
Buildings as Infrastructure Contributors 
Rethinking the role of buildings in the 21st Century 

 
By reading this article you will learn: 
- why the role of buildings in communites should be better integrated  
- how building projects  can contribute to or function as community infrastructure – 
international 
  design trends in this regard  
- what design features should be included in such building projects 
- the benefits of incorporating these features  
- what are some of the current challenges for architects , developers and municipalities 
- how they can be overcome and why 
- what could be short and long term incentives for considering Buildings as Infrastructure 
  Contributors 
- are Buildings as Infrastructure Contributors profitable and to whom 
 
This paper was written by Sharon Boddy, an Ottawa-based freelance writer, with input from Doug 
Pollard, Woytek Kujawski and Fanis Grammenos of Canada Mortgage and Housing Corporation.  
 
Abstract 
 
Architects, in their role of creating the built environment, learn that buildings are more than 
places to live, work and play and should use that knowledge to their best ability. Buildings can 
spark creativity, create a sense of community (especially when inhabited and not just temporarily 
used) and add to the character of neighbourhoods and cities. In addition, as this paper examines, 
buildings (both new and existing/retrofitted) can also support communities by either directly 
contributing to the infrastructure requirements of their neighbours or by reducing their own 
demands and/or creating their own supply and treatment systems to create capacity in 
community energy and water treatment systems for others. They can also reduce wastage and its 
environmental and economic burdens by recapturing heat currently lost through inefficient 
mechanical systems, sewers, etc., and by using municipal waste, especially bio-waste, as a fuel 
source. 
 
Buildings can use a lot of energy. In fact, buildings currently account for one-third of Canada’s 
greenhouse (GHG) emissions because, for the most part, they are heated, cooled and powered by 
non-renewable energy sources such as oil, natural gas and coal. Many geologists believe that oil 
and natural gas production has “peaked,” whereby demand is fast outstripping supply. Building 
energy demands are therefore a significant part of the challenge to reduce dependence on fossil 
fuels, to cut emissions and mitigate the effects of climate change and save on dwindling 
resources, while also representing one of the best opportunities to reduce the impacts on 
municipal infrastructure.  
 
Objectives 
 



This paper outlines how buildings not only mitigate their impact on community infrastructure, but 
can also act as elements of infrastructure. It includes the related benefits and drawbacks and some of 
the fundamental design issues to be considered. This paper will help you understand: 
 
• The design implications of buildings as strategic components of community infrastructure.  
• Development, design and construction issues.  
• Certain aspects of costs and savings incurred in sustainable buildings and communities. 
 
Throughout this paper, examples from Canada and around the world will be used to demonstrate 
various building concepts that help define buildings as a part of, or contributors to, infrastructure. For 
a short list of the key terms used, please consult the Glossary at the end of this paper. 
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Introduction 
 
William McDonough, dean of the School of Architecture at the University of Virginia, once 
described the Bedouin tent as the most sustainable structure in the world. It provides shade from the 
sun, while the loose woven goat or camel hair tent material allows filtered sunlight to light the 
interior and desert breezes to cool its occupants.  When it rains, the fibers swell up until the tent is 
tight as a drum. All that and it’s biodegradable and lightweight.1

 
No one is suggesting that we exchange skyscrapers, condos and townhomes for a tent, but the key 
idea is that sustainable building concepts are not only as old as some civilizations, but that their 
environment-friendly concepts are often not obvious to the naked eye.  
 
What is new, however, is how many of these tried and true techniques are being revisited and 
reinterpreted for 21st Century needs.  The interest stems from a growing chorus of individuals, 
governments and organizations that believe that buildings, besides merely sheltering us from 
elements, can effectively be used to meet many other different goals:  financial, health and 
productivity improvements, occupant comfort, energy efficiency and security, infrastructure benefits, 
climate change mitigation, etc. The most resource- and cost-efficient building projects can meet 
many, but rarely all of these goals, simply by doing what should come naturally. 
 
In short, in the same way that a single house or the human body works as a system—with each 
component reliant on all other components—sustainable buildings are a vital part of a healthy 
community infrastructure system. 
 
