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 Abstract 
 

Traditionally, societies use to design their built environment in a way that was in 

line with the climate and the geographical location that they evolved in, thereby 

supporting sustainable lifestyles (i.e. thick walls with small windows in cold 

climates). With the industrial revolution and the heavy use and reliance on cheap 

fossil fuels, it can be argued that the built environment has become more focused 

on aesthetics and cost savings rather than on true sustainability.  This, in turn, 

has led to energy intensive practices associated with the construction of homes, 

buildings, cities and megalopolises.  Environmental concerns with regards to the 

future have pushed people, entities and industries to search for ways to decrease 

human’s energy dependency and/or to supply the demand in ways that are 

deemed sustainable. Efforts to address this concern with respect to the built 

environment were translated into ‘green buildings’, sustainable building 

technologies and high performance buildings that can be rated and/or licensed 

by selected certifying bodies with varying metrics of building construction and 

performance. The growing number of such systems has brought real concerns: 

Do certified sustainable buildings really achieve the level of sustainability (i.e. 

performance) they were intended to? For the purpose of this study, buildings’ 

energy consumption will be analysed, as it is one of the main drivers when taking 

into consideration greenhouse gas emissions. Heating and cooling in the 

residential and commercial/institutional sector, combined account for 

approximately a fifth of the secondary energy use in Canada. For this reason, 

this research aims at evaluating the main rating systems in Canada based on the 
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efficacy of their rating systems’ certification methodology and the weighting and 

comparison of energy requirements under each scheme. It has been proven 

through numerous studies that major energy savings can be achieved by 

focusing primarily on building designs (such as Thermal Building Envelopes) and 

Passive Systems and that rating systems may wish to incorporate such criteria 

more thoroughly and explicitly within their evaluation scheme of metrics. Hence, 

this paper will also aim at evaluating the inclusion of energy conservation 

techniques into the different rating schemes.  
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 Chapter 1 

 Introduction and Background 

1.0 Introduction  
 

“We, the human species, are confronting a planetary emergency. But 
there is hopeful news as well: we have the ability to solve this crisis 
and avoid the worst – though not all – of its consequences, if we act 
boldly, decisively and quickly”.  Al Gore (as cited in Dauncey, 2009) 

The earth has developed into a human dominated place. Cities are expanding 

without a real understanding of the true, quantified consequences on nature. 

Times have changed and global warming has become a reality. Efforts are 

increasingly being concentrated on assessing the impact on our living 

environment and into how humanity’s future can be sustainably secured. Society 

now needs to rethink the way that the industrial revolution has affected the planet 

and must reassess its interaction with nature as humans’ faculty to survive is 

dependent on the natural environment surrounding them. It has been proven that 

Greenhouse Gas (GHG) emissions are the main factor contributing to the 

advancement of global warming. Consequently, ways to decrease humans’ own 

emissions have to be studied, quantified, planned and integrated with everyday 

human activities (IPCC 2013a). The way cities are currently built exacerbates a 

great deal of waste, as they are often not built with climate warming in mind. 

Even if there are selected countries that have started adapting to the goals of 

reducing energy consumption, the world as a whole is still very far behind (IPCC, 
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2013a). In an attempt to mitigate and/or curb global warming and its effects, 

humans must reconsider the way they are developing their environment in order 

to ensure that the earth’s natural capacity to eliminate GHG exceeds the rate at 

which they are emitted.  

As residential and commercial buildings emit from 20 to 40 percent of the GHG in 

the developed world, their impact can be very significant and is one of the main 

aspects that needs to be looked into with a goal of slowing down the rate of 

global warming (KPMG LLP, 2009) (Newsham et al., 2009). Although it is seen 

more and more in Canada and other countries that specific building projects are 

being tackled with climate change in mind, the bulk of the buildings being built 

today do not take into consideration global warming as they more often than not 

“still use the same building techniques practiced hundred years ago” (Saulnier & 

Varella, 2013). As mentioned by McKibben (2011) in his book Eaarth, by 

decreasing building’s energy needs, it becomes more realistic to supply energy 

with solely renewable energy:   

“[…] is there really enough energy out there for most places to make 
their own? […] Say you cut your energy use by a quarter […] then say 
you put some solar panels on your roof, […] Now the task of providing 
the rest locally has begun to look a little less daunting.” (McKibben, 
2011) 

With that in mind, this research will focus on studying ways from which buildings 

can improve their energy efficiency by specifically analysing strategies to 

decrease energy consumption of buildings through simple techniques such as 

optimised thermal envelope and passive systems (covered in Chapter 3). 
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1.1 Background 
 
For the past five years, the Intergovernmental Panel on Climate Change (IPCC)1 

has been producing Assessment Reports with regards to climate change by 

providing new evidence every year related to climate change issues. It has been 

stipulated that the climate is getting warmer due to both anthropocentric and 

natural “substances and processes that modify the Earth’s energy budget” (IPCC 

2013a). “Human influence on the climate system is clear. This is evident from the 

increasing greenhouse gas concentrations in the atmosphere, positive radiative 

forcing, observed warming, and understanding of the climate system” (IPCC 

2013b). Indeed, human activities such as deforestation, burning of fossil fuels, 

land clearing, etc. have contributed to the increase of the atmospheric 

concentration of GHG because the earth’s faculty to eradicate it has been 

exceeded by the rate at which they are released (Saulnier & Varella, 2013). 

The IPCC (2013b), in its fifth assessment report, mentions that “it is extremely 

likely that human activities caused more than half of the observed increase in 

global mean surface temperature from 1951 to 2010”. As shown in Figure 1.1, 

without anthropocentric influence on climate change, the models using only 

natural forces show more stable and consistent temperature levels whereas all 

indicators’ models using natural and human influence show abrupt increases in 

temperatures.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 The IPCC is a scientific intergovernmental body supported by the United Nations. It evaluates and 
measures the latest scientific, technical and socio-economic reports produced globally in an attempt to 
understand climate change. 
2 Where the average Canadian emits 22.65 tCO2eq, after Australians (25.75 tCO2eq) and Americans (23.59 



 4	  

 

Figure 1.1: Comparison of observed and simulated global averages climate change based on three 
large-scales indicators (IPCC 2013a) 

North America is amongst the most important contributor per capita of GHG 

emissions (Figure 1.2) (IPCC 2007). Additionally, out of 33 countries that were 

studied, Canada ranks third2 amongst countries that emit the most tonnes of 

carbon dioxide equivalent (tCO2eq)3 per capita (Hoornweg, Sugar & Gomez, 

2011). 

 

Figure 1.2: Distribution of regional per capita GHG emissions (IPCC 2007) 

	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 Where the average Canadian emits 22.65 tCO2eq, after Australians (25.75 tCO2eq) and Americans (23.59 
tCO2eq) 
3 CO2eq is a way to express all the different GHG in a single number.  
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1.1.1 Global Warming and Urban Centers 
 
When dealing with global warming, cities are at the foreground of the issue as 

they now represent above 50 percent of the world’s population and are expected 

to reach 70 percent by 2050 (Hoornweg, Sugar & Gomez, 2011) (Kennedy et al., 

2009). They use approximately two thirds of the world’s energy, which 

contributes roughly to 80 percent of the GHG emitted worldly (Hoornweg, Sugar 

& Gomez, 2011) (Mohareb & Mohareb, 2014) (Saulnier & Varella, 2013). In 

addition, with the migration of populations to cities, it is projected that they will 

use up to 73 percent of the world’s energy consumption by 2030 (Saulnier & 

Varella, 2013). The trend for populations to move towards cities has also been 

observed in Canada where cities have now reached 80 percent of total 

population (Mohareb & Mohareb, 2014). It is observed that further urbanisation is 

directly linked to the increase in GHG emissions (Mohareb & Mohareb, 2014). 

Globally, cities have increasingly taken actions against GHG emissions. Cities 

are tasked with attaining the biggest portion of GHG emissions cutbacks. The 

IPCC (2007) suggests for Annex I countries4 (which includes Canada), in the 

optimal scenario, to decrease GHG concentration levels by minimum 25 percent 

before 2020 and by minimum 80 percent by 2050 from a 1990 baseline. To this 

end, many cities in Canada, including Montreal, Toronto and Vancouver have 

committed to the IPCC goal (Mohareb & Mohareb, 2014) (Ville de Montréal, 

2015) (City of Toronto, 2014) (City of Vancouver, 2015).  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 Annex I countries accounted for 20 percent of the world’s population, but are responsible for 46 percent of 
global GHG emissions. Annex I countries comprises both developed OECD and EIT countries. However, 
some recently admitted OECD countries are not included in Annex I list, such as South Korea, Singapore, 
and Mexico. (IPCC 2007) 
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Cities have the difficult role of ensuring sustainable development, addressing 

climate warming and urban resilience all at once. Density and monetary 

resources linked to cities bring forward experience, social modernisation and new 

technologies. “Cities have the unique ability to respond to a global issue such as 

climate change at a local, more visceral level … with sufficient scale to bring 

about meaningful changes.” (Hoornweg, Sugar & Gomez, 2011). Geophysical 

factors, such as climate, access to resources, and gateway status influence the 

levels at which worldwide cities emit GHG and these aspects are unfortunately 

unchangeable (Kennedy et al., 2009). However, technical factors including urban 

design, power generation and waste processing, also play an important role in 

GHG emissions worldwide and can be optimised (Kennedy et al., 2009). 

Correspondingly, cities have the capacity to mitigate climate change in a variety 

of ways, by improving, for instance, transportation, energy systems, industry, 

spatial planning, human infrastructures and buildings.  

1.1.2 Global Warming and Buildings 
 
One of the key contributors to GHG emissions is the construction or building 

sector. In 2010, the building industry consumed approximately a third of global 

final energy consumption (Figure 1.3) and was responsible for a third of total 

direct and indirect energy related carbon dioxide (CO2) emissions  (International 

Energy Agency, 2013).  
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Figure 1.3: Final energy consumption by sector and buildings energy mix, 2010 (OECD Publishing et 
al., 2013) 

Of the energy consumed by the building sector, two-thirds was used for 

residential buildings and one-third for commercial buildings. Space heating, 

space cooling and water heating accounted for 60 percent of global energy 

consumption in both residential and commercial sectors (OECD Publishing et al., 

2013). 

GHG emitted from buildings have reached 9.18 GtCO2eq in 2010, which is more 

than double the amount emitted in 1970 (IPCC 2014). This accounts for 25 

percent of global GHG emissions5 and approximately a third of black carbon 

emissions (IPCC 2014). Approximately two-thirds of the GHG emissions are 

considered indirect, meaning that they are attributed to the electricity used in 

buildings. The indirect emissions have seen an important increase compared to 

direct emissions, which have barely changed since 1970 as shown in Figure 1.4.  

(IPCC 2014). 

5 Agriculture, Forestry and Land Use sectors not included. 
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Figure 1.4: Direct and indirect emissions from electricity and heating in the building sector. (IPCC 
2014) 

In accordance with numerous significant trends and with a “business-as-usual 

scenario”, energy demand for buildings will rise by 50 percent between 2010 and 

2050 (IPCC, 2014) (OECD Publishing et al., 2013). The IPCC (2014) warns that 

“the ways in which these energy-related needs will be provided will significantly 

determine trends in building energy use and related emissions.” Moreover, 

increase in population, urbanisation, growing affluence and lifestyle levels on top 

of changes in household sizes worldwide, all will lead to a rise in energy 

consumption in the building sector (IPCC, 2014).  

On a more local perspective, North America’s (NAM) building sector consumed 

the highest level of final energy between 1990 and 2010 in both residential and 

commercial sub-sectors as seen in Figure 1.5 (IPCC 2014).  
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Figure 1.5: Annual per capita final energy use of residential and commercial buildings for eleven 
regions in 1990 and 2010. (IPCC 2014)

Within Canada, the residential and commercial/institutional6 sectors produced 

approximately 25 percent of the total GHG emissions in 2010 (Natural Resources 

Canada, 2013). It was observed that energy consumption7 in this context was 

mainly related to major Canadian trends (Natural Resources Canada, 2013): 

6 Commercial/institutional sector in the context of Natural Resources Canada’s 2013 study includes activities 
linked to: trade, finance, real estate, public administration, educational and commercial services. 
7 Natural Resources Canada’s (2013) results are all based on secondary energy use. Secondary energy is 
the energy utilised by the end users in different sectors of the economy (Natural Resources Canada, 2013). 
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a. Population growth;

b. Decrease in the number of people per household;

c. Increase of the living area;

d. Increase in the number of households; and,

e. Increase of cooled floor space.

Effectively, 16 percent of the secondary energy use in Canada in 2010 was 

attributed to the residential sector where 82 percent of that energy was used for 

water heating, space heating and cooling. A trend study shows that there are 35 

percent more households in 2010 than in 1990 due to population growth and 

lesser people living in the same home. This represents “3.5 million households 

added in Canada since 1990 [which] is more than the total number of households 

in Quebec” (Natural Resources Canada, 2013). This residential trend has 

contributed to a 6 percent rise in energy use as Canadians own bigger homes 

with less people, but with more appliances/devices (Figure 1.6).  

Figure 1.6: Residential energy indicators, 1990 and 2010 (Natural Resources Canada, 2013)
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Even though between 1990 and 2010, Canada has seen a decrease in space 

heating intensity of 31 percent due to energy efficiency improvements in heating 

systems, this was not enough to compensate for the 35 percent increase in the 

number of household (Natural Resources Canada, 2013). The same 

phenomenon has been observed for water heating energy requirements. 

According to Natural Resources Canada (2013), “less energy is required per 

household for hot water due to increased penetration of newer and more efficient 

natural gas water heaters”, which has led to a decrease of 19.9 percent in energy 

required for water heating per household between 1990 and 2010. However, with 

a faster rate of increase in the household number than a decrease in the rate of 

energy use, there has been a total increase of 8.2 percent in energy 

requirements for water heating (Natural Resources Canada, 2013). Space 

cooling is also playing an increasing role in terms of energy use in Canada. 

Although its contribution to residential energy use is only 2 percent, the area of 

floor space being cooled increased by about 25 percent from 1990 to 20108. Due 

to the fact that more spaces are being cooled and because summers are 

increasingly hotter, the energy used to cool Canadian homes has escalated by 

155.9 percent during the same period (Natural Resources Canada, 2013). As 

specified above, while the energy intensity (energy consumed per household) 

and energy efficiency enhancements have improved, the residential total energy 

use still increased. In fact, activity (increase in floor area), structure (share of 

single-family houses) and service effects (penetration rate of appliances and floor 

area cooled) have increased more significantly than the energy savings gathered 

8 From 267 million m2 to 788 million m2. 
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from weather (warmer winters and hotter summers) and energy efficiency effects 

(systems improvement), thereby creating a positive total change in energy use as 

seen in Figure 1.7.  

Figure 1.7: Impact of activity, structure, weather and energy efficiency on the change in residential 
energy use, 1990-2010 (Natural Resources Canada, 2013)

The commercial/institutional sector also plays a major role in terms of building 

GHG emissions in Canada. In 2010, this sector used 12 percent of the secondary 

energy in Canada where space heating, water heating and space cooling 

accounted for approximately 60 percent of the used energy. Although “in 2010, 

the commercial/institutional sector consumed 22 percent less energy than the 

residential sector but it grew more than three times faster than this sector 

between 1990 and 2010” its inclusion in the study of buildings’ GHG emissions is 

crucial as its overall increase in energy use is more than double that of the 

residential sector (Natural Resources Canada, 2013). While the 

commercial/institutional sector floor area has increased by 41 percent from 1990 

to 2010, its GHG emissions have climbed by 15 percent for the same period 

(Natural Resources Canada, 2013). On top of floor area, factors such as GDP 

and number of employees play a major role in driving the energy use in this 

sector. Changes between 1990 and 2010 can be seen in Figure 1.8.  
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Figure 1.8: Commercial/institutional energy indicators, 1990 and 2010 (Natural Resources Canada, 
2013)

Energy efficiencies in the commercial/institutional sector has been very similar to 

the energy efficiencies seen in the residential sector and hence have contributed 

to a slower energy usage increase despite the high upsurges in activity and 

service level (Figure 1.9). 

Figure 1.9: Impact of activity, structure, weather, service level and energy efficiency on the change in 
commercial/institutional energy use, 1990-2010 (Natural Resources Canada, 2013)

Even though there have been improvements, in energy efficiency in the building 

industry in Canada, those savings cannot keep up with the increase in energy 
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use due to a growing population and economy. Knowing that significant retrofits 

to attain energy efficiencies are costly, complete cutbacks in GHG emissions 

from buildings can be hard to achieve. Also, due to the fact that buildings have 

long lifecycles, about 80 percent of 2005’s buildings energy usage will be “locked 

in” for decades to come even with the most efficient policies (IPCC, 2014). For 

this reason, it is very important to adopt “state-of-the-art performance standards, 

in both new and retrofit buildings” (IPCC, 2014).  

To summarize, the building sector embodies a crucial role in creating a low-

carbon future and a global barrier in integrating sustainable development 

philosophies. A great deal of the energy usage from buildings in developed 

countries such as Canada is extremely ineffective and wasteful. Current and 

upcoming buildings will play a major role in determining a great portion of 

worldwide energy requirements. Actual trends in developing countries, as seen in 

the analysis above, show a probable substantial growth in energy demand and 

related GHG emissions (IPCC 2014). As a developed country and a leader in 

carbon emissions, Canada has the responsibility and opportunity to set a 

sustainable blueprint for developing countries to emulate. The building sector 

brings forward immediate and cost-effective solutions to decrease energy 

requirements “while contributing to meeting other key sustainable development 

goals including poverty alleviation, energy security, and improvement in 

employment” (IPCC 2014). Understandably, the current building standards need 

to be greatly reworked and implemented in all jurisdictions for all building types to 

be able to attain current climate goals.  
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1.2 Aim of this research 

Various technologies and techniques have been implemented in order to reduce 

the emissions that buildings produce due to their heating and cooling 

requirements. However, to date, studies of GHG emitted throughout the world 

and in Canada, demonstrate ineffective “Band-Aid” solutions. One reason for this 

is that it is often challenging for industry to understand which techniques work 

best for the variety and types of buildings and their respective functionality and 

location. From a geographic and climactic perspective, Canada is a vast country 

with differing climate realities and with extreme conditions; hence, simple 

“cookie-cutter” solutions are not realistic when it comes to the built environment. 

Keeping the above in mind, in order to use technologies as efficiently as 

possible, their need (or dependency on) for energy should be decreased. Hence, 

there exist a very real need to concentrate on energy conservation design 

techniques (i.e. Thermal Building Envelope and Passive Systems) (Chapters 2 

and 3) and to incorporate such technologies into the overall building frameworks 

as well as into policy within the building sector. These concepts, covered in 

Chapter 3 of this thesis document, can help in reaching energy efficiencies in 

residential and commercial buildings, yet their proficient uses have been 

somewhat limited since the introduction of cheap fossil fuel. With the realities 

associated with global warming, the focus should be put on reducing first, prior to 

using any type of mechanical system and this is what this research aims at 

demonstrating.  
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For the purpose of this study, buildings’ energy consumption will be analysed, as 

it is one of the main drivers when taking into consideration GHG emissions. 

Heating and cooling in the residential and commercial/institutional sector, 

combined account for approximately 16 percent9 of the secondary energy use in 

Canada (see Appendix A for a breakdown of Canada’s secondary energy use 

and Appendix B for the distribution of energy use in the residential and 

commercial/institutional sectors). As these factors are the most impactful, energy 

consumption for technologies reviewed in this research will refer only to these 

factors unless specified otherwise.  

In general, sustainable building certification encompasses aspects such as sites, 

water, energy, materials, environmental quality and innovation (Chapter 2). 

When referring to limiting consumption in the building sector, in particularly 

decreasing needs for energy, many aspects can come into play. In order to 

shape a guiding line to this research, energy conservation has been selected. 

One of the goals of this research is to investigate the possibility of significantly 

reducing energy consumption by emphasising conservation. This will be 

reviewed in Chapter 3 where documents’ analysis shows that energy 

consumption is attainable by increasing energy efficiency, for instance by using 

new insulating materials and through passive heating. 

Once energy conservation techniques will have been assessed and highlighted, 

the main goal of this research is to investigate the different sustainable building 

9 Percentage based on Natural Resources Canada (2013) results. 16 percent of the energy is used by the 
residential sector from which 65 percent is linked to heating and cooling (16% x 65% = 10%). 11 percent is 
used by the commercial/institutional sector from which 50 percent is linked to heating and cooling (12% x 
50% = 6%). Combined sectors’ heating, cooling and water heating factors add up to 16 percent. 
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rating systems in Canada and their inclusion or lack thereof of these techniques. 

Hence, the main research questions investigated are:  

1. Do sustainable building rating systems certification schemes in Canada

guarantee that a building is sustainable?

2. Are the energy requirements under the different sustainable rating

systems consistent throughout the different schemes? Do they contribute

to sustainable energy consumption?

3. Do sustainable building certification schemes in Canada cover energy

conservation strategies/requirements to attain higher levels of energy

efficiency? And if so, are they integrated in a manner that highlights them

as priorities?

These questions were answered using mixed methods research design, which 

included a literature review, document analysis and inventory set-up. The 

inventory covered a list of rating systems and of criteria, which were established 

based on boundaries identification (see Chapter 4). 
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1.3 Organisation of Research Documents 

Chapter	  1	  –	  Introduction	  and	  Background	  
Establish	  importance	  of	  research	  in	  an	  environmental	  context,	  aim	  of	  research	  and	  research	  questions.	  

Chapter	  2	  –	  Literature	  Review	  

Analyse	  relevant	  existing	  literature,	  establishing	  key	  
definitions	  and	  background	  for	  research	  topics:	  

• Buildings
• Sustainable	  Design
• Reduce
• Energy
• 3-‐Tier	  Approach:	  Basic	  Building	  Design	  and

Passive	  Systems

Chapter	  3	  –	  Building	  Energy	  Conservation	  Techniques	  

Investigate	  current	  energy	  conservation	  practices	  that	  
focus	  on	  Basic	  Building	  Design	  and	  Passive	  Systems:	  

• Thermal	  Envelope:	  Airtightness,	  Insulation,
Windows,	  and	  Thermal	  Bridges

• Shading
• Passive	  Systems:	  Solar	  Heating	  and	  Cooling.

Determine	  energy	  savings	  linked	  to	  conservation	  
techniques.	  

Chapter	  4	  –	  Methods	  

Establish	  study	  design	  and	  rating	  system	  assessment	  
guide	  (inventory).	  

Conduct	  inventory	  data	  collection	  –	  determine	  themes	  
and	  their	  application	  to	  the	  3-‐Tier	  Approach.	  

Analyse	  rating	  systems	  to	  evaluate	  3-‐Tier	  Approach	  
significance	  and	  applicability	  within	  Canada.	  	  

Chapter	  7	  –	  Recommendation	  and	  Conclusions	  
Propose	  how	  the	  different	  rating	  systems	  could	  incorporate	  general	  energy	  and	  energy	  conservation	  requirements	  
linked	  to	  this	  research’s	  finding	  into	  their	  program.	  	  

Chapter	  5	  –	  Rating	  Systems	  and	  Energy	  Conservation	  

Review	  selected	  Rating	  Systems.	  

Analyse	  Rating	  Systems	  credits	  weighting	  process	  and	  
how	  the	  “Energy”	  category	  is	  incorporated	  into	  each	  
system.	  

Chapter	  6	  –	  Results	  and	  Discussions	  

With	  the	  results	  from	  data	  collection	  and	  literature	  
review,	  evaluate	  how	  the	  Rating	  Systems	  apply	  the	  3-‐
Tier	  Approach’s	  first	  two	  tiers	  into	  their	  program.	  	  

Analyse	  key	  Rating	  Systems	  findings	  with	  regards	  to	  
the	  inclusion	  of	  energy	  conservation	  techniques	  into	  
their	  requirements.	  

Figure	  1.10:	  Organization	  of	  Research	  Documents	  
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 Chapter 2 

 Literature Review 

2.0 Overview 

This chapter outlines the structure to this research project. It explains how 

sustainability is applicable to the building industry and gives a guideline as to 

which aspects of sustainability in the built environment will be covered in the 

subsequent sections. Chapter 2 is a summary of research conducted in the field 

by experts and it covers essential definitions that are necessary as the basis to 

analyse the rating systems studied in this research.  

2.1 Sustainability 

The idea of sustainable development in industrialized nations started more than 

50 years ago. The economist Keneth Eward Boulding raised this concern in 1966 

in his article “The Economics of Spaceship Earth” where he questions the 

feasibility of a never-ending economic growth on a planet with finite resources 

(Smith, 2010).  

Sustainability theory then changed throughout the years based on the publication 

of different reports such as The World Conservation Strategy, The Brundtland 

Report, Johannesburg Declaration, etc. (Smith, 2010). After the United Nations’ 

Brundtland Report (1987), the term “sustainable development” was increasingly 

used in academic works and in governmental reports. Due to the fact that the 
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report put forward a somewhat ambiguous definition of “sustainable 

development” which was easily malleable, it became the most mainstream way 

of seeing the relationship between development and the environment (Baker, 

2006) (Smith, 2010). The Brundtland Report’s definition put the emphasis on 

future generations equity by “meeting the needs of the present without 

compromising the ability of future generations to meet their own needs” (World 

Commission on Environment and Development, 1987). 

However, to attain sustainable development, a more tangible definition needed to 

be instated in order to reach policies that could properly address it. Since the 

term “sustainable development” was greatly criticised due to the fact that the 

word “development” was necessarily understood as increasing economic growth, 

the word “sustainability” was adopted (Smith, 2010). Sustainability from this 

perspective was summarised as three limitations on the production of goods and 

services (Calvert & Calvert, 1999):  

“Sustainable development does not use non-renewable resources 
faster than substitutes can be found, or renewable resources faster 
than they can be replaced; nor does it emit pollutants faster than 
natural processes can render them harmless”.  

Sustainability, as defined above, emphasizes solely the importance of 

environment protection and is referred to as “ecological sustainability” (Smith, 

2010). However, to be all encompassing, sustainability ought to be defined with 

three inter-reliant pillars, also called the “Three Es”: Economic development, 

social Equity and Environmental protection (Baker, 2006) (Smith, 2010) (Social 

Watch, 2011). The pillars of sustainability have been synthesised in a range of 
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different ways such as pillars, concentric circles or interlocking circles (Smith, 

2010) (Social Watch, 2011). Sustainability, in the context of this investigation, is 

an amalgamation of the three converging elements as seen in Figure 2.1; the 

environment, the economy, and the social system.   

Figure 2.1: Sustainability interlocking circles model (Social Watch, 2011)

The interlocking circles model shows that the three goals require to be integrated 

more effectively in a healthy condition open-endedly. This model emphasises the 

fact that protecting the environment ensures a thriving and sustainable economy 

and that higher levels of social justice are required to attain environmental 

protection (Baker, 2006). The three interlocking circles apply to the main topic of 

this research. In order for sustainable buildings to exist, they have to be 

economically feasible. The additional costs put into the construction of such 

buildings have to be covered by the final monetary savings that ensue from the 

energy cutbacks – thereby making them viable. For sustainable buildings to be 

successful and become the standard, they have to be affordable for everyone 

and not only be a high-end product. By emphasizing energy conservation, 
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sustainable buildings rely less and less on expensive technologies to reduce 

GHG emissions. Cutting down on expensive requirements and operations allows 

sustainable buildings to become mainstream – and hence become equitable10. 

Making sustainable buildings more accessible does not automatically result in an 

increase in the desire to adopt them by the population. The positive impact 

sustainable buildings will have on the environment needs to be understood by all 

so that it becomes a priority. By introducing programs to educate the public on 

the advantages of sustainable buildings and by instating the right policies to 

ensure the building industry becomes a sustainable one, sustainable buildings 

become acceptable to the eyes of the general public – they become bearable. 

Buildings need to be sustainable in order to protect the environment, but also for 

the sake of a maintainable economy and for the protection and safety of society. 

If buildings are not sustainable, they will use more energy than necessary, 

thereby creating more GHG and affecting the overall state of this model. 

A major part of this research will be investigating the implementation of 

sustainability-based practices, which is why it is important to set a good definition 

of what it means within the boundaries of this work. As seen above, the term 

“sustainability” has been heavily used in various contexts. Due to the ubiquitous 

use of the word, sustainability as it applies to this research is closely linked to 

Barboza’s (2000) definition: 

“[…] sustainable development means the will to follow a rational 
approach to economic administration and the creation of economic 
policies; to manage public matters efficiently and predictably; to show 
respect for future generations by integrating concern for 
environmental protection into decision-making; and progressively to 

10 Other benefits to society may apply (e.g. GHG emissions reductions, externalities, etc.). 
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evolve towards democracy - the full participation of all concerned 
actors, while taking into account specific local circumstances.”  

The concept of sustainability today extends to a wide range of economical 

sectors. In the future, the concept of sustainability will keep on changing as it 

becomes increasingly used as a base line for decision making. As well, 

technologies and societal mentalities are also evolving. However, as Yanarella et 

al. (2009) explains, the equilibrium required for sustainability between the three 

pillars will never reach a “static end-state” due to the fact that status quo in 

human’s activities does not exist and new realities need to be reassessed all the 

time to reach once more an equilibrium.  

2.2 Sustainable Design 

The first link between design and sustainability appeared in the 1970s where 

researchers were looking for the right balance between “industrial cultures and 

natural surroundings” (Keitsch, 2012). In her article “Sustainable Design: A Brief 

Appraisal of its Main Concepts”, Martina Keitsch (2012) categorizes sustainable 

design concepts under three main criteria: ethics, technology fixes and social 

interaction.   

Ethics play a major role when sustainable design concepts are considered. One 

of the main roles of the designer is articulated around social and environmental 

ethics and how these influence “modern society” (Keitsch, 2012).  As Papanek 

(1997) best explains,  

“There are professions more harmful than industrial design, but only 
a very few ... by creating whole new species of permanent garbage 
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to clutter up the landscape, and by choosing materials and 
processes that pollute the air we breathe, designers have become a 
dangerous breed ... In this age of mass production when everything 
must be planned and designed, design has become the most 
powerful tool with which man shapes his tools and environments 
(and, by extension, society and himself). This demands high social 
and moral responsibility from the designer. It also demands greater 
understanding of the people by those who practise design and more 
insight into the design process by the public”.  

Technology fixes is another criteria, which can be applied to sustainable design. 

This approach started in the 1990s and is often linked to products and/or 

services solutions designed for the environment (Keitsch, 2012). Technology 

fixes structures itself on life cycle assessment. The designers use technology 

fixes to improve products and services life cycle assessments so that every step 

of the production is designed for the environment. The design phase of a 

production process would often be considered as insignificant although the 

decisions made at that stage largely affect the other stages of a product or 

service life cycle (Rebitzer et al., 2004). For example, the design of a house can 

define the energy consumption and emissions per year of usage and has a 

measureable impact on the possible recycling options in the end-of-life phase. 

The user’s approach (i.e. social interaction) has a high influence on sustainable 

design. This criterion is harder to manage, as it tends to change over time. For 

instance, in the 1970s and 1980s, the focus was put towards the user’s physical 

needs and the 1990s catered more to the user’s social and symbolic needs 

(Keitsch, 2012). Another approach is the universal design where “needs, social 

participation and access to goods and services by the widest possible range of 

users” has been (and still is) very popular in the corporate and political scene 



 25	  

(Keitsch, 2012). However, Ezio Manzini brings forward one of the most relevant 

design approaches to social interaction linked to sustainability (Keitsch, 2012). 

His idea is that design should focus on “low material-energy intensity” and “high 

regenerative potential” (closely linked to technology fixes mentioned above) 

combined with personal and social wellbeing (Manzini, 2003 as cited in Keitsch, 

2012). Manzini (2011) suggests that it is the designer’s task to empower societal 

innovations: 

“For me, dealing with the needed sustainable changes that are 
mainly cultural and behavior change, the pivotal moment has been 
when I moved from saying “What can I do to help people change 
behavior?” toward the discovery that a lot of people (even if they 
aren’t yet so visible) had already changed, and in a good way, their 
behaviors. And that therefore, the right question is: “What can I do to 
trigger and support these new ways of thinking and doing? How can I 
use my design knowledge and tools to empower these grass-roots 
social innovations?” (as cited in Keitsch, 2012). 

In summary, sustainable design should include all three criteria in its 

processes: ethics, technology fixes and social interaction. A combined 

approach would contribute to reaching the three pillars of sustainability. In the 

end, the designer’s role is to consider “what is possible by nature and our 

knowledge from the natural science on the one hand and of what is accepted 

or wanted by society on the other” (Hermansen, 2006 as cited in Keitsch, 

2012).  
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2.2.1 Sustainable Design and the Built Environment11 

Buildings are incorporated in societies and undertake a wide variety of functions. 

Whether it is for domestic tasks, industrial operations, administrative work or 

leisure activities, buildings play a predominant role. Not only do they allow for 

humans to have shelter, but they also can promote social advancements (i.e. 

interactions, well-being, productivity, cultural advancement) if designed and 

managed adequately (Yao, 2013).  

Conventionally, the construction industry took into consideration the climate, 

which would allow for superior efficacies and thus, enhanced sustainability. In a 

cold climate, dense structures with small window areas and thick wooden walls 

would be used. The opposite was true in hot and humid climates where buildings 

on stilts with high roofs would be used in order to amplify natural aeration 

(Lechner, 2009). The introduction of cheap fossil fuel and relevant technologies 

has led societies to design the built environment mainly with aesthetics in mind 

rather than efficiencies, which in turn rendered buildings increasingly “energy 

hungry” (Fosket & Mamo, 2009).  

Fortunately, concerns with regards to global warming introduced a new 

philosophy in terms of the built environment where energy consumption 

incorporates elements of assessment based on the impact on the environment 

as well as cost savings schemes. As well, increasingly more building designs are 

following “sustainable green” and “low carbon” strategies, which mainly aim at 

decreasing society’s impact on the planet (Yudelson, 2008).  

11 The “Built Environment” in this research refers solely to buildings. 
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Sustainability by design for the built environment can be approached from four 

different perspectives: reduce, reuse, recycle and regenerate (Lechner, 2015).  

The word “reduce” might be interpreted in different ways, however, within this 

research, it is referred to as the reduction of waste and nonessential practices 

(Lechner, 2015). For example, in Chapter 1 it is mentioned that the floor area in 

a Canadian household has increased by approximately 12 percent while the 

occupancy has decreased by 11 percent. This indicates a total increase of floor 

area per occupancy of 23 percent in ten years. However, this increase in space 

per occupant is not necessary and goes against the present condition of land 

scarcity, energy demand increases and resulting environmental impacts. Having 

bigger spaces to build, to operate and to maintain leads to greater inefficiencies 

and waste. Hence, in order to reach sustainable designs, the main aspect that 

should be analysed is reduction. In the built environment, reduction can lead to 

smaller embodied energy12 per building and will also lead to a decrease of the 

“energy appetite” of buildings.  

Reuse and recycle are also key components of sustainable design. For instance, 

buildings that are deemed unusable should be reused (renovation) or recycled 

(deconstruction) instead of demolished. Renovation is a common practice and is 

now accessible to entrepreneurs who wish to construct sustainable buildings. 

