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Abstract 

Buildings generate about 35% all of greenhouse gases, 35% of landfill waste comes from 

construction and demolition activities and 80 % of all water consumes in and around 

buildings[Autodesk; 2010]. With more and more concerns about the environmental impact of 

building, ‘Green Building’ has been made into policies and widely built in many countries and areas. 

In Ontario, the past decades have seen the fast growth of green building. LEED, as the world-leading 

green building rating system, has been received high recognition from the inception to minimize 

environmental impact and progress in energy saving. So far over 4000 Canadian projects have 

registered for LEED
®
 certification, from office towers to single family homes [CAGBC; 2012].  

Building Information Modeling/Model (BIM), as a new established coordination and 

collaboration process in building industry, has been proved by many professionals to be a very 

useful tool in design, construction and operation. The reality is more and more countries have 

released policies to implement Mandatory BIM adoption, like Singapore and UK, but zero policy on 

BIM adoption has issued in Canada. The recent study result shows the industry is far away from 

being clear what BIM is and the lack of standards or policies for BIM is the biggest barrier for BIM 

accepted by the industry. People are yet unaware about the benefits of BIM for green building 

although there has seen several successful cases in Canada. It is time for the Government of Ontario 

to sit down and make a suite of policies to change this situation and catch up with other countries. 

In this thesis, the first of all, the benefits of green building and current Ontario’s green building 

policies related to LEED
®
 Implementation would be introduced. The experience in successful 

LEED
®
 implementation offers policy makers useful lessons to promote BIM. The surveys on BIM 

adoption from the users indicate BIM has received very positive feedback and establish strong 

confidence for the Government of Ontario to catch up with the BIM trend. The policies adopted in 

Singapore and UK would be analyzed and be utilized as templates to formulate policy 

recommendations. Hopefully, the findings of this thesis would provide solid evidence and support 

for the Government of Ontario in the policy making on BIM adoption. 

Keywords 

Sustainability, LEED
®
, Energy Efficiency, GHG Emissions, BIM, Ontario, Policy
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1. Background 

Currently global energy demand is steadily growing in almost every section related to our life, 

such as transportation, communication, agriculture and building. It does not just require a huge 

quantity of supply but also a complex combination of different sources. With the trend that the 

limited resources are increasingly scarce and expensive, and the threat of pollution which are 

damaging human health, more and more researchers have realized that the utilization of renewable 

energies and raising the efficiency of the current energy sources are the best tools for us to deal 

with many of the energy challenges the world are facing. Considering the truth that most of 

renewable energies are expensive and immature like solar power, or have a dangerous power to 

devastate the world if it is out of control like nuclear, that means that compared with the former tool, 

raising energy efficiency is a sound, affordable and reliable solution for human at the current 

level of technologies and conditions. 

In addition, the reduction of greenhouse gas is in line with international climate targets. The 

Kyoto Protocol (1997) has set a mutual goal that calls for international cooperation and supportive 

policies to foster an attractive and livable world for the future generations. It is not only a mission 

but a responsibility for any government to make efforts to explore itself with a high potential for 

environmental sustainability.     

Overall, energy efficiency and GHG reduction will be the two main tasks for governments and 

be put on the policy makers’ desks in the next long term. Building, as the man-made environment for 

living, plays an irreplaceable role in our life. People spend up to 90 percent of their time indoors 

[Agency; 2003]. Realizing green and sustainable building is consistence with the goals of energy 

efficiency and GHG reduction for governments, so it is worth the Government of Ontario’s 

attention and definitely would be socially and financially beneficial to Ontario’s development.  

1.1. The Problems We are Facing 

1.1.1. Energy 

 
Ontario is already usually dependent on electricity imports in order to meet demand and up to 

80% of current generation capacity will reach the end of its design life within the next 15 years, and 
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Ontario needs to replace at least 24,000 megawatts generating capacity over the next 15 years [Kemp; 

2005].
 
The Government of Ontario plans to shut down all coal-burning electricity generation and 

switch to renewable energies by 2014. Ontario may experience a shortage of electricity in the near 

future. 

According to the World Business Council for Sustainable Development, buildings consume 

more than 70% of national electricity and account for nearly 40% of man-made GHG nationwide in 

the United States [Blomdahl; 2009].
 
 “the consumption of electricity, natural gas, fuel oil and steam 

needed to operate buildings generates 79 percent of the city’s total carbon count in New York City” 

[Kugler; 2007].  

1.1.2. Climate Change & GHG Emissions 

Ontario made up almost 25% of Canada’s national total of 692 megatonnes of carbon dioxide in 

2010, with its large manufacturing industry [US Department of Environment; 2012]. The 

Government of Ontario also has been recognized the climate change pose impacts on Ontarians’ life 

and should be considered into all decision-making.  

From 1948 to 2008, the average annual temperature in Ontario has increased by 1.4℃. Scientists 

projected the average temperature in Ontario will increase by 2.5℃ ~3.7℃ compared to the average 

baseline between 1961 and 1990. 2010, actually, was the hottest year on record since the first 

nationwide record in 1948, and it was at least 20% drier than normal record in the north area of 

Ontario [Ontario Ministry of the Environment; 2011]. By 2005, Southern Ontario would likely 

expect hotter summers with the number of days over 30℃ more than doubling [Ontario Ministry of 

the Environment; 2011].  

Due to temperature soaring, some other symptoms have indicated the impacts on Ontarians’ life. 

Warmer winters in Ontario will mean shortened skiing, snowmobiling and ice-fishing seasons. 

Projections indicate a reduction in snowmobiling seasons between 30 to 50% by the 2020 [Ontario 

Ministry of the Environment; 2011]. Increased temperatures appear to allow the appearance and 

spread of mosquito and tick-borne diseases, such as Lyme disease and West Nile Virus, and the 

potential spread of malaria [Ontario Ministry of the Environment; 2011]. An Ontario study has found 

the investment on the health care and environmental conservation at $3 billion annually [Energy; 
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2005]. The agricultural sector will also need to deal with the potential for increased impacts on farm 

operations of extreme weather events such as drought and hail damage as well as pest infestations 

and increased crop vulnerability from year-to-year [Ontario Ministry of the Environment; 2011]. 

In summary, it is these problems mentioned above that arouse the Government of Ontario’s and 

the City of Hamilton’s more attention on extreme weather and energy crisis. They are expected to 

take some effective actions to prevent the environment form further deteriorating.  

1.2. Governments’ Goals 

1.2.1. Energy Consumption 

The energy consumption of building is startling and keeps growing over the past decades. In the 

United States, the building sector is responsible for almost half of the total energy consumption 

(49%) (Figure 1) [2030; 2011a]. In addition, U.S. consumes close to 70% of electricity, 40% of raw 

materials and 12 % potable water [McGraw Hill Construction; 2010].  

Building

Construction

and Materials

Building

Operations

Industry

Transport

23%

28%
43%

6%

 

Figure 1: U.S. Energy Consumption [2030; 2011b] 

When it comes to Canada, despite there are no direct and recent data show the energy 

consumption of building and associated industries, according to the data between 2004 and 2008 

from Canada Statistics, building and relative industries occupy close to 25% of total energy 

consumption in Canada [Statistics Canada; Energy use, by sector; 2012]. Table 1 shows the energy 

use of building between 2004 and 2008 in Canada and detailed data is illuminated in Appendix Table 

1. 
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Table 1: Energy Use of Building [Statistics Canada; Energy use, by sector; 2012] 

Categories 2004 2005 2006 2007 2008 

 Terajoules 

Building & relative 

industries 
2,492,246 2,426,104 2,393,115 2,648,500 2,601,462 

Total energy 

consumption in all sectors 

10,498,74

2 

10,470,90

3 

10,226,70

1 

10,840,94

5 

10,612,48

4 

 23.7% 23.1% 23.4% 24.4% 24.5% 

 

The Government of Ontario has committed that some actions are undergoing in order to realize 

a “Zero Coal” goal by 2014. The number of coal-fired plants, which haven been the largest pollution 

source of GHG emissions in Ontario, has been reduced by 70% in electricity production since 2003. 

The Government of Ontario planned to phase out coal-fired plants in 2004 [Hamilton; 2011]. This 

goal is equivalent to taking 7 million cars off the road [Hamilton; 2011].  

For example, the City of Hamilton’s dedication to corporate energy conservation and 

environmental sustainability plays an important role in meeting its citizens need, protecting the 

human health, conserving natural resources, and supporting the local economy through job creation. 

The Energy Policy calls for targeted energy reductions in energy intensity of city owned facilities 

and operations of: 3% by 2009, 7.5% by 2012 and 20% by 2020 [Hamilton; 2011].  

1.2.2. GHG Emissions 

In the United States, the buildings sector accounted for about 40% of primary energy 

consumption in 2010 (Figure 2) [US Department of Environment; 2012]. The US is one of the 

biggest GHG generation countries. 
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Figure 2: US Greenhouse Gas Emissions of Building [US Department of Environment; 2012]  

In Canada, Statistics Canada has collected and demonstrated the GHG emissions of building 

between 2004 and 2008 as shown in Table 2. There is no obvious fluctuation in GHG emissions in 

the past few years as seen. 

Table 2: Greenhouse Gas Emissions of Building [Environment Canada; 2012] 

Categories 2000 2005 2006 2007 2008 2009 2010 

 carbon dioxide equivalents (Mt CO2e) 

Building & relative 

industries 
81 85 80 85 85 82 79 

Total GHG in all sectors 718 740 726 751 731 690 692 

 11.3% 11.5% 11.0% 11.3% 11.6% 11.9% 11.4% 

 

Canada committed to reduce its greenhouse gas emissions to 17% below 2005 levels by 2020. 