But what exactly makes a building “green” or, in a more developed form, “sustainable,” “living” or 
“regenerative”? Table 1 lists the most common characteristics associated with these types of 
buildings and shows how they are linked to each other by the use of the Integrated Design Process. 
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Table 12: Characteristics of Green Buildings 
Integrated Design Process (IDP) 

The Integrated Design Process includes all building stakeholders. A multi-disciplinary team works together from the pre-
design phase through post-occupancy to optimize the building for environmental sustainability, performance and cost 
saving.3 It also encourages interconnected or interdependent systems, each of which has some effect on other systems 
(e.g., the type of window selected has an effect on the heating capacity required, reduces the size of the duct system, etc.)  

In its Integrated Design Process Guide, Canada Mortgage and Housing Corporation (CMHC) shows how using an IDP 
can optimize design, energy, and construction and operating costs.4  
 
Issue within Related systems / features 
Location Not on fragile landscapes 

Doesn’t contribute to urban sprawl 
Close to mass transit systems 

Site Focuses on surface water management and retention (holding ponds, porous paving) 
Xeriscaping  
Minimal or zero impact on local ecology 
Increased green space 

Exterior Renewable energy systems (geothermal, wind, solar, etc.) 
Window canopies or light shelves 
Green roofs 
Active transportation infrastructure (bicycle parking, etc.) 
Efficient, targeted exterior lighting, mitigation /elimination of light pollution 

Interior Minimal use of materials (e.g., leaving exposed structures, where possible and/or 
appropriate) 
Flexible layouts (movable walls, raised floors for services) 
Occupant controls of heat and light (as opposed to large zone thermostats or light 
switches) 
Abundant natural light and access to views 
Air quality better than in conventional buildings 
Low-flow water fixtures  
Supports sustainable practices (such as built-in recycling and composting bins) 

Hidden features or attributes High-performance building envelopes 
Materials selected to meet building goals (minimal environmental effects, low VOCs) 
High-efficiency mechanical systems integrated with electrical, structural, and architectural 
elements 
Energy-efficient lighting systems 
The use of maintenance materials (e.g., detergents) that also meet sustainability goals 
Continued monitoring and optimization of system performance over time. 

  
 
Still, the terms “green,” “sustainable,” “living” and “regenerative” can be confusing as they are often, 
and erroneously, used interchangeably when, in fact, there are substantial differences. In essence, 
these types of buildings, listed below, describe buildings that are taking on an ever more important 
role in neighbourhood and community infrastructure. 
 

Green buildings follow a pre-design, design, construction and commissioning, and operations 
model, and performance is measured based on energy and resource consumption, environmental 
loading and indoor environmental quality.   
 
Sustainable buildings follow the same principles but with added economic, social and cultural 
aspects.  
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Living buildings add to the urban environment by acting like ecosystems, maximizing the health 
of animals, plants and people. Like an ecosystem, methods of creating a living building are 
specific to the area where it is built.  

 
The International Living Building Institute has issued a “Living Building Challenge” that aims to 
define the most advanced measure of sustainability in the built environment using the best 
knowledge available today.5 To learn more, visit http://ilbi.org/the-standard/version-1-3.  
 
The Kenton Living Building6 in Portland, Oregon is taking the challenge. This four-unit condo 
project will generate 100% of its electricity needs on-site using renewable energy sources, use 
collected rainwater for all plumbing fixtures and install composting toilets, sending no 
wastewater into Portland’s sewer system. Schematics of the various energy and treatment systems 
can be found at: http://www.portlandonline.com/bps/index.cfm?a=156130&c=44511.  
 

Regenerative building projects repair damaged ecosystems, replace agricultural opportunities, 
add to community energy and water supplies, etc., and, in essence, become critical components 
of community infrastructure. 

 
The Integrative Design Collaborative of Arlington, Massachusetts helps builders understand the 
connections between buildings, the environment and people by employing a “regenerative design” 
model,7 as shown below. 
 

Figure 1: The idea behind this graphic courtesy of the Integrative Design Collaborative  
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Regenerative types of buildings or groups of buildings: 
 
• Produce enough energy on an annual basis to meet their own needs, as well as surplus energy for 

other buildings, freeing up capacity within local utilities. 
• Reduce or eliminate impacts to water, road and energy infrastructure. 
• Treat water and wastewater on site. 
• Provide space for local food production. 
• Provide opportunities for people to drive less and to walk, cycle or take transit more. 
• Provide greenspaces and other community social areas. 
 