Deconstruction is also a good alternative. It involves taking apart the building and 

recycling its components such as concrete, steel, lumber, etc. and/or reuse 

material that is still in good condition such as windows, doors, bricks, etc. 

12 Embodied energy in the context of this research refers to the sum of energy used to make said 
material and/or building. 
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(Almusaed, 2011). When building materials are sent to the landfill, they not only 

create more refuse, but their embodied energy is completely lost on top of 

requiring additional energy to transport and manage waste.  

Regenerate on the other hand is a practice that is not commonly used. 

Regeneration evolves around the idea that when the earth has been used and 

degraded, ways to regenerate the earth should be found. In the context of energy 

consumption of buildings, generation can be reached through Net Zero Energy 

Buildings (NZEB) whereas regenerate can be achieved through Net-Positive 

Energy Buildings (NPEB). NZEB can be defined broadly as “buildings that 

generate enough renewable energy on site to equal or exceed its annual energy 

use” (Cole & Fedoruk, 2015). Although an NZEB has a lot of similitudes to a 

NPEB, the latter goes a step further by actually “produ[cing] more energy than is 

needed, and exporting it to other buildings or systems, i.e. energy storage 

management or feeding extra energy produced to the grid” (Cole & Fedoruk, 

2015). 

The statistics brought forward in Chapter 1 bring forth an opportunity where 

significant reduction of carbon emissions are possible within the industry of the 

built environment. By ensuring optimised (reduce, reuse, recycle and regenerate) 

urban planning, architectural design, energy supply and demand and buildings 

operation in line with climate realities, GHG emissions can be regulated and 

decreased.  
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Although all four approaches to sustainable design are important, this research 

focuses on energy demands in the built environment in Canada with a focus on 

reduction.  

2.3 Sustainable Buildings 

A sustainable building is projected to yield high performance results throughout 

its entire life cycle (i.e. siting, design, construction, operation, maintenance and 

demolition) in the following areas (Yao, 2013): 

a. Energy and resource efficiency;

b. Cost-effectiveness;

c. Minimisation of emissions that negatively impact global warming, indoor

air quality, and acid rain;

d. Minimisation of waste discharges; and,

e. Maximisation of fulfilling the requirements of occupants’ health and

wellbeing.

A sustainable building by definition will have less impact on the environment and 

on human health, will use significantly less energy and water, will have 

decreased site impacts and will have increased levels of indoor air quality 

(Yudelson, 2010). 

In order to address the growing concern with respect to sustainability in the built 

environment, various organisations have emerged and created different 

schemes, metrics and measures to assess sustainability, which allow entities or 

individuals to rate their “sustainable” buildings based primarily on point systems. 
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There exist a handful of sustainable building rating systems in Canada, which will 

be covered in Chapter 4.  

The various rating systems all use different methodologies in order to establish a 

building’s level of sustainability and their certification levels vary. Nonetheless, 

their foundations are similar and cover relevant aspects of assorted categories, 

which can be coarsely summarised as shown in Figure 2.2.  

Figure 2.2: Sustainable buildings and associated factors. Modified from Yao (2013).

In order to achieve sustainability for a building, one must employ a holistic 

approach. The connection to the environment needs to be established through 

community, occupant health, and wellbeing. Materials sourcing and availability is 

also considered and questions such as: “how to use materials more efficiently; 

how are they sourced; and are they renewable?” are part of the analysis when 

planning sustainable buildings (Yao, 2013). Obviously, energy consumption from 
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the building’s operation plays a major role and is always being decreased in the 

case of a sustainable building.  In the design phase, the “building form” (shape, 

texture, windows, etc.), the “building services” (heating and cooling systems), 

“local climate” and “thermal performance” are all being closely considered to 

optimise energy consumption (Yao, 2013). Likewise, the water usage within the 

building is considered and ways to decrease waste are included in a sustainable 

building. Land use and ecology relates to the idea that natural resources should 

be conserved as much as possible. 

Selected rating systems will allocate more points for certain categories compared 

to others based on their own evaluation of the importance of each category and 

the same applies for each of the sub-categories assigned. For this reason, it is 

challenging to assess and identify which rating system will be most adequate for 

the purpose of one project compared to another. As well, assessing if the rating 

systems used at the design phase are truly achieving what they have been set 

out to achieve brings another challenge, which is often not considered under 

many rating systems (Chapter 5). Moreover, most rating systems have revealed 

to be somewhat difficult to apply in different locations / applications in Canada 

and the points system has also led industry to pursue the rating system based on 

“certification/brand name purposes” rather than real sustainability goals (Basso, 

2012). More often than not, once a rating system has been reached, rarely does 

a follow up on the operation and maintenance of the building occur to verify if the 

sustainability goals have been reached. Therefore, performance is often based 
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on modelling at the design phase and on functional tests during the 

commissioning phase or beyond (Yudelson, 2009).  

On the other hand, there are other certification schemes that exist that more 

comprehensively incorporate the energy use of a building as it has been seen 

that this is the primary issue that is of interest to the industry (Yudelson, 2008). 

Indeed, a select number of organisations have focused their work towards 

minimising energy consumption only (Chapters 4 and 5).  

As many rating systems exist all using varying metrics, it is also problematic to 

compare sustainable buildings between the different rating systems. Further 

analysis of the different rating systems and their approaches will be studied in 

Chapter 5 and 6 of this research.  

2.4 Energy Usage and Building Services 

As seen in Chapter 1, buildings in Canada produce over 30 percent of the GHG 

emissions. Space heating and cooling are the major contributors to energy 

consumption and therefore, GHG emissions. Hence, the impact these building 

services have can be very significant and are one of the main aspects that need 

to be looked into with an overall goal of reducing the rate of global warming. 

Although a building can only be certified “sustainable” if it achieves milestones 

within all the factors shown in Figure 2.2 (as the major GHG impact stems from 

energy consumption in the building industry), the following sections and chapters 

will cover energy usage linked to building services only.  
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When investigating energy consumption specifically, efforts should be primarily 

put towards eliminating waste and reducing needs by rethinking the way 

buildings are designed within a specific location and climate (Soares Gonçalves, 

2010). For that reason, it is crucial in the design phase to consider the 3-Tier 

Approach (see section 2.4.1) in order to ensure that all methods to reduce 

energy needs have been considered, analysed and applied before considering 

how the energy will be supplied.  

2.4.1 The 3-Tier Approach and the Concept of Passive Design 

When reviewing design for energy usage in sustainable buildings, three major 

approaches should be considered (Figure 2.3):  

a. Basic Building Design;

b. Passive Systems; and,

c. Mechanical Equipment.
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Figure 2.3: 3 Tier-Approach to sustainable heating, cooling and lighting of buildings. Modified from 
Lechner (2015)

The basic building design is located at the core of the 3-Tier Approach as it is the 

backbone of a sustainable design and should be contemplated earlier in the 

design stage to maximise the efficacies of Tier 2’s passive systems. By 

establishing an efficient architectural design, which emphasises on conditioned 

air retention and heat avoidance, a building’s energy use can be reduced by up 

to 60 percent depending on the geographic location of the building (Lechner, 

2015). These building design values are reached by decreasing heat loss in 

colder climates, decreasing heat gain in hotter climates and by using efficient 

lighting. Conditioned air retention (heat retention or heat rejection depending on 

the climate and/or the time of the year) can be achieved with appropriate thermal 

building envelope, which optimises insulation and air tightness to benefit from 

internal gains and external gains. Heat avoidance (or heat harvesting depending 

on the local climate) on the other hand is mainly achieved through planned 

building orientation and shading (Short & Yao, 2013).  
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As the first step of the 3-Tier Approach is completed, passive systems can be 

included in the design to limit dependence on mechanical equipment. Systems 

using passive heating, passive cooling and daylighting can contribute to 

minimising energy consumption by as much as 20 percent depending on local 

climate (Lechner, 2015). Passive systems by definition use passive techniques 

and natural energies such as passive solar approaches and natural ventilation to 

heat, light and cool a building. With a good passive system that takes into 

consideration local diurnal and seasonal weather variations and occupancy 

trends, it is possible to decrease the reliance on building services as the heating, 

cooling and lighting loads are minimised (Short & Yao, 2013). Common passive 

techniques and/or natural energies include the following, which will be reviewed 

further in Chapter 3 (Lechner, 2015): 

a. Passive Solar Heating: Direct gain, trombe wall; and,

b. Passive Cooling: Cooling with ventilation and earth cooling.

The last level of the 3-Tier Approach covers the mechanical equipment, which 

ideally would be used only to complement the designed systems discussed 

above. The equipment used in a sustainable building should be as efficient as 

possible to limit GHG emissions. At this stage, energy savings can reach eight 

percent with high performance systems (Lechner, 2015). Main systems that 

should be considered would be: renewable energy, geo-exchange, photovoltaic 

and active solar. These techniques will not be discussed in the subsequent 

sections, as they will not be reviewed in this research paper. 
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In summary, as most of the energy demand can be reduced using primarily Tier 

1 and Tier 2 mentioned above, this work will focus only on those tiers. The 

techniques mentioned in Tiers 1 and 2 will be discussed further in Chapter 3. 

2.5 Summary 

Sustainability as a definition has the overarching goal of ensuring that today’s 

society actions do not affect the ability of other societies to exist, whether it is in 

the present or in the future. It ensures that human’s activities are not auto-

destructive and can be supported in an open-ended cycle of renewability. 

Without sustainability dictating the way future populations feed, shelter and 

transport themselves, life, as it is known today, cannot be supported by earth’s 

carrying capacity.  

Sustainability is a holistic approach that aims at combining the economy, the 

environment and the society in a whole that evolves through time. In a world 

where the word “sustainability” is overused, it was crucial to define how it applied 

in the context of this research. Sustainability in the urban context can be applied 

to different industries such as: transport, buildings, planning, waste and social 

interaction. The goal of this research is to tackle ways to decrease one of the 

main culprits associated to GHG emissions: buildings. As mentioned in Chapter 

1, because GHG emissions are in part due to the building industry, sustainability 

for the purpose of this project is studied with a focus on buildings. 

Buildings are complex and the way sustainability concepts are applied to them 

varies from project to project. When considering sustainability as a driving 
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strategy for a building, the design is the important aspect that needs to be 

planned as it dictates the way a building will be constructed, operated and 

maintained. Four main strategies can be applied when reviewing a design: 

reduce, reuse, recycle and regenerate. As the industry does not offer efficient 

enough systems that can support sustainable operations, this research will focus 

on “reduce”. With a reduction on building services demand, sustainability 

becomes a possible goal instead of being an insurmountable one.  

Many aspects need to be taken into consideration when a building is designed in 

a sustainable way. Material, water, site, energy, health and community are all 

aspects that need to be coordinated harmoniously within a building design to 

reach a full sustainable outcome. Although material, water, site and energy all 

need to be reduced as much as possible and community and health have to be 

optimised to reach a possible sustainable goal, this research will focus solely on 

operational energy (energy needed for the building services) as it is the main 

reason why buildings emit high levels of GHG.  

In order to reach improved energy conservation levels, the 3-Tier Approach is 

suggested in this research. This model advocates that energy minimisation 

should first be attained with efficient building design and appropriate passive 

systems. These approaches will be reviewed in the next chapters.  

This chapter has covered a wide variety of concepts and definitions. Figure 2.4 

below summarises the different concepts and how they are linked together. The 

framed section of Figure 2.4 shows the topics that will be covered in the 

subsequent sections. 
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Figure 2.4: Research’s definition, concepts and approaches and their organisational structure

2.6 Applicability  

This research aims at showing that sustainability is achievable in the building 

industry. In order to do so, a comprehensive definition of “sustainability” had to 

be elaborated and a common understanding of what it encompasses was put 

forward. 

As there already exists in Canada different entities that have set-up ways to 

design and build sustainable buildings with the use of different rating systems, 

this research will look at the effectiveness (or ineffectiveness) of current 

strategies, how energy requirements are incorporated into each rating scheme 
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and identifying if energy conservation techniques have been incorporated into 

their approach.  
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 Chapter 3 

Building Energy Conservation Techniques 

3.0 Overview 

Energy consumption in the building industry arises from the need to carry on 

everyday activities in a comfortable and safe environment. Creating a 

conditioned setting includes maintaining the air inside at different temperatures, 

humidity and air quality from the outside climate, using energy to heat water 

and/or to light our environment. Populations have sustained artificial living 

conditions in a wide variety of climates for hundreds of years. Likewise, the 

amount of energy required to create such living conditions depends on the 

following factors: local climates, building designs and accessibility to passive 

energy. As reviewed in Chapter 2, the 3-Tier Approach is at the core of this 

research and techniques in line with this approach will be reviewed in this 

section. This chapter will introduce the main energy conservation concepts and 

techniques available under basic building design and passive systems (Chapter 

2). It will assess how those techniques contribute to decreasing needs in building 

loads13, thereby providing for populations’ energy needs at lower costs and lower 

environmental impact. As this research will focus on a Canadian context, the 

local climates considered in this chapter are those found in Canada. Note that 

13 Building load represents the amount of energy needed to provide a building with a set temperature and 
humidity level in order to achieve thermal comfort for the occupants. 
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this section and subsequent ones will use the Metric System (The International 

System of Units – SI) instead of Inch-Pound units (I-P). 

3.1 Basic Building Design 

Figure 3.1 – 3-Tier Approach to sustainable heating, cooling and lighting of buildings. Modified from 
Lechner (2015). 

As seen in the 3-Tier Approach pyramid (Figure 3.1) and as explained in 

Chapter 2, basic building design is the core step that needs to be optimised with 

an emphasis on heat retention, heat rejection and heat avoidance strategies. 

3.1.1 Conditioned Air Retention 

When considering heat retention and heat rejection (conditioned air retention) 

options, the most obvious course of action includes ensuring a building has an 

airtight thermal envelope (thermal resistance), an optimised insulation based on 

local climate and minimised heat bridges. While a balance between a super-

airtight or super-insulated envelope and health and safety within a building 

should be prioritised, this research aims at solely investigating ways to conserve 

energy. Advanced ventilation with heat-recovery systems ensure a balance 
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between the two antipodes, but will not be covered within the scope of this 

research.  

In order to understand the aforementioned techniques and to choose the right 

course of action in any given project, it is crucial to first understand how heat loss 

and heat gain are introduced in a building and how they may affect the overall 

basic building design.  

Conditioned air retention may require more energy if heat loss and heat gain is 

present in the winter and in the summer respectively. Likewise, the amount of 

heat (sensible14 or latent15) added or removed from inside a building to provide 

thermal comfort is “directly proportionate to the difference in inside and outside 

temperature and humidity” (Winnett, 1996). When heat is lost for instance, the 

impact is directly linked to the building load (heating load) and will affect energy 

efficiencies as more heating will be required to reach temperatures that are 

comfortable to live/work in.  

3.1.1.1 Heat Loss 

Typically, heat loss is present in buildings due to transmission, infiltration and 

ventilation as shown in Figure 3.2. (Winnett, 1996).  

14 Sensible heat is the amount of heat required to change the temperature of a body without any phase 
changes. 
15 Latent heat is linked to changes in phase between solids, liquids and gases.  



 43	  

Figure 3.2: Building Heat loss (Lechner, 2015)

Transmission is defined by the exchange of energy, in this case heat, through 

materials that are at different temperatures. Heat transfer occurs due to a 

combination of conduction, convection and radiation. Transmission is usually a 

function of the area, the temperature difference between outside and inside and 

the thermal properties of the building envelope (Lechner, 2015):  

Transmission heat loss rate = (area) x (temperature difference) / (total 
resistance) 

Equation 1 

HL = A x (Ti – To) / RT 
Or 

Equation 2 

HL = U x A x (Ti – To) 

Where U is the heat-flow coefficient:  

Equation 3 

U = 1 / RT 
And where:  
HL is the heat loss rate: Watts  
A is the area: m2 
Ti is the indoor design temperature: °C  
To is the outdoor design temperature: °C 
RT is the total resistance: m2 (°C) / W  
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Consequently, minimising a building’s area, avoiding temperature differences 

across walls and providing high levels of thermal resistance (insulation) can 

decrease heat transfer (Lechner, 2015).  

Infiltration is the unintentional entry of non-conditioned air into a building which 

typically occurs through joints around the building, cracks on the edges of the 

windows and doors and/or other openings in the thermal envelope (Winnett, 

1996). As infiltration is not planned and normally consists of unconditioned air, it 

can create important discomfort for the building’s occupants and can be 

responsible for significant building loads (Winnett, 1996). Heat loss linked to 

infiltrations is a function of the amount of cold air that penetrates a building and 

the difference in temperature between inside and outside the building. Heat loss 

due to infiltration can be calculated with the air-change method (Lechner, 2015): 

Infiltration heat loss rate = (constant) (air changes per hour) x (volume) x (Ti – To) 

Equation 4 

HL = (0.005) x (ACH) x (V) x (Ti – To) 
Where: 
HL is the heat loss rate: Watts 
ACH is the air changes per hour  
V is the volume: m3 
Ti is the indoor design temperature: °C  
To is the outdoor design temperature: °C 

Infiltration rates are normally measured using a blower-door test (DeGaspari, 

2003). This technique involves the pressurization of a structure and then 

quantifying the needed airflow to sustain the set pressure inside the construction 

(DeGaspari, 2003).  
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Fresh air needs to be brought into the building to replace the stale inside air. For 

recent high-efficiency buildings, infiltration rates during the winter months can be 

as low as 0.5 ACH, while in older homes (loose building envelope) the infiltration 

rate can be higher than 1.3 ACH (ASHRAE, 2009). During the summer months, 

those values can be decreased by 30 percent (Lechner, 2015). However, if the 

infiltration rates are low, ventilation needs to be used in order to maintain air 

quality levels. Similarly to infiltration, ventilation also brings a load to the building 

and hence the air that comes in needs to be heated or cooled depending on the 

season. Equation 4 can also be used to calculate the heat loss from ventilation. 

Fortunately, as ventilation is a controlled way of bringing air inside a building, it is 

possible to use heat recovery systems in order to minimise heat load (Cotterell & 

Dadeby, 2012). 

3.1.1.2 Heat Gains 

Conditioned air retention for occupants’ thermal comfort and for decreased 

building loads are fundamental. However, the efforts put forward to maintain a 

comfortable temperature within a building can easily be offset. Heat gains can be 

very similar to heat loss principles as cooling loads in the summer can occur 

through transmission, infiltration and ventilation. Nevertheless, there are other 

sources of sensible heat that need to be considered when calculating a cooling 

load. Such heat gains can be divided into two categories: internal heat gains and 

external heat gains. Internal heat gains are normally produced by the building’s 

occupants, the lighting system and the HVAC systems whereas external loads 
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will come from solar radiation through the windows or through opaque surfaces 

such as walls and roofs as shown in Figure 3.3.  

Figure 3.3: Sources of sensible and latent heat gain (Lechner, 2015)

3.1.1.2.1 Internal Heat Gain 

Internal gains refer to the heat produced by internal heat sources such as people, 

lighting and machinery/appliances. The heat produced internally can be sensible 

or latent and can create energy needs’ reductions in the winter and increased 

cooling loads in the summer (Cotterell & Dadeby, 2012) (Firlag & Zawaba, 2013). 

Internal heat gains can be responsible for 20 to 65 percent of the building load 

depending on the activities undertaken in the building and on the thermal 

properties of the building (Firlag & Zawaba, 2013).  

In most of commercial buildings and in many residential homes, one of the 

biggest sources of internal heat gains is the human body (ASHRAE, 2009) 

(Cengel, 2006). On average, a man will generate 108 watts (W) of heat while 



 47	  

doing basic activities such as reading, typing and writing (Cengel, 2006). The 

metabolic energy produced by the human body is transferred to a building via the 

skin and the lungs: latent heat through evaporation and sensible heat mainly 

through convection and radiation (Cengel, 2006). Although evaporation, 

convection and conduction heat losses from the human body are considered 

instantaneous, heat transfer via radiation on the other hand will be dependent on 

the thermal storage properties of a building (ASHRAE, 2009) (Cengel, 2006). 

This means that the radiations emitted by the human body are transferred to the 

building’s surfaces and re-radiated at a later moment.  

Lighting is another major heat gain buildings are exposed to and needs to be 

included in the calculation of cooling load (ASHRAE, 2009) (Duthu & Rome, 

2013). The lighting load can fluctuate at any moment and is not directly 

proportionate to the energy supplied instantaneously to the lighting system and 

may vary greatly from the actual instantaneous cooling load (ASHRAE, 2009) 

(Duthu & Rome, 2013). Similarly to the human body, heat transfer from a light 

can occur mainly through convection and radiation and insignificantly through 

conduction (ASHRAE, 2009) (Duthu & Rome, 2013). This will occur for any type 

of lighting technologies, but the fraction of the type of heat transfer will vary from 

one type of light to another (ASHRAE, 2009) (Duthu & Rome, 2013). It can be 

expected that 100 percent of the lighting power is converted to heat gains. 

Nevertheless, it is essential to acknowledge that, just like the human body, the 

convective heat transfer represents an instant heat gain, whereas heat in the 

form of radiation is considered delayed as it is transferred to the surrounding 
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surfaces (ceilings, walls, furniture, etc.) (ASHRAE, 2009) (Bruning, 2004) (Duthu 

& Rome, 2013). Consequently a lighting system can emit heat gains in a building 

a long time after the lights have been turned off.  

Equipment and appliances will also play a role in the overall cooling load in a 

building as the electric motors that drive them produce heat. Heat gains related 

to electric motors are typically transferred through radiation and convection 

(ASHRAE, 2009). Instantaneous sensible heat gains are calculated based on the 

motor’s efficiency, motor’s use factor and motor’s load factor. Although heat 

gains are directly linked to a motor’s power rating (highest level of power 

delivered by the motor at full load), most motors will operate at different load 

levels during a set period of time (ASHRAE, 2009). To take into consideration 

this reality, the motor’s load factor will allow for an adjustment of the actual load 

exercised on a motor. The cooling load should also take into consideration the 

heat produced by the appliances and the equipment themselves.  

3.1.1.2.2 External Heat Gain 

Similarly to internal heat gain from human bodies, lights and machines, different 

external elements can be responsible for cooling loads. External heat gains have 

various “entry modes” and characteristically will mainly include solar radiation 

through glazing and heat conduction through exterior surfaces (ASHRAE, 2009). 

As seen in Figure 3.3, most external gains are linked to the sun and can create 

instantaneous or delayed temperature fluctuations. Incident radiation on a 
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surface can be reflected, absorbed or transmitted and its impact will vary 

depending on the tilt angle and azimuth of the receiving surface, the opacity of 

the surface and the direct radiation and diffuse irradiance of a specific location 

(ASHRAE, 2009).  

Solar radiation through glazing is one of the main direct external heat gains. 

Those heat gains can occur through transmission and absorption as seen in 

Figure 3.4.  

Figure 3.4: Visualisation of overall heat gain through a window (GreenSpec, 2015) 

Heat gain through transmission (primary transmittance, directly through the 

glazing) is calculated as a function of the area of the window, the solar heat gain 

factor (SHGF) and the solar heat gain coefficient (SHGC) (ASHRAE, 2009). The 

SHGF is calculated based on the “latitude and orientation of glazing, time of year, 

and time of day” (Lechner, 2015). Whereas the SHGC represents the level of 

shade from different “glazing type, trees, shading devices, etc.” (ASHRAE, 2009). 

SHGC is a specific value attributed to a transparent surface and is normally 

indicated by the window’s manufacturer (ASHRAE, 2009). The calculation for 
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solar gain through glazing can be done with the following formula (Lechner, 

2015):  

Rate of solar heat gain through glazing = (area) x (solar heat gain factor) x (solar 
heat gain coefficient) 

Equation 5 

HG = (A) x (SHGF) x (SHGC) 
Where: 
HG is the rate of solar heat gain through glazing: Watts 
A is the actual glazing area: m2 
SHGF is the unit solar heat gain: W/m2 
SHGC is the solar heat gain coefficient: no units 

Windows can also produce heat gain due to the temperature differences between 

outside and inside. This heat gain absorption (secondary transmittance via 

convection and radiation) can be calculated the same way as heat loss is 

calculated (see Equations 1 and 2).  

Heat conduction through walls and roofs is linked to opaque surfaces heating. 

Different colours will have different rates of heat absorption/reflectivity (albedo) 

where darker colours can get very hot. The type of material used may also play a 

role in determining the true temperature difference. With higher thermal mass 

indices, the temperature differential will increase (Lechner, 2015). The total heat 

differentiation, which takes into account albedo and thermal mass, is called 

design equivalent temperature difference (DETD).  

Knowing about the heat gain a building is exposed to, helps in determining the 

heating and cooling loads in winter and summer respectively. Although it is 

suggested in the ASHRAE Handbook of Fundamentals (2009) to use 
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conservative assumptions when calculating heating loads by overlooking the 

heat gains, more and more entities are suggesting using thermal planning in the 

basic design phase of a building to optimise heat gains in the winter and 

minimise them in the summer (see section 3.2.1).  

For further information on heating and cooling loads sources and calculations 

methodologies, the reader can refer to the ASHRAE Handbook of Fundamentals.  

3.1.1.3 Thermal Envelope 

Both, internal and external gains influence a building load as much as the design 

of the building itself. Building material and envelope are crucial in predicting a 

building’s energy efficiency. A thermal envelope includes all the external parts of 

a building that surround acclimatized spaces from which heat can be lost or 

gained from outside (Winnett, 1996). Thermal envelope can include doors, 

windows (glazing), ceilings, walls, roofs and foundations and is intended to keep 

the conditioned air within the building to limit reliance on heating, ventilation and 

air conditioning (HVAC) equipment while providing optimal occupant’s thermal 

comfort. 

Airtight envelope has revealed to be the most influential aspect when it comes to 

energy conservation especially in cold climates. Air leakages can be a major 

source of heat loss in the winter and simply reducing the uncontrolled amount of 

airflow through holes in the building envelope can have tremendous effects on 

energy efficiencies (Anonymous, 2008). With a proper building envelope, air 
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infiltrations within an energy efficient building should not be higher than 1.5 ACH 

at 50 Pascal (Pa) and can be measured with a blower-door test as mentioned in 

section 3.1.1.1  (Rocher, 2011). This allows for higher thermal comfort within the 

building and is highly cost effective with a heat recovery ventilation system 

(Rocher, 2011). In order to guarantee airtightness within a building, the main 

foreseeable issues need to be addressed during the design phase, identifying 

location of “discontinuities” in the envelope to ensure that the envelope does not 

have any holes around the conditioned air (Anonymous, 2008). Leakages 

associated with a building can come from different components such as 

(ASHRAE, 2009): 

Table 3.1: Thermal Envelope: percentage of building leak associated with 
building components 

Percentage of building leak associated with building components 
Walls 18-50%
Ceiling details 3-30%
Forced air heating and/or cooling systems 3-28%
Windows and doors 6-22%
Fireplaces 0-30%
Vents in conditioned spaces 2-12%
Diffusion through walls <1% 

Insulation refers to material’s thermal conductivity. Insulation techniques, which 

include a combination of insulation material that can improve the building thermal 

envelope resistance, have shown to be efficient and durable ways to decrease 

energy consumption (Verbeeck & Hens, 2005). The reasons why insulation is the 

most important aspect when considering energy efficiencies after airtightness are 

(Wang et al., 2014):  
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a. It allows for energy savings both in the summer and in the winter;

b. It is a fairly inexpensive technique;

c. It brings higher thermal comfort within a building by increasing the mean

radiant temperature (MRT)16; and,

d. It typically uses very durable materials.

“In general, “the more insulation the better” is a good principle to start with” 

although that strategy follows the “law of diminishing returns” as it is observed 

that each time insulation is doubled, the heat loss levels should be decreased by 

half (ASHRAE, 2009) (Lechner, 2015). There is a wide variety of insulation 

material available and the selection for a specific project should depend on the 

local climate and the part of the building for which the insulation will be used 

(ceiling, walls, floor, slab edge, basement, etc.).  

In order to evaluate if a thermal envelope is efficient or not, its thermal resistance 

needs to be determined. Simply adding the resistance of each component used 

in the building envelope results in the overall thermal resistance of a built 

structure (ASHRAE, 2009): 

Equation 6 

RT = ΣR = R1 + R2 + R3 … 

R1, R2, R3 is the thermal resistance of each component 

Where 

RT is the total resistance of construction detail in R-value: 

16 The mean radiant temperature (MRT) is the added effect of the temperature and angle of exposure of all 
façades in sight at any location (Lechner, 2015). 
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Equation 7 

R = (m2) x (°C) / W 

In the industry, the thermal properties of a building (or subparts) are quantified by 

a U-coefficient (heat flow/transmittance coefficient). The U-coefficient is the 

reciprocal of the R-value (thermal resistance). The formula below shows how the 

U-value is calculated (ASHRAE, 2009):

Equation 8 

U = W / (m2) x (°C) 

Where  
U is the heat flow coefficient of the construction detail in U-value (see Equation 3) 

When considering a building’s insulation, windows may become a major barrier 

to a low overall U-value. Many factors such as design, orientation, placement, 

and installation quality will influence the loads applied on a building by its 

windows. Commonly, windows are made of glass, which by itself transmits 75 

percent of the incident solar radiation and 85 percent of the visible light 

(ASHRAE, 2009). “Although double glazing is about twice as good as single 

glazing in stopping heat flow, it is still only about one-ninth as effective as an 

ordinary insulated stud wall” which is why glazing design should be carefully 

planned (Lechner, 2015). When calculating the heat flow across a window, three 

distinctive areas of the fenestration are considered: frame, edge of glass and 

center of glass (ASHRAE, 2009). As there is a range of different materials used 

for each component, the heat transfer properties will be distinct for each 
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component. The total heat loss is then the sum of each section, and can be 

written in terms of the window’s total U-value (ASHRAE, 2009): 

Equation 9 

U = UcgAcg + UegAeg + UfAf / Apf 

Where, 
U is the heat flow coefficient 
Ucg is the U-value of the center-of-glass 
Acg is the area of the center-of-glass 
Ueg is the U-value of the edge-of-glass 
Aeg is the area of the edge-of-glass 
Uf is the U-value of the frame 
Af is the area of the frame 
Apf is the projected area 

Since the higher the area, the higher the thermal resistance, adding glazing 

panes to a window (double-, triple- or quadruple-glazing) will increase its thermal 

resistance (Jelle et al., 2012). Fenestration with double pane and more will 

include many components: glazing unit, spacer, sealants, cavity space and 

framing (see Figure 3.5) and all these components will also have a role in the 

energy transfer (Jelle et al., 2012).  
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Figure 3.5: Double-glazing unit construction detail (ASHRAE, 2009) 

As transparent surfaces have low thermal resistance, the desiccated cavity 

space and the window coating will influence the movement of heat. The airspace 

present between the windowpanes is typically filled with dry air, but the thermal 

resistance of the space can be improved if argon, krypton or xenon is used 

(krypton has a higher thermal property than argon and xenon a higher thermal 

property than krypton) (Jelle et al., 2012). Heat transfer minimisation can also be 

achieved by increasing the thickness of the air gap between panes. However, 

empirical studies have shown that a thickness below 13 millimeters is optimal 

(ASHRAE, 2009). Window coating can also improve the thermal resistance of a 

window and can be adapted depending on the local climate (Jelle et al., 2012). 

For a cold climate, low-emissivity (low-e) coatings, which conduct solar radiation, 

but mirror long-wave infrared radiation to keep the heat inside, can be used (see 

Figure 3.6) (Jelle et al., 2012).  
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Figure 3.6: Depiction of low-e coating (Lechner, 2015) 

The window frame, which includes all components except the glass, also affects 

the U-value of the window. For that reason, it is often difficult to evaluate the U-

value of window frames because they are made of a wide variety of materials 

(i.e., wood, aluminum, vinyl, and fiberglass), and encompass numerous design 

techniques (Jelle et al., 2012). With multiple pane windows, the glass is held 

apart with a spacer. These spacers are thermal bridges that significantly 

influence heat transfer through the window (Jelle et al., 2012). For instance, 

metallic spacers such as aluminum and steel will result in increasing the U-value 

of a window and the ones made of foam, fibreglass and tape mastic will perform 

better (Jelle et al., 2012). Although windows do not have low U-values, they often 

result in overall heat gain during the cold months because the heat gain in the 

day exceeds the heat loss from the night. Since windows provide heat gains, 

their U-values represents more than the ones from opaque walls: a wall with a U-

value of 0.01 would be equivalent to a south-facing window with a U-value of 
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0.25 (Lechner, 2015). This means that the strategy of minimising windows in cold 

climates does not necessarily hold true anymore with higher glazing 

performances. 

Although low in total surface in a building, thermal bridges can bring significant 

heat loss and heat gain into a building (Capozzoli et al., 2013). A thermal bridge 

is a surface of the building components that has higher thermal conductivity than 

the other parts surrounding it, that leads to a decrease of the efficacy of the 

overall building insulation (Gorse, Johnston & Pritchard, 2013). In this case, the 

heat or the cold from the inside-conditioned air exits the building envelope where 

discontinuities exist – through paths of least resistance and hence increase the 

overall U-value of a building as seen in Figure 3.7 (Gorse, Johnston & Pritchard, 

2013).  

Figure 3.7: Depiction of thermal bridge (Building Science Corporation, 2007)

“Even if the actual construction presents high insulation levels, the heating need 

can be 30% higher than the one calculated without taking into account the 

thermal bridges effects” (Capozzoli et al., 2013, p. 229). Capozzoli et al. (2013) 
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report that thermal bridges can impact a building’s energy needs between 

approximately 10 and 70 percent depending on climate and methods used. 

Typically, thermal bridges can occur in two main ways: point and/or linear. As 

point thermal bridges (chi-value χ) affect a building’s energy efficiency marginally 

(unless they are triggered by material with good conductivity), these are usually 

not a concern (Cotterell & Dadeby, 2012). On the other hand, linear thermal 

bridges are caused by the geometric form of the building itself or by the 

construction methods:  

“They often occur where a length of one building element or material 
meets another – for example, where a wall meets a floor, roof or 
window. They can also exist within a wall or other building element – 
for example, where poor installation has left a gap between the 
edges of two pieces of insulation.” (Cotterell & Dadeby, 2012) 
 

The Psi-Value (Ψ), which calculates the energy that goes through the length of 

material, is used to compute the heat loss through linear thermal bridges in a 

building.  

Equation 10 

Psi Ψ = W/mK 

Where, 
W is the Watts 
m is the linear meter of the thermal bridge 
K is the degree kelvin 
 

In order to improve energy conservation, a better design of the building, which 

minimises thermal bridges and optimises continuous unbroken building envelope 

is desirable. Minimising thermal bridges can be done by rethinking the framing 

components with “careful design or ‘architectural detailing’ of building junction” 

(Cotterell & Dadeby, 2012). For example, this can be achieved by installing 
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bigger studs at higher intervals since the goal is to minimise building junctions 

(Lechner, 2015).   

