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1.1 Introduction to Student Residence Project: 

The fourth-year studio project consists of a student residence in downtown Sudbury. The 

design proposal combines passive, as well as mechanical systems in order to improve the quality 

of life for students, while also providing an example of a sustainable building for the community 

to strive towards. The student residence 's concept is that of a tree, where there is a main CLT 

structure that acts as the stem, while smaller buildings flay out acting as branches. These 

branches have rainwater collection green roofs that feed into a grey water system in order to 

supplement water needs throughout the building. In addition, the building employs passive solar, 

daylighting and solar PV strategies, in order to enhance the spaces within the building, while 

limiting the need for excessive electricity and mechanical lighting. This report will outline 6 

systems that fall under each of the following categories; Structure, Passive, Envelope, Electrical, 

Mechanical and Other. 

2.1 Structure: CLT   

As of 2016, the Canadian building code permits wood structures to be built up to 6 

storeys tall, allowing for technologies such as CLT to manufacture wood structures bigger, and 

better than ever. Cross laminated timber (CLT) is an engineered wood construction system 

designed to complement lighter frame timber structures. CLT classifies under the wood building 

category known as mass timber, and is made from several layers of lumber, stacked 

perpendicular and glued together. This cross lamination of wood provides dimensional stability, 

strength and rigidity, which allows CLT to be a viable alternative to concrete, masonry and steel 

for most building applications1. CLT can be used for an entire building, as well as individual 

elements such as the roof, floors or walls. CLT structures offer a wide variety of benefits, such 

as: aesthetic, acoustic, seismic, fire resistance, and structural properties, all while being 

renewable and extremely environmentally friendly. For these reasons CLT has become one the 

most attractive building material in the industry for mid-rise structures.   

2.2 Evaluating CLT: 

When evaluating a wood system, it is important to understand the properties of wood, and 

how it is different from other building materials. One aspect of wood that is important to know, 

is the fact that it is an anisotropic material. This means that wood has different strength 

properties depending on the direction in which a load is applied to the grain.  Wood is quite 

strong in compression and tension parallel to grain, weak under compression perpendicular to 

                                                           
1 9 John , Stephen , and Barbara Nebel. Environmental Impacts of Multi-Storey Buildings Using Different 
Construction Materials. Report. Ministry of Agriculture and Forestry, University of Canterbury. February 2002. 
Accessed October 04, 2017. 
https://ir.canterbury.ac.nz/bitstream/handle/10092/8359/12637413_JOHN%20STEPHEN%20ET 
%20AL%20Environmental%20Impacts%20of%20MultiStorey%20Buildings%20Using%20Different%20Construction
%20Materials%20MAF%20Repor t%202008.pdf?sequence=1&isAllowed=y.  



   
 

   
 

grain, and weakest when tension is applied perpendicular to the grain2. Another important factor 

to consider in wood buildings, is that they tend to shrink or expand depending on the moisture 

content of the wood. 

Similar to other building materials a critical component of wood buildings is how 

members are connected; as wood connections provide strength, stiffness, and stability to the 

overall structure. Wood is a building material that is easily drilled, chiseled, or shaped allowing 

for numerous different methods to facilitate the connection of members. Many CLT connections 

much be carefully calculated in order to account for possible shrinkage or expansion of wood, 

often meaning connections must be flexible in the sense that they adapt to the behavior of wood 

while still providing structural support. 

For a CLT system, all structural aspects are completed before the panels arrive on site, as 

CNC machines are used for to provide a level of precision other wood systems cannot. The CNC 

will also cut openings in the panels, making it possible to start installing doors and windows as 

soon as the panels are assembled, greatly reducing the construction time on site. The panels can 

be used for all the walls and floors for buildings as large as six storeys within Canada. A CLT 

system is quick and easy to install compared to traditional timber construction, making them a 

suitable option for any low to mid rise structure.  

Potential for reuse or recycling:  

One important thing to consider with wood buildings is to weight the advantages and 

disadvantages of deconstruction vs. Demolition. Similar to all wood products there is the 

potential for reuse or recycling of components that are left as waste during the construction phase 

or after the building is disassembled. One benefit of a CLT system is that there is very little 

waste due to the prefabrication component of the system ensuring that each panel is cut to a 

specific size to ensure efficiency. At the same time CLT is not as simple to recycle as individual 

wood members due to the use of adhesives during the cross-lamination process. However, there 

are opportunities to recycle through different companies, or even convert wood elements into 

bioenergy that can be used to create electricity3. 

2.3 Relation to Student residence: 

A CLT building system is an appropriate choice for a project like a mid-rise residence 

because it gives the designer flexibility, not only with the form of the structure, but also with the 

various complimentary systems used throughout the building. CLT is adaptable allowing for 

other systems such as plumbing, electrical, and envelope systems, to be integrated in an efficient 

manner. Since entire wall panels are pre-fabricated as part of the CLT system, components such 

as insulation can be installed before reaching site. CLT has the ability to integrate with other 

systems at a tectonic level, where mechanical components can be hidden within the CLT or 

                                                           
2  ReThink Wood. "Connection Solutions For Modern Wood Buildings." Awc.org. September 2014. Accessed 
September 20, 2017. http://www.awc.org/pdf/education/des/ReThinkMagDES315A-
ConnectionSolutionsforModernWoodBldg-1511.pdf. 
3 MACLEOD, ROSS . "UTILIZING WOOD WASTE FROM CR&D AND URBAN FORESTRY." Forest Echo. Accessed 
October 03, 2017. http://www.cricouncil.com/wpcontent/uploads/2011/03/Wood-Utilization-CRI-Council.pdf. 



   
 

   
 

exposed as part of the design. Throughout CLT assembly's there are numerous options for 

integration of other systems depending what the designer wants.   

2.4 CLT and LEED:  

LEED Certification is currently the most well-known environmental building rating 

system, and follows a credit-based system, allowing projects to earn points for environmentally 

friendly actions taken during design, construction, occupancy, and post occupancy phases of a 

building.  

While CLT is not officially recognized under Leed; use of wood is considered a positive under 

multiple components of the LEED certification system, and can result in various credits for new 

construction under categories such as4:  

-Location and Transportation (LT)  

-Sustainable Sites (SS)  

-Energy and Atmosphere (EA)  

-Indoor Environmental Quality (EQ)  

-EQ, Thermal Comfort  

-EQ, Interior Lighting  

-EQ, Acoustic Performance  

2.5 Benefits of a CLT System:  

Environmental benefits:  

As a tree grows, they absorb CO2 naturally; once the tree is harvested, the absorbed 

carbon stays in the tree for the life of the product. Ontario insures a continuation of that cycle, 

helping to offset climate change by minimizing the net carbon released by using sustainable 

forestry practices. Additionally, processes to manufacture wood products requires less energy 

and release less emissions into the air and water compared to any other major construction 

materials.  

Wood waste during manufacturing is burned to generate electricity, providing a relatively 

clean source of energy while reducing waste. Once a wood product is on the construction site, it 

has helped to reduce carbon emissions by storing carbon in its fibers, using less energy to 

manufacture, all while helping conserve the use of harmful fossil fuels. 

                                                           
4LEED | USGBC. Accessed October 03, 2017. https://new.usgbc.org/leed. 



   
 

   
 

  

Chart comparing the various Environmental impact of the three most common building 

materials.5  

Prefabrication:   

CLT is manufactured using CNC machines in an environment where extensive quality 

control is carried out, ensuring coordination between design, manufacturing, and on-site 

construction of a structure.  The ability to be able to bring CLT components to site and assemble 

them with relative ease also saves considerable time and money during construction6.  

Standardized Sizing: 

A building that is designed using standard sizes of CLT allows for minimal wood waste 

during construction, while creating a cost-effective project that maximizes the materials used.   

Structural Elements:  

A CLT system is structurally comparable to steel or concrete while being lighter; 

allowing a designer to have more flexibility, as almost any form is achievable using CLT if 

detailed correctly. CLT has been found to reach similar spans as concrete while not needing the 

same depth of beams. In addition, projects using CLT can have smaller, less expensive 

foundations, that are ideal for poor soil conditions, such as those seen in Sudbury, due to a CLT 

being lighter than an equivalent building made out of concrete.   

                                                           
5 8 Downing, Bill . "CROSSLAM® CLT Technical Design Guide ." Structurlam.com. 2016. Accessed October 05, 2017. 
http://www.structurlam.com/wpcontent/uploads/2016/10/Structurlam-CanadianDesignGuide-
October2016_LR.pdf 
6 3 "Solid Advantages." Woodworks.org. 2012. Accessed September 18, 2017. http://www.woodworks.org/wp-
content/uploads/CLT-Solid-Advantages.pdf. 



   
 

   
 

 

Chart comparing span and thicknesses of CLT vs. Concrete.7 

Cost Efficiency:  

Construction projects that use CLT can be a cost-effective alternative to steel and 

concrete, as the can be up to 15% less throughout the life of the project. CLT is also competitive 

in price with standard light wood framing systems in specific applications8.  

Code Acceptance:  

CLT became part of the National Building Code of Canada (NBC) in 2016 after the 

technical comitte made it a supplement to CSA-O86. The package includes: 1. CLT as a 

structural member 2. CLT connections and 3. CLT as a lateral load resisting system9.   

Reduced Construction Time:  

CLT projects are often constructed in less time compared to other building system due to 

the prefabricated and protection of the panels in a controlled environment until the time of 

installation. CLT pieces arrive on site as a kit, require less storage, and can be shipped within 

tight scheduling to allow for quick assembly in dense areas.    

Minimal Deformations Compared to Other Wood Systems:  

The cross lamination of CLT ensures a very dimensionally stable product, which limits 

significant deformation or shrinkage in a panel cause by moisture. While traditional systems can 

                                                           
7 4 Downing, Bill . "CROSSLAM® CLT Technical Design Guide ." Structurlam.com. 2016. Accessed October 05, 2017. 
http://www.structurlam.com/wpcontent/uploads/2016/10/Structurlam-CanadianDesignGuide-
October2016_LR.pdf 
8"Cross-Laminated Timber is the Most Advanced Building Material." Popular Science. February 26, 2014. Accessed 
October 05, 2017. http://www.popsci.com/article/technology/worlds-most-advanced-building-material-wood- 
0#page-3. 
9  Downing, Bill . "CROSSLAM® CLT Technical Design Guide ." Structurlam.com. 2016. Accessed October 05, 2017. 
http://www.structurlam.com/wpcontent/uploads/2016/10/Structurlam-CanadianDesignGuide-
October2016_LR.pdf. 



   
 

   
 

shrink significantly due to changes in moisture content, CLT buildings use a rain screen façade 

to effectively manage exposure to moisture to mitigate the risk of deformation10.   

3.3.3 Thermal performance:  

Due to CLT panels being cut using a CNC, panels have tighter connections than 

traditional wood systems. This causes an airtight panel with little potential for airflow through 

the system, resulting in better energy efficiency for the structure. CLTôs thermal performance is 

determined by its U-value which is directly correlates to its thickness. Thicker panels have lower 

values, meaning they are better insulators and require less insulation. As a result, interior 

temperatures within a CLT structure can be tempered using just one-third the heating or cooling 

energy other system11.  

3.3.4 Fire Protection:   

CLT's thick cross lamination can provide adequate fire resistance depending on the 

thickness of the panels. Although CLT is considered a combustible material, within the OBC it 

could qualify under an alternate solution as long as evidence is shown that the assembly can 

perform under fire duress as well as an acceptable solution. The NRC organized eight 

experiments to obtain fire resistance ratings for a number of CLT panels. The tests showed that 

CLT assemblies can maintain significant fire resistance for up to three hours in some cases, even 

with unprotected CLT under full loading conditions12.  

This is because as the CLT burns it forms a char layer, which acts as an insulator that 

protects the structural wood underneath from high temperatures and further destruction. When 

used in noncombustible construction, CLT systems also have fewer concealed spaces, which 

decrease the possibility of a fire to spreading undetected. 

