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Preface 

 
The Blue House is part of the NEES project (Natural Energy Efficiency and Sustainability) as part of the 

Northern Periphery Programme. The task of the NEES project is to identify and promote products and 

services which aim to improve energy efficiency in existing domestic buildings, which make use primarily of 

renewable and/or recycled materials and services based on natural processes, which originate and are 

normally accessible in the Arctic regions. The project also focuses on the survey of practises, dissemination 

of knowledge through learning in Greenland and other Arctic regions. 

 

The Blue House is one of the examples where the paper insulation will be installed. The results of energy 

savings and safe implementation of paper insulation will be documented. This report will serve as 

documentation regarding the house and its initial state. This report summarizes the survey of the Blue House 

in Sisimiut, Greenland. The survey was performed in August, 2011. The initial state of the Blue House with 

possible problems is reported in the report. Furthermore, possible issues and solutions for paper insulation 

are proposed. 

 

The person responsible for evaluation of results and writing this report is Petra Vladykova. Jing Qu was 

advising and correcting the report. 
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1 Information about the Blue House 

 

Name: Blue House, blå hus, Axel´s house 

Type: Panbo Typehus 1 

Address: Qajasat 19, B-1158, 3911 Sisimiut, Greenland 

 

 
Fig. 1. The Blue House  

 

The house has been built in 1985 as one of the typehouse produced by Panbo Huse A/S, Denmark (Panbo 

Huse, 2011) and it is made from a special construction from timber structure. There are only few of these 

typehouses located in Sisimiut. Former owner and purchaser of the house was Hans Martin Johansen, doctor. 

Today, the house is owned by the Municipality of Qeqqata and administrated by INI A/S (Fig. 1).   

 

For the past 4, the house is rented to Axel Lund Olsen and his family for 4.513,- DKK/month not including 

the utility and other bills. Currently there are 3 people living in the house (two adults, one child). The house 

is built on the top of the small hill above the lake in the middle of city of Sisimiut (Fig. 2). 

 

 
Fig. 2. Location of the house in Sisimiut 
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2 Methods of investigations in the Blue House 

 

The investigation includes the review of the history of the house regarding the original design of the house, 

ownership and occupancy. Furthermore, the investigation and measurements of the house was the base for 

creation of new documentation. At the time of investigation, there were available only drawings for one-

storey PANBO house, and, thus, the Blue house had to be measured again to make sure that there were no 

changes. And the measurements and documentation of basement floor together with first floor were obtained 

(AutoCAD). The original drawings, further documentation and drawing documenting current state of the 

house are attached in Annex A, B and C.  

 

The information about the building´s structure was taken to register building elements such as walls, floor, 

roof, windows and doors. Furthermore, the technical systems in the house were registered. The investigation 

of the Blue House includes the visual investigation, inspection for mould, inspection of basement, and 

occupancy in the house along with data collection from inhabitants. Furthermore, the collected data about the 

house and from measurements are evaluated based on the interview with inhabitants and questionnaire, the 

usage and problems with the house were registered. 

 

Furthermore, the indoor climate measurements are providing data for temperature and relative humidity for 

the period from Dec 2010 until Aug 2011. These data are evaluated and the use of the house and possible 

problems with the sensors are listed. The measurements in the house also include the blower-door and 

thermography testing. The results of the air tightness of the building envelope from the blower-door tests 

along with infiltration heat loss are evaluated and compared to several Standards and actual buildings in 

Sisimiut, Greenland. Thermography investigation shows some problems with the coldness of the house and 

thermal bridges in the structure. Furthermore, based on the collected bills for heating and hot water 

consumption, the actual energy consumption in the house is investigated. Approximation of monthly energy 

consumption is represented together with estimation of hot water consumption. These data are compared to 

the requirements from the Building Regulations. 

 

Each chapter contains theoretical explanations of necessary background information; if necessary the 

equations and reference sources are listed. Furthermore, each chapter contains a presentation of results, 

processing of the obtained results and conclusion regarding the analyses. 

 

The final chapter describes some issues connected to the paper insulation installation along with possible 

problems, further evaluations and future monitoring. 

3 Results from investigations and measurements 

3.1 History of the house 

Originally, the house has been designed as a one-storey house where the following rooms were located:  

entrance, hall, bathroom, 3 bedrooms, living room, and kitchen along with technical/utility room (Fig. 3, Fig. 

4 and Fig. 5). Originally, the house has been designed as a building with open ventilated basement (crawl 

space underneath the house) with the foundation made of concrete and the open ventilated attic (see Annex A 

and B). Originally, the gross heated area of the house was 109 m
2
. 
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Fig. 3. Original plans of the floor plan  

 

 
Fig. 4. Original plan of the cross-section 

 

 
Fig. 5. Original plans of the views of the facades 

 

3.2 Drawing and current state of the house 

Adding the whole storey, which is now referred to as a basement floor, has doubled the living area of the 

house. This is a change compared to the original design with one storey. And until almost recently, the house 

has been used as two unit house; where one unit in the basement with own entrance from north has been 

rented out to the students and the second unit with own entrance from west was usually rented to a family. 

Couple of years ago, the interior wooden staircase has been added to the house, and, thus, the first floor and 

basement floor have been connected.  
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In the current state, the house has a first floor and a heated basement floor which extents underneath the 

whole first floor. The first floor has an entrance with hall connecting bathroom, office, large bedroom, and 

living room connected with dining room and kitchen (Fig. 6). There is a staircase to the basement floor 

which has two bedrooms, technical room with boiler (not intentionally heated), storage room, utility room, 

office, cold entrance (not heated) and bathroom (Fig. 7). The two storey of the house are thermally connected 

and are considered as one thermal zone (Fig. 8). The house has one catwalk leading to the main entrance to 

the house and a balcony orientated towards west (Fig. 9 and Fig. 10). For more details see Annex C. 

 

 
Fig. 6. Floor plan of the first floor – current situation 
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Fig. 7. Floor plan of the basement floor – current situation 

 

 
Fig. 8. Cross section of the house – current situation 
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Fig. 9. South and north view of the Blue House 

 
  

   
Fig. 10. East and west view of the Blue House 

 

The key data of the house are listed in Table 1. 

 

Table 1. Buildings´ basic parameters (current state) 

Information  Area Unit 

Dimensions of the footprint area  14.58 x 6.84 [m] 

Clear height of the room  2.33 [m] 

Gross heated area 
(1)

 Agross 209 [m
2
] 

Envelope surface area  Aenvelope 379.7 [m
2
] 

Net volume area of a building  Vnet 452.4 [m
3
] 

(1)
 Not including the cold entrance in the basement floor.  
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3.3 Building´s structure 

The first floor of the house is made of a special timber structure with mineral wool insulation and the 

basement floor is made of concrete with insulation placed on interior side. It is assumed that the house is 

built as a Panbo house in the first floor with the original structure of walls, ceiling, floor, and roof. The 

basement floor is an additional structure further described below. The actual foundations of the house are 

made from reinforced concrete bands on rock bed, and there is an assumption that the foundations are filled 

with soil and the wooden casting cladding has been left in. The sloped roof has inclination of 20º made of 

self-carrying roof structure and the roof is oriented towards west and east. The height of the ceiling in the 

first floor and basement is identical, i.e. 2.33 m of clear height (Fig. 8). The construction and layers of each 

building element are described further and the important technical values are listed in Table 2. 

