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SUMMARY: 
Integrated design is important for Passive buildings and it has to be implemented in the early stage of the design process. The article deals with proposal of a new dormitory building in Sisimiut, Greenland, where the shape of building, indoor climate and energy needs are crucial factors to be considered in the early design stage of the project. The software simulation in iDbuild outlines the functional requirements for the dormitory building on the room level and points out an alternative space of solutions of a room with respect to indoor environment (e.g. design of the room, insulation thickness and window design). The aim of the work is to simulate the initial design of the dormitory on room level and point out the possibility of saving energy for heating and ventilation by factor variations. The work focuses on geometrical variations of the room and window, and on the orientation, and outlines the importance of factors and their variations. The most influencing parameter variation could be called the start of the sensitivity parameter analysis and will help later for the designing and evaluating of the future Arctic Passive House.
1. Introduction
Integrated design is a process of sustainable building design which focuses on producing buildings with a high level of environmental performance where the building design starts from the first very moment of the building project. The integrated design process requires multidisciplinary collaboration, including key stakeholders and design professionals (architects, engineers), from conception to completion. Energy performance and indoor environment have become important factors and performance decisive design parameters. Greenland is an extreme place to build a good energy performing building, but there is still the need for saving energy which can be done by implementing the integrated design process from the early stage of building design. From Integrated design point of view the article deals only with the potential energy performance in heating and ventilation demand on the room level; the aspects are not included in simulations such daylight, costs, humidity, etc.
The software iDbuild (Petersen, 2007) has been developed for the integrated design purposes as a tool for parameter variations of performance-decisive parameters. The variations give the building engineers an overview of how different parameters affect the energy consumption and indoor environment on room level. The integrated design method with the computational analysis in iDbuild establishes the space of solutions, which depends on the boundary conditions, energy performance and indoor environment. The iDbuild simulations give an overview of the consequences of changing a performance-decisive parameter for alternative design proposals, altogether on room level.
The methodology of iDbuild: The software iDbuild is based on the reference value of a performance-decisive parameter and two variations (lower and higher). The lower/higher parameter variations indicate the possible variation of input data (e.g. room width, window height, U-value of wall, etc.). The designer can decide which parameters to vary and perform it in two ways: 1. set up the conditions as a variation of the single performance-decisive parameters to vary (default alias reference room); or 2. as a bundles of performance-decisive parameters (elective alias reference value, variation1 and variation2). The simulation allows making not only three variations at the time but also provides a comparative output (var1, ref, var2) for each performance-decisive parameter (such as energy performance, thermal indoor environment, indoor air quality and daylight factor in point).  The limitation of the software is that it is developed for analyses of offices and class rooms only with single sided windows (one window). Furthermore, only rectangular shapes of rooms/buildings only can be evaluated.

Once the room decision and design is created in iDbuild with good energy performance and indoor climate, then the number of final building design proposals can be established according to owner´s functional requirements and needs (number of rooms, shape of building and orientation, number of storeys, etc).

Possible performance-decisive parameters of the single room in software iDbuild: 1.geometry (room depth, width, height, overhang); 2.building components (window, orientation and size; U-value of opaque constructions; thermal mass of construction, thermal capacity of interior); 3.systems (internal loads, lighting, ventilation, controls); 4.energy data (coefficient of performance of the heating and cooling system, solar water heating, photovoltaic, specific fan power for mechanical ventilation system, pumps, hot water consumption).
The evaluation of energy performance of rooms is based on Greenland´s new Building Code (Bygningsreglement, 2006). Although the software iDbuild is based on the Danish Building Code (Petersen, 2007) and the indoor performance of rooms in the program are evaluated according to European Standard (prEN 15 271, 2007). The Greenland´s Building Code evaluates the dwellings using two energy frames for two zones: where the building South of the polar circle (Zone 1) and one for North of the polar circle (Zone 2). This zone split takes into account the climate variations from South to North.
Zone 1: 

420 + 280/e   [MJ/m2] per year, 
Zone 2: 

510 + 325/e   [MJ/m2] per year, where e is the number of storeys.

