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THE DUOS

REGIONAL DISTRICT OF NORTH OKANAGAN
HOUSING DESIGN COMPETITION

SITE CALCULATIONS

GROSS FLOOR AREA

PROPOSED SECONDARY DWELLING 779 SQ.FT.
ALLOWABLE 968 SQ.FT.
PROPOSED PATIOS 172 SQ.FT.
TOTAL GROSS FLOOR AREA 951 SQ.FT.

BUILDING HEIGHT

PROPOSED (3:12 PITCH) 1433 FT
ALLOWABLE 14.67 FT

GENERAL NOTES

THE CONTRACTOR/BUILDER SHALL VERIFY AND BE RESPONSIBLE FOR ALL CONSTRUCTION
AND DIMENSIONS ON SITE.

ALL WORKMANSHIP AND MATERIALS SHALL AT LEAST CONFORM TO THE CURRENT EDITIONS
OF ALL RELEVANT BUILDING CODES AND BY-LAWS APPLICABLE TO THE SPECIFIC MUNICIPALITY
AND DISTRICT.

THE DESIGNER AND ANY OF IT'S EMPLOYEES ARE NOT LIABLE FOR ANY ERRORS IN
CONSTRUCTION.

THE DESIGNER AND ANY OF IT'S EMPLOYEES ARE NOT LIABLE TO ANY OTHER PARTIES
RELATING TO THE USE OF THESE DRAWINGS.

ANY ERRORS AS THEY PERTAIN TO THESE DOCUMENTS SHALL BE BROUGHT TO THE
ATTENTION OF THE DESIGNER FOR CORRECTION BEFORE COMMENCEMENT OF THE WORK.

THE DESIGNER DOES NOT WARRANT THAT THESE DOCUMENTS ARE TO SCALE. DO NOT SCALE
OFF OF THE DRAWINGS. ANY INQUIRY REGARDING SIZES HEREIN SHALL BE BROUGHT TO THE
ATTENTION OF THE DESIGNER.

ALL DIMENSIONS ARE IN FEET AND INCHES, UNLESS NOTED OTHERWISE.
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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 fagade. 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%200r%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



Available online at www.sciencedirect.com
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Energy Procedia 115 (2017) 162—172
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International Conference — Alternative and Renewable Energy Quest, AREQ 2017, 1-3 February
2017, Spain

The Impact of Window Configuration on the Overall Building

Energy Consumption under Specific Climate Conditions
ZEKRAOUI Djamel®, ZEMMOURI Noureddine® *

? 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 fagades 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 B.V.
Peer-review under responsibility of the organizing committee of AREQ 2017.

Key words: Energy consumption, sustainable development ; Energy plus; opening ; Ratio (window, wall); Orientation; glazing Type.

1. Introduction

Buildings consume about 40%o0f 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.

Fagade 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.

* Corresponding author. Tel.: +213670313453; fax: +0-000-000-0000 .
E-mail address: djamelzekraoui@gmail.com

1876-6102 © 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the organizing committee of AREQ 2017.
10.1016/j.egypro.2017.05.016
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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 figurel is considered for simulation. It is composed of six offices and
circulation areal5% of the surface area, the block is shadowed by neighboring building of the same height.

Figl: Case study modeling. ~ Source : Author.

The characteristics of the present model are given in tablel.

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

Tablel: Model characteristics. ~ (Source: Author).

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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Algeria; it occupies an area of 21,671 Km?. 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].

temperatures Min Max Aver

H Min
B Aver

Max

J FMAMIJ J A S OND

Month

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

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 <

Modeling I Insertion of data I Simulation I Results
l [ |
-climatic data -convections algorithms -open  studio
-Height I -schedules I - Outputs I results
- Surface -materials - Energy plus
- Glazed surfaces I -heating and cooling I I results
I loads....etc. I I - CSV results

Sketch up ¢> Open studio t> Energy plus

Fig3: Modeling process.  Source: Author
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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.

Methodology
Case study Site
v -Climatic data
Glazing type: Glazing type: Glazing type:

-single glazing -double glazing -triple glazing and others
The window dimension || The window dimension The window dimension :
-Ratio of 25% - Ratio of 25% - Ratio of 25%

-Ratio of 50% -Ratio of 50% -Ratio of 50%

-Ratio of 75% -Ratio of 75% -Ratio of 75%

-Ratio of 100% -Ratio of 100% -Ratio of 100%

West

Orientations

North

South

Simulation by software (energy plus)

vV

Results

\ 4

Interpretation of results ) Recommendations

Fig4: simulation process. ~ Source: Author
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6. Results and interpretation

6.1. South facing building orientation :

167

6000 1

a b 9000

18000

5500

17000

5000 mSouth 25% 16000
= South 50% 15000 4

()
4500 14000 -
4000 - m South 75% 13000 -
B South100% 12000 -
3500 - 11000 -
3000 - 10000 -
heating energy consumption

cooling energy consumption

outh 25%
M South 50%
1 South 75%
outh100%

Fig5: (a): Heating loads in KWh used according to ratios.

(b) : Cooling loads in KWh according to ratios.

Source: Author.
Source: Author.

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%

Table 2: Heating and cooling loads according to different ratio compared to 25% opening ratio.

