(1/h)

The ventilation system must have efficiency more than %75,
complying with PHI certification and the results from standard
testing procedures have to be subtracted 12 percentage points
[17]. There are no Turkish manufacturers of Passive House
Certified Ventilation Units yet. Therefore ventilation unit is
selected from the single distributor of PH certified ventilation
unit currently in Turkey. Two solar collectors are proposed
for the each dwelling with an efficiency of %77 to generate
domestic hot water. According to PHPP, %34 of the DHW
generation can be delivered from the solar collectors. For the
rest DHW demand, as well as to heat the dwellings in winter,
an air source heat pump with a COP of 4 is used.

Standard in the tunnel form housing unit. By applying Passive
respectively in annual heating demand and in heating load of
the case building in Ankara. In addition to that 57% reduction in
primary energy demand which covers the space heating, cooling,
DHW and household electricity and 53% reduction in the CO2
emissions are obtained as it is indicated in Figure 5. According
to the results, the primary energy demand of the baseline
tunnel formwork housing unit is 261 kWh/(m2a). Whereas 112
kWh/(m2a) primary energy demand (including space heating,
cooling, dehumidification and household electricity demand)
can be reached by applying Passive House Principles.

Figure 5. Comparison of the specific building demands
As the Passive House principles are applied, the cooling load
of the building is increased from 3,5 W/m2 to 5,1 W/m2 which is
46%. Cooling demand of the building is increased from 0 to 2,7
kWh/m2a. According to the Standard, if the frequency over 25ºC
exceeds 10%, additional passive measures such as shading or
the natural ventilation is necessary. If the comfort limit cannot
be provided by passive ways, active cooling would be obligatory.
However, in the case study building, to use temporary shading
devices (such as blinds, vertical lamellas, etc.) and increase the
natural ventilation rate was enough to meet the comfort level.
In this study minimum and maximum interior temperature are
set to 20 ºC and 25 ºC respectively. It should be noted that
thermal comfort level of people differs due to many reasons
such as climate, activity, clothing, age, etc. If the upper limit of
thermal comfort of occupants is higher than that of 25 ºC, the
cooling demand and cooling load will be lower in the Passive
House case. If the minimum interior temperature is set to 19
ºC as it is in TS 825 Standard, the heating demand and heating

Figure 4.Planned Supply, Extract, Transferred Air Zones
for one dwelling

load of the two cases will be lower.
5.2 Construction of a Passive House in Turkey
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Due to the inefficiencies in regulations, implementations and
examinations on energy efficiency, energy efficient building
design is not a main issue as it is in European Union in
Turkey. Public authorities have a key role in increasing the
energy performance of buildings in this respect. Considering
international examples, Turkish government can create future
targets to cut excessive energy demand of buildings by working
on a national energy efficient building standard. In order to do
that, firstly the energy demand of the existing buildings should
be studied in depth. This would require a comprehensive
research on various topics such as Turkish building traditions,
culture, and current energy performance of households or
HVAC system, etc. To strengthen the reliability of the results,
developing software based on the life style of Turkish culture
and energy performance of building components, HVAC
systems and households in Turkey is highly essential.
To test the real amount of savings by applying energy
efficiency standards such as Passive Houses, pilot projects
should be delivered taking into account the local climate and
traditions. After completing such projects, monitoring is highly
crucial in terms of sharing positive experience of living in the
energy efficient buildings. If the adaptation of an international
standard to Turkish climate or region is not successful in terms
of intended amount of energy savings, internal comfort or cost
optimization, to record all experiences learned from the project
is important to prevent future application failures. This study
shows that Passive House Standard can be met in a TOKİ social
housing unit in Ankara and this would significantly reduce
especially the heating demand of the buildings. However,
to reach the target efficiency levels mentioned previously
is possible if all the parties involved in the project including
contractor, architect, engineer, manufacturer and tradesperson
have the right skills.
Construction of energy efficient buildings such as Passive
Houses introduces modern technologies and innovative
solutions in practice especially to the countries where these
technologies are not widely used. Especially in countries
where energy efficiency is a new issue such as in Turkey, to
ensure predicted energy savings, using certificated building
components becomes crucial. During this study, there were
no local products providing the high thermal performance
specifications of Passive House suitable equipments such as
window frames and ventilation units. Therefore production
of those components is highly essential. By inciting the local
companies manufacturing the aforementioned products, new
employment and investment sectors can be settled and the
public awareness of the energy efficiency can be increased.
To prove the air tightness level of the building with an air
tightness test is one of the principles of the Passive House
Standard. Currently there are no obligatory regulations for air
tightness levels of buildings in Turkey. There are also no studies