 

The external walls of the first floor consist of painted timber members with dimensions of 75 x 150 mm (3”x 

6”) as external weather proof cladding, 1 layer of insulation paper, 150 mm of mineral wool insulation 

(batts), combined structure of wooden members 50 x 50 mm (2” x 2”) with 50 mm of mineral wool 

insulation, plastic foil working as a vapour airtight membrane and on the inside is one layer of gypsum board 

of 13 mm (Fig. 11). The external walls of basement floor are made of concrete of 250 mm, 80 mm of 

insulation, air gap and vertical board of 12 mm and 13 mm of gypsum board on the interior. The total 

thickness of the basement walls is 370 mm (Fig. 12). 

 

 
Fig. 11. Construction of original wall (first floor) 

 
Fig. 12. Construction of basement wall (basement floor) 

 

75 
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The external roof is made of asphalt water tight layers (bitumen), 16 mm of water tight plywood, and the 

wood load bearding structure for the roof. The internal ceiling above 1
st
 floor to the attic consists of 200 mm 

of mineral wool insulation laid freely on the ceiling toward the exterior and wooden members 50 x 200 mm 

(2”x 8”), and 9 mm gypsum board on the interior side. The external floor towards the cold crawl space bewlo 

the house is assumed to be made of flooring structure (carpet or wooden floor), plastic foil 0.15 mm, timber 

structure 50 x 200 mm (2“ x 8”) and 200 mm of insulation (A-batts), layer of insulation paper and boards.  

 

The internal walls are made of gypsum board on both sides and insulation with timber wooden structure in 

middle. The internal non load bearding walls have thickness of 80 mm. Approximately in the middle of the 

house along the long side of the house runs the internal load bearing wall throughout the basement and first 

floor (Fig. 8). Thickness of load bearing internal wall is 100 mm. 

 

The internal ceiling above the basement floor to the first floor is 260 mm thick and it is made wooden girders 

of 50 x 200 mm (2”x 8”) and 200 mm of insulation, and gypsum boards at bottom side and wooden flooring 

of 22 mm on the top side (Table 2).  

 

Table 2. Calculated / estimated U-values for buildings elements 

Building element Insulation thickness 

[mm] 

U-value  

[W/(m
2
∙K)] 

External wall – first floor 150 + 50 0.24 
(1)

 

External wall - basement 80 0.38 
(3)

 

Floor 200 0.22 
(1)

 

Ceiling 200 0.19 
(1)

 

Door  - 2.0 
(2)

 

Window  - 1.8 - 2.0 
(2)

 
(1)

 Obtained from original drawings. 
(2)

 Estimated values based on GBR 1982 and 2006. 
(3)

 Calculated in accordance with (EN 
ISO 6946, 2005). 

 

The external doors are wooden insulated door but there is no further technical description, there are total of 3 

external doors to a terrace and balconies (Table 3). The internal doors are classic wooden door (dimensions: 

850 x 2,000 in the first floor; 730 x 2,000 in the basement floor). The internal doors to the technical 

room are partly tight with rubber sealer. There is a hatch to the cold attic. 

 

Table 3. Windows types and door dimensions 

Windows / doors Dimensions of opening  

[m] 

V1 1.160 x 0.650 

V2 1.220 x 1.220 

V3 0.650 x 1.220 

D1 0.920 x 2.000 

 

The windows have a frame from wood and double glazing. Windows in the basement have been installed 

when the house was built (85/11, PANALOOK 160~DS~10940 TF GAR). The windows in the first floor 

have been changed approximately 14 years ago (12/97, 190~DS~10940~1AT-class). All windows are a type 
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of awning window with top-hung or side-hung (Fig. 13). Most of the windows have a natural exhaust vent 

placed next to them. There are three main types of the windows which are listed in Table 3.  

 

   
Fig. 13. Windows used in the Blue House 

Static problems were discovered at the time when few of Panbo houses were built in 1980s and the 

supplementary static calculation due to the strong wind and pressure was provided by a local building 

company. Based on this static calculation, the house was further more strengthen and restructurized, i.e. 

additional new fittings and plywood panels. This information was obtained based on the discussion with Jørn 

Hansen from Rambøll during the NEES meeting on 13.8.2011. 

 

3.4 Technical systems in the building 

The space heating is provided with a oil-boiler (type HS Hedler TARM) with an expansion vessel and a hot 

water storage tank. The conventional hydronic heating system is located in the house with 8 radiators with 

thermostatic valves in the first floor and 6 radiators with thermostatic valves in the basement floor. The oil-

boiler also supplies hot water. The tank for the oil is located in the technical room in the basement floor (Fig. 

14).  

 

   
Fig. 14. Oil tank and oil-boiler in the technical room 
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The fresh air is provided through the natural ventilation with vents (6 opening vents in the first floor with 

diameter 120 mm and 5 opening vents in the basement floor with diameter 200 mm) and they are placed in 

each room close to the top of the window (Fig. 15). There is a mechanical exhaust in kitchen (kitchen 

exhaust hood) and in bathrooms (electrical exhaust vents along with natural ventilation vent). The 

mechanical exhaust vents in the bathrooms are based on a “switch on / off” together with light, meaning that 

there is no delay after switching the light off and, thus, the release of humidity. The cold attic is ventilated 

through the natural vents through facade (Fig. 16). 

 

   
Fig. 15. Natural vents in the first and basement floor 

    
Fig. 16. Mechanical vent in the bathroom and natural ventilation in cold attic 

 

There are many domestic electrical appliances in the house such as: coffee maker, kettle, various small 

kitchen appliances, microwave, CD/DVD/radio players, TV´s, freezer, fridge, oven, wash machine and 

dryer. The lighting is provided with energy saving light bulbs.  

 

The water is supplied to the house from the city water supply. The black and grey water is lead from the 

house to the district sewage system. 
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3.5 Problems in the house 

This information is based on the investigation and discussion with current inhabitants. Some information was 

also supplied from the questionnaire provided by Martin Kotol for the Ph.D. project: “Energy use and indoor 

environment in new and existing dwellings in arctic climates“, see Annex D. 

 

- Inclined and squeaky floor in the 1
st
 floor. 

- The frames of the windows and doors are affected and they are not at 90° angle. There exists a 

suspicion of static problems with the house (foundation problems or settling of the house).  

- There were found cracks in the basement walls and some traces of leaking water from beneath the 

house from the crawl space (Fig. 17). 

- Problems with a squeaking sound from the building´s structure when the there is a big windstorm. 

- The exterior facade is stripping off and needs repainting. The stripping off is possibly caused by 

demanding weather conditions and possibly by a vapour transfer driven from interior to the exterior 

(Fig. 17). 

- The mechanical ventilation in the bathrooms only is switched on when the lights are on, there is a 

need for a delayed mechanism after the light is switched off. 

- The doors on the north side to the basement are not tight and there has been observed 40 mm of frost 

at the bottom in the winter by occupants. 

- Mould problems in the house were registered by the occupants and it has been repaired by INI, but 

further documentation is missing. 

- Floor in the bathroom in the basement often gets flooded. 

- The inhabitants often complained about the cold floors, especially in the basement floor. 

- There are also some problems with temperature in the house, i.e. overheating in summer and cold in 

winter, and uneven distribution of the temperature in the both floors. 

- Occasionally, there is also a condensation on the windows in winter. 

 

   
Fig. 17. Cracks in the basement walls (on the left) with water leakages through the foundations and the exterior painting 



12 

 

3.6 Indoor climate 

3.6.1 TinyTags sensors and locations 

The indoor climate is measured continuously from December 7, 2010, onward (first readout from April 5, 

2011; second readout from August 8, 2011). The Tiny Tags loggers were used to measure interior 

temperature and relative humidity. The logging time is every 20 minutes. For downloading the data the 

software Tinytag Explorer is used (6-week demo version, http://www.geminidataloggers.com). The locations 

of the sensors are as follows (Fig. 18, Fig. 19): bathroom (basement floor), bedroom (first floor), children´s 

bedroom (basement floor), and living room (first floor) and exterior temperature (Fig. 20, Fig. 21).  