 

 

 

 

 

 

 

                                                           
10 Downing, Bill . "CROSSLAM® CLT Technical Design Guide ." Structurlam.com. 2016. Accessed October 05, 2017. 
http://www.structurlam.com/wpcontent/uploads/2016/10/Structurlam-CanadianDesignGuide-
October2016_LR.pdf 
11  "Solid Advantages." Woodworks.org. 2012. Accessed September 18, 2017. http://www.woodworks.org/wp-
content/uploads/CLT-Solid-Advantages.pdf. 
12  Government of Canada. National Research Council Canada. "Construction Innovation." Government of Canada. 
National Research Council Canada. February 20, 2013. Accessed October 03, 2017. https://www.nrc-cnrc.gc.ca/ci-
ic/article/v17n4-4. 



   
 

   
 

 

 

Chart showing the performance of CLT systems fire resistance.13 

3.3.5 Seismic Performance:  

Due to CLT's structural stability and rigidity, the panels create an impressive lateral load 

resisting system. In Japan, a seven storey CLT building was simulated with 14 consecutive 

seismic events with almost no resulting damage to the structure. Comprehensive seismic testing 

on CLT has found that panels perform extremely well with no long-term deformation, 

particularly in multi-storey projects14.    

3.3.6 Acoustic performance:  

Acoustic tests find that CLT provides a suitable noise control for both airborne and 

impact sound transmission. CLT building systems offer acoustic benefits due to the uses of 

sealant and other types of membranes to provide air tightness; improving sound insulation 

around connections between the floor and wall plates15.   

2.6 Wood and the Ontario Building Code:   

As of January 1, 2015, the OBC began to permit wood construction for buildings a 

maximum height of 6 storeys.  These new regulations have allowed designers more flexibility 

when building mid-rise structures, as the previous restriction was 4 storeys16.  

                                                           
13  Government of Canada. National Research Council Canada. "Construction Innovation." Government of Canada. 
National Research Council Canada. February 20, 2013. Accessed October 03, 2017. https://www.nrc-cnrc.gc.ca/ci-
ic/article/v17n4-4. 
14 2 "Solid Advantages." Woodworks.org. 2012. Accessed September 18, 2017. http://www.woodworks.org/wp-
content/uploads/CLT-Solid-Advantages.pdf. 
15 2 "Solid Advantages." Woodworks.org. 2012. Accessed September 18, 2017. http://www.woodworks.org/wp-
content/uploads/CLT-Solid-Advantages.pdf. 
16 7 Downing, Bill . "CROSSLAM® CLT Technical Design Guide ." Structurlam.com. 2016. Accessed October 05, 2017. 
http://www.structurlam.com/wpcontent/uploads/2016/10/Structurlam-CanadianDesignGuide-
October2016_LR.pdf.  



   
 

   
 

Division B in the OBC sets requirements that establish the minimum performance level of the 

Code. Building Code sections that influence the use of wood in buildings are found in the 

following Parts:   

Part 3 Fire Protection, Occupant Safety and Accessibility: Applicable to any building larger than 

3 storeys and 600m2 as well as any building that contains assembly, care, or high hazard 

industrial occupancies.  

Under part 3, the use of combustible materials for buildings is diiscussed; however, as previously 

mentioned, there is potential to undergo alternate solutions for wood structures to ensure that the 

building performs as the code intended. 

Part 4 Structural Design   

Part 5 Environmental Separation  

Part 9 Housing and Small Buildings:  Applicable to ñsmallò buildings up to 3 storeys, and up to 

600 m2 in building area with restrictions on occupancy type.  

Part 12 Resource Conservation and Environmental Integrity  

 Parts 4, 5 and 12 do not explicitly require or prohibit wood as a construction material but set out 

the required performance standards for structural, envelope and energy components that every 

building must meet17.   

4.2 Code Acceptance for CLT:   

The technical Committee within the NBC approved the adoption of CLT in the 2016 

Supplement to CSA-O86. This supplement forms a part of the 2014 edition of the CSA-O86 that 

is referenced in the 2015 edition of the NBC for Canada. The package includes: CLT as a 

structural member, CLT connections, and CLT as a lateral-load resisting system.  

In addition to building code requirements, all manufacturers of CLT are required to meet 

the ANSI/APA standard PRG 320-2012. These standards outline the testing methods for 

qualification and quality control of CLT18.  

2.7 Technic: 

There are six lumber design values established under the CWC in accordance with 

NLGA Standard Grading Rules for Canadian Lumber30. These six values determine the grade of 

the wood and play an integral role in choosing connections for wood structures19.  

                                                           
17 8 Tardif, Patrice. "Reference Guide: Wood Use in Low-Rise Educational Buildings – Ontario." Cwc.ca. February 
2012. Accessed October 05, 2017. http://cwc.ca/wpcontent/uploads/publications-Reference_Guide.pdf. 
18 Downing, Bill . "CROSSLAM® CLT Technical Design Guide ." Structurlam.com. 2016. Accessed October 05, 2017. 
http://www.structurlam.com/wpcontent/uploads/2016/10/Structurlam-CanadianDesignGuide-
October2016_LR.pdf.  
19 "Structural Properties and Performance." Woodworks.org. Accessed October 03, 2017. 
http://www.woodworks.org/wp-content/uploads/Wood-design-structural-propertiesperformance-fact-sheet.pdf. 



   
 

   
 

Bending (Fb):  

Structural members bend once loads are applied, this produces tension in the fibers along 

the face opposite of the applied load, as well as compression in the fibers along the face nearest 

to the load. Fb design values for single members are used in the design where the strength of a 

singular piece, such as a beam, is accountable for carrying a specific load. When three or more 

load sharing members, such as joists, are spaced less than 24 inches apart and are joined by 

sheathing or another load dispersing element, repetitive member values are used. Repetitive 

member values are also used whenever three or more pieces are adjacent to one another, such as 

decking.  

Shear Parallel to Grain (Fv):  

Shear parallel to grain, is the movement of wood fibers over each other horizontally in 

opposite directions. High shear stresses most often impact design in short, heavily loaded, deep 

beams. By increasing a beamôs cross section its applied shear stresses decreases.  

Compression Perpendicular to Grain (Fc-perp):  

Where ever a joist or beam (or any similar wood member) bears on supports, the load 

will compress the fibers. The bearing area of the member must be appropriate in size to avoid too 

great of compression perpendicular to the grain (e.g. a sill plate with studs bearing on it). 

Compression Parallel to Grain (Fc):  

Members throughout structures (studs, posts, columns, etc...) often transfer loads from 

end to end, compressing the fibers of the wood. The fibers for these types of elements are 

stressed uniformly parallel to the grain across the full length, as the applied stresses from this 

type of loading are usually considered consistent along the entire cross section of the member.   

Tension Parallel to Grain (Ft):  

Tensile stresses are considered similar to compression parallel to grain since they act 

across the full cross section of the member.  

Modulus of Elasticity (E):  

Modulus of elasticity (also referred to as Youngôs Modulus) determines the ratio for the 

amount a wood member will deflect in proportion to an applied load. The formula for elasticity 

is established by dividing the stress over the strain of the member. E is representative of average 

properties and is a measurement of stiffness and not of strength. Standard design values assume 

ñnormalò conditions, such as a dry environment or the absence of environmental loading 

2.8 Other Design Factors: 

Wet Service:  

To compensate for the effects of moisture, building stresses are adjusted by the wet 

service factor, also referred to as a ñmoisture content factorò, which is applicable to all stresses, 

as well as modulus of elasticity. It compensates for possible shrinkage by adjusting the required 



   
 

   
 

values for changes in strength and stiffness. Although expansion parallel to the grain is minimal 

in wood products, expansion perpendicular to the grain can be substantial. A good rule of rule of 

thumb is for every 4% change in moisture content there is a 1% change in the wood. Meaning, if 

a 50-foot CLT assembly had its moisture content decrease by 4%, the assembly would shrink by 

approximately 6 inches. A decrease in moisture content increases the strength and stiffness of 

wood, this in turn has an effect on connection strength. For standard sawn lumber, the moisture 

content must be evaluated at the time of fabrication, and used in dry conditions that do not 

exceed 19 % moisture content. Glulam, and products such as CLT, have similar requirements 

and must not exceed a moisture content of 16 %20.  

2.9 Technic Master format: 

GENERAL  

GENERAL REQUIREMENTS  

-Most not exceed a moisture content of 16%. 

-Product must be fire tested to ensure adequate fire rating.  

-Connections have to be detailed, and consider a wide variety of factors.  

REFERENCED STANDARDS 

-All manufacturers of CLT are required to meet the ANSI/APA standard PRG 320-2012.   

-OBC Standards on Wood buildings. Part 3 Fire Protection, Occupant Safety and Accessibility: 

Applicable to any building larger than 3 storeys and 600m2 as well as any building that contains 

assembly, care, or high hazard industrial occupancies.  

Part 4 Structural Design  

Part 5 Environmental Separation  

Part 9 Housing and Small Buildings: Applicable to ñsmallò buildings up to 3 storeys, and up to 

600 m2 in building area with restrictions on occupancy type.  

Part 12 Resource Conservation and Environmental Integrity 

-Must comply with lumber design values established under the CWC in accordance with NLGA 

Standard Grading Rules for Canadian Lumber  

STORAGE 

-All material must be certified and maintained in a tempered environment where the product is 

not subject to dramatic changes in moisture. Failure to properly ensure the material stays dry 

could result in warping, cracking, shrinkage, and even rotting of the product.  

                                                           
20  ReThink Wood. "Connection Solutions For Modern Wood Buildings." Awc.org. September 2014. Accessed 
September 20, 2017. http://www.awc.org/pdf/education/des/ReThinkMagDES315A-
ConnectionSolutionsforModernWoodBldg-1511.pdf 



   
 

   
 

-Store packaged materials in the original wrappings or containers with manufacturer's labels and 

seals intact. Store flammable materials outside the building and protect from open flame. Abide 

by fire protection regulations imposed by the authorities having jurisdiction, and take 

precautionary measures to avoid fires.   

PROTECTION  

-Protect all surfaces, and Supervise the work of other trades where such work is closely 

associated with the work of this Section and report any damage. 

SECTION DONE 

 

3.1 Site System: Passive solar 

Passive solar strategies have become commonplace in architecture, as they have the 

potential to provide many benefits to a buildings performance. Passive solar strategies are based 

on some basic principles that are important to consider from the conception of a building. 

Passive solar systems generally capture sunlight in a thermal mass, store it, and move the heat to 

where it is needed without mechanical inputs such as pumps and fans. Passive solar is 

distinguished from "active" solar, as it does not use fans and pumps, although this distinction 

may not be all that significant. Passive solar design can also be used for ventilation, and to 

provide natural daylighting, instead of using electric lights21. Considering that throughout 

Canada space heating is the largest consumer of energy used for buildings, it is of utmost 

importance that strategies are used in order to maximize solar gain to heat buildings in an 

efficient and ecofriendly manner.  

One important thing to consider is the change in philosophy regarding passive solar 

strategies during the summer versus during the winter. During the summer months heat gain is 

not desired, as it often results in overheating of the building and counter acts the benefits of an 

air conditioning system. In order to prevent unwanted heat gain, solar fins or overhangs are often 

used in order to shade windows during the summer when the sun is at an altitude close to 60 

degrees. Meanwhile, during the winter solar gain is desired in order to help supplement the need 

for space heating, which is quite costly. The shading devices are placed in a way so that the low 

winter sun (typically around 20-30 degrees) can penetrate deep into a building, in order to trap 

heat and make use of thermal mass. The thermal mass absorbs the heat from the low sun, and 

then releases it slowly over a period of time, passively warming the building oftentimes at night. 

3.2 Site Considerations and Orientation: 

A building that employs passive solar strategies is often oriented south, because the 

southern face of a building has the most potential for solar gain. Solar energy that streams 

through window openings is converted from short-wave to long-wave energy making it unable to 

                                                           
21 Suagee, Dean B. . "Solar Energy: Let's Get Passive!" Natural Resources & Environment, 

October 2011. Accessed December 1, 2017. http://www.jstor.org/stable/pdf/23054881.pdf. 



   
 

   
 

escape back through the glass due to the employment of low-e coatings. This trapped energy is 

then stored within thermal masses (floors and walls), and released slowly to moderate interior 

temperatures.  

3.3 Types of solar gain techniques: 

Direct Gain:  

Using a direct gain technique requires thermal mass to be incorporated into part of the 

interior living space, such as the walls or floors. The thermal masses absorb the radiant energy of 

the sun throughout the day, store it, and then slowly release it during the night. This reduces the 

need for heating at night, as the masses will typically release the heat over a 8-10 hour period 

depending on its thickness22. 

In order to maximize the amount of direct solar energy being absorbed by the thermal 

masses, obstructions must be removed. Obstructions are typically interior furnishing which 

would shade the walls or floor from direct sunlight, for this reason, furniture should be placed 

within a shaded area versus in direct sunlight. Confinement of furniture and floor coverings to 

this area also reduces the likelihood of damage by direct exposure to sunlight.   

Greenhouse: 

A greenhouse technique makes use of a glass encased space meant to maximize the 

amount of sun and solar gain absorbed throughout the day. As heat gain and storage occurs in the 

greenhouse, the heat is then released over time into the main portion of the building. The biggest 

concern with this type of system is providing adequate openings (interior windows, sliding 

doors) to enable free movement of warm air from the greenhouse into the living spaces, as well 

as the return of cooled air. Without the proper design, greenhouse spaces can become extremely 

hot and result in unwanted heat gain for the building during warmer months.  

                                                           
22 Mingdong, Chen, and Shi Yuliang. "Energy efficiency analysis of attached sunspace heating 

house and saving hot-wall heating house." 2011 International Conference on Electrical and 

Control Engineering, 2011. doi:10.1109/iceceng.2011.6058211. 



   
 

   
 

 

Green house Sun Space.23 

Trombe Wall:   

In a trombe wall design, an exterior wall acts as both solar collector and heat mass. Since 

the wall is acting as a thermal mass, its inside surface must be kept clear to allow heat exchange 

within interior. This means that no furniture may be placed against this wall, as they would limit 

the amount of heat transferred into the air.  

A typical Trombe wall is 20 - 40cm (8" - 16") thick wall painted a dark color and faced 

with a layer of glass. The glass is placed 2 - 15cm (1" - 6") away from the wall in order to make 

a small airspace. Solar radiation from sunlight passes through the glass and is absorbed by the 

surface, stored in the wall, and release slowly through the wall.  

The glass is used to prevent the escape of heat from the warm surface of the wall. The 

heat is therefore trapped within the air gap, providing further heat to the wall. For a 40cm (16") 

thick Trombe wall, heat will typically takes 8-10 hours to reach the interior of the structure24. 

This means that the room will be comfortable throughout the day while receiving slow, even 

                                                           
23 CASE, F. DUNCAN . "DESIGN IMPLICATIONS OF LIVING WITH PASSIVE SOLAR 

HOMES." August 1984. Accessed December 1, 2017. 

http://www.jstor.org/stable/pdf/43028680.pdf. 
24  Mingdong, Chen, and Shi Yuliang. "Energy efficiency analysis of attached sunspace heating 

house and saving hot-wall heating house." 2011 International Conference on Electrical and 

Control Engineering, 2011. doi:10.1109/iceceng.2011.6058211. 
 



   
 

   
 

heating for many hours into the night.  The use of a tombe wall is ideal for use in residential 

living areas and bedrooms. 

 

Image shows the function of a trombe wall and how it gains radiant heat.25 

3.4 Windows: 

The primary task associated with passive solar systems is to let sunshine in during the 

day and to prevent heat loss at night. In addition, passive solar strategies aim to allow air 

convection loops that naturally distribute heat throughout spaces. In order to achieve these goals, 

one of the most significant design considerations are window treatments. Windows, while 

allowing solar energy in during the day, can also be a considerable cause of heat loss at night.  

A good strategy to address orientation is to ótuneô windows, by either admitting or 

denying solar gain based on their orientation. Generally, southern windows are ideal for winter 

solar gain, while east and west facing windows should prevent low angle daylight from 

entering26.  

Northern windows provide consistent indirect light while gaining minimal heat, however, 

overabundance can also cause heat loss and comfort issues during winter. South facing windows 

provide strong direct, as well as indirect sunlight, but must be shaded correctly in order to benefit 

from heat gain during the winter, while not overheating in the summer. This is achieved by the 

use of shading devices, that block the high-altitude summer sun, but not the low winter sun. East 

and west oriented windows are the most difficult to design, as they can create problems with 

glare and unwanted heat gain, due to the sun being lower in the sky when rising and setting each 

day. 

 

 

                                                           
25  Mingdong, Chen, and Shi Yuliang. "Energy efficiency analysis of attached sunspace heating 

house and saving hot-wall heating house." 2011 International Conference on Electrical and 

Control Engineering, 2011. doi:10.1109/iceceng.2011.6058211. 
 
26 Robertson, Keith . "Daylighting Guide for Buildings." Accessed December 1, 2017. 

http://aanb.org/wp-content/uploads/2016/08/daylightin_guide.pdf. 



   
 

   
 

 

Glazing: 

While the size and location of windows is integral to daylighting, one aspect that may be 

equally important is the use of glazing on windows. A single pane of clear glass directed towards 

the sun will admit plenty of solar radiation, some infrared radiation, and very little ultraviolet. 

However, it will also have the highest potential for heat loss. There are several ways to modify 

windows to upgrade their performance. A common practice is to add a second or third layer of 

glass, which will dramatically lower the U value (increase the R value) of the window. 

Additional panes of glass also utilize thin low-e coatings to be applied onto the glass surface. 

Low e coatings are designed to allow solar gain (short wave radiation), while also retaining heat 

by reflecting long wave radiation back into a space27. This is very useful for gaining passive 

solar. There are also several types of reflective window coatings that block out unwanted solar 

gain, in order to reduce the cooling load for the building.  

Frames: 

One component of the window that is not often though about is the frame; although 

frames are often the weakest thermal element of a window. While frame assemblies typically 

compromise only 10 to 25 percent of the window area, they can be responsible for up to half of a 

windows heat loss28. Thermal performance of frames is usually improved by limiting the 

conductivity of the thermal bridge in metal frames, or by using a frame with low-conductivity; 

such as wood, vinyl or fiberglass. Using these types of materials will limit the amount of heat 

transferring through the frame, in turn saving the building significant amounts of energy. 

3.5 Solar strategies and LEED: 

Intent  

-To reduce energy consumption and greenhouse gas emissions by maximizing opportunities for 

solar strategies. 

Requirements29 

-The south-facing glazing area is at least 50% greater than the sum of the glazing area on the 

east- and west-facing walls. 

-The east-west axis of the building is within 15 degrees of due east-west. 

-At least 90% of the south-facing glazing is completely shaded (by awnings, overhangs, 

plantings) at solar noon on the summer solstice and unshaded at noon on the winter solstice.  

                                                           
27 Robertson, Keith . "Daylighting Guide for Buildings." Accessed December 1, 2017. http://aanb.org/wp-
content/uploads/2016/08/daylightin_guide.pdf. 
28 Robertson, Keith . "Daylighting Guide for Buildings." Accessed December 1, 2017. http://aanb.org/wp-
content/uploads/2016/08/daylightin_guide.pdf. 
29 LEED | USGBC. Accessed December 1, 2017. https://new.usgbc.org/leed. 

http://aanb.org/wp-content/uploads/2016/08/daylightin_guide.pdf
http://aanb.org/wp-content/uploads/2016/08/daylightin_guide.pdf
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3.6 Code: 

The following are two sections of the OBC where daylighting is required: 

3.7.2.  Windows 3.7.2.1.  Window Areas 

(1) Except as provided in Sentences (2) and (3) or otherwise permitted, every room used for 

sleeping in any building, and every principal room such as living room, dining room or 

combination of them in dwelling units shall be provided with windows having areas conforming 

to Part 9, except that Article 9.9.10.1. does not apply. 

3.10.2.4.  Safety Requirements Within Floor Areas 

(8) Corridors shall be provided with, (a) natural lighting that shall be uniformly distributed and 

be at least 4% of the corridor area,  

3.7 Technic: 

The Below chart shows the thermal conductivity of different material, as well as the 

thickness of each. An important concept in regards to passive solar is the idea of thermal mass. 

The chart shows that reinforced concrete by far has the highest thermal conductivity of all these 

materials, making it optimal to act as thermal mass in a passive solar system. 

 

Chart comparing thermal conductivity of building materials for trombe walls.30 

4.1 Envelope: Windows and Daylighting 

Daylighting of a building is a crucial design concept that provides numerous benefits    

for the building itself, as well as its occupants. Studies have shown that daylighting is linked to 

increased productivity, decreased sick time, and even increases in sales. In addition, daylighting 

can greatly improve the quality of light in a space, and reduce the amount of electrical lighting 

required, saving the building energy and money. Considering that Canadians spend as much as 

90% of their time inside, good health is directly associated with receiving sufficient levels of 

natural light31.   

                                                           
30 Kartal, Semiha . "Heat gain through Trombe wall using solar energy in a cold region of 

Turkey." Academicjournals.org. August 19, 2010. Accessed December 1, 2017. 

http://www.academicjournals.org/article/article1380633027_Ozbalta%20and%20Kartal.pdf. 
31 Robertson, Keith . "Daylighting Guide for Buildings." Accessed December 1, 2017. http://aanb.org/wp-

content/uploads/2016/08/daylightin_guide.pdf. 
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With effective building integration and lighting controls, daylight can significantly 

decrease the amount of artificial lighting required. Integration of daylighting techniques in 

conjunction with electrical systems can provide automatic adjustments to ensure minimum 

electricity use. Daylighting should be considered a necessary part of a sustainable building;  

however, designers now tend to rely on architectural lighting, due many plans featuring deep 

floor plates.  

While southern exposure is the most common source of daylighting, even north facing 

windows provide useful diffused daylight that can illuminate a space.  The intensity and 

dispersion of natural light within a space depends primarily on three factors: geometry of a 

space, location and orientation of windows, and the reflectance of internal surfaces32. These three 

elements are used frequently throughout buildings, however certain types of buildings achieve 

this differently. For example, office buildings have large window openings with light   coloured 

floors and ceilings to allow light to penetrate deep into spaces although they feature   relatively 

low floor-to-ceiling height. Residential buildings usually have multiple small spaces with 

exposure usually only coming from one or two directions. The goal of daylighting a space is to 

adequately light a space even if the only windows face away from the sun.   

4.2 Daylighting Challenges:33  

1. Integration of daylighting into design: 

Special attention need to be taken by the designer to establish that the design incorporates 

daylighting in a way that it can contribute to the design and construction process of the building.  

2. Penetration into deep building spaces: 

One of the greatest challenges with daylighting is allowing light to reach all areas of the 

building, and into its core. This is becoming more and more challenging as floor plates become 

deeper, and floor to floor height becomes shorter. 

3. Shading by obstructions: 

Different obstructions can have a significant impact on the potential of daylighting for a 

site. Low to mid rise projects, blockage from the sun is usually a result of other buildings, 

terrain, or vegetation. While larger buildings, like those found in a city, are often obstructed by 

other nearby large buildings.  

4. Thermal comfort: 

Although windows are integral to allow daylight into a building, they must be designed 

correctly due to possible heat loss from windows and lack of comfort by windows on cold days. 

                                                           
32 Robertson, Keith . "Daylighting Guide for Buildings." Accessed December 1, 2017. http://aanb.org/wp-
content/uploads/2016/08/daylightin_guide.pdf. 
33 Robertson, Keith . "Daylighting Guide for Buildings." Accessed December 1, 2017. http://aanb.org/wp-
content/uploads/2016/08/daylightin_guide.pdf. 
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The opposite is true during the warmer months, when large opening can cause overheating, if 

there are not appropriate exterior shading devices or glazed windows.  

 

5. Glare and control of contrast:  

This is especially a problem in office buildings, where daylight can cause excessive glare, 

especially for tasks requiring computer use. Additionally, when there is a big difference between 

the light entering and the lighting on an object, contrast can cause problems. These issues can 

result in negative health effects, as it strains people's eyes, and can often cause headaches. 

4.3 Building Orientation:  

To maximize the advantages of daylighting, buildings should be oriented towards the 

south, to take advantage of the sunôs movement throughout the day, as well as throughout the 

year. Therefore, buildings that have their long faces running east and west have the best potential 

for daylighting. This is a challenge in apartment buildings with a double loaded corridor arrange-

ment of where half of the units face south, and half of the units face north. However, even the  

diffused light from northern exposure can provide more than enough illuminance to serve the  

interior. While buildings with an east-west axis are optimal, buildings with a north-south axis 

have greater chance of overheating, and recieve few benefits from solar heat gain during the 

winter.   

4.4 Types of Daylighting:34  

There are several strategies when it comes to daylighting, some aim to allow direct light 

into a space, others diffuse light, while some try and redirect light into a space. 

Diffuse light guiding: 

This system redirects daylight from different areas of the sky into interior spaces. Under 

overcast conditions, the area directly around the source is about three times brighter than those 

not. For site with tall external obstructions, the only source of light may be the sky directly above 

the building. Light guiding systems are optimal for these circumstances. 

Direct Light guiding:  

Sends direct sunlight into the interior of the structure without effects of glare or 

overheating. 

 

 

                                                           
34 Watkkins, Richard. "Http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf." Iea-ebc.org. 2010. Accessed 

December 1, 2017. http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf. 



   
 

   
 

Light Scattering or diffusing:  

Used when structures are top lit, in order to produce even daylight distribution. If used 

for vertical windows, serious problems with glare could occur 

Light Transport:  

These systems collect and transport sunlight over long distances into the core of a 

structure using fibre optics or light pipes which reflect sunlight continuously to be redirected into 

a desired space. 

4.5 Mechanical Daylighting Systems:  

There are numerous different systems that optimize daylight in shade, as well as direct 

light; the following are a few commonly used systems that optimize daylight within buildings. 

Light shelf:  

A light shelf may be the most commonly used daylighting system, which is designed to 

shade and reflect light on its top surface, and to prevent direct glare from the sky. Light shelves 

are mounted horizontally either inside or outside the window, typically dividing the window into 

a lower portion with a view, and an upper clearstory. A light shelf often requires higher than 

average floor-to-ceiling height to be effective and are only useful for southern exposures. The 

lower the height of the light shelf, the more light is reflected to the ceiling, however, the 

likelihood of glare also increases. In buildings with sprinkles, interior light shelves cannot 

exceed 4 ft in width, due to fire prevention reasons. 

 

Light shelf.35 

Louvres or Blinds: 

Louvres and blinds are a traditional daylighting technique that are used for shading, 

protection against glare, and in order to redirect light. Depending on the angle in which they are 

situated, blinds and louvres can partly or completely obstruct views to outside. When at a 

horizontal tilt, both direct sunlight and diffused light penetrate through the window and into a 

space. Tilting blinds up increases glare and visibility of the sky, while tilting them down 

                                                           
35 Watkkins, Richard. "Http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf." Iea-ebc.org. 2010. Accessed 

December 1, 2017. http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf. 



   
 

   
 

provides shading and a reduction of glare. When oriented correctly both systems can provide a 

subtle even distribution of natural light. 

 

 

Louvres and Blinds.36 

Prismatic Panels: 

These panels are thin, sawtooth shaped devices composed of a clear acrylic, that are used 

to redirect or refract daylight. When used for shading, they refract direct sunlight but allow for 

the transmittance of diffused light. They offer flexibility, as they can be used in different ways; 

in fixed or sun tracking arrangements, applied to facades or skylights, and used to guide direct or 

indirect light. 

 

 

Prismatic Panels.37 

Laser cut Panels: 

This system redirects sunlight by making small cuts into a thin acrylic panel. The slits 

divide the panel into an array of rectangular elements. Each surface than acts as a small mirror 

that deflects light that passes through each panel. An advantage of this system is that views are 

not obstructed to the exterior of the structure, though they can be somewhat distorted. 

                                                           
36 Watkkins, Richard. "Http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf." Iea-ebc.org. 2010. Accessed 

December 1, 2017. http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf. 
37 Watkkins, Richard. "Http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf." Iea-ebc.org. 2010. Accessed 

December 1, 2017. http://www.iea-
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Laser Cut Panels.38 

Sun directing glass: 

This system, is a double glazed sealed assembly which holds concave acrylic elements. 

These elements are stacked within the double glazing of the window, and redirect sunlight from 

all angles of incidence onto the ceiling. This unit is usually independent and placed on top of the 

viewing window. A holographic film on the exterior pane of glass can also be used in order to 

focus incoming daylight for better performance. 

 

Sun Directing Glass.39 

Anidolic Zenithal Sky lighting:  

A large opening on the ceiling of a structure that collects diffused daylight, while not 

allowing direct light to enter. This type of sky lighting is bet used to provide daylight to single 

story buildings, atriums, and upper floors of multi-level buildings. The opening is often tilted 

North and is designed so that the area that admits light is between the northern horizon and the 

highest position of the sun from the south. 

                                                           
38 Watkkins, Richard. "Http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf." Iea-ebc.org. 2010. Accessed 

December 1, 2017. http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf. 
39 Watkkins, Richard. "Http://www.iea-
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Zenithal Sky lighting.40 

4.6 Windows and LEED: 

Intent  

-To maximize the energy performance of windows. 

Requirements:41 

-Design and install windows, skylights, and glass doors whose ratings exceed the requirements in 

the ENERGY STAR for Homes. Use the average window ratings, average skylight ratings, and 

average exterior door ratings. 

-In climate zones 4ï8, homes with a WFA ratio of 15% or more must meet a more stringent U-

factor requirement: U-factor = (0.15 / WFA) 

4.7 Code: 

The following are two sections of the OBC where daylighting is required: 

3.7.2.  Windows 3.7.2.1.  Window Areas 

(1) Except as provided in Sentences (2) and (3) or otherwise permitted, every room used for 

sleeping in any building, and every principal room such as living room, dining room or 

combination of them in dwelling units shall be provided with windows having areas conforming 

to Part 9, except that Article 9.9.10.1. does not apply. 

3.10.2.4.  Safety Requirements Within Floor Areas 

(8) Corridors shall be provided with, (a) natural lighting that shall be uniformly distributed and 

be at least 4% of the corridor area,  

 

 

                                                           
40 Watkkins, Richard. "Http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf." Iea-ebc.org. 2010. Accessed 

December 1, 2017. http://www.iea-

ebc.org/fileadmin/user_upload/docs/EBC_Annex_29_PSR.pdf. 
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4.8 Technic: 

Window values:42 

U-Value: 

U-value is a term referring to a measure of the heat gain or loss through glass due to the 

difference in air temperatures between the interior and exterior of the building. The lower the U-

value is, means the better insulating properties it has. The units are Btu/(hr)(ft2) (°F). 

R-Value: 

R-Value is a measure of the resistance of the glazing to heat transfer. It is calculated by dividing 

the U-value into 1, (R-value = 1/U-value). A high R-value indicates better insulating properties.  

4.9 Technic Master format:  

GENERAL  

SECTION INCLUDES  

-Vinyl windows for new construction. 

-Vinyl replacement windows. 

REFERENCES 

ASTM International (ASTM): 

-ASTM E 283 - Standard Test Method for Determining the Rate of Air Leakage Through 

Exterior Windows, Curtain Walls and Doors Under Specified Pressure Differences Across the 

Specimen. 

-ASTM E 330 - Standard Test Method for Structural Performance of Exterior Windows, Curtain 

Walls and Doors by Uniform Static Air -Pressure Difference. 

-ASTM E 547 - Standard Test Method for Water Penetration of Exterior Windows, Skylights, 

Doors and Curtain Walls by Cyclic Static Air Pressure Difference. 

SUBMITTALS  

-Submit under provisions of Section 01 30 00. 

-Product Data: Submit the following documents for each type of window. 

-Manufacturer's technical data, product descriptions and installation guides. 

                                                           
42Robertson, Keith . "Daylighting Guide for Buildings." Accessed December 1, 2017. http://aanb.org/wp-

content/uploads/2016/08/daylightin_guide.pdf. 

 

http://aanb.org/wp-content/uploads/2016/08/daylightin_guide.pdf
http://aanb.org/wp-content/uploads/2016/08/daylightin_guide.pdf


   
 

   
 

-Test Reports: Submit certified independent testing agency reports indicating window units meet 

or exceed specified performance requirements. 

QUALITY ASSURANCE  

-Manufacturer Qualifications: Minimum ten years producing vinyl (PVC) windows. 

-Installer Qualifications: Minimum 2 years experience on projects of similar size and acceptable 

to window manufacturer. 

-Source Limitations: Obtain window units from one manufacturer through a single source. 

-Testing: Provide window units independently tested and found to be in compliance with 

AAMA/WDMA/CSA 101/I.S.2/A440-05, A440-08, or A440-11 performance standards. 

-Code Compliance: Provide windows that are labeled in compliance with the jurisdiction having 

authority in the location of the project. 

DELIVERY, STORAGE, AND HANDLING  

-Deliver windows to project site in undamaged condition; handle windows to prevent damage to 

components and to finishes. 

-Store products in manufacturer's unopened packaging, out of direct sunlight or high temperature 

locations, until ready for installation. 

PROJECT CONDITIONS  

-Maintain environmental conditions (temperature, humidity and ventilation) within limits 

recommended by manufacturer for optimum results. Do not install products under environmental 

conditions outside manufacturer's recommended limits. 

WARRANTY  

-Submit manufacturer's standard warranty against defects in workmanship and materials. 

MANUFACTURERS  

-Acceptable Manufacturer: Harvey Building Products , which is located at: 1400 Main St.; 

Waltham, MA 02451-9180; Toll Free Tel: 800-598-5400; Tel: 781-398-7800; Fax: 781-398-

7749; Email: request info (architects@harveybp.com); Web: www.harveybp.com 

-Substitutions: Not permitted. 

-Requests for substitutions will be considered in accordance with provisions of Section 01 60 00. 

Substitutions must be submitted to Architect two weeks prior to bid opening. 

PART 3 EXECUTION  

EXAMINATION  

mailto:architects@harveybp.com
http://www.harveybp.com/


   
 

   
 

-Verify rough opening size is of sufficient size to receive window unit and complies with 

manufacturer's requirements for opening clearances. Verify that sill plate is level. 

-Notify Architect of unacceptable conditions before proceeding with installation. 

INSTALLATION  

-Install window unit in accordance with manufacturer's printed instructions including the 

following: 

-Apply sealant around perimeter of window unit between nail fin and exterior sheathing of wall. 

Refer to Division 7 Section "Joint Sealants". 

-Install window unit square, level and plumb. Center window unit in opening and secure window 

unit by nailing through nail fin and screw through jambs as indicated in manufacturer's 

instructions. 

-Flash window in accordance with AAMA's "Standard Practice for Installation of Windows with 

a Mounting Flange in Stud Frame Construction". 

-Insulate between window frame and rough opening with insulation. Refer to Division 7 Section 

"Building Insulation". 

ADJUSTING  

-Adjust units for smooth operation without binding or racking. Adjust sash locks and screens for 

smooth operation. 

CLEANING AND PROTECTION  

-Clean soiled surfaces and glass prior to substantial completion. 

-Protect window unit from damage until substantial completion. Repair or replace damaged 

units. 

END OF SECTION 

 

5.1 Electrical: Solar PV 

With over 40% of worldwide electricity consumed by buildings, solar photovoltaics  

present a promising solution in order to reduce the power needs of a building43. As a result,  

architects and engineers are increasingly opting for renewable energy produced in this 

environmentally conscious way as they aim to decrease dependence on city hydro and fossil 

                                                           
43 "Sapa Solar BIPV." Sapabuildingsystem.com. 2014. Accessed December 1, 2017. 

https://www.sapabuildingsystem.com/globalassets/sapa-building-systems-

ab/pictures/brochures/solar_bipv_low.pdf?ts=636316455108630000. 



   
 

   
 

fuels. However, there are many things to consider when incorporating solar PV into a building 

design.  

5.2 PV Installation Considerations: 

Site Orientation: 

The inclusion of a solar system must be thought of from the beginning of the design 

process in order to achieve a design that responds to the needs of PV panels. In many cases, the 

orientation of a site can determine whether a solar system is feasible, before the project has even 

started. By placing the building on a site that maximizes the amount of solar resources, and 

considers shading, the area available for solar panels can be greatly increased. As a general rule 

of thumb, BIPV systems in the northern hemisphere perform optimally when oriented south and 

tilted at an angle of 15 degrees or higher44.   

 

The image shows the percentage of the suns radiation a surface would receive based on 

its orientation.45 

Roof Load:  

If Solar panels are to be located on the roof of a building, roof structures must be 

designed to account for the additional load of the system. For a PV system, each panel and rack 

                                                           
44 Eiffert, Patrina. "Building-Integrated Photovoltaic Designs for Commercial and Institutional 

Structures." Nrel.gov. Accessed December 1, 2017. 

https://www.nrel.gov/docs/fy00osti/25272.pdf. 
45 "Sapa Solar BIPV." Sapabuildingsystem.com. 2014. Accessed December 1, 2017. 
https://www.sapabuildingsystem.com/globalassets/sapa-building-systems-
ab/pictures/brochures/solar_bipv_low.pdf?ts=636316455108630000. 
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will add 3 pounds per square foot of collector area, however some systems can be as much as 6 

additional pounds per square foot46. 

 

Roof Obstructions: 

It is vital for high performance of PV panels that large areas of unobstructed roof are  

used. If mechanical equipment has to be mounted on the roof it is ideal to segregate this area 

from where the panels are located to allow more space for a PV array. When shade covers a PV 

panel, that portion of the panel is no longer able to collect high energy radiation from the sun. If 

that happens during the peak hours collection (10 a.m. ï 2 p.m.), the production of the panel can 

be reduced dramatically47.   

Flat Roofs:  

Flat roofs are sufficient for mounting of PV panels because the panels can get 

sunlight at more times throughout the day compared sloped roofs where panels are 

restricted by which face of the structure they are on. The best type of roof construction 

for a flat application is a fully adhered thermoplastic olefin membrane roof. This is due  

to this product being both cost effective and more environmentally friendly than  

alternatives. It is important to avoid river rock ballasted roofs, because the installation of 

solar panels on this type of surface can be very time consuming and costly48.  

Sloped Roofs:  

A sloped standing seam roof is often the best option if solar is considered to be 

added to an already constructed building. Panels can be attached to these roofs without 

penetrating the roof, while a shingled roof will require roof penetrations in order to attach 

the solar racks.  

Wind Load:   

Not only should roof structures be designed to accommodate additional dead loads, but 

they should also consider the dynamic loads cause by wind. The wind load is variable depending 

on the building location, wind conditions, orientation of panels, as well as the topography of the 

                                                           
46 Eiffert, Patrina. "Building-Integrated Photovoltaic Designs for Commercial and Institutional 

Structures." Nrel.gov. Accessed December 1, 2017. 

https://www.nrel.gov/docs/fy00osti/25272.pdf. 
47 Eiffert, Patrina. "Building-Integrated Photovoltaic Designs for Commercial and Institutional 

Structures." Nrel.gov. Accessed December 1, 2017. 

https://www.nrel.gov/docs/fy00osti/25272.pdf. 
48 Eiffert, Patrina. "Building-Integrated Photovoltaic Designs for Commercial and Institutional 

Structures." Nrel.gov. Accessed December 1, 2017. 

https://www.nrel.gov/docs/fy00osti/25272.pdf. 



   
 

   
 

site. If the panels are mounted flush with the roof, the wind load will be comparable to that of the 

roof. While if the panels are mounted on racks, the wind load can be considerable.  

Maintenance: 

Maintenance costs of a PV system can be divided into two categories: preventive and 

failure induced. Preventative maintenance ensures the performance of the system is optimal. This 

can include cleaning panels off, as well as maintaining the area around the panels so that the 

panels are not shaded and get the amount of sunlight they need. Failure induced maintenance is 

due to panels breaking down, and needing replacement.  

Performance: 

Performance of solar panels can be fickle, as many systems require direct sunlight for 

multiple hours throughout the day. In addition, the panels cannot be shaded or blocked by things 

such as dirt or snow, or they will not perform as expected. In most locations, rainfall can remove 

the layers of dust and that accumulate on the surface. Environmental factors such as outdoor 

temperatures can also have a negative impact of the panel efficiency, as many panels cannot 

function properly in extreme heat or in cold weather. 

5.3 Types of Solar PV:49 

Monocrystalline: 15-22% efficiency 

Monocrystalline technology is the most efficient type of solar panel available resulting 

from its high silicon content. Monocrystalline panels are 15-22% efficient, so they require fewer 

panels than other PV systems. These types of panels are quite durable and usually come with a 

25-year warranty. Although they are more efficient, this in turn makes the cost for installation 

higher as well. Similar to other systems, the panels performance decreases if they are partially 

covered by shade, dirt, snow, ect.   

Polycrystalline: 13-16% Efficiency 

Polycrystalline panels have a low silicon content compared to monocrystalline panels, 

giving them a less uniform appearance. One advantage of polycrystalline panels is that the 

manufacturing process is simpler and less costly. This provides a better cost for each individual 

panel, but the lower efficiency results in less space efficiency, causing the cost to      be similar in 

order to produce the same amount of electricity as a monocrystalline panel.  

Thin-Film:  7-13% Efficiency 

Thin-film PV technology is a relatively new technology that can be made from various 

materials including; amorphous silicon, cadmium telluride and copper indium gallium selenide. 

These panels are easy to manufacture, making them a very cost effective option.  Compared to 

                                                           
49 Minnaert, Ben . "THIN FILM SOLAR CELLS: AN OVERVIEW." Biblio.ugent.be. Accessed 

December 1, 2017. https://biblio.ugent.be/publication/4238935/file/4238983.pdf. 



   
 

   
 

other technologies, they still preform in high heat as well as low light, however, their low 

efficiency makes them optimal for larger projects.   

 

 

Section showing the integration of thin film with glass.50 

Building Integrated Photovoltaic (BIPV): 7-13%  Efficiency  

BIPV arrays are integrated into the building envelope as solar roofing material, cladding 

or glazing. Each application has a different level of efficiency as well as cost. BIPV is becoming 

popular because they can act as multifunctional construction materials. Once considering that the 

BIPV panels can double in function for something like a rain screen, the costs become more 

reasonable as they are replacing the need for a traditional rain screen and PV panels that would 

otherwise be independent of one another. BIPV systems use interconnected   solar cells 

encapsulated on various materials to form a module. Modules are then strung together with 

cables and wires to form an array, which in turn generate electricity.  

5.4 Types of BIPV:51 

A wide variety of BIPV systems are available, with most being grouped into three main 

categories: facade systems, roofing systems, and shading systems.  

Facade systems: 

Façade systems include curtain wall, as well as glazing panels that are incorporated on 

the exterior of the structure. These systems can also operate as a rain screen, allowing for a panel 

to function in more than one way. Additionally, BIPV façade systems have the potential to act as 

                                                           
50 Minnaert, Ben . "THIN FILM SOLAR CELLS: AN OVERVIEW." Biblio.ugent.be. Accessed 

December 1, 2017. https://biblio.ugent.be/publication/4238935/file/4238983.pdf. 
51 Eiffert, Patrina. "Building-Integrated Photovoltaic Designs for Commercial and Institutional 

Structures." Nrel.gov. Accessed December 1, 2017. 

https://www.nrel.gov/docs/fy00osti/25272.pdf. 



   
 

   
 

art installations, as the panels can be arranged in patterns to add a unique quality to the façade of 

a structure. 

 

Roof System:  

The most common type of PV system is placed on the roof of buildings. BIPV also 

allows for panels to be placed over atriums or skylights, absorbing energy in order to create 

electricity while also permitting some light to penetrate into the building.  

Shading Systems: 

As the need grows for carefully designed shading systems as a result of the passive solar 

movement, PV modules of different shapes can function as shading elements on the exterior of 

structures. Since many buildings already provide some sort of window shades, the use of PV 

shades would not involve any additional load to structure. This multifunctional system may also 

use sun tracking in order to tilt the PV array to generate maximum power while providing a 

degree of shading.   

  

BIPV Solar Shading System. 

5.5 Benefits of BIPV: 

Reduced energy requirements: 

Since BIPV generates electricity for a building, their implementation reduces the energy 

needs of a building. Although panels range in efficiency, a properly designed system can provide 

enough to supplement most, if not all of a typical buildings energy needs. 

Multipurpose material:  

BIPV is a unique system because they can act as a substitute for traditional building 

materials, while also producing electricity. This allows for systems that would be required 



   
 

   
 

anyways to be replaced by BIPV which in turn limits the additional costs of panels, since the 

traditional material is no longer required. 

 

 

Return on Investment:  

The energy payback of PV systems is typically between 1 and 5 years depending on the 

type of cell type and the daily exposure of sunlight each panel receives52.  

Low maintenance:  

Considering many PV systems are quite durable, other than small amount of maintenance 

to ensure panels are cleaned off, not much needs to be done once they are installed. Many panels 

also come with a 25 year warranty, guaranteeing many years of use before they need to be 

replaced. 

5.6 Solar PV and LEED: 

The primary LEED category regarding solar energy are the "Energy & Atmosphere" category, 
earning the "On-Site Renewable Energy" credit. This credit can earn up to 7 LEED points.  

The number of points awarded is determined by the percentage of the facilityôs energy costs that 
are offset by on-site renewable energy. Below is a chart represent how much energy must be 
renewable energy, and how many points are awarded for each scenario. 

 

Chart compared percentage of renewable energy used to LEED points awarded.53 

5.7 Technic Master format: 

GENERAL  

SECTION INCLUDES  

-Roof solar panel mounting system. 

-Section 05 12 13 - Architecturally-Exposed Structural Steel Framing.  

REFERENCES  

-UL 2703 - Standard for Mounting Systems, Mounting Devices, Clamping/Retention Devices, 

and Ground Lugs for Use with Flat-Plate Photovoltaic Modules and Panels 

DESIGN / PERFORMANCE REQUIREMENTS  

                                                           
52 "International Solar Energy Company | Solar PV." Solarcentury. Accessed December 1, 2017. 

https://www.solarcentury.com/. 
53 How Can Solar Help with LEED Certification? Accessed December 1, 2017. 

http://www.everbluetraining.com/blog/how-can-solar-help-leed-certification. 



   
 

   
 

-Design to resist ASCE 7-05 - Minimum Design Loads for Buildings and Other Structures. 

-Design all materials, assembly and attachments to resist snow, wind, suction and uplift loading 

at any point without damage or permanent set. 

 

QUALITY ASSURANCE  

-Manufacturer Qualifications: Manufacturer with a minimum three years documented experience 

in producing pre-manufactured solar collector supporting framework. 

-Installer Qualifications: Installer with a minimum three years documented experience in 

installing similar systems. 

-Notify Architect four calendar days in advance of scheduled meeting date. 

DELIVERY, STORAGE, AND HANDLING  

-Receive, handle and store materials in conformance with the manufacturers printed instructions. 

-Store products undercover, in manufacturer's unopened packaging until ready for installation. 

-Store materials in a dry, warm, ventilated weather tight location. Protect materials from 

exposure to moisture. 

-Roof Placement: Spread the bundles and crates out to avoid overloading the roof structure. 

Place the material directly over major supports such as beams or trusses. 

SEQUENCING 

-Ensure that products of this section are supplied to affected trades in time to prevent interruption 

of construction progress. 

COORDINATION  

-Coordinate Work with solar collector manufacturer and installer to verify collector mounting 

and framework modules with collectors specified in Section 23 56 13 - Heating Solar Collectors 

or 13650. 

PART 2 PRODUCTS 

MANUFACTURERS  

-Requests for substitutions will be considered in accordance with provisions of Section 01 60 00 

- Product Requirements. 

COMPONENTS 

-Description: System is a top loaded, non-penetrating, solar panel mounting system for use with 

standing seam metal roofing. System utilizes Wave lock Technology used to ground and/or 

mount a PV module complying with UL 1703 when the specific module or frame has been 



   
 

   
 

evaluated for bonding/grounding or the module has been evaluated for mounting with the 

evaluated system, component or device. 

-Standing Seam Power Clamp and Set Screws: Clamp made from Aircraft-Grade aluminum for 

an exceptionally strong yet lightweight clamp. Silver Bullet set screw secures the Standing Seam 

Power Clamp to the roof's seam using patent-pending Wave Lock Technology. 

 

EXAMINATION  

-Examine installation area to verify the work can be performed in accordance with the Drawings 

and structural calculations without interferences from other equipment or trades. 

-Verify the suitability of roof deck and other substrates to receive mounting system solar 

collector units. 

-Do not begin installation until substrates have been properly prepared. 

PREPARATION  

-Clean surfaces thoroughly prior to installation. 

-Prepare surfaces using the methods recommended by the manufacturer for achieving the best 

result for the substrate under the project conditions. 

INSTALLATION  

-Install in accordance with manufacturer's instructions. 

-Install components plumb and level, accurately fitted, free from distortion or defects. 

-Provide for erection loads, and for sufficient temporary bracing to maintain indicated alignment 

until completion of erection and installation of permanent attachments. 

-Anchor fabrications to structure as indicated. 

CLEANING AND PROTECTION  

-Protect installed products until completion of project. 

-Clean exposed metal and surfaces according to manufacturer's instructions. Touch up damaged 

metal coatings. 

END OF SECTION 

 

6.1 Mechanical: Grey Water System 

As availability of freshwater resources decreases around the world, efforts are underway 

to discover new ways of meeting water needs. Much of the focus to reduce water demand has 

been put towards increasing the efficiency of water use and to expand the application of 



   
 

   
 

alternative sources. Currently, a common method is the reuse of ñgreywater.ò  A greywater 

system, captures water that has been used for some other purpose, and makes use of this water in 

a variety of ways. For example, water that has been used for a shower, can be diverted outdoors 

for irrigation. In this case, the demand of potable water for outdoor irrigation is reduced, while 

the amount of wastewater produced by the shower is decreased.  

 

Sources of greywater, and the reuse for irrigation.54 

6.2 Classifications of Waste Water: 

Grey water:  

Greywater, although defined slightly differently throughout the world, generally refers to 

the wastewater generated from household uses such as: sinks, dishwashers, drinking fountains, 

showers, and laundry facilities. Graywater does not include water that might have come into 

contact with organic waste, although many systems do combine the two into a single domestic 

wastewater stream. The category of 'greywater' can be further subdivided into what would 

classify as 'dark graywater'. This dark greywater includes more contaminated sources from 

kitchen sinks or dishwashers that contain grease and food particles versus light graywater, which 

comes from bathroom sinks, tubs, and showers.  

What makes greywater so attractive is that it is of far higher quality than black water 

because of its low levels of contamination and high potential for reuse.  Greywater is reused 

either onsite or nearby, and it has the potential to reduce the demand for costly new water, which 

limits the energy and carbon footprint for water services throughout a building. 

Black Water:  

                                                           
54 Chung, Kevin . "Greywater Reuse: Understanding Greywater Reuse Systems in the Current 

and Future Urban Contexts and How Individuals can Promote Greywater Reuse." 

Courses.cit.cornell.edu. 2009. Accessed December 1, 2017. 

https://courses.cit.cornell.edu/crp384/2009reports/White&Chung_Gray%20Water%20Reuse.pdf. 



   
 

   
 

Blackwater, is a much more contaminated source of water, which includes untreated 

water that contains or has come into contact with human waste from toilets or urinals. Some 

municipalities also include laundry water used for washing diapers as blackwater, due to the high 

content of organic matter.  

6.3 Greywater Treatment Systems: 

Recycling greywater requires collecting the water used in a shower, bathtub, or sink, and 

putting it into a system so that the waste water can be used a second time. There are currently  

various technical strategies to recycle greywater, each differing considerably in complexity, size, 

performance and quality. Regardless of size or capacity, most graywater systems are  

compromised of the same basic components: pipes for collection, a storage tank, and a filtration 

system55. Most systems also require a pump to transport the filtered wastewater for reuse, 

although many technologies take advantage of gravity, in order to limit the amount of 

mechanical systems needed.  

Diversion systems:  

Many places do not allow greywater to be stored, therefore there are a variety of systems 

that immediately make use of the greywater. These systems divert greywater into toilets, outdoor 

irrigation, and treatment wetlands. These systems typically involve some filtration to capture 

larger particles (lint, hair, fats, grease, etc.), as well as disinfection component in order to kill any 

bacteria. Currently, there are numerous systems available that divert water from shower and sink 

drains into toilet tanks. These systems send drain water directly into a toilet tank for flushing or 

into a receptacle that is then pumped to the toilet.   

A second category of this type of system diverts drain water to be used for outdoor 

irrigation. An electrical pump may be necessary to move the water outside, but some less 

complex systems rely on gravity to move the water. The reuse of greywater for toilet flushing 

and garden irrigation has an estimated potential to reduce domestic water consumption by up to 

50%56.  

Finally, there are greywater systems that divert greywater into treatment wetlands or 

plant-based filters.  Greywater from bath tubs, showers, sinks, and washing machines are run into 

the plant-covered soil filter where it undergoes biological treatment. Often times a UV filter is 

also used in conjunction with this system to ensure no harmful bacteria remains in the water that 

is reused. 

                                                           
55 MOORE, HEIDI . "Designing Buildings to Clean and Reuse Wastewater." 

Architectmagazine.com. October 10, 2012. Accessed December 1, 2017. 

http://www.architectmagazine.com/technology/designing-buildings-to-clean-and-reuse-

wastewater_o. 
56 Allen , Lucy . "Overview of Greywater Reuse: The Potential of Greywater Systems to Aid 

Sustainable Water Management." Http://pacinst.org. November 2010. Accessed December 1, 

2017. http://pacinst.org/wp-content/uploads/2013/02/greywater_overview1.pdf. 



   
 

   
 

 

 

Physical/ Chemical  Grey water Treatment Systems:  

Many Greywater systems involve storing greywater, meaning that they must treat the 

greywater to reduce the bacteria and other microorganisms that can multiply in stagnant water. 

Chemicals such as ozone or chlorine can be used to disinfect bacteria, organic matter, and other 

contaminants for long term graywater storage. However, because of the toxic byproducts of these 

chemicals, although they are minimal, this option is less environmentally friendly.   

For high quality greywater, many systems include a UV stage in order to disinfect any 

harmful organic matter because UV light works by disrupting the pathogenôs DNA, which 

renders it harmless. One study in Germany found that UV disinfection in an apartment greywater 

purification system reduced the amounts of E. coli concentrations found in the water by over 

99%57. After undergoing this disinfection step, the greywater is either stored in a holding tank or 

dispersed to areas throughout the building for further reuse. 

Biological Greywater Treatment Systems:  

One final type of greywater system is a biological system that uses aerobic biological 

treatment. Aerobic biological treatment involves pumping oxygen into the wastewater while it is 

in storage tanks, in order to feed bacteria, which in turn digest the organic contaminants. 

Although this system design is quite complicated, this system allows on site storage and 

deployment of treated wastewater. Biological greywater treatment also includes membrane 

bioreactors, which combine biological treatment (which use contaminant consuming 

microorganisms), with standard filtration to remove contaminants. 

6.4 Greywater Systems and LEED58 

On average, a LEED certified building uses 30% less water than a conventional building. Due to 

this the reuse and conservation of water is quite important for Leed Certification. Greywater 

reuse can earn a significant number of LEED points across several categories:   

Water Use Reduction:  

- 20% reduction in water use for building using alternative on-site sources of water such as 

rainwater, stormwater, or greywater. -1 point  

Water Efficient Landscaping: 

                                                           
57 Allen , Lucy . "Overview of Greywater Reuse: The Potential of Greywater Systems to Aid 

Sustainable Water Management." Http://pacinst.org. November 2010. Accessed December 1, 

2017. http://pacinst.org/wp-content/uploads/2013/02/greywater_overview1.pdf. 
58 LEED | USGBC. Accessed December 1, 2017. https://new.usgbc.org/leed. 



   
 

   
 

-No Potable Water Use for irrigation or No Irrigation. Use only captured rainwater, recycled 

wastewater, or recycled greywater for site irrigation. - 2 points  

 

Innovative Wastewater Technologies: 

 -Reduce generation of wastewater and potable water demand, while increasing the local aquifer 

recharge. Use captured rainwater or recycled greywater to flush toilets and urinals or treat 50% 

of wastewater on-site to tertiary standards. ï 2 points   

Water Use Reduction 30% - 40% reduction: 

-Maximize water efficiency within building to reduce the burden on municipal water supply and 

wastewater systems. Use alternative on-site sources of water such as rainwater, stormwater, and 

greywater for non-potable applications such as toilet flushing and urinal flushing. ï 2-4 points 

6.5 Code: 

While there are no specific guidelines within the OBC in regards to the reuse of grey 

water, as previously mentioned some regions due not allow the storage of grey water systems 

due to it being a public health risk.  In addition, greywater contains many of the same 

contaminants as sewage water, and while generally present in lower concentrations, they can be 

well above drinking, bathing, and irrigation water standards (Sheikh 2010). Greywater can also 

contain pathogens derived from fecal contamination, food handling, and pathogens such as those 

found on skin (Maimon et al. 2010). Therefore, it is of utmost importance that any grey water is 

filtered and disinfected in a proper manner in order to comply within public health regulations. 

6.6 The Benefits of Using Greywater Reuse Systems:  

Decrease in demand for fresh water:   

The reuse of greywater for toilet flushing and garden irrigation has an estimated potential 

to reduce domestic water consumption by up to 50%59. 

Decrease in discharge of wastewater into the environment: 

Due to the reuse and purification of waste water on site, waste water/effluent are not 

discharged into the environment. Specifically, waste water from washing machines can cause 

environmental issues due to the use of detergents that can cause environmental issues and are 

difficult to remove. 

Reduction in the amount of energy needed to transport water: 

                                                           
59 Allen , Lucy . "Overview of Greywater Reuse: The Potential of Greywater Systems to Aid 

Sustainable Water Management." Http://pacinst.org. November 2010. Accessed December 1, 
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Since water is reused on the site, the demand for transporting new water for uses such as 

toilets is decreased.  

 

Reduced stress on local infrastructure:  

Reduces the amount of water sent from the building to local water treatment facilities.  

6.7 Technic: 

Potential water savings: 

On average a person uses roughly 122 liters of potable water daily. About 50 liters of that 

are used by showers, sinks and bathtubs per person every day; this would correspond to about 

18,250 liters of reused greywater per person each year60. In the case of the student residence, if 

we assume that it holds 100 students all year round, that could save the building as much as 

1,825,000 liters of water a year. This is a very significant amount of water and would not only 

save the building money, it would be reused providing additional savings for purposes such as 

irrigation. 

6.8 Technic Master format: 

GENERAL  

SECTION INCLUDED  

Underground Water Tanks: 

For the following applications: 

-Rainwater Harvesting / Stormwater Detention. 

-Fire Protection Standby Water Storage. 

-Potable Water Storage. 

-Onsite Wastewater Storage. 

SUBMITTALS  

-Submit under provisions of Section 01300 - Administrative Requirements. 

-Product Data: Submit manufacturer's data sheets on each product to be used, including, but not 

limited to, the following: 

-Preparation instructions and recommendations. 

                                                           
60 "Greywater recycling." Ewu-aqua.de. September 2014. Accessed December 1, 2017. 

http://www.ewu-
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-Storage and handling requirements and recommendations. 

-Installation manual and operating guidelines. 

QUALITY ASSURANCE  

Tank installations in Canada: 

-Regulatory Requirements: Comply with applicable requirements of the laws, codes, ordinances, 

and regulations of Federal, provincial and municipal construction, health, safety and 

environmental codes, and local authorities having jurisdiction. 

DELIVERY, STORAGE, AND HANDLING  

General: Comply with tank manufacturer's Installation and Operating Guidelines 

recommendations for delivery, storage, and tank handling. 

WARRANTY  

-Warranty: Provide manufacturer's standard limited warranty. 

PART 2 PRODUCTS 

MANUFACTURERS:  

Tank installations in Canada: 

-Acceptable Manufacturer: ZCL Composites, which is located at: 1420 Parsons Road SW; 

Edmonton, AB; Canada, T6X 1M5; Tel: 1-800-661-8265; Fax: 780-466-6126; 

Email:info@zcl.com; Web:http://www.zcl.com 

-Substitutions: Not permitted. 

UNDERGROUND WATER TANKS  

-Tank Design - Fiberglass reinforced plastic (FRP) tanks: 

-The tank size, fittings and accessories shall be as shown on the drawings. 

-Tank shall be manufactured with structural ribs which are fabricated as in integral part of the 

tank wall. 

-Tank shall be manufactured with a laminate consisting of resin and glass fiber reinforcement 

only. No sand/silica fillers or resin extenders shall be used. 

-Tank shall be vented to atmospheric pressure. 

-Tank shall be capable of handling liquids with specific gravity up to 1.1 

-Tank shall be compatible with liquids identified in the manufacturer's standard limited warranty. 

Rainwater Harvesting / Stormwater Detention Applications: 

Governing Standards, as applicable: 

mailto:Email:info@zcl.com


   
 

   
 

-ANSI/AWWA D120 - Thermosetting Fiberglass-Reinforced Plastic Tanks. 

PART 3 EXECUTION  

TESTING  

-Tank shall be tested according to the tank manufacturer's Installation Manual and Operating 

Guidelines in effect at time of installation. 

INSTALLATION  

-Tank shall be installed according to the tank manufacturer's Installation Manual and Operating 

Guidelines in effect at time of installation. 

END OF SECTION 

 

7.1 Other: Green Roofs 

Over the last decade or so, green roofs have turned into one of the most popular  

sustainable building strategies across the world and within Canada. The use of green roofs have  

become favorable due to the economic and environmental value they provide to a given 

structure, resulting in more companies conducting detailed research on their benefits. While the 

extent of a green roofs impact is not yet concrete, many places around the world have already 

realized their potential to positively contribute to urban environments. Many European countries, 

specifically Germany, have fully adopted the use of green roofs as common place throughout 

their architectural developments. Within Canada, Toronto and Ottawa are two cities that have   

implemented their own green roof policies over the past few years. The cities have acted as a 

catalyst across Canada to show how green roofs can positively impact storm water management, 

urban heat, energy use, chemical emissions, reduce costs, all while limiting stress on local 

infrastructure.  

7.2 Kinds of Green Roofs: 

The two standard types of green roofs are Extensive (shallow planting), and intensive 

(full vegetation). If a designer is interested in implementing a green roof, it is important to first 

understand the different types, this section will identify how each provide different benefits and 

disadvantages, and what parameters each follows to classify as either extensive or intensive. 

Extensive Green Roofs 

Extensive green roofs in general are more common than intensive green roofs, and 

feature a shallow planting media, between 5 and 15 cm61. The use of shallow soil helps minimize 

                                                           
61 Mentens, Jeroen. "Green Roofs as a Tool for Solving the Rainwater Runoff Problem in the Urbanized 

21st Century?" Laurentian University Library Licensed Resource / Réseau Réservé De Bibliothéque 

Université Laurentienne. August 30, 2006. Accessed December,1 2017. 

http://www.sciencedirect.com.librweb.laurentian.ca/science/article/pii/S0169204605000496.  
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the total cost of implementation, as well as reduce the total structural load added on top of 

buildings. Many green roofs will end up having to be extensive due to lack of structural support 

in a building, specifically when added as part of a restored building, or due to budget limitations. 

In terms of vegetation that is used for extensive green roofs, often times due to the  

intense winds, drought and high temperatures that vegetation faces while elevated on a roof, 

durable and drought-resistant plant species are crucial for long term success. This results in many 

extensive systems using simple rolls or mats, similar to sod, laid out across the entirety of the 

roof. These types of systems are advantageous because they require very little maintenance and 

are much easier to install compared to intensive green roofs. Another unique advantage for this 

type of green roof is they are capable of being installed on sloped surfaces. While extensive 

green roofs do allow for flexibility as well as a lower cost, they do not provide the same aesthetic 

benefits as an intensive green roof, as they are often uninhabitable, and are used just to help cool 

a structure, or as a means of rain water management. 

Intensive Green Roofs 

Intensive green roofs are much more elaborate compared to extensive roofs, and use        

a soil substrate layer of 15 cm or greater. Intensive systems often times must include irrigation 

systems, as well as landscaping features, which allows for a more diverse range of plant species 

depending on the climate. Grasses, yearly herbs, small shrubs, and small trees compose the 

majority of the vegetation used throughout intensive roofs, however the structural capacity of a 

structure will often determine what is most suitable for a given building62. Intensive green roofs 

are usually situated on roofs with a slope of less than 10° and are commonly used as roof top 

gardens, terraces, or patio spaces. The single largest advantage of an intensive roof versus an 

extensive one, is the fact that the roofs can become social spaces, making another usable area for 

a building.  

Additional benefits are seen in the increased number of habitats created, increasing 

wildlife, as well as the deeper soil allowing for the roof to retain more water than an extensive 

system. Intensive systems can also be incorporated into buildings passive techniques, as 

strategically placed trees can help shade the structure from the sun. Overall, intensive green roofs 

are more costly than extensive roofs, due to their deeper substrates causing the roof structure to 

carry heavier loads than a traditional roof, resulting in more money being spent towards the 

structure of the building, but contribute additional aesthetics as well as social benefits.  

 

                                                           
  

 
62 Mentens, Jeroen. "Green Roofs as a Tool for Solving the Rainwater Runoff Problem in the 

Urbanized 21st Century?" Laurentian University Library Licensed Resource / Réseau Réservé 

De Bibliothéque Université Laurentienne. August 30, 2006. Accessed December 1, 2017. 
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7.3 Green Roof Advantages: 

Emissions 

One major advantage of green roofs is their ability to reduce emissions in urban areas. 

This is due to the plants absorbing certain emissions, specifically CO2, NO 2, O3, PM 10, and 

SO 2, in order to sustain themselves, and in turn the plants release oxygen back out into the   

atmosphere. Based on a Toronto study, it was hypothesized that greenhouse gas reductions are   

proportionate to population, and an approximate economic value of $20 per ton of  emissions 

was established. Throughout the study, airborne emissions were decreased by 0.04  pounds per 

square foot of green roof, with a value of $2.20 per pound, meaning that the implementation of a 

green roof can help reduce emissions, while providing additional economic value to cities63.  

Storm water management 

The National Research Council of Canada Institute for Research conducted a study that   

found green roofs reduced storm water runoff on average by 57%, and as much as 90% during 

dry summer months. This helps greatly reduce the amount of water flooding into city sewers, 

reducing the stress on local infrastructure. The CSO (Combined Sewer Overflow) benefit of 

green roofs in Toronto is estimated to cost $1,340/m3, based on the reduction of underground 

storage needed for the same level of CSO control64. 

While very few studies conducted have looked into the changes of green roof   

performance over time, one study found that pore space in green roof substrate actually doubles 

over a 5 year period (from 2%-4% and from 41%-82%), while the water retention capacity   

increased from 17% to 67%65. This is quite significant because it means that the performance of 

green roofs for the use of storm water management actually improves the longer the roof has 

been in use.  

One final component of green roofs in regards to water management is the comparison 

between sloped versus flat roofs. Several studies show that, in most circumstances, increasing  

roof slope does not correlate with increased runoff volume. Liesecke compared roofs with 8.7% 

                                                           
63 Banting, Doug. "Appendix A List of References - Toronto.ca." Www1.toronto.ca. October 31, 2005. 

Accessed December 1, 2017. 

http://www1.toronto.ca/city_of_toronto/city_planning/zoning__environment/files/pdf/appendices.pdf.  

 
64 Banting, Doug. "Appendix A List of References - Toronto.ca." Www1.toronto.ca. October 31, 2005. 

Accessed December 1, 2017. 

http://www1.toronto.ca/city_of_toronto/city_planning/zoning__environment/files/pdf/appendices.pdf.  

 
 
65 Berndtsson, Justyna. "Green Roof Performance towards Management of Runoff Water 

Quantity and Quality: A Review." Laurentian University Library Licensed Resource / Réseau 

Réservé De Bibliothéque Université Laurentienne. April 2010. Accessed December 1, 2017. 

http://journals1.scholarsportal.info.librweb.laurentian.ca/details/09258574/v36i0004/351_grptmo

wqaqar.xml.  

http://www1.toronto.ca/city_of_toronto/city_planning/zoning__environment/files/pdf/appendices.pdf
http://www1.toronto.ca/city_of_toronto/city_planning/zoning__environment/files/pdf/appendices.pdf


   
 

   
 

slope and 2 % slope, and discovered that the yearly water retention ranged from 55% to 65%, 

showing little difference between the two slopes66. While another study similarly found that  

green roofs with slopes at 2% and as high as 58% displayed constant water retention rates67. This 

is likely due to the fact that other than during time of heavy rainfall the water is absorbed before 

it could run off of the sloped surface.  

Urban heat/ energy savings 

One of the most talked about benefits of green roofs is their ability to reduce building 

HVAC costs, as well as their ability to reduce urban heat island effect within urban areas. Urban 

heat island effect, is the result of dense urban areas, where buildings all release heat, causing the 

overall temperature around these areas to increase. Not only do green roofs help cool building's  

during the summer months by providing shade, during the winter snow as well as the additional 

layers of the green roof help better insulate a structure, reducing heat losses. 

7.4 Toronto case 

One study conducted a simulation model which assumed 50% green roof coverage 

throughout Toronto could see temperatures decrease as much as 2°C. In order to evaluate these 

projection models, cost of electricity in Toronto was valued to be $0.1017 per kWh. From this, 

an annual energy savings of 4.15 kWh per m2 was established as a baseline. In addition, the 

energy saved provided an additional value of roughly 0.27kg of carbon dioxide reduction for 

every kWh of energy saved. This means that depending on the age of the building they are 

installed on; green roofs have the potential to save 4 to 20 kWh of energy /m 2 of green roof 

coverage on a yearly basis68. 

7.5 Canada’s Manual for Initiating Green Roof Policy: 

The 2006 publication 'Green Roofs: A Resource Manual for Municipal Policy Makers the 

Canadian Mortgage and Housing Corporation' lays out six standard phases for a green roof  

policy in any urban city throughout Canada69. 

Phase 1. Introductory and awareness:  

The municipality must first investigate the local benefits of green roofs, looking at 

existing green roof policies globally and nationally to see what strategies can be applied to their 

own region. 

 

                                                           
66 Liesecke, H., 1999, Extensive begrunnug bei 5°dachneigung, Stadt und Grun, 48(5):337-346.  
67 Schade, C., 2000, Wasserruckhaltung und Abflußbeiwerte bei dunnschichtigen 

extensivebegrunungen, Stadt und Grun, 49(2): 95-100  
68 Banting, Doug. "Appendix A List of References - Toronto.ca." Www1.toronto.ca. October 31, 

2005. Accessed December 1, 2017. 

http://www1.toronto.ca/city_of_toronto/city_planning/zoning__environment/files/pdf/appendices

.pdf.  
69 Lawlor, Gail. "Green Roofs A Resource Manual for Municipal Policy Makers." Www.cmhc-

schl.gc.ca. 2006. Accessed December 1, 2017. http://www.cmhc-

schl.gc.ca/odpub/pdf/65255.pdf?fr=1458331050204 



   
 

   
 

Phase 2. Community engagement:  

Begin to raise the knowledge of green roofs locally by meeting with community 

stakeholders. Possible opportunities and constraints should be considered carefully, addressing 

issues such as climate, and existing infrastructure. 

 

Phase 3. Action plan development and implementation:  

A working committee should be developed among community stakeholders. 

Demonstration projects are recommended in order to obtain local data, and potential benefits, or 

issues that could arise. Often an inventory of  established  green roofs within the municipality is 

developed. 

Phase 4. Technical research:  

A prototype site is set up to establish local data that can be used to support local policy 

propositions. Researchers will identify, and quantify the benefits green roofs can have locally, 

and any problems that could result from their implementation.  