A building with a high energy demand but which produces its own heat and electricity using 
renewable energy sources, reduces peak electrical demand, cuts GHG emissions and provides a 
source of reliable and secure power, might be called a sustainable building.  
 
If that same building produces surplus energy that can be exported to other buildings or sold to the 
grid, it would be considered a regenerative building.  
 
Since heat is natural byproduct of many manufacturing processes, some developers have sited 
residential, office or other types of buildings close to industrial or manufacturing plants to take 
advantage of district heating systems. The Maplewood district of North Vancouver built an entire 
community plan around this concept by integrating eco-industrial networking with sustainable 
community planning.8

 
Buildings that incorporate water conservation techniques (apart from water-efficient fixtures), such 
as on-site water and wastewater treatment, rainwater collection, xeriscaping and green roofs, can 
reduce the impact to municipal water, wastewater and stormwater systems. These techniques would 
be considered part of a sustainable building; if a building treated local wastewater, it would be 
considered part of a regenerative building. 
 
What types of infrastructure can buildings support? 
 
Just as the best types of sustainable building projects will meet many different goals, they can also 
support many different infrastructure components. Table 2 provides a list of these infrastructure types 
and sustainable building elements, and some of the ways that they can support or reduce 
infrastructure needs. Benefits can accrue to the developer, the municipality, the occupants, and/or the 
community as a whole. 

 
Table 2 

Infrastructure 
Component 

Sustainable Building Element(s) Potential Benefits 

Energy (heating, cooling, 
electricity, ventilation, 
humidification) 

District heating (using either renewable or 
fossil fuels) 
Renewable energy (wind, microhydro, 
solar thermal, solar PV, geothermal) 
High-performance building envelope, use 
of thermal mass (passive solar design)  
Natural light (passive solar, light tubes, 
etc.) 
High-performance windows (envelope’s 

• Reduced heating, cooling and electrical 
demands on municipal or provincial 
utilities 

• Reduced equipment sizing requirements 
• Improved indoor and outdoor air quality  
• Reduced GHG emissions through energy 

efficiency and reduction of fossil fuel use 
• Reduced operating and maintenance costs 

for owners and occupants 
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component) 
Energy-efficient exterior and interior 
lighting 
Controls (sensors, timers, etc.) 
Natural, no- or low-VOC finishes (related 
to indoor air quality) 

• Growth of renewable energy and 
sustainable building technology sectors 

• Revenue opportunities to sell surplus 
energy or carbon credits 

Roads & Transportation Permeable surfaces 
Optimal street design (e.g., fused grid) 
Near to mass transit (transit-oriented 
development) 
Fewer parking spaces 
Active transportation infrastructure, (bike 
racks, bike parking and storage, adequate 
sidewalks, etc.) 
 

• Less asphalt reduces stormwater runoff 
and urban heat island effect 

• Fewer cars on roads surrounding building 
developments reduce GHG emissions and 
improves air quality. 

• Fewer parking spaces reduces costs to 
developers and can free up valuable land 
for other uses 

Water/wastewater/ 
stormwater 

On-site water reuse  
Stormwater management techniques 
Green roofs 
Rain capture systems 
 Water efficient appliances (low-flow 
fixtures, etc.) 

• Reduces the impacts, size and cost to 
municipal water, wastewater and 
stormwater systems 

• Reduces water costs for occupants 
• Green roofs may reduce cooling 

requirements and the urban heat island 
effect  

Waste (garbage, 
recycling, composting) 

On-site composting and/or recycling 
facilities 
Reuseable/recycled/recyclable building 
materials 
On-site waste reduction during 
construction and demolition 

• Less waste extends the lifespan of 
municipal landfill sites (construction, 
renovation and demolition waste accounts 
for about 20% of all landfilled waste in 
Canada) 

• Reduces GHG emissions from landfills 
(methane, such as that produced at 
landfills, has 20x the global warming 
potential of carbon dioxide) 

• Reducing and reusing waste during 
construction reduces landfill tipping costs 
and offers revenue sources from selling 
useable construction materials 

Greenspace Site location  
Community gardening spaces (including 
walls and roofs) 

• Avoids disturbing sensitive natural areas 
• Increasing native or drought-resistant flora 

reduces landscaping, maintenance and 
remediation costs 

• Provides social, recreation and fitness 
opportunities for residents 
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Buildings at Work 
 
Today, there are hundreds of building developments around the world and some in Canada that have 
either significantly reduced their impact on community infrastructure or, in some cases, eliminated 
the need to connect to community infrastructure, such as 
municipal water and wastewater systems or electricity 
grids.  
 