 

       
Fig. 18. Location of Tiny Tags in living room (1) and bedroom (2) (first floor) and outside (3) 

 

   
Fig. 19. Location of Tiny Tags in bathroom (4) and child´s bedroom (5) (basement floor) 

http://www.geminidataloggers.com/
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Fig. 20. Location of sensors - first floor 

 

 

Fig. 21. Locations of sensors – ground floor 

 

3.6.2 Measured data of temperature and relative humidity 

 

Table 4. Average measured temperature and relative humidity from Dec 12, 2010, to Aug 8, 2011 

Space Average temperature 

[ºC] 

Average relative humidity 

[%] 

Outdoor -2.2 72.7 

Bathroom (basement floor) 19.6 35.9 

Bedroom (basement floor) 14.3 42.4 

Bedroom (first floor) 20.7 32.2 

Living room (first floor) 18.6 38.4 
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Fig. 22. Measured temperature in the coldest week of 2011 (based on a coldest hourly temperature measured outdoor, -

23.8ºC) 

 
Fig. 23. Measured relative humidity in the coldest week of 2011 (based on a coldest hourly temperature measured outdoor, -

23.8ºC) 
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Fig. 24. Measured temperature in the warmest week of 2011 (based on a warmest hourly temperature measured outdoor, 

33.9ºC) 

 
Fig. 25. Measured relative humidity in the warmest week of 2011 (based on a warmest hourly temperature measured 

outdoor, 33.9ºC) 
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3.6.3 Interpretation of the results related to the indoor climate 

The two weeks have been chosen to see the monitored temperature and relative humidity in the Blue House 

in period from Dec 12, 2010, to Aug 8, 2011. As example were chosen: one week with the coldest hourly 

temperature and one week with the warmest hourly temperature. Also the average temperatures and relative 

humidity during the whole period are shown. The coldest week shows the usage of the house and the 

warmest week shows possible problems with overheating. 

 

The results from the coldest week show the following. The inhabitants probably do not use the bathroom in 

the basement floor, as the temperature is around 10ºC in the coldest month March, 2011 (Fig. 22). The 

bedroom in the basement floor is probably not much used during winter time, i.e. the average temperature in 

the coldest week was approximately 10ºC. The temperature in the living room fluctuates in relation to the 

outdoor temperature and there is a visible trend of the sunshine entering the room but there could be also 

influence of sun heating external wall where the sensors is located (Fig. 22). The smaller fluctuation of 

relative humidity shows that the bathroom in the basement floor is less used in winter time (Fig. 23) although 

it seems to be heated in winter (Fig. 22). The average temperature in the house is between 19ºC and 21ºC, 

and relative humidity in the house in winter varies between 20 - 40% (Table 4). 

 

The results from the warmest week show the following. The relative humidity measured outside shows a 

probable malfunction of the sensor as the reading from the sensor shows 100% (Fig. 25). The humidity in the 

bathroom in the basement floor shows that the bathroom is used daily and that the temperature averages 

around 20ºC. The average relative humidity in the bathroom is high even though the bathroom is not used, 

i.e. approximately between 65 - 75%. The temperature in the bedrooms differ approximately 4 - 5ºC in the 

summer on the first and basement floor, i.e. varying from 18ºC in the bedroom in the basement and around 

22ºC in the first floor (Fig. 24). 

 

There are some problems with the TinyTags sensors regarding the position and obtained results. Although 

the sensor monitoring the outdoor is placed on the north façade, the sensor still can be influenced by the sun 

and moisture. The sensors in the interior are placed too close to the floor; ideal height and distances would be 

between 1 or 2 m of the floor and walls. At this point, the sensors measure more the surface temperatures. 

 

3.7  Blower-door 

3.7.1 Theory and equipment 

The blower-door test is non destructive method used for determination of the air change rate of the houses 

through the building envelope. The test has to be made in depressurize and pressurize state to ensure that all 

openings in the building envelope are revealed. Further information about testing procedure and guidelines 

can be found in related manuals and the European Standard (EN 13829, 2001). 

 

Testing equipment used for measuring of the air tightness of a building envelope of the Blue House is 

RETROTEC 2000 DOOR FAN with digital gauge DM-2 together with software Door Fan 3.0 Enclosure 

Leakage Analysis Software (version 3.247). The results are evaluated in accordance with EN Standard (EN 

13829) and Danish Building Regulation as Greenlandic authorities has yet to introduce the limits on air 

tightness of the building envelope. 
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The infiltration rate is a volumetric flow of the outside air into a building V50 (m3/h) and the air change is the 

number of interior volume air changes that occurs per hour ACH (h-1). The blower-door supplies the number 

to calculate the air change at 50 Pa pressure difference, i.e. n50 (h-1). The air change is calculated in 

accordance with (1) where Vnet is the internal volume (m3) for EN Standard comparison and/or as using (2) as 

defined as “SBi anvisning 213” method in the Danish Building Regulations (DBR, 2008) where q50 is the 

leakage rate (l/s/m2) and Agross is the heated gross area (m2) (Aggerholm and Grau, 2008). The air change rate 

can be calculated using the Sherman method (3) with the internal floor area Anet (m2) and the corrected air 

flow (m3/h/m2 or l/s/m2) (Sherman, 1987). 

 

netV

V
n 50

50             (1) 

 

grossA

V
q 50

50             (2) 

 

netA

V
w 50

50 
           (3) 

 

The actual air change rate can be calculated using EN Standard method as in (4) where Vn50 (m3) is the net air 

volume, VRAX (m3) is the net air volume for pressurisation test, e is the wind screening coefficient according 

to EN 832 (e = 0.05) ((EN 832, 2000) and (EN 13829, 2001)). The actual air change rate (h-1) at normal 

pressure can be calculated in accordance with (5) with the factor “20” using the “Princeton method” (Meier, 

2011). This method gives reasonable estimates, but ignores many details of the infiltration process, such as 

stack effect, windiness and wind shielding and type of leaks. In comparison with the “Princeton method”, the 

“Sherman method” takes into account the different parameters influencing the infiltration (6) where C is the 

climate correction factor (26 (hot) < C < 14 (cold)); H is the height factor (1 = one-storey, 0.9 = 1.5 storey, 

0.8 = 2- storey, etc.); L is the leakiness factor (1.4 = tight, 1 = average, 0.7 = not tight); S is the shielding 

factor (1.2 = well shielded, 1 = average, 0.9 = exposed). The values for the Blue House are: C = 14, H = 2, L 

= 1 and S = 0.9). The SBi method of finding the infiltration air change is by using the leakage rate at 50 Pa, 

q50, and conversion (7) to a normalized pressure state (Aggerholm and Grau, 2008). The infiltration air 

change rate (h-1) at normalized pressure is than found using the internal volume of the building Vnet (m3) and 

the following equation (8). 

