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Cost Considerations 
 

The most poignant consideration, as outlined by the North Okanagan Housing Design Competition 

criteria, is cost which falls into two sub-categories: upfront costs and lifespan costs. 

The cost of The Duos project, as drawn is $272/SF. 

The dollar per square foot target is achieved by making strict design decisions. The first of these 

decisions is utilizing roof trusses instead of joists or rafters. The latter are cheaper considering material 

costs, but trusses are far more easily and rapidly installed which significantly reduces costs associated 

with labour and project duration. Next, Aluminum cladding is relatively cost-effective. (See Appendix A, 

Refence 1).  While vinyl is cheaper, aluminum cladding requires lower maintenance over time and is 

highly durable, allowing for a reduction in long term costs. Additionally, aluminum cladding are available 

in a vast array of options, so the exterior positively impacts curb appeal while reducing total costs. The 

last design consideration is the use of standing seam metal roofing. It is higher in upfront cost than 

asphalt shingles, but performs far better in extreme weather conditions such as those seen within the 

RDNO. Over time, standing seam metal roofing will require less maintenance and repairs than asphalt 

shingles which justifies the increase in upfront costs. (See Appendix A, Reference 2). 

Increasing the performance of windows can reduce the need for additional insulation or split insulation 

to achieve a higher Step. (See Appendix A, Reference 3). Higher performing windows not only can reduce 

insulation impacts but also reduce the running costs due to a lower need for mechanical heating and 

ventilation on a regular basis. 
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Design Considerations 
 

After searching a variety of neighborhoods in the RDNO, it’s apparent that there are many properties 

using vertical or horizontal run cladding systems. Furthermore, most of the existing dwellings include 

low sloped roof systems.  

The Duos is finished with vertical run aluminum cladding. Aluminum cladding is a popular material in the 

current construction market and does not look out of place when placed within a neighborhood that 

mainly consists of vertical and horizontal boards. The Duos has been designed with a sleek white and 

wood exterior façade. This design deliberately allows the homeowner to fully customize the colour of 

their home. 

A low sloped roof aligns The Duos with the surrounding dwellings. The existing dwellings utilize dark 

coloured asphalt shingles while The Duos incorporates standing seam metal roofing. Although this 

material is more costly than asphalt shingles, it delivers a more malleable appearance and ensures the 

exterior of The Duos does not look out of place any community and is not intrusive to the skyline of any 

neighbours. 
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Community Considerations (Good Home, Good Neighbour) 
 

The exterior finishes are not the only consideration for creating a dwelling that aligns with the “good 

home, good neighbour” standard. Open spaces, acoustic separation, and privacy screening are key in 

creating a comfortable community for both the home owner and their neighbours. 

The interior of The Duos provides as much open space as possible. It incorporates high ceilings to deliver 

an open feeling within the main living space. The private spaces are sectioned off to deliver a sense of 

comfort within the home. 

Windows often prove to be the weakest performing elements of an envelope or enclosure. (See 

Appendix B, Reference 1). Using triple glazed windows, as specified, increases STC and OITC ratings to 36 

and 28 respectively. (Appendix A, Reference 4). The cost of high-performance windows compared to the 

total cost of new construction is minimal considering the vast improvement in sound attenuation. 

Closets within the dwelling are also strategically placed to reduce sound attenuation across rooms. 

The shape of The Duos allows the main entry and patio space to remain hidden in any orientation. The 

shape and layout allows maximum privacy between the main home and the carriage. This is done to 

allow any potential renters to feel a sense of belonging within their own space. 
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Flexibility and Longevity Considerations 
 

The design of The Duos is intended to fit into the majority of RDNO communities. The major 

considerations of flexibility and longevity are glazing, exterior appearance, and overall performance.  

A major facet of these design principles is south facing glazing. Plentiful/extensive south facing glazing is 

imperative in utilizing passive heating and cooling. In the case of malleability, however, limiting the 

potential for overglazing allows the home to be situated in any orientation without sacrificing occupant 

comfort by overheating. The Duos finds a comfortable medium of glazing to wall ratios. 

The symmetric rectangular shapes used in The Duos allow for multiple orientations on various sites. 

Using aluminum cladding allows potential owners to choose from a multitude of colours and 

appearances without changing the design itself.  

BC’s Energy Step Code is targeting net zero by 2032. (Appendix A, Reference 5). Building a net zero 

laneway today is costly and limits the number of teams that can adequately complete construction. Step 

3 is a high performing alternative that will allow The Duos to be built in any municipality with minimal 

changes until the adoption of Step 5. The design itself can be easily upgraded to Step 4 by introducing 

higher efficiency mechanical systems.  
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Eco-Friendly Design Considerations 
 

The Duos uses sustainable, recyclable, and high-performance materials to achieve a sustainably 

designed solution. 