This is equivalent to a target of 607 megatonnes (Mt), based on the Copenhagen Accord in 

December 2009 [Environment Canada; 2012]. In 2011, Canada’s GHG emissions were projected to 

be 785 Mt in 2020 and the number of GHG emissions projected in 2012 was 720 Mt in 2020. One 

can conclude the gap between the former projection and the latest one has been closed by 65 Mt but 

there still exists a gap of 113 Mt between the projection and the Copenhagen Accord Target  

[Environment Canada; 2012]. The projection also indicates that the government has adopted a series 

of policies and actions which have been largely beneficial to the environment but are not enough to 

meet the goal. Further provincial and federal policies, measures and regulations are upcoming in 

order to contribute to fulfill the gap required for Canada to meet its commitments under the 
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Copenhagen Accord. 

Ontario and Alberta are the two biggest GHG generator provinces in Canada, due largely to 

being the industrial and oil centers of Canada. In 2005, they both generated more than 200 Mt CO2e. 

In 2010, Ontario successful reduced GHG emissions by 34 Mt and the Government planned to 

reduce the emissions to 167 Mt by 2020 [Environment Canada; 2012]. 

Overall, all the statistics mentioned above demonstrate a stable trend of energy consumption in 

building section, in spite of the fast population growth and urban sprawl, especially in Ontario. It is, 

as widely believed, largely due to a series of policies adopted by the federal and provincial 

governments. The diversity of government policies include an education campaign, energy 

efficiency and renewable electricity programs, greening government operations, regulatory measures, 

and legislated renewable electricity targets[Environment Canada; 2012]. 

1.3. LEED
®
 

1.3.1. What is LEED
®
? 

Leadership in Energy and Environmental Design (LEED
®
) certification is a rating system that 

takes a sustainable development approach to the design, construction and operation of the built 

environment. [CAGBC; 2012] It is a voluntary, consensus-based, market-driven program that 

provides third-party verification of green buildings. The system was developed and is administered 

by the U.S. Green Building Council (USGBC). The Canada Green Building Council (CaGBC) has 

modeled its certification rating system after the USGBC and it is known as LEED
®

 Canada. 

Currently, the latest version of LEED
®
 are LEED

®
 v4 and LEED

®
 Canada NC-1.0 [CAGBC; 2012]. 

LEED
®
 certification aims to significantly minimize the impact of buildings on the environment 

and on occupants, as well as measures how ecologically friendly a building project is. It is valid 

proof that a building is environmentally responsible, profitable, and a healthy place to live and work 
 

[CAGBC; 2012]. 

There are 100 possible based points distributed across five major credit categories and one 

additional credit category. The qualifications needed to meet these categories include Sustainable 

Sites, Water Efficiency, Energy and Atmosphere, Materials and Resources, Indoor Environmental 

Quality and Innovation, design Process (additional 6 points) as well as Regional Priority (additional 
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4 points) [CaGBC; 2009].
 
All of these categories have certain criteria a building must meet before it 

can become LEED
®
 certified. In addition, buildings can qualify for four levels of certification 

(certified, silver, gold, platinum) depending on how they performance in all of these categories. 

In the building section, green buildings and LEED
®
 no doubt have been the mainstream 

approach to achieve a sustainable living and working man-made environment [Kats; 2003]. More 

and more owners and tenants become aware of the concept and nature of green buildings, also are 

willing to and pursue LEED
®

 certifications for their properties in despite of a relatively high 

investment. The reasons summarized as below can be used to explain owners and tenants’ motive for 

LEED
®
 certifications: 

1. Relatively wise investment 

Between 1997 and 2004, surveys of LEED
®
 projects indicate that most LEED

®
 buildings 

increase initial construction costs from 0.5% and 2% depending on the levels of LEED
®
 

certification [Kats; 2003]. However, considering that LEED
®
 can actually save money for owners 

or tenants by reducing variable fees during the design, construction and operation process, the 

incremental costs will be paid back so the actual cost may be even less. 

Initial land and construction costs account for 2% given a 20-year lifecycle cost of a building 

[Kats; 2003].  

Table 3: Average Green Cost Premium vs. Level of Green Certification [Kats; 2003] 

 

0.66%

2.11%
1.82%

6.50%

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

7.00%

Level 1 - Certified Level 2 - Silver Level 3 - Gold Level 4 - Platinum
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2. Positive social reputation 

LEED
®
 projects, which definitely is consistent with the growing trend of sustainability, are 

regarded more highly compared to those maintain status quo. Owners or tenants with a sense of 

social responsibility would earn better sustainable reputations besides achieve higher profits. They 

are able to market themselves greatly by becoming sustainable and their eco-friendly images, and 

no doubt that a sustainable reputation is appealing to both society and market.  

3. Mandatory or voluntary governments’ policies 

Governments play an irreplaceable and crucial role in promoting LEED
®
 through making 

policies. In Ontario, a number of policies of LEED
®
 implementation have come into effective and 

contribute to a boom of LEED
®
 projects over the past decade. Many municipalities identify 

LEED
®
 as an approach to achieve the sustainable goal. Appendix Table 3 shows the policies of 

LEED
®
 currently have been adopted in Ontario. 
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2. Building Information Modeling/Model 

As mentioned above, depending on the projects and LEED levels selected, the incremental cost 

in construction ranges from almost zero to maximum 6%. In terms of the total construction cost and 

the saving in the operation period, the incremental cost due to sustainable design is relatively tiny. 

Long-range lifecycle assessments draw a rosier picture of lower operation cost and less 

environmental impact but in today's tight economy after the global economic crisis, building 

owners and tenants are especially sensitive to their initial investments on the design and 

construction other than long-term saving and payback that sustainable designers or practitioners 

emphasize. Even though owners or tenants pursuit a green building certification, it might largely 

come from a mandatory government’s requirement but a sustainable desire of themselves.  

Therefore, achieving a green goal and minimizing the incremental initial investments for 

owners or tenants are the two main problems for most of designers and contractors. They need a tool 

to assist them with a higher efficiency and effectively reduce the initial design and construction cost. 

The initiative use of BIM, supported by appropriate technology, has the potential to reduce the cost 

of sustainable design by making the information required for sustainable design, analysis and 

certification routinely available simply as a byproduct of the standard design process. 

2.1. What is BIM? 

2.1.1. BIM Definition 

BIM (Building Information Model/Modeling) is a process involving the generation and 

management of digital representations of physical and functional characteristics of 

buildings[Autodesk; 2010]. It is also an integrated process which facilitates the exchange of 

information (e.g., design, construction, management, etc.) to project stakeholders (e.g., architects, 

engineers, contractors, etc.) .The use of BIM was limited to architects, but now is also moving 

toward other life cycle phases and to all disciplines across the Architecture, Structure, MEP, and 

Construction industry [IBC; April 2011]. It is used to share knowledge resources among variable 

disciplines to support decision-making about buildings from earliest conceptual stage, design to 

construction, through operational life and eventual demolition [NBIMSPC; March 2012]. Variable 

digital models or an integrated model contain all the information about project, which is built by 
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projects participators and support the interchange of data among them. Extending throughout the 

building life cycle besides planning and design phase, the processes that BIM supports include cost 

management, construction management, project management and facility operation [IBC; April 

2011]. 

The Acronym BIM is often used in two contexts, both as a noun (Building Information Model) 

and a verb (Building Information Modeling) [IBC; April 2011]. 

As a noun, a BIM is an accurate defined digital representation of the physical and functional 

characteristics of a building. The virtual representation contains digital objects corresponding to 

components such as walls, roofs, columns, wires, pipes and windows with associated relationships, 

locations and properties in the real world [IBC; April 2011]. 

As a verb, BIM presents processes used to create, manage, collect, export, import and exchange 

data among stakeholders at various project cycles. Using digital models built by different project 

stakeholders at different time to ensure quality and efficiency throughout the lifecycle of project 

[IBC; April 2011]. 

2.1.2. BIM Users 

BIM is being used to ensure the quality of buildings, as well as minimize the time and cost of a 

variety of activities related to the building lifecycle. The lifecycle of a building is composed of a 

series of sequential phases: Design, Construction, Operate and Maintain, and Demolish as 

demonstrated in Figure 3. 

Figure 3: Information Flow over a Lifecycle of a Building  [IBC; April 2011] 

 

Presently, the use of BIM is most widespread during the Design phase of building lifecycle, in 

activities such as planning, conceptual design, schematic design and design development. Even 
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though BIM’s usage is largely among architects, other disciplines have started to involve 

significantly in the use of BIM to support their work. BIM’s usage in respective phases is shown in 

Figure 4 [BIM-Management; 2009].  

2.1.3. BIM programs and GbXML Schema 

Although the concept of BIM is relatively new, it is penetrating the industries of design, 

construction, management and particularly sustainability faster than people image in the global 

market. The fast-growing trend has brought up the prosperity of BIM programs for the different 

categories over the past decade.  

A comprehensive list of BIM programs that are the most well-known and the most widely used 

in the global market is shown in Appendix Table 4.  The order of programs is in the timeline of a 

building lifecycle (design - construction - operation).  