 

RAX

n

sv
V

V
enn 50

50Re, 
           (4) 

 

20

50

inf

n
q              (5) 

 

SLHC

w
q


 50

inf           (6) 

 



18 

 

5006.004.0 qq            (7) 
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3.7.2 Analyses of the blower-door results 

The blower-door tests were performed on 8.8.2011, 9:00 (GMT -2, summertime) with the following initial 

data and boundary conditions (Table 5). The testing of air change was done using 12 steps with each step of 

4.2 Pa, starting from 10 Pa to 60 Pa. There were total of 4 tests performed, i.e. two sets of pressurize and 

depressurize as a “Method A” with vents only closed, and “Method B” with vents sealed and taped over as in 

accordance with EN 13829. The three tests (depressurize “Method B”; pressurize “Method B”; pressurize 

“Method A”) were performed with range C6 and the fourth test (depressurize “Method A”) was done with 

range C8. The correlation factors were around 99%. 

 

Table 5. Initial data and boundary conditions for blower-door tests 

Initial data Boundary conditions 

Net floor area Anet  183.76 m
2
 Interior temperature 22.8ºC 

Internal surface area AE 382 m
2
 Outside temperature 14.0ºC 

Internal volume V 453.89 m
3
 Wind speed 5 m/s 

Elevation 37 m Weather sunny 

 

 

Measured results from the blower-door tests with closed and taped vents (“Method B”) and with just closed 

vents (“Method A”) are the following (Table 6, Table 7). See attached blower-door tests in Annex E. 

 

Table 6. Results from the blower-door test “Method A” 

Data Symbol Result for “Method A” Unit 

Depressurize Pressurize Average 

Air flow at 50 Pa  V50 469.0 479.0 474.0 [l/s] 

Air change at 50 Pa  n50 3.72 3.80 3.76 [h
-1

] 

Permeability at 50 Pa  q50 1.23 1.25 1.24 [l/s/m
2
] 

Specific leakage rate at 50 Pa  w50 2.55 2.61 2.58 [l/s/m
2
] 

 

 

Table 7. Results from the blower-door test “Method B” 

Data Symbol Result for “Method B” Unit 

Depressurize Pressurize Average 

Air flow at 50 Pa  V50 386.0 401.0 393.5 [l/s] 

Air change at 50 Pa  n50 3.06 3.18 3.12 [h
-1

] 
Permeability at 50 Pa  q50 1.01 1.05 1.03 [l/s/m

2
] 

Specific leakage rate at 50 Pa  w50 2.10 2.18 2.14 [l/s/m
2
] 
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Furthermore, the infiltration heat loss was calculated to estimate the annual infiltration heat loss through the 

building envelope using the results from the blower-door test and the following equations. The total 

infiltration (EN 13790, 2004) throughout the year Qinf  (kWh/a) is expressed in (9) where Vnet  is the internal 

volume of the house (m3), qinf  is the calculated infiltration air change rate (h
-1

), cP is the thermal capacity of 

the air (1,005 J/(kg∙K)), ρ is the air density (1.2 kg/m
3
) and HDH is the heating degree hours from 

Sisimiut.dry for Sisimiut (208 kKh/a). 

 

HDH
c

qVQ P 



600,3

infinf


 

 

Table 8. Calculated air change (ACH) in neutral pressure using different methods and infiltration heat loss 

Method Air change [h
-1

] Infiltration heat loss [kWh/a] 
 “Method A” “Method B” “Method A” “Method B” 

EN Standard  0.19 0.17 6011 5378 

Princeton  0.19 0.15 6011 4745 

Sherman  0.20 0.16 6327 5062 
SBi Anvisning 213  0.16 0.19 5062 6011 

 

 

3.7.3 Results for the blower-door 

The results of air tightness of the building envelope show that the Blue House fulfils the Danish Standard 

request where the air permeability, or respectively q50 at 50 Pa pressure difference, must be below 1.5 l/s/m
2

 

(DBR, 2008). The air change rate at 50 Pa of the Blue House is approximately n50  = 3.1 h
-1

 which is 

approximately 5 times worse than the requirements for a passive house (Passive House, 2011). Comparing 

with the standard wooden family houses in Greenland built in 1960s which have the air tightness varying 

from n50 = 11. 3 – 18.5 h
-1
, the Blue House presents a higher quality of younger buildings in Greenland 

(Bjarløv and Vladykova, 2011). In comparison to a newly built Low-energy house in Sisimiut with 

mechanical ventilation system with n50 = 3.1 h
-1

 (Rode et. al, 2010), the Blue House represents a good 

example of a house with natural ventilation system.  

 

Regarding to the Standards and the listed buildings in Greenland, the air tightness of the Blue House is quite 

high as it has a vapour airtight layer at the first floor and the concrete walls are rather tight themselves. For 

better comparison, it would be recommended to measure the air tightness using a tracer gas method which 

measures the natural infiltration at the normalized pressure state.  

 

Results of the air change at neutral pressure are difficult to calculate from 50 Pa pressure difference to 

neutral pressure state. The presented methods have some boundaries but the results in Table 8 shows that the 

results are comparable. Furthermore, the infiltration heat loss is calculated and show in Table 8 showing that 

the infiltration heat loss varies from 4,700 – 6,300 kWh/a. This number should be compared to the 

ventilation and transmission heat losses. The air flow through the natural exhaust vents when closed is 

between 633 - 1265 kWh/a. This heat loss could be eliminated when the mechanical ventilation system 

would be installed in the Blue House. 

 

According the blower-door testing using pressurize and depressurize, the building envelope of the Blue 

House is more open when the pressurize test is performed, i.e. when the outside air is taken through the 
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building envelope and blown out through the fan, see Table 6 and Table 7. The tightness of the sealing of the 

natural vents (only when they are closed but not taped over) can be simply estimated as difference between 

method A and B. These results in the following: air flow at 50 Pa of 82.5 l/s, or air change rate at 50 Pa as 

0.64 h
-1
  respectively (Table 8).  

 

3.8 Thermography 

3.8.1 Theory and equipment for thermography 

Thermography testing is non invasive method for detection of the irregularities in the buildings structure and 

the detection of surface temperatures, i.e. heat loss sources, mould problems, irregularity of building 

insulation, location of defects in the ducting, etc. 

 

The testing equipment used for performing a thermography test was an infrared camera HotFind-D and 

digital camera. The results were evaluated using ThermoView software and were evaluated in accordance 

with EN 13187 (EN 13187, 2011).  

 

Two thermography tests were performed on: 8.8.2011, 12:00 (GMT -2, summer time) of the interior of the 

house with depressurizing of 50 Pa and the second test of the exterior of the house with neutral pressure was 

performed on 15.8.2011, 3:00 (GMT -2, summer time). The boundary conditions for both tests are listed in 

Table 9. 

 

Table 9. Boundary conditions for thermography test 

Elements Thermography from inside Thermography from outside 

Interior temperature 22.8ºC 22.0ºC 
Outside temperature 14.0ºC 5.0ºC 

Wind speed 5 m/s - 

Weather - current sunny at night 
Weather - 12 prior sunny cloudy 

Temperature difference 8.8ºC; not OK 17.0ºC; OK 

 

 

3.8.2 Results of thermography testing 

 

 
Fig. 26. Leaking balcony doors toward west in the living room 
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Fig. 27. Problematic window, natural vent and joints between wall and ceiling  

 

 
Fig. 28. Un tightness of the floor between concrete and wooden part of the structure in the living room 

 

   
Fig. 29. Untight window and cold corner around the window in the basement / staircase 
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Fig. 30. Ceiling between two bathrooms, possibility of the humidity problems and cold floor 

 

   
Fig. 31. Un tightness of the natural vent in the bathroom in the basement floor 

 

   
Fig. 32. Thermal bridge and cold floor along with corner in the bathroom in the basement floor 
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Fig. 33. Image of the problematic doors in the basement to the terrace (toward North, problem with freezing) 

 