The examples included in this paper demonstrate how 
buildings can act as infrastructure, reducing or 
eliminating their impact on energy and water systems 
while providing community benefits.  
 
There are also some net positive or regenerative projects 
under development. For example, as illustrated in the 
Architectural Record,9 a solar PV-lined canopy will 
generate enough electricity to run the Masdar 
Headquarters in Abu Dhabi as well as surplus electricity 
for other buildings. The building aims to be a zero-waste 
and zero-carbon facility. 

Figure 2: Artist’s conception of the Masdar 
Headquarters. Courtesy of the Architectural 
Record. 

 
As shown in the examples below, net zero and net positive buildings and neighborhoods are 
becoming more and more commonplace—either as new construction or retrofits of existing buildings 
and building developments/neighbourhoods.  
 
Note to Readers: In most cases, buildings or developments presented in this section include 
many sustainable elements and affect a range of infrastructure. For the purpose of this paper 
only certain features are highlighted to demonstrate relevant infrastructure linkages. Most 
examples do, however, include a sidebar that lists the additional sustainable features, and the 
End Notes provide resources where readers can obtain more information. 
 
Brownfield Redevelopments 
 
Building on brownfields can be challenging due to the need for site remediation. However, it also 
presents several potential benefits, including prime locations as most brownfields are within the 
urban core, reduced operating expenses with comparable design and construction costs because 
infrastructure is already in place, funding opportunities that may be available specifically for 
brownfields redevelopment, marketing opportunities, and the symbolic value of leaving behind a 
legacy of sustainability.10

 
BO01, Malmö, Sweden11

 
This project contributes to the municipal infrastructure capacity by, among other things, producing 
on-site renewable energy and reducing stormwater runoff. 
 
BO01 (“Living 2001”) is a mixed-use residential development on a brownfield site in Malmö in 
southern Sweden. Currently home to about 1,400 people, due to its proximity to Malmö University, it 
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will eventually accommodate up to 10,000 
residents.  The development provides 100% 
of its energy needs through renewable 
sources.  
 
Using an integrated design process, the City 
of Malmö worked with more than 25 
architects and 20 developers to create a list 
of development criteria that included 

architectural qualities, the type of building materials 
allowed, and energy, water consumption and greenspace 
goals. Although each building is different, all were 
designed to have minimal environmental impact. 

Figure 3: Aerial view of BO01. Photo 
courtesy of the City of Malmö. 

 
Built on a former shipyard and car manufacturing site, taller buildings were built on the edges of the 
development to shelter smaller blocks and courtyards from winds coming off the Baltic Sea.  
 
A nearby two-megawatt wind facility, supplemented by on-site solar photovoltaic (PV) arrays 
provides all of BO01’s electricity needs. The city also installed a vacuum garbage collection system, 
which will allow it to capture methane from household waste to generate electricity to heat homes 
and power vehicles. All garbage, organic waste and recyclables are deposited into separate 
receptacles at each housing unit connected to the underground pipeline system. The material is 
sucked through the pipeline to a central storage area where it is picked up by municipal waste trucks, 
reducing the number of trucks required, cutting GHG emissions and reducing the space required for 
vehicle circulation.  
 
Energy for hot water heating comes from seawater and solar and the heat is distributed through 
pipelines that were installed concurrently with municipal sewage and waste infrastructure.  
 
In order to ensure the viability of using renewable energy sources, building performance was a 
critical design factor. The city set goals for air quality, energy and water use. Each unit had to be 
built with low- or no-VOC finishes and include energy-efficient appliances and lighting, high-
performance windows and low-flow water fixtures. 
 