Some major providers, such as Autodesk
®
, offer a suite of programs that cover all the stages in 

a building lifecycle (design - construction – operation), and that means any files or models 

developed in different programs can be imported or exported among programs pretty easily and fast, 

and any data and information generated in BIM process can integrate together seamlessly. The 

revolutionary integration of models or files makes the storage, management, inquiry of data or 

information more convenient and timesaving compared with those in traditional ways.  

Today gbXML (green building Extensible Markup Language) is the one of the mostly used file 

schemas/types in BIM programs [GbXML.org; 2013]. It was developed to facilitate the transmission 

of building information stored in BIM files, enabling interoperability of models developed in 

different programs available and integrated. Currently gbXML has wide support by the leading BIM 

program providers, Autodesk
®
, Graphisoft

®
 and Bentley

®
 [GbXML.org; 2013]. With the support and 

adoption by those major BIM program providers, gbXML has become the global industry standard 

schema. The use of standard schema eliminates the time-consuming double-check resulted from the 

data lost during the transfer of data between two different BIM programs and removes a significant 

cost and manpower barriers for BIM participators while enabling them to well collaborate and truly 

enjoy the convenience and potential benefits of BIM [GbXML.org; 2013].  
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Figure 4: BIM Working Process[BIM-Management; 2009]
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2.1.4. Benefits of BIM for Traditional Phases 

The companies that adopt BIM into their projects are able to save 20% of the time consumed on 

construction documentation, which includes converting 2D drawings into 3D BIM models 

[BIM-Management; 2009]. It has saved recasting costs and avoided project delays thanks to early 

clash detection made possible through BIM. 

BIM aids to develop virtual model or construction process of a building prior to its actual 

physical construction, for the purpose of minimizing uncertainty, improving safety, indentifying 

collisions, and simulate and analyze potential environmental impacts. Traditional building design 

was largely reliant upon 2D drawing (plans, elevations, sections, etc.). BIM initiatively extends it to 

3D (width, height and depth), even more than 3D with time as the fourth dimension and cost as the 

fifth [BIM-Management; 2009].  

For design teams, BIM covers not just geometry but also spatial relationships, light analysis, 

geographic information, as well as quantities and prosperities of building components (e.g. 

manufacturers, materials, etc.) [BIM-Management; 2009]. 

For builders, they are constantly challenged to complete projects under strict contracts in spite 

of tight budgets, limited manpower, accelerated schedules, and constant conflicts among variable 

disciplines. In the tradition 2D design stage, architectures, structural engineers and MEP engineers 

should be very careful and well coordinated in order to avoid collisions as hard as they can 

[BIM-Management; 2009]. However, errors like parts clash or wrongly intersect on architectural, 

structural and MEP layouts still can not be fully prevented, even though the coordination among 

disciplines is well performed. Any collisions usually slow down the progress of projects and results 

in endless reworks, increased budgets and complained lodged by clients. BIM aids in collision 

detection at the early stage, identifying the exact location of discrepancies, so designers can modify 

their designs prior to physical construction, minimizing costs resulted from collisions, extensions of 

schedule, or reworks. 

Project managers utilize BIM to simulate construction wastes generated and piled up on-site in 

order to minimize environmental impacts caused by wastes. Contractors or subcontractors also can 

input their delivery information into models before their actions, accurately control the time of 
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pre-fabricate or pre-assemble parts off-site on a just-in-time basis other than being stockpiled on-site 

[BIM-Management; 2009]. 

Therefore, BIM can be applied into the whole lifecycle of a building ranging from initial design 

stages to operation stage. 

2.1.5. Sustainable Benefits of BIM 

Besides the general information mentioned in the last section that describes the project scenario, 

building type, geographic location, and gross floor area, the most valuable feature of BIM is that 

it integrates buildings’ performance during operation periods into design considerations. Using 

simulation technology and analysis capacity, BIM programs make sustainable design available and 

visible in a graph or data form. By evaluating valid data calculated in computers based on some 

selected levels of sustainability, people can easily create a green building as desired or know how 

green an existing building is. Sustainable benefits of BIM can be concluded in Table 4: 

Table 4: The Benefits of BIM Programs [Autodesk; 2009] 

Benefits Descriptions 

1. Annual/Lifecycle energy 

cost; 

2. Annual/Lifecycle energy 

consumption (electric and 

gas); 

3. Peak electric energy 

demand (kW) 

(Fig. 1, 2 in Figure 5) 

Calculate the annualized energy consumptions and costs to 

make early compliance decisions, and costs are estimated using 

the average utility rates or the customized rates that may be 

applied to the project; 

Generate further breakdowns of energy use for major electric 

and gas end uses such as lighting, HVAC and space heating in 

graphical forms, as well as provide additional detailed data 

associated with each category as request.  

Photovoltaic/Wind energy 

generation analysis   

(Fig. 3, 4 in Figure 5) 

Analyze every exterior surface of the building, including roofs, 

walls, and windows, for their potential to generate the amount 

of electricity using photovoltaics (PV panels can even be 

assumed to be installed on vertical and horizontal surfaces); 

Analyze the annual amount of electricity can be generated 

electricity from wind turbines in different diameter. 

Water generation analysis  

(Fig. 3 in Figure 5) 

Estimate water use on the basis of the number of people, water 

facilities, as well as the type of buildings and water facilities. 

Daylighting/Natural 

ventilation potential 

calculations 

(Fig. 4 in Figure 5) 

Calculate the projected annual operating hours and energies 

used to mechanically cool and ventilate buildings, the annual 

hours that outdoor air used to naturally ventilate buildings; 

Estimate Potential energy savings associated with not using the 
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equipments to cool and ventilate during operation. 

Carbon emission potential 

calculations 

(Fig. 2 in Figure 5) 

Summarize the amount of CO2 emissions and identify the 

options to reduce them.  

Building Summary  

(Fig. 5 in Figure 5) 

List detailed statistics and information based on selected 

assumptions; 

Allow building participators to get an early assessment of code 

compliance and rough estimates of equipment sizing 

requirements for heating, cooling, and water heating, and 

window, wall, and floor area breakdowns. 

2.1.6. Contributions in LEED
®
 

The use of BIM sustainable design also assists the evaluation for LEED
®
 projects, for example, 

the LEED
®
 glazing score (The LEED

®
 glazing score describes the percentage of regularly occupied 

floor area that has a Glazing Factor greater than 0.02) [Autodesk; 2009]. Through defining the 

functions of some spaces as restrooms, corridors, storage, mechanical rooms, or conference rooms in 

BIM MEP programs, designers can calculate the score LEED
®
 points (4 in 
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Figure 5) and achieve full benefit from daylighting controls throughout the building. 

Due to BIM’s contribution in the assistance of environmental performance evaluation, LEED
®
 

certification therefore encourages the use of BIM in green practices. USGBC and CaGBC defined 

BIM use as one of the two bonus credit categories [CaGBC; 2009], so the involvement of BIM 

software in a project would earn the extra bonus points for owners or tenants: 

“Innovation in design or innovation in operations credits address sustainable building 

expertise as well as design measures not covered under the five LEED
®
 credit categories. Six 

bonus points are available in this category” [CaGBC; 2009]. 
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Figure 5: Sustainable Analysis Result Samples [Autodesk; 2009] 
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2.2. Surveys on the Use of BIM 

The widespread adoption of BIM has seen a positive change in the way people communicate 

and collaborate in the past few yeas, and a significant boom of BIM in several countries or areas in 

the world, like UK, US, Singapore and South Korea. Several surveys that aid at the research of the 

usage of BIM have run for a couple of years by different organizations. It is pleased to see the 

constant growth of responses year by year, which indicates BIM is becoming widespread and 

important all around the world. 

In the next section, two survey results reported and provided by RIBA Enterprises Ltd. (UK) 

and McGraw Hill Construction (US) are demonstrated which include the usage of BIM, the 

awareness of BIM, the firsthand feedback by the users of BIM, etc. in both UK and US. The results 

show they are making impressive progress and gradually becoming well qualified and recognized as 

leading a new construction and design revolution of improving effective and sustainable buildings. 

That is worth more attention from practitioners in Canada. 

2.2.1. Survey Result in UK 

1. The Types of CAD drawing  

There is a 

misunderstanding that 

BIM is 3D CAD 

drawings. The survey 

result shows that 15% of 

respondents still agree 

with that statemen [RIBA; 

2012]. Nevertheless, a 

majority (less than 33%) 

now think BIM is more than geometric data, actually producing excellent 3D CAD models can make 

up for the poor construction [RIBA; 2012]. Indeed, most of respondents agree that BIM is an 

inevitable development from 3D CAD. 

2. Awareness and Use of BIM 

Figure 6: CAD Drawing: Type Done [RIBA; 2012] 
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Compared with the 

results in 2010 and 2011, 

the respondents who 

have heard about BIM 

increase dramatically 

and only 6% are still 

unaware of BIM. Now as 

85% say ‘hear more and 

more about BIM these 

days’ [RIBA; 2012]. This may reflect the increasing amount of interest and publicity in UK. This 

achievement may attribute to UK government’s BIM strategy that will require full collaborative 3D 

BIM as a minimum by 2016 and one can see how vital and evitable role the government plays in the 

promotion of BIM [RIBA; 2012].  