 
Fig. 34. View of the west facade of the Blue House 

 

   
Fig. 35. Thermographic images of the west facade of the Blue House 
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Fig. 36. View and thermographic image of the northern facade of the Blue House 

   
Fig. 37. View and thermographic image of the eastern facade of the Blue House 

 

   
Fig. 38. Thermographic images of the details of the eastern facade 
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3.8.3 Evaluation of thermographic results  

More pictures can be found in report (Vasilevskis and Silins, 2011). The results of the thermography 

investigation from the inside and outside show the following problems:  

 

- the house has problems with the natural vents as they are sources of heat loss when they are closed 

and are not air tight and insulated as required (Fig. 38)  

- the connection between upper wooden structure and lower concrete structure seems to be not air / 
wind tight and it is a source of heat loss, not continuance / sealling against the wind / air tight layer 

from wooden part to the concrete part (Fig. 28)  

- there seem to be some problems in the floor in the upper bathroom / ceiling of the lower bathroom, 

possibility of the moisture in the construction (Fig. 30)  

- cold floor in the basement, especially in the bathrooms (Fig. 32)  

- untight balcony doors in the basement where there is a freezing problem in the winter (Fig. 26, Fig. 
33)  

- difference between wooden and concrete parts of the house (Fig. 35, Fig. 36)  

- south facade was not diagnosed as it is mostly shielded from a boat  

 

All problems revealed during thermographic investigation lead to a potentially high heat loss during the 

whole year with especially high heat loss during storms. The house seems to be rather tight but there is a 

significant difference between temperatures of basement floor and first floor, i.e. very cold floor of the 

basement. There are several untight and heat leaking windows and doors in the Blue house. The technical 

room and cold entrance in the basement are also sources of thermal heat loss and infiltration heat loss. It 

seems that the wind / air tight layer in the wooden part is working and basement floor is naturally air tight, 

but the connections / joints are the weakest points. Improvement of the wind / air tight layer and stabilisation 

of the whole structure is necessary before further insulation.  

 

The temperature difference of minimum 10ºC difference was not fulfilled but the thermographic test was 

used more as a guidance method to locate possible problems in the house such as air leakage or mould 

problems. Also, the house should have been retested in the winter period. 

 

 

3.9 Energy consumption 

3.9.1 Theoretical consumption 

The theoretical consumption based on the Greenlandic Building Regulations (GBR, 2006) estimates that the 

house (located in Zone 2, north of the Polar Circle) with gross heated area of Agross = 209 m
2 

 should consume 

approximately 140.5 kWh/(m
2
∙a). This theoretical energy frame (MJ/(m

2
∙a)) in for buildings is in accordance 

with (10) where e is calculated as heated area divided by a foot print area of a building. 

 

e
Zone

320
5102            (10) 

 

The oil consumption for the year 2010 was calculated from oil bills and it amounts to 2,935 litres per year. 

Yet, the year 2010 has been exceptionally warm, i.e. HDH = 162 kKh/a compared to DRY in which HDH = 
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208 kKh/a. The heating degree days were expressed using the following equation (11) where Tamb,out is the 

average ambient temperature in each month and tm is the number of hours in each month. 

 

moutamb tTHDH  )20( ,
          (11) 

 

3.9.2 Oil bills and approximation of monthly oil consumption 

The approximation of oil consumption based on information obtained from the oil bills (Annex F) is showed 

in Fig. 39. The approximation is based on the calculation of daily oil consumption which is calculated from 

dates of between two deliveries, and amount of delivered oil is divided by the number of days between two 

deliveries. This daily oil consumption in a relevant month is multiplied by number of days in relevant month. 

The oil consumption includes the space heating and domestic hot water consumption. 

 

 
Fig. 39. Approximation of oil consumption based on oil delivered to the house 

 

The current price for the oil is 4.27 DKK/litre (obtained from the heating bills), there has been an increase in 

the prices for oil of 1,10 DKK/litre in summer of 2011. The electricity is 3.28 DKK/1 kW. Assuming that 1 

litre of oil gives 10 kWh, the house needs approximately 29,350 kWh/a for space heating and domestic hot 

water in the warmer year, i.e. 140.4 kWh/(m
2
∙a) respectively. The hot water consumption is not measured 

separately therefore it can be only estimated based on standard consumption in Danish’s homes as 250 l/m
2

 

per household per year (Aggerholm and Grau, 2008), ΔT = 45ºC, and it is on average to 2.7 kWh/(m2·a) 

respectively. Only the heating consumption amounts to approximately 137.7 kWh/(m
2
∙a) which is 

comparable to the today´s GBR requirement but it is still rather high consumption. 
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4 Proposal of renovation using paper insulation 

4.1 Application of paper insulation and problematic issues 

Installation of paper insulation and additional buildings envelope layers will need to be designed and applied 

very carefully based on the experiences with weather conditions in Greenland, experiences with paper 

insulation and also based on the static security, moisture safety, etc. There are several issues related to the 

Blue House and the ambitious paper insulation listed as the following.  

 

Before application of paper insulation  

- The exterior painting needs to be sanded off (or removed with high water pressure equipment) before 

the application of paper insulation will begin as the painting now functions as vapour airtight 

membrane.  

- Recommendation to make static investigation because of strong winds and so the new facade is not 

blown off. The static stability of old structure should be secured by fixed and tight iron cross beams 

where the wooden and concrete parts of the house will be fixed together with steel bar profiles.  

- The floor in the living room has to be even up; approximately 50 mm in total of new layers for the 

floor has to be applied. The decision has to be made about the levelling of the basement floor.  

- The thermal performance of the additional layer of paper insulation should be investigated using a 

detailed energy analyses. Furthermore, there is a recommendation to analyse the potential for 

condensation and drying off in the new structure at different locations in the building envelope.  

 

Application of the new facade  

- Cement-fibre profiles will be used for fixing of the current balconies and catwalk. They transfer less 

heat loss than normal steel members.  

- The paper insulation will be blown in into the attic and applied to the external walls. There needs to 

be a decision if the crawl space beneath the house should be insulated.  

- There is a goal of approximately additional 150 or 170 mm of additional layer of paper insulation. 

The thickness of the layer will be decided upon the physical possibilities of the current structure.  

- As outer layer after paper insulation layer should be used a diffuse open material (towards outside) 

with good stiffness characteristics (composite material); this material will serve as a wind stopper; 

suggestions are such as a cement-chip board or a Cembrit board of 9 mm thickness or Amroc board 

of 8 mm from HBC (Holbæk Byggevare Center) or TyveK boards  

- Paper insulation will be installed using the thermal breakers to lower the transmission heat loss and 

possible condensation around the fixings (Fig. 40).  

- Along edges and around doors and windows and other openings shall be used sealant of a glue to 

make it wind tight, otherwise the air will come in between the board and wood when the structure 

will dry out. Also the profiles for assembling have to be sealed with sealant.  

- It is the most important that no humidity will have access to the constructions, including penetration 

of fine drift snow.  

- EPS insulation close to the ground will be installed to secure that the moisture from the ground will 

not be transported through the paper insulation, approximate height of 300 - 500 mm along the 

whole foundations.  

- Possibly new windows depending on the budget will be fixed as the floating windows using the 

thermal breakers. Doors will be changed as they are not airtight, also depending on the budget. 
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- Possibly the heat exchanger should be installed in the house to provide a fresh air and save energy 

using recuperation. The corresponding bathroom and kitchen exhausts should be also fixed.  