Although some vehicle traffic is allowed within the development (including emergency vehicles), 
most traffic is completely separated from the housing units using a separate underground level that 
gives priority to pedestrians and cyclists on the surface. Bus stops are located within 300 metres of 
any given block of units and each housing block has a data network that allows residents to view 
current bus schedules, reserve a biogas-fueled car or arrange for carpool trips. An on-site mobility 
centre also includes an underground parking area. 
 
Green roofs were installed on most buildings to absorb rainwater, add insulation and provide 
gardening space for residents. The roofs also delay stormwater runoff, lowering the risk of sewer 
overflows and overloads at the municipal treatment plant. Rainwater capture systems funnel water 
from roofs into small, shallow channels located in front of each block of units, where it is then 
conducted to rainwater gardens for irrigation purposes.  Excluding the green roofs, more than half of 
BO01’s area is devoted to greenspace. Outdoor spaces were built using natural materials (granite, 
limestone, slate, wood and water) as well as paving brick and native plants.  
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Southeast False Creek, Vancouver, British Columbia, Canada12

Southeast False Creek 
 

District heating 
Energy efficiency 

Greenspace 
Transit-oriented 

Urban agriculture 

This project contributes to the municipal infrastructure capacity by 
using a district heating system with sewer heat recovery and 
providing space for urban agriculture.  
 
Historically, Southeast False Creek (SEFC) was used for industrial 
and commercial purposes. In 1991, the City of Vancouver decided to 
transform the site into a model sustainable development based on 
environmental, social and economic principles.13  

Community areas including 
childcare facilities, an 

elementary school, and retail 
stores 

 

Figure 4: SEFC Site Plan and Neigbourhood Utility. Graphic courtesy of the City of Vancouver. 
 

CMHC co-sponsored and participated in a community planning charrette for the SEFC in October 
1998. Subsequent to the event, a full report and research highlight on the event and a charrette 
manual, done in partnership with the City of Vancouver, were developed.14

 
The first phase of this residential development, which will also be home to the 2010 Winter 
Olympics Athletes Village, sits on 80 acres of land that includes space for wildlife habitat, 
playgrounds and urban agriculture.  
 
The Olympic Village15 is now well into construction. At the heart of the development is the city-
owned Neighbourhood Energy Utility (NEU), a community energy system that will provide space 
heating and domestic hot water to all buildings (see figure below). The system will use several 
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sources for heating, including waste heat from the municipal sewer system and rooftop solar thermal 
modules. High-efficiency natural gas boilers will provide backup and supplemental heat on the 
coldest days of the year. 
 
The Currents, Ottawa, Ontario, Canada16

 
This building project uses a passive solar heating system and 
reduces the impact to municipal water systems by reusing water.  

Figure 5: The Currents, Ottawa. Photo 
courtesy of Windmill Developments. 

 
As part of a complex that includes the Great Canadian Theatre 
Company, The Currents condominium tower was the first 
commercial-residential facility in Canada to achieve a LEED Gold 
rating. 
 
The 11-story, 44-unit condominium was built on a remediated 
brownfield and incorporates several different technologies and 
building construction methods that help support infrastructure systems. 

The Currents 

Renewable energy 
Energy efficiency 
Transit-oriented 

Water conservation 
Less construction waste 

Natural materials 
Sustainable financing 

 
The southern façade is dominated by a SolarWall™ installation that soaks up heat from the sun 
during the winter months to preheat incoming air that is then used to ventilate the residential units. 
Continuous bathroom ventilation and an energy recovery ventilator ensure even greater energy 
efficiency.  
 
The southwest orientation of the building allows for a greater percentage of natural light, which can 
reduce the energy required for lighting. Some of the many environmental features include water-
conserving fixtures and energy-saving appliances, low- or no-
VOC finishes, natural materials for cabinets and flooring, and on-
site greywater treatment and rainwater capture systems. Average 
energy and water usage by individual condo owners is designed to 
be about 40% less that of a conventional condominium. 
 