Utilizing wood framing alongside wood trusses means the entire structure is erected with sustainable 

materials. Finishing with aluminum products allows for recycling if demolition is ever required. Using 

high-performance, triple glazed windows reduces the need for mechanical heating and cooling, yielding 

a smaller energy footprint. 

Some options to further increase sustainability include using split insulated walls to increase the 

effective RSI, using higher efficiency mechanical systems, and adding solar panels. The Duos leaves space 

for the exterior walls to increase in thickness without encroaching setbacks, so split insulated walls can 

be added if required. In addition to split insulated walls, higher efficiency mechanical systems can easily 

be adopted into the mechanical space. Finally, standing seam metal roofing in conjunction with roof 

trusses can be redesigned to incorporate solar panels. 
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Appendix A - Hyperlinks 
 

Reference 1 – Siding material cost comparisons 
https://www.synapseconstruction.com/blog/pros-and-cons-of-different-siding-

options/#:~:text=Vinyl%20siding%20is%20almost%20always,material%20you%20like%20looking%20at. 

Reference 2 – Advantages and Disadvantages of standing seam metal roofing 
https://mckinnisinc.com/blog/standing-seam-metal-roofing-pros-

cons/#:~:text=Standing%20seam%20metal%20roofing%20panels,asphalt%20shingles%20or%20concrete

%20tiles.  

Reference 3 – Window performance vs insulation 
https://aebuildingsystems.com/blog-debunking-the-myth-that-insulation-is-always-better-than-glazing-

for-thermal-performance/  

Reference 4 – Acoustic performance of triple glazed windows 
https://www.cascadiawindows.com/products/windows 

Reference 5 – Step Code Timeline 
https://www.rdno.ca/sites/default/files/2022-01/210920_Website_Step_Code.pdf  
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Appendix B – Studies 
 

Reference 1 – Impact of Window Configuration on the Overall Building energy 

Consumption 
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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.
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a Laboratory of design and modeling of architectural forms and ambiences (LACOMOFA) 
University Mohamed Kheider Biskra - Algéria  

Abstract 

The present research investigates the effect of orientation and façades openness and glazing type on global energy consumption 
in typical offices under the specific climate of present areas in the south of Algeria using Eneryplus software version (8.4.0), a 
serie of simulations has been performed in order to establish the optimal window configuration in terms of area orientation and 
glazing type   . 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of AREQ 2017. 
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1. Introduction 

Buildings consume about 40%of the world’s energy [1], the use of electric power and heat in the building sector 
also participate at gaz emissions, sustainability with efficient energy use and minimal environmental impact has 
become a major building design goal. 

Façade openings configuration have a great impact on the overall energy consumption of a building as it 
represents the most energy sensitive part of building envelope. 

The use of large glazing openings in present areas has become an accepted architectural trends in Algeria without 
any knowledge of their drastic effects on building energy performance. 
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The article analyses different window configuration on space user comfort and energy consumption in office 

building in Biskra (Algeria) using parametric window design alternatives. 

2. Role of windows 

The window is considered the weakest thermal link in a building envelope for heat gain in summer and heat loss 
in winter. Although it presents a small area of the building, it has the greatest effect on heat flow than walls, 
ceilings, and floors of the building. Therefore, it is considered as one of the important elements that affect the 
building energy consumption [2]. 

In general, the thermal performance of a window can be basically specified by three factors, 
which are the thermal transmittance (U-value), total solar energy transmittance (g-value), and air leakage 
(L). These factors describe all amounts of heat flow through a window [3]. 

Windows are also responsible for about 25-30% of the heat loss in a building because 
window glazing is a poor insulator [4]. Besides shading devices there are three parameters that determine the 
amount of heat gain and heat loss through windows, which are the window to wall area ratio (WWR), the window 
orientation, and the thermal properties of glass material [5].  This research focuses on these parameters to design 
windows according to heating and cooling requirements in winter and summer, under the specific climate conditions 
of desert area.  

3. Building energy modeling  

In the first decades of the twenty-first century , the wide availability of powerful scaled computers with sufficient 
strong and graphic capabilities have enabled of transition in the fundamental means of building representation  from 
two dimensional drawings as diagrams of design  to three dimensional, behaviorally dynamic digital prototypes. 