 

 
Fig. 40. Thermal bridge breaker for fixing the paper insulation and additional outer layer 

 

4.2 Future follow-ups 

Monitoring of paper insulation performance  

The future follow-up on the performance of the paper insulation is recommended using a simple monitoring 

system. The additional paper insulation should be measured using a simple online system with in-built 

sensors which should monitor temperature, dew point and humidity at the different levels of the paper 

insulation, e.g. between today´s outer surface of the concrete and new additional layer of the insulation; also 

the same for today´s wooden part and new additional paper insulation; around windows, etc.  

 

Documentation of energy savings and indoor climate  

Furthermore, there should be continues collection of measured data in the Blue House (temperature, relative 

humidity, oil bill, questionnaires, etc.) to ensure the further documentation of energy savings achieve by 

application of the paper insulation and other building systems in the Blue House. 
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7 Contact list 

Name  Contact  Note  

Axel and Maleka Lund Olsen  Qajasat 19, B-1158  

3911 Sisimiut, Greenland  

Tel.: +299 52 25 07  

E-mail: axol@qeqqata.gl 

occupants of the house  

Elisabeth Pedersen-Panbo  Panbo Huse A/S  

Gammel Kolding Landevej 60, Højen, 

7100 Vejle, Denmark  

Tel.: +45 75 86 30 80  

E-mail: panbo@panbo.dk 

http://www.panbo.dk  

manufacturer of the house  

Laust Løgstrup  Qeqqata Kommunia  

Direktion  

3911 Sisimiut, Greenland  

Tel.: +299 86 73 10  

E-mail: laul@qeqqata.gl 

http://www.qeqqata.gl  

Municipality of Qeqqata  

Ole Villumsen  OV-consult DK  

Tel.: +45 51 24 12 75  

E-mail: mailto:ole@ov-consult.dk 

design and responsible for 

paper insulation installation  

Poul Linnert Christiansen  Technician  

ARTEK, DTU  

Tel.: +45 40 58 51 57  

E-mail: plc@byg.dtu.dk 

responsible for installation and  

readouts from TinyTags  

Arne Villumsen  Section leader  

ARTEK, DTU  

Tel.: +45 20 95 70 77  

E-mail: av@byg.dtu.dk 

supervisor  

Jing Qu  Post doc  

ARTEK, DTU  

Tel.: +45 50 10 05 47  

E-mail: jinq@byg.dtu.dk 

responsible for the NEES 

project  

Petra Vladykova  Research Assistant  

ARTEK, DTU  

Tel.: +45 60 83 21 55  

E-mail: pev@byg.dtu.dk 

responsible for investigations 

and report  

Sandijs Vasilevskis  

Ulvis Silins  

Bachelor students  

E-mail: sandijs.vasilevskis@gmail.com 

E-mail: ulvis.silins@gmail.com 

drawings and investigations of 

the Blue House  
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8 Annex 

 

A. Original drawings from Panbo A/S 

Floor plan 

Cross-section 

 

B. Additional materials of the Panbo house provided by Panbo A/S 

Material´s description 

Building the house 

Material´s list 

 

C. New drawings  

Floor plan of the first floor M 1:50 

Floor plan of the basement floor M 1:50 

Cross-section 1-1´ M 1:50 

Facade views M 1:100 

 

D. Questionnaire with tenants  

Provided by Martin Kotol, Ph.D. project: “Energy use and indoor environment in new and existing 

dwellings in arctic climates” 

 

E. Blower-door tests 

Depressurization, sealed, “Method B” 

Pressurization, sealed, “Method B” 

Depressurization, unsealed, “Method A” 

Pressurization, unsealed, “Method A” 

 

F. Oil bills for space heating and hot water consumption 

Period from Sep 2009 until Mar 2011 

 

 

 

 

 

 









































 

 

 

 

ANNEX F – BLOWER-DOOR TEST 

1 Depressurization (sealed, “Method B”) 

Building Details 

Building Address: Qajasat 19, B-1158, 

Sisimiut, Greenland  
 
 
Test technician:  Ulvis Silins 
Test company: DTU 
 

Elevation:   37 m 
Height above ground:  7.5 m 
Building Volume, V: 453.9 m³ 
Total envelope area, AT BAT 382 m² 
Floor Area:                                       183.8 m² 
Building exposure to wind:   
Accuracy of measurements: 100% 
 

  
 

Testing Details 

Fan Model: Retrotec 
2000 

Fan SN:  Gauge Model: DM-2 Gauge SN: 202276 

 

Depressurize set  

Date: 2011-08-08    Time: 15:27   to 15:45 

Environmental Conditions:   
Barometric Pressure:100.9 KPa from Elevation.  37   

Wind speed:   3: Gentle breeze 

 

Temperature:   Initial:  indoors 23 °C    outdoors 14 °C.     

   Final:   indoors  23 °C     outdoors 14 °C. 

Test Data:   

12Baseline pressures taken for 10 sec each.   

12 building pressures taken for 20 sec each. 

Baseline, initial [Pa] 1.29 2.24 1.48 2.52 0.59 -1.81 -0.09 -1.29 -2.22 -1.19 -1.42 -1.62 

Building Test 
Pressure [Pa] 

-10.9 -13.8 -18.6 -23.2 -28.2 -31.3 -36.6 -41.2 -45.4 -49.4 -53.9 -58.0 

Baseline, final[Pa] 1.14 1.12 -0.13 0.78 1.33 0.21 2.68 1.93 -0.71 1.29 0.24 1.02 

Door Fan Pressure, 
[Pa] 

17.8 24.7 38.4 53.4 78.9 95.8 119.2 148.5 168 184.3 212 226.6 

Total flow, Vr[l/sec] 121.8 144.1 180.7 213.9 261.5 288.8 323.2 362.2 386.0 405.0 435.6 450.9 

Corrected flow, 
Venv[l/sec] 

118.9 140.7 176.4 208.8 255.2 281.9 315.5 353.5 376.8 395.3 425.2 440.1 

Error [%] 1.0% -0.5% -2.0% -3.0% 1.2% 2.7% 1.2% 3.0% 1.3% -0.7% -0.7% -3.1% 

Baseline pressure Averages:   initial  [Pa]    ∆P01 -0.13,  ∆P01- -1.38,   ∆P01+ 1.62  

 final  [Pa]     ∆P01 0.91,   ∆P01- -0.42,  ∆P01+ 1.17 



 

 

Building Gauge Pressure 

 

 

 

Building Gauge Pressure vs. Flow 

 

  



 

 

  Depressurize Test Results 
 

     
  

 

 Results   Results 95% confidence Uncertainty 

Correlatio
n, r  [%] 

99.89 95% confidence 
limits 

 

Air flow at 
50 Pa, V50 

[l/s] 

401.0 393.5 409.0 +/-0.0190 

Intercept, 
Cenv 

[l/s.Pan] 

15.95 14.55 17.50 
Air changes 

at 50 Pa, n50   
[/h] 

3.180 0.002590 6.361 +/-0.9992 

Intercept, 
CL  [l/s.Pan] 

16.01 14.60 17.60 

Permeability 
at 50 Pa, q50 

[l/s.m2] 
 

1.050 0.001 2.100  

Slope, n 0.8234 
0.796

5 
0.85
03 

Specific 
Leakage at 
50  Pa, w50 

[l/s.m2] 

2.183 0.002 4.365 +/-0.9992 

 

Combined Test Data 
 Results 95% Confidence Interval Uncertainty 

Air flow at 50 Pa, V50   [l/s] 401.0 393.5 409.0 +/-0.0190 

Air changes at 50Pa, n50   [/h] 3.180 0.002590 6.361 +/-0.9992 

Permeability at 50 Pa, q50 [l/s.m2] 1.050 0.001 2.100 +/-1.0000 

Specific leakage at 50  Pa, w50  
[l/s.m2] 

2.183 0.002 4.365 +/-0.0190 

 

Test Notes:(add notes here) 
 
 
 
 
 
 
 
 
 

  



 

 

Calibration Certificate 

Retrotec 2000  .   