addressed the air tightness levels of existing buildings in the
country. In this study, the air tightness level is assumed to reach
the required level. However, quality of workmanship is a factor
effecting the air tightness of the buildings necessarily. Poor
quality workmanship is one of the problems of the construction
industry in Turkey, causing great spending of money, time and
resources. Since construction of Passive Houses requires high
quality workmanship, to achieve the required energy efficiency
and comfort levels, it is very important to put effort on this
issue.
This study indicated that to meet Passive House Standard in
the case study building was possible with a minimum of 15
cm insulation (lambda value of 0,035 W/mK) based on PHPP
calculations. At first sight there might be concerns about the
excessive insulation thickness in terms of constructability also
between construction professionals. However, explained in
more detail in [28] an increase in the insulation thickness is
not a problem in terms of constructability. Since the insulation
is heavier, in addition to the increase in the cost of insulation,
the cost of the anchors and the cost of labor (25%) would be
expected to increase [28]. Thus, it is important to increase
the awareness about energy efficiency targeting the lack of
specialized knowledge among construction professionals
and public by delivering catalogues including various details
with their construction process. Moreover, selecting thicker
insulations will require new insulation accessories such as
longer size anchors and plinth profiles. To apply those thicker
insulations on a tunnel formwork building would demand
different anchor types for concrete surfaces. Since the applied
insulation thickness to the buildings in Turkey currently is
much lower than the Passive House Buildings, to find suitable
equipment and technologies for Passive House construction
can be difficult at the first stage in terms of supply of those
products. However with the wider acceptance of the new
construction approaches, to reach those products will be
possible.
While reducing the operational energy demand of buildings, it
is very important to put emphasis on the embodied energy of
the proposed building construction. Selection of the building
materials such as insulation type and construction system,
building systems such as heating type have direct impact
on the life cycle energy of the buildings. Materials of the
structural system such as concrete, wall filling such as brick
and insulation materials are consumed in very large quantities.
Thus to prefer natural materials to heavily processed ones,
would have less environmental impacts and lower embodied
energy. In this study, when selecting the exterior insulation
material, the embodied energy of the materials was taken into
account regarding a previous research.
Passive House Standard is achieved using triple glazed
windows that are manufactured by a Turkish flat glass
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company in Turkey. Currently there is not a Turkish company
that manufactures a certified Passive House window frame
in Turkey. Therefore the frame type is chosen from one of
the foreign offices that distributes Passive House Certified
Frame. The MVHR unit applied in this study is selected from a
foreign manufacturer of PH certified ventilation unit currently
in Turkey. According to the manufacturer, the ventilation units
are not distributed in Turkey. Therefore the ventilation units
will have to be imported in the current situation which could
result in a higher embodied energy due to the transportation.
However, a much more comprehensive study is necessary to
show the environmental impacts of the whole selected system.
6. Conclusion
In this study, energy demand of a 6 storey tunnel formwork
social housing unit in Ankara was estimated using PHPP (2012).
Later on, Passive House principles were applied to the building
to see if it was possible to reach one of the leading standards
in energy efficiency.
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The results indicate that it is possible to achieve Passive House
Standard in the tunnel form housing unit. By applying Passive
House Standard 82% and 73% reductions can be achieved
respectively in annual heating demand and in heating load of
the case building in Ankara. In addition to that 57% reduction
in primary energy demand which covers the space heating,
cooling, DHW and household electricity and 53% reduction in
the CO2 emissions are obtained.
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