6.2. North-facing building orientation

(Source: Author).

7
C 000 d 15000

6800 - 14000
. 0,

6600 - North 25% 13000 -
H North 50%

6400 - orth 75% 12000 -
H North 100%

6200 - 11000 -

6000 - 10000 -

heating energy consumption

B North 25%
B North 50%
orth 75%
H North 100%

cooling energy consumption

Fig6: (c): Heating loads in KWh according to ratios.
(d) : Cooling loads in KWh according to ratios.

Source: Author.
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.

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

and the results are given in table 3.

ratio 50%o0f opening ratio | 75%of opening ratio | 100%of opening ratio
Heating load 3.5% 6.6% 8.4%
Cooling load 9.9% 17.6% 232 %

Table 3: Heating and cooling loads according to different ratio compared to 25% opening ratio.  (Source: Author).

6.3. east-facing building orientation

e 6000 f 21000
5900 20000
5800 - 19000
5700 18000
5600 - M East 25% 17000 - st 25%
5500 4 ast 50% 16000 - B East 50%
t 75% 150007 " East 75%
5400 - as o 14000 - as o
5300 - ast 100% 13000 - st 100%
5200 - 12000 -
5100 - 11000 -
5000 - 10000 -
heating energy consumption cooling energy consumption

Source: Author.
Source: Author.

Fig7: (e): Heating loads in KWh according to ratios
(f) Cooling loads in KWh according to ratios.

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%o0f 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%

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

5800 22000
g 5700 h 21000
20000
5600 19000
18000 -
B West 25% B West 25%
5500 ’ 17000 - ’
5400 - est 50% 16000 - est 50%
15000 - 9
i B West 75% est 75%
5300 . 14000 - .
5200 - B West 100% 13000 - m West 100%
12000 -
>100 - 11000 -
5000 - 10000 -
heating energy consumption cooling energy consumption

Source: Author.
Source: Author.

Fig8: (g): Heating loads in KWh according to ratios.
(h): Cooling loads in KWh according to ratios.

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%o0f 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%

Table 5: Heating and cooling loads according to different ratio compared to 25% opening ratio.  (Source: Author).

6.5. Summary Graphs

6500 20000
6000
18000

5500 ® South
5000 16000 ® North
4500 14000 - M East
4000 = West
3500 12000
3000 . . ' ' 10000

Ratolo Ratolo Ratolo Ratloo Ratio Ratio Ratio Ratio

25%  50%  75%  100% 25%  50%  75%  100%

Source: Author.
Source: Author.

Fig9: (i): Heating loads in KWh according to ratios and orientation.
(j) : Cooling loads in KWh according to ratios and orientation.
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=4=South 1
== North
==fe=East
=4-=south
Rati =>é=Quest
fg(')o Ratio Ratio ~ —#=North
% ' 50% 50%  —pEast
(]
=>é&=Quest
Ratio
Ratio 75%
75%
Figl0: (k): Heating loads in KWh according to ratios and orientation. Source: Author.
(I) : Cooling loads in KWh according to ratios and orientation. Source: Author.

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

Zone de graphique 22000
m Graphiq n
=t 20000
5000
4500 18000
4000
3300 16000
3000
750 14000
Ratio 25% Ratio G0% Ratio 75% Ratio L00%
12000
W South 5011 4292 3036 3553
W South double 45 1200 3658 $0e8 10000 Ratio 25% Ratio 50% Ratio 75% Ratio 100%
Bihlotth 7372 13 6825 £353 mSauth 11800 13581 15658 16108
Blorth double a1 6058 608 5017 W South double 11306 12636 18131 16131
WHorth 11008 12219 13353 14358
BEad 80 o83 73 nn W Horth double 10753 11661 12519 13817
W East double 5742 5439 5103 1678 mEast 12017 14506 17108 19897
et 5710 547 £33 5167 W East double 11556 13408 15750 16136
WWest 12797 15050 18600 21078
[¥est double 2557 oL 44 43m West double 12164 14828 17186 10494

Figl1: (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.



Double glazing /triple glazing
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a0 20000
15000
5500
13000
5000 17000
4500 16000
w0 15000
14000
3500
13000
5000 12000
2500 11000
Ratio 25% Ratio 50% Ratio 75% Ratio 100% 10000
moouth double| 40w 4 265 208 Retio 25% Retio 0% Retio 75% Ratio 100%
BSauthrple 1% 20 0 71 m Sud double 11308 12836 14131 1131
W Sudtriple 11244 12681 14103 15675
B Hatth dauble 6108 6053 6025 5917
m Nord double 10753 11661 12518 13417
B Horth triple 50 5l 56 Bl mNord trigle 107 e, 12006 130
East double 5742 543 510 4678 B Est double 1155 13408 15750 181%
WEast triple [11¥] 02% 41772 4250 mEsttriple 11469 13175 15536 17947
Wwest double cEoy o1l 1742 1979 = Ouest dauble 12164 14825 17185 15454
Bidest tiple ce0 1919 411 3906 = Ouest triple 12044 14647 17014 19353
Figl2: (0): 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.

Double glazing / double glazing with low emissivity

q
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Figl13: (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.

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