Among the tools available to architects, designers, and engineers in the study of energy-related 
behaviors, energy simulation software is the most efficient. Through creating a virtual building environment, these 
software packages provide for the expert the opportunity to predict the actual performance of the building as well as 
optimize and improve its design and make use of new energy-efficient technologies for it [6]. 

Building energy modeling (BEM) is a representation of energy performance within a building user simulation. 
Since simulation isolates a small range or one building feature for evaluation, it allows design analysis to 

objectively identify the right building element of energy- saving measure from analysis of the result isolating an 
energy –saving  feature prioritizes a specific design objective. 

In the present case openings orientation of a basic office on the site during conceptual design will determine 
which energy –saving  measure is most critical.      
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3.1. Case study modeling and climate conditions  

To study and test the research variables, we must first introduce a model or sample as the main research basis so that 
the behavior/effects of the research variables can be compared with it [7]. 
A typical office building block given in figure1 is considered for simulation. It is composed of six offices and 
circulation area15% of the surface area, the block is shadowed by neighboring building of the same height. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The characteristics of the present model are given in table1. 
 

 
 
The site location is considered to be in Biskra. The city of Biskra is a Saharan town located in the south-east of 

The constant parameters Variant parameters 
Site: the city of Biskra (latitude 34.48 N, longitude 
5.44N). 

Glazing type 
 

The area: Urban. Ratio (25%, 50%, 75%, 100%) 
-  The geometry: Orientation (North, East, South and West) 
- Exterior wall :( coated cement, brick 15cm, air blade, 
brick 10cm, plaster coating) 
-Interior wall: (plaster coating, brick 10cm, plaster 
coating) 
-Slab: (pierre, floating slab, cement mortar, tiling) 
-Interior slab: (plaster coating, hollow body, 
compression slab, cement mortar, tiling) 
-Floor: (plaster coating, hollow body, compression slab, 
bastard mortar, sand, bastard mortar, gravel) 
- windows (single glazing) 

Fig1: Case study modeling.      Source : Author. 

Table1: Model characteristics.      (Source: Author). 

4 ZEKRAOUI Djamel / Energy Procedia 00 (2017) 000–000 

Algeria; it occupies an area of 21,671 Km2. It is characterized by a cold climate in winter, hot and dry in summer. 
The geographical characteristics of the city are: 
- The latitude = 34.48 N. 
- Longitude = 5.44 N. 
- The altitude which is equal to 128 m above sea level. 
The city of Biskra is characterized by a maximum temperature in summer which reaches 45 ° C in July and a 
minimum temperature in winter reaching 5 ° C during the month of January [1]. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

4. Simulation tools 

4.1. The Energy Plus software 

           The energy plus software is born from two software BLAST (Building Loads Analysis and System 
thermodynamics and DOE-2 which have been used since the end of 1970 [8].  
Energy plus is an energy and thermal simulation tool and is easily accessible by the designer to use the great 
potential of comparative studies of parametric type. 

4.2. Modeling conception and construction 

             The model is constructed using Google sketch up [9], the plugins open studio is used to introduce the 
different variables and to achieve the parametric study. 
Energy plus implemented to perform the simulation.  
4.3. Modeling process : 
 
 
 
  
 
 
 
 
 
 

Fig2: Minimum, maximum and average temperatures of 
The city of Biskra. (Source: N R H, Biskra, 2002). 
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3.1. Case study modeling and climate conditions  

To study and test the research variables, we must first introduce a model or sample as the main research basis so that 
the behavior/effects of the research variables can be compared with it [7]. 
A typical office building block given in figure1 is considered for simulation. It is composed of six offices and 
circulation area15% of the surface area, the block is shadowed by neighboring building of the same height. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The characteristics of the present model are given in table1. 
 

 
 
The site location is considered to be in Biskra. The city of Biskra is a Saharan town located in the south-east of 
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Site: the city of Biskra (latitude 34.48 N, longitude 
5.44N). 
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- windows (single glazing) 

Fig1: Case study modeling.      Source : Author. 

Table1: Model characteristics.      (Source: Author). 

4 ZEKRAOUI Djamel / Energy Procedia 00 (2017) 000–000 

Algeria; it occupies an area of 21,671 Km2. It is characterized by a cold climate in winter, hot and dry in summer. 
The geographical characteristics of the city are: 
- The latitude = 34.48 N. 
- Longitude = 5.44 N. 
- The altitude which is equal to 128 m above sea level. 
The city of Biskra is characterized by a maximum temperature in summer which reaches 45 ° C in July and a 
minimum temperature in winter reaching 5 ° C during the month of January [1]. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

4. Simulation tools 

4.1. The Energy Plus software 

           The energy plus software is born from two software BLAST (Building Loads Analysis and System 
thermodynamics and DOE-2 which have been used since the end of 1970 [8].  
Energy plus is an energy and thermal simulation tool and is easily accessible by the designer to use the great 
potential of comparative studies of parametric type. 