3.1.2 Heat Avoidance 

The area of fenestration and the shading devices used for heat avoidance play a 

major role in a building’s overall energy consumption. Windows have been used 

increasingly in the past decades in order to increase daylight and views for 

occupant’s comfort. However, this reality comes with a downside, with enlarged 

glazing, cooling and heating loads may increase. Shading devices can be 

characterized as either external or internal depending on whether the device is 

placed on the inside or outside of the building. The most efficient approach to 

block the solar radiations is by using exterior shading devices. As mentioned by 

Palmero-Marrero & Oliveira (2009), the best way to avoid heat is to block solar 

radiations before they can actually hit the window glass. In fact, the use of 

exterior fixed- or movable-shading devices can reduce solar heat gains by as 

much as 80 percent in the summer (ASHRAE, 2009) (Palmero-Marrero & 

Oliveira, 2009). One of the most common examples of external shading is a roof 

overhang. A well-sized overhang will block the sun during the summer months 

when it is high in the sky and allow light to come in during the winter when the 

sun is lower. Indeed, in the northern hemisphere, exterior horizontal shadings 

can be very efficient during late spring, summer and early fall on the south, 

southeast and south-western sides of the building due to solar incidence angles 

(Palmero-Marrero & Oliveira, 2009). For all exterior shading devices, it is 
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important to consider the building’s geometry with regards to the changing 

position of the sun to evaluate the times and levels of direct sunlight exposure 

(Kim et al., 2012). The capacity of an exterior shading device to divert sunrays 

will depend on the shape of the device itself as well as the shadow-line angle 

(Kim et al., 2012). When designing for south shading, the full shade line should 

be drawn from the windowsill at the sun angle for the end of the overheated 

period. Likewise, the full sun line should be drawn from the window head at the 

sun angle for the end of the under heated period as shown in Figure 3.8 (Kim et 

al., 2012). 

Figure 3.8: Depiction of full shade line (Lechner, 2015) 

As the windows facing east, west and north usually do not get a lot of sunlight 

and cannot be properly shaded in the summer, it is preferable to avoid using 

them as much as possible in the northern hemisphere (Lechner, 2015). Or, if 
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they are required, the windows on the east and west facade can be designed to 

face south (in the northern hemisphere) as shown in Figure 3.9.  

Figure 3.9: Designs solutions for windows on the east and west façades (Lechner, 2015) 

Internal shading devices can also be used for daylight control and for solar gains 

management. Internal shading can reduce cooling loads by as much as 20 

percent annually (Lechner, 2015). In the summer the devices work by reflecting 

sunlight back out of the window easing cooling loads. During the cooler months, 

the drapes form an air layer between them and the glazing surface, adding to the 

window’s insulation (Lechner, 2015). The added insulation lowers the U-value 

and hence eases heating loads. The internal shading devices ideally should be 

used to complement the exterior shading devices as they can provide an extra 

barrier on particular hot days and when the sun line bypasses the outside 

shading devices (Almusaed, 2011). It is important to note that shading devices 

such as overhangs require no user operation. On the other hand, the 

performance of devices such as drapes relies heavily on users input and may 

affect energy conservation efficiencies. 
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3.2 Passive Systems 

Figure 3.10 - 3 Tier Approach to sustainable heating, cooling and lighting of buildings. Modified from 
Lechner (2015).  

Passive systems fall under the Tier-2 Approach, which focuses on Natural 

Energies and Passive Techniques. Although there exists a wide range of passive 

systems/techniques, the following have been shortlisted:  

1. Passive Solar Heating

a. Direct gain

b. Trombe wall

2. Passive Cooling

a. Cooling with ventilation

b. Earth Cooling
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3.2.1 Passive Solar Heating 

When referring to passive systems for heating, sun radiations are typically used 

as a source of natural energy. Natural Resources Canada’s (2014a) definition of 

passive solar technologies is as following: 

“Typically, these involve the strategic location of buildings and 
various elements of these buildings, such as windows, overhangs 
and thermal masses. Such practices take advantage of the sun for 
lighting and space heating to significantly reduce the use of electrical 
or mechanical equipment. Solar energy can be harnessed only 
during the day and only if the sunlight is not blocked by clouds, 
buildings or other obstacles.”  

The “strategic location of buildings, … windows, overhangs and thermal masses 

… to significantly reduce the use of electrical or mechanical equipment”, is at the 

centre of the following section and should be emphasised to reach efficient 

sustainable designs. 

When using the sun to heat a house, the greenhouse effect often comes into play 

to trap the heat inside buildings. Glass transmits 75 percent of the incident solar 

radiation and 85 percent of the visible light (section 3.1.1.3). Objects (wall, floors, 

furniture, etc.) inside the house then absorb the radiation and re-radiate long 

wave infrared at different time intervals depending on their heat-storage 

capacities and on their overall mass (Almusaed, 2011). Long wave infrared 

radiation exchange is important for passive heating applications as they cannot 

be transmitted through glass (greenhouse effect) and hence, heat up the interior 

as seen in Figure 3.11.  
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Figure 3.11: Depiction of trapped re-radiated long wave (Reardon, 2013) 

The amount of heat re-radiated inside is dependent on the thermal properties of 

the exposed objects. When used efficiently, passive solar heating can contribute 

to increasing the occupants’ comfort and decreasing energy consumption 

(Almusaed, 2011). When using passive solar heating, there are two main 

techniques that can be used: direct gain and trombe wall. 

Direct gain is the simplest and most efficient way to use solar gains. It typically 

consists of using a larger amount of south-facing windows in a well-insulated 

building  (Bansal et al., 1994). From Victoria to St-John’s, direct gain and trombe 

walls (discussed below) in buildings with high performance thermal envelopes, 

can contribute between 60 and 77 percent of the heating load (Lechner, 2015). 

This is achieved by positioning a building’s windows in the right direction so that 

the inside can be heated with straight sunlight radiation. Sun radiation are 

absorbed by the internal thermal mass and transformed into heat; this heat is 

then released during the night (thermal lag17) when the temperatures fall down as 

seen in Figure 3.12 (Bansal et al., 1994).  

17 Time required for the heat to be re-transmitted into the building. 
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Figure 3.12: Depiction of direct heat gain during daytime and night-time (Lechner, 2015)

The efficiency of this technique relies heavily on the glazing area, the positioning 

of the glazing, the type of glazing used (see section 3.1.1.3), the area and 

thickness of thermal mass, the positioning of thermal mass and the type of 

thermal mass (Bansal et al., 1994). In order for this technique to be as effective 

as possible, the windows should be facing south at an angle not exceeding 30 

degrees from the true south and the thermal mass should be insulated on the 

exterior side and exposed on the interior side (Johnston, D., & Gibson, S., 2008). 

The amount of thermal mass needed for direct gain systems is a ratio calculated 

based on the south glazing area and its use should be optimised based on the 

type of material used for thermal mass (Bansal et al., 1994).   

Trombe wall is a method where the sun radiations hit an outside wall that has 

thermal mass (Figure 3.13). 
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Figure 3.13: Depiction of trombe wall during daytime and night-time (Lechner, 2015)

This technique can be very useful if more passive heating is required, but 

additional glazing is not desired. As often heat is required during the night, when 

solar radiations are not contributing to the internal gain, the thickness of the wall 

should be considerable, approximately 30 centimeters18, to increase the thermal 

lag (Bojic et al., 2014). If enough mass is used, the trombe wall can act as an 

effective radiant heater all night (Almusaed, 2011). Trombe walls are often used 

in combination with direct gain systems: direct gain will provide the heat during 

the day and the trombe walls during the night (Bojic et al., 2014). The type of 

material used to build trombe walls includes concrete, bricks, stones, adobe and 

water containers (Bojic et al., 2014).  

All the passive heating techniques rely heavily on thermal-mass and the 

greenhouse effect (Almusaed, 2011). To optimize the collection of the sun 

radiation, other factors should be taken into consideration. For instance the slope 

of the glazing should be reviewed in order to increase the solar gains. In most 

cases, vertical south glazing is the best option as it transmits the maximum solar 

18 The optimal thickness of a trombe wall can also vary depending on the type of heating that is used (Bojic 
et al., 2014) 
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radiation in the winter and the minimum solar radiation in the summer (and can 

take advantage, if applicable, of the snow reflection effect in the winter) 

(Almusaed, 2011). Vertical glazing is also usually the preferred option as it is less 

expensive, safer and easier to shade (Almusaed, 2011). Conservation should 

also be considered to maximise efficiency in the winter and shading should be 

considered in the summer to optimise heat avoidance (as explained in section 

3.1.2). High performance windows or night insulation over the glazing can help 

improve the performance of a system (Almusaed, 2011). Finally, as mentioned 

above, the importance of thermal mass in passive solar heating systems makes 

heat storage capacities of materials a crucial aspect that should be considered 

when designing a system (Almusaed, 2011). Obviously, passive solar heating will 

depend extensively on the heat-storage capacity of the material, but the 

volumetric heat capacity needs to also be considered. Water and steel are 

considered the best material for heat storage properties (Almusaed, 2011).  

3.2.2 Passive Cooling 

Passive cooling works in ways similar to passive solar heating. The different 

techniques all somehow use energy that comes from the sun and some of them 

even use direct sun radiations to improve the cooling capabilities of a system. 

The following section reviews two different types of passive cooling methods: 

ventilation cooling and earth-cooling.  

There exist many different types of cooling techniques, but one that is widely 

used and that has been utilised for as long as can be remembered is ventilation 



 69	  

cooling. There are varying types of ventilation patterns that can be used to cool a 

building. One of them is called the stack effect and is seen in applications such 

as solar chimneys (also called thermal chimneys or thermosiphons) (Jing & Yu, 

2013) (Khanal & Lei, 2011). These types of cooling chimneys use the sun’s heat 

to provide cooling as solar heat gain can promote air-flow (Jing & Yu, 2013) 

(Khanal & Lei, 2011) (Santamouris et al., 2007). The chimney is warmed by 

direct solar radiations, when the air inside the chimney gets warmer; it will start to 

rise as hot air has a lower pressure than ambient air (Jing & Yu, 2013) (Khanal & 

Lei, 2011). While the air rises, it pulls the outside air through the whole building 

from an open vent at the bottom of the structure (Jing & Yu, 2013). The stack 

effect is represented in Figure 3.14 where the sun hits the chimney on the left 

hand side of the building and the air is dragged into the building at the bottom 

right side of the building. 

Figure 3.14: Stack effect and Bernoulli’s effect. (Autodesk, 2014) 

Solar chimney designs can be very simple; a chimney painted black would be 

enough to promote the stack effect (Khanal & Lei, 2011). However, it is important 

to ensure that the chimney is insulated from the rest of the building to avoid 
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energy losses (Khanal & Lei, 2011). More advanced designs may include trombe 

walls or similar designs that could help maximise the sun’s effect and the heat 

storing capacities for continuous ventilation during the night (Letan et al., 2003). 

Indeed, by using a trombe wall, heat is absorbed by the thermal mass, which 

allows for the stack effect to work during the day due to direct solar radiations 

and during the night due to the heat transfer time lag (Letan et al., 2003). Also, 

by using a trombe wall, buildings can use passive energy to both heat during the 

winter and cool during the summer with the same system simply by closing the 

vent in the winter to trap the heat in and opening the vent in the summer to 

benefit from ventilation cooling (Figure 3.15) (Ni Riain et al., 1999).   

Figure 3.15: Trombe wall application for summer and winter climate (Autodesk, 2014) 

Ventilation cooling can also be achieved with wind chimneys (Bernoulli’s effect) 

to produce cooling by ventilation (Jing & Yu, 2013). This effect uses the wind 

speed differences to move air: as the air moves faster its pressure becomes 

lower (Jing & Yu, 2013). The higher the outside air, the less it will be obstructed, 

and the faster it will move, and so the lower its pressure will be (Jing & Yu, 2013). 

The lower pressure can help vent fresh air through the building. However, a 

building's surroundings can affect this method by creating obstruction to the air 



 71	  

movement. This type of design normally uses rotating vents with wind scoops to 

ensure the opening is on the downwind side to maximise the negative wind 

pressure (Jing & Yu, 2013). Wind chimneys require shutters to prevent the cold 

air from coming inside the building in the winter (Jing & Yu, 2013). These 

chimneys can also serve as solar chimneys where the exhaust pointing the other 

direction of that of the wind scoop is used to let the hot air escape, thereby 

resulting in the use of the stack effect on top of the Bernoulli’s effect (Khanal & 

Lei, 2011). It is a good practice to use both designs in conjunction as they 

complement each other (Khanal & Lei, 2011). The Bernoulli’s effect multiplies the 

effectiveness of the wind ventilation while the stack effect does not require any 

wind to function (Khanal & Lei, 2011). 

Earth cooling uses the latent temperature of the ground to keep a building cool 

through conductivity. In order for this technique to work properly, ways to cool the 

earth need to be considered first. Shading (trees, patio deck, building over crawl 

space), water evaporation (sprinklers operated over night) directly on the earth’s 

surface can help reduce heat of the soil surface by up to 10 degrees Celsius 

(Lechner, 2015). Once different techniques are used to help cool the earth, earth-

cooling methods can be used to cool down the inside of a building. Direct 

coupling uses the walls directly in contact with the ground to cool down the 

interior because the earth has a mean temperature of 15 degrees Celsius 

(Lechner, 2015). In order to avoid heat loss in the winter, the insulation needs to 

be around the earth surrounding the building to prevent cold air from coming in 

while still being able to use the earth cooling effect in the summer (Figure 3.16).  
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Figure 3.16: Direct coupling with insulation on the earth around the building (Lechner, 2015).

Indirect coupling can also be used to cool a structure. Earth tubes buried into the 

ground draw air into the building for cooling (Santamouris & Kolokotsa, 2013). 

The earth in this case is used as a heat sink to cool the air as it travels through 

the pipes (Santamouris & Kolokotsa, 2013). The tubes can be arranged in an 

open loop for large amounts of fresh-air or in a closed loop for improved 

efficiency and reduced condensation (Santamouris & Kolokotsa, 2013).  

3.3 Summary 

Many basic design and passive systems techniques were reviewed in this 

chapter in order to demonstrate that energy conservation is simple and yet lets 

building stakeholders save on energy. It also allows for smaller energy 

requirements from the mechanical systems (thereby decreasing HVAC costs) 

and makes the use of renewable energy, such as solar panels or geo-exchange 

much more realistic. The systems that were reviewed herein are as follows:  



 73	  

Table 3.2: Energy conservation techniques summary (based on 3-Tier 
Approach) 

BASIC BUILDING DESIGN 
Conditioned-Air Retention Heat Avoidance 

Thermal Envelope Shading 
Heat 

Loss*/Summer 
Heat Gains** 

Winter Heat 
Gains** 

Airtightness: Minimise infiltration 
Retain internal and 

external gains Exterior Shading 

Insulation: Minimise transmissions 
Retain internal and 

external gains Interior Shading 

Windows: 
Minimise infiltrations and 

transmissions 

Maximise external 
gains and retain 

internal and external 
gains Orientation 

Thermal Bridges: Minimise transmissions
Retain internal and 

external gains 
*Heat loss: transmission, infiltration and ventilation
**Heat gains: Internal- human body, lighting, equipment. External- solar radiation, heat conduction 

PASSIVE SYSTEMS 
Passive Solar Heating Passive Cooling 

Direct Gain Trombe Wall 
Ventilation 

Cooling Earth Cooling 

(Lechner, 2015) (Lechner, 2015) (Autodesk, 2014) 

(Lechner, 2015)

As explained at the beginning of Chapter 3, the ultimate goal with these 

techniques is to decrease the heating load in the winter and the cooling load in 

the summer. As such, this Chapter aimed at explaining how the different systems 

help in achieving that goal, but also aimed at identifying how much the buildings 

load can be alleviated with those techniques. As such, this exercise is very 

sensible, as different factors (geographic location, size of buildings, etc.) will 

influence the savings that can be reached with the techniques summarised in 
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Table 3.2. Some impacts on building loads have been identified by different 

researchers as covered in this Chapter. However, not all techniques could be 

identified with tangible savings percentages as their influence could vary from 

zero to 100 percent. The specific load alleviation statistics identified in this 

Chapter have been summarised in Table 3.3 herein.  

Table 3.3: Energy conservation techniques positive impact on building load 

Positive impact on building load From (%) To (%) 
Internal heat gains (human body, lighting, equipment) 20 65 
Thermal bridges minimisation 10 70 
Exterior fixed- or movable-shading NA 80 
Internal shading NA 20 
Direct gain and trombe wall 60 77 

3.4 Applicability 

In modern architecture, there exist many different types of designs, which 

promote energy conservation, but rarely do these techniques work the way they 

were intended to, as they are complicated to operate and require high 

involvement from the occupant. Based on past experience, complicated energy-

efficient equipment often does not reach projected goals (ASHRAE, 2009). 

However, with simple basic design techniques, an emphasis on thermodynamic 

fundamental principles and the use of passive systems, energy efficiencies can 

be achieved in a simple way without much input from the unskilled occupants, 

thereby guaranteeing performance results.  

This chapter aimed at explaining basic building designs and passive systems as 

their proficient use for energy conservation are easily applicable and are crucial 
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for energy efficient buildings. The following chapters will bring forward an 

evaluation of the widely used rating systems in Canada and how the above 

techniques are integrated into their point systems. From there, an analysis of the 

inclusion of energy conservation techniques into the Canadian building rating 

systems will be performed and recommendations with regards to their structure 

will be drawn based on the results obtained.  
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 Chapter 4 

Research Method 

4.0 Overview 

The following section summarises the various methods and the research design 

utilised in this project in order to address the main research questions 

investigated. This research analysed ways by which sustainable building 

certifications incorporate energy conservation techniques into their rating 

schemes. Each rating system available in Canada works independently from 

each other. As the main objective of those rating systems is to make buildings 

sustainable, this research aims at analysing, from an energy perspective, if the 

systems encourage demand minimisation prior to valorising other energy 

efficiency techniques. With the results, it will be possible to evaluate if the rating 

systems reviewed herein should each reassess their structure to better 

incorporate energy minimisation techniques as a first prerequisite in their 

certification scheme. The results will also allow for policies recommendations in 

the building industry. In order to reach this end, this thesis utilised Mixed-Method 

(Triangulation) techniques that are explained within this chapter.  

4.1 Mixed Method Research 

This project uses numerous research methods in order to answer the main 

research questions as identified in Chapter 1. Using Mixed-Method 

(Triangulation) techniques can help boost the integrity of conclusions, contrast 
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essential and niche problems and improve the restrictions linked to using a single 

method technique (Wilson, 2006). A literature review was performed in order to 

analyse relevant existing literature to establish key definitions and to set a 

background for the research topic. By reviewing key concepts such as 

sustainable design, sustainability techniques, sustainability criteria for buildings 

and the 3-Tier Approach (Chapter 2), the researcher was able to explain where 

the research topic lies and where the gaps in scientific knowledge and industrial 

practice fall within the study of sustainable buildings. The literature review was 

also helpful in providing insight with regards to global warming issues and the 

impact buildings and houses have on its proliferation (Chapter 1). A document 

analysis of the main conservation techniques (based on the first two steps of the 

3-Tier Approach, Chapter 2, Figure 2.4) found in industry and their feasibility and

efficacy levels (Chapter 3) helped to also determine the building criteria that 

needed to be included in the rating system inventory (Figure 4.7). A boundary 

analysis (Section 4.2) was then performed in order to identify which rating 

systems and what types of buildings would be selected to conduct the inventory 

(Egeh, 2014). The last step of the methods was to analyse the different rating 

systems based on the boundary evaluation results, identify their general 

requirements in terms of energy requirements and then complete the rating 

system inventory, which would provide the information sought after for energy 

minimisation techniques investigation. The following diagram illustrates the 

Mixed-Methods techniques used based on the Qualitative Research Design 

Guide presented by Berg (2001).  
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Figure 4.1: Mixed-method research applicability (based on Berg, 2001)

IDEA	  
Do	  building	  ra\ng	  systems	  follow	  a	  logical	  approach	  
for	  energy	  efficiency	  within	  their	  schemes?	  

THESIS	  DESIGN	  
Literature	  Review,	  Document	  Analysis	  and	  Inventory	  
Design	  

DATA	  COLLECTION	  
• Literature	  Review:	  sustainable	  designs	  and	  ra\ng	  systems
categories
• Document	  Analysis:	  energy	  conserva\on	  techniques	  at	  the
basis	  of	  the	  3-‐Tier	  Approach,	  exis\ng	  building	  ra\ng	  systems
and	  respec\ve	  energy	  requirements.
• Inventory:	  ra\ng	  systems	  specifica\ons	  and	  metrics	  linked
to	  energy	  conserva\on

ANALYSIS	  AND	  FINDINGS	  
• Ra\ng	  systems	  weigh\ngs:	  based	  on	  points	  alloca\on,
evaluate	  each	  criterion’s	  importance
• Ra\ng	  systems	  prescrip\ve	  requirements:	  based	  on
inventory,	  evaluate	  the	  values	  under	  each	  requirement.
• Data	  reduc\on	  and	  pafern	  iden\fica\on	  in	  order	  to
iden\fy	  if	  ra\ng	  systems	  emphasize	  energy	  conserva\on
techniques.

DISSEMINATION	  
• Ra\ng	  systems	  conclusions.
• Recommenda\ons	  for	  ra\ng	  systems	  founda\on	  and	  
policies	  related	  to	  the	  building	  industry	  in	  Canada.	  	  
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4.2 Boundary Identification 

In order to build a relevant inventory of the different rating systems and their 

usage of the first two steps of the 3-Tier Approach, it was appropriate in this case 

to use a boundary setting approach (Egeh, 2014). As shown in Figure 4.2 below, 

four boundaries have been considered when building the criteria for a 

sustainable buildings inventory: “Geographic”, “Temporal”, “Organizational” and 

“Operational”.  

Figure 4.2: Boundaries identification for sustainable buildings inventory 

As seen in Chapter 1, Canada is one of the main contributors of GHG per capita 

in the world. Due to the fact that the building industry plays a major role in the 

production of GHG, it is relevant within the scope of this research to study the 

building industry within Canada. As such, the “Geographic” boundary includes 

the whole of Canada. With regards to the “Temporal” boundary, sustainable 

buildings are somewhat new within the industry. The first assessment program in 

Opera\onal	  Boundary:	  see	  below	  
Iden\fies	  the	  types	  of	  energy	  conserva\on	  criteria,	  which	  should	  be	  included	  in	  the	  inventory	  based	  on	  

document	  analysis	  and	  previous	  research	  performed	  in	  the	  field.	  	  

Organiza\onal	  Boundary:	  see	  below	  
Iden\fies	  the	  approach	  u\lized	  to	  determine	  which	  ra\ng	  system	  will	  be	  included	  in	  the	  inventory	  

based	  on	  availability	  and	  sprawl	  

Temporal	  Boundary:	  Since	  incep\on	  

Iden\fies	  the	  \meframe	  when	  the	  inventory	  takes	  place	  

Geographic	  Boundary:	  Canada	  

Iden\fies	  the	  geographic	  loca\on	  where	  the	  inventory	  takes	  place	  
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Canada was introduced in 1989 and the commercial use of rating systems only 

began with the LEED program in the mid-2000s (Basso, 2012). Since the usage 

of rating systems is quite recent, data from the inception of selected rating 

systems was considered. However, requirements from most recent 

documentation were used.  

4.2.1 Organizational Boundary  

As there exists a large range of rating systems, the certifying entity and the type 

of certifications selected are crucial in determining the “Organizational” boundary. 

In Canada, sustainable buildings have been increasingly used and have an ever-

increasing share of the building industry. According to a study led by McGraw Hill 

Construction (2014) for the Canadian Green Building Council (CaGBC), the 

percentage of companies for which more than a third of their projects are ‘green’ 

has grown by approximately 20 percent in the last three years. Moreover, the 

expected amount of firms taking on more than 60 percent of ‘green’ projects is 

expected to be as high as 50 percent by 2017 (Figure 4.3).  
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Figure 4.3: Level of green building activity in Canada (McGraw Hill Construction, 2014)

There exists a handful of rating systems in Canada, which aim at evaluating how 

sustainable a building is. These rating systems can be compared to a scorecard 

where a building is evaluated based on its sustainability level during its life cycle 

(Fillingham, 2004).  

In order to select the correct certifying entities for the purpose of this study, three 

criteria had to be established. Since the main goal within this research is to 

evaluate the rating systems in Canada and their approach to the first two steps of 

the 3-Tier Approach, one of the main criteria in choosing the relevant rating 

systems to be studied is the inclusion of an “Energy” assessment category. 

Moreover, as explained in the “Geographic” boundary, a second criterion in 

choosing the appropriate rating systems is their availability in every Canadian 

province. The third criterion is the existence of buildings certified under selected 

rating system within the country.  
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As each rating system specialises in different projects or segregates the different 

ratings based on the essence of projects, the fourth criteria requires for the rating 

systems to cover “New Commercial”, “New Low Rise Residential” and “Existing 

Buildings/Retrofits”. The reason for selecting those types of certification over 

others is straightforward; they are the most common in the Canadian market. 

Effectively, still in line with McGraw Hill Construction’s report (2014), from the 

firms that plan to undertake “green projects” in the next three years (Figure 4.3), 

approximately 50 percent of them were planning on getting their projects certified. 

Within the different sectors that were included in the study, “New Institutional 

Construction”, “New Commercial Construction” and “New Low-Rise Residential” 

were the most inclined to get their projects officially certified as seen in Figure 4.4. 

Figure 4.4: Share of anticipated green building projects by sector expecting to be certified (McGraw 
Hill Construction, 2014) 

As “New Institutional Construction” and “New Commercial Construction” often fall 

under the same category within the different rating systems, these two categories 

are merged into “New Commercial”. “Existing Buildings/Retrofits” were also 



 83	  

covered in the following sections as retrofitting existing buildings is often more 

ecological than a new construction (Penny, Morton & Curtland, 2012). According 

to a residential and commercial building study, 

“reusing and renovating buildings (over an assumed 75-year lifetime) 

outweighed the benefits of constructing new energy-efficient 

structures [… because] a new building that is 30% more efficient than 

the average building takes 10 to 80 years to overcome the negative 

climate change impacts resulting from construction.” (Penny, Morton 

& Curtland, 2012).  

Moreover, as the GHG emissions are linked to both buildings and homes 

(Chapter 1), only the rating systems that covered both commercial and 

residential constructions were included in the inventory.  

The four criteria mentioned above have been summarised in the table below. 

There are many different rating systems that are also available in specific 

provinces such as Novoclimat (Quebec), Built Green (Alberta, B.C and Ontario), 

etc. and other rating systems which are close to emerging in the Canadian 

market such as CASBEE (Japan) and HQE (France), etc. However, the ones that 

have been selected below have all been used in Canada.  
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Table 4.1: Summary of selection criteria and their applicability to rating 
systems available in Canada 

Criteria BOMA 
BESt 

BREEAM ENERGY 
STAR 

Green 
Globes 

LEED LBC PHI R-2000

Energy assessment 
category included 

X X X X X X X X 

Available everywhere in 
Canada 

X Basis X X X X X X 

Building(s) certified in 
Canada 

X Basis X X X X X X 

Commercial Buildings  X X X X X X 
Residential Buildings  X X X X X X X X 
Included or not? Yes Yes No Yes Yes Yes Yes No 

The main rating systems used in Canada for sustainable buildings and homes 

are:  

a. Building Owners and Managers Association – Building Environmental

Standards (BOMA BESt);

b. Green Globes; and,

c. Leadership in Energy and Environmental Design (LEED).

Most of the rating systems found in Canada have been created based on the 

BREEAM program (Basso, 2012). Although there are currently no BREEAM 

certified buildings in Canada, it is relevant to include it in the context of this 

research in order to analyse its criteria in comparison to the ones found more 

commonly in Canada. Another relevant system that is now introduced in Canada 

is the Living Building Challenge (LBC). This rating system is not widely used, 

however, its principles go a step further in the evaluation of sustainability and for 

this reason is included in this analysis. As this research aimed at exploring the 

requirements for energy consumption of buildings, rating systems, which are 
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dedicated solely towards energy efficiency are also key in understanding what is 

being done in Canada. Passive House Institute (PHI) is a European proven 

certifying entity, which has only recently been employed in Canada and is playing 

an increasing role in the Canadian sustainable building industry. Figure 4.5 below 

shows the usage of selected rating systems/certifying entities within Canada. 

Figure 4.5: Selected sustainable building rating systems/certifying entities sprawl in Canada (as of 
April 2015 from BOMA BEST (2013b), Green Globes (2015), CaGBC (2015a), ILFI (2015b) and 

Passivhaus Projekte (2015)) 

As can be seen, some rating systems are very well established in Canada, 

whereas others are seldom used. Nonetheless, to understand the available rating 

systems, ones available but less used were still included to offer a broader 

comparison spectrum and to assess the mainstream rating systems with systems 

that are intrinsically different. Figure 4.6 below shows all six rating systems that 

were included in this study as classified by the types of certification they offer. 
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Figure 4.6: Selected rating system and their associated certification types 

4.2.2 Operational Boundary 

This research did not cover an analysis of all the aspects of the aforementioned 

rating systems, but rather focused on their incorporation of energy 

efficiency/conservation requirements based on the techniques covered in the first 

two steps of the 3-Tier Approach (Lechner, 2015).  
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The “Operational” boundary is based on the techniques covered in Chapter 3. As 

the goal is to perform an inventory of the different rating systems and their 

associated energy efficiency requirements, the following criteria have been 

selected to be part of the rating systems inventory based on the information 

obtained in Chapter 3 (see Figure 4.7 below).  

Figure 4.7: Hierarchy of selected energy criteria for rating systems inventory

As the requirements under the different rating systems may vary greatly under 

the “Shading” and the “Passive Systems” criteria, they have not been further 

broken down to ensure any general requirements under the rating systems would 
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be included in those categories. In addition, each criterion is also inventoried 

based on the three “Organizational” boundaries defined above: “New 

Commercial”, “New Low Rise Residential” and “Existing Building/Retrofit”. In 

order to evaluate each criterion, an inventory of the maximum weighting for each 

category was performed on top of an inventory of the prescriptive requirements 

for each rating system. Figure 4.7 shows a screenshot of the guide for the data 

collection in order to perform the inventory based on the maximum weighting per 

criteria. Another guide similar to this one was also used for the prescriptive 

requirements inventory (see Appendix F) 
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Figure 4.8: Rating system inventory guide (maximum weightings per criteria) 

4.2.2.1 Rating System Inventory Quantitative Requirements 

All criteria reviewed in the rating system inventory (Figure 4.8) are linked to 

requirements included under the rating systems being studied as defined in 

section 4.2.1. Since not all criteria are linked to quantitative metrics, only the 

criteria with quantifiable results were reviewed in this section: energy intensity, 
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airtightness, insulation, fenestration and thermal bridges. With regards to the 

other more qualitative criteria (other energy efficiency measures, other thermal 

envelope requirements, exterior and interior shading and passive systems), 

recurring themes or concepts were categorised (data reduction) in the same 

sections to understand the wide variety of requirements from one rating system 

to another and to evaluate if conservation strategies are emphasized in the 

scope of each system (Berg, 2001). The final results of these analyses can be 

found in Chapter 6.  

Typically, the calculation of energy is analysed separately for heating/cooling and 

other building services because they have different conceptual drivers. As a 

general assessment of a building’s energy consumption, energy use intensity 

(EUI) is commonly used and is calculated as kWh per square meter per year to 

assess “the annual thermal energy consumption per unit of floor area” (specific 

energy consumption) (IPCC, 2014). This is one general metric that is 

investigated for each selected rating system in order to assess their overall 

consumption requirements and benchmark it to the national average. This 

provided an evaluation of how stringent each rating system is with regards to 

their requirements of specific energy consumption.   

Airtightness or air permeability is another metric that is prescribed under different 

rating systems. This metric is mainly expressed as the amount of cubic meter 

leakage per hour per gross floor area (m3/h/m2) or in air changes per hour (ACH) 

at a pressure typically set at 50 Pascal (50 Pa). In order to evaluate the different 

rating systems on the same baseline, this research has chosen the ACH as a 
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metric for the evaluation of the air permeability. Unfortunately, as the metric 

m3/h/m2 requires the envelope’s volume (VE) and surface (AE) of a building in 

order to calculate the values into ACH, changing all requirements into ACH was 

not as straightforward as desired. Since the ratio between VE and AE may vary 

greatly depending on the shape of a building, analysing the requirements on the 

same baseline becomes challenging. For instance, Figure 4.9 below shows two 

buildings with the same VE, but with completely different AE’s, which in turn will 

result in different ratios. 

Figure 4.9: Buildings with same volume and different area (Lechner, 2015) 

Hence, in order to compare the different metrics, extreme shapes ratios (sphere 

and U-shape) and typical building shape (square) were used to calculate a range 

of the air leakage per hour per square meter into air changes per hour in order to 

understand the requirements of each rating system on a comparable baseline.  

As reviewed in Chapter 3, insulation is a crucial parameter with regards to 

energy conservation assessment. Here again the metrics are quantifiable and 

may vary from one rating system to the other as an assembly such as a roof may 

be assessed as an R-Value or as a U-Value. Fortunately, the conversion 

between the two measurements is straightforward as the U-Value is the 

reciprocal of the R-Value (Chapter 3, Formula 3). In order to compare the 
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different rating systems, the R-Value has been selected. As selected system’s 

requirements originate from the United States, most R-Values are in English (I-P) 

units rather than metric (SI) units; hence the units’ conversion needed to be 

calculated as well. Chapter 3, Formula 9 and 10 show how the R-Value and the 

U-Value are calculated for a deeper understanding of the origin of the values

prescribed in the different rating systems.  

Reviewed independently, but as crucial in the achievement of a well-insulated 

building, the researcher also analysed fenestration criteria under the energy 

conservation assessment. The main prescriptive requirements for the 

fenestration categories include the thermal transmittance (U-Values) of the 

window assembly (U-Value of the whole window rather than just its middle) and 

the solar heat gain coefficient (SHGC). Chapter 3, Formula 11 shows what is 

included in the calculation of a window assembly and Section 3.1.1.2.2 explains 

in more detail how solar gains are achieved through windows based on the 

SHGC (Chapter 3). This process was easily performed as the selected rating 

systems include assembly U-Values directly into their prescriptive requirements. 

However, since most of the requirements for the fenestration are U-Values in 

English (I-P) units, the metrics under this criterion needed to be converted as 

well.  

Insulation and fenestration requirements, in most rating systems, are categorised 

by climate zones. For instance, under ASHRAE 90.1-201019, there exist a total of 

eight zones with each three different climate types (A-Moist, B-Dry and C-Marine) 

that cover the United States, Canada and other countries. As the Canadian 

19 Standard on which both LEED and BREEAM refer to for their requirements. 
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climatic zones only include zones five to eight, only those zones were considered 

in this study. Data reduction was performed here to reach a final unique 

requirement for each category. This was achieved by computing an average of 

all the zones’ minimum requirements. 

As defined in Chapter 3, thermal bridges can influence greatly the amount of 

heat loss in a building and hence have been included in the inventory performed 

in this research. Although this metric is quantifiable, only PHI identified metric 

requirements for this criterion. Hence, no data reduction or data conversion was 

performed in this category and thermal bridge criterion was rather reviewed 

under qualitative requirements. 

The results emerging from the inventoried metrics were then compiled into 

different measurement categories:  

a. Most Stringent Requirement;

b. Selected Rating System’s Average;

c. National/Industry Average; and,

d. National Building Code’s (NBC) Requirements.

This allowed for the researcher to understand how the rating systems performed 

as a whole in the achievement of simple conservation techniques in comparison 

to the industry and the NBC’s requirements. 
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4.2.2.2 Rating System Inventory Qualitative Requirements 

Qualitative requirements under the selected rating systems also play a major role 

in the evaluation of their inclusion of conservation techniques into their schemes. 