Situated just few kilometres west of the downtown, The Currents 
is located in an urban neighbourhood filled with shops and 
restaurants, all of which are within walking distance of the 
building. It also has an on-site car share program (a second 
condominium across the street is also one of the parking locations 
for Vrtucar, an Ottawa-based carsharing organization) and is a 
five-minute walk to Ottawa’s bus rapid transitway. 
 
The Currents was also the first condominium in Ontario to take 
advantage of a “green loan,” which leveraged the life cycle 
operating cost savings from energy efficiency, freeing up capital 
that the developer used to invest in sustainable technologies and 
design approaches. Green loans involve a lender, a developer 
and, in this case, a condominium corporation and its unit holders. The lender invests in the building 
with funds earmarked for energy-efficiency systems and the condominium corporation repays the 
loan with funds that would otherwise have been used to pay higher h

17
eating, cooling and electricity 

bills.
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Retrofits 
 
Retrofitting buildings to higher environmental standards has been proven to be a cost-effective way 
to increase building value, make buildings more competitive in the marketplace, reduce a building’s 
environmental footprint, improve occupant comfort and health, improve marketability, and “mine” 
infrastructure capacity to allow other development. Many government and utility programs also offer 
funding opportunities for building retrofits. 
 
Certain retrofits, such as installing solar thermal systems, new windows, increasing insulation or 
installing higher-efficiency heating systems, etc., can have short enough payback periods to make 
them financially attractive to many homeowners or small building owners. Retrofitting smaller 
buildings with solar PV or geothermal systems may also soon become cost effective, due to 
decreasing manufacturing costs and increases in energy pricing.  
 
Existing buildings that were designed with a 50-100 year life expectancy (particularly institutional 
buildings, hospitals, schools, etc.) may be good candidates for retrofits, such as solar PV or 
geothermal. In particular, buildings that are retrofitted to include sufficient capacity to supply their 
own energy needs and surplus energy for other nearby homes or buildings are often the most cost-
effective. 
 
Benny Farm, Montreal, Quebec, Canada18

 
This building project contributes to capacity in municipal sewer system through water saving and,the 
installation of green roofs and to reduction in energy demand through  solar themal and geothermal 
systems..  
 
Originally developed by CMHC (then the Central Mortgage and Housing Corporation) in 1947 for 
WWII veterans and their families, this 18-acre residential property was redeveloped beginning in 
2002 by the Canada Lands Company (CLC) Limited. Initially, CLC planned to demolish the site, 
build new housing for veterans in one corner of the property and condos on the rest. 
 
Instead, a Montreal-based architecture 
firm proposed redeveloping the site to 
maintain some of the existing units, build 
new ones and install a variety of features 
to increase the sustainability of the 
redevelopment. This approach garnered 
the project the prestigious Global Holcim 
Award in 2006.19

 
Benny Farm’s communal energy system 
(which is owned by the residents) 
includes a geothermal heat exchange, 
hybrid glycol/electric solar power, radiant 
heating, and air- and water-based heat 
recovery (heat from shower drain water, for example, is 
recovered). Water systems involve water and Figure 6: Benny Farm’s natural ventilation. 

Graphic courtesy of CMHC. 
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stormwater reuse, wetland treatment and percolation, and sub-grade water-table recharge. All 
systems are interconnected and mutually dependent.20

 
Renovations of the existing units cost about $67,000 each, less expensive than new construction, and 
some of the salvaged materials from the renovated units was reused in the new construction, sending 
less waste to landfill and reducing landfill tipping and new material costs.  
 
The new units feature green roofs, which alleviate stormwater runoff, as well as radiant in-floor 
heating, which are tied to the geothermal system.   
 
The Willis Tower, Chicago, Illinois, USA21

 
This building project saves enough energy to supply one new hotel and adds capacity to the 
municipal grid.  
 
The Willis Tower, formerly the Sears Tower, is currently being upgraded, at a cost of about 
$350,000,000 U.S., to use 80% less energy. When the upgrades are complete in about five years, 
developers expect energy consumption to decrease by 68,000,000 kWh per year, the equivalent of 
50,000 barrels of crude oil.  
 