3. Projected Use of BIM  

 As just mentioned, UK 

government plans to achieve full 

collaborative 3D BIM by 2016, 

so more and more people have 

realized it is time to adopt BIM 

in projects. Currently the use of 

BIM is less than 45%, but of 

those who are aware of BIM, 

over 90% predicted that in three 

years’ time they would be using 

BIM, more than 70% that would be using it in one year’s time [RIBA; 2012]. In spite of the 

currently low use of BIM and a slow growing trend in the past three years, a bigger and quicker 

boom of BIM projects in UK in the next couple years can be expected based on the strong 

confidence shown among respondents and the mandatory requirement from UK government by 2016 

[RIBA; 2012].  

4. Understanding of BIM 

Figure 7: Awareness and Use OF BIM: Comparison [RIBA; 2012] 
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Figure 8: Projected Use of BIM among Those Aware of It 

[RIBA; 2012] 
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Of those aware of BIM, 

80% that think it is UK 

Government makes people 

use BIM and over half that 

believe UK Government is 

on the right track with BIM. 

The other supportive 

comments about BIM include 

‘BIM represents the future of 

project information’, ‘BIM 

aids at real time 

collaboration’, ‘BIM is 

beneficial in sustainable 

buildings’, etc. [RIBA; 2012]  

Some employers promise to start out training employees to use BIM software, and some 

consider BIM as another opportunity to put themselves out of the competitive market. From another 

perspective, the survey also reflects industry is not ready for BIM and is not clear what it is. This 

drawback indicates the Government is far away from the 2016 goal and endeavor harder in BIM 

education and popularizing. However, it is grateful to see most of respondents express an open mind 

to accept BIM, willing to learn BIM and looking forward to seeing how BIM will prosper in UK in 

the next few years. 

5. Attitudes towards BIM 

The participants of survey showed very positive attitude to BIM’s benefits, such as improving 

visualization, improving productivity, bringing cost efficiencies, etc. (Figure 10). However, most 

participants still admitted they have not understood BIM well yet and need to know much more 

about it. In addition, they are willing to learn BIM.   

Figure 9: Statements about the Understanding of BIM [RIBA; 

2012]  
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Figure 10：Attitudes towards BIM (2012) [RIBA; 2012] 
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2.2.2. The Survey in US 

1. Levels of BIM Adoption in North America 

Figure 11: BIM Adoption in US [McGraw-Hill 

Construction; 2013] 
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Figure 12: BIM Adoption by Area 

[McGraw-Hill Construction; 2013] 

 

The results of McGraw-Hill Construction research on BIM clearly show a dramatic expansion 

of BIM adoption in US in the past few years. Despite the severe economic recession between 2008 

and 2012, the number of respondent firms reporting engagement with BIM grew by 45% 

[McGraw-Hill Construction; 2013]. That means that US has been the fastest growing market of BIM 
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in the world. Surprisingly, counteracting the instinct to cut back budget within a recession, 

one-quarter industry chose to invest initiatively in the most efficient and productive system and 

embracing the most advanced technologies [McGraw-Hill Construction; 2013]. This pleased trend 

shows the US market has grown more mature and knows how to formulate the wisest strategies to 

put itself forward against a recession.  

2. Adoption by Firm Size 

In spite of doubling the 

adoption since 2009, only 49% 

of small firms reported the BIM 

engagement in US in 2012 

[McGraw-Hill Construction; 

2013]. This might result from the 

limited budgets and resources to 

update systems as well as train 

employees. The drawbacks put 

small organizations at a 

competitive disadvantage in serving the needs of increasingly BIM aware clients. At the same time, 

large firms reported extremely high adoption of BIM because they benefit themselves by great 

resources and experience in implementing new technologies and business processes to optimize 

them. As a result, they are better positioned to be proactive for adopting BIM, standardizing working 

processes, and rolling it out across their organizations in a managed program. The results shows 

large firms have a greater adaptability in competitive environments and new technologies than 

small ones [McGraw-Hill Construction; 2013]. 

3. BIM Implementation Levels 

Figure 13: Adoption by Firm Size [McGraw-Hill 

Construction; 2013] 
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Architects have consistently 

been the most very heavy BIM 

users while other disciplines 

reported just half or less usage 

compared to architects. The 

result indicates the most of use 

of BIM, even in the most mature 

market US, still maintains at a 

relatively early stage, largely 

visualization of building models, 

other than being applied into the whole lifecycle of buildings. The usage of BIM should not be 

limited in 3D (width, height and depth), but should extend to time as the fourth dimension and cost 

as the fifth.  

Table 5: Importance of BIM Capability for Project Team Selection [McGraw-Hill Construction; 

2013] 

Importance of BIM Capability for Project Team Selection  All BIM Users 

We Require Companies be Experienced in BIM 28% 

We Encourage BIM Expertise, but Do Not Require It 52% 

BIM Expertise Does Not Affect Our Decisions 19% 

 

Figure 14: Percentage of Players Using BIM on More Than 

60% of Their Projects [McGraw-Hill Construction; 2013] 
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Figure 15: BIM Implementation Levels (2009~2014) [McGraw-Hill Construction; 2013] 
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2.3. BIM in Canada/Ontario 

Unfortunately, there is no survey or research related to the use of BIM in Canada, so the status 

of BIM adoption in Canada is still unknown for governments and public. However, by interviewing 

with Ontario-based professor engineers, the real status of BIM adoption in Ontario can still be 

portrayed as below: 

1. Market Immaturity  

At this stage the BIM in the Canadian market are far away from maturity. Most of projects 

are entrenched in current 2D drafting practices. According to one estimate, 90% of projects 

would pursuit LEED
® 

certification, in which only one out of ten would practice BIM and get 

bonus points of LEED
®
 certification. Even in those BIM adoption projects, most of them are 

limited within visualization of building models rather than information models or whole 

lifecycle.  

2. Weak Competition 

The sense of competition is weak. Compared with US, the building industry in Canada is 

smaller and relatively stable, so most of firms are non-proactive for applying BIM into projects. 

They prefer to follow a more traditional and conservative method more than to pursuit a 
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high-level technology. The relatively high investment to purchase BIM systems at the first place 

may scare the potential users off, and the short of proficient professionals is one of the main 

barriers for firms to put themselves forward.  

3. Unawareness of BIM  

The awareness of BIM is low. Most practitioners of building industry have heard the 

concept of BIM but of them really understand what it is or have BIM experience, honestly, is 

minority. Some firms that have the capacity of practicing BIM would not be motivated to use it 

unless there is a request from clients. They have not realized the benefits and conveniences of 

BIM once they are proficient in it. Or, they just consider it as an interesting attempt more than 

an effective approach to undertake projects.  

4. Lack of Policies 

The Government of Ontario has not issued any mandatory policies which aids at BIM 

implementation. In spite of the publication of AEC (Canada) BIM Protocol in 2012 that 

indicates Canada is supposed to follow UK and US in BIM implementation in the near future, 

the reality is zero policy has come into operation to implement BIM in Canada. Canada is 

lagging far behind the competitors Europe and US in BIM practicing. The short of mandatory 

policies makes employers lack the initiative to adopt BIM. If look at the prosperity of LEED
®
 

buildings across Canada, one can notice that the Government of Canada plays the vital role in it 

and contributes to the success of LEED
®
.  

Therefore, based on the reality that Canada is far behind UK and US, it is necessary for the 

Government of Ontario to take some effective actions to catch up with those competitors as soon as 

possible. Those countries may provide useful lessons for the Government of Ontario in BIM 

implementation.  
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3. Policy Study Cases 

This section focuses on utilizing other countries or area’s BIM strategies and policies as an 

evaluation framework in order to conduct an analysis of BIM promotion programs that are currently 

running in those countries with aim of drawing valuable lessons and experience from them that can 

be utilized to build up the framework of BIM policies in Ontario.  

For doing so, several steps regarding respective issues would be conducted to introduce the 

strategies or policies that have been adopted in other countries.  

So far, US, UK, Singapore, Hong Kong and South Korea are the pioneers in advocating the 

adoption of BIM around the world. They have developed, or are developing plans and policies to 

realize BIM adoption in their construction industries. They provide useful lessons and experience for 

Canada to conduct policy analysis. 

Table 6: Summary of Strategies in Other Countries/Areas [BCA(Singapore); 2011] 

Country or 

Area 

Summary of Strategies 

USA 

The General Services Administration (GSA) in the U.S.A. is a pioneer in 

advocating the adoption of BIM for public sector projects.  

It has also developed a suite of BIM guidelines. 

UK 
The BIM Industry Working Group in the U.K. has prepared a BIM strategy 

to increase BIM use over a five-year period by 2016. 

Singapore 

Building and Construction Authority (BCA) published BIM promotion 

plan (BIM Roadmap) in 2015; 

80% of the construction industry will use BIM by 2015; 

Construction industry’s productivity will increase by up to 25% over the 

next decade. 

Hong Kong 

Hong Kong’s Housing Authority sets a target to apply BIM in all new 

projects by 2014; 

It developed a set of modeling standards and guidelines for effective model 

creation, management and communication among BIM users. 

South Korea 
Public Procurement Service made the use of BIM compulsory for all 

projects over S$50 million and for all public sector projects by 2016. 
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3.1. Study Case 1: Singapore 

3.1.1. Background and Objective 

In Singapore, the Building and Construction Authority (BCA) is the official organization that 

implemented the BIM promotion (BIM Roadmap) since 2010 with the aim that 80% of the 

construction industry will use BIM by 2015 [BCA(Singapore); 2011]. The Singapore Government 

plans to improve the construction industry’s productivity by up to 25% over the next decade 

[BCA(Singapore); 2011]. 