The qualitative requirements include the following requirements: “Other energy 

efficiency measures”, “Thermal bridges”, “Thermal Envelope General”, “Shading” 

and “Passive systems”. Each rating system was studied and reviewed in order to 

find information pertaining to each categorised requirement. The information was 

then divided into the following categories:  

a. Compulsory requirements;

b. Recurrent themes; and,

c. NBC’s requirements.

“Compulsory requirements” included the minimum requirements under each 

category, which need to be reached for certification. “Recurrent themes” under 

every qualitative requirement was found for the different rating systems. Each 

qualitative requirement that was deemed “recurring” has been mentioned at least 

once under two different rating systems and was identified as such. The “NBC’s 

Requirements” section has been included for comparison purposes.  

4.2.3 Applicability 

The methods covered in this Chapter have been substantiated by literature to 

ensure that the process by which results were obtained was relevant and based 

on scientific methods. The selected methods set the basis on how the data was 
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collected and analysed in addition to ensuring results and recommendations 

within this research were rigorous and defensible.  
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 Chapter 5 

Rating Systems and Energy Requirements 

5.0 Overview 

This chapter covers all six rating systems, which have been selected to achieve 

the energy conservation inventory. For every certifying entity, a brief explanation 

of the essence of the system is described followed by an analysis of the “energy” 

assessment category for each system. This section allows the establishment of a 

strong basis as to understand how each selected rating system works in addition 

to a relevant comparison in terms of energy requirements. In addition, it covers 

briefly the role of the National Building Code (NBC) in Canada, as its 

requirements were used as a baseline in Chapter 6. The results from this section 

are important in understanding specifically the “energy” role of each rating 

system in the Canadian market and will serve as a basis for the in-depth 

conservation metrics analysis performed in Chapter 6. 

5.1 The National Building Code 

The National Building Code (NBC) of Canada is issued by the National Research 

Council of Canada and serves as a basis for National Model Code for provinces 

and territories. All provinces and territories in Canada have the authority to 

legislate building codes within their jurisdiction and may choose to use the NBC 
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as it is or include amendments (National Research Council of Canada 2010a,b). 

The NBC’s requirements are based on four main objectives: safety, health, 

accessibility for persons with disabilities, and fire and structural protection of 

buildings. As the code’s main intention is not to cover all of a building’s features, 

its requirements may be considered as the minimum satisfactory procedure 

nationally (National Research Council of Canada, 2010a,b). The overarching 

goal of the NBC is to provide a model code to support consistency throughout the 

country’s building codes. As such, the provincial and territorial codes prevail over 

the NBC (National Research Council of Canada, 2010a,b). However, for the 

purpose of this research, which aims at analysing the Canadian market, the NBC 

served as a basis for comparison purposes. Specific energy requirements under 

the NBC were included in the rating system inventory and were reviewed in 

Chapter 6 along with the selected rating systems.  

5.2 BOMA BESt 

BOMA BESt is the largest sustainable building certification entity for existing 

buildings (minimum one year old) in Canada. The program offered by BOMA 

BESt provides a baseline to building owners and managers to evaluate the 

“environmental performance and management of existing buildings of all sizes” 

(BOMA BESt, 2014a). This program is under the management of the Building 

Owners and Managers Association of Canada (BOMA Canada) and is provided 

throughout Canada via Local BOMA Associations (BOMA BESt, 2014a). In order 
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to obtain BOMA BESt certification, a building needs to be evaluated based on the 

BESt Practices, which is comprised of 14 questions divided into six categories: 

“Energy”, “Water”, “Waste & Site”, “Emissions & Effluents”, “Indoor Environment” 

and “Environmental Management System” (BOMA BESt, 2014a). The 

assessment is first done online and then a third-party performs an on-site 

verification to validate the information reported online. Only then can the building 

obtain its final score and be officially certified (BOMA BESt, 2014a). The 

application process cannot be started before the building has reached one year 

of operation at minimum 70 percent occupancy and needs to occur within six 

months of assessment completion, which allows for up-to-date results. Moreover, 

the certification of a building is only valid for three years, which guarantees that 

operations and maintenance are constantly reviewed and updated for optimal 

performance results (BOMA BESt, 2014a).  

BOMA BESt offers four levels of certification: 

Table 5.1: BOMA BESt rating levels of certification requirements 

Certification 
Level 

Achievement Requirements 

14 BESt 
Practices 

BOMA BESt Assessment 
Module Minimum 

BOMA BESt 
Assessment Module 

Maximum 
BOMA BESt 1 100% Not Required 
BOMA BESt 2 100% 70% 79% 
BOMA BESt 3 100% 80% 89% 
BOMA BESt 4 100% 90% 100% 

There are a total of six BOMA BESt Assessment Modules (BOMA BESt, 2014b): 

a. Office;
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b. Enclosed Shopping Centres;

c. Open Air Retail (Retail Plazas);

d. Light Industrial (Workshops and Warehouses);

e. Multi-Unit Residential Buildings (MURBs); and,

f. Health Care Facilities.

Each module has different requirements based on the building types. The BOMA 

BESt assessment covers approximately 175 questions. The overall survey is out 

of 1000 points and is separately weighted based on the section, which may vary 

from module to module (Roos & Gorgolewski, 2011). All modules have different 

point category weighting distribution, but as an average, the categories are 

divided as follows:  

Figure 5.1: BOMA BESt Point Category Weighting Distribution (average of all modules) (Based on 
BOMA BESt, 2014b) 
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5.2.1 BOMA BESt’s Energy Requirements BOMA BESt 

As part of BESt Practices, the building owners/managers need to answer the 

following compulsory questions as a first step to getting certified (BOMA BESt, 

2015a):  

Table 5.2: BOMA BESt “Energy” requirements under BESt Practices  

ENERGY 
BESt Practices Main Requirements 
Q.1 Has the building had an energy
assessment within the past three years that
included recommendations with costs,
savings and payback period?

ASHRAE Level 1 Walk-
through audit 

Q.2 Is there a building-specific Energy
Management (reduction) Plan to address 
issues raised in the energy assessment? 

Plan to identify and document 
measures to improve building 
energy efficiency and reduce 
demand. 

Q.3 Is there a preventive maintenance
program for the HVAC (heating, ventilating,
air-conditioning)?

Program to take into account 
that certain systems require 
overhauling or replacement 
after a certain age or at certain 
intervals.  

Once this is achieved, 330 points20 (Figure 5.1) out of 1000 points linked to the 

energy section of the module assessment need to be evaluated. In order to 

assess the points allocation, the following Chapter 5 and 6 relied on the Office 

Module assessment set of questions. The Office21 Module’s energy section adds 

up to a total of 350 points which can be divided into four main categories: 

“Energy Consumption”, “Energy efficiency features”, “Energy management” and 

“Transportation”. Table 5.3 below shows an overview of how the points are 

20 330 points is an average of all the modules available.  
21 The Office Module will be used in this section as an example – meaning that all assessment documents 
and questions reviewed herein are linked to that module only.  
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allocated in the Office Module for buildings bigger than 9,290 square meters 

(sq.m.) (BOMA BESt, 2015b).  

Table 5.3: BOMA BESt Office Building (more than 9,290 sq. m.) “Energy” 
assessment points’ breakdown  

ENERGY 
Energy Consumption (80) 

Energy Consumption 80 
Energy Efficiency Features (130) 

Lighting 26 
Major HVAC Equipment 25 
Controls 11 
Hot Water 10 
Other Energy Efficiency Features 8 
Low-Impact Electricity 12 
Envelope 32 
Energy Innovation 6 

Energy Management (80) 
Energy Policy 3 
Energy Assessment 4 
Energy Management, Monitoring and Targeting 15 
Energy Training 5 
Financial Resources 5 
Submetering 10 
Documented Operating Instructions 5 
Maintenance and Commissioning 33 

Transportation (60) 
Public Transportation 45 
Cycling Facilities 10 
Innovation Points - Other Measures 5 
TOTAL 350 

Although the “Energy” section of BOMA BESt is the most significant one in terms 

of points weighting, there are no indications in the rating system that there should 

be a minimum of points per category. Hence, a building could be certified BOMA 

BESt 2 (requires 70 percent achievement minimum as shown in Table 5.1) with 
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only 30 points achieved under the energy section. The only compulsory items are 

the ones specified under BESt Practices (Table 5.2). 

5.3 BREEAM 

BREEAM is an internationally recognised rating system, which was established 

by the Building Research Establishment (BRE) in 1990 and managed by BRE 

Global. Since its inception, it has certified over 425,000 projects in more than 50 

countries. The overarching goal of BREEAM is to create and operate buildings 

with “best practice sustainability principles” (BRE Global Ltd., 2014). In order to 

certify their buildings, BREEAM uses independent licensed assessors (licensed 

by BRE Global), which will review a range of issues linked to the built 

environment such as: “energy and water use, health and well being, pollution, 

transport, materials, waste, land use, ecology and management processes” 

(Basso, 2012) (BRE Global Ltd., 2014). As BREEAM in certain cases uses 

“country-specific BREEAM schemes” called “National Scheme Operators 

(NSO)22”, the appropriate assessment category has to be selected (BREEAM, 

2015). Since there are no specific NSOs as of now for Canada, the BREEAM 

International assessment scheme will be evaluated herein. BREEAM 

International program allows many types of buildings to be certified under its 

name, specifically, there are different rating systems for the following types of 

projects (BREEAM, 2015):  

22 UK, Germany, Netherlands, Norway, Spain, Sweden and Austria all have NSOs with BREEAM. 
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a. BREEAM International New Construction (NC);

b. BREEAM International Refurbishment & Fit-Out;

c. BREEAM In-Use International; and,

d. BREEAM Communities Bespoke International.

For the purpose of this study, BREEAM International NC and BREEAM 

International Refurbishment & Fit-Out only were reviewed in this section and in 

Chapter 6. However, as the categories for BREEAM International were 

somewhat limited at the time of writing23, the scoring for “New Commercial”, 

“New Low Rise Residential” and “Existing Building/Retrofit” use the same 

assessment requirements (BREEAM, 2015).  

BREEAM’s certified buildings are evaluated based on a scoring and rating 

evaluation and the final certification scale (“Pass”, “Good”, “Very Good”, 

“Excellent” and “Outstanding”) is associated with a level of percentage of score 

achieved (Ove Arup & Partners Ltd., 2014): 

Table 5.4: BREEAM rating benchmarks 

Certification Level 
Points 

Requirements 
Unclassified <30 

Pass ≥30 
Good ≥45 

Very Good ≥55 
Excellent ≥70 

Outstanding ≥85 

23 BRE Global is currently working on a “standalone BREEAM scheme to cover the refurbishment and fit out 
stages of life cycle for all buildings” (BRE Global Ltd., 2014). 
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Under BREEAM assessment, there are a total of ten categories: “Management”, 

“Health and Wellbeing”, “Energy”, “Transport”, “Water”, “Materials”, “Waste”, 

“Land Use & Ecology”, “Pollution” and “Innovation”. As BREEAM’s consideration 

of local influence is important, there is no set number of points allocated to each 

section, it is rather up to the assessor to determine the amount of points per 

category based on the local climate, local regulations and local benchmark. For 

the purpose of this study, the credits available per section given as an example in 

the BREEAM International assessment were used (see Figure 5.2). Once the 

credits available per categories are established, the building under study will be 

allocated a total number of credits within one section and the percentage of 

credits achieved will be calculated. Then, the percentage obtained from the 

number of credits achieved is multiplied by the weighting corresponding to the 

specific category, which will give the final result For example, if a project 

achieves 17/30 credits under the “Energy” section its final score will be 10.76 

(17/30 = 56.67% x 19 (average weighting for “Energy”) = 10.76). Weightings are 

typically country specific and are “a means of defining, and therefore ranking, the 

relative impact of the sustainability issues covered in BREEAM” (BRE Global Ltd., 

2014). These weightings are set based on weightings agreement, on an 

adjustment process that takes into account local climate and on a ranking 

established by a panel of experts. Within the BREEAM International New 

Construction Technical Manual (2014) there is currently only a UK based 

weighting example, which is shown in Figure 5.2:   
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Figure 5.2: BREEAM’s point section average weighting percentage and number of credits available 
per section (Ove Arup & Partners Ltd., 2014) 

The weighting scheme will add up to 110 percent since additional weighting is 

allocated to innovation (1 percent per “innovation credit” achieved, up to a 

maximum of 10 percent). 

In order to certify a building, the third party assessor needs to issue a certificate 

which guarantees that the building of interest has reached all the requirements 

under BREEAM’s rating scheme and that at the time of certification, the building 

met the performance requirements under BREEAM standards (BRE Global Ltd., 

2014). Once a building has been certified, the building owner or manager may 

wish to obtain the BREEAM In-Use International certification to ensure the initial 

performance is maintained throughout the years. This approach is not 

compulsory, but BREEAM suggests getting this certification in the first three 

years of operation with regular reviews (BRE Global Ltd., 2014). 
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5.3.1 BREEAM Energy Requirements 

Although BREEAM offers a high flexibility with regards to its points system, 

whereby points can be picked and chosen, the UK based organisation requires a 

minimum of achieved credits under specific categories and depending on the 

level of certification sought. Below, Table 5.5 shows a summary of the minimum 

energy requirements BREEAM Standards that need to be achieved broken-down 

into the different rating levels (BRE Global Ltd., 2014).  

Table 5.5: BREEAM “Energy” requirements minimum standards 

ENERGY PASS GOOD VERY 
GOOD 

EXCELLENT OUTSTANDING 

BREEAM Issues Minimum BREEAM Standards by rating level 
Ene 01: Reduction of 
CO2 emissions 

None None None 6 credits 10 credits 

Ene 02a: Energy 
monitoring 

None None 1 credit 
(first sub-
metering 
credit) 

1 credit (first 
sub-metering 
credit) 

1 credit (first 
sub-metering 
credit) 

Ene 04: Low or zero 
carbon technologies 

None None None 1 credit 1 credit 

The “Energy” section compulsory credits are in fact part of a set of points that 

need to be achieved under the BREEAM energy category. This section 

comprises, depending on the type of project and on the location of the project, a 

total of approximately 30 credits out of 132 credits (23 percent), making it the 

most important section of the BREEAM scoring scheme (Figure 5.2). There is a 

total of nine main sections under the energy category: “Energy efficiency”, 
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“Energy monitoring”, “External lighting”, “Low and zero carbon technologies”, 

“Energy efficient cold storage”, “Energy efficient transportation system”, “Energy 

efficient laboratory systems”, “Provision of energy efficient equipment” and 

“Drying space”. Table 5.6 below shows a high level summary of the points that 

need to be achieved (BRE Global Ltd., 2014).  

Table 5.6: BREEAM New Construction for residential and non-residential 
and major refurbishment and fit out projects “Energy” assessment points’ 
breakdown  

ENERGY Up to… 
Ene 01 Energy Efficiency 15 
Option 1 - Use of Approved Building Energy Calculation Software (up 
to 15 credits) 
Option 2 - Energy efficient design based on check list A5 (up to 10 
credits) 
Ene 02a Energy Monitoring (non residential only) 2 
a. Major energy consuming systems are monitored with sub-meters (1
credit)
b. Sub-metering provided for all Energy supply of all tenanted areas or
by floor or by relevant function areas/departments (1 credit)
Ene 02b Energy Monitoring (residential only) 2 
a. Current electricity OR primary fuel consumption data is displayed to
occupants through a compliant energy display device (1 credit)
b. Current electricity AND primary fuel consumption data is displayed
to occupants through a compliant energy display device (2 credits)
Ene 03 External Lighting 1 
a. Meet or exceed lighting requirements (as stipulated in the BREEAM
assessment document) within Construction zone + Controlled through
a Time switch or Daylight sensor, to prevent operation during daylight
hours. (1 credit)
Ene 04 Low and zero carbon technologies 2 
a. Feasibility study carried out to establish the most appropriate local
low or zero carbon (LZC) energy source + local LZC energy
technology has been specified + study has been carried out during
proposal/concept design or equivalent stage. (1 credit)
b. (In addition to Ene 04a above) The study includes a Life Cycle
Assessment (LCA) on carbon impact of chosen LZC system + LCA
considers a 60 years period (2 credits)
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Ene 05 Energy efficient cold storage (non residential only) 3 
a. Required controls and components are available + has been
commissioned as per requirements (as stipulate in the BREEAM
assessment document) (1 credit)
b. The refrigeration system uses robust and tested components that
meet published energy efficiency criteria (1 credit)
c. (In addition to Ene 05a&b above) The installed refrigeration system
demonstrates a saving in indirect operational greenhouse gas
emissions with respect to a baseline building (2 credits)
Ene 06 Energy efficient transportation system (lifts, elevators, 
escalators or moving walks) 2 
a. Carried out analysis with optimum number and size + energy
consumption has been estimated for types, arrangement and 'fit for
purpose' systems + the system with lowest energy consumption is
specified. (1 credit)
b. (In addition to Ene 06a above) lifts with the greatest potential for
energy savings and/or escalators/moving walks comply with
requirements (as stipulated in the BREEAM assessment document).
(2 credits)

Ene 07 Energy Efficient Laboratory Systems 

Building 
type 

dependent 
Ene 08 Provision of energy efficient equipment 2 
Prepare a list of the equipment present in the building; of that 
equipment identify which will be responsible for the majority of 
equipment energy consumption. For that equipment, follow 
requirements as stipulated in the BREEAM assessment document. (2 
credits) 
Ene 09 Drying Space (residential only) 1 
For dwellings: compliant and secure internal or external posts and 
footings or fixings cable (1 credit) 
For buildings with individual bedrooms, shared areas and communal 
facilities: compliant and secure internal or external posts and footings 
or fixings cable (1 credit) 
TOTAL 30 

It was observed that the Ene 01 Energy Efficiency section is the most important 

section with an overall 50 percent of the total points that can be credited in the 

energy section. For this reason, it was important here to also look at a 
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breakdown of Ene 01 Energy Efficiency. Credits awarded in this section are 

based and compared to the predicted energy performance of an equivalent 

“Notional building”24 that is built in accordance to the local building code. Results 

will be obtained for three different performance indicators: energy demand, 

energy consumption and CO2 emissions. The results are then transformed into a 

ratio for each indicator and a weighting will be applied onto each ratio. The 

following Table (5.7) shows the weighting allocated to each performance 

indicator: 

Table 5.7: BREEAM Ene 01 Energy Efficiency performance indicators 
weightings 

Once the weightings have been applied to the ratios, then only can the number of 

BREEAM credits be calculated. The three performance indicators will be added 

together for a final total, which is linked to a specific amount of points in the 

BREEAM assessment document. If modelling in the specific region is not 

possible, BREEAM assessment scheme offers the possibility to use an Energy 

efficient features checklist (Checklist A5) instead for a reduced amount of points 

which may add up to 10 credits. This checklist covers a wide range of 

24 “A hypothetical building of the same size and shape as the actual building, but with pre-defined specified 
properties for the building fabric, fittings and services.” The notional building fulfills the minimum 
requirements for a new building “as defined by local building regulations”(BRE Global Ltd., 2014). 
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requirements with assigned credits. Table 5.8 below shows the breakdown of this 

checklist.  

Table 5.8: BREEAM Checklist A5 section Ene 01 Energy Efficiency  

Checklist A5 for Ene 01 Energy Efficiency 
Criteria requirements and guidance Residential Non-residential 
Lighting 2 3 
Water heat generator efficiency 1 1 
Low zero carbon technologies 2 2 
Building Fabric 5 5 
Space heat generator efficiency 1 1 
Cooling and ventilation 2 4 
TOTAL 13 16 
*** max. 10 of available credits can be allocated 

As it is possible to pick and choose the points to include under the certification, 

one project could be certified “Pass” or “Good” or “Very Good residential” without 

achieving any energy requirements and “Very Good non-residential” without 

much more than metering the major energy consuming systems.   

5.4 Green Globes 

Green Globes for New Buildings Canada was developed in the 2000’s with the 

support of the Canadian Department of National Defense and Public Works and 

Government Services (Green Globes, 2013). It now covers the following 

categories:  

a. New construction/Significant Construction; and,

b. Commercial Interiors (i.e. Office Fit-ups).
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For the purpose of this study, New construction/significant renovations section 

only was covered.  

With New Construction assessment, it is possible to cover a “wide range of 

commercial, institutional and multi-residential building types” such as: offices, 

schools, hospitals, hotels, academic and industrial facilities, warehouses, 

laboratories and sports facilities (Green Globes, 2013). The New Construction 

and Office Fit-ups modules are largely based on the American National 

Standards Institute (ANSI) and on ASHRAE standards.  

The Green Globes assessment is made to support teams through all the phases 

of a project, which promotes the use of an integrated design approach. When a 

project is registered, the following project stages can be chosen from:  

a. Predesign (optional);

b. Concept design (optional);

c. Construction Documents (required for preliminary Design certification);

and,

d. Post construction (required for final certification).

Green Globes rating system offers five levels of certification described by a 

number of one to five Globes achieved that are based on the percentage of 

points achieved as shown in Table 5.9 below.  
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Table 5.9: Green Globes rating levels of certification requirements 

Under Green Globes New Construction/significant renovations requirements, 

there is a total of seven categories: “Project Management”, “Site”, “Energy”, 

“Water”, “Resources”, “Emissions”, “Effluents & other impacts” and “Indoor 

environment”, which all add up to a total of 1000 points. The points weighting is 

as following (Figure 5.3):  

Figure 5.3: Green Globes point category weighting distribution (Based on ECD Energy & 
Environment Canada Ltd., 2014) 
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Certification Level Green Globes Assessment Range 
1 Globe 25-39%
2 Globes 40-54%
3 Globes 55-69%
4 Globes 70-84%
5 Globes 85-100%
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In order to obtain the certification, first a self-assessment needs to be done in-

house by the Design Team by filling out a questionnaire of approximately 400 

questions online (ECD Energy & Environment Canada Ltd., 2014). Then, as part 

of the submission process, documents related to the construction project are 

evaluated based on the self-assessment results. This generates an automatic 

report, which “provides an eco-rating and score” as well as an identification of the 

points achieved and a description of the design specification that could be 

improved. In order to get the Design Certification, a review by a third-party (a 

Verifier) is done where all of the design and construction documents are 

analysed. Once this assessment is complete, the Verifier establishes a Green 

Globes rating for certification of the design. To get the definitive Green Globes 

Building Certification, the final constructed building needs to be reassessed in 

comparison to the original Design Assessment and appropriate changes to the 

Post Construction questionnaire need to be included as per the “as built” results 

of the project (ECD Energy & Environment Canada Ltd., 2014). Hence, Green 

Globes ratings can be issued at three different stages of a project: Pre-

construction, Construction Documents and Post-Construction. As Green Globes 

is associated with BOMA Canada, the program also encourages applicants to the 

rating system to use the BOMA BESt program once the building is commissioned 

to ensure a thorough comparison between the design and as-built performance 

ratings.  
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5.4.1 Green Globes Energy Requirements 

As seen in Figure 5.3, the “Energy” section of Green Globes is the most 

important one with a total of 395 points out of 1000 points (40 percent). In order 

to assess the points allocation, this section covers office type buildings. The 

“Energy” section can be divided into ten main categories: “Energy Performance”, 

“Energy Demand”, “Metering”, “Measurement & Ventilation”, “Building Opaque 

Envelope”, “Lighting”, “HVAC Systems and Controls”, “Other Equipment and 

Measures”, “Renewable Energy”, “Energy Efficient Transportation” and “Energy 

Innovation”. Table 5.10 below shows an overview of how the points are allocated 

(ECD Energy & Environment Canada Ltd., 2014).  

Table 5.10: Green Globes New Construction “Energy” assessment points’ 
breakdown 

ENERGY POINTS SCORE 

C.1 - Energy Performance 150 
C.2 - Energy Demand 16 
C.3 - Metering, Measurement & Verification 12 
C.4 - Building Opaque Envelope 28 
C.5 - Lighting 34 
C.6 - HVAC Systems and Controls 85 
C.7 - Other Equipment and Measures 10 
C.8 - Renewable Energy 27 
C.9 - Energy Efficient Transportation 23 
C.10 - Energy Innovation 10 
TOTAL 395 

Green Globes’ rating system also indirectly includes energy related aspects into 

its “Materials & Resources” and “Indoor Environment” categories where thermal 
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envelope properties and heat avoidance techniques are covered. The points 

allocated in these categories, which can be linked to energy, add up to 18 (1.8 

percent). Table 5.11 below offers a summary of the energy related criteria under 

both sections: 

Table 5.11: Green Globes New Construction energy related assessment 
points’ breakdown under “Material & Resources” and “Indoor 
Environment” categories.

Material & Resources POINTS SCORE 
E.7 - Envelope - Roofing / Openings 10 
E.10 - Envelope - Barriers 7 

Indoor Environment 
G.3 - Lighting Design and Systems
Install shading devices to control direct sunlight 1 
TOTAL 18 

Under Green Globes, there are no requirements in terms of achieving a certain 

set of points within a category. Hence, one could get as high as a “3 Globes 

certification” without considering the energy category of the rating system.  

5.5 Living Building Challenge (LBC) 

Living Building Challenge (LBC) is a program offered under the umbrella 

organization International Living Future Institute. It was first launched in 2006 in 

Seattle and has currently spread mainly in North America and is slowly being 

adopted all over the world with 140 projects registered worldwide and working 

towards certification (Anonymous, 2013). With LBC, there are three different 

types of projects that can be certified: “Buildings”, “Renovations” and “Landscape 

+ Infrastructure”. Within these categories, there are many different types of
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buildings that have been certified such as new or existing buildings, single family 

residential, multi-family, institutional, commercial, medical and laboratory. For the 

purpose of this study, “Buildings” and “Renovations” only were evaluated. LBC’s 

main point of differentiation is its focus towards “proven performance rather than 

anticipated outcomes” (International Living Future Institute, 2014a). Indeed, in 

order to be certified LBC, any project needs to gather operations performance 

data for a minimum of 12 consecutive months at full occupancy25 (ILFI, 2014b).  

Living Building Challenge comprises of 20 sections (called Imperatives) that are 

divided into seven groups (called Petals), which cover the following performance 

categories: “Place”, “Water”, “Energy”, “Health and Happiness”, “Materials”, 

“Equity and Beauty” (ILFI, 2014a). Depending on the type of building that is being 

built, the applicability for the different Petals will vary. Table 5.12 below shows 

the different imperatives with their associated petals and the requirements for the 

specific buildings studied herein. LBC does not give a weighting for each 

category of its program, it rather requires for each section to be completed or not, 

hence each imperative has equal weight. 

25 Performance assessment can be delayed until all systems can function as designed. 
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Table 5.12: LBC requirements for certification 

Imperatives Buildings Renovations Petals 
01. Limits to Growth x x Place 
02. Urban Agriculture x 
03. Habitat Exchange x x 
04. Human powered living x 
05. Net positive water x x Water 
06. Net positive energy x x Energy 
07. Civilized environment x x Health & 

Happiness 08. Healthy interior environment x x 
09. Biophilic Environment x x 
10. Red List x x Materials 
11. Embodied Carbon Footprint x x 
12. Responsible Industry x x 
13. Living Economy Sourcing x x 
14. Net Positive Waste x x 
15. Human scale + human places x Equity 
16. Universal access to nature &
place

x 

17. Equitable investment x x 
18. Just organisation x x 
19. Beauty + Spirit x x Beauty 
20. Inspiration + education x x 
TOTAL 20 16 

Although to get a Living certification, a project needs to achieve almost all 

Imperatives for its project category, under the Living Building Challenge, a project 

can also be certified Petal or Net Zero Energy Building. While LBC promotes the 

achievement of all imperatives, the certifying entity also wanted to promote the 

achievement of “Petals” by themselves. Hence, with the Petal certification, 

projects are requested to achieve a minimum of three “Petals” from which one 

needs to be “Water”, “Energy” or “Materials” Petal. The projects certified Petal 

would also need to ensure that it meets the Imperatives “Limits to Growth” and 
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“Inspiration and Education”. On the other hand, Net Zero Energy Building (NZEB) 

certification follows the following definition: “One hundred percent of the 

building’s energy needs on a net annual basis must be supplied by on-site 

renewable energy. No combustion is allowed” (ILFI, 2014a). Just as with the 

Petal certification, this certification level requires for only a number of the Petals 

to be achieved: “Limits to Growth”, “Net Positive Energy”, “Beauty and Spirit” and 

“Inspiration + Education” (ILFI, 2014a). Refer to table 5.13 below for a summary 

of the certification pathways possible under LBC. 

Table 5.13: LBC’s pathways to certification 

Pathways to certification 
LIVING CERTIFICATION PETAL 

CERTIFICATION 
NET ZERO 
ENERGY 

CERTIFICATION 
(NZEB) 

Requirements Buildings Renovations Landscape 
and 

Infrastructure 
Minimum petals 
achievement 
(out of 7) 

7 NA NA 3 
(one of which 

must be Water, 
Energy or 
Materials) 

Minimum 
imperatives 
achievement 
(out of 20) 

20 15 17 2: 
01. Limits to

Growth and 20. 
Inspiration + 
Education 

4: 
01. Limits to

Growth, 06. Net 
Positive Energy, 

19: Beauty + 
Spirit, 20: 

Inspiration + 
Education. 

In addition to the different types of projects that can be certified with the varying 

pathways, LBC also ensures that development is done in accordance with the 
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setting in which a project is built. For this reason, LBC has divided the different 

settings into a Rural-Urban categorisation where different requirements may be 

applicable or not depending on its specification (ILFI, 2014a): 

a. L1. Natural habitat preserve (greenfield sites);

b. L2. Rural agriculture zone;

c. L3. Village or campus zone;

d. L4. General urban zone;

e. L5. Urban center zone; and,

f. L6. Urban core zone.

The process to get certified under LBC is straightforward and comprises of three 

steps: “Registration”, “Documentation and Operation” and “Audit and 

Certification”. Registration should ideally occur before the design process. Once 

this is done, the documentation submission may start as the construction of the 

building is underway. As LBC requires 12 months of consecutive operational data 

to get certified, only then can the data be submitted for audit purposes. An 

independent auditor will be in charge of reviewing the documentation and 

performing a site visit prior to emitting a final report. The Institute then certifies 

the project in line with the results obtained (ILFI, 2015a).  

5.5.1 LBC and Energy Requirements 

LBC’s energy requirement falls under one of the 20 Imperatives of the 

certification entity and is called 06. Net Positive Energy. Under the Living 

certification and the NZEB certification, this category is compulsory, but under 
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the Petal certification it is not. The goal of the Energy Petal is to ensure that 

projects certified LBC are safe, reliable and offer decentralized power grid 

supplied by renewable energy in efficient buildings. The requirement under 

Imperative 06 is straightforward as described in this single requirement 

description available in Living Building Challenge version 3.0 (ILFI, 2014a,b): 

“One hundred and five percent of the project’s energy needs must be 
supplied by on-site renewable energy on a net annual basis, without 
the use of on-site combustion. Projects must provide on-site energy 
storage for resiliency”. 

The 105 percent energy produced by a project however, can be achieved on an 

annual energy balance as shown in Figure 5.4 below.  

Figure 5.4: LBC’S annual net zero energy balance (production > consumption). (ILFI, 2014b)

In order to achieve the Energy Petal, on top of gathering 12 months performance 

data, basic documentation needs to be submitted. These mainly include an 

energy narrative and a schematic drawing, photographs, energy bills, an energy 

usage and production table, resilient energy storage documentation, metering 

documentation and technical documentation (ILFI, 2014b).   

Although there are no specific designs that need to be followed, no prescriptive 

values to be achieved and no precise energy requirements, the only condition 
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under the Energy Petal is very stringent. It indirectly encompasses other 

individual requirements, which are typically part of every rating systems in 

addition to pushing the limits in terms of requiring net positive energy production 

(i.e. regenerative requirement). For instance, although LBC does not request 

specific building envelope permeability, it is crucial for a building seeking its 

certification to optimise the envelope as much as possible in order to reach the 

net positive energy production. By requesting all projects to achieve net positive, 

not only does the Institute require for buildings to be self-reliant, but also it 

implicitly promotes the use of energy conservation techniques and passive 

systems to decrease the heating and cooling loads in order to facilitate the 

achievement of net positive energy.  

5.6 LEED 

LEED for Canada-wide buildings was first adapted from the U.S. Green Building 

Council’s (USGBC) LEED system in 2004 when the LEED Canada for New 

Construction and Major Renovations version 1.0 was first launched. The goal of 

LEED Canada was to build a rating system adapted to the Canadian building 

industry, which would recognise “high health, energy and environmental 

performance” (CaGBC, 2010a).  

With LEED Canada, it is possible to certify new and existing commercial, 

institutional and residential buildings. The rating system is based on known and 

demonstrated technologies and analyses a whole building’s environmental 
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performance in addition to its life cycle performance for each project stages: 

design, construction and operation (Basso, 2012).  

LEED points selection is flexible to allow the incorporation of different strategies 

based on local and project-specific conditions. Under LEED version 4 (v4), there 

are different types of rating systems depending on the nature of a project 

(CaGBC, 2015b): 

a. BD+C: Building Design and Construction;

b. ID+C: Interior Design and Construction;

c. O+M: Building Operations and Maintenance;

d. ND: Neighbourhood Development;

e. Homes.

In line with the scope of this research, “Building Design and Construction” and 

“Homes” rating systems will be analysed herein. LEED v4 for Building Design 

and Construction can be used for a wide variety of buildings such as: new 

construction, core and shell, schools, retail, data centers, warehouse and 

distribution centers, hospitality and healthcare (USGBC, 2015). However, in 

order to certify a single-occupancy residential home, the LEED v4 for Homes 

Design and Construction (includes homes and multifamily low-rise and 

multifamily midrise) should be used (USGBC, 2013). 

To obtain a LEED certification, the projects need to comply with the rating system 

at the design and construction phase. Optimization results are based on building 

modelling and LEED certification does not require performance results. However, 

an existing building may also be certified under LEED v4 for Building Operations 
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and Maintenance, where a “set of performance standards” is evaluated “to 

promote high-performance, healthful, durable, affordable, and environmentally 

sound practices in existing buildings” (CaGBC, 2009) (USGBC, 2013). 

5.6.1 LEED Building Design and Construction  

Every commercial project that uses the LEED v4 BD+C rating system will be 

given a score based on a standard set of credits. The score obtained determines 

the level of certification achieved (Certification, Silver, Gold or Platinum) (Ove 

Arup & Partners Ltd., 2014). There is a total of 110 points that can be achieved 

with 100 “base points”, six possible “Innovation and Design” and four “Regional 

Priority” points. The breakdown for every certification level is shown below in 

Table 5.14 (USGBC, 2012).  

