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1 Introduction
The Passive house was designed and successfully implemented in Germany and other European countries as a highly insulated, air-tight, and healthy construction where thermal comfort can be achieved solely by post-heating (post-cooling) of the fresh air mass. Currently the Passive house is being implemented also in colder regions. This paper summarises what is takes to build Passive house with the same fundamental definition in Arctic climate zones and discusses alternatives to the Passive house for extreme climates. 
The Arctic is described by either a geographical or a climatological definition [Wikipedia 2009]: 
1. The geographical definition is by Polar Circles (Arctic and Antarctic), which are at 66°33´38” Northern respectively Southern latitude. 
2. In climatology is used a more “functional” definition, as the Arctic is defined in terms of the treeless zone of tundra and the regions of permafrost in Northern Hemisphere. These are the locations where the average daily summer temperature does not rise above 10 °C, the edge of the habitat at which the trees are capable to growing, and  the soil is below 0 °C for two or more years.
	Figure 1: Arctic, roughly (Arctic Polar Circle – blue colour, tree line – green colour, and permafrost – red colour) and Sisimiut
	Figure 2: Settlement in Greenland, Ittoqqortoormiit with about 500 inhabitants. Photo: Hannes Grobe, AWI / Wikipedia
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For calculation later is used climate data for Würzburg in Germany (longitude 9.57° E, latitude 39.48°) and for Sisimiut in Greenland (old name: Holsteinborg, longitude -53.40° E, latitude 66.55°). Weather data were obtained from Meteonorm [Meteonorm 2003]. 
Figure 3: Temperature and solar radiation in Würzburg, Germany and Sisimiut, Greenland
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2 Passive house – functional definition
The fundamental concept of delivering all space heating just by heating the fresh air (no conventional active heating) [www.passivhaustagung.de 2008] can only work if even the highest immediate heat demand is very low.
To illustrate the influence of the climate, we look at the well-documented row houses in Darmstadt-Kranichstein (end of terrace). In standard German climate they reach a space heating demand of 14 kWh/(m²·a) and  heating load of 10 W/m²; but when placed in Sisimiut, Greenland, the specific space heat demand raises up to  52  kWh/(m²·a) and heating load is 21 W/m². In order to reach the same space heat demand and heat load in Sisimiut, it would take increased insulation thickness etc.: 

Table 1: Passive house Kranichstein construction for Germany and Greenland 
	Kranichstein
	Darmstadt, Germany 
	Sisimiut, Greenland

	Wall insulation 
	275 mm with λ=0.040 W/(m·K)
	600 mm with λ=0.033 W/(m·K)

	Roof insulation 
	400 mm with λ=0.040 W/(m·K)
	800 mm with λ=0.040 W/(m·K)

	Floor insulation 
	250 mm with λ=0.040 W/(m·K)
	400 mm with λ=0.040 W/(m·K)

	Windows
	Ug=0.7 W/(m²·K) 

Uf=0.59 W/(m²·K) 
g=0.5
	Ug=0.33 W/(m²·K) 

Uf=0.36 W/(m²·K) 

g=0.39

	Heat recovery efficiency
	83%
	92 %

	Window area to TFA
	28%
	18%


With these significant changes (e.g. total thickness of outer wall then 0.81 m), the Passive house in Arctic according the fundamental concept could in principle be implemented.
The building materials with the best thermal conductivity suitable for Arctic might be e.g. vacuum insulation panels with λ= 0.004 W/(m·K) or polyurethane foam with gypsum boards with λ=0.020 W/(m·K), and the Arctic could be use as a “laboratory” for more temperate climates with testing of buildings materials and technologies, as it is already a test facility for cars! 

Anyhow for the single building project it might still, economically, be more feasible to use cheaper insulation materials and take of advantage of the fact that the regions are so scarcely populated that the thicker insulation will also fit. 
Note: The article is primarily focused on residential dwellings and on specific heat demand of 15 kWh/(m²·a) and heating load of 10 W/m². The total specific primary energy demand (limit 120 kWh/(m²·a)) is less influenced by the climate. 

3 Importance of circumstances 
The internal heat gains are important factors in Passive houses. In e.g. Greenland different circumstances might justify a different number for the internal heat gains: 

· The dwelling area per person is significantly smaller than in e.g. Denmark and Germany and thus internal heat loads are distributed on less area. 

· The smaller dwelling area also means that ventilation per area ideally is higher.
· The need for artificial lighting might be different, though different factors pull in different directions: The outside ground surface in Greenland would usually be snow-covered in winter and thus highly reflective. The sun will be above the horizon for fewer hours. Cloud cover varies for each location. Due to reduced living area there will be less area to light. Table 2 shows some central numbers to the dwelling area.
· We believe that there might be significant differences in the contribution from cooking to the internal heat load but we lack concrete references to confirm this believe. 
· Different use patterns – are people in Greenland more or less indoor at home? 