Sisimiut is located North of the Arctic Circle (latitude 66.96°, longitude 53.68°; heating season the whole year), and therefore the Zone 2 applies and the number of storeys is two: energy frame for the dormitory is 650 MJ/m2 per year or approximately 181 kWh/m2 per year. The energy frame is determined from climate data measured through a long period, with building components with U-values (standard values) according to Building Code, and has mechanical ventilation. Energy contributions from solar gains through windows are taken into account.
2. Architectural proposal of dormitory

The new dormitory proposal was designed by TNT Nuuk, Greenland, and the building will be funded by the “Villum Kann Rasmussen Foundation” and by “A.P. Møller og Hustru Chastine Mc-Kinney Møllers Fond til almene Formaal”. The requirements were to accommodate a number of students coming to study in Sisimiut and to make a building which complies with good low energy standards (e.g. regarding building envelope, solar collectors, and indoor climate). 
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FIG 1: Proposal of shape of new dormitory in Sisimiut and typical single room (view, floor plan)
The dormitory building has two types of accommodation: single room (porch, entre/wardrobe, bathroom and room with kitchen area); and two bedrooms accommodation. The building accommodates a total of 44 students and total area is 1 271.9 m2. The building has a cylindrical shape which gives the advantage of closed space inside the circle, especially from the West side (wind from sea). The rooms are very open to daylight due their shape and window area. The building will serve as an accommodation and a case study (measuring indoor climate, solar collectors, etc). With its thermal properties (thermal resistance) the dormitory could become a good energy performing building with good indoor environment. The calculated dormitory energy consumption is annually for space heating approximately 160 000 kWh which corresponds to 125 kWh/m2 per year (Ingeniørkollegium i Sisimiut, 2007). 
3. Optimization within the iDbuild software
The space of solutions is generated on the room level where the reference room is established based on the design of a cylindrical shape of dormitory building. Since iDbuild is able to calculate only quadrangular shape of rooms, the designed room (single room type1, without bathroom and entrance) is simplified into a simple rectangular shape with one window.
Strategy of simulations: As the parameter analysis on room level offers a very large number of variations, the strategy was as follows: three types of room (with different dimension ratio) and one system for the initial calculation. The setting of only one system should be an objective start of parameter variation. The system for heating was set to always run at the same condition (set point temperatures for heating 21°C) in order to compare the results in the analysis when dimensions and orientations were varied. The room is connected to the building’s mechanical ventilation which has a heat exchanger efficiency of 0.8.

The calculations focus on geometry (width, depth, height) of the room and its influence on energy performance (heating deman, ventilation energy), on window (width, height, orientation), on U-value (of window and walls). Furthermore, the focus was put on variation of designed room dimensions ± 10 % and orientation of windows for every single simulation. A calculation model has been set up to analyse the energy performance of a single room. A reference (alias designed) room was defined being identical with the room as designed for dormitory proposal. 
TABLE 1: List of simulations for parameter variations – reference, variation 1 and variation 2 
	Simulation
	Conditions
	Variation 1 
	Reference 
(as designed)
	Variation 2 

	I. Dimension ratio (depth vs width) – larger rectangular room, rectangular room and square room (with designed window(2))
	Depth of room [m] (1)
	6.00
	4.90
	4.00

	
	Facade width [m] (1)
	2.70
	3.30
	4.00

	II. Dimension modification ± 10 % (depth of room, facade width)
	Depth of room [m] (1)
	4.41
	4.90
	5.39

	
	Facade width [m] (1)
	2.97
	3.30
	3.63

	III. Reference room (depth 4.90 m, width 3.30 m) vs. height of room 2.50 m
	Height of room [m]
	2.20
	2.50
	2.80

	IV. Designed room (2) vs. window dimensions ratio, area of window 2.90 m2, window shape: larger rectangular, rectangular and square
	Window width [m]
	2.00
	2.50
	1.70

	
	Window height [m]
	1.45
	1.16
	1.70

	V. Designed room (2) vs. designed window size (± 25 % of window size in m2)
	Window width [m]
	1.88
	2.50
	3.13

	
	Window height [m]
	0.87
	1.16
	1.45

	VI. Designed room (2) vs. Uframe and Uglazing 
	Window Uglass [W/m2K]
	1.18
	 0.76
	0.65

	
	Window Uframe [W/m2K]
	1.50
	 1.10
	0.70

	VII. Designed room (2) vs. Uwall (± 25 % of Uwall)
	Walls UA [W/K]
	0.82
	1.10
	1.37

	
	Uwalls [W/ m2K]
	0.11
	1.14
	0.18


1optimatization of designed room area into a simple rectangular shape (FIG 1)