Upgrades include:  
 
• Plans to replace the building's 16,000 single-pane 

windows.  
• New gas boilers using fuel cell technology to generate 

electricity. 
• Modernization of the building's elevators and escalators to 

reduce energy consumption by 40%. 
• Recovering condensation and upgrading restroom facilities 

to reduce water use by 40%. 
• Solar panels on the 90th floor roof to heat water for 

restrooms. 
• Smart lighting systems that automatically dim when 

sunlight is available. 
• Construction of a pocket park at Wacker Drive and Adams 

Street. 
• Possible installation of wind turbines and/or green roofs. 
 
The architects who are performing these upgrades have also 
designed an adjacent 50-storey 500-unit energy-efficient hotel 
that will use renewable energy systems to fulfill the hotel’s 
energy demand. As a result, this new building will use less energy than that saved in the renovation 
of the Willis Tower, making the entire project a net contributor to Chicago’s infrastructure 
capacity.22  

Figure 7: The Willis Tower. Image 
courtesy of Wikipedia. 
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Gårdstens Bostader, Gothenburg, Sweden23

 
This building project reduces energy, water and waste management infrastructure needs and shares 
solar gains, food production etc. between buildings. 
 
Built in the 1970s, the Gårdstens Bostader neighbourhood consisted primarily of apartment blocks 
that had become run down and crime ridden and were in dire need of renewal. From the beginning, 
tenants were involved in the neighbourhood re-design.  
 
Renovations began in the late 1990s. The apartment blocks were connected to the area’s existing 
district heating network and three tall south-facing buildings were fitted with roof-integrated solar 
collectors to provide additional heating capacity to the district heating system. The balconies were 
glass-enclosed for additional passive heating throughout the buildings. On certain other smaller 
south-facing buildings, while upgrading the insulation on the façades, a cavity was created between 
the existing walls and the new façades. A new roof was constructed to function as a solar collector 
from which preheated air was distributed into the cavity.  
 
For buildings with less advantageous solar orientations, all roof insulation was upgraded, windows 
were replaced, and a host of other smaller measures were taken, such as installing new energy-
efficient appliances and lighting. Greenhouses were added at the base of the south-facing buildings 
providing each tenant access to a small garden plot. On-site compost machines were installed to turn 
household waste into compost for use in the greenhouses. 
 
Between 2001 and 2004, energy costs (heating, ventilation and hot water) were reduced by 45%. On 
average, annual energy costs per apartment were cut by about 6,000 Swedish Kroner (about $878 in 
today’s Canadian dollars). 
 
District Heating 
  
District heating has a long history in Europe and is increasingly being studied and implemented in 
Canada as a way to distribute energy more efficiently. District heating systems—when built and 
maintained properly to avoid energy losses—can be economically feasible when applied to high-
density developments, particularly if a low cost source of heat is used. If cogeneration is added, the 
waste heat from a district heating plant can also be used to generate electrical power for the 
neighbourhood; or heat from municipal sewage systems can be transferred back to the heating 
plant.24 These systems not only provide energy to multiple buildings, which can save building space 
and energy (thus reducing GHG emissions), but can also reduce overall operating costs.  
 
Dockside Green, Victoria, British Columbia, Canada25

 
This building project reduces municipal waste by using biomass heating and reduces infrastructure 
loads with on-site water treatment systems. 
 
Once fully complete—occupancy began in the spring of 2009— Dockside Green in Victoria, B.C. 
will house about 2,500 residents. All buildings have achieved a LEED Platinum rating. 
 
Built next to Victoria’s inner harbour, this 120,000 square meter mixed-use development produces its 
own heat (including hot water heating) using an on-site biomass heating system that converts wood 
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waste into synthetic gas, displacing the need for fossil fuels and using what would otherwise be a 
landfilled waste product. The plant began operating in July 2009 and surplus heat will be sold to 
neighbouring buildings, making Dockside Green a net energy producer.  
 
All of the development’s sewage is treated on-site and reused (including blackwater, which is filtered 
for reuse as greywater for flushing toilets and for irrigation26). The project even treated some 
municipal sewage in order to “ jump start” its own system. A communal greenway serves as both a 
public greenspace and a vital part of the development’s wastewater and stormwater management 
system. Stormwater flows from the development and ground level concourses to the greenway where 
it is filtered for reuse for toilet flushing and irrigation.27 Residual treated water then recharges a 
naturalized waterway that flows across the site and collects rainwater as it flows toward Victoria’s 
inner harbour.  
 