· There might be different expectations for indoor climate though indoor climate research has proved that ideally the sense of thermal comfort is the same for all people (adaptive thermal comfort).
Different sources already claim different numbers for the internal heat load, varying from 2 to 8 W/m2 [Bygningsreglement 2006], [www.passivehouse.com 2009], [Thyholt 2003]

It is not clear how precise all of these numbers are and it more points to the fact that the internal heat gain must be considered carefuly for different locations with different circumstances. 
Table 2: Reference Statistic for Germany [German Statistic 2008] and Greenland [Denmark Statistic 2008]
	
	Total
	Germany
	Greenland

	Total
	Living area [m²]
	3 421 384 000
	1 445 912 

	
	Number of people
	80 060 200
	57 564

	
	Number of dwellings
	38 971 262
	22 075

	Per unit
	Living area [m²/person]
	41.6
	25.1

	
	Average floor space [m²/dwelling]
	86.1
	65.5

	
	Average no. of inhabitants per dwelling
	2.1
	2.6


Example 

Based on PHPP we do a little model calculation. The positive internal heat gain is divided in: occupancy, cooking, lighting and household appliances (and DHW, cool down tank, electricity, waste heat). 
At a norm contribution of 80 W/person, and presence 55 % of the time for 8 760 hours a year, Table 3 gives the approximate internal heat gain from people. 
Use for cooking 0.20 kWh/use (frequency 500 times per person per year). 

Lighting - norm demand 21 W, 8 hours per day. Lighting frequency is calculated using luminance data for Sisimiut from Meteonorm. The standard of required hours (per person and day) for Greenland (Sisimiut) is calculated as sum of hours in year and the inside minimum luminance is set to be 200 lux by a daylight factor of 2 % (below 200 lux the lighting is assumed to be switched on). The hours, when inside luminance is lower than 200 lux, are summed up and subtracted 8 hours per day for zero demand when the inhabitants are asleep. This sum is for Sisimiut 3 285 hours per year or some 9 hours a day. (For Würburg the total hours is 2 799 per year or some 8 hours a day).
The household appliances are assumed to be the similar as in Europe.
Table 3: Internal heat gain – People, Cooking and Lighting
	
	Location
	Number of persons [p]
	Living area [m²]
	Availability [-]
	Specific heat demand [W/m²]

	PEOPLE
	Germany
	2.1
	86.1
	0.55
	1.073

	
	Greenland
	2.6
	65.5
	0.55
	1.747

	COOKING
	Germany
	2.1
	86.1
	500
	0.174

	
	Greenland
	2.6
	65.5
	500
	0.283

	LIGHTING
	Germany
	2.1
	86.1
	2.920
	0.171

	
	Greenland
	2.6
	65.5
	3.285
	0.278


	Table 4: Internal heat gains [W/m2]
	Figure 4: Heat gain for Germany and Greenland

	Internal heat gain
	Germany
	Greenland
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	Household appliances 
	0.651
	1.060
	

	Persons
	1.073
	1.747
	

	Cooking
	0.174
	0.283
	

	Lighting
	0.171
	0.278
	

	Total
	2.069
	3.368
	


4 Alternative optimisations 
We have looked at what it takes to implement the fundamental passive house concept in the case of the end row house from Kranichstein re-located to Sisimiut in Greenland. 
Closer studies of the internal heat load and ventilation demand might justify a higher heat demand and heat load, but it is not a natural law that this would also be optimal in such different locations. Not only might internal heat load, use and expectations be different, but also energy supply, security, tax structure and energy distribution grid can be very different. 

For instance the population in Greenland is very scarce and there are numerous small electricity grids. It might therefore also make sense to look at optimisation of these whole, small systems, including hydro power, wind and geothermal heat sources or heat storage. 
We suspect that such an optimisation would not give precise guide lines as to insulation level of the single houses, but some minimum level will be advisable to take thermal comfort as well as security by unsteady supply into account. 
5 Discussion 
What can influence on the understanding of what is a passive house? We might not mind smaller differences in dwelling area between e.g. France, Germany, Denmark and Finland but just agree that a passive house as a standard is calculated with 35 m² net area per person as in the certification scheme. But with bigger differences, perhaps even cultural, from “South Denmark” to Greenland, what could or should this imply? 

Passive house is in principle possible everywhere, but the climate in e.g. Greenland is so different that it is not given that the passive house concept is the most optimal concept there, regarding insulation level and payback time for saved energy is high according local prices for energy. 
Therefore more pragmatic solution would be reasonable where the fresh air heating has to be paired with more conventional type of heating (depending on available renewable sources). Using optimum of insulation and best available Passive house technologies and materials, and with clever and compact structure with minimum ventilation loss and still maximum facade expose to solar radiation, the good and practical solutions could be reached.
What about political climate, and the individuals’ expectations for the indoor climate? How does extreme outdoor climate influence on the acceptance of variations in indoor climates? And how does “adaptive comfort” apply to very cold climates. 
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