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Apartment 03 in Nafplio, Argolis, Greece

1.1  Data of building

Year of construction 2021 i 1 3
Space heating

U-value external wall 0.225 W/(m2K) kWh/(m2a)

U-value floor slab 0.833 W/(m2K) Primary Energy Renewable (PER) 47 KWh/(m2a)

U-value roof / ceiling 0.138 W/(m2K) Generation of renewable energy 4 kWh/(mz2a)
0.98 W/(m2K)

U-value window Including thermal Non-renewable Primary Energy (PE) |91 kWh/(m2a)
bridges
80 % Ground floor 0.6 h-1

Heat recovery 78 % First floor Pressure test nso :

Special features Solar collectors and heat pump for hot water generation, heat recovery taking
advantage of geothermal energy for the residence.
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1.2  Brief Description

Passive House in Nafplio, Argolis

The project concerns the renovation of an existing house from the 60s to
which an addition by extension and in height was made. The residence is
located at the base of the Acronafplia Castle walls in Nafplio, Greece.

The purpose of the proposal was the implementation of a project with a
proper architectural design, with respect to the history of the place but at the
same time a project with a low energy footprint, which would meet the Passive
House certification standards.

Due to the location of the project, which is classified as an archaeological
site, there were limitations both during the planning and the implementation.

There were restrictions on the form, permitted heights and choice of building
materials by the archeology department. There were difficulties in accessing
the project and transporting materials and equipment. There were static
problems in the existing part of the building but also limitations in the energy
design due to the northern orientation of the building and the shading of the
southern face.

The result of the completion of the project was two independent apartments,
one on the ground floor and one on the first floor with an area of 128 and 80
m? respectively. Each property has its own independent system for heating
and cooling, and mechanical ventilation systems. A subsoil heat exchanger
has been introduced to reduce the cooling heeds during the summer season.
The domestic hot water production system is shared and consists of a heat
pump and solar panels.

The project was completed in 2021 and certified in August 2023 by the
Hellenic Passive Building Institute.

1.2  ZOvroun TrEPIypa®n €épyou
MadnTiké kTAPIO0 0TO NauTTAlo, ApyoAida

To épyo agopd Tnv avakaivion uPIoTAPEVNG KATOIKiag Tng dekasTiag Tou 60,
oTnv oTroia €yive TTPOOBAKN KAT €TTEKTOCN Kal TTPooBnkn kad' Uwog. H
KaToikia BpiokeTal otnv TTaAaid TTOAN Tou NautrAiou, oToug TTPOTTOOEG TWV
TEIXWV TOU KAOTPOU TNG AKPOVAUTTAIOG.

2KOTTOG TNG TTPATACNG, ATAV N UAOTTOINGT €VOG £PYOU E APTIO APXITEKTOVIKA
oxedlaouo, pe oefacud oTtnv IoTopia Tou TOTTOU aAAG TTapdAAnAa kai éva
£PYO ME XauNAOG evepyelaKd ATTOTUTTWHA, TO OTTOI0 Ba TTANPOUCE Ta KPITHPIA
TMoToTToinoNG £vog MabnTikou Krnpiou.

AOyw TnG B€ong Tou £pyou, n oTToIa €ival XAPAKTNPIOUEVT WG APYXAIOAOYIKOG
XWPOG, UTTAPEaV TTEPIOPICHOI TOOO KATA TNV SIAPKEIA TOU OXEBIOTUOU aAAd
Kal TNG UAOTTOINONG.

YTpgav TTEPIOPICHOI OTN HOP®N, OTA EMITPETOPEVA UWnN KAl OTnV €TTIAOYA
Twv OOUIKWY UAIKWV TOU KTnpiou amé 1o TPAUQ apxaloAoyiag. YTApEav
OUOKOAieg TTPOGOBACNG GTO £PYO KAl OTNV JETAPOPA UAIKWV Kal €EOTTAICHOU.
Ytmp&av oTaTikd TTPOoBAAUATA OTO UQICTAUEVO TUAMA TOU KTnpiou aAAd Kal
TTEPIOPICHOI OTOV EVEPYEIAKO OXEDIOTNO AOYw TOU BOPEIOU TIPOGAVATOAIGUOU
TOU KTnpiou Kal TRV okiaon Tng voTiag oyng.