Phase 5. Program and policy development:  

This phase looks at applying local green roof research and knowledge into urban green 

roof policy while considering incentives, tax credits, and green roof density bonuses. Such 

programs have been instituted in cities such as Toronto. 

Phase 6. Continuous improvement:  

Once a municipality has fully actualized its green roof policy, it is evaluated and 

improved upon depending on its effectiveness compared to the cities previously established 

green roof objectives.  

7.6 Green Roofs and LEED70 

While every green roof project is different, and the extent to which a green roof can earn credits 

varies, there are several different credits available for green roofs to qualify under. 

Sustainable Sites 

Site Development – Protect or Restore Habitat (1 point) 

-May include vegetated roof surface, can earn credit if the plants are native or adapted, provide 

habitat, and promote biodiversity. 

-Once established, plants require minimal or no irrigation; do not require active maintenance; and 

provide habitat value and promote biodiversity through avoidance of monoculture plantings. 

Site Development – Maximize Open Space (1 point) 

-Projects in urban areas earning SS Credit 2, vegetated roofs can contribute to credit compliance. 

                                                           
70 LEED | USGBC. Accessed December 1, 2017. https://new.usgbc.org/leed. 



   
 

   
 

 

Storm Water Design: Quantity Control (1 point) 

-Specify vegetated roofs, pervious paving and other measures to minimize impervious surfaces. 

Heat Island Effect: Roof (1 point) 

-Use alternative surfaces and nonstructural techniques (e.g., rain gardens, vegetated swales, 

disconnection of imperviousness, rainwater recycling) to promote infiltration and thereby reduce 

pollutant loadings. 

Heat Island Effect: Roof (1 point) 

-Install a vegetated roof for at least 50% of the roof  

Water Efficiency 

Water Efficient Landscaping (Potential: 2-4 Points) 

 green roof system must be without permanent irrigation, or if irrigation is necessary, minimize 

potable consumption with drip irrigation and/or irrigation with reclaimed water. 

-Option 1: 2 points for reducing potable water for irrigation by 50% 

-Option 2: 4 points for no potable water use for irrigation. Temporary systems for plant 

establishment acceptable if removed within 1 year to 18 months .. 

-If the percent reduction of potable water is 100% and the percent reduction of total water is equal 

to or greater than 50%, both Option 1 and Option 2 are earned. 

Energy and Optimization 

Minimum Energy Performance (Required) 

-Establish the minimum level of energy efficiency for the proposed building and systems to reduce 

environmental and economic impacts associated with excessive energy use. 

Optimize Energy Performance (Potential: Up to 19 Points) 

-Vegetated roofs can aid in the reduction of the energy demand for the project. Demonstrate a 

percentage improvement in the proposed building performance rating compared with the baseline 

building performance rating. 

Materials and Resources 

Material Reuse (Potential: 1-2 Points) 

-Reuse building materials and products to reduce demand for new materials and reducing waste. 

-The sum of reused materials must constitute at least 5% or 10%, based on cost, of the total value 

of materials on the project. 



   
 

   
 

 

Recycled Content (Potential: 1-2 Points) 

-Contributes towards having 10% to 20% of the total value of project materials originating from 

recycled material 

-The recycled content value of a material assembly is determined by weight. The recycled fraction 

of the assembly is then multiplied by the cost of assembly to determine the recycled content value. 

Regional Material (Potential: 1-2 points) 

-10% or 20% of product, depending on the overall percent of materials extracted, must be 

manufactured and assembled within 500 miles. 

In Summary: 

Overall, Green Roof systems that are installed on 50% or more of a roof surface almost guarantees 

2 LEED points and can be as high as 7+ points toward LEED-certification. 

7.7 Green roofs in the OBC: 

Given the recent trend of introducing many green roofing systems components which are 

not recognized within the OBC. The Code allows for the use of any system, as long as it has 

shown to comply within the acceptable solutions of the OBC. 

Structure:  

Green roof loads should be calculated following OBC Division B, Part 4.1 Structural 

Loads and Procedures. If structural members are sized based on tables within Part 9 of the OBC, 

care should be taken to ensure that the loads added by the green roof are within the limits 

required for use of the tables.  

Fire Safety:  

The code does not speak specifically about green roofs in regards to fire safety, but it 

requires that the roof comply with the acceptable solutions, otherwise alternate solutions would 

have to be conducted to show that the assembly can perform up to code requirements.  

7.8 Technic:  

Green roof Layer Composition71  

Vegetation:  The top layer of the roof, can include either intensive or extensive species. All plant 

species used should consider climate conditions, and required maintenance. Includes: Grasses, 

herbs, small shrubs, bushes and small trees. 

                                                           
71 Doshi, Hitesh. "Toronto Green Roof Construction Standard." Www1.toronto.ca/. Accessed 

December 1, 2017. 

https://www1.toronto.ca/city_of_toronto/city_planning/zoning__environment/files/pdf/GreenRo

of-supGuidelines.pdf.  

https://www1.toronto.ca/city_of_toronto/city_planning/zoning__environment/files/pdf/GreenRoof-supGuidelines.pdf
https://www1.toronto.ca/city_of_toronto/city_planning/zoning__environment/files/pdf/GreenRoof-supGuidelines.pdf


   
 

   
 

Growing Media:   This is the growing layer for vegetation, and is composed of air, water, and 

organic material. Depending on the type of green roof installed this layer can be a variety of 

depths. 

Filter Layer : The filter layer is often a textile that is meant to prevent fine soil from disturbing 

the drainage of water. 

Drainage Panel: The function of the drainage layer is to release surplus water from the roof 

during periods of heavy rain.  

Protection fabric:  Intended to protect the root barrier as well as the insulation from damage 

during construction or maintenance. 

The root barrier layer:   Is commonly made of materials such as PVC or polyethylene, and are 

used to prevent roots from damaging roof membranes below it.  

Insulation:  Rigid insulation is used in order to provide proper protection of the envelope and 

ensure energy efficiency of the structure.   

Waterproofing Membrane:  The waterproofing membrane is similar to those found on 

conventional roofs, and is used to prevent water from entering the building. 

Protection Board: Required as fire separation and protection between the membrane and the  

roof structure.  

Structure:  Traditional roof structure that supports the other layers, sometimes require additional 

support systems to carry the additional loads, specifically water loads during periods of heavy 

precipitation. 

 

Green Roof Layers.72 

 

                                                           
72 "How to Green Your Roof in DC." UrbanTurf. Accessed December 1, 2017. 

https://dc.urbanturf.com/articles/blog/how_to_green_your_roof_in_dc/5692. 



   
 

   
 

 

Rainwater Yield:73  

The amount of rainwater collected can be estimated using the following equation:  

Yr = Ac x Rm x Cr  

Yr  = the weekly average rainwater yield (litre/week)  

Ac = the collection area (m2 )  

Rm = the average weekly rainfall (mm)  

Cr  = the run-off coefficient 

 

7.9 Technic Master format: 

GENERAL  

SECTION INCLUDES  

Rainwater harvesting system including the following: 

-Rainwater pre-filters. 

-Storage tanks. 

-Distribution pumps. 

-Controls. 

-Water treatment. 

 

SYSTEM DESCRIPTION 

-Custom rainwater harvesting system consisting of manufactured components integrated into 

automated system. The system shall collect rainwater from the roof and convey rainwater 

through roof drains, downspouts and conveyance piping, self-cleaning, gravity fed pre-filters. 

Filtered rainwater will travel through the pre-filter and into a rainwater storage tank. Water will 

be drawn out of the storage tank and pumped through a packaged pumping system to the 

irrigation/plumbing system. The pumping system will be design to provide water at the desired 

design point on an on-demand basis. 

                                                           
73 "TECHNICAL SPECIFICATIONS ON GREY WATER REUSE AND RAINWATER 

HARVESTING." Wsd.gov.hk. May 2015. Accessed December 1, 2017. 

http://www.wsd.gov.hk/filemanager/en/content_1459/technical_spec_grey_water_reuse_rainwat

er_harvest.pdf. 



   
 

   
 

-Design Requirements: Filter, store, and distribute harvested rainwater. 

-Water Disinfection Methods: May include sediment filtration, ultraviolet treatment, chlorine 

injection, carbon filtration, or a combination thereof. 

SUBMITTALS  

-Submit under provisions of Section 01 30 00 - Administrative Requirements. 

-Product Data: For system components; include dimensions, capacities, operating characteristics, 

utility connections, and accessories. 

-Shop Drawings: Include system layout, components, and accessories. 

-Provide instructions on operation, calibration, troubleshooting, and servicing equipment. 

QUALITY ASSURANCE  

-System Integrator: RainHarvest Systems LLC (800) 654-9283. Russ Jackson. 

Manufacturer Qualifications: 

-Minimum 10 years experience in work of this Section. 

-Successful completion of minimum of 10 previous projects of similar scope and complexity. 

Installer Qualifications: 

-Minimum 3 years experience in work of this Section. 

-Successful completion of minimum of 3 previous projects of similar scope and complexity. 

-Maintain factory trained technicians on staff to provide field service and warranty work. 

DELIVERY, STORAGE, AND HANDLING  

-Do not deliver system components until time needed for installation, and after proper protection 

can be provided. 

-Protect components from damage and corrosion. 

-Leave protective coverings in place until just prior to installation. 

PART 2 PRODUCTS 

MANUFACTURERS  

-Acceptable Manufacturer: RainHarvest Systems, LLC, which is located at: 4475 Alicia Lane; 

Cumming, GA 30028; Toll Free Tel: 800-654-9283; Tel: 770-889-2533; Fax: 770-889-2577 ; 

Email: request info (sales_east@rainharvest.com); Web: www.rainharvest.com 

Acceptable Manufacturers - Storage Tanks: 

-RainHarvest Systems. 

mailto:sales_east@rainharvest.com
http://www.rainharvest.com/


   
 

   
 

-Requests for substitutions will be considered in accordance with provisions of Section 01 60 00 

- Product Requirements. 

COMPONENTS 

-Pump shall be of stainless steel construction. 

-Plumbed to allow for removal without entering tank. 

-Connected to power supply by power cable and waterproof connections. 

ACCESSORlES 

-Vent assembly: PVC rodent-proof cap for tank air and vacuum relief; extend from top of tank to 

above grade. 

-Waterproof Electrical Connection Box: Located in manway, field installed. 

SOURCE QUALITY CONTROL  

-Assemble and test purification system in factory prior to shipment to Project site. 

-Hydrostatically test prefabricated pump assembly in factory prior to shipment to Project site. 

PART 3 EXECUTION  

INSTALLATION  

-Install system components in accordance with manufacturer's instructions and approved Shop 

Drawings. 

-Arrange equipment so that components requiring removal or maintenance are readily accessible 

without disturbing other components. Arrange for clear passage between components. 

-Connect to utility supplies and equipment. 

-Ground components in accordance with component manufacturer's instructions. 

-Install prefilters at time storage tanks are installed. 

-Do not bury Graf filters deeper than manufacturer's recommended depth unless a vault is 

installed. 

FIELD QUALITY CONTROL  

-System Integrators: 

-Installation oversight and technical support. 

-Terminate and test control system wiring and operation of electrical components. 

-Demonstrate proper pump and controls operation. 

END OF SECTION 



   
 

   
 

 

8.1 Conclusion: 

All 6 systems talked about throughout the report have various benefits that would make 

them desirable for a student residence building in Sudbury. CLT is a very environmentally 

friendly material, that allows designers great flexibility along with a wide variety of other 

positives. Passive solar strategies, in conjunction with proper daylighting and windows, allow for 

the building to be well tempered, in the summer time as well as the winter. Combined with the 

use of PV technology these three systems can greatly reduce the electricity consumption of the 

student residence. While the use of rain water collection green roofs, in cooperation with a 

greywater system dramatically decreases the requirements for fresh water throughout the 

building. Overall, these systems all function well independently, but when they are put together, 

they create a symbiotic relationship among the systems, in which the systems benefit from one 

another. This allows the proposed building to be an example of efficiency and sustainability for 

Downtown Sudbury. 
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