Range N K K1 K2 K3 K4 

Open(22) 0.5214 486.99 -0.07 0.8 -0.115 1.067 

A 0.503 259.038 -0.075 1 0 1.023 

B 0.5 174.8824 0 0.3 0 1 

C8 0.5 78.5 -0.02 0.5 0.016 1 

C6 0.505 61.3 0.054 0.5 0.004 1 

C4 0.514 39.3 0.08 0.5 0.0005 1 

C2 0.55 20 0.139 0.5 -0.0027 1 

C1 0.541 11.9239 0.122 0.4 0 1 

L4 0.48 4.0995 0.003 1 0.0004 1 

L2 0.502 2.0678 0 0.5 0.0001 1 

L1 0.4925 1.1614 0.1 0.5 0.0001 1 

 

 

  



 

 

2 Pressurization (sealed, “Method B”) 

Testing Details 

Fan Model: Retrotec 
2000 

Fan SN:  Gauge Model: DM-2 Gauge SN: 202276 

 

Pressurize set  

Date: 2011-08-08    Time: 16:40   to 16:57 

Environmental Conditions:   
Barometric Pressure:100.9 KPa from Elevation.37 

Wind speed:   3: Gentle breeze 

 

Temperature:   Initial:  indoors 23 °C    outdoors 14 °C.     

   Final:   indoors  23 °C     outdoors 14 °C. 

Test Data:   

12Baseline pressures taken for 10 sec each.   

12 building pressures taken for 20 sec each. 

Baseline, initial 
[Pa] 

-3.11 -3.72 -3.68 -3.74 -3.52 -3.87 -4.24 -4.37 -4.41 -3.38 -4.18 -3.85 

Building Test 
Pressure [Pa] 

10.3 14.3 19.4 22.5 28.0 32.0 38.1 40.2 46.7 49.8 54.6 59.2 

Baseline, 
final[Pa] 

0.31 0.20 0.84 0.04 0.02 0.24 0.53 0.10 0.00 0.22 0.18 0.01 

Door Fan 
Pressure, [Pa] 

41.4 61.1 73.1 89.6 114.5 136.8 157.7 176 206.5 224.3 244.8 264.4 

Total flow, 
Vr[l/sec] 

162.9 200.7 214.9 240.8 274.2 302.7 323.7 345.7 375.9 393.6 411.3 427.9 

Corrected flow, 
Venv[l/sec] 

166.4 205.0 219.5 246.0 280.1 309.2 330.6 353.1 383.9 402.0 420.1 437.0 

Error [%] 0.8% 4.8% -5.0% -1.9% -1.3% 1.0% -2.3% 1.1% 0.8% 1.7% 0.7% 0.0% 

Baseline pressure Averages:   initial  [Pa]    ∆P01 -3.84,  ∆P01- -3.84,   ∆P01+ 0.00  

 final  [Pa]     ∆P01 0.22,   ∆P01- 0.00,  ∆P01+ 0.25  



 

 

Building Gauge Pressure 

 

 

 

Building Gauge Pressure vs. Flow 

 

 

 

 

 



 

 

  Pressurize Test Results 
 

     
  

 

 Results   Results 95% confidence Uncertainty 

Correlatio
n, r  [%] 

99.70 95% confidence 
limits 

 

Air flow at 
50 Pa, V50 

[l/s] 

386.0 377.5 394.5 +/-0.0217 

Intercept, 
Cenv 

[l/s.Pan] 

36.55 32.50 41.05 
Air changes 

at 50 Pa, n50   
[/h] 

3.061 0.002300 6.120 +/-0.9993 

Intercept, 
CL  [l/s.Pan] 

36.35 32.35 
40.9

0 

Permeability 
at 50 Pa, q50 

[l/s.m2] 
 

1.010 0.001 2.020  

Slope, n 0.6038 
0.570

5 
0.637

1 

Specific 
Leakage at 
50  Pa, w50 

[l/s.m2] 

2.100 0.002 4.198 +/-0.9992 

 

Combined Test Data 

 

 
 Results 95% Confidence Interval Uncertainty 

Air flow at 50 Pa, V50   [l/s] 386.0 377.5 394.5 +/-0.0217 

Air changes at 50Pa, n50   [/h] 3.061 0.002300 6.120 +/-0.9993 

Permeability at 50 Pa, q50 [l/s.m2] 1.010 0.001 2.020 +/-1.0000 

Specific leakage at 50  Pa, w50  
[l/s.m2] 

2.100 0.002 4.198 +/-0.0220 

 
 
 

 

Test Notes:(add notes here) 
 
 
 
 
 
 
 
 
 

  



 

 

Calibration Certificate 

Retrotec 2000  .   

Range N K K1 K2 K3 K4 

Open(22) 0.5214 486.99 -0.07 0.8 -0.115 1.067 

A 0.503 259.038 -0.075 1 0 1.023 

B 0.5 174.8824 0 0.3 0 1 

C8 0.5 78.5 -0.02 0.5 0.016 1 

C6 0.505 61.3 0.054 0.5 0.004 1 

C4 0.514 39.3 0.08 0.5 0.0005 1 

C2 0.55 20 0.139 0.5 -0.0027 1 

C1 0.541 11.9239 0.122 0.4 0 1 

L4 0.48 4.0995 0.003 1 0.0004 1 

L2 0.502 2.0678 0 0.5 0.0001 1 

L1 0.4925 1.1614 0.1 0.5 0.0001 1 

 

 

 

 

 

 

 

 

 

 

  



 

 

3 Depressurization (unsealed, “Method A”) 

Testing Details 

Fan Model: Retrotec 
2000 

Fan SN:  Gauge Model: DM-2 Gauge SN: 202276 

 

Depressurize set  

Date: 2011-08-08    Time: 17:36   to 17:54 

Environmental Conditions:   
Barometric Pressure:100.9 KPa from Elevation.37 

Wind speed:   3: Gentle breeze 

 

Temperature:   Initial:  indoors 23 °C    outdoors 14 °C.     

   Final:   indoors  23 °C     outdoors 14 °C. 

Test Data:   

12Baseline pressures taken for 10 sec each.   

12 building pressures taken for 20 sec each. 