Me Tnv oAokAnpwaon Tou épyou, TTpoékuyav dUo ave¢dpTnTa diauepiouara,
éva oTo 106yeIo Kal éva aTov Opo@o pe eufada 128 kal 80 m? avriagToixa. H
KA&Be 1810kTnOia d1aBéTel aveEdpTnTo oUCThUA Béppavong Kal WYugng Kai
aveédptnTo CUCTNUA PNXAVIKOU agpIoPoU PE avakTnon Beppotntag. ‘Exel
EQAPUOOTEI CUCTNUA AEPOBEPUIOG YIa TNV PEIWON TWV AVaYKWV 0 Yugn KaTd
TNV Bepiviy Trepiodo. To ouoTnua TTapaywyng CecTou vepou xpriong eival
KOIVOXPNOTO Kal atroTeAEiTal atré avTAia BepudTnTag Kai NAIGKOUG GUAAEKTEG.

To é€pyo oAokAnpwOnke 10 2021 Kal ToTOTTOINBNKE ToVv AUyouaTo Tou 2023
atd 10 EAANVIKO IvoTiTouTo MaBnTikou Krnpiou.



1.3 Responsible project participants
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Giorgos Taraviras
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Pavlos Michos, 02 Architecture & Mech. Engineering
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Project-ID

38998-38999 HPHI_PH_20230623_SPA | (www.passivehous
e-database.org)

6346
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2 Elevation view of the building (photo)

2.1 Existing building

Picture 2: East view of the existing building.
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Picture 3: West view of the existing building.

2.2 New construction

Picture 4: North view of the new construction.
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North - West view of the new construction.

Picture 5

- East view of the new construction.

Picture 6: North

12/2023

Page 6 of 39

Project Documentation



s

&

3 Y
ew of the new construction.

Picture 7: Sout - East vi

t \
= AN oo

i

<

Picture 8: Top view of the new construction.
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3 Exemplary photo from the inside of the building

Picture 9: Kitchen, first floor

|
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Picture 10: Bedroom 1, first floor
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4 Project Sections

The renovated part of the building on the ground floor and the new extension in height of the first floor

are shown in section A (Picture 11). The two-story new construction to the left is shown in section C
(Picture 12).
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Picture 13: Section B.

The renovated existing part of the building and the new construction are shown in section B (Picture
13). The insulation was implemented on the walls and roofs externally without any interruption. On the
other hand, the insulation of the ground floor slab is placed above the slab due to the existing status.
Measures have been taken to minimize thermal bridges.




5 Project Floor Plans

The ground floor apartment of the building comprises of the renovated existing building on the left and
the new ground floor extension to the right. It consists of a living room, a dining room, a kitchen, two

bedrooms, and two bathrooms. The total floor area is 128 m2. The apartment has two entrances: one
on the east and another one on the west.
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Picture 14: Ground floor plan.

The apartment of the first floor is a new construction and consists of a kitchen, a living room, two
bedrooms, and a bathroom. The total floor area is 80 m?. The main entrance is located on the south.
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Picture 15: First floor plan.
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6 Construction of floor slab / basement ceiling

Internal insulation of 3 cm thick eps 250 (A=0.033 W/mK) has been applied to the ground floor of the
building due to the existing construction. The final U-value of the ground floor is 0.833 [W/m2K].

Picture 17: Ground floor insulation, new construction.
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Insulation of 10 cm eps 250 (A=0.033 W/m?K) applied to the basement walls of the new construction to
minimize the thermal bridges of the assembly between the floor slab and the and the external walls.

Picture 18: Basement wall insulation, north view new construction.

The picture below shows a section detail drawing of the new ground floor attached to the ground.
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Picture 19: Section detail, new construction.
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7 Construction of the exterior walls

The existing construction had a typical exterior wall assembly consisting of 25 cm thick uninsulated brick
walls plastered on each side with an estimated U-value at 2.20 [W/m?K]. The existing walls were
renovated and insulated externally with 10 cm eps graphite insulation (A=0.030 W/m?K) and cladded
with 20 cm stone, giving a final U-value of 0.233 [W/m?K]. Insulation also applied to the reinforced
concrete structure of the building, giving a final U-value of 0.283 [W/m?K] for beams and columns.

Picture 21: External brick walls.

Project Documentation Page 14 of 39 12/2023



The wall assemblies of the new construction vary as shown on the picture below:

Picture 22: Wall assemblies of both existing and new construction, south view.

Thermal blocks (YTONG) 25 cm thick used for the extension in height above the existing building, and
10 cm eps graphite applied externally, giving a U-value of 0.180 [W/m?2K].