2 designed room is reference room (depth 4.90 m, width 3.30 m, height 2.50 m); designed window (width 2.50 m, height 1.16 m)
Note: thickness of wall insulation: dwall = 250 mm: Uwall = 0.14 W/m2K; triple pane window Uglass = 0.76 W/m2K for glass and Uframe = 1.10 W/m2K; internal load 300 W. All dimensions are taken as internal measurements. Air change is 1.3 h-1.  The ventilation rate is taken from dormitory proposal for single room because of the exhaust from kitchen part of the room, although the requirements for the energy efficient buildings have smaller demands (Ingeniørkollegium i Sisimiut, 2007). Orientation: South, East, West, and North: 0, -90, 90, and 180.
3.1 Example of reference room – room & window variations
The iDbuild software offers a large number of possible variations and consequently also a large number of results (FIG 2) show the total energy performance of the reference room and results of two possible variations on both side (var1 and var2). Furthermore the thermal indoor environment represented by hours outside the ranges, indoor air quality and daylight factor can be evaluated according prEN (prEN 15 251, 2007).
Furth more the energy use can be divided into nine columns where the energy needed for heating, cooling, artificial lighting, ventilation, hot water, installation, solar hot water and photo voltaic. The article deals only with heating consumption and ventilation energy (the electricity needed for running fans) therefore there are only two columns (heating, ventilation) represented (see Error! Reference source not found.).

More specific and detailed results (images and data files) can be achieved such as outdoor & indoor temperature, heating & cooling power, transmitted solar energy, ventilation air flow, shading factor, daylight factor, eye illuminance, electrical lighting, wind velocity & direction, predicted mean vote & percentage of dissatisfied. The results can be represented for the whole year or for selected days/months.
[image: image1.emf]

FIG 2: Example of results from iDbuild – parameter variations
3.2 Space of solutions for a single room – room & window & orientation variations
The results in the following chapter are simulations which focus on energy use for m2 of a building. The images state approximately how much energy is needed to heat the room area and how much electricity is needed for running the fans to ventilate the room. Therefore only two columns are represented in figures named “Combined parameters”. The total energy use of the building based on calculation of energy use for m2 is evaluated according to Greenland Building Code (Bygningsreglement, 2006), where the zone 2 requires app. 181 kWh/m2. 
I. Variation of dimension ratio (length vs. width) indicates that if the area of the room is still 16.10 m2, then the length and width ratio of the room dimensions does not have a large impact (with designed window 2.50 x 1.16 m). For results see from FIG to FIG 4. The var1 (larger rectangular room: facade width 2.70 x length 6.00 m) has the performance for heating around 45 kWh/m2, the ref (designed rectangular room:  3.30 x 4.90 m) needs 47 kWh/m2 for heating, and var2 (square room: 4.00 x 4.00 m) requires 48 kWh/m2. All rooms need ~ 24 kWh/m2 for ventilation as the designer states in dormitory proposal (Ingeniørkollegium i Sisimiut, 2007) air change 1.3 per hour for single room. But the room serves as a living room, kitchen and working area at the same time. The total energy consumption is then between 70 and 75 kWh/m2 (Error! Reference source not found.). When orientating the room to other directions, some similar results appear for North and East facing windows, and similar results for South and West. The South and West facing windows requires ~ 6 kWh/m2 less for heating than rooms with window facing East and North (FIG 4).
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FIG 4 Variationof dimensionratio (lengthvs. width) - orientation East (-90%)
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FIG 4 Variationof dimensionratio (lengthvs. width) - orientation East (-90%)

B 1L Variation of dimensions (width, depth) =10 %
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FIG 3:Variation of dimension ratio (length vs. width) – orientation South (0°); var1: facade width 2.70 x length 6.00m; ref: 3.30 x 4.90 m, var2: 4.00 x 4.00 m
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FIG 4: Variation of dimension ratio (length vs. width) – orientation East (-90°); var1: facade width 2.70 x length 6.00m; ref: 3.30 x 4.90 m, var2: 4.00 x 4.00 m
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FIG 5: Variation of dimensions (width, depth) ± 10 % - orientation South (0°): var1: dimensions (width, depth of room ) 4.41 x 2.97 m; ref: 4.90 x 3.30 m; var2: 5.39 x 3.63 m
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FIG 6: Variation of dimensions (width, depth) ± 10 % - orientation East (-90°); var1: dimensions (width, depth of room ) 4.41 x 2.97 m; ref: 4.90 x 3.30 m; var2: 5.39 x 3.63 m
II. Variation of dimensions (width, depth) ± 10 %