3.1.2. Challenges Identification 

BCA indentified the several significant challenges faced by firms during BIM adoption as 

below [BCA(Singapore); 2011]: 

 Lack of demand for BIM; 

 Entrenched in current 2D drafting practices; 

 Lack of ready pool of skilled BIM manpower; and, 

 Steep learning curve to build up BIM expertise. 

3.1.3. Strategies 

In order to solve challenges identified above and achieve the Government’s BIM goal as soon 

as possible, BCA started out various strategies to implement BIM adoption. 

1. Increase Demand for BIM [BCA(Singapore); 2011] 

Globally, many building and infrastructure projects are undertaken by the public sector. 

BCA encourages the public sector and government entities to take the lead of BIM adoption, 

because the Government’s entities are inflexible to carry out its own decision through to the end. 

In 2011, BCA worked with several key government agencies to use BIM for a number of pilot 

projects, and then BCA collaborated with agencies to request the use of BIM for their projects 

from 2012 and provided technical supports for government agencies and their industry partners 

in preparation for the new requirements. After BIM practice are widespread used in the 

Government’s projects, private firms would follow the lead of the Government to adopt BIM in 
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their projects. 

2. Develop Submission Templates [BCA(Singapore); 2011] 

Considering the fact that most Singaporean firms lack of experience in BIM and are 

entrenched in 2D drafting practices, BCA intended to develop a set of submission templates and 

guidelines to help professionals ease the transition from traditional 2D CAD drawings to 3D 

BIM, understand the new process of regulatory submission using BIM and reduce adopting 

curve.  

Architectural and structural BIM submission templates were introduced in January and 

November 2010 respectively, while the mechanical and electrical (M&E) submission template 

was introduced in April 2011. Furthermore, mandatory regulatory submissions using BIM 

would be introduced for architectural submission by 2013, structural and M&E submissions by 

2014 and eventually for plan submissions of all projects with gross floor area of more than 

5,000 square meters by 2015. 

3. Promote Success Stories [BCA(Singapore); 2011] 

In 2010, BCA established the Centre for Construction IT (CCIT) to promote BIM and 

guide businesses and professionals in the industry. The Centre sets up an internet portal on BIM 

and publishes journals covering successful case studies and best practices to educate the 

industry on BIM. In addition, CCIT also works with other organizations like buildingSMART 

Singapore to organize BIM seminars, workshops and conferences regularly on the use of BIM 

for the industry to promote the benefits of the technology in the whole construction industry. 

4. Extend BIM Capability and Capacity [BCA(Singapore); 2011] 

Before the mandatory implementation of BIM by 2015, it is very necessary to educate and 

extend current BIM capability and capacity in Singapore to face the future intensive use of BIM. 

The education program includes two parts targeting new graduates and industry professionals 

respectively.  

To equip new entrants with expertise in BIM, BCA engaged institutes of higher learning in 

Singapore to include BIM as part of their courses. In 2011, Singapore Polytechnic and the 

National University of Singapore’s Architecture Department have started teaching BIM to their 
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students. For those graduated in 2011, BCA organized intensive BIM training programs to 

equip them with BIM skills before they entered the industry.  

To equip industry professionals with expertise in BIM, the BCA Academy of the Built 

Environment launched a Specialist Diploma degree in BIM in May 2011 and BIM Modeling 

and Management Courses in September 2011. Currently, BCA announced that about 1,200 

professionals in the industry and graduates have finished training of BIM.  

Besides that, in case of confusions due to being unskilled in the first BIM project, BCA 

will provides ‘babysitting’ services to professionals who need assistance or supports in their 

first BIM project practice and regulatory submission after they finish the training. 

5. Incentivize BIM adopters [BCA(Singapore); 2011] 

For the purpose of speeding up the adoption of BIM in the industry and achieve the 

Government’s BIM goal as soon as possible, BCA introduced a $6-million BIM Fund under the 

Construction Productivity and Capability Fund for BIM adoption in June 2010. The BIM Fund 

covers costs on training, consultancy services, purchase of software and hardware. So far, 70% 

of the BIM Fund has been committed.  

3.2. Study Case 2: United Kingdom  

3.2.1. Background and Objective 

In UK, BCIS is the industry-working group invited by the Department of Business Innovation 

and Skills (BIS) and the Efficiency Reform Group from the Cabinet Office (ERG) to explore and 

study the construction and post-occupancy benefits of BIM for use [Martin; 2011]. The Working 

Group’s work is to recommend strategy to help the UK Government to increase BIM adoption in the 

industry over a five-year horizon as part of a joined up plan to improve the performance of the 

government estate in terms of its cost, value and carbon performance  [Martin; 2011]. 

The Working Group creatively defines the competence and delivery for BIM. It illustrates a 

professional’s BIM skill levels with the ‘Wedge’ diagram that has become the industry standard. The 

levels are defined as Table 7 and Figure 16.  

The UK Government’s goal for BIM is to get the industry to Level two over the next five 
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years since 2011 [Martin; 2011].  

Table 7: BIM Maturity Level and Definition in UK [BIM-Working-Party; 2011] 

Level Definition 

0 
Unmanaged CAD probably 2D with paper or electronic paper as the most likely data 

exchange mechanism 

1 

Managed CAD in 2 or 3D format with collaboration tool providing a common data 

environment, possibly some standard data structures and formats;  

Commercial data management by stand-alone finance and cost management packages 

with no integration. 

2 

Managed 3D environment held in separate discipline ‘BIM’ tools with attached data; 

Integration on the basis of proprietary interfaces or bespoke middleware could be 

regarded as ‘pBIM’ (proprietary); 

The approach may utilise 4D programme data and 5D cost elements as well as feed 

operational systems. 

3 

Fully open process and data integration enabled by ‘web services’ compliant with the 

emerging IFC/IFD standards, managed by a collaborative model server;  

Could be regarded as integrated BIM potentially employing concurrent engineering 

processes. 

 

Figure 16: BIM Maturity Levels [BIM-Working-Party; 2011] 
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3.2.2. Strategies 

The Working Group describes its strategy of BIM, ‘Push-Pull’ and it set the time scale for the 

strategy in 5 years  [Martin; 2011]. ‘Push’ means that the suppliers of the industry should do 

facilitate the use of BIM while ‘Pull’ represents the requirements from the client side needs to 

specify, collect and derive information to add value. 

There are six key recommendations summaries as follows  [Martin; 2011]: 

 Requiring the suppliers responsible for establishing the BIM infrastructure; 

 Investing in the BIM infrastructure establishment and the technology adopted need be 

simple as those already in use by the industry; 

 Requirement changes should be made in small but significant steps so easy to implement; 

 Clients should make clear and specific requirements for deliverables and responsibilities 

for the purpose of data input; 

 Transparent information in key decision in delivery and operation phases of a projects 

should be offered by clients; and, 

 ‘Level 2 of the maturity model’ (e.g. 3D models in different disciplines with project data 

and costs) should be reached across UK within a five-year scale. 
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4. Recommendations for Ontario’s BIM Promotion 

In the previous section, the policies and strategies adopted by the Singapore and UK show a 

mature and workable working framework for promotion programs of BIM, and some of them could 

be utilized directly while the others might need to be modified at first to fit Ontario’s market and 

industry.  

4.1. Organization 

In terms of organization, the Government of Ontario can institute two individual divisions, an 

official department and a NGO, responsible for its BIM promotion programs. The framework of 

BIM organization is shown in Figure 17. 

The official department, the Department of Ontario BIM Business and Innovation, is proposed 

to be a multi-department organization in charge of BIM policy making and implementation across 

Ontario. Its staff would consist of governments’ officials, lawyers, engineers, economists, etc. Its 

duties would be: 

1. Collaborating and coordinating with the associated Government’s departments, the Ontario 

Ministry of Environment, the Ontario Ministry of Energy, and the Ontario Ministry of 

Municipal Affairs and Housing; 

2. Making and issuing the Ontario’s BIM Implementation Plan and BIM Maturity Level; 

3. Developing submission templates and guidelines for easing the transition from 2D CAD 

drawings to 3D BIM; 

4. Managing BIM pilot projects for public sectors and infrastructures; 

5. Approving and granting BIM funds for BIM adoption; and,  

6. Making BIM standards or codes. 

The NGO, the Ontario BIM Council, would serve as the business voice of Ontario’s BIM 

community. It is supposed to recruit volunteers, students and professionals who are interested in 

BIM for the purpose of popularizing the concept of BIM and educating the industry. Its jobs would 

include: 

1. Organizing an internet-based database on BIM sharing among BIM professionals;  



A Comprehensive Analysis of BIM Policies in Other Countries and Its Adoption Strategies in Ontario 

Wenqi Zheng (1253288) 33 

2. Collaborating with other NGOs (e.g., CaGBC, Canada BIM Council, OSPE) or private 

firms for on the use of BIM; 

3. Publishing BIM journals covering successful case studies and best practices to educate the 

industry on BIM; 

4. Arranging BIM seminars, workshops and conferences regularly on the use of BIM for the 

industry; and;  

5. Launching BIM training programs and issuing BIM Specialist Certificate or Diploma for 

BIM trainees. 