Thermal blocks 20 cm thick are filling the walls of the two-story extension and 10 cm eps graphite applied
externally, giving a U-value of 0.181 [W/m2K]. The new construction has a reinforced concrete frame as
well as a concrete wall to the south view of the ground floor where 10 cm eps graphite applied externally,
giving a U-value of 0.261 [W/m?2K].

Picture 23: Thermal blocks extension in height, south view.
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Picture 24: Wall insulation, sbuth view.

Internal insulation has been applied to the part of the south wall of the existing building which is attached
to the ground. The insulation has been expanded 70 cm above the ground level to minimize thermal
bridges. The final U-value of the assembly is 0.248 [W/m?K].

SR

Picture 25: Basement wall insulation, internal insulation existing construction.
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8 Construction roof / ceiling of the top floor

Thermal insulation 15 cm thick eps graphite (A=0.030 W/mK) has been applied to the exposed ceiling
of the ground floor apartment, giving a U-value of 0.187 [W/m?K]. The projected elements of the building
have been covered with 5 cm xps insulation (A=0.035 W/mK) to minize thermal bridges.

RSV

Picture 26: Ceilng, ground floor, existing building.

Thermal insulation of 25 cm thick eps graphite (A=0.030 W/mK) has been applied to the roof of the first
floor apartment, giving a U-value of 0.111 [W/m?K].

Picture 27: Roof, first floor apartment.
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A reduction of insulation thickness at the upper part of the external wall is shown on the section detail
drawing below. The thermal bridge has been calculated (Picture 30) and has been considered during
phpp calculations.
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Picture 28: Section detail, roof.
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Picture 29: Thermal bridge calculation, roof.
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9 Windows

Wooden framed, triple glazed, single or double opening windows ISARHOLZ FENSTER INO-80
(4/14/4/14/4) have been chosen due to the historical location of the building. The windows technical
specifications are as follows: Uf=1.20 [W/m?K], Ug=0.60 [W/m?K]. The total window surface of the
building is 23.64 m? where more than 75% of the windows surface is facing the north, leading to
unwanted heat losses during the winter period. Hence, to increase the solar radiation, the highest
available g-value in the market for three glazed windows has been chosen (i.e. g=0.60).

Wooden opaque doors INO-80 have been installed with a U-value of 0.865 [W/m?2K].

The heat gains increased, although the transmission losses through the windows during the heating
period remain higher than gains. The average U-value of the windows, including thermal bridges due to
installation, equals 0.98 [W/m?2K].

-~

Project Documentation Page 19 of 39 12/2023



A section detail of the windows installation is shown below. The thermal bridges have been calculated
and are included in the phpp calculations.
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Picture 31: Section detail of windows installation.
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Picture 32: Windows thermal bridge calculation.
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10  Airtight building envelope

Airtightness in a passive house is crucial to minimize infiltration and therefore to avoid unexpected heat
losses. The reinforced concrete frame is considered airtight construction. Plaster applied to the existing
building brick walls internally as airtight material. A special material named Aerosana applied on all the
walls of the new construction, and a membrane applied on the wooden roof to achieve the desirable
airtightness. Tapes are used for windows and doors, and for any other leak caused by penetration.

Picture 33: Plaster applied on the brick walls as an airtight layer.
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Picture 34: Aerosana, airtight material used on thermal block walls.

Picture 35: Special taes applied around the window frame befZJe inst
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allation.
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Picture 36: Special tapes applied around the window frame before installation.
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An average value of 0.64 1/h at n50 has been achieved. The blow door test results are shown below.

BUILDING LEAKAGE TEST

Hellenic Passive House Institute
/ HELLENIC Testing-Certification Department
I I PASSIVE HOUSE Anastaseos 112
Papagou , Attiki 15669
INSTITUTE Phone: +30 211 4081109 Fax: +30 211 4081108
Email: info@eipak.org Website: www.eipak.org

Date of Test: 11/12/2018
Test File: sacher3

Stefanos Pallantzas
Apartment03

Technician:
Project Number:

Customer: Christian Sacher
Efthimiopoulou 16
Nafplion, Argolis 2100

Building Address:  Masonry
Efthimiopoulou 18
Nafplion, Argolis 21100

Phone:
Fax:
Depressurization Pressurization Average
Test Results at 50 Pascals:
V50: m¥h Airflow 320 (+-3.8%) 313 (+/-0.9 %) 318
n50: 1/h (Air Change Rate) 0.65 0.63 0.64
w50: m3(h-m? Floor Area) 2.02 1.08 2.00
q50: m¥(h-m?* Envelope Area) 0.70 0.68 0.62
Leakage Areas:
Canadian EqLA @ 10 Pa (cm?) 1174 ( +-6.3 %) 118.2( +-1.8%) 118.3
cm?/m? Surface Area 0.26 0.26 0.26
LBL ELA@ 4 Pa (cm?) 80.3 ( +/- 10.8 %) 625 (+/-2.9%) 61.4
cm?/m? Surface Area 0.13 0.14 0.13
Building Leakage Curve:
Air Flow Coefficient (Cenv) m3/(h-Pan) 214 (+/-17.3%) 230(+-4.8%)
Air Leakage Coefficient (CL) m¥(h-Pan) 21.5(+-17.3%) 230(+-48%)
Exponent (n) 0.690 ( #/- 0.050 } 0.667 ( +/-0.013)
Correlation Coefficient 0.98675 0.09962
Test Standard: EN 13829
Test Mode: Depressurization and Pressunzation
Type of Test Method: B
Regulation complied with: passive house standard nS50<0.8 1/h
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Picture 37: Blow door test results, Hellenic Passive House Institute.
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11 Layout of the ventilation system ducting

The design proposed a decentralized ventilation system for each apartment. Two units has been
installed, one for each apartment, while the main duct system is shared. The layout of the ventilation
system with flexible duct pipes ®75 is shown below.

As mentioned, the windows g-value increased to improve the solar gains during heating period. As a
result, the solar gains during the summer period also increased. Therefore, a subsoil heat exchanger
was introduced to meet the passive house standards. An efficiency of 65% was estimated for an
installation length of 34.0 m in an installation depth between 1.50 and 1.80 m. The overall efficiency is
estimated at 80 and 78% for the ground floor and first floor respectively. The cooling demand decreased
significantly from 17 [Wh/m?a] to 12 [Wh/m?a].

23

Picture 39: Ventilation layout, first floor
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Picture 40: Subsoil heat exchanger layout.

Picture 41: Subsoil heat exchanger during installation.
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12  Ventilation unit

A mention two ventilation units have been installed in the bathroom false ceiling of each apartment. The
design proposed the Wolf - CWL-F-300 Excellent model with an effective heat recovery efficiency at
85%, an electrical efficiency at 0.31 Wh/m?3, and finally an effective range of 66 — 226 m3/h.

Picture 42: Ventilation unit, ground floor
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13 Heating, Cooling, and DHW Systems

The heating and cooling demands of the building are met by the installation of two air to air heat pumps,
one for each aparment. The heat pump of the ground floor has a nominal heating and cooling capacity
of 6.80 and 5.40 kW respectively. The heat pump of the first floor has a nominal heating and cooling
capacity of 4.10 and 3.50 kW respectively. Ceiling concealed ducted units have been installed as
terminal units, one for the first floor and two for the ground floor.

e v, &
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Picture 43: Air to air heat pumps outdoor units for heating and cooling.
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The design proposed a heat pump for the production of DHW with a maximum heating output of 2.5 kW.
The storage tank has a capacity of 195I. Two selective solar collectors of a total surface area of 4.58 m?
have been installed. The solar contribution for the production of DHW reaches 66% during the year. An

electrical resistance of 1.80 kW is used as an auxiliary power.
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Picture 44: DHW heat pump during installation.
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Picture 45: DHW heat pump pipe insulation.
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Picture 46: Sollar collectors facing south.
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14

Short documentation of PHPP results

The data have been exported to the PHPP v9.6a to verify that the building has met the Passive House

standards.

Passive House Verification
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Picture 47: PHPP Verification results.
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Energy balance heating (monthly method)

45

40 4+ -
25

O Mon-useful heat gains

35 1+ — - OExternal wall - Ambient

158 O External wall - Ground

14,1 m Roof/Ceiling - Ambient

B Floor slab / Basement ceiling

O

o 'Windowrs

Heat flow [KWhi{m*aj]

0O Exterior door

o Thermal bridge heat losses
@ Ventilation

Osolar gains

Ointemal heat gains

MW heating demand

o

Loszes Gains

Picture 48: PHPP results, energy balance (monthly method).