The increase or decrease of the room´s dimensions for ± 10 % has an influence on total energy use. When decreasing the width and depth of the room by 10 % the difference can result saving 20 kWh/m2 in such an extreme climate as the Greenlandic. Also increasing the dimensions by 10 % saves 23 kWh/m2 in total energy use. Those results are valid for window orientated to South and West (see FIG 5), with window facing East and North the total energy use is 4 kWh/m2 higher (see FIG 6). 
III. Variation of room dimensions (designed room versus height of the room)
Variation of room dimensions if the height of the room varies from 2.20 – 2.80 m, the total energy performance of the room can be significantly different. For the height of 2.50 m the reference designed room the heating energy is 48 kWh/m2, the room with height of 2.20 m has 34 kWh/m2 for heating and the room with the height of 2.80 m needs 61 kWh/m2. Those stated numbers are valid for window orientated to South and West which has very similar performance. The rooms with windows orientated to East and North are performing also in a similar way, but the heating energy for every room is ~ 8 - 10 kWh/m2 more (e.g. 2.20 m height = 40 kWh/m2; 2.50 m height = 53 kWh/m2; 2.80 m height = 70 kWh/m2). 

IV. Variation of designed room vs. window dimensions ratio
Variation of window dimension ratio (the same window area 2.90 m2), but different window shape (var1: 2.00 x 1.45, ref: 2.50 x 1.16, var2: 1.70 x 1.70) for designed reference room (ratio 1:1.5), and different orientation to East, South, West and North. The results for South and West are very alike, where the heating energy is 47 kWh/m2. Windows orientated to East and North require more heating (~ 6 kWh/m2), than windows orientated to South and West. For this variation would be the optimal to explore the daylight factor based on window shape.
V. Variation of designed room vs. different window size (± 25 % of window size in m2)
Variation of window size (m2) for the reference room where the window differs from the designed window (ref: 2.90 m2 with 2.50 x 1.16 m) to -25% for var1 (1.63 m2 with 1.88 x 0.87 m) and +25% for var2 (4.53 m2 with 3.13 x 1.45 m) indicates that the larger window (+25% of area) influences the heating and larger window needs more heating. The small window facing South or West requires 43 kWh/m2, designed window 48 kWh/m2 and the largest window requires 52 kWh/m2. This consumption is increased by orienting the window to East or North, whereby ~ 5 - 8 kWh/m2 will be saved for each increase/decrease of window area.

VI. Variation of designed room vs. Uframe and Uglazing 
Variation of Uframe + Uglazing  versus site orientation for designed room and window size where var1 (Uframe = 1.50 W/m2K + Uglazing  = 1.18 W/m2K), ref (Uframe = 1.10 W/m2K + Uglazing  = 0.76 W/m2K), and var2 (Uframe = 0.70 W/m2K + Uglazing  = 0.65 W/m2K) proves that the better U-value the less heating needs. But the difference between var2 and ref is only 1-2 kWh/m2 (difference from ref to var1 is 5 kWh/m2) which leads to the assumption that the designed window has good thermal characteristics and the designer should use the windows with thermal characteristic less the 1.0 W/m2K. The heating use for var1 is 53 kWh/m2, ref 48 kWh/m2 and var2 45 kWh/m2 for windows orientated to South and West. For orientation to East and North the heating demand is larger ~ 5 – 9 kWh/m2 in each case.

VII. Variation of designed room  vs. Uwall (± 25 % of Uwall)
Variation of Uwalls for designed room var1 (Uwall = 0.11 W/m2K), ref (Uwall = 0.14 W/m2K) and var2 (Uwall = 0.18 W/m2K). As the room has already been designed with the thermal characteristics fulfilling the Greenlandic Building Code and increasing the thermal properties for 0.03 W/m2K (energy difference for Uwall = 0.11 – 0.14 W/m2K => 2 kWh/m2) does not have a larger impact than 2 kWh/m2. Rooms with windows oriented to South and West have the heating demand for var1 45 kWh/m2, ref 47 kWh/m2 and var2 49 kWh/m2. For rooms with windows orientated to East and North the heating demand is bigger by ~ 4 - 9 kWh/m2.