Figure 17: The Proposed Framework of Ontario BIM Organization 

 

4.2. Plan & Schedule 

According to UK’s BIM Maturity Level and BIM Level 2 adoption in 2016, Table 8 shows the 

projected BIM Adoption Plan and schedule. 
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Table 8: Proposed Ontario's BIM Implementation Plan & Schedule 

 

4.3. Implementation Actions 

 1. Setting-up of Plan and BIM Maturity 

A comprehensive illustration of BIM maturity as the UK BIM Maturity Level described in Table 

7, which defines a professional’s BIM skill levels, is supposed to be used as the industry standard. In 

addition, given the Ontario’s market is larger than UK’s or Singapore’s, the Government of Ontario 

needs to establish a five-year or longer plan to achieve 100% BIM adoption in the building industry.  

2. Collaboration with LEED
®
 

Considering the great success of LEED
®

 projects across Ontario, the Government of Ontario 

should start with LEED
®
 projects and utilize the mature LEED

®
 policies for the drafting of BIM 

policies. In addition, BIM could be used in LEED
®
 municipal projects and public sectors at first. For 

example, the Government can encourage developers to use BIM in their new constructions; Require 

all new municipal facilities or public sectors to adopt BIM in their whole lifecycle; Collaborate and 

coordinate with CaGBC to modify or update LEED
®
 rating system, the bonus points by using BIM 

will increase and in the future the clause could be mandatory.  

3. Pilot Projects 
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The municipal facilities should be encouraged to take the lead of BIM adoption. The 

Government of Ontario can carry out several BIM pilot projects, and then publish journals 

introducing the lessons and the successful cases in those pilot projects to educate the whole industry. 

For the Government of Ontario, it can also accumulate first-hand data and results for further revise 

and update on its policies and strategies. 

4. Submission Templates and Guidelines 

For the firms short of experience in BIM and entrenched in 2D drafting practices, the 

Government of Ontario needs to develop a suite of submission templates and guidelines to help 

professionals ease the transition from traditional 2D CAD drawings to 3D BIM, understand the new 

process of regulatory submission using BIM. The suite of submission templates covers architectural, 

structural and M&P submissions. 

5. Workshop Opportunities 

 Work with other organizations like CaGBC, the Government of Ontario should organize BIM 

seminars, workshops and conferences on the use of BIM for the industry to share and exchange the 

first-hand information of the technology. 

6. Education Programs 

A large shortage of BIM professionals is a barrier for most of firms that intend to adopt BIM, so 

the Government of Ontario should collaborate with institutes of education in Ontario, encouraging 

them to include BIM software operation as a new practical course or an intensive training program. 

In addition, a BIM Specialist Certificate or Diploma definitely would attract more and more 

professionals of the construction industry or students to engage in this area.   

7. Watching Services 

For the beginner firms of BIM, the Government of Ontario should invite and institute 

organizations to provide and arrange watching services to assist them in their first several BIM 

projects and regulatory submissions and avoid chaos at first. 

8. Incentivize BIM adopters 

For incentivizing new BIM adopters, the Governments of Ontario should establish a special 

fund for BIM adoption in projects. The fund would be awarded to the firms in Ontario that intend to 
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pursuit BIM. The fund covers costs on training, consultancy services, purchase of software and 

hardware.  
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5. Appendix 

Appendix Table 1: Energy Use of Building [Statistics Canada; Energy use, by sector; 2012] 

Categories 2004 2005 2006 2007 2008 

 Terajoules 

Residential building construction 28,015 29,672 27,935 30,567 30,256 

Non-residential building construction 19,157 19,265 19,571 20,479 22,720 

Transportation engineering construction 42,919 44,505 46,864 58,009 53,729 

Oil and gas engineering construction 27,852 30,237 30,876 30,534 31,263 

Electric power engineering construction 2,076 1,964 1,952 2,477 2,731 

Communication engineering construction 755 617 412 480 446 

Other engineering construction 1,513 1,371 1,420 1,809 2,147 

Repair construction 21,121 19,049 18,743 19,749 18,496 

Other activities of the construction industry 7,938 7,437 7,573 9,105 9,108 

Ship and boat building 1,110 1,209 1,105 1,324 1,158 

Warehousing and storage 4,906 3,783 4,077 4,518 4,521 

Lessors of real estate 268,646 238,698 257,737 304,391 278,041 

Rental and leasing services and lessors of 

non-financial intangible associations 
28,415 26,217 25,513 26,795 27,533 

Other finance, insurance and real estate and 

management of companies 
81,863 72,686 73,504 82,658 75,376 

Architectural, engineering, legal and accounting 

services 
15,824 15,485 16,407 19,404 20,164 

Other professional, scientific and technical services 16,971 16,522 18,985 18,802 18,579 

Educational services (except universities) 9,211 9,890 7,655 8,881 7,214 

Health care services (except hospitals) and social 

assistance 
45,452 47,818 50,177 60,559 60,627 

Repair and maintenance 34,743 36,811 37,705 40,783 40,885 

Personal and laundry services and private 

households 
15,528 15,156 13,827 14,878 13,888 

Religious organizations 28,839 28,645 31,041 34,642 32,693 

Non-profit welfare organization 6,764 6,666 7,573 8,611 8,590 

Non-profit sports and recreation clubs 7,851 7,585 9,291 10,294 9,691 

Other non-profit institutions serving households 22,009 21,135 23,868 27,220 25,187 

Non-profit education services 10,460 9,577 7,353 9,367 8,716 

Hospitals 48,930 46,881 49,757 58,246 59,798 

Government residential care facilities 2,684 2,703 2,929 3,636 3,595 

Universities 43,436 40,046 41,376 47,253 44,960 

Government education services 104,193 104,067 93,013 110,374 93,442 

Other municipal government services 139,013 139,990 146,380 162,476 159,351 

Other provincial and territorial government services 35,392 31,560 30,359 33,857 31,872 
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Other federal government services and defence 

services 
61,276 58,149 52,379 58,218 60,136 

Heating, lighting and appliances 1,307,384 1,290,708 1,235,758 1,328,104 1,344,549 

Sum 2,492,246 2,426,104 2,393,115 2,648,500 2,601,462 

Total energy consumption in all sectors 10,498,742 10,470,903 10,226,701 10,840,945 10,612,484 

 23.7% 23.1% 23.4% 24.4% 24.5% 

 

Appendix Table 2: Greenhouse Gas Emissions of Building [Statistics Canada; Greenhouse gas 

emissions, by sector; 2012] 

Categories 2004 2005 2006 2007 2008 

 carbon dioxide equivalents1 

Residential building construction 1,992 2,119 1,990 2,173 2,164 

Non-residential building construction 1,354 1,364 1,382 1,445 1,615 

Transportation engineering construction 3,242 3,349 3,522 4,352 4,055 

Oil and gas engineering construction 2,085 2,245 2,291 2,268 2,344 

Electric power engineering construction 151 141 140 177 197 

Communication engineering construction 54 42 28 33 31 

Other engineering construction 92 77 79 101 127 

Repair construction 1,541 1,380 1,359 1,428 1,343 

Other activities of the construction industry 484 450 448 529 527 

Ship and boat building 38 45 37 35 29 

Warehousing and storage 276 215 232 257 262 

Lessors of real estate 10,447 9,109 10,189 12,640 11,468 

Rental and leasing services and lessors of 

non-financial intangible associations 
1,720 1,590 1,531 1,599 1,673 

Other finance, insurance and real estate and 

management of companies 
3,923 3,365 3,391 3,671 3,481 

Architectural, engineering, legal and accounting 

services 
698 641 687 843 905 

Other professional, scientific and technical services 759 741 887 884 882 

Administrative and support services 1,705 1,443 1,464 1,610 1,617 

Educational services (except universities) 450 469 352 409 311 

Health care services (except hospitals) and social 

assistance 
1,721 1,800 1,871 2,318 2,352 

Repair and maintenance 1,683 1,652 1,699 1,846 1,821 

Personal and laundry services and private 

households 
594 579 529 575 555 

Religious organizations 1,150 1,147 1,285 1,455 1,363 

Non-profit welfare organization 180 182 224 261 258 

Non-profit sports and recreation clubs 262 253 334 378 353 
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Other non-profit institutions serving households 491 450 577 682 609 

Non-profit education services 383 341 246 345 313 

Hospitals 1,344 1,177 1,378 1,701 1,769 

Government residential care facilities 98 97 111 141 140 

Universities 1,694 1,524 1,614 1,867 1,811 

Government education services 4,346 4,266 3,771 4,539 3,842 

Other municipal government services 4,919 4,866 5,152 5,989 6,151 

Other provincial and territorial government 

services 
1,433 1,291 1,251 1,421 1,272 

Other federal government services and defence 

services 
3,247 3,113 2,793 3,245 3,346 

Heating, lighting and appliances 40,295 39,178 37,010 40,751 39,963 

Sum 94,851 90,701 89,854 101,968 98,949 

Total energy consumption in all sectors 712,426 705,493 689,346 723,002 704,426 

 13.3% 12.9% 13.0% 14.1% 14.0% 

1. Carbon dioxide equivalent emissions are estimated using global warming potentials for methane and nitrous oxide of 21 and 

310 respectively. 

 

Appendix Table 3: Policy of LEED® in Ontario 

Municipality Document Title Summary and/or specific LEED
®
 reference in document 

Aurora 
The Town of Aurora 

Official Plan 

The use of recognized and third-arty certification for all new 

development (including LEED
®
, EnergyStar) is encouraged; 

Promoting LEED
®

 Silver certification for all new municipal buildings 

and projects. 

Brampton 
Brampton Official 

Plan 

Several references promoting sustainable management practices and 

green building design standards such as LEED
®
, to support a 

framework for environmentally sustainable development, in various 

sections of the document, including residential, urban design, and 

retail. 