The results show that most of the heat losses take place through the walls and windows. On the other
hand, the solar and the internal gains are 15.8 and 11.3 kW/m?a respectively, while the remaining
heating demand reaches 12.9 kW/m?a.
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The project was completed in 2021 and certified in Aug. 2023 by the Hellenic Passive Building Institute.

wgn Authorised O
Certificate by
Certified Passive House Classic / HELLENIC

I e Passive House
I INSTITUTE Institute
Dr. Wolfgang Feist
64283 Darmstadt
Germany
Apartment 03
Efthimiopoulou 16 str, 21100 Nafplio, Greece
Client Christian Sacher, Monika Sacher
O Schlagstrasse 49
6430 Schwyz, Switzerland
Architect Panagiotis Papasotiriou
Nikitara 8
i 21200 Argos, Greece
Certified — 9
Building Pavlos Michos
PaSSIVe House Services Papanikolaou 22
. . Energy Pavlos Michos Aggeliki Stathopoulou
Passive House Institute Consultant Papanikolaou 22 Ethnikis Antistaseos 17

m 21100 Nafplio Vrilissia 15235, Greece

Passive House buildings offer excellent thermal comfort and very good air quality all year round. Due to their high
energy efficiency, energy costs as well as greenhouse gas emissions are extremely low.

The design of the above-mentioned building meets the criteria defined by
the Passive House Institute for the 'Passive House Classic' standard:

Building quality This building Criteria Al(t:c:irtr;ar:;ve
Heating
Heating demand  [kWh/(m?a)] 13 < 15 -
Heating load [Wim?] 12 < - 10
Cooling
Cooling + dehumidification demand  [kWh/(m?a)] 12 < ar 17
Cooling load [Wim?] 10 < - 11
Frequency of excessively high humidity [%] 1 < 10
Airtightness
Pressurization test result (nsp) [1/h] 0,6 < 0,6
Renewable primary energy (PER)
PER-demand [kWh/(m?a)] 47 < 60 60
Generation (reference to ground area) [kWh/(m?a)] 4 2 - -

The associated certification booklet contains more characteristic values for this building.

642 607 XOMAPIOY
wtinageras o

Athens
26.06.2023 Certifier: Stefanos Pallantzas, Hellenic Passive House Institute

www.passivehouse.com 38998-38999_HPHI_PH_20230623_SPA

Picture 49: Passive House Certificate, Hellenic Passive House Institute
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15 Construction cost

The building owner does not wish to display this information.



16  Year of construction

The project was completed in 2021.



17 Information about the design / architecture

Panos Papasotiriou studied Architecture at the UNL, BA (Hons) and London Metropolitan University,
Dip. Arch, where he completed RIBA Il and ARB registration. He was an award-winning student with
building projects and publications. Following 4 years working at PCKO and gaining a vast amount of
experience in various aspects of architectural practice Panos decided to establish S2PiA (Studio 2Pi
Architecture) in Argos.

The practice is concerned with many aspects of the design disciplines. We undertake work that spans
between various sectors such as architectural design, interior design, master planning, sustainable and
bioclimatic applications.

We are driven by the constant and ever-changing architectural philosophies that provide our starting
point. We aim to enhance the environment by incorporating specifically designed buildings that
correspond to their surroundings socially as well as environmentally.

We believe that through constant discussion amongst the profession and the construction industry as a
whole we could establish the necessary measures that could fulfil our role in the modern world. We have
to answer questions that go beyond the realm of form and function, questions that will fundamentally
affect the future of our planet and our species.

The practice is collaborating with various UK architects creating dynamic relationships that exchange
ideas and promote a constant architectural dialogue on issues both current and enduring. Issues that
span between the synthesis of architectural components to the formality of modern architectural
concepts. In this collaboration we seek to enhance our understanding of the architectural profession and
development as well as the systematic production of information that exists on the continent.



18 Information about the building services

Pavlos studied Mechanical Engineering with Energy at the Higher Technological Educational Institute
of Patras, in Greece (2005). He holds a BEng (Hons) and an MSc in Mechanical Engineering from the
University of Sussex (2010) as well as an MSc in Sustainable Building Technology from the University
of Nottingham (2011), in the United Kingdom.

His academic background and professional experience give him the opportunity to offer a wide range of
services combining the traditional building services engineering with cement awareness of building
sustainability, creating an integrated understanding that considers the whole building in order to deliver
comfortable, energy efficient solutions.

He is a registered engineer with the Technical Chamber of Greece, an Energy Assessor certified by the
Hellenic Energy Inspectorate, and a certified Passive House Designer since 2018. He is a cofounder of
the architectural and engineering practice 02 | Architecture & Mech. Engineering since 2013.
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