4.2. Modeling conception and construction 

             The model is constructed using Google sketch up [9], the plugins open studio is used to introduce the 
different variables and to achieve the parametric study. 
Energy plus implemented to perform the simulation.  
4.3. Modeling process : 
 
 
 
  
 
 
 
 
 
 

Fig2: Minimum, maximum and average temperatures of 
The city of Biskra. (Source: N R H, Biskra, 2002). 

Month 

Aver

Aver

Modeling Insertion of data Simulation Results 

Sketch up Open studio Energy plus 

-Height 
- Surface 
- Glazed surfaces 

-climatic data 
-schedules 
-materials 
-heating and cooling 
loads….etc. 

-convections algorithms  
- Outputs 
 

-open studio 
results 
- Energy plus 
results 
- CSV results 

Fig3: Modeling process.      Source: Author 



166	 ZEMMOURI Noureddine et al. / Energy Procedia 115 (2017) 162–172

 ZEKRAOUI Djamel et al/ Energy Procedia 00 (2017) 000–000   5

 

5. Methodology  

       The simulation process has been split into two parts:  
The first part consists of simulating case study with openings of different ratios and Single glazing on all 
orientations: South, North, East and West (the initial case). 
The second part represents the optimization process by changing the type of glazing and orientation. 
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6. Results and interpretation  

6.1.  South facing building orientation  :  

 
 

 
       It is clear that the higher energy consumption is in the summer period where there is a significant use of air 
conditioning system due to long period of overheating (7 months per year from May to November). 
      Also the cooling load increases linearly with opening ratio and the heating load decreases compared to 25% 
opening ratio and the results are shown in table 2.  
 

ratio 50%of opening ratio 75%of opening ratio 100%of opening ratio 
Heating load 14.3% 21.5% 29.1% 
Cooling load 15,6% 24.6% 34.8% 

 
 

6.2.  North-facing building orientation 

 
 

Fig5: (a): Heating loads in KWh used according to ratios.        Source: Author. 
         (b) : Cooling loads in KWh according to ratios.              Source: Author. 
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Fig6: (c): Heating loads in KWh according to ratios.        Source: Author. 
       (d) : Cooling loads in KWh according to ratios.              Source: Author. 
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Table 2: Heating and cooling loads according to different ratio compared to 25% opening ratio.      (Source: Author). 
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       According to the graphs above, the results show that there is a significant increase in cooling and heating loads.  
and the results are given in table 3. 
 

ratio 50%of opening ratio 75%of opening ratio 100%of opening ratio 
Heating load 3.5% 6.6% 8.4%  
Cooling load 9.9% 17.6%  23.2 % 

 

6.3.  east-facing building orientation 

 
 
 

 
       In this case there is a large increase in cooling load; on the other hand, there is a reduction in heating load, and 
the results are shown in table 4. 
 

ratio 50%of opening ratio 75%of opening ratio 100%of opening ratio 
Heating load 1.6% 3.2% 6.3% 
Cooling load 17,2%  29.8% 39% 
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Fig7: (e): Heating loads in KWh according to ratios        Source: Author. 
         (f) Cooling loads in KWh according to ratios.      Source: Author. 
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Table 3: Heating and cooling loads according to different ratio compared to 25% opening ratio.      (Source: Author). 

Table 4: Heating and cooling loads according to different ratio compared to 25% opening ratio.      (Source: Author). 
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6.4. The west-facing building 

 
 

 
 
From these graphs it is observed that there is a significant increase in cooling load, on the other side, there is a 
reduction in heating load. and the results are shown in table 5. 
 

ratio 50%of opening ratio 75%of opening ratio 100%of opening ratio 
Heating load 4.7% 7.1% 10% 
Cooling load 19.8% 31.8% 39.3% 

 

6.5. Summary Graphs 
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Fig8: (g): Heating loads in KWh according to ratios.        Source: Author. 
        (h): Cooling loads in KWh according to ratios.         Source: Author. 

Fig9: (i): Heating loads in KWh according to ratios and orientation.        Source: Author. 
                                  (j) : Cooling loads in KWh according to ratios and orientation.        Source: Author. 
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It’s clear from the overall results that the most favorable oreintation of buildings in this specific areas  is the North-
South axe orientation and the worst one is East-West axe orientation in term of energy use. 