Burlington 

Corporate 

Sustainable Building 

Policy 

All new municipal buildings greater than 500 square meters and major 

expansions or retrofits achieve LEED
®
 Silver certification and certified 

by the Canada Green Building Council (CaGBC) as being rated LEED
 

®
 silver. 

Cambridge 

City of Cambridge 

Corporate 

Sustainability Plan 

Developing an incentive plan for green building construction/LEED
 ®

 

Certification is indentified as a high priority action for the next few 

years. 

Caledon 
Green Development 

Program 

Development charge discounts are applicable to commercial and 

industrial buildings for various levels of LEED
 ®

 certification; discount 

http://www.town.aurora.on.ca/app/wa/mediaEntry?mediaEntryId=59548
http://www.town.aurora.on.ca/app/wa/mediaEntry?mediaEntryId=59548
http://www.brampton.ca/EN/Business/planning-development/Documents/PLD/OPReview/Adopted%20OP_OCT112006.pdf
http://www.brampton.ca/EN/Business/planning-development/Documents/PLD/OPReview/Adopted%20OP_OCT112006.pdf
http://cms.burlington.ca/AssetFactory.aspx?did=14287
http://cms.burlington.ca/AssetFactory.aspx?did=14287
http://cms.burlington.ca/AssetFactory.aspx?did=14287
http://www.cambridge.ca/relatedDocs/CorporateSustainabilityPlanOCT2011.pdf
http://www.cambridge.ca/relatedDocs/CorporateSustainabilityPlanOCT2011.pdf
http://www.cambridge.ca/relatedDocs/CorporateSustainabilityPlanOCT2011.pdf
http://www.caledon.ca/contentc/greendevelopment/Caledon_Green_Development_Brochure.pdf
http://www.caledon.ca/contentc/greendevelopment/Caledon_Green_Development_Brochure.pdf
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varies according to level of certification (voluntary). 

Collingwood 

Town of 

Collingwood 

Sustainable 

Community Plan- 

Section 2 

Establish a minimum building standard of LEED
 ®

 Gold (or 

equivalent) for all new Town of Collingwood buildings. 

East 

Gwillimbury 

Development and 

Legal Services 

Report 2006-16 - 

LEED
 ®

 Policy 

All new Town facilities, new industrial, commercial, institutional and 

high-rise residential buildings within the municipality to be built to 

LEED (NC)
 ®

 Canada Version 1.0 certification level “Silver”. 

East 

Gwillimbury 
OnePlan 

Target LEED
®
 Silver certification for all new municipal buildings and 

projects.  

Halton Hills Green Plan 
Implement LEED

®
 for all future capital projects and new Town-owned 

facilities. 

Hamilton 

Hamilton LEEDING 

the Way Community 

Improvement Plan 

LEEDING the Way Community Improvement Project Area for which 

a financial incentive program that encourages LEED
®
 building design 

is applied; 

Conduct a 3-year pilot program to evaluate the financial, energy and 

environmental impacts of various levels of LEED
®
 certification for 

City facilities. 

Huntsville 

The Unity Plan: 

Huntsville’s Guide 

to a Sustainable 

Future 

Encourages new development to meet LEED
®

 standards and cites 

LEED
®
 Canada NC as a potential progress indicator. 

Kingston 

LEED
®
 Green 

Building 

Information 

All large municipal building and retrofit projects are designed to 

achieve at least a LEED
®
 silver rating;  

Undertake an assessment using LEED
®
 rating system as a design goal 

for Council's consideration before finalization of the project's design. 

Kitchener 
Green Housing 

Incentive Program 

Up to $5000 subsidy per LEED
®
 certified home depending upon level 

of certification; 

All new municipal buildings larger than approximately 5,330 square 

feet are built to LEED
®
 gold standard; exact adoption date of policy 

not specified. 

Markham 
Performance 

Measures Checklists 

Checklists used to evaluate sustainability of development within 

Markham Centre, and performance measures on checklist correlate 

with LEED
®
 Canada NC or anticipate correlation with LEED-ND. 

Mississauga 

Green Development 

Standards: Going 

Green in 

Mississauga 

Require that development applicants achieve LEED
®
 silver 

certification for ‘New Construction’ as part of the site plan and 

rezoning application process.                                                                                                                                             

http://www.town.collingwood.on.ca/files/SCPsection2.pdf
http://www.town.collingwood.on.ca/files/SCPsection2.pdf
http://www.town.collingwood.on.ca/files/SCPsection2.pdf
http://www.town.collingwood.on.ca/files/SCPsection2.pdf
http://www.town.collingwood.on.ca/files/SCPsection2.pdf
http://www.eastgwillimbury.ca/Assets/Town+Hall/Branches/Development+and+Legal+Services/Development+and+Legal+Services+Report+2006-16.pdf
http://www.eastgwillimbury.ca/Assets/Town+Hall/Branches/Development+and+Legal+Services/Development+and+Legal+Services+Report+2006-16.pdf
http://www.eastgwillimbury.ca/Assets/Town+Hall/Branches/Development+and+Legal+Services/Development+and+Legal+Services+Report+2006-16.pdf
http://www.eastgwillimbury.ca/Assets/Town+Hall/Branches/Development+and+Legal+Services/Development+and+Legal+Services+Report+2006-16.pdf
http://www.eastgwillimbury.ca/Assets/Town+Hall/Branches/Development+and+Legal+Services/OP+Review/EG+OP+Text+%28June+2010%29.pdf
http://www.haltonhills.ca/initiatives/pdf/masterplans/greenplan/halton-hills-green-plan-2007-11.pdf
http://www.hamilton.ca/NR/rdonlyres/37C6C33D-421B-4E29-9BFB-DF52DBAE01DA/0/Sep02PED08169.pdf
http://www.hamilton.ca/NR/rdonlyres/37C6C33D-421B-4E29-9BFB-DF52DBAE01DA/0/Sep02PED08169.pdf
http://www.hamilton.ca/NR/rdonlyres/37C6C33D-421B-4E29-9BFB-DF52DBAE01DA/0/Sep02PED08169.pdf
http://www.huntsville.ca/en/townhall/resources/unityplan_finaldraft.pdf
http://www.huntsville.ca/en/townhall/resources/unityplan_finaldraft.pdf
http://www.huntsville.ca/en/townhall/resources/unityplan_finaldraft.pdf
http://www.huntsville.ca/en/townhall/resources/unityplan_finaldraft.pdf
http://www.cityofkingston.ca/residents/environment/green-building/leed.asp
http://www.cityofkingston.ca/residents/environment/green-building/leed.asp
http://www.cityofkingston.ca/residents/environment/green-building/leed.asp
http://www.kitchener.ca/en/businessinkitchener/resources/KGHIP_webFAQ.pdf
http://www.kitchener.ca/en/businessinkitchener/resources/KGHIP_webFAQ.pdf
http://www.markham.ca/wps/portal/Markham/BusinessDevelopment/MarkhamCentre/TheMarkhamCentreStory/PerformanceMeasures/Checklists/!ut/p/c5/tZHLcoIwFIafxRcwJyGQsAw3iZJQblbZONZpO4CoM3VEefpip-2ire56svzmT778B5VoOLv1qXpdH6v9br1FC1RaK8pT4QYakkARE6SfO_6Dkxk0h4EvBx
http://www.markham.ca/wps/portal/Markham/BusinessDevelopment/MarkhamCentre/TheMarkhamCentreStory/PerformanceMeasures/Checklists/!ut/p/c5/tZHLcoIwFIafxRcwJyGQsAw3iZJQblbZONZpO4CoM3VEefpip-2ire56svzmT778B5VoOLv1qXpdH6v9br1FC1RaK8pT4QYakkARE6SfO_6Dkxk0h4EvBx
http://www6.mississauga.ca/onlinemaps/planbldg/UrbanDesign/5-GDS-Standards-website.pdf
http://www6.mississauga.ca/onlinemaps/planbldg/UrbanDesign/5-GDS-Standards-website.pdf
http://www6.mississauga.ca/onlinemaps/planbldg/UrbanDesign/5-GDS-Standards-website.pdf
http://www6.mississauga.ca/onlinemaps/planbldg/UrbanDesign/5-GDS-Standards-website.pdf
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Oakville 

Sustainable Design 

Guidelines Version 

1.0 

Require that all new municipal buildings over 500 m
2
 are eligible to 

achieve Silver certification be built to achieve LEED
®
 Silver 

certification; 

For subdivision designs, points are given if development proposals are 

to be LEED-ND certified or if the buildings within the development 

proposals are to be LEED
®
 certified (voluntary). 

Ottawa 

Green Building 

Policy for the 

Construction of 

Corporate Buildings 

- Corporate Policy 

All newly constructed buildings with a footprint greater than 500 

square meters must be designed, delivered and certified by the Canada 

Green Building Council (CaGBC) as being LEED
®
 - Canada 

“Certified” at minimum" 

Pickering 

Guideline #2: Draft 

Sustainable 

Development 

Guidelines                                            

Energy Performance for Commercial Buildings, points are awarded if 

the building is designed and constructed to comply with the 

requirements of LEED
®
 Canada-NC Version 1.0 (optional 

requirement); 

Non-residential buildings, mixed-use building and multi-unit 

residential buildings 5-storeys or greater, are encouraged to be 

designed to meet at least the ‘Certified’ performance level of the 

LEED
®
 NC (New Construction) rating system; 

All new municipal buildings and projects achieve LEED
®
 Silver 

certification or higher. 