Water-saving appliances and fixtures are also standard issue in all condos and townhomes, resulting 
in an estimated annual water reduction in the order of 265,000,000 litres, equivalent to the entire 
Greater Victoria’s regional water use on the driest day of the year, and reducing the need to draw 
potable water from municipal supplies. 
 
All units also feature energy-saving appliances and meters that show residents their hot and cold 
water usage, heating and electricity usage.  
 
Dockside Green also provides alternative transportation programs, including car-sharing, secure 
bicycle racks and parking, access to city transit including a mini-transit van that runs to key 
downtown destinations, and pedestrian and cycling connections.  To further reduce transportation 
needs and GHG emissions, project developers are working with local companies that offer home 
food delivery. 
 
Bain Co-op, Toronto, Ontario, Canada28

 
This building project reduced the amount of municipal water supply 
required by installing water conservation systems.  
 
The Bain Apartments Co-Operative in Toronto, Ontario exemplifies 
a well-established sustainable building development. The co-op was 
influenced by the Garden City movement, an urban planning approach founded in Great Britain in 
the late 1800s that promoted planned, self-contained communities that integrated residential, 
industrial and agricultural needs.29

Bain Co-Op 

District heating 
Energy efficiency 

Greenspace 

 
By the 1970s, the Riverdale Courts, as it was originally known, had become run down. In 1974, 
tenants created the Bain Apartments Co-Operative, one of the first housing cooperatives in Ontario. 
 
This four-story co-operative features high density (140 units per hectare) in grade related buildings 
and a central heating and hot water plant, originally built in 1913. Each unit was retrofitted for 
energy efficiency, water conservation techniques and systems were installed, composting and garden 
areas are available to all tenants, and the development is well situated to public transit and other 
amenities.  
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Hamilton Community Energy, Hamilton, Ontario, Canada30

 
This district heating plant provides electricity to a number of  downtown buildings. The plant was 
also built as part of a high school, which made better use of public lands.  
 
District heating can be heat only, like the Bain Co-Op system, but can also be tied to a cogeneration 
plant to produce heat and electricity. Generating electricity from cogeneration systems, such as this 
one in Hamilton, frees up capacity within the provincial electricity grid. 
 
Hamilton Community Energy’s (HCE) natural gas-fired combined heat and power (CHP) plant, for 
example, produces enough hot water heating for residential, commercial and institutional buildings in 
the downtown core, including Copps Coliseum, the Convention Centre, two city-owned apartment 
buildings, City Hall and the central library. Compared to a conventional heating system that works at 
only 40% to 60% efficiency, HCE’s system approaches an 80% efficiency range. 
 

Installing a district energy system 
can be a challenging and time-
consuming undertaking. New
pipelines must be laid between the
plant and the buildings it serves,
which often entails ripping up
roads, temporarily moving other
infrastructure (such as light or 
traffic standards), and disrupting

 

 
 

 
 

 

 
community traffic.  

ore, 
ant 

ucted at 

team from the plant’s heating operations produces 3.5 MW of electricity, which is either sold to the 

 
Site selection for HCE, theref

was critical. In order to serve such large facilities as the city’s arena and convention centre, the pl
was centrally located (the plant was built as part of a downtown high school) and was constr
the same time as a planned city street reconstruction project, thus minimizing the infrastructure 
(piping, road reconstruction, etc.) required.  Construction of HCE enabled some 28 low-efficiency 
natural gas boilers to be taken out of service, freeing up valuable building space, reducing energy use 
and cutting annual GHG emissions by about 4,000 tonnes.  
 

Figure 8: Hamilton Community Energy plant. Photo courtesy of 
Hamilton Community Energy. 

S
grid, or used as standby power for municipal buildings. During the August 2003 blackout, for 
example, HCE provided electricity to keep City Hall emergency systems running.  
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Regent Park, Toronto, Ontario, Canada31

 
This building project adds to the municipal infrastructure capacity by 
using a district heating plant. It also has the potential to generate 
electricity from renewable sources  in future.  
 
Built more than 50 years ago, Regent Park is Canada's largest and 
oldest publicly funded community. Regent Park is now being 