Baseline, initial 
[Pa] 

1.85 2.72 2.75 2.24 2.52 2.31 1.73 1.19 1.28 1.63 1.27 1.78 

Building Test 
Pressure [Pa] 

-10.7 -14.0 -18.5 -22.8 -27.7 -32.0 -36.5 -40.5 -45.6 -49.7 -54.1 -57.7 

Baseline, 
final[Pa] 

-0.90 -0.68 -1.04 -0.84 -0.33 -0.63 -0.80 -0.33 -1.24 -0.98 -0.74 -0.65 

Door Fan 
Pressure, [Pa] 

26 34.5 51 62.9 79.6 98.5 111.3 125.7 145.3 159.8 180.4 200.1 

Total flow, 
Vr[l/sec] 

190.6 220.1 268.2 298.7 337.0 376.2 400.
9 

427.4 461.2 485.0 517.4 547.0 

Corrected flow, 
Venv[l/sec] 

186.1 214.9 261.8 291.6 329.0 367.2 391.4 417.2 450.2 473.4 505.0 533.9 

Error [%] 0.8% -1.3% 1.5% -0.7% -0.8% 1.2% -0.5% -0.7% -0.5% -0.9% 0.2% 1.7% 

Baseline pressure Averages:   initial  [Pa]    ∆P01 1.94,  ∆P01- 0.00,   ∆P01+ 1.94  

 final  [Pa]     ∆P01 -0.76,   ∆P01- -0.76,  ∆P01+ 0.00  



 

 

Building Gauge Pressure 

 

 

 

Building Gauge Pressure vs. Flow 

 

 

  



 

 

  Depressurize Test Results 
 

     
  

 

 Results   Results 95% confidence Uncertainty 

Correlatio
n, r  [%] 

99.95 95% confidence 
limits 

 

Air flow at 
50 Pa, V50 

[l/s] 

479.0 474.5 484.0 +/-0.0097 

Intercept, 
Cenv 

[l/s.Pan] 

39.50 37.65 41.45 
Air changes 

at 50 Pa, n50   
[/h] 

3.800 0.003600 7.595 +/-0.9990 

Intercept, 
CL  [l/s.Pan] 

39.75 37.90 41.70 

Permeability 
at 50 Pa, q50 

[l/s.m2] 
 

1.254 0.001 2.507  

Slope, n 0.6363 
0.62

24 
0.65
02 

Specific 
Leakage at 
50  Pa, w50 

[l/s.m2] 

2.607 0.002 5.212 +/-0.9990 

 

Combined Test Data 

 

 
 Results 95% Confidence Interval Uncertainty 

Air flow at 50 Pa, V50   [l/s] 479.0 474.5 484.0 +/-0.0097 

Air changes at 50Pa, n50   [/h] 3.800 0.003600 7.595 +/-0.9990 

Permeability at 50 Pa, q50 [l/s.m2] 1.254 0.001 2.507 +/-1.0000 

Specific leakage at 50  Pa, w50  
[l/s.m2] 

2.607 0.002 5.212 +/-0.0100 

 
 
 

 

Test Notes:(add notes here) 
 
 
 
 
 
 
 
 
 

  



 

 

Calibration Certificate 

Retrotec 2000  .   

Range N K K1 K2 K3 K4 

Open(22) 0.5214 486.99 -0.07 0.8 -0.115 1.067 

A 0.503 259.038 -0.075 1 0 1.023 

B 0.5 174.8824 0 0.3 0 1 

C8 0.5 78.5 -0.02 0.5 0.016 1 

C6 0.505 61.3 0.054 0.5 0.004 1 

C4 0.514 39.3 0.08 0.5 0.0005 1 

C2 0.55 20 0.139 0.5 -0.0027 1 

C1 0.541 11.9239 0.122 0.4 0 1 

L4 0.48 4.0995 0.003 1 0.0004 1 

L2 0.502 2.0678 0 0.5 0.0001 1 

L1 0.4925 1.1614 0.1 0.5 0.0001 1 

 

 

 

 

 

 

 

  



 

 

4 Pressurization (unsealed, “Method A”) 
 

Testing Details 

Fan Model: Retrotec 
2000 

Fan SN:  Gauge Model: DM-2 Gauge SN: 202276 

 

Pressurize set  

Date: 2011-08-08    Time: 17:10   to 16:57 

Environmental Conditions:   
Barometric Pressure:100.9 KPa from Elevation.  37 

Wind speed:   3: Gentle breeze 

 

Temperature:   Initial:  indoors 23 °C    outdoors 14 °C.     

   Final:   indoors  23 °C     outdoors 14 °C. 

Test Data:   

12Baseline pressures taken for 10 sec each.   

12 building pressures taken for 20 sec each. 

Baseline, initial 
[Pa] 

-0.56 -0.91 -1.44 -2.01 -1.00 -1.50 -1.00 -1.15 -1.31 -0.96 -1.59 -1.45 

Building Test 
Pressure [Pa] 

9.8 13.7 18.6 22.4 27.8 32.5 37.1 44.4 46.8 51.0 54.2 58.1 

Baseline, 
final[Pa] 

1.02 0.75 0.63 1.12 0.70 -0.52 -0.38 0.12 0.37 0.59 0.96 0.49 

Door Fan 
Pressure, [Pa] 

42.2 59.5 86.2 111 148 199.2 231.6 253.7 263.4 273.9 301.6 323.3 

Total flow, 
Vr[l/sec] 

166.4 198.4 242.2 278.1 325.3 385.4 417.3 433.1 440.9 447.4 472.5 489.9 

Corrected flow, 
Venv[l/sec] 

170.0 202.7 247.4 284.0 332.3 393.6 426.2 442.4 450.3 456.9 482.5 500.4 

Error [%] -0.4% -3.5% -2.6% -0.5% 1.7% 9.2% 8.8% 0.8% -0.7% -4.6% -3.1% -3.8% 

Baseline pressure Averages:   initial  [Pa]    ∆P01 -1.24,  ∆P01- -1.24,   ∆P01+ 0.00  

 final  [Pa]     ∆P01 0.49,   ∆P01- -0.45,  ∆P01+ 0.68  



 

 

Building Gauge Pressure 

 

 

 

Building Gauge Pressure vs. Flow 

 

 

  



 

 

  Pressurize Test Results 
 

     
  

 

 Results   Results 95% confidence Uncertainty 

Correlatio
n, r  [%] 

99.24 95% confidence 
limits 

 

Air flow at 
50 Pa, V50 

[l/s] 

469.0 450.5 488.0 +/-0.0404 

Intercept, 
Cenv 

[l/s.Pan] 

38.95 32.15 47.25 
Air changes 

at 50 Pa, n50   
[/h] 

3.720 0.0007 7.435 +/-0.9998 

Intercept, 
CL  [l/s.Pan] 

38.70 
32.0

0 
47.05 

Permeability 
at 50 Pa, q50 

[l/s.m2] 
 

1.227 0.000 2.455  

Slope, n 0.6370 
0.581

5 
0.69

25 

Specific 
Leakage at 
50  Pa, w50 

[l/s.m2] 

2.552 0.000 5.103 +/-0.9998 

 

Combined Test Data 

 

 
 Results 95% Confidence Interval Uncertainty 

Air flow at 50 Pa, V50   [l/s] 469.0 450.5 488.0 +/-0.0404 

Air changes at 50Pa, n50   [/h] 3.720 0.0007 7.435 +/-0.9998 

Permeability at 50 Pa, q50 [l/s.m2] 1.227 0.000 2.455 +/-1.0000 

Specific leakage at 50  Pa, w50  
[l/s.m2] 

2.552 0.000 5.103 +/-0.0400 

 

 

Test Notes:(add notes here) 
 
 
 
 
 
 
 
 
 

  



 

 

Calibration Certificate 

Retrotec 2000  .   

Range N K K1 K2 K3 K4 

Open(22) 0.5214 486.99 -0.07 0.8 -0.115 1.067 

A 0.503 259.038 -0.075 1 0 1.023 

B 0.5 174.8824 0 0.3 0 1 

C8 0.5 78.5 -0.02 0.5 0.016 1 

C6 0.505 61.3 0.054 0.5 0.004 1 

C4 0.514 39.3 0.08 0.5 0.0005 1 

C2 0.55 20 0.139 0.5 -0.0027 1 

C1 0.541 11.9239 0.122 0.4 0 1 

L4 0.48 4.0995 0.003 1 0.0004 1 

L2 0.502 2.0678 0 0.5 0.0001 1 

L1 0.4925 1.1614 0.1 0.5 0.0001 1 



















 

 

 