Table 5.14: LEED certification levels 

Certification Level Points Required 
Certified 40-49

Silver 50-59
Gold 60-79

Platinum ≥80 

The LEED v4 BD+C rating system covers seven topics: “Integrative Process”, 

“Location and Transportation”, “Sustainable Sites”, “Water Efficiency”, “Energy 

and Atmosphere”, “Material and Resources”, “Indoor Environmental Quality”, 

“Innovation” and “Regional Priority”. Each of those topics has been assigned a 

number of points where some are compulsory and others are not. The weightings 

of the assigned points are as shown in Figure 5.5 herein.  
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Figure 5.5: LEED v4 for New Construction and Major Renovations points weighting (based on 
USGBC, 2012) 

Under LEED v4 BD+C, the building owner or manager needs to first register its 

project and then start collecting and preparing justification for each credit that is 

applied for. The review is called a “Split Review Option” where the design- and 

the construction-stages are reviewed twice (CaGBC, 2014). Documents for the 

design credits are first submitted when the design-stage is complete and then the 

documents for the construction credits are submitted once the building is 

completed. The documentation for both design and construction credits goes 

through a first review where credits can be identified as “Credit Achievement 

Anticipated”, “Pending Clarification” or “Denied” (CaBGC, 2014). Then in the 

second review, called the final review, credits are marked as “Achieved” or 

“Denied”. A project cannot be certified until it gets the final construction credits 

review (CaGBC, 2014).  

1%	  

15%	  

9%	  

10%	  

30%	  

12%	  

15%	  

5%	  
4%	   Integra\ve	  Process	  

Loca\on	  &	  Transporta\on	  

Sustainable	  Sites	  

Water	  Efficiency	  

Energy	  &	  Atmosphere	  

Material	  &	  Resources	  

Indoor	  Environmental	  Quality	  

Innova\on	  

Regional	  Priority	  



 125	  

5.6.1.1 LEED Building Design and Construction Energy 
Requirements 

What defines LEED in comparison to other rating system is that it puts a lot of 

emphasis on prerequisites. The prerequisites are an integral part of the rating 

system with 12 “required” items under its different categories (USGBC, 2012). 

Also, the prerequisites do not contribute to the attainment of points contrarily to 

other rating systems. Although LEED offers the possibility to select the credits to 

be achieved, the prerequisites are major items, which need to be taken into 

consideration first. With regards to LEED v4 BD+C, the “Energy and Atmosphere” 

section has four main prerequisites: “Fundamental commissioning and 

verification”, “Minimum energy performance”, “Building-level energy metering” 

and “Fundamental refrigerant management” (see Table 5.15).  

Table 5.15: LEED’s “Energy and Atmosphere” required credits 

ENERGY AND ATMOSPHERE POINTS SCORE 
Prereq - Fundamental Commissioning and Verification Required 
Prereq - Minimum Energy Performance Required 
Prereq - Building-Level Energy Metering Required 
Prereq - Fundamental Refrigerant Management Required 

The “Energy and Atmosphere” section under LEED covers a total of 33 credits 

out of a 110 credits, meaning that its weighting value is 30 percent (see Figure 

5.5). Under this section there is a total of seven categories if the prerequisites are 

not taken into consideration: “Enhanced Commissioning”, “Optimize Energy 

Performance”, “Advanced Energy Metering”, “Demand Response”, “Renewable 
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Energy Production”, “Enhanced Refrigerant Management”, “Green Power and 

Carbon Offsets”. Table 5.16 below shows the points value of each category.  

Table 5.16: LEED’s “Energy and Atmosphere” available credits 

ENERGY AND ATMOSPHERE POINTS SCORE 
Credit - Enhanced Commissioning 

6 
Credit - Optimize Energy Performance 

18 
Credit - Advanced Energy Metering 

1 
Credit - Demand Response 

2 
Credit - Renewable Energy Production 

3 
Credit - Enhanced Refrigerant Management 1 
Credit - Green Power and Carbon Offsets 2 
TOTAL 33 

Prereq – Minimum energy performance and Credit – Optimize energy 

performance are the major items under this rating system that emphasize energy 

performance optimization and are based on modeled performance results. As 

seen in Table 5.17 below, depending on the prerequisite and on the level of 

points being sought, the cost improvements levels compared to a “whole-building 

energy simulation” based on ASHRAE Standard 90.1-2010 are specific and 

predetermined26 (USGBC, 2015bc).  

26 LEED v4 BD+C also offers the possibility to achieve “Energy Performance Optimization” prerequisite and 
credits with prescriptive results based on ASHRAE’s Advanced Energy Design Guide (Option 2). However, 
as this option is only available to certain types of buildings, the “Whole Building Energy Simulation” (Option 
1) option only is reviewed in this research.
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Table 5.17: LEED v4 Building Design and Construction “Energy 
Performance Optimization” cost improvement possibilities 

Cost Improvement compared to reference building performance rating (in % equal or 
greater than) 

Optimize Energy Performance ASHRAE 90.1 2010 
Prereq 
New Building 5% 
Major Renovations 3% 
Credit 
New Building (minimum and maximum values only) 
1 point 6% 
18 points 50% 
Major Renovation (minimum and maximum values 
only) 
1 point 4% 
18 points 48% 

Since LEED’s rating system makes it compulsory for rated projects to achieve a 

minimum level of energy optimisation,  any project certified LEED v4 BD+C 

would have achieved an energy cost improvement, which indirectly will foster the 

use of energy efficiency techniques.  

5.6.2 LEED Homes 

Under LEED Canada Homes, the total number of credits available is different 

from LEED v4 BD+C. In order to get a home certified, the rating system will offer 

a total of 136 credits from which some will be compulsory and others will be 

optional (CaGBC, 2010b). The levels of certification also require a different 

amount of points achievement as seen in Table 5.18.  
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Table 5.18: LEED Canada for Homes certification levels (CaGBC, 2010b) 

Under LEED Canada Home, there are a total of eight sections from which points 

can be achieved. Those sections are also different from the LEED v4 BD+C 

rating system and their weightings are not the same as seen in Figure 5.6. 

Figure 5.6: LEED Canada for Homes points weighting (based on CaGBC, 2010b) 

LEED Canada Home certification is done through a third-party verification (a 

“Green Rater”) and involves a two-step process: field inspection and 

performance testing (CaGBC, 2010b). The “Green Rater” is in charge of the “final 

inspection of the green measures on the project’s LEED Canada for Homes 

checklist” and will also be in charge of conducting the necessary performance 

tests (CaGBC, 2013b). Once this is done, the Green Rater completes the project 
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documentation and submits it to LEED Canada for Homes for review and 

approval.  

5.6.2.1 LEED Homes Energy Requirements 

LEED for homes’ “Energy and Atmosphere” section offers three different paths to 

achieve the certification. The first two paths are based on EnerGuide Rating 

System (ERS)27 and Home Energy Rating System (HERS)28. Under Energy 

Prerequisite 1.1, LEED relies deeply on those two rating systems by requesting a 

prerequisite of 76 ERS points or 80 HERS points as a basis to get certified. With 

the ERS points, Prerequisites EA 8.1, 9.1 and 11.1 also need to be achieved and 

under HERS Prerequisite 11.1 only is required (see Table 5.19 below). If those 

two paths are not followed, then the project can be certified under the 

prescriptive path. As of August 1st, 2012, all home projects that follow the 

prescriptive path need to obtain a minimum of eight credits29 as part of EA Credit 

1, credits which need to be achieved within EA Credit 2 through 6 and/or EA 

Credit 7.3 as a basis to qualify for certification (see Table 5.19) (CaGBC, 2010b). 

On top of those credits, projects deciding to follow the prescriptive path will also 

need to achieve other prerequisites as specified in Table 5.19.  

27 EnerGuide Rating System was developed by Natural Resources Canada and evaluates a house’s energy 
efficiency based on a zero to 100 score (Natural Resources Canada, 2014b). 
28 Home Energy Rating System was developed by the U.S. Department of Energy and evaluates a house’s 
energy efficiency based on a zero to 150 score (RESNET HERS Index, 2015).  
29 As CaGBC (2010b) specifies in its homes rating system that the prescriptive path’s eight credits are 
equivalent to a rating of 80 ERS or 72 HERS, focus will be kept on the prescriptive path in the following 
sections. 
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Table 5.19 LEED Home “Energy” requirements 

ENERGY AND ATMOSPHERE ERS Path HERS 
Path 

Prescriptive 
Path 

EA Credit 1 – Optimize Energy 
Performance 

Min. 8 credits 
under EAc2, 3, 
4, 5, 6 and 7.3 

Prerequisite 1.1 - EnerGuide 
Optimize Energy Performance 

76 ERS 
Required 

Prerequisite 1.1 - HERS Optimize 
Energy Performance 

80 HERS 
Required 

EA Prerequisite 2.1 – Basic 
Insulation 

Required 

EA Prerequisite 3.1 – Reduced 
Envelope Leakage 

Required 

EA Prerequisite 4.1 – Good 
Windows 

Required 

EA Prerequisite 5.1 – Reduced 
Distribution Losses 

Required 

EA Prerequisite 6.1 – Good HVAC 
Design and Installation 

Required 

EA Credit 7.1 – Efficient Hot Water 
Distribution 

Required 

EA Prerequisite 8.1 - ENERGY 
STAR Lights 

Required Required 

EA Credit 9.1 – High Efficiency 
Appliances 

Required Required 

EA Credit 10.1 - Renewable Energy 
System 

Required 

EA Prerequisite 11.1 - Refrigerant 
Charge Test 

Required Required Required 

In addition to the prerequisites that need to be achieved, the “Energy and 

Atmosphere” section of LEED Canada Home certification offers a maximum of 38 

points, which can be achieved no matter what path is chosen. As seen in Figure 

5.6, the “Energy and Atmosphere” section represents 28 percent of the total 

rating system (136 points are available in total). The main categories found under 

this section are “Energy Performance”, “Insulation”, “Air Filtration”, “Windows”, 

“Heating and Cooling Distribution System”, “Space Heating and Cooling 
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Equipment”, “Water Heating”, “Lighting”, “Appliances”, “Renewable Energy” and 

“Residential Refrigerant Management” and the point breakdown, which varies 

depending on the chosen path as indicated in Table 5.20 herein (CaGBC, 

2010b). 

Table 5.20: LEED Home “Energy and Atmosphere” assessment points’ 
breakdown 

ENERGY AND ATMOSPHERE MAX 
POINTS 
SCORE 

EA Credit 1.2 - Exceptional Energy Performance in ERS 
(EnerGuide) 

28 

EA Credit 7 - Water Heating 3 
EA Credit 8 - Lighting 3 
EA Credit 9 - Appliances 3 
EA Credit 11 - Residential Refrigerant Management 1 
TOTAL 38 

OR 
EA Credit 1.2 - Exceptional Energy Performance in HERS 34 
EA Credit 7 - Water Heating 3 
EA Credit 11 - Residential Refrigerant Management 1 
TOTAL 38 

OR 
EA Credit 2 - Insulation 2 
EA Credit 3 - Air Filtration 3 
EA Credit 4 - Windows 3 
EA Credit 5 - Heating and Cooling Distribution System 3 
EA Credit 6 - Space Heating and Cooling Equipment 4 
EA Credit 7 - Water Heating 6 
EA Credit 8 - Lighting 3 
EA Credit 9 - Appliances 3 
EA Credit 10 - Renewable Energy 10 
EA Credit 11 - Residential Refrigerant Management 1 
TOTAL 38 
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Other sections are also linked indirectly to energy efficiency within LEED Homes. 

For instance, requirements for reduced cooling and heating loads through the 

use of shading devices or through the use of passive systems are covered under 

section “Innovation and Design Process” as shown in Table 5.21 (CaGBC, 

2010b).  

Table 5.21:  LEED Home “Innovation and Design Process” points’ 
breakdown linked to energy efficiency 

INNOVATION AND DESIGN PROCESS requirements Points 

ID 1: Integrated Design Process 
1.5 Building Orientation for Solar Design: 1 
a. The glazing area on the north- and south-facing walls of the
building is at least 50% greater than the sum of the glazing area on
the east- and west- facing walls.

0.25 

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

0.25 

c. The roof has a minimum of 42 square meters (450sqf) of south-
facing area that is oriented appropriately for solar applications.

0.25 

d. At least 90% of the glazing on the south-facing wall is completely
shaded (using shading, overhangs, etc.) at noon on June 21 and 
unshaded at noon December 21. 

0.25 

Other passive cooling requirements can also be found under section “Indoor 

Environmental Quality” (EQ). The requirements’ intent for this section is linked to 

health rather than energy, but the bottom-line result still may benefit the energy 

conservation goals (Table 5.22) (CaGBC, 2010b). 
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Table 5.22:  LEED Home “Indoor Environmental Quality” points breakdown 
linked to energy efficiency 

INDOOR ENVIRONMENTAL QUALITY Points 
EQ 3: Moisture Control 
3.1 Moisture Load Control 
c. A passive ventilation design system if approved by a licensed
design professional 

1 

EQ 4: Outdoor Air Ventilation 
4.1 Basic Outdoor Air Ventilation 
c. Passive ventilation. Have a passive ventilation system approved
and verified by a licensed HVAC engineer as providing ventilation
equivalent to that achieved by continuous ventilation systems as
described in Table 30.

1 

Similarly to LEED v4 BD+C, LEED Home has made energy performance 

optimization a main compulsory item into its rating system. Not only does it 

include basic prerequisites under each category of the “Energy and Atmosphere” 

section, but it also goes further by requesting a minimum of eight points to be 

achieved. Meaning that a home certified LEED would need to have optimised 

sections of its building envelope and/or its HVAC system.  

5.7 Passive House Institute (PHI) 

Passive House differentiates itself from the previous rating systems reviewed in 

this research as its certification only covers energy and health requirements for a 

building. Although there are not many “Passive Houses” in Canada, the standard 

has been tested all around the world in over thousands of projects located in a 

wide variety of climates (Passipedia, 2015b). It is important to note that in 

addition to being an Institute, Passive House is a standard, which attempts at 

achieving energy efficiency while offering confortable, affordable and ecological 
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buildings. As mentioned by the Passivhaus Institut (2015), “Passive House is not 

a brand name, but a construction concept that can be applied by anyone and that 

has stood the test of practice”.  

The Passive House Institute (PHI) is an independent research institute from 

Germany that fosters the development of passive house concepts globally. The 

first pilot project was introduced by the Institute in 1990 in Germany and was the 

first occupied house to achieve documented reduced energy consumption 

(Passive House Institute, 2015a). Since its inception, the PHI assumes a primary 

role with regards to research and development of “construction concepts, 

building components, planning tools and quality assurance for especially energy 

efficient buildings” (Passive House Institute, 2015a). PHI is a standard available 

for different types of projects with Passive House certification available for 

residential and non-residential projects and with EnerPHit certification available 

for existing buildings (Passive House Institute, 2013 a,b,c). Many types of 

projects can be certified Passive House, from a standard office building to indoor 

pool halls passing by factories, schools, gymnasiums, retail stores, hotels and 

many more innovative projects (Passive House Institute, 2015a). As the EnerPHit 

certification is currently only available for cool-temperate climates, buildings 

located in Central Europe and United States only have been certified (Passive 

House Institute, 2013c). As this does not apply to the Canadian context of this 

research, only requirements for new residential and non-residential buildings 

have been reviewed herein.  
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In the past, Passive House was known for its one level of certification, however, 

in March 2015, the Institute introduced new categories for building certification 

(Passive House Institute, 2015b). Now the German certification entity offers three 

different levels of certification that differentiate themselves based on the overall 

demand for renewable primary energy (also called Primary Energy Renewable 

(PER)) and requirements for renewable energy generation (Passive House 

Institute, 2015b). As seen in Figure 5.7 below, the renewable primary energy 

demand from a Classic certification to a Premium certification will vary from a 

maximum demand of 60kWh/m2a to 30kWh/m2a PER. Likewise, the renewable 

energy generation has to be minimum 60 kWh/m2a for the Plus certification and 

120 kWh/m2a for the Premium certification.  

Figure 5.7: Passive House classes of certification (Passipedia, 2015c)

In addition to the specific requirements for each class of rating system, all 

passive house levels of certification need to achieve a set of compulsory 

requirements, which are covered by two main categories: “comfort criteria” and 
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“energy criteria”. Those criteria cover the following five Passive House principles: 

“Ventilation with heat recovery”, “Airtightness”, “Passive House Windows”, 

“Thermal Bridge Free Design” and “Thermal Insulation” (Passive House Institute, 

2015c) 

In order to get certified, Passive House requires its users to rely solely on its own 

standard and requests that all buildings designs be designed on the Passive 

House Planning Package (PHPP) design-modelling tool. The software creates an 

energy balance and determines the building’s annual energy demand based on 

the builder’s input from specific building’s features (Passipedia, 2015a). A PHI 

accredited Certifier is then in charge of reviewing the building’s final built design 

and the PHPP results in order to make sure that all requirements have been met. 

Although not compulsory, PHI suggests for projects to perform a “pre-

certification” or “design stage review” in order to ensure that the pre-construction 

design plans are in line with the institute’s stringent requirements (CanPHI, 

2012a). The certification method does not use a point system, but rather specific 

requirements (Table 5.23 below), which need to be proven through PHPP. 

5.7.1 PHI and Energy Requirements 

One of the main focuses of Passive House is oriented towards “energy 

conservation”. As such, the institute has adopted strict requirements as a basis 

for its certification. As seen in Table 5.23, the main five requirements for energy 

efficiency are specific maximums for “Space Heat Demand or Heating Load”, 

“Space Cooling Demand or Cooling Load”, building leakages (assessed through 
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“Pressurization Test”), “Total Primary Energy Demand or Primary Energy 

Renewable” and “Thermal Comfort” (CanPHI, 2012a). 

Table 5.23: PHI’s main certification criteria 

Criteria 
Space Heat Demand or Heating 
Load 

max. 15kWh/m2a or 10W/m2 

Space Cooling Demand or 
Cooling Load 

max. 15kWh/m2a or 10W/m2 

Pressurization Test Result 
(50Pa) 

max. 0.6 ACH (both over- and under-
pressure) 

Total Primary Energy Demand 
or Primary Energy Renewable 
(PER) (as of March 2015) 

max. 
120kWh/m2a 

or max. 60kWh/m2a 

Thermal Comfort Not more than 10% of hours in a year over 
25°C 

Contrary to most certification entities, PHI does not use a weighting system, as 

all of its requirements are compulsory. Similarly to LBC, PHI works as a “pass or 

fail” certification and does not offer a lot of leeway in terms of deviation from its 

requirements. The net effect of this strategy is that all certified Passive Houses 

are ensured to have attained the same set of modelled energy requirement no 

matter the certification level achieved (i.e. Classic, Plus or Premium) and no 

matter the local climate.  

5.8 Summary 

The six rating systems reviewed above all have different criteria. The types of 

buildings covered, the categories covered, the standards used, the percentage of 

points to be achieved to get a certification, the categories included in the rating 

systems and their weightings and how to get certified are all aspects that are 
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widely different across the systems and which makes a comparative analysis 

difficult to achieve.  

The main aspect that was observed in this section relates to the weight allocated 

to energy performance in each rating system. Figure 5.8 herein shows an 

overview of the different rating systems covered in this research and the weight 

every rating system has allocated to the energy category. As LBC and PHI do not 

allocate points/weightings to the different categories because their systems are 

“pass or fail”, meaning that the energy category needs to be achieved to get 

certified, their weightings have been included at 100 percent. 

Figure 5.8: Selected rating systems energy weightings 

The energy requirements for each rating system are also aspects that are very 

different from one to another. As summarised in Table 5.24 and Figure 5.9 

below, the minimum requirements and the weighting of specific energy criteria 

vary immensely from system to system.  
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Table 5.24: Selected rating systems’ energy minimum requirements 

Rating Systems Energy Section Title Compulsory Requirements 
BOMA BESt Energy BESt Practices: 

- Q1: Energy assessment within the past 3
years 
- Q2: Building-specific Energy Management
(reduction) Plan 
- Q3: Preventive maintenance program for
HVAC. 

BREEAM Energy - Very Good: Energy monitoring (1 credit)
- Excellent: Reduction of CO2 emissions (6
credits), Energy monitoring (1 credit), Low
or zero carbon technologies (1 credit)
- Outstanding: Reduction of CO2 emissions
(10 credits), Energy monitoring (1 credit),
Low or zero carbon technologies (1 credit)

Green Globes Energy None 
LBC Net Positive Energy “One hundred and five percent of the 

project’s energy needs must be supplied by 
on-site renewable energy on a net annual 
basis, without the use of on-site 
combustion. Projects must provide on-site 
energy storage for resiliency”. 

LEED Energy and Atmosphere - Fundamental Commissioning and
Verification 
- Minimum Energy Performance
- Building-Level Energy Metering
- Refrigerant Management

LEED Homes Energy and Atmosphere - Optimize Energy Performance: 8 credits
- Basic Insulation
- Reduced envelope leakage
- Good windows
- Reduced Distribution Losses
- Good HVAC Design and Installation
- Efficient Hot Water Distribution
- ENERGY STAR Lights
- High Efficiency Appliances
- Renewable Energy System
- Refrigerant Charge Test

PHI Energy Criteria - Space Heat Demand ≤ 15 kWh/m2a
- Space Cooling Demand ≤ 15 kWh/m2a
- Pressurisation Test Result ≤ 0.6 ACH@
50Pa 
- Total Primary Energy Demand ≤120
kWh/m2a 
- Thermal Comfort ≤ 10% of hours in a year
over 25°C 
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Figure 5.9: Selected rating systems energy requirements30 weightings 

It is interesting to note, that although the weightings fluctuate depending on the 

systems, all the systems that work on a points’ basis in some instances follow an 

identifiable range. For instance the weighting for “Energy Innovation” has a range 

of zero to two percent, “Energy Management” a range of one to eight percent and 

“Low and zero carbon technology” a range of one to seven percent. On the other 

hand, an aspect as important as “Energy Consumption/Performance” 

optimisation is given approximately 15 percent weight under Green Globes and 

LEED (both BD+C and Homes), but is not covered under BREEAM and LBC. 

The same can also be observed for “Energy Efficiency Features” where BOMA 

BESt, BREEAM and Green Globes have similar weightings, averaging at 14 

30 High-level categorisation of the requirements reviewed in this Chapter. 
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percent and conversely where LBC and LEED (both BD+C and Homes) have put 

little to no emphasis on this category. Likewise, the minimum requirements 

observed in Table 5.24 cover a broad range of requirements, which do not bring 

forward identifiable patterns.  

Although all aspects mentioned above are interesting to investigate, the 

methodology that needs to be followed in order to get a certification is a variable 

that is very important and that may change considerably the final anticipated 

performance of a building. Whether a building is certified based on modelling 

design or based on its actual performance is an important feature, as often the 

modelled building might not lead to the expected performances.  

To understand how this feature plays a role in the final anticipated sustainability 

results, the Kingston Police Headquarters (LEED Gold) was investigated in order 

to have a better understanding of how a building is certified (in this case a LEED 

building). During the investigation, it was found that throughout the first year of 

operation the building reached 17 percent of energy savings while the modelled 

(potential performance) anticipated savings were set at 58.1 percent (see 

Appendix C). Although in the first year the systems are still being set-up and 

calibrated, these results are still very far from the savings that were proposed. 

For this reason, it was determined that the methodology by which a building is 

certified is also critical in determining the actual level of sustainability. Table 5.25 

below shows a summary of the different certification methodology requirements 

discussed in this Chapter.  
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Table 5.25: Rating systems certification methodology requirements 

Certification 
methodology 
requirements 

BOMA 
BESt BREEAM 

Green 
Globes LBC LEED 

LEED 
Home PHI 

Self-assessment X X X X X X X 
Third-party 
assessment X X X X X 
Design review X X X X 
As-built review X X X X 
Modelling review X X X 
On-site verification X X X 
Performance testing X 

 
X X 

Operations 
performance review 

BREEAM 
In-Use 

BOMA 
BESt X 

LEED 
O+M or 
through 
optional 
points EnerPHit 

Certification timing 

Within 6 
months of 
application 

After 12 
months of 

full 
occupancy 

Validity 3 years 

As seen in Table 5.25, more than half of the rating systems do not require for 

performance testing once a building has been commissioned. More importantly, 

only one certification entity (LBC) requires for operations performance review, 

which exemplifies a potential gap in the industry where most certified buildings in 

Canada (in this case all except one certified LBC, see Chapter 4, Figure 4.5) 

have not requested for proven operations performance results at the time of 

certification. Nonetheless, as an independent activity31, it is not rare to encounter 

building studies, which analyse how the certified buildings are performing. 

Indeed, in Wong’s (2015) Passive Buildings in Canada review it is identified that 

most buildings that were studied met the PHI prescriptive energy performance 

31 Performed independently from the certification process/requirements. 
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requirements (Appendix D). Conversely, when Turner and Frankel (2008) 

reviewed LEED’s performance for the USGBC, it was observed that 25 percent 

of the studied buildings delivered 50 percent excess savings and that 21 percent 

showed “unanticipated measured losses” (Appendix E). Although excess savings 

are desirable, because they were not anticipated, it is also a sign that the 

modelling does not lead to reliable results. Hence, the study performed for the 

USGBC showed a level of uncertainty of 46 percent, which does not allow for 

LEED’s modelling to confirm with certainty that their certification leads to 

anticipated energy performances. For further information on the Green Building 

Industry in Canada, one can refer to the Canada Green Building Council 

(CAGBC) and Natural Resources Canada (NRCan) – Energy efficiency in 

buildings (NRCan, 2015).  

5.9 Applicability  

Determining the structure and logistic of each selected rating system and how 

the energy requirements are incorporated in the latter is a crucial step in 

evaluating the efficacy of the active rating systems in Canada. Moreover, 

establishing a benchmark between all the systems in order to understand the 

energy requirements similarities and dissimilarities allowed for a deeper 

understanding of the energy emphasis in all rating systems.   

Now that the basis for each rating system has been established, Chapter 6 will 

offer a review of the rating system inventory performed herein in order to 

evaluate how each rating system incorporates “energy conservation” techniques 



 144	  

within their system and how those results compare to each other. 
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 Chapter 6 

Results and Discussions 

6.0 Overview 

This chapter covers the selected rating systems inventory results, which are 

included in Appendix F. Herein, the different criteria that were identified in 

Chapter 3 have been analysed under each rating system requirements. From 

there, the results were extracted, scrutinised and compared to each other. This 

has led to an understanding as to how each rating system is measuring up 

individually in terms of energy conservation requirements. The results also 

allowed an overall understanding of the rating systems available in Canada and 

their comparison to the fundamentals associated with the 3-Tier Approach. The 

criteria, which have been reviewed in this section, are the following: 

a. Energy Intensity Requirements;

b. Other Energy Efficiency Requirements;

c. Airtightness Requirements;

d. Insulation Requirements;

e. Fenestration Requirements;

f. Thermal Bridges Requirements;

g. Thermal Envelope Commissioning/Maintenance Requirements;

h. Exterior and Interior Shading Requirements; and,

i. Passive Systems Requirements.
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6.1 Energy Intensity Requirements 

Energy intensity is a criteria covered by all six selected rating systems in a 

prescriptive manner or in an indirect manner. Although the weighting of this 

criterion is not straightforward for all systems, Figure 6.1 below provides a 

summary of the points allocated under each system in this regard. Note that PHI 

does not work on a points basis, but as its requirement for energy intensity is 

prescriptive and compulsory, its total weighting has been set at 100. Likewise, 

LBC does not work on a points basis either. In addition, the entity does not have 

any direct requirements in terms of achieving energy intensity goals, hence its 

weighting in this category has not been included32. After PHI, which requires an 

absolute pass for this category, LEED is the entity allocating the most weight 

within this category with close to 20 percent for commercial and retrofit buildings 

and a weight of 25 percent for residential projects.  

32 The same methodology will be used for the subsequent points weighting evaluation charts – LBC only has 
one requirement in terms of “Net Positive Energy” (Chapter 5), hence the entity does not have any points 
allocation or specific requirements for this section and the following.  
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Figure 6.1: Energy intensity maximum weighting33 for selected rating systems 

Energy intensity requirements are easily identifiable in most rating systems. 

Many will request for a specific amount of energy per square meter per year not 

to be exceeded. Figure 6.2 below shows the prescriptive requirements under 

each selected system. The national average for residential buildings and 

commercial/institutional buildings has been included in order to offer a 

comparison between buildings/homes built up to code and buildings built under a 

rating system. As mentioned above, since LBC does not have a specific 

requirement for energy intensity, but rather a requirement of net zero, which 

indirectly promotes the minimisation of energy consumption. As such, the 

indicator included below is an average of energy intensity for LBC certified and 

NZEB certified buildings. As for LEED and BREEAM, they do not include 

prescriptive requirements into their system. BREEAM requires as a minimum to 

comply with local requirements and for a maximum of points to achieve zero net 

33 Note that the values in the “stacked column” graphs in this research are not cumulative, meaning that the 
absolute value should be considered. Also, the order in which the systems are presented bear no meaning.  
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carbon emissions (Chapter 5). Whereas LEED calculates energy intensity 

achievements in terms of the cost improvements based on a modelled baseline 

building and are calculated as a percentage of cost improvement (Chapter 5). 

Since both entities use methodologies that are not on the same baseline as the 

other rating systems, a relevant benchmark is difficult to achieve 34 . The 

determination of a baseline building can be difficult to determine, as there are 

many assumptions and idealizations that are introduced in such a process. 

However, thanks to the New Buildings Institute’s Energy of LEED for New 

Construction Buildings report (2008), it was possible to include the measured 

Energy Use Intensity (EUI) from American LEED buildings in the comparison 

Figure 6.2.   

As seen in Figure 6.2, the most stringent energy intensity requirement can be 

found under PHI’s highest level of certification with an average requirement of 30 

kWh/m2 per year and under LBC’s actual performance for “New Low Rise 

Residential” buildings at 27.22 kWh/m2. In comparison to the national average, it 

can be observed that all rating systems bring forward stringent requirements with 

at least 70 percent improvement in energy intensity for the residential buildings 

and more than 55 percent savings for commercial buildings. 

34 An analysis of different case study could help reveal the energy intensity required for both BREEAM and 
LEED certified buildings, however as the entities rely heavily on modelling and, in the case of LEED, on cost 
rather than kWh/m2, a true comparison becomes difficult to achieve.  
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Figure 6.2: Energy intensity requirements for selected rating systems 

6.2 Other Energy Efficiency Measures 

Since all rating systems have their own way of accounting for the sustainability of 

a building, they also have their own additional requirements with regards to 

energy efficiency. Figure 6.3 below shows the points weightings with regards to 

each rating system for additional requirements related to energy efficiency (if 

applicable). Of all the rating systems, LEED for commercial and existing buildings 

has the most weighting dedicated to this category with 5.45 percent.  
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Figure 6.3: Other energy efficiency measures weighting for selected rating systems 

These additional requirements are commonly linked to energy management 

plans for the reduction of energy consumption, established pre-design 

performance goals, innovation in achieving exemplary performance, post-

construction measurement and verification plan, etc. Table 6.1 below 

summarizes the other energy efficiency measures requirements under each 

rating system if applicable.  

Table 6.1: Summary of other energy efficiency measures requirements 
under selected rating systems 

Compulsory Points Achievement 
BOMA BESt: 
- Has the building had an energy assessment
within the past three years that included 
recommendations with costs, savings and a 
payback period? 
- Is there a building-specific Energy
Management (reduction) Plan to address 
issues raised in the energy assessment? 

Green Globes: 
- Modeled building's monthly power demand
factor is optimised; 
- Energy management system to reduce
power demand or control power demand 
based on "load shedding" agreement.  

BREEAM: 
Where the building demonstrates exemplary 
performance by meeting defined exemplary 
level performance criteria. 
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LEED: 
- Prepare and maintain a current facilities
requirements and operations and maintenance 
plan that contains the information necessary to 
operate the building efficiently. 
- Building-level metering: Commit to sharing
the resulting energy consumption data and 
electrical demand data (if metered) for a five-
year period beginning on the date the project 
accepts LEED certification or typical 
occupancy, whichever comes first. At a 
minimum, energy consumption must be 
tracked at one-month intervals. 
This commitment must carry forward for five 
years or until the building changes ownership 
or lessee. 

LEED: 
- Enhanced and monitoring-based
commissioning. Notably includes a review of 
the building operations 10 months after 
substantial completion, measurement 
requirements, an action plan for identifying 
and correcting operational errors and 
deficiencies, training to prevent errors, 
planning for repairs needed to maintain 
performance. 
- Optimize energy performance based on
regional priority 

6.3 Airtightness 

As covered in Chapters 3 and 4, airtightness is an important aspect when it 

comes to the achievement of energy conservation. Airtightness is measured by 

the amount of air leakage (air permeability) in a building. Although it can be 

measured and thereby assessed, not all rating systems have allocated points or 

requirements to this category. Figure 6.4 below shows which rating systems have 

points’ allocation for this category and the value of the points’ weightings. 

Similarly, there are other rating systems, which require higher airtightness than 

most building regulations simply due to their energy requirements. Such a 

situation would make airtightness an indirect effect from the program’s energy 

requirements that would not be achievable otherwise. While PHI would have the 

highest weighting for this requirement as its prescriptive air permeability 

requirement is compulsory, the program has not been included in Figure 6.4 

below in order to allow for a better view of the other rating systems points 
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weighting allocation. Under airtightness points’ weightings, LEED for low rise 

residential is the program that allocates the most points with 2.21 percent. It is 

interesting to note that the weighting shown under LEED for low-rise residential 

includes only additional attainable points. The entity has an airtightness 

prerequisite that is also considered a “pass or fail”. 

Figure 6.4: Airtightness weighting for selected rating systems35 

Under the airtightness requirements found in each rating system, some programs 

require specific permeability values (Table 6.2). Unfortunately, as certain 

systems use metrics that are dependent on the envelope’s volume (VE) and 

surface (AE) of a building, the requirements are not easily comparable.  

35 PHI = 100%, LEED Homes = 100% (plus additional points shown in Figure 6.4) 
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Table 6.2: ACH requirements for selected rating systems 

Rating Systems Req. @ 50 Pa Metrics 
Green Globes - for points achievement 5.5 m3/h/m2 
BREEAM w/checklist - min point 5 m3/h/m2 
BREEAM w/ checklist - max point 2.5 m3/h/m2 
LEED Home - compulsory 3.5 - 2.5 ACH 
LEED Home - max point 2.5 - 1.5 ACH 
PHI - compulsory 0.6 ACH 

As the ratio between VE and AE may vary greatly depending on the shape of a 

building, analysing the requirements on the same baseline becomes challenging. 

For this reason, Figure 6.5 below shows the requirements under applicable 

selected rating systems on the same metric baseline (ACH at 50 Pa) established 

on extreme shapes (sphere and U-shape) and typical building shapes (square) 

as explained in Chapter 4. LBC was not included in the chart because the entity 

does not cover any requirements with regards to air permeability in a building. 