Richmond Hill 
LEED Green 

Building Policy 

All new municipal facilities over 500 m
2
 must be built to a minimum 

LEED
®
 Silver standard. 

Saint Catharines 

The Garden City 

Plan - City of Saint 

Catharines Official 

Plan 

Local and regional municipal incentive programs are considered to 

encourage LEED
®
 certification or equivalencies for all major 

developments ; 

Require all new major municipal buildings to achieve a LEED
®
 silver 

rating or equivalent, where feasible. 

Sudbury 

Earthcare Sudbury 

Action Plan - Green 

Buildings 

Pursue LEED
®
 building standards with municipal building projects. 

Thunder Bay 

EarthWise Thunder 

Bay Community 

Environmental 

Action Plan 2008 

Encourage LEED
®

 Canada standards in the entire Municipal, 

University, Schools, Hospitals sector for new construction or major 

renovations; 

Certify all new municipally owned buildings to a minimum LEED
®
 

Gold Canada standard, or higher. 

Vaughan 
Green Directions 

Vaughan 

Recycling and reuse construction material use the LEED
®
 building 

criteria (i.e., EnerGuide, LEED
®

, etc.) where possible and procure 

sustainable products for the City’s use. 

Waterloo Green Building All new regional buildings larger than 500 square meters must be 

http://www.oakville.ca/assets/general%20-%20town%20hall/EN-GEN-001-003_-_Appendix_A.pdf
http://www.oakville.ca/assets/general%20-%20town%20hall/EN-GEN-001-003_-_Appendix_A.pdf
http://www.oakville.ca/assets/general%20-%20town%20hall/EN-GEN-001-003_-_Appendix_A.pdf
http://ottawa.ca/en/city_hall/policiesadministration/policies/green_building/index.html
http://ottawa.ca/en/city_hall/policiesadministration/policies/green_building/index.html
http://ottawa.ca/en/city_hall/policiesadministration/policies/green_building/index.html
http://ottawa.ca/en/city_hall/policiesadministration/policies/green_building/index.html
http://ottawa.ca/en/city_hall/policiesadministration/policies/green_building/index.html
http://www.pickering.ca/en/living/resources/appendixb-guideline2.pdf
http://www.pickering.ca/en/living/resources/appendixb-guideline2.pdf
http://www.pickering.ca/en/living/resources/appendixb-guideline2.pdf
http://www.pickering.ca/en/living/resources/appendixb-guideline2.pdf
http://www.richmondhill.ca/documents/meetings/council/11_26_2007_19_30/Item%202.pdf
http://www.richmondhill.ca/documents/meetings/council/11_26_2007_19_30/Item%202.pdf
http://www.stcatharines.ca/en/buildin/resources/THEGARDENCITYPLAN2010.pdf
http://www.stcatharines.ca/en/buildin/resources/THEGARDENCITYPLAN2010.pdf
http://www.stcatharines.ca/en/buildin/resources/THEGARDENCITYPLAN2010.pdf
http://www.stcatharines.ca/en/buildin/resources/THEGARDENCITYPLAN2010.pdf
http://www.greatersudbury.ca/earthcare/actionplan/english/documents/GrnBldg.pdf
http://www.greatersudbury.ca/earthcare/actionplan/english/documents/GrnBldg.pdf
http://www.greatersudbury.ca/earthcare/actionplan/english/documents/GrnBldg.pdf
http://www.thunderbay.ca/Assets/Living/Environment/docs/Green+Building+Section+of+EarthWise+CEAP.pdf
http://www.thunderbay.ca/Assets/Living/Environment/docs/Green+Building+Section+of+EarthWise+CEAP.pdf
http://www.thunderbay.ca/Assets/Living/Environment/docs/Green+Building+Section+of+EarthWise+CEAP.pdf
http://www.thunderbay.ca/Assets/Living/Environment/docs/Green+Building+Section+of+EarthWise+CEAP.pdf
http://vaughantomorrow.ca/EMP/pdf/Green_Directions_Vaughan_Final%20_revised2011.pdf
http://vaughantomorrow.ca/EMP/pdf/Green_Directions_Vaughan_Final%20_revised2011.pdf
http://www.regionofwaterloo.ca/en/aboutTheEnvironment/greenbuilding.asp
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constructed to a minimum of LEED
®
 Silver. 

Whitchurch-Sto

uffville 

Community of 

Stouffville 

Secondary Plan 

Particular buildings are encouraged to achieve LEED
®
 or Energy Star 

or other similar certification. 

York Region 

Sustainable 

Development 

Through LEED
®
 - 

Report 

All new Regional facilities over 500 m² (5382 ft²) gross floor area must 

be built to at a minimum LEED
®
 Silver standards;  

Encourage that new buildings be designed and certified to LEED
®
 

Silver or higher;  

A voluntary program that allows low-density residential developments 

that achieve LEED
®
 Canada for Homes Silver or above, or equivalent, 

or LEED
®
 Canada for Homes Certified, or equivalent. 

 

Appendix Table 4: BIM Software 

Category Software Provider 

Architecture 

Revit Architecture Autodesk
®
 

ArchiCAD Graphisoft
®
 

Allplan Architecture Nemetshek
®
 

Bentley Architecture Bentley
®

 

Sustainability 

Ecotect Analysis Autodesk
®
 

Green Building Studio Autodesk
®
 

Graphisoft EcoDesigner Graphisoft
®
 

Bentley Hevacomp Bentley
®

 

Bentley Tas Simulator Bentley
®

 

Structure 

Revit Structure Autodesk
®
 

Robot Structural Analysis Autodesk
®
 

Structural Modeler Bentley
®

 

RAM, STAAD, ProSteel Bentley
®

 

Tekla Structures Tekla
®
 

MEP 

Revit MEP Autodesk
®
 

Hevacomp Mechanical Designer Autodesk
®
 

FineHVAC + FineLIFT + FineELEC + 

FineSANI 
4M

®
 

Digital Project MEP Systems Routing Gehry Technologies
®
 

Construction (Simulation, 

Estimating and Construction 

Navisworks Autodesk
®
 

Tekla BIMSight Tekla
®
 

http://www.townofws.com/pdfs/OPC/WS%20Official%20Plan%20Section%2012.pdf
http://www.townofws.com/pdfs/OPC/WS%20Official%20Plan%20Section%2012.pdf
http://www.townofws.com/pdfs/OPC/WS%20Official%20Plan%20Section%2012.pdf
http://www.york.ca/NR/rdonlyres/ii6kb4bh337yekw44buakoprwzgsnmnrgwcdgwhowdbtjfjfnbjmdox3wqxvnsegw6mgyiywdareylz5ujvzg5pd7g/Sustainable+Development+Through+LEED+Report_07.pdf
http://www.york.ca/NR/rdonlyres/ii6kb4bh337yekw44buakoprwzgsnmnrgwcdgwhowdbtjfjfnbjmdox3wqxvnsegw6mgyiywdareylz5ujvzg5pd7g/Sustainable+Development+Through+LEED+Report_07.pdf
http://www.york.ca/NR/rdonlyres/ii6kb4bh337yekw44buakoprwzgsnmnrgwcdgwhowdbtjfjfnbjmdox3wqxvnsegw6mgyiywdareylz5ujvzg5pd7g/Sustainable+Development+Through+LEED+Report_07.pdf
http://www.york.ca/NR/rdonlyres/ii6kb4bh337yekw44buakoprwzgsnmnrgwcdgwhowdbtjfjfnbjmdox3wqxvnsegw6mgyiywdareylz5ujvzg5pd7g/Sustainable+Development+Through+LEED+Report_07.pdf
http://usa.autodesk.com/adsk/servlet/pc/index?id=12602821&siteID=123112
https://www.greenbuildingstudio.com/
http://www.graphisoft.com/products/ecodesigner/
http://www.bentley.com/en-US/Products/Building+Analysis+and+Design/Hevacomp.htm
http://www.bentley.com/en-US/Products/Bentley+Tas/
http://usa.autodesk.com/adsk/servlet/pc/index?id=5523749&siteID=123112
http://usa.autodesk.com/adsk/servlet/pc/index?id=11818169&siteID=123112
http://www.bentley.com/en-US/Products/Bentley+Structural/
http://www.bentley.com/en-US/Products/Structural+Analysis+and+Design/
http://www.tekla.com/us/products/Pages/Default.aspx
http://usa.autodesk.com/adsk/servlet/pc/index?siteID=123112&id=6861034
http://www.bentley.com/en-US/Products/Hevacomp+Mechanical+Designer/
http://www.4msa.com/FineHvacENG.html
http://www.4msa.com/FineHvacENG.html
http://www.gehrytechnologies.com/index.php?option=com_content&task=view&id=53&Itemid=225
http://www.gehrytechnologies.com/index.php?option=com_content&task=view&id=53&Itemid=225
http://usa.autodesk.com/adsk/servlet/item?siteID=123112&id=11648969
http://www.teklabimsight.com/index.jsp
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Analysis) Bentley ConstrucSim Bentley
®

 

Facility Management 

Bentley Facilities Bentley
®

 

FM:Systems FM:Interact FM
®

 

EcoDomus EcoDomus
®
 

 

 

http://www.bentley.com/en-US/Products/ConstructSim/Product-Overview.htm
http://www.bentley.com/en-US/Products/Bentley+Facilities/
http://www.fmsystems.com/products/interact.html
http://www.ecodomus.com/
http://www.ecodomus.com/
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