6.6. Optimization of opening ratio and glazing types 

Single glazing / double glazing 
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Fig11: (m): Heating loads in KWh between single glazing and double glazing.  Source : Author. 

            (n): Cooling loads in KWh between single glazing and double glazing.   Source: Author. 
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Fig10: (k): Heating loads in KWh according to ratios and orientation.        Source: Author. 
         (l) : Cooling loads in KWh according to ratios and orientation.             Source: Author. 

10000

15000

20000

Ratio
25%

Ratio
50%

Ratio
75%

Ratio
100%

south

North

East

Ouest



	 ZEMMOURI Noureddine et al. / Energy Procedia 115 (2017) 162–172� 171

 ZEKRAOUI Djamel et al/ Energy Procedia 00 (2017) 000–000   9

 
 

 

 
 
 
 
It’s clear from the overall results that the most favorable oreintation of buildings in this specific areas  is the North-
South axe orientation and the worst one is East-West axe orientation in term of energy use. 

6.6. Optimization of opening ratio and glazing types 

Single glazing / double glazing 

 
 
 
 

3000
4000
5000
6000
7000

Ratio
25%

Ratio
50%

Ratio
75%

Ratio
100
%

South

North

East

Ouest

k l 

Fig11: (m): Heating loads in KWh between single glazing and double glazing.  Source : Author. 

            (n): Cooling loads in KWh between single glazing and double glazing.   Source: Author. 

m n 

Fig10: (k): Heating loads in KWh according to ratios and orientation.        Source: Author. 
         (l) : Cooling loads in KWh according to ratios and orientation.             Source: Author. 

10000

15000

20000

Ratio
25%

Ratio
50%

Ratio
75%

Ratio
100%

south

North

East

Ouest

10 ZEKRAOUI Djamel / Energy Procedia 00 (2017) 000–000 

   
 Double glazing /triple glazing 

 
 
 

 
Double glazing / double glazing with low emissivity 

 
 
 
   These graphs show that the energy loads for cooling and heating decrease according to glazing type. 

Fig12: (o): Heating loads in KWh between double glazing and triple glazing.  Source : Author. 

             (p): Cooling loads in KWh between double glazing and triple glazing.  Source: Author. 

o p 

Fig13: (q): Heating loads in KWh between double glazing and double glazing with low emissivity.  Source : Author. 

            (r): Cooling loads in KWh between double glazing and double glazing with low emissivity.  Source : Author. 
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7. Conclusion 

    Results show that the opening ratio, orientation and glazing types have a great impact on the overall energy loads 
for heating and cooling in buildings under typical climate conditions of the Sahara region. 
-The increase in the ratio of openness means the increase in the consumption of total energy. 
- The use of double and triple glazing offers a significant reduction in energy consumption.  
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Carbon-Conscious, Cost-Efficient, & Customizable 
 



The Duos - A cuƫng-edge carriage home that perfectly blends sustainability, affordability, and 
adaptability making it the ideal choice for any homeowner.  

With sustainability in mind, this design is comprised of a wood structure and a fully recyclable, high-
performance façade which, together, yield a minute carbon footprint. ImplemenƟng high-performance 
windows and walls reduces the demand on mechanical systems which tend to ware more easily. 
AddiƟonally, the use of low sloped metal roofing allows the user to incorporate solar panels with ease if 
desired. UlƟmately, The Duos is created with an environmental focus while maintaining opƟmal 
occupant comfort.  

Affordability is a cornerstone of a thriving community. The compact, spaƟally invenƟve design of The 
Duos makes it a cost-effecƟve soluƟon for homeowners, while sƟll offering ample living and private 
spaces. The open concept living space is constructed to allow ample natural lighƟng giving a home with a 
more modest square footage count the feeling of a full-size home while maintaining a low construcƟon 
cost. The private space is separated by a causeway, where insulaƟon and strategically placed closets are 
instrumental in maximizing acousƟc privacy. The Duos is the perfect opƟon for residents seeking an 
affordable, high-quality housing soluƟon. 

The Duos’ flexible design accommodates a variety of living, site, and community demands. For anyone 
from one to two person renters, to small families, to reƟrees looking to downsize, its open floor plan 
allows for easy reconfiguraƟon and adaptaƟon to changing needs, ensuring the home remains a valuable 
asset for years to come. The symmetric rectangular design allows The Duos to be posiƟoned on any site 
with an unaffected feeling of belonging. The fully customizable exterior façade acts as a blank canvas, 
allowing any owner to incorporate a bit of their own personality. 

The meƟculous balance between sustainability, affordability, and adaptability makes The Duos perfect 
for any homeowner and a staple in any community. 