However, reducing the amount of ACH would benefit any project under LBC in 

order to reach the net positive zero requirement. BOMA BESt also does not 

include specific requirements for air changes under its rating system. The 

program awards points when certain “qualitative” activities have been met. For 

example, the certifying entity requests for an achievement of three points: “seal 

roof-to-wall connections and exterior openings of mechanical penthouse and 

floors in the upper part of the building” (BOMA BESt, 2015b). Such requirements 

would benefit the airtightness of a building, however, to “seal” could be seen as 

subjective and without real quantifiable measures of air permeability, energy 

conservation goals may not be achieved. LEED for commercial and for existing 
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buildings does not have specific requirements for air permeability either. As it is a 

prerequisite to follow ASHRAE 90.1-2010 under LEED v4 BD+C, there are some 

qualitative measures that need to be followed here as well such as: “the entire 

building envelope shall be designed and constructed with a continuous air 

barrier” (ASHRAE, 2010). Since the program requests important cost 

improvements in the modeled evaluation; it is a criterion that would benefit the 

final results if optimised. The NBC does not require a measurable objective of 

airtightness either. Nevertheless, the code does suggest for the material used in 

the construction of the envelope to have a resistance to air-leakage of 

0.02L/(sm2)36  for commercial buildings and 0.1L/(sm2) at 75 Pa. Air barrier 

material requirements are very different from overall building envelope 

airtightness (air barrier system/assembly). The air barrier material is a single 

component of the building enclosure with a specific resistance to air leakage 

when tested in itself, without joints or seams, whereas, an air barrier system is a 

collection of air barrier materials integrated together within the building enclosure 

(Waite & O’Brien, n.d.).  Hence, an evaluation between the rating systems’ 

requirements and NBC’s requirements is not straightforward. Of the rating 

systems that require measurable air permeability, PHI is the most stringent 

program in comparison to all other selected rating systems with an ACH of 0.6 at 

50 Pa.  

36 Second per square meter. 
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Figure 6.5: Airtightness requirements for selected rating systems 

In order to have an idea of how those requirements compare to older types of 

buildings, the International Energy Conservation Code (IECC) and to the national 

average, Figure 6.637 includes a summary of related ACH values. Since Canada 

covers temperate cold to arctic climates, newly built houses following NRCan’s 

R-2000 rating for instance tend to have more efficient envelopes (1.5 ACH @ 50

Pa) than their counterparts in other countries (Cotterell & Dadeby, 2012). This in 

turn shows how the requirements under the different rating systems with regards 

to ACH might be too lenient for a country such as Canada with harsh weather. 

Nonetheless, as specified by NRCan in its report on ecoENERGY Efficiency for 

Buildings (2012), the average office building in Canada hovers between 5 and 10 

ACH at 50Pa, which is far from being adequate.  Also, the average typical older 

37 Figure 6.6 shows an average of the requirements for each rating system’s required ACH (at 50 Pa). 

0	  
1	  
2	  
3	  
4	  
5	  
6	  
7	  

AC
H	  
@
	  5
0	  
Pa

	  

AirQghtness	  Requirements	  

Sphere	  

Square	  

U-‐Shaped	  



 156	  

house would have a 2.00 ACH at 50Pa, which shows an inadequacy of the 

requirements under the selected rating systems. 

Figure 6.6: Airtightness requirements comparison (sources: Cotterell & Dadeby (2012), Lechner 
(2015), Natural Resources Canada (2012)) 
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efficient insulation needs to be incorporated into a building’s design. Figure 6.7 
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that the weighting for this section would be 100 percent. Also, the weighting 

shown under LEED Homes includes only additional attainable points. The entity 

also has insulation prerequisites, which is considered as a “pass or fail”. After the 

prerequisites considered under PHI and LEED, BREEAM offers the highest 

weight for insulation at 1.90 percent (Figure 6.7). 

Figure 6.7: Insulation weighting for selected rating systems38 

Since insulation is a building variable easily identifiable and quantifiable with 

material heat flow coefficient (U-value) or thermal resistance (R-value) (Chapter 

3), almost all selected rating systems include prescriptive insulation requirements 

based on local climate zones except BOMA BESt. Figure 6.8 below shows the 

average 39  minimum required R-values for each selected rating system 

categorised by the different components of a building. LEED for buildings has not 

been included because its evaluation is based on cost improvement rather than 

38 PHI = 100%, LEED = 100%, LEED Homes = 100% (plus additional points shown in Figure 6.7) 
39 Each rating system has a set of R-values for each building component that will vary based on the local 
climate zone assigned. The R-values shown in Figure 6.8 are averages of the climate zones applicable to 
the Canadian climate. 
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strictly performance. However, its program roots itself on ASHRAE 90.1-2010, 

which has been included herein. Although a linear comparison of the cost 

savings requirements with the required insulation is not possible, it can be 

anticipated that the requirements under LEED will be equal or greater than 

ASHRAE’s Standard 90.1-2010 Energy Standard for Buildings Except Low-Rise 

Residential Buildings (2010). It can be observed that LEED Homes has a slightly 

different way of categorising the building components where ceiling requirements 

are included instead of roof requirements.  It can also be seen that BREEAM has 

different levels of requirements depending on the amount of points sought, that 

Green Globes requests those levels for points to be achieved and that LEED 

Homes has specific requirements which are included as prerequisites or as 

additional points opportunities. BOMA BESt and LBC are the only rating systems 

that do not include prescriptive requirements into their rating system. BOMA 

BESt simply requests for the builders to assess the thermal resistance of the 

building without including any minimum requirement or offering additional points 

for higher insulation achievements. Of all the rating systems, only LEED, LEED 

Homes and PHI have prerequisites, which guarantee a minimum insulation 

achievement. PHI is the most stringent program with the highest R-value (with 

the exception of the ceiling R-value for LEED-Homes) that is imposed as a 

prerequisite. The Institute does not categorise the R-value requirement, it simply 

puts an overall R-value that needs to be followed for all exterior components of 

the building envelope. 
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Figure 6.8: Insulation requirements comparison for selected rating systems 

6.5 Fenestration 

Although fenestration plays a major role in the achievement of energy 

conservation as summarized in Chapter 3, not many rating systems include 

points allocation to this category. Figure 6.9 below shows the points weighting 

under Green Globes, LEED Homes and BOMA BESt. Interestingly, BREEAM 

does not allocate specific points or specific requirements for the windows 

insulation or assembly. Although the British organisation does have specific 

requirements for insulation, these do not cover in any way the transparent 
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components of the building. If the modelling path is considered under BREEAM, 

then opting for efficient windows will pay off. The same can also be observed 

under LEED where points for efficient fenestrations are not included, but would 

add value in the achievement of the energy cost improvement under the building 

modelling. Here again PHI does not allocate points, but its requirements are 

compulsory for the windows. Hence it’s weighting, if incorporated in Figure 6.9, 

would show a value of 100 percent. In summary, points weighting in this category 

vary slightly from 1.43 percent to 2.42 percent and LEED Homes is the program 

that allocates the latter.  

Figure 6.9: Fenestration weighting for selected rating systems40 

Although BOMA BESt allocates points to the window requirements, it does not 

require specific metrics for the window systems. Indeed, the certification 

specialising solely on existing buildings only requires as a minimum to achieve 

points for “energy-efficient windows consist[ing] of, at a minimum, double-glazed 

40 PHI = 100% 

0.0%	  
0.5%	  
1.0%	  
1.5%	  
2.0%	  
2.5%	  
3.0%	  
3.5%	  
4.0%	  
4.5%	  

New	  Commercial	   New	  Low	  Rise	  
Residen\al	  

Exis\ng	  Building/
Retrofit	  

FenestraQon	  

PHI	  

LEED	  

BREEAM	  w/	  checklist	  

BREEAM	  w/	  modeling	  

LBC	  

Green	  Globes	  

BOMA	  BESt	  



 161	  

windowpanes with frame spacers that have high thermal integrity” (BOMA BESt, 

2015b). Conversely, Green Globes, LEED, and PHI have very specific 

requirements with regards to fenestration. Although LEED works with the cost 

improvement modelling, as mentioned previously, its system relies strongly on 

ASHRAE 90.1–2010. The requirements for LEED Commercial and Existing are 

then included under the title ASHRAE, as LEED documentation does not cover 

specifically those values. LEED Homes on the other hand relies on Energy Star 

for its windows rating and Green Globes on MNECB, but their metrics have been 

included directly under their respective names as the program guide includes 

directly the values. Figure 6.10 shows the “assembly maximum U-Value” 41 

prescribed under each rating system.  

Figure 6.10: Fenestration thermal resistance requirements comparison for selected rating systems 

41 All values represent an average of all climate zones under each rating systems respectively. 
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In this section PHI is the most stringent with a thermal resistance requirement of 

0.69 U-Value for vertical glazing and 0.83 U-Value for horizontal windows 

(averages of the climate zones applicable in Canada). Not only does PHI has the 

most stringent requirements, but also its requirements are by far more 

demanding by representing almost half of the next most stringent requirement 

(LEED Homes). Figure 6.11 displays the requirements for the SHGC42. Contrarily 

to the thermal transmittance requirements, SHGC is not specified under all 

programs; hence Figure 6.11 herein includes only the ones that have quantifiable 

measurable requirements.  

Figure 6.11: Fenestration SHGC requirements comparison for selected rating systems

42 All values represent an average of all climate zones under each rating systems respectively. 
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One of the reasons why selected rating systems do not cover a SHGC 

requirement is because this criterion may vary depending on the heating/cooling 

load goal of the building designer. As discussed in Chapter 3, higher SHGC 

allows more heat from the sun to enter the building. However, not every building 

design may wish to take advantage of this “free” heat. Moreover, the location of 

the windows in the building will play a role in the desired SHGC versus the low-

emissivity coating (see Chapter 3). For this reason, selected programs do not 

require minimum SHGC. Nevertheless, as a higher SHGC is desirable in cold 

climates such as Canada’s, some rating systems deem important to include the 

requirement into their program. As seen in Figure 6.11, most systems require for 

a SHGC of at least 0.50 for the local climates found in Canada (ensuring that at 

least 50 percent of the heat enters buildings for improved heat gains in the 

winter).  

Similar to the SHGC criteria, which will greatly depend on the functional design of 

a building, the ratio of windows to floor/wall area, the type of glass and the 

orientation of the windows can play major roles in energy conservation 

achievements. In the energy modelling for buildings, as done for BREEAM, 

LEED New Commercial and Existing Buildings and PHI, and for the energy 

performance requirements such as LBC’s, those criteria will play an undeniable 

role. They have been covered under the “Passive Systems” criterion in this 

Chapter.  
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6.6 Thermal Bridges 

As mentioned in Chapter 3, although a building can achieve high levels of air 

permeability and insulation (opaque and transparent components), a building can 

lose 30 percent of its heating efficiency if there exist thermal bridges (Capozzoli 

et al., 2013). While this is significant and should be reviewed in the design and 

construction of a sustainable building, not many rating systems have 

incorporated this criterion into their program. As shown in Figure 6.12, only 

BOMA BESt and Green Globes have specific requirements for the thermal 

bridges. Even then, both only allocate a fraction of a point weighting to the 

criterion. PHI also has a requirement under its certification where it is specified 

that thermal bridges need to be absent, which needs to be achieved to obtain the 

certification. As no points are allocated, the Institute has not been included in the 

points weighting Figure 6.12 herein.  

Figure 6.12: Thermal bridges weighting for selected rating systems
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Although thermal bridges can be quantified by evaluating a building’s linear 

thermal bridges (Ψ) as seen in Chapter 3, PHI is the only entity requesting for 

0.01Ψ, which indicates a building with an “absence of thermal bridges” 

(Passivhaus Institut, 2015b). Under Passive House, there exists another criteria 

that asserts a building is thermal bridge free as explained by Cotterell and 

Dadeby (2012):  

“A junction in a Passivhaus is considered to be thermal-bridge-free if, 
on examination of the construction, the insulation can be seen to be 
continuous at a minimum of two-thirds the thickness of the insulation 
surrounding the junction (assuming all the insulation has the same 
thermal conductivity)”. 

Aside from the criteria under PHI, there are no other quantifiable criteria under 

the other systems. Table 6.3 below shows a summary of the requirements under 

each rating system that has included a requirement. 

Table 6.3: Summary of thermal bridges requirements under selected rating 
systems 

Compulsory For Points Achievement Synergies and/or 
Suggestions 

PHI: 
- Absence of Thermal Bridges =
0.01 Ψ W/mK; 
- Insulation can be seen to be
continuous at a minimum of two-
thirds the thickness of the insulation 
surrounding the junction. 

BOMA BESt:  
Consider the differences in 
temperature on the inner and outer 
surface of the building, and 
conditions that might promote 
condensation on the surface of 
thermal bridges. 

LEED Homes: 
- Reduced framing can allow for
more insulation and fewer thermal 
breaks. 
- Efficient framing can create
additional spacing in wall cavities, 
reducing thermal breaks and 
insulation compaction. 

Green Globes: 
- Walls of unvented crawl spaces
must have insulation that is
permanently fastened to the wall
and extends downward from the
floor to the finished grade level, and
then vertically and/or horizontally
for at least an additional 60 cm?

PHI:  
All edges, corners, connections and 
penetrations must be planned and 
executed with great care, so that 
thermal bridges can be avoided. 
Thermal bridges, which cannot be 
avoided must be minimised as far 
as possible. 
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Table 6.3 does not include BREEAM and LEED for New Commercial and 

Existing Buildings as no requirements with regards to thermal bridges were 

included under those programs. Unfortunately, when qualitative requirements are 

included, the evaluation for points achievement becomes harder to accomplish. 

LEED Homes, for instance, does not have any prerequisites or requirements for 

points under its program, but it does mention the added value of reducing thermal 

bridges. On the other hand, for points achievement, BOMA BESt and Green 

Globes requirements are more oriented towards showing that some efforts were 

put into understanding the thermal bridges in the design phase and trying to 

minimise them. PHI also included in its documentation suggestions for the 

achievement of the requirements explained above.  

6.7 Thermal Envelope General 

Sections 6.3 to 6.6 inclusively have covered the variables that need to be 

considered for an optimised building thermal envelope. However, setting specific 

requirements without commissioning or planning for the maintenance of the final 

envelope may bring undesirable performance results. Therefore, this section is 

meant to identify other requirements found under the selected rating systems that 

may cover those important aspects. Although most rating systems have specific 

requirements for the building envelope as explained in this Chapter, most of them 

do not have requirements pertaining to commissioning and maintenance. As 

demonstrated in Figure 6.13 below, only BOMA BESt, Green Globes and LEED 

for commercial buildings have points weighting in this section. However, it is 
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important to acknowledge here that PHI, LEED Commercial and LEED Homes all 

have prerequisites that request for a performance test of the building envelope in 

order to achieve the certification. 

Figure 6.13: Thermal envelope general weighting for selected rating systems

Table 6.4 below reviews a summary of the requirements under the different 

rating systems that cover this specific thermal envelope requirement. 

Table 6.4: Summary of thermal envelope general requirements under 
selected rating systems 

Prerequisites For Points Achievement Synergies and/or 
Suggestions 

PHI:  
Onsite pressure test. 

BOMA BESt: 
- A building condition assessment
conducted at least every 5 years; 
- Were the recommendations of the
Building Condition Report for the 
walls and windows carried forward 
into a Capital or Building 
Maintenance Plan? 
- Were the recommendations of the
Building Condition Report for the 
roof carried forward into a Capital 
Plan? 

PHI: 
- Are compact building shapes
possible? 
- Simple structure of envelope
surface (preferably without dormers 
or recesses etc.); 
- Layout: keep installation zones
together (e.g. bathroom over or 
next to kitchen), taking into account 
necessary ventilation ducts; 
- Separation of any existing
basement level: airtight and free of 
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thermal bridges 

LEED HOMES:  
Performance Tests: Envelope 
Leakage - Prerequisite 

Green Globes:  
Is there a requirement to 
commission the Building Envelope? 

LEED: 
Fundamental commissioning and 
verification for exterior enclosures 
based on owner’s project 
requirements. 

LEED: 
Enhanced commissioning (Option 
2) Building’s Thermal Envelope
commissioning according to 
selected process. 

Due to the fact that BOMA BESt is a program covering solely existing buildings, 

its requirements under this section are more focused on maintenance. Whereas 

Green Globes offers points if a performance test of the envelope is performed 

and LEED if the thermal envelope is commissioned in accordance to selected 

processes. Lastly, PHI offers suggestions with regards to the optimisation of the 

building design in order to maximise energy conservation with simple design 

considerations.  

6.8 Shading 

The criteria above are all crucial in a cold climate, such as those found in 

Canada. As much as it is important to optimise heat gain and minimise heat loss 

in the winter, with the right solar heat gain coefficient (SHGC) for the windows 

design for instance, it is also important to avoid overheating in the summer. 

Hence, the type of windows selected for the cold climate may not work well in the 

summer months. For this reason, shading devices are crucial in maintaining 
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thermal comfort in the summer. As reviewed in Chapter 3, using exterior fixed- or 

movable-shading devices have the potential of reducing as much as 80 percent 

of the heat gains in the summer. Although this potential is real, not many rating 

systems have incorporated points allocation for this criterion. As shown in Figure 

6.14, the only systems including points for shading are Green Globes, LEED 

Homes and BOMA BESt, although their weightings are very low.  

Figure 6.14: Shading weighting for selected rating systems

Other rating systems such as PHI and LEED (via ASHRAE 90.1-2010) have 

included suggestions for the types of shadings to include and the ways of 

including them into their modelling systems. On the other hand, BREEAM and 

LBC have not included any requirements. Nonetheless, it can be taken into 

account that shadings that are fixed and automatic can easily be incorporated 

into a modelling system. In which case, BREEAM, LEED and PHI would 

definitely benefit from heat avoidance techniques in the achievements of the 

certification. Likewise, achieving a net positive energy building would also be 

0.00%	  
0.10%	  
0.20%	  
0.30%	  
0.40%	  
0.50%	  
0.60%	  
0.70%	  
0.80%	  
0.90%	  

New	  Commercial	   New	  Low	  Rise	  
Residen\al	  

Exis\ng	  Building/
Retrofit	  

Shading	  Points	  WeighQng	  

PHI	  

LEED	  

BREEAM	  w/	  checklist	  

BREEAM	  w/	  modeling	  

LBC	  

Green	  Globes	  

BOMA	  BESt	  



 170	  

easier to achieve with heat avoidance techniques in the summer. For this reason 

the performance goals set by LBC, for example, would be easier to attain with 

the help of shadings. Of all the rating systems, it is interesting to notice that none 

have included quantifiable measures for the shading devices except LEED 

Homes which requires a minimum of 90 percent of the south-facing fenestration 

to be completely shaded. Table 6.5 below offers an overview of the requirements 

of each rating systems.  

Table 6.5: Summary of shading requirements under selected rating 
systems 

For Points Achievement Synergies and/or Suggestions 

BOMA BESt:  
Does the building have window shading to 
reduce the cooling load?  

PHI: 
- Avoid shading in winter;
- Strategies to address the risk of summer
overheating should be adopted; 
- PHPP includes a Shading-S worksheet

Green Globes:  
Are there shading devices on southern, 
western, and eastern exposures? 

LEED (ASHRAE 90.1 – 2010) 
- Manually operated fenestration devices
shall not be modeled; 
- Permanent shading devices shall be
modeled;
- Automatically controlled fenestration
shades or blinds shall be modeled.

LEED Homes:  
At least 90% of the glazing on the south-facing 
wall is completely shaded at noon on June 21 
and unshaded at noon on December 21. 

It is key to also note that the requirements that lead to points achievement are all 

under the rating systems that do not require modelling. Whereas the 

synergies/suggestions with regards to shading are all linked to programs which 

require modelling – the reason being that the way to achieve desired energy 

performance levels is up to the designer.  
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6.9 Passive Systems 

Passive systems have a lot of potential, yet their proficient use is somewhat rare. 

Effectively, when used properly, passive solar heating may help reduce energy 

consumption and increase the occupants’ thermal comfort (Chapter 3). 

Unfortunately, as passive systems are far from being standardised, it is 

challenging for the rating systems to establish efficient rating schemes that can 

cover those techniques. Nonetheless, selected rating systems have incorporated 

points into their program in order to recognise the accomplishment of projects, 

which succeed in including passive systems into their buildings. Figure 6.15 

below offers an overview of the weightings integrated into the different systems.  

Figure 6.15: Passive systems weighting for selected rating systems

BREEAM has the highest points allocation weighting for this criteria with 2.53 

percent of its weighting allocated to passive systems accomplishment.  Under 

this category, many different types of requirements (Table 6.6) can be included, 

some more specific than others. As a general rule, any process that does not 
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require mechanical systems to function, that contributes to the achievement of 

energy conservation, that uses natural energies and that was not mentioned in 

the criteria previously included in this Chapter were included in this section. 

Table 6.6 herein shows a condensed summary of the requirements that were 

considered under each rating system.  

Table 6.6: Summary of passive systems requirements under selected rating 
systems 

For Points Achievement Synergies and/or Suggestions 

BOMA BESt: 
- Does the roof have high-albedo (cool)
roofing materials with a Solar Reflectance 
Index (SRI) of 70 or higher? 
- Are there other energy-saving systems or
measures? 

PHI: 
- South-oriented main facade (± 30°) and large
south-facing window areas 
- Glazing areas facing south are optimal;
windows facing east/west/north should be kept 
small. 

Green Globes:  
Ratio north/south fenestration area to the 
east/west fenestration area is optimised.  

LEED Homes 
Passive solar designs must be modeled and 
can take credits.  

BREEAM 
- Where the design incorporates a system of
providing low carbon cooling to completely 
displace the need for a mechanical cooling 
system; 
- No mechanical ventilation
LEED Homes: 
- The glazing area on the north- and south-
facing walls of the building 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;
- The roof has a minimum of 42 square
meters of south-facing area that is oriented
appropriately for solar applications;
- No refrigerants required due to passive
cooling design;
- A passive ventilation design system if
approved by a licensed design professional.

The main requirements/suggestions that were recurrent under the selected rating 

systems were notably linked to energy-saving systems, passive cooling and 
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fenestration design. Although those requirements/suggestions were included, 

they are very general and leave a lot of room for interpretation. For instance, 

Green Globes requirement (ratio north/south fenestration area to the east/west 

fenestration area is optimised) does not specify what is considered “optimised” 

and how this criterion should be calculated. 

6.10 Discussion 

Energy conservation linked to the first two tiers of the 3-Tier Approach (Chapter 

3) is a challenging strategy to evaluate under the different rating systems as they

all use different metrics and scales to incorporate the requirements covering 

those strategies. Nonetheless, with the rating system inventory that was 

performed in this research and with the analysis performed/summarized in this 

Chapter, it was possible to isolate quantifiable, tangible and selected/varying 

requirements and compare them to each other, which allowed for recurring 

themes to be identified.  

Points allocation and related weightings under each criteria is one of the relevant 

aspects that aids in the understanding of the specific role that the two first steps 

of the 3-Tier Approach play under the selected rating systems, and hence in the 

sustainable building industry in Canada. Figure 6.16 below shows a breakdown 

of the different criteria that were studied in this research along with the average 

weightings associated to each criterion. Except for the “Energy Intensity” criteria, 

all energy conservation techniques that were identified under Chapter 3 and 

expanded upon within this Chapter do not play a major role in the achievement of 
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points under the various rating systems. It is important to note however, that PHI 

was not included in the averages shown in Figure 6.16, as its “pass or fail” 

requirements would have skewed the results. It can then be acknowledged that 

PHI does have a requirement of 100 percent for the criteria: “Energy Intensity”, 

“Airtightness”, “Insulation”, “Fenestration” and “Thermal Bridges”. Likewise, the 

rating systems that prioritise modelling over prescriptive requirements do not 

allocate points for all the selected criteria and hence have not been included 

where points were not allocated. Finally, LBC has not been included in the 

averages, as the Institute does not work on a points allocation basis or 

prescriptive requirements. 

Figure 6.16: Selected rating system average weighting per criterion43 

43 Average of all applicable systems under each criterion 
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6.10.1  Discussion on Quantitative Requirements 

From the inventory, the data collected can be grouped into two categories: 

quantitative and qualitative. As part of the quantitative data that was collected, 

“Energy Intensity” (EUI), “Airtightness”, “Insulation” and “Fenestration” 

requirements were analysed for each rating system. Table 6.7 below shows an 

overview of the data collected by showing the rating system with the “Most 

Stringent Requirement” under each criterion. Table 6.7 also incorporates the 

overall averages of all selected rating systems inventoried in the different 

categories (Selected Rating Systems’ Averages). This allows the researcher to 

evaluate how the rating systems in Canada are doing in terms of energy 

conservation optimisation. A “National/Industry Average” section has been 

included in Table 6.7 in order to offer a benchmark on which to evaluate the 

results from the selected rating systems. Finally, the National Building Code 

requirements were added to offer a comparison of the results to the minimum 

requirements by which projects need to abide by in Canada.  
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Table 6.7: Summary of quantitative energy conservation requirements for 
the selected rating systems 

Quantitative 
Metrics 

Most 
Stringent 
Requirement 

Selected Rating 
Systems' 
Average 

National/ 
Industry 
Average 

NBC's Requirements 

Energy Use 
Intensity 

PHI: 30-60 
kWh/m2 

- New Commercial:
127kWh/m2 
- New Low Rise
Residential: 
96kWh/m2 
- Existing
Building/Retrofit: 
246kWh/m2 

- Commercial:
428kWh/m2 
- Residential:
219kWh/m2 

NA 

Airtightness PHI: 0.60 ACH 
at 50 Pa 

2.79 ACH at 50 Pa Average 
Canadian 
Building: 5.00 
ACH @ 50Pa,  
Average typical 
older house: 
2.00 ACH @ 
50Pa 

- Assemblies should be
such that they control air
leakage or permit venting
to the exterior;
- Material intended to
provide principal
resistance to air leakage
shall have an air leakage
not greater than
0.02L/(sm2) at 75Pa

Insulation PHI (exterior 
building 
components): 
8.33 RSI 

3.11 RSI Average 35 
types of walls: 
2.15 RSI 

[...] (The) component or 
assembly [...] shall 
include materials to resist 
heat transfer or a means 
to dissipate transferred 
heat [...]. 

Fenestration - PHI (average
for different
types of
windows
installation):
0.76 U-Value
- SHGC: all
rating systems
are similar at
around 0.50
SHGC

- 3.37 U-Value
- 0.53 SHGC

Fixed double-
glazing with 
argon space of 
6.4mm and 
aluminum frame 
with thermal 
break (average 
new building 
window): 3.33 
U-Value

Windows, doors and 
skylights shall meet the 
heat transfer 
performance 
requirements stated in 
Section 5.3 (Insulation 
section) 

EUI is an effective metric to compare buildings with each other in terms of energy 

performance. However, it is not a metric, which specifically can identify the 
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energy conservation strategies used in a building. If a building incorporates 

different conservation techniques, the EUI should decrease. The rating system’s 

EUI requirements demonstrate major improvements compared to the national 

average, meaning that the rating systems in Canada contribute somewhat to the 

alleviation of energy consumption.  

The criteria reviewed under “Basic Building Design” (Chapter 4) were 

comparable as most included specific metrics. For “Airtightness”, the average 

requirement of ACH at 50 Pa for the selected rating systems was calculated at 

2.79 ACH. Although the average office building in Canada shows between 5.00 

and 10.00 ACH at 50Pa and the average typical older house reaches 2.0 ACH 

(Lechner, 2015) (NRCan, 2012), it would be expected that the requirements 

under the selected rating systems would be more stringent. NBC itself does not 

have specific requirements with regards to the airtightness of a whole building. 

The code puts more emphasis on air exchanges with regards to air quality issues 

and does not implicitly link airtightness performance to energy efficiency 

(Appendix F):  

“Assemblies should be such that they control air leakage or permit 
venting to the exterior. Air barrier system is not required where it can 
be proven that uncontrolled air leakage will not adversely affect 
building users, or services”. (National Research Council of Canada, 
2010b) 

The code also refers to air leakages requirements as the air leakage associated 

to material specifically rather than the whole building and sets a limit of 0.02 liter 

per second per square meter at an air pressure of 75 Pa. Although these criteria 

could be converted to an ACH with a building’s area to volume ratio, a 
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comparison of the different rating systems is not realistic as the components 

being compared are not the same (individual material versus whole building). 

Under “Airtightness” criterion, PHI is the entity with the most stringent 

requirement at 0.60ACH.  

Under the criterion “Insulation”, the average thermal resistance for the opaque 

components included in each rating system was calculated at 3.11 (R-Value). 

This value is higher than what is found on average in opaque surfaces in the 

industry. For instance, the ASHRAE Handbook Fundamentals (2009) through a 

“Wall Conduction Time Series” study listed the R-Value of 35 types of walls and 

the average of those walls was approximately 2.15 RSI. Although there are no 

specific measurable requirements under the NBC (see Appendix F) with regards 

to assembly R-Values in buildings (the code only mentions that the material and 

building should be resistant to heat transfer), an optimised insulation is crucial in 

attaining energy conservation because it is a fairly cheap way to minimise energy 

consumption in both winter and summer (Chapter 3). With the review made in 

this Chapter, it can be observed that PHI is the entity with the most stringent 

insulation requirements with 8.33 RSI for all exterior building components. LEED 

Homes also includes somewhat strict requirements and under its ceiling 

requirements is comparable to PHI with an RSI of 9.36 (other requirements under 

LEED Homes are much lower).  

“Fenestration” plays a major role when it comes to energy conservation. With the 

right type of windows it is possible to keep the cold air out and to harvest the heat 

of the sun in the winter months. However, if not planned properly, fenestrations in 
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a building can be an important cause of heat loss in the winter or heat gain in the 

summer. The major items that were reviewed in this section were the windows’ 

assembly thermal transmittance values (U-Values) and solar heat gain 

coefficients (SHGC). When analysing all rating systems, the average U-Value for 

the fenestration was established at 3.37. This result is somewhat normal when 

considering that a fixed double-glazing with an argon space of 6.4mm and a 

frame of aluminum with thermal break (average new building window) has a U-

Value of 3.33 (ASHRAE, 2009). The SHGC’s average for the selected rating 

systems (which did mention a level of SHGC) was calculated at 0.53. SHGC 

requirements are more difficult to assess as they may vary depending on the 

functionality that is required in a building. However, as a general rule, “in a cool 

temperate climate, where winter solar gain is desirable, windows on any building 

façades that are subject to solar gain should have a g-value of above 0.5; ideally 

0.6 or more” (Cotterell & Dadeby, 2012). Now, considering that Canada covers 

climate zones “cool-temperate”, “cold” and “arctic”, it can be inferred that 0.50 

SHGC should be the minimum value in order to minimise energy consumption 

with the help of the sun’s heat. Meaning that the average SHGC requirement for 

the rating systems being reviewed herein is somewhat lenient. The NBC on the 

other hand, does not have strict requirements with regards to the fenestration 

thermal transmittance and SHGC. The code requires that windows, doors and 

skylights follow the insulation criteria mentioned above. Under this category, PHI 

was by far the most stringent with regards to thermal transmittance. As for the 
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SHGC of the windows, most systems, if they covered at all SHGC requirements, 

hovered at around 0.50.  

6.10.2  Discussion on Qualitative Requirements 

Similarly to the analysis of the quantitative requirements, the qualitative 

requirements have been synthesised in Table 6.8.  

Table 6.8: Summary of qualitative energy conservation requirements for the 
selected rating systems 

Qualitative 
Requirements 

Compulsory Requirements Recurrent Themes NBC's 
Requirements 

Other Energy 
Efficiency 
Measures 

BOMA BESt:  
- Energy assessment within 
the past three years; 
- Building-specific Energy 
Management (reduction) Plan. 

- Energy Assessment (2)
- Energy management
reduction plan (2) 
- Energy demand
optimisation (2) 
- Exemplary performance (2)

NA 

Thermal Bridges PHI:  
- Absence of Thermal Bridges
= 0.01 Ψ W/mK;
- Insulation continuous at a
minimum of two-thirds the
thickness of the insulation
surrounding the junction.

- Fewer thermal breaks (2)
NA 

Thermal 
Envelope 
General 

LEED Homes & PHI:  
On site pressure test. 

- Requirement to commission
the building envelope (4) 

NA 

Shading NA - Does the building have
window shading (3)

NA 

Passive 
Systems 

NA - Ratio north/south
fenestration area to the 
east/west fenestration area is 
optimised (2) 
- South oriented main façade
(2). 

NA 



 181	  

The “recurring” themes have been mentioned at least once under two different 

rating systems (see number in parenthesis). The “NBC’s Requirements” section 

has been kept for comparison purposes, but as seen, is not applicable to any of 

the criteria.  

Although “Other Energy Efficiency Measures” does not necessarily contribute to 

energy conservation, this criterion was important to analyse in order to 

understand each rating system’s energy performance strategies. Under this 

criterion, only one rating system included compulsory requirements. Also, the 

recurring themes under this criterion bring forward methodologies for the 

maintenance and the management of the systems that have been put in place for 

energy intensity reductions and emphasise energy optimisation through 

exemplary performance.  

“Thermal Bridges” however, should have been included under quantitative 

requirements as there are ways to identify this requirement under measurable 

objectives. Since almost all rating systems did not include quantitative measures 

for this criterion, it now is categorised under the “qualitative requirements”. Under 

this requirement, PHI is the only entity that has a compulsory and measurable 

requirement. This criteria in general is not covered in detail in many rating 

systems and for this reason, its “recurring themes” are somewhat high-level with 

“fewer thermal breaks”. 

 “Thermal Envelope General” on the other hand was relatively straightforward. 

Two rating systems (LEED Homes and PHI) included the compulsory 

pressurisation testing of the envelope for the commissioning of the building. 
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Likewise the recurring theme (four times) under this criterion was the 

commissioning of the building envelope.  

“Shading” and “Passive Systems” were the criteria under energy conservation 

the least covered. None of the rating systems included these criteria as 

compulsory and the “recurring themes” were rather limited. Under “Shading”, the 

only obvious recurring theme was the inclusion of window shadings or not. Since 

“Passive Systems” can be a very broad topic, this criterion had many different 

requirements under the diverse rating systems, however, very little could be 

included under the “recurring themes”. The only requirements that were covered 

under more than one rating system were linked to fenestration ratios and facade 

orientation.  

6.11 Applicability 

The results established in this Chapter aided in drawing the conclusions and 

recommendations covered in Chapter 7. The results, when compared to the 

national or industry averages, enabled an assessment of the selected rating 

systems in terms of their inclusion of the two first steps of the 3-Tier Approach 

model. As discussed in Chapter 3, the two first steps should be prioritised before 

any renewable energy technologies or mechanical systems are included in a 

building. The goal of this section was to identify the requirements under each 

rating system that pertain to the energy conservation criteria and identify whether 

or not the rating systems emphasise energy conservation techniques.   
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 Chapter 7 

Conclusions and Recommendations 

7.0 Overview 

This research focuses on the first two steps of the 3-Tier Approach and as stated 

previously, should be seriously considered to form the basis of any strategy 

regarding energy efficiency for Canada. The main questions that were addressed 

in this study were the following:  

1. Do sustainable building rating systems certification schemes in Canada

guarantee that a building is sustainable?

2. Are the energy requirements under the different sustainable rating

systems consistent throughout the different schemes? Do they contribute

to sustainable energy consumption?

3. Do sustainable building certification schemes in Canada cover energy

conservation strategies/requirements to attain higher levels of energy

efficiency? And if so, are they integrated in a manner that highlights them

as priorities?

7.1 Rating Systems Conclusions and 
Recommendations 

As seen in Chapter 5 and as observed from this study’s questions, the rating 

systems in Canada can have intricate ways of accounting for achievements with 

regards to the attainment of a certification level. However, having a certified 
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“sustainable building”, as studied herein, does not guarantee that a building is 

actually sustainable.  

1. Most rating systems require the project teams to self-assess the different

requirements and their achievement(s) on top of requesting the validation of a 

third-party assessment. This process allows for project teams involvement as 

well as helps the certification entities in guaranteeing an efficient process with the 

help of a third party assessor.  