System variations: as the proposal of the dormitory in Greenland has showed a quite large number for ventilation of room type1, some calculations were made for the optimization of systems for the designed room and window, where the var1 has min&max air change 0.6 h-1, ref min&max air change 1.3 h-1, and var2 min&max air change 0.5 h-1. The results show significant saving of energy use for heating where decreasing the air change from 1.3 to 0.6 h-1 will save ~ 18 kWh/m2 (see FIG 7). 
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FIG 7: Variation of systems (air change) for designed room – orientation South; var1: air change 0.6 h-1; ref 1.3 h-1; var2: 0.5 h-1
4. Evaluation of results
The calculation strategy was applied on the important factors in the already designed dormitory in Sisimiut, Greenland, where the shape is cylindrical and every room is rotated by ~ 22° degrees. Therefore the room and window dimensions were more deeply investigated together with the orientation factor. Some variations of the thermal characteristic of window, wall and system variations have been done to show the possible scale of improvement. The variations of room and window dimensions have been investigated with the following results:

· Room dimensions – width versus depth of room:  if the floor area and window area are kept the same, than the larger rectangular room and designed rectangular room have slightly better performance than the square room. The rooms with windows oriented South and West have better energy performance which is caused by slightly lower heating demand. But the variations ± 10 % of dimensions have a larger impact on energy use for heating and ventilation.
· Variation of the height of the room: the designed height 2.5 m is optimal height which also fulfils the Greenlandic Building Code (Bygningsreglement, 2006).
· Variation of window orientation: the rooms with windows orientated to South and West have better energy performance which is caused by a lower heating. The difference for windows orientated to South and West is between 5 - 9 kWh/m2 for all variations made with different factors.
· Variation of window dimension ratio (the same window area 2.90 m2), but different window shape for designed reference room (ratio 1:1.5), and different orientation. The difference in energy performance of window shape is not very significant.
· Variation of window size (m2) where the window differs between the designed window 2.90 m2 to   -25% (1.63 m2) and +25% (4.53 m2) indicates that the larger window (+25% of area) influences the heating and larger window needs more heating. The energy use can be decreased by orientating the window towards South or West. 

· Variation of Uframe + Uglazing  for the designed room and window size leads to the conclusion that Uframe = 1.10 W/m2K + Uglazing  = 0.76 W/m2K has a good energy performance and may be beneficial if using at least triple-pane glass window with U-value < 0.8 W/m2K for houses in the Arctic.
· Variation of Uwall proves that the thermal properties of the wall are good and to vary them in such a low scale brings only small energy savings.

· Variation of building services proves that the largest energy saving could be made by changing the air change rate from 1.3 h-1 to 0.6 h-1 as it would be almost impossible to make a good energy performing building with such a high air change.

5. Conclusions

The aim of the article is to bring to attention more closely the connection of the Integrated design optimization method using iDbuild, where the decisive parameters are closely connected to energy performance and indoor environment. The iDbuild software is a tool for parameter analysis and in the case of new dormitory building should have been used in the early stage of the design process as a decisive-parameter evaluation tool. Although the cylindrical shape has a large quality in architectural expression, the extreme climate in Arctic regions should more focus on low energy performance and consumption. Since the shape of the dormitory is crucial, the calculations are focused on the use of iDbuild as a tool for factor variations connected to dimensions (room, window) and site orientation. The energy load for heating and ventilation is calculated and presented. For such an extreme weather conditions the heating season is necessary for the whole year, so only one heating system (heating set point temperature is for 21 °C) is considered in calculations.
Optimization: the distribution of rooms with the window orientation has shown the best possible option would be to place as much rooms as possible orientated to South and West, where the total energy performance on room level is the best. In the designer´s proposal the approximation distribution of rooms is: West 7 rooms + South 8 rooms + North 5 rooms + East 2 room. The designer has chosen the best possible placement for window orientation, although by making a more simple shape (rectangular) of building and orienting the rooms only to South and West, he could decrease the heating energy. The main optimization step is the window not facing North and East.

Neglectation: as the great emphasis in analysis was put on dimensions (room and window) and window orientation, the system for heating was neglected therefore there exist rather more energy savings as is stated above. The energy for lightning and hot water consumption was not considered, and the daylight factor was not evaluated. Further investigation should be put in investigation of lightning energy and solar gain as the daylight is crucial in Greenland, where the half of the year, and also where the total solar gains are greater than in European regions. More analysis should be made with two or more systems for heating season in such an extreme location as Sisimiut and compare to the climate in Denmark  and to Germany where the Passive Houses origins, and the climate challanges are different. As the dormitory is not build yet, the calculations (for reference room) made in iDbuild can not be validated.
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