2. More feedback is necessary between anticipated designed/modelled

performance levels and actual building operations performance results. 

Certification should be based on performance results rather than modelling.  

As part of the certification process of a building project, design, as-built plans, 

modelling, on-site verification, performance testing and operations performance 

review are all assessments that can be covered in order to ensure that the 

different requirements of a rating system have been met.  As one of the goals of 

sustainable buildings is to decrease their impact on the environment (Chapter 2), 

it is inaccurate to stipulate that a building is sustainable without testing and 

validating the performance once a building is commissioned and without 

analysing operational performance. Indeed, most of the rating system 

certifications rely heavily on design approval and modelling results without ever 

performing an on-site verification, performance testing and/or more importantly, 

an operational performance testing. When such activities are performed, the 

baseline performance of the building is oftentimes very elusive or quite idealized. 

This situation is partly due to the fact that analysing performance results is 
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resource and cost-intensive, which may discourage the entities wishing to get 

certified. The only rating system requiring a real analysis of the operational 

performance to get certified is LBC; a continuous 12 months of data collection at 

full occupancy is required (Chapter 5). This allows for the Institute to guarantee 

that the anticipated performance is equivalent to the actual performance. 

Modelling in some instances can be done in such a manner that the final results 

are equivalent to those projected. As reviewed in Chapter 5, PHI in Canada has 

a good record of achieving the prescriptive requirements set in the certification 

scheme. Indeed, it was identified that most buildings certified under PHI met the 

PHI prescriptive energy performance requirements. On the other hand, LEED’s 

performance showed that 25 percent of the studied buildings delivered 50 

percent excess savings and that 21 percent showed “unanticipated measured 

losses” (Chapter 5). This shows that the modelling does not lead to reliable 

results with a level of uncertainty of 46 percent. Likewise, it can be deducted that 

LEED’s modelling cannot guarantee that the certified buildings have higher 

energy performance or energy performances equal to the modelled ones. 

Performance results from the Kingston Police Headquarters (LEED Gold) were 

also analysed in Chapter 5. It was found that during the first year of operation, 

the building did not reach the anticipated energy savings leading to believe that 

performance modelling may be flawed and/or difficult to perform adequately. In 

this case, modelling could be used at the discretion of the project team to have 

an idea of anticipated performance results. However, certification in the end 

would need to be based on performance results solely.  
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3. Validity of the rating systems should be time sensitive.

It was observed that only BOMA BESt has a certification that expires after three 

years. This finding is surprising considering that the systems put in place for a 

sustainable building may not sustain the same level of performance throughout 

the years and that standards can change. Although this criterion could be up to 

the building users or buyers to investigate, a building that was certified LEED ten 

years ago may not perform at the same level as it did then. Hence, in order to 

protect the sustainable building industry’s reliability and to ensure that 

sustainability goals are met for certified buildings, “In-Use” certifications such as 

the one proposed by BREEAM and LEED should be implemented as a 

compulsory requirement and not as a “suggestion”. This would allow different 

stakeholders of the sustainable building industry to trust the certification process.  

7.2 Energy Requirements Conclusions and 
Recommendations 

Chapter 5 of this study also provided an overview of the energy criteria 

encountered under each selected rating system. The conclusions and 

recommendations below are based on the findings linked to the following 

questions: Are the energy requirements under the different sustainable rating 

systems consistent throughout the different schemes? Do they contribute to 

sustainable energy consumption? 
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1. All rating systems should include compulsory energy requirements, which are

measurable and consistent through the industry. 

There should be a standardisation of sustainable development rating system. At 

the moment, what makes a sustainable building is a set of criteria identified by 

rating systems, which all work in different ways. First and foremost, the industry 

should work, at a minimum, with equal prerequisites to guarantee stakeholders a 

certain level of energy performance for sustainable buildings. Not only is it 

possible to find a wide range of prerequisites under the different rating systems, 

but also most do not measure the different requirements the same way. For 

instance, BOMA BESt, which deals with retrofits only, focuses its prerequisites 

on assessments and management, where on the other end of the spectrum, PHI 

focuses solely on the performance results of its buildings. To cover all the 

prerequisites that are covered by the different rating systems, the following 

prerequisites should, for example, be included in all rating systems:  

a. Energy performance optimisation / energy consumption minimisation from

a national average of 430 kWh/m2 to 130 kWh/m2 (average of all rating

systems requirements);

b. Energy monitoring / assessment / measurement / verification post-

construction for a period of minimum two years;

c. Preventive maintenance in order to maintain the energy use intensity

requested as measured under the energy-monitoring requirement.

These requirements should also be required from LBC who focuses on net 

positive building energy. Although the energy needs have to be produced on-site 
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from renewable sources, with decreased energy consumption, this goal becomes 

easier to reach and the building becomes less dependent on renewable 

energies. In addition, a decreased reliance on renewable energy may bring other 

benefits in the achievement of sustainability such as reduced embodied energy 

(the more energy required, the more photovoltaic (PV) will be required for 

instance). Effectively, LBC’s certified buildings already reach an average EUI of 

115kWh/m2 (Chapter 6), but adding an energy performance minimum 

requirement would help ensure that renewable energy technologies are also 

minimised.   

2. Energy consumption/performance should be assessed on the same basis 

throughout the systems and with comparable metrics.  

Energy performance assessment throughout the rating systems varies 

immensely. Some have prescriptive requirements for each criterion, some rely on 

modelling to show an energy improvement or cost improvement, some rely on 

performance testing and some rely on operational performance (Chapter 5). As 

mentioned previously in this Chapter, the only way to obtain reliable results for 

energy performance is to gather the energy performance data while the building 

is operational. One of the requirements that stood out during this analysis is that 

LEED is the only entity, which bases its performance optimisation requirements 

on cost improvements. While this requirement could go hand in hand with the 

definition of sustainable buildings, which need to be “cost-effective” (Chapter 2), 

a comparison of the energy performance based on the cost can be misleading. 

Costs vary from provinces to provinces, from cities to cities and with the peak or 
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non-peak load rates established by the different jurisdictions. Hence, a building 

that shows savings of 35 percent in one location, may show savings of 29 

percent in another location and this variation will affect the level of points 

obtained (from 14 to 12 credits in this case) and even may affect the level of 

certification reached.  

3. Energy criteria should be similar and account for similar weightings.  

Under the selected rating systems that were studied, common requirements were 

identified under five different categories (Chapter 5, Figure 5.9) and their 

weighting range was calculated as follows:  

a. Energy consumption / performance optimisation (0 – 100 percent); 

b. Energy efficient features (0 – 100 percent); 

c. Energy management (0 – 8 percent); 

d. Low and zero carbon technology (1 – 100 percent); and,  

e. Energy innovation (0 – 2 percent).  

Although those categories are high-level, they all include different criteria and 

account for widely varying weightings. As observed in Chapter 5, the category 

“Low and Zero Carbon Technology” is not crucial to some rating systems (BOMA 

BESt: 1 percent, BREEAM: 1 percent, Green Globes: 3 percent) and is very 

crucial to LBC with a “pass or fail” (100 percent). Ideally the criteria under each 

rating system should be similar as described above. Also, the weightings should 

be somewhat similar although the different rating systems have different goals. 

For example, energy consumption and energy efficiency measures go hand in 

hand, so a different mix of weighting between the two could allow the different 
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rating systems to differentiate themselves as long as a certain level of EUI is set 

as explained above. However, the weighting between the two should be equal 

throughout the systems to show consistency in terms of the importance in 

decreasing considerably the level of energy used by buildings certified 

“sustainable”. The same is also true for the other categories; energy 

management for instance is an important aspect that cannot be omitted. 

Although a system like PHI has very stringent requirements in terms of energy 

performance, said performance should be monitored throughout the life of a 

building, through metering for example. 

7.3 Energy Conservation Conclusions and 
Recommendations 

 

As mentioned in Chapter 3, there are a lot of benefits in prioritising energy 

conservation techniques in order to decrease energy consumption drastically. 

Renewable energy and efficient mechanical systems also play an important role 

in decreasing the production of GHG emissions from buildings, however, they 

may become easier to use if the energy needed is already decreased. This 

research, on top of analysing the different rating systems and their energy 

requirements, sought to investigate whether or not rating systems prioritised 

energy conservation techniques before promoting the use of other technologies.  

1. Required airtightness under sustainable rating systems should be defined with 

measurable objectives, which optimise the air permeability of buildings to 

decrease energy consumption and thermal variations.  
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Such requirements should be tested once a building is complete to ensure the 

quantified objectives are achieved. A typical older house has an ACH of 2.0 at 50 

Pa and the average Canadian office building is estimated to have an ACH 

between 5.0 and 10.0 at 50 Pa. The average requirement (for the rating systems 

that included airtightness requirement) is 2.79 at 50 Pa (Chapter 6, Table 6.7). 

This shows that the requirements under the rating systems are partially out-dated 

since older buildings would have comparable results to the requirements under 

“sustainable” buildings. The actual ACH could be set at a value that is calculated 

in function of the diminishing returns of the cost savings, however, this strategy 

gives more leeway to countries with cheap electricity such as in Canada. Hence, 

the ACH should rather be set according to the diminishing returns of the energy 

use intensity. 

2. Required R-Values for insulation under sustainable rating systems should be

defined with measurable objectives, which optimise the thermal resistance of 

buildings to decrease energy consumption and thermal variations.  

A study that was performed by ASHRAE (2009) shows that the average building 

wall’s R-Value is 2.15 RSI and the average requirement for selected systems that 

have included prescriptive R-Values for the building insulation components is 

3.11 RSI (Chapter 6, Table 6.7). These results show that the selected rating 

systems do not require stringent requirements. Here again the R-values set as 

part of the prescriptive requirements of any program should be somewhat 

comparable and established based on the diminishing returns of the energy use 

intensity.  
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3. Required U-Values for fenestration under sustainable rating systems should 

be defined with measurable objectives, which minimise the thermal transmittance 

of buildings to decrease energy consumption and thermal variations.  

A study that was performed by ASHRAE (2009) shows that the average 

fenestration with fixed double-glazing with an argon space of 6.4mm and an 

aluminum frame with thermal break (average new building window) is 3.33 U-

Value – almost the equivalent to the average required U-Value under the 

selected rating systems of 3.37 (Chapter 6, Table 6.7). This shows that the 

requirements under the rating systems are redundant since new buildings 

typically already use fenestration that meet the requirements of the sustainable 

buildings. Windows in sustainable buildings should have as little thermal 

transmittance as possible based on the diminishing returns of the energy use 

intensity. While the transmittance should be decreased, the solar heat gain 

should be optimised in cold climates. Hence the SHGC of the windows should 

also be prescriptive under the different rating systems and dependent on the 

local climate, which determines the amount of heat gain required to decrease the 

heating load in the winter and decrease the cooling load in the summer.  

4. Thermal bridges under sustainable rating systems should be avoided where 

possible and minimised elsewhere. They should be defined and measured under 

each rating system to decrease energy consumption and thermal fluctuations.  

Having optimised airtightness and insulation for the opaque and transparent 

components of a building do not suffice to decrease the thermal losses through a 

building envelope. Thermal bridges offer a path of least resistance for the warmer 
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air to travel to the colder side (whether it is warmth from the heating in the 

summer or warmth from the summer trying to travel inside the house). Although 

thermal bridges are quantifiable, none of the rating systems (except PHI) cover 

this important aspect of energy conservation. In this case again, where thermal 

bridges cannot be avoided, a quantifiable objective should be set based on the 

diminishing returns of the energy use intensity.  

5. Permanent outdoor shading should be included into sustainable buildings 

requirements and measured based on quantifiable objectives.  

Most rating systems do not cover “heat avoidance” techniques into their systems 

or if they do, the requirements are very broad and are subject to interpretation. 

Although in Canada one of the main objectives is to optimise heat gains, it is also 

important to ensure that heat can be avoided in the summer months as 

temperatures can rise considerably. Because exterior shading is more efficient at 

blocking the heat and since operable shadings are not as reliable (too much 

dependence on the users), the focus should be put on permanent shading. The 

requirements should ensure that the shading devices block the sun throughout 

the overheated periods of the year. Similarly to LEED Homes requirements, this 

could be quantified in terms of the percentage of windows with shading devices 

on the south, east and west sides of the building. Sun path simulations are easily 

performed and this requirement should be straightforward to apply, while allowing 

optimised thermal comfort and energy savings in the summer.  

6. Passive systems should be an integral part of the sustainable buildings to 

optimise heat gains in the winter.  
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Although heating and cooling can be optimised via passive systems, in Canada 

the focus should be put towards heating. Some rating systems have integrated 

passive ventilation systems into their requirements, but these are harder to make 

profitable in cold climates and may become sources of thermal breaks/air 

leakage. For this reason it is proposed here that passive solar heating systems 

be optimised in cold climates. There are many ways by which solar passive 

heating can work and for this reason, it is hard to have fixed requirements under 

this criterion. Under the studied rating systems, the requirements that were most 

frequent emphasised the ratio of south windows to east-west windows and 

building orientation. Although these are techniques that may contribute to an 

increased heat gain, ways to capture the solar gains and to release them in the 

building, such as thermal masses, should also be included in the requirements. 

Overall, this is the criterion of energy conservation that is the least covered by 

rating systems.  

To summarise, energy conservation techniques as a whole do not play an 

important role in most rating systems except PHI. Not only is the priority not put 

towards energy conservation, but also the weightings allocated to those criteria 

(if included) are very marginal.  

7.4 Future Investigations 
 

1. With the information synthesised in this research, with further investigation into 

the other categories of a rating system (i.e. water, materials, health, etc.), with 

analysis of case studies performance results within Canada and with semi-
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structured interviews 44 , identify the most effective criteria/metrics/evaluation 

schemes and establish a standardised foundation for sustainable buildings to 

follow. 

The industry has gone a long way in terms of making the built environment a 

more sustainable one. Unfortunately, the variances in the foundation on which 

sustainable buildings rely create a fragmentation in the market and a source of 

uncertainty within the industry. By learning from the different rating systems and 

experts on the field and by identifying relevant criteria and metrics, which have 

proven performance results, a standardised system could be built.  

2. Review the embodied energy and life cycle of renewable technologies versus 

material used to optimise energy conservation.  

The recommendations herein with regards to energy conservation prioritisation 

lead to debate between “Net-Zero-Energy Building” (NZEB) and “Energy 

Conservation” since a “Net-Zero-Energy building […] expends energy to sustain 

itself but attempts to deliver this energy requirement though renewable sources 

on- or off-site” (Short & Yao, 2013). It is true that the net effect of a NZEB and a 

building that optimises energy conservation (i.e. difference between LBC and 

PHI) may be the same for GHG emissions. Although the NZEB may consume as 

much energy as desired, if its energy source is completely renewable, the net 

impact may not differ from energy conservation strategies. However, if more PVs 

are required to sustain the energy demand, this may have a bigger footprint than 

simply decreasing the energy consumption. Likewise, additional materials, to 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
44 Semi-structured interviews were not performed in this study, as the first goal of this research was to 
perform an inventory of the rating systems themselves. Further research in the field should include such 
interviews with experts in the field.  
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reach high levels of energy conservation, carry their own footprint, which would 

need to be benchmarked against sustainable technologies’ footprint.  

3. Establish the right policies that could promote energy conservation in Canada 

(i.e. include the energy conservation recommendations reviewed in this Chapter) 

and review how they could be incorporated into NRCan’s policies or into the 

National Building Code.  

While it is commonly known that cities could be major actors in decelerating the 

advent of climate change by manipulating the “low-carbon economy perspective”, 

not many local strategies encompass policies for climate improvement and/or 

adaptation partly due to poor governance and absence of financing (Saulnier & 

Varella, 2013). Although energy conservation technologies/designs have the 

potential to decrease energy needs in a cost-effective manner, political barriers 

deter the market’s acceptance of those solutions. The barriers brought forward 

by inadequate policies include: flawed information, fragmented incentives, low 

awareness, transaction costs, insufficient financing and industry fragmentation. In 

turn, this means that important possibilities will stay unexploited if the right 

policies are not moved forward (IPCC, 2014). According to the IPCC (2014), 

market forces will not create the necessary transformation by themselves and will 

require external incentives:  

“Policy intervention addressing all stages of the building and appliance 

lifecycle and use, plus new business and financial models are essential […] 

There is a broad portfolio of effective policy instruments available to remove 

these barriers […] thus saving emissions at large negative costs. Overall, 
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the history of energy efficiency programmes in buildings shows that 25-30% 

efficiency improvements have been available at costs substantially lower 

than marginal supply. Building codes and appliance standards with strong 

energy efficiency requirements that are well enforced, tightened over time, 

and made appropriate to local climate and other conditions have been 

among the most environmentally and cost-effective.” (IPCC, 2014) 

In order for policies to be efficient and drive the markets in the right direction, 

they need to be assertive and continuous throughout all the phases of a project 

(design, construction and operation) (IPCC, 2014).  

4. Investigate the operational cost savings linked to energy conservation designs

versus cost increments linked to building based on the energy conservation 

techniques mentioned in this research.  

With the introduction of new and perfected technologies and the increase in 

opportunities for energy efficiency, cost-effective energy production has been on 

the rise (IPCC, 2014). Recent building design and technologies facilitate the 

introduction of low/zero-energy buildings retrofit, construction and operation at 

minimal investment costs (IPCC, 2014). The foreseen added cost linked to 

sustainable buildings’ required material, equipment, design efforts, etc. normally 

breaks even within the building’s lifetime (IPCC, 2014). There may also exist 

opportunity savings as explained by Firlag and Zawada (2013). For example, the 

more insulated a building is, the smaller the HVAC system should be and the 

higher the cost savings should be. The fact that sustainable buildings do not 
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automatically equate to additional spending needs to be studied, proven and 

communicated to the right parties in order to create opportunities for change. 

5. Analyse if the industry/market has the will to adopt energy conservation 

practices.  

Researchers have demonstrated many times the relevance of social and 

psychological characteristics of humans in the goal of achieving energy 

conservation. Although “most of the time it is the technological improvements that 

are represented explicitly in energy efficiency study”, behaviour, lifestyle and 

culture also have an effect on the end results (Bhattacharjee, 2014). “Three to 

five-fold difference in energy use has been shown for provision of similar 

building-related energy service levels” based on different behavioural influences 

(IPCC, 2014). Obviously, with the availability of energy efficient building services, 

energy consumption can be decreased, but without efforts from building 

occupants, the attainment of increased energy conservation levels is difficult 

(Bhattacharjee, 2014). Behaviour also plays a role in the industry. Home/building 

owners, developers, architects, construction companies all need to prioritise 

energy conservation in order to reach significant savings/decreases in GHG 

emissions.   
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 Appendix A 

Canada’s Secondary Energy Use by Sector (2010) 

Source: Natural Resources Canada (2013) 
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 Appendix B 

Canada’s Residential and Commercial/Institutional Energy Use by End-Use 

(2010) 

Distribution of residential energy use by end-use, 2010 

 Commercial/institutional energy use by end-use, 2010 

Source: Natural Resources Canada (2013) 
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Appendix C 

Kingston Police Headquarters (LEED Gold) Performance Results 
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Appendix D 

Passive Buildings in Canada - Performance Results Compared to PHI Requirements 

Passive Buildings in Canada 
(Wong, 2015) Energy Use 

Air 
Tightness Foundation Wall Roof 

 
kWh/m2a ACH U-Value

  Cook Residence 100 1 0.100 0.100 0.070 
Bedford Residences 107 0.25 0.102 0.050 
Haus on a bluff 74 0.6 0.124 0.116 
Rainbow Duplex 112.5 0.3 

 
0.122 0.090 

Reiner's Residence 39.5 0.4 0.110 0.091 0.050 
Valley Waste Office 75 0.42 0.170 0.120 0.060 
Than Residence 90 0.6 0.086 0.073 0.050 
Oakville Retrofit 174 0.6 0.180 0.180 0.070 
Rideau Residence 90 0.55 0.190 0.130 0.080 
Straw Bale cottage 100 0.6 0.130 0.080 0.390 
Campbell Cottage 119 0.6 

 
0.100 0.050 

Station Pointe Greens 120 0.6 0.130 0.095 0.081 
Island Cottage 108 0.6 

 
0.143 0.099 

Average 100.69 0.55 0.14 0.11 0.10 
Requirements 120 0.6 0.12-0.15 0.12-0.15 0.12-0.15 

* The yellow cells identify the requirements that are not met in the studied PHI buildings.

Source: Wong (2015)
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 Appendix E 

LEED Measured versus Proposed Savings Percentages 

Source: Turner & Frankel (2008) 
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Appendix F

Energy Requirements and Conservation Techniques Inventory for Selected Rating Systems 

Energy Section 
Weighting 

Building Type 
BOMA 
BESt 

Green 
Globes LBC BREEAM LEED PHI 

New Commercial NA 41.3% NA 19.0% 30.0% NA 
New Low Rise 
Residential NA 41.3% NA 19.0% 27.9% NA 
Existing Building/Retrofit 35.0% NA NA 19.0% 30.0% NA 

Energy Section Points available 

Building Type 

BOMA 
BESt 
Total 

BOMA 
BESt 

Energy 

Green 
Globes 
Total 

Green 
Globes 
Energy 

LBC 
Total 

LBC 
Energy 

BREEAM 
total 

BREEAM 
Energy 

LEED 
Total 

LEED 
Energy 

PHI 
Total 

PHI 
Energy 

New Commercial NA NA 1000 395 20 1 132 30 110 33 NA NA 
New Low Rise 
Residential NA NA 1000 395 20 1 132 30 136 38 NA NA 
Existing 
Building/Retrofit 1000 350 NA NA 15 1 132 30 110 33 NA NA 

230
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Energy Intensity maximum weighting 

Building Type 
BOMA 
BESt 

Green 
Globes LBC BREEAM BREEAM LEED PHI 

w/ modeling w/ checklist 

New Commercial NA 15.00% NA 9.50% 6.33% 16.36% 100% 
New Low Rise Residential NA 15.00% NA 9.50% 6.33% 25.00% 100% 

Existing Building/Retrofit 8.00% NA NA 9.50% 6.33% 16.36% NA 
***Compulsory 

Energy Intensity Requirements in kWh/m2/yr 

Building Types 

BOMA 
BESt (12 
months 

data) 

BOMA 
BESt (12 
months 

data) 
Green 
Globes 

Green 
Globes PHI PHI 

LBC 
(actual) 

LEED 
(actual) 

National 
Average 
(actual) 

Min. Max. Min. Max. Min. Max. 
New Commercial NA NA 329.38 32.29 60.00 30.00 116.00 195.58 427.78 
New Low Rise Residential NA NA 329.38 32.29 60.00 30.00 27.22 NA 219.44 
Existing Building/Retrofit 426.61 194.29 NA NA NA NA 116.00 NA NA 
***Compulsory 
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Energy Intensity Requirements (qualitative) 
Building Types BREEAM BREEAM LEED LEED 

Min Max Min Max 

New Commercial Based on local req. 

Should include zero net 
carbon (CO2) emissions to 
achieve highest level of 
points 

Minimum energy performance is 
based on modelled baseline 
building performance rating and is 
calculated as a percentage of cost 
improvement: 
Cost Improvement Minimum 
Requirement: 
ASHRAE 90.1-2010>=5% 

Optimize energy performance: 
based on modelled baseline 
building performance rating and 
is calculated as a percentage of 
cost improvement: 
ASHRAE 90.1-2010>=50% (18 
points) 

New Low Rise 
Residential Based on local req. 

Should include zero net 
carbon (CO2) emissions to 
achieve highest level of 
points 

Prereq 1.1 - Minimum Energy 
Performance ERS 76 or HERS 80 
or 8 credits from EAc2-6 and/or 7.3 

EAc1.2 - Exceptional Energy 
Performance in ERS (max 28 
points) or in HERS (max 34 
points) or obtain points from 
EAc2-10 

Existing 
Building/Retrofit Based on local req. 

Should include zero net 
carbon (CO2) emissions to 
achieve highest level of 
points 

Minimum energy performance is 
based on modelled baseline 
building performance rating and is 
calculated as a percentage of cost 
improvement: 
Cost Improvement Minimum 
Requirement: 
ASHRAE 90.1-2010>=3% 

EA Credit 1 for optimised energy 
performance is based on 
modelled baseline building 
performance rating and is 
calculated as a percentage of 
cost improvement: 
ASHRAE 90.1-2010>=48% (18 
points) 
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Other Energy Efficiency Measures (innovation, management, local requirement, etc.) Maximum Percentage of Points Allocated if applicable 

Building Types BOMA BESt 
Green 
Globes LBC BREEAM BREEAM LEED PHI 

w/ modeling w/ checklist 

New Commercial NA 1.65% NA 1.00% 1.00% 5.45% NA 

New Low Rise Residential NA 1.65% NA 1.00% 1.00% NA NA 

Existing Building/Retrofit 0.70% NA NA 1.00% 1.00% 5.45% NA 
***Compulsory 

Other Energy Efficiency Measures (innovation, management, local requirement, etc.) 
Building Types BOMA BESt BOMA BESt Green Globes Green Globes LBC 

Min (less than) Max (less than) Min (less than) Max (less than) 

New Commercial NA NA 

3.3.2.1: Modeled 
building's monthly power 
demand factor (monthly 
power demand factor 
means the energy 
consumed in the lowest 
kW demand month 
divided by the energy 
consumed in the peak kW 
demand month)· 75 - 79% 
(4 points) 
3.3.2.3: Energy 
management system to 
reduce power demand or 
control power demand 
based on "load shedding" 
agreement 15 - 19% (4 
points) 

3.1.1.2.2.1: Were 
performance goals 
(metrics) established at 
the pre-design phase 
Energy Efficiency?. 
Yes=0.5 
3.3.2.1: Modeled 
building's monthly power 
demand factor· > 85% 
(8 points)  
3.3.2.3: Energy 
management system to 
reduce power demand 
or control power 
demand based on "load 
shedding" agreement 
>30% reduction below
non-reduced peak (8
points) NA 
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New Low Rise 
Residential NA NA 

3.3.2.1: Modeled 
building's monthly power 
demand factor· 75 - 79% 
(4 points) 
3.3.2.3: Energy 
management system 
designed to reduce power 
demand or control power 
demand based on "load 
shedding" agreement 15 - 
19% (4 points) 

3.1.1.2.2.1: Were 
performance goals 
(metrics) established at 
the pre-design phase 
Energy Efficiency?. 
Yes=0.5 
3.3.2.1: Modeled 
building's monthly power 
demand factor· > 85% 
(8 points) 
3.3.2.3: Energy 
management system to 
reduce power demand 
or control power 
demand based on "load 
shedding" agreement 
>30% reduction below
non-reduced peak (8 
points) NA 

Existing 
Building/Retrofit 

1.3.2.1: Has the 
building had an 
energy assessment 
within the past three 
years that included 
recommendations 
with costs, savings 
and a payback 
period? (4 points) 
1.3.3.1: Is there a 
building-specific 
Energy Management 
(reduction) Plan to 
address issues raised 
in the energy 
assessment? (3 
points) NA NA NA NA 
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 Other Energy Efficiency Measures (innovation, management, local requirement, etc.) 

Building Types BREEAM BREEAM LEED LEED PHI 
w/ modeling w/ checklist Min Max 

New Commercial 

13: Innovation (max 10 
credits) - Where the 
building demonstrates 
exemplary 
performance by 
meeting defined 
exemplary level 
performance criteria in 
Ene 01 Energy 
Efficiency 

13: Innovation (max 10 
credits) - Where the 
building demonstrates 
exemplary performance 
by meeting defined 
exemplary level 
performance criteria in 
Ene 01 Energy Efficiency 

Prereq - Fundamental 
commissioning and 
verification: Prepare and 
maintain a current 
facilities requirements 
and operations and 
maintenance plan that 
contains the information 
necessary to operate 
the building efficiently.  
Prereq - Building-level 
energy metering: 
Commit to sharing with 
USGBC the resulting 
energy consumption 
data and electrical 
demand data (if 
metered) for a five-year 
period beginning on the 
date the project accepts 
LEED certification or 

Enhanced systems 
commissioning - Path 2: 
Enhanced and 
monitoring-based 
commissioning (4 
points) (Review building 
operations 10 months 
after substantial 
completion). 
RP Credit 2: Optimize 
energy performance - 
NB: ASHRAE>=37%, 
EB: ASHRAE>=26% (1 
point) 
Optimized Energy 
Performance: 
Exemplary performance 
(1 point) NA 
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typical occupancy, 
whichever comes first. 
At a minimum, energy 
consumption must be 
tracked at one-month 
intervals. (This 
commitment must carry 
forward for five years or 
until the building 
changes ownership or 
lessee). 

New Low Rise 
Residential 

13: Innovation (max 10 
credits) - Where the 
building demonstrates 
exemplary 
performance by 
meeting defined 
exemplary level 
performance criteria in 
Ene 01 Energy 
Efficiency 

13: Innovation (max 10 
credits) - Where the 
building demonstrates 
exemplary performance 
by meeting defined 
exemplary level 
performance criteria in 
Ene 01 Energy Efficiency NA NA NA 

Existing 
Building/Retrofit 

13: Innovation (max 10 
credits) - Where the 
building demonstrates 
exemplary 
performance by 
meeting defined 
exemplary level 
performance criteria in 
Ene 01 Energy 
Efficiency 

13: Innovation (max 10 
credits) - Where the 
building demonstrates 
exemplary performance 
by meeting defined 
exemplary level 
performance criteria in 
Ene 01 Energy Efficiency 

Prereq - Fundamental 
commissioning and 
verification: Prepare and 
maintain a current 
facilities requirements 
and operations and 
maintenance plan that 
contains the information 
necessary to operate 
the building efficiently. 
Prereq - Building-level 
energy metering: 
Commit to sharing with 
USGBC the resulting 
energy consumption 

Enhanced systems 
commissioning - Path 2: 
Enhanced and 
monitoring-based 
commissioning (4 
points) (Review building 
operations 10 months 
after substantial 
completion).RP Credit 2: 
Optimize energy 
performance - NB: 
ASHRAE>=37%, EB: 
ASHRAE>=26% (1 
point) Optimized Energy 
Performance: NA 
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data and electrical 
demand data (if 
metered) for a five-year 
period beginning on the 
date the project accepts 
LEED certification or 
typical occupancy, 
whichever comes first. 
At a minimum, energy 
consumption must be 
tracked at one-month 
intervals. (This 
commitment must carry 
forward for five years or 
until the building 
changes ownership or 
lessee). 

Exemplary performance 
(1 point) 

Airtightness Maximum Percentage of Points Allocated if applicable 

Building Types BOMA BESt Green Globes LBC BREEAM BREEAM LEED PHI 
w/ modeling w/ checklist 

New Commercial NA 1.40% indirect indirect 1.27% indirect req. 

New Low Rise Residential NA 1.40% indirect indirect 1.27% 2.21% req. 

Existing Building/Retrofit 1.00% NA indirect indirect 1.27% indirect NA 



 238	  

Airtightness Requirements 
Building Types BOMA BESt BOMA BESt Green Globes Green Globes LBC 

Min Max Min Max 

New Commercial NA NA 

3.5.7 BUILDING 
ENVELOPE – 
ROOFING/OPENINGS 
requirements (yes or 
no, 1.5 + 
1.5+1.5+1.5+1+1+2 
points) 
3.5.10.1.1.2: The air 
barrier is designed to 
withstand positive and 
negative combined 
design wind, fan and 
stack pressures on the 
air barrier without 
damage or 
displacement? (yes or 
no, 0.5 points) 
3.5.10.1.1.3: The air 
barrier is designed to 
withstand movement in 
the structure and not 
displace materials 
under full load? (yes or 
no, 0.5 points) 
3.5.10.1.3: Materials 
OR Assemblies OR 
Building tested for Air 
leakage and rate does 
not exceed 2.0L/sm2 
@ 75Pa (yes or no, 2 
points) 
3.5.10.2.1:  interior 
side of framed walls 

3.5.7 BUILDING 
ENVELOPE – 
ROOFING/OPENINGS 
requirements (yes or 
no, 1.5 + 
1.5+1.5+1.5+1+1+2 
points) 
3.5.10.1.1.2: The air 
barrier is designed to 
withstand positive and 
negative combined 
design wind, fan and 
stack pressures on the 
air barrier without 
damage or 
displacement? (yes or 
no, 0.5 points) 
3.5.10.1.1.3: The air 
barrier is designed to 
withstand movement in 
the structure and not 
displace materials 
under full load? (yes or 
no, 0.5 points) 
3.5.10.1.3: Materials 
OR Assemblies OR 
Building tested for Air 
leakage and rate does 
not exceed 2.0L/sm2 
@ 75Pa (yes or no, 2 
points) 
3.5.10.2.1:  interior 
side of framed walls NA 
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are installed with a 
Class I or II vapour 
retarder (yes or no, 1 
point) 

are installed with a 
Class I or II vapour 
retarder (yes or no, 1 
point) 

New Low Rise 
Residential NA NA 

3.5.7 BUILDING 
ENVELOPE – 
ROOFING/OPENINGS 
requirements (yes or 
no, 1.5 + 
1.5+1.5+1.5+1+1+2 
points) 
3.5.10.1.1.2: The air 
barrier is designed to 
withstand positive and 
negative combined 
design wind, fan and 
stack pressures on the 
air barrier without 
damage or 
displacement? (yes or 
no, 0.5 points) 
3.5.10.1.1.3: The air 
barrier is designed to 
withstand movement in 
the structure and not 
displace materials 
under full load? (yes or 
no, 0.5 points) 
3.5.10.1.3: Materials 
OR Assemblies OR 
Building tested for Air 
leakage and rate does 
not exceed 2.0L/sm2 
@ 75Pa (yes or no, 2 
points) 
3.5.10.2.1:  interior 
side of framed walls 

3.5.7 BUILDING 
ENVELOPE – 
ROOFING/OPENINGS 
requirements (yes or 
no, 1.5 + 
1.5+1.5+1.5+1+1+2 
points) 
3.5.10.1.1.2: The air 
barrier is designed to 
withstand positive and 
negative combined 
design wind, fan and 
stack pressures on the 
air barrier without 
damage or 
displacement? (yes or 
no, 0.5 points) 
3.5.10.1.1.3: The air 
barrier is designed to 
withstand movement in 
the structure and not 
displace materials 
under full load? (yes or 
no, 0.5 points) 
3.5.10.1.3: Materials 
OR Assemblies OR 
Building tested for Air 
leakage and rate does 
not exceed 2.0L/sm2 @ 
75Pa (yes or no, 2 
points) 
3.5.10.2.1:  interior 
side of framed walls NA 
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are installed with a 
Class I or II vapour 
retarder (yes or no, 1 
point) 

are installed with a 
Class I or II vapour 
retarder (yes or no, 1 
point) 

Existing 
Building/Retrofit 

1.2.7.3 Consider the air 
pressure differences and air-
leakage characteristics of the 
envelope (1 point) 
'1.2.7.11: Seal roof-to-wall 
connections and exterior 
openings of mechanical 
penthouse and floors in the 
upper part of the building. (3 
points) 
1.2.7.12: Seal exterior 
openings and floor slab-to-
wall connections and service 
core of the parking areas, 
entrance doors and the floors 
in the lower third of the 
building. (3 points) 
1.2.7.13: Seal service ducts 
and conduit penetrations, 
including excessive cable 
holes in the elevator shafts. NA NA NA NA 
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Airtightness Requirements 
Building Types BREEAM BREEAM LEED LEED PHI 

w/ modeling w/ checklist Min Max 

New Commercial NA 

A5 13: ≤50% of current 
national standards OR 
5m3/h/m2@ 50Pa 
maximum (1 POINT); 
A5 14: ≤75% of current 
national standards OR 
2.5m3/h/m2@ 50Pa 
maximum. (2 POINTS) 

ASHRAE 90.1-2010 
5.4.3: Air Leakage - 
Continuous air barrier. 
The entire building 
envelope shall be 
designed and 
constructed with a 
continuous air barrier. 

Optimised energy 
performance is based 
on modelled baseline 
building performance 
rating and is calculated 
as a percentage of 
cost improvement: 
ASHRAE 90.1-
2007>=50% (18 
points) 

0.6 ACH @ 
50Pa 

In buildings with no vertical 
shaft or no elevators mark 
“not applicable” (2 points) 
1.3.8.12: Periodic check and 
repairs of all exterior doors 
and windows, and associated 
caulking or weather-stripping 
to ensure tight fit with 
minimal infiltration of outside 
air? (1 point) 
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New Low Rise 
Residential NA 

A5 13: ≤50% of current 
national standards OR 
5m3/h/m2@ 50Pa 
maximum (1 POINT); 
A5 14: ≤75% of current 
national standards OR 
2.5m3/h/m2@ 50Pa 
maximum. (2 POINTS) 

Prereq 3.1 - Reduced 
Envelope Leakage: 
Meet the air leakage 
requirements shown in 
Table 17. 
Maximum between 3.5 
and 2.5 ACH @ 50PA 
(depending on climate 
zone) 

EA c3.3 - Minimal 
Envelope Leakage (3 
points): Meet air 
leakage requirements 
shown in Table 17. 
Maximum between 2.5 
and 1.5 ACH @ 50PA 
(depending on climate 
zone) 

0.6 ACH @ 
50Pa 

Existing 
Building/Retrofit NA 

A5 13: ≤50% of current 
national standards OR 
5m3/h/m2@ 50Pa 
maximum(1 POINT); 
A5 14: ≤75% of current 
national standards OR 
2.5m3/h/m2@ 50Pa 
maximum. (2 POINTS) 

ASHRAE 90.1-2010 
5.4.3: Air Leakage - 
Continuous air barrier. 
The entire building 
envelope shall be 
designed and 
constructed with a 
continuous air barrier. 

Optimised energy 
performance is based 
on modelled baseline 
building performance 
rating and is calculated 
as a percentage of 
cost improvement: 
ASHRAE 90.1-
2007>=48% (18 
points) NA 

Airtightness Requirements 
Building Types NBC 

New Commercial 

5.4.1.1. Required Resistance to Air Leakage: 
1) Assemblies should be such that they control air leakage or permit venting to the exterior
2) An air barrier system shall be installed to provide the principal resistance to air leakage.
3) Air barrier system is not required where it can be proven that uncontrolled air leakage will not adversely affect building
users, or services. 
5.4.1.2. Air Barrier System Properties 
1) Material intended to provide the principal resistance to air leakage shall have an air leakage not greater than
0.02L/(sm2) measured at an air pressure of 75Pa 
2) The air leakage limit is permitted to be increased where it can be shown that the higher rate of leakage will not
adversely affect the building users or services. 
3) The air barrier system shall be continuous a) across construction, control and expansion joints, b) across junctions
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between different building assemblies, and c) around penetrations through the building assembly. 
A-5.3.1.3.(2) Position of materials providing thermal resistance. For material providing thermal resistance to be effective,
it must not be short circuited by convective airflow through or around the material. The material must therefore be either - 
the component of the air barrier system providing principal resistance to air leakage, or - installed in full and continuous 
contact with a continuous low air permeance component. 

New Low Rise 
Residential 

9.25.3.1. Required Barrier to Air Leakage 
1) Wall, ceiling and floor assemblies separating conditioned space from unconditioned space or from the ground shall be
constructed so as to include an air barrier system that will provide a continuous barrier to air leakage [...] 
9.25.3.2. Continuity of the air barrier system 
1) Where the air barrier system consists of en air-impermeable panel-type material, all joints shall be sealed to prevent air
leakage; 
2) Except […] where the air barrier system consists of flexible sheet material, all joints shall be a) sealed or b) lapped not
less than 100mm and clamped, such as between framing members, furring or blocking, and rigid panels. 
3) Where an interior wall meets an exterior wall, ceiling, floor or roof required to be provided with air barrier protection, the
air barrier system shall extend across the intersection. (see 9.25.3.3. for further details). 
9.25.5.1. Properties and position of materials in the building envelope 
1) Sheet and panel-type materials incorporated into assemblies [...] should conform to Article 9.25.5.2., where a) the
material has an air leakage characteristic less than 0.1L/(sm2) at 75 Pa. 

Insulation Maximum Percentage of Points Allocated if applicable 
Building Types BOMA BESt Green Globes LBC BREEAM BREEAM LEED PHI 

w/ modeling w/ checklist 

New Commercial NA 0.70% NA indirect 1.90% prereq req 
New Low Rise 
Residential NA 0.70% NA indirect 1.90% 1.26% req 
Existing Building/Retrofit 0.57% NA NA indirect 1.90% prereq NA 
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Insulation Requirements 
Building Types BOMA BESt BOMA BESt Green Globes Green Globes LBC 

Min Max Min Max 

New Commercial NA NA 

OPAQUE ELEMENTS 
REQUIREMENTS (yes 
or no for achievements 
of points) 
3.3.4.1.1: Roof 
maximum insulation 
(1.5 points) 
3.3.4.1.3: Walls above 
grade maximum 
insulation (1.5 points) 
3.3.4.1.5: Walls below 
grade maximum 
insulation (1 point) 
3.3.4.1.7: Floors 
minimum insulation 
(1.5 point) 
3.3.4.1.9: Slab-on 
Grade minimum 
insulation (1 point) 
3.3.4.1.11: Opaque 
Doors minimum 
insulation (0.5 point) 

New Low Rise 
Residential NA NA 

OPAQUE ELEMENTS 
REQUIREMENTS (yes 
or no for achievements 
of points) 
3.3.4.1.1: Roof 
maximum insulation 
(1.5 points) 
3.3.4.1.3: Walls above 
grade maximum 
insulation (1.5 points) 
3.3.4.1.5: Walls below 



 245	  

grade maximum 
insulation (1 point) 
3.3.4.1.7: Floors 
minimum insulation 
(1.5 point) 
3.3.4.1.9: Slab-on 
Grade minimum 
insulation (1 point) 
3.3.4.1.11: Opaque 
Doors minimum 
insulation (0.5 point) 

Existing Building/Retrofit 

1.2.7.2: Consider the 
envelope permeability 
and the ability of 
materials to withstand, 
without deterioration, 
periods of freezing and 
thawing; 
1.2.7.4: Assess the 
thermal resistance and 
quantity of heat 
transferred through the 
envelope. 
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Insulation Requirements 
Building Types BREEAM BREEAM LEED LEED PHI 

w/ modeling w/ checklist Min Max 
 

New Commercial 

A5 10: 5% 
improvement on the U 
value requirements in 
ASHRAE 90.1-2010 (1 
point); 
A5 11: 10% 
improvement on the U 
value requirements in 
ASHRAE 90.1-2010 (2 
points); 
A5 12: 15% 
improvement on the U 
value requirements in 
ASHRAE 90.1-2010 (3 
points). 

OPAQUE ELEMENTS 
REQUIREMENTS 

All opaque building 
components of the 
exterior envelope of 
the house must be 
very well insulated. 
For most cool-
temperate climates, 
this means a heat 
transfer coefficient 
(U-value) of 0.15 
W/(m²K) at the most, 
i.e. a maximum of
0.15 watts per
degree of
temperature
difference and per
square metre of
exterior surface are
lost.
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New Low Rise Residential 

A5 10: 5% 
improvement on the U 
value requirements in 
ASHRAE 90.2-2007 (1 
point); 
A5 11: 10% 
improvement on the U 
value requirements in 
ASHRAE 90.2-2007 (2 
points); 
A5 12: 15% 
improvement on the U 
value requirements in 
ASHRAE 90.2-2007 (3 
points). 

EA Prereq 2.1 - a. 
Basic Insulation: Install 
insulation that meets 
or exceeds the R-
Value requirements of 
Table 602.1 
International Energy 
Conservation Code or 
local code (whichever 
is more stringent). 
B. Install insulation to
meet provincial or local 
standards. 

EAc2.2 - Enhanced 
Insulation (1.7 
points) 
a. Install insulation
that exceeds the R-
value requirements 
listed in Table 602.1 
International Energy 
Conservation Code 
or the local building 
code (whichever is 
more stringent), by at 
least 20%. 
B. Install insulation to
meet provincial or 
local standards. 

All opaque building 
components of the 
exterior envelope of 
the house must be 
very well insulated. 
For most cool-
temperate climates, 
this means a heat 
transfer coefficient 
(U-value) of 0.15 
W/(m²K) at the most, 
i.e. a maximum of
0.15 watts per 
degree of 
temperature 
difference and per 
square metre of 
exterior surface are 
lost. 

Existing Building/Retrofit 

A5 10: 5% 
improvement on the U 
value requirements in 
ASHRAE 90.1-2010 (1 
point); 
A5 11: 10% 
improvement on the U 
value requirements in 
ASHRAE 90.1-2010 (2 
points); 
A5 12: 15% 
improvement on the U 
value requirements in 
ASHRAE 90.1-2010 (3 
points). 

OPAQUE ELEMENTS 
REQUIREMENTS 
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Green Globes Minimum 
Insulation requirements 

Zone 5 Zone 6 Zone 7 Zone 8 AVG AVG RSI 

OPAQUE ELEMENTS REQUIREMENTS 
Roofs 
Insulation Minimum R-Value 30.0 30.0 35.0 35 32.500 5.723 
Walls Above-Grade 
Insulation Minimum R-Value 11.4 13.3 15.2 15.2 13.775 2.426 
Walls Below-Grade 
Insulation Minimum R-Value 7.5 7.5 10 15 10.000 1.761 
Floors 
Insulation Minimum R-Value 10.4 12.5 12.5 14.5 12.475 2.197 
Slab-On-Grade Floors 
Insulation Minimum R-Value 15 20 20 20 18.750 3.302 
Opaque Doors 
Assembly Maximum (U value) 0.700 0.500 0.500 0.500 0.550 3.123 

LEED (ASHRAE 90.1-2010) 
Minimum Insulation 
requirements 

Zone 5 Zone 6 Zone 7 Zone 8 AVG AVG (in SI) 

OPAQUE ELEMENTS REQUIREMENTS 
Roofs 
Assembly Maximum (U value) 0.055 0.049 0.048 0.048 0.050 0.284 
Insulation Minimum R-Value 38.0 20.0 20.0 20 24.500 4.314 
Walls Above-Grade 
Assembly Maximum (U value) 0.090 0.08 0.071 0.071 0.078 0.443 
Insulation Minimum R-Value 11.4 13.3 15.2 15.2 13.775 2.426 
Walls Below-Grade 
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Assembly Maximum (C-value) 0.119 0.119 0.119 0.119 0.119 0.119 
Insulation Minimum R-Value 7.5 7.5 7.5 7.5 7.500 1.321 
Floors 
Assembly Maximum (U value) 0.074 0.064 0.064 0.057 0.065 0.368 
Insulation Minimum R-Value 10.4 12.5 12.5 14.6 12.500 2.201 
Slab-On-Grade Floors 
Assembly Maximum (F-value) 0.860 0.860 0.843 0.688 0.813 0.813 
Insulation Minimum R-Value 15 10 15 15 13.750 2.421 
Opaque Doors 
Assembly Maximum (U value) 0.700 0.700 0.500 0.500 0.600 3.407 
Insulation Minimum R-Value 

Passive House Institute (PHI) 
Minimum Insulation 
Requirements 

Construction System 

Climate Zone Efficiency criteria 
U-value of the exterior building

component <= 
Absence of Thermal 

Bridges 

[W/(m2K)] [W/(mK)] 
1 Arctic 0.09 0.01 

2 Cold 0.12 

3 Cool, temperate 0.15 
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Fenestration Percentage of Points Allocated if applicable 

Building Types BOMA BESt 
Green 
Globes LBC BREEAM BREEAM LEED PHI 

w/ modeling w/ checklist 

New Commercial NA 1.60% NA indirect 
covered under 
insulation prereq req 

New Low Rise 
Residential NA 1.60% NA indirect 

covered under 
insulation 2.42% req 

Existing 
Building/Retrofit 1.43% NA NA indirect 

covered under 
insulation  prereq NA 

Fenestration Requirements 
Building Types BOMA BESt BOMA BESt Green Globes Green Globes LBC 

Min Max Min Max 

New Commercial NA NA 

3.3.4.3.1: Thermal 
Transmittance (U-
factor) is less than or 
equal to MNECB 
values (see table 
3.3.4.3) (yes or no, 8 
points) 
3.3.4.3.3: SHGC less 
than or equal to the 
values in the MNECB 
(see table 3.3.4.3) 
(yes or no, 8 points) 

3.3.4.3.1: Thermal 
Transmittance (U-factor) 
is less than or equal to 
MNECB values (see table 
3.3.4.3) (yes or no, 8 
points) 
3.3.4.3.3: SHGC less than 
or equal to the values in 
the MNECB (see table 
3.3.4.3) (yes or no, 8 
points) NA 
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New Low Rise 
Residential NA NA 

3.3.4.3.1: Thermal 
Transmittance (U-
factor) is less than or 
equal to MNECB 
values (see table 
3.3.4.3) (yes or no, 8 
points) 
3.3.4.3.3: SHGC less 
than or equal to the 
values in the MNECB 
(see table 3.3.4.3) 
(yes or no, 8 points) 

3.3.4.3.1: Thermal 
Transmittance (U-factor) 
is less than or equal to 
MNECB values (see table 
3.3.4.3) (yes or no, 8 
points) 
3.3.4.3.3: SHGC less than 
or equal to the values in 
the MNECB (see table 
3.3.4.3) (yes or no, 8 
points) NA 

Existing 
Building/Retrofit 

1.2.7.5: Energy-
efficient windows 
consist of, at a 
minimum, double-
glazed windowpanes 
with frames spacers 
that have high 
thermal integrity.  NA NA NA NA 

 Fenestration Requirements 
Building Types BREEAM BREEAM LEED LEED PHI 

w/modelling w/ checklist Min Max 
 

New Commercial NA 
Covered under 
insulation section 

FENESTRATION 
REQUIREMENTS NA 

The window frames must 
be well insulated and 
fitted with low-e glazing 
filled with argon or krypton 
to prevent heat transfer. 
For most cool-temperate 
climates, this means a U-
value of 0.80 W/(m²K) or 
less, with g-values around 
50% (g-value= total solar 
transmittance, proportion 
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of the solar energy 
available for the room). 

New Low Rise 
Residential NA 

Covered under 
insulation section 

EA Prereq 4.1 Good 
Windows - Install 
Energy Star certified 
windows according 
to appropriate 
climate zone, or of 
an equivalent Energy 
Rating (ER) level as 
determined by CSA 
Standard A440.2 

EAC 4.2 Exceptional 
Windows (3 points) - 
Design and install 
ENERGY STAR certified 
windows according to 
Table 18A or Table 18B, 
or of an equivalent Energy 
Rating (ER) level as 
determined by the CSA 
Standard 440.2 

The window frames must 
be well insulated and 
fitted with low-e glazing 
filled with argon or krypton 
to prevent heat transfer. 
For most cool-temperate 
climates, this means a U-
value of 0.80 W/(m²K) or 
less, with g-values around 
50% (g-value= total solar 
transmittance, proportion 
of the solar energy 
available for the room). 

Existing 
Building/Retrofit NA 

Covered under section 
above 

FENESTRATION 
REQUIREMENTS NA NA 

 Fenestration Requirements 
Building Types NBC 

New Commercial 
5.10.2.4 Heat transfer: 
1) Windows, doors and skylights shall meet the heat transfer performance requirements stated in Section 5.3

New Low Rise 
Residential 

Max U-value: 2.5 
9.7.3.1 General performance expectations 
1) […] windows, doors and skylights and their components separating conditioned space from unconditioned space or the
exterior shall be designed, constructed and installed so that, when in the closed position they [...] c) control air leakage 
3) Main entrance doors and their components shall be designed, constructed and installed so that, when in closed position they
a) control air leakage [...]
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Existing 
Building/Retrofit NA 

LEED (ASHRAE 90.1-2010) Minimum 
Insulation requirements 

Zone 5 Zone 6 Zone 7 Zone 8 AVG AVG (in SI) 

FENESTRATION REQUIREMENTS 
Vertical Glazing, 0%-40% of Wall 
Assembly Max U 0.80 0.80 0.80 0.80 0.800 4.542 
Assembly Max. SHGC 0.40 0.40 0.45 0.45 0.425 0.425 
Skylight with Curb, Glass 
Assembly Max U 1.17 1.17 1.17 0.98 1.123 6.374 
Assembly Max. SHGC 0.49 0.49 0.68 0.553 0.553 
Skylight with Curb, Plastic 
Assembly Max U 1.10 0.87 0.87 0.61 0.863 4.897 
Assembly Max. SHGC 0.77 0.71 0.77 0.750 0.750 
Skylight without Curb, All 
Assembly Max U 0.69 0.69 0.69 0.58 0.663 3.762 
Assembly Max. SHGC 0.49 0.49 0.68 0.553 0.553 

Green Globes Minimum Insulation 
requirements 

Zone 5 Zone 6 Zone 7 Zone 8 AVG 

FENESTRATION REQUIREMENTS 
Vertical Glazing, 0%-40% of Wall 
Assembly Max U-Value 0.35 0.35 0.30 0.30 1.845 
SHGC North 0.5 0.5 0.65 NR 0.550 
SHGC E, S & W, PF<0.25 0.4 0.4 0.5 NR 0.433 
SHGC E, S, & W 0.25 =< PF < 0.5 0.5 0.5 NR NR 0.500 
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SHGC E, S & W PF>=0.65 0.65 NR NR NR 0.650 
Skylights (3% maximum) 
U factor 0.6 0.6 0.6 0.5 3.265 
SHGC 0.4 0.5 0.6 NR 0.500 

PF = Projection Factor 

Passive House Institute (PHI) Minimum Insulation Requirements 

Transparent Components 
Climate Zones 

Orientation Component U-
value 

U-value Installed Installed Glazing 

[W/(m2K)] [W/(m2K)] Recommended 
1 Arctic Vertical 0.40 0.45 Low-e quadruple glazing 

or multiple vacuum 
glazing 

Inclined (45) 0.50 0.50 
Horizontal 0.60 0.60 

2 Cold Vertical 0.60 0.65 Low-e quadruple glazing 
or excellent quality low-e 

triple glazing, possibly 
with hard coating on the 

outside 
Inclined (45) 0.70 0.70 

Horizontal 0.80 0.80 

3 Cool, temperate Vertical 0.80 0.85 Low-e triple glazing 
Inclined (45) 1.00 1.00 
Horizontal 1.10 1.10 
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Thermal Bridges Percentage of Points Allocated if applicable 
Building Types BOMA BESt Green Globes LBC BREEAM BREEAM LEED PHI 

w/ modeling w/ checklist 

New Commercial NA 0.10% NA indirect NA indirect req 

New Low Rise 
Residential NA 0.10% NA indirect NA NA req 

Existing 
Building/Retrofit 0.29% NA NA indirect NA indirect NA 

Thermal Bridges Requirements 
Building Types BOMA BESt BOMA BESt Green Globes Green Globes LBC 

Min Max Min Max 

New Commercial NA NA NA 

3.5.10.2.3: Do walls 
of unvented crawl 
spaces must have 
insulation that is 
permanently 
fastened to the wall 
and extends 
downward from the 
floor to the finished 
grade level, and then 
vertically and/or 
horizontally for at 
least an additional 60 
cm? (yes or no, 1 
point). NA 
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New Low Rise Residential NA NA NA 

3.5.10.2.3: Do walls 
of unvented crawl 
spaces must have 
insulation that is 
permanently 
fastened to the wall 
and extends 
downward from the 
floor to the finished 
grade level, and then 
vertically and/or 
horizontally for at 
least an additional 60 
cm? (yes or no, 1 
point). NA 

Existing Building/Retrofit 

1.2.7.1: Consider 
the differences in 
temperature on the 
inner and outer 
surface of the 
building, and 
conditions that 
might promote 
condensation on 
the surface of 
thermal bridges, i.e. 
the mould and 
mildew “control 
points” (1 point); NA NA NA NA 
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Thermal Bridges Requirements 
Building Types BREEAM BREEAM LEED LEED PHI 

w/ modeling w/ checklist Min Max 
 

New Commercial NA NA NA NA 

All edges, corners, 
connections and 
penetrations must be 
planned and executed 
with great care, so that 
thermal bridges can be 
avoided. Thermal 
bridges, which cannot 
be avoided, must be 
minimised as far as 
possible. 
Absence of Thermal 
Bridges = 0.01 W/mK 
A junction in a 
Passivhaus is 
considered to be 
thermal-bridge-free if, 
on examination of the 
construction, the 
insulation can be seen 
to be continuous at a 
minimum if two-thirds 
the thickness of the 
insulation surrounding 
the junction (assuming 
al the insulation has 
the same thermal 
conductivity). (Cotterell 
& Dadeby, 2012)  

New Low Rise Residential NA NA 

EA 1.2: Reduced 
framing (MR1) can 
allow for more 
insulation and fewer NA 

All edges, corners, 
connections and 
penetrations must be 
planned and executed 
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thermal breaks. 
EA 2: MR 1.2-1.5 
addresses framing 
efficiency. Efficient 
framing can create 
additional spacing in 
wall cavities, 
reducing thermal 
breaks and insulation 
compaction. 

with great care, so that 
thermal bridges can be 
avoided. Thermal 
bridges, which cannot 
be avoided, must be 
minimised as far as 
possible. 
Absence of Thermal 
Bridges = 0.01 W/mK 
A junction in a 
Passivhaus is 
considered to be 
thermal-bridge-free if, 
on examination of the 
construction, the 
insulation can be seen 
to be continuous at a 
minimum if two-thirds 
the thickness of the 
insulation surrounding 
the junction (assuming 
al the insulation has 
the same thermal 
conductivity). (Cotterell 
& Dadeby, 2012)  

Existing Building/Retrofit NA NA NA NA NA 
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Thermal Envelope General Commissioning and/or Maintenance Percentage of Points Allocated if applicable 
Building Types BOMA BESt Green Globes LBC BREEAM LEED PHI 

w/ modeling w/ checklist 

New Commercial NA 0.30% NA indirect NA 1.82% req 

New Low Rise Residential NA 0.30% NA indirect NA prereq req 

Existing Building/Retrofit 2.57% NA NA indirect NA 1.82% req 

Thermal Envelope General Commissioning and /or 
Maintenance Requirements 
Building Types BOMA BESt BOMA BESt Green Globes Green Globes LBC 

Min Max Min Max 

New Commercial NA NA NA 

3.1.3.2.1.2: Is there 
a requirement to 
commission the 
Building Envelope? 
(yes or no, 3 points) NA 

New Low Rise Residential NA NA NA 

3.1.3.2.1.2: Is there 
a requirement to 
commission the 
Building Envelope? 
(yes or no, 3 points) 
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Existing Building/Retrofit 

1.2.7.14: A building 
condition 
assessment 
conducted at least 
every 5 years; 
1.2.7.15: Were the 
recommendations of 
the Building 
Condition Report for 
the walls and 
windows carried 
forward into a Capital 
or Building 
Maintenance Plan?  
1.2.7.16: Were the 
recommendations of 
the Building 
Condition Report for 
the roof carried 
forward into a Capital 
Plan?  NA NA NA NA 
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Thermal Envelope General Commissioning and /or Maintenance Requirements 
Building Type BREEAM BREEAM LEED LEED PHI 

w/ modeling w/ checklist Min Max 
 

New Commercial 

Fundamental 
commissioning and 
verification: 
Requirements for 
exterior enclosures are 
limited to inclusion in 
the owner’s project 
requirements (OPR) 
and basis of design 
(BOD), as well as the 
review of the OPR, 
BOD and project 
design.  

Enhanced 
commissioning: 
Option 2. Envelope 
commissioning (2 
points) Complete 
the following 
commissioning 
process (CxP) 
activities for the 
building’s thermal 
envelope:  
- Review contractor
submittals.
- Verify inclusion of
systems manual
requirements in
construction
documents.
- Verify inclusion of
operator and 
occupant training 
requirements in 
construction 
documents. 
- Verify systems
manual updates
and delivery.
- Verify operator
and occupant
training delivery
and effectiveness.
- Verify seasonal

- A maximum of 0.6
air changes per hour
at 50 Pascal
pressure (ACH50),
as verified with an
onsite pressure test
(in both pressurized
and depressurized
states).
-Are compact
building shapes
possible? Buildings
in rows are
advantageous.
-Simple structure of
envelope surface
(preferably without
dormers or recesses
etc.)
- Layout: keep
installation zones
together (e.g.
bathroom over or
next to kitchen),
taking into account
necessary ventilation
ducts
- Separation of any
existing basement
level: airtight and
free of thermal
bridges
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testing. 
- Review building
operations 10
months after
substantial
completion.
- Develop an on-
going
commissioning
plan.

New Low Rise Residential 

Performance Tests: 
Category EA - 
Envelope Leakage 
(p.11) - Prerequisite 

- A maximum of 0.6
air changes per hour 
at 50 Pascal 
pressure (ACH50), 
as verified with an 
onsite pressure test 
(in both pressurized 
and depressurized 
states). 
-Are compact
building shapes 
possible? Buildings 
in rows are 
advantageous. 
-Simple structure of
envelope surface 
(preferably without 
dormers or recesses 
etc.) 
- Layout: keep
installation zones 
together (e.g. 
bathroom over or 
next to kitchen), 
taking into account 
necessary ventilation 
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ducts 
- Separation of any
existing basement 
level: airtight and 
free of thermal 
bridges 

Existing Building/Retrofit 

Fundamental 
commissioning and 
verification: 
Requirements for 
exterior enclosures are 
limited to inclusion in 
the owner’s project 
requirements (OPR) 
and basis of design 
(BOD), as well as the 
review of the OPR, 
BOD and project 
design.  

Enhanced 
commissioning: 
Option 2. Envelope 
commissioning (2 
points) Complete 
the following 
commissioning 
process (CxP) 
activities for the 
building’s thermal 
envelope:  
- Review contractor
submittals.
- Verify inclusion of
systems manual
requirements in
construction
documents.
- Verify inclusion of
operator and
occupant training
requirements in
construction
documents.
- Verify systems
manual updates
and delivery.
- Verify operator
and occupant
training delivery
and effectiveness.
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- Verify seasonal
testing.
- Review building
operations 10
months after
substantial
completion.
- Develop an on-
going
commissioning
plan.

Exterior & Interior Shading Percentage Max. of Points Allocated if applicable 
Building Type BOMA BESt Green Globes LBC BREEAM BREEAM LEED PHI 

w/ modeling w/ checklist 

New Commercial NA 0.10% indirect NA NA 

linked to 
fenestration 

req indirect 
New Low Rise Residential NA 0.10% indirect NA NA 0.18% indirect 

Existing Building/Retrofit 0.86% NA indirect NA NA 

linked to 
fenestration 

req indirect 
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Exterior and Interior Shading Requirements 
Building Type BOMA BESt BOMA BESt Green Globes Green Globes LBC 

 
Min Max Min Max 

 

New Commercial NA NA 

3.7.3.1.4: Are there 
shading devices on 
southern, western, and 
eastern exposures 
(partially: 0.5 point) 

3.7.3.1.4: Are there 
shading devices on 
southern, western, 
and eastern 
exposures (yes: 1 
point) NA 

New Low Rise Residential NA NA 

3.7.3.1.4: Are there 
shading devices on 
southern, western, and 
eastern exposures 
(partially: 0.5 point) 

3.7.3.1.4: Are there 
shading devices on 
southern, western, 
and eastern 
exposures (yes: 1 
point) NA 

Existing Building/Retrofit 

1.2.7.6:  Does the 
building have 
window shading 
(e.g. exterior 
awnings, blinds or 
reflective film) to 
reduce the cooling 
load? Tip: 
Appropriate 
shading may 
include shade 
created by near-by 
building(s) and/or 
high structure(s). 
Mark “not 
applicable” if there 
are no windows or 
where windows are 
located on the north 
face of the 
buildings (no direct NA NA NA NA 
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sunlight) 

Exterior and Interior Shading Requirements 
Building Type BREEAM BREEAM LEED LEED PHI 

w/ modeling w/ checklist Min Max 
 

New Commercial NA NA 

ASHRAE Table 11.3.1: 
Manually operated 
fenestration devices 
such as blinds or 
shades shall not be 
modeled. Permanent 
shading devices such 
as fins, overhangs, 
and lightshelves shall 
be modeled.  
ASHRAE Table G3.1: 
Manual Fenestration 
shading devices such 
as blinds or shades 
shall be modeled or 
not modeled, the same 
as in the baseline. 
Automatically 
controlled fenestration 
shades or blinds shall NA 

Avoid shading (no or 
minimal shading in 
winter from parapets, 
porches, balconies, 
roof overhangs, 
partitions etc.) 
Strategies to address 
the risk of summer 
overheating (not more 
than 10% of the days 
at +25 degree Celsius) 
should be adopted: - 
solar shading, - 
external window 
blinds, - Overhanging 
roof eaves, - 
independent canopy or 
veranda, -trees or 
other structures 
- PHPP includes a
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be modeled. 
Permanent shading 
devices such as fins, 
overhangs, and 
lightshelves shall be 
modeled.  

Shading-S worksheet 

New Low Rise Residential NA NA 

ID 1.5d (1 point/4): At 
least 90% of the 
glazing on the south-
facing wall is 
completely shaded 
(using shading 
overhangs, etc.) at 
noon on June 21 and 
unshaded at noon on 
December 21. 
EA 1.2: Shading (SS3) 
can reduce energy 
demands for space 
cooling. NA 

Avoid shading (no or 
minimal shading in 
winter from parapets, 
porches, balconies, 
roof overhangs, 
partitions etc.) 
Strategies to address 
the risk of summer 
overheating (not more 
than 10% of the days 
at +25 degree Celsius) 
should be adopted: - 
solar shading, - 
external window 
blinds, - Overhanging 
roof eaves, - 
independent canopy or 
veranda, -trees or 
other structures 
- PHPP includes a
Shading-S worksheet 

Existing Building/Retrofit NA NA 

ASHRAE Table 11.3.1: 
Manually operated 
fenestration devices 
such as blinds or 
shades shall not be 
modeled. Permanent 
shading devices such 
as fins, overhangs, NA NA 
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and lightshelves shall 
be modeled.  
ASHRAE Table G3.1: 
Manual Fenestration 
shading devices such 
as blinds or shades 
shall be modeled or 
not modeled, the same 
as in the baseline. 
Automatically 
controlled fenestration 
shades or blinds shall 
be modeled. 
Permanent shading 
devices such as fins, 
overhangs, and 
lightshelves shall be 
modeled.  

Passive Systems Percentage of Points Allocated if applicable 
Building Type BOMA BESt Green Globes LBC BREEAM BREEAM LEED PHI 

w/ modeling w/ checklist 

New Commercial NA 0.50% NA indirect 2.53% 
indirect and/or 

suggested NA 

New Low Rise Residential NA 0.50% NA indirect 2.53% 2.02% NA 

Existing Building/Retrofit 1.43% NA NA indirect 2.53% 
indirect and/or 

suggested NA 
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Passive Systems Requirements 
Building Type BOMA BESt BOMA BESt Green Globes Green Globes LBC 

Min Max Min Max 

New Commercial NA NA 

3.3.4.2.1: Ratio 
north/south 
fenestration area to 
the east/west 
fenestration area was 
between 1.25 and 1.39 
(0.5 points) 

3.3.4.2.1: Ratio 
north/south 
fenestration area to the 
east/west fenestration 
area is higher than 2 (5 
points) NA 

New Low Rise Residential NA NA 

3.3.4.2.1: Ratio 
north/south 
fenestration area to 
the east/west 
fenestration area was 
between 1.25 and 1.39 
(0.5 points) 

3.3.4.2.1: Ratio 
north/south 
fenestration area to the 
east/west fenestration 
area is higher than 2 (5 
points) NA 

Existing Building/Retrofit 

1.2.7.7:  Does the 
roof have high-
albedo (cool) 
roofing materials 
with a Solar 
Reflectance Index 
(SRI) of 70 or 
higher? 
1.2.8.2.1: Are there 
other energy-saving 
systems or 
measures? Energy-
saving systems or 
measures could 
include deep lake 
cooling, solar 
absorption chillers, 
CO2 
demand ventilation, NA NA NA NA 
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displacement 
ventilation, 
dehumidification 
methods, high-
performance fume 
hoods, thermal 
mass storage, or 
demand-response 
capability such as 
participation in a 
program for off-
peak scheduling of 
significant building 
electricity loads.  

Passive Systems Requirements 
Building Type BREEAM BREEAM LEED LEED PHI 

w/ modeling w/ checklist Min Max 
 

New Commercial NA NA NA NA 

-South-oriented
main facade (± 30°)
and large south-
facing window
areas
- Glazing areas
facing south are
optimal, windows
facing
east/west/north
should be kept
small.
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New Low Rise Residential NA NA 

ID 1.5a: a. the glazing 
area on the north- and 
south-facing walls of 
the building is at least 
50% greater than the 
sum of the glazing 
area on the east- and 
west- facing walls. 
(0.25) 
ID 1.5b: The east-west 
axis of the building is 
within 15 degrees of 
due east-west. (0.25) 
ID 1.5c: The roof has a 
minimum of 42 square 
meters (450sqf) of 
south-facing area that 
is oriented 
appropriately for solar 
applications. (0.25) 
EA 1.2: Passive solar 
designs must be 
modeled and can take 
credits in the approach 
laid out in EA1. 
EA 11.2a (1point): No 
refrigerants required 
due to passive cooling 
design. 
EQ 3.1c (1 point): A 
passive ventilation 
design system if 
approved by a 
licensed designs 
professional. NA 

-South-oriented
main facade (± 30°) 
and large south-
facing window 
areas 
- Glazing areas
facing south are 
optimal, windows 
facing 
east/west/north 
should be kept 
small. 
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Existing Building/Retrofit NA 

A5 17: Where the 
design incorporates 
a system of providing 
low carbon cooling to 
completely displace 
the need for a 
mechanical cooling 
system; 
A5 18: No 
mechanical 
ventilation  
A5 19: No 
mechanical 
ventilation  
A5 20: No 
mechanical 
ventilation NA NA NA 

Sources: BOMA BESt (2013a,c), BRE Global Ltd. (2014), BRE Group Training (2013), Green Globes (2013), ECD Energy & Environment Canada 
Ltd. (2014), International Living Future Institute (ILFI) (2014b), USGBC (2012), USGBC (2015), ASHRAE (2010), CaGBC (2010b), CanPHI - 
Canadian Passive House Institute (2012a,b), Passive House Institute. (2015c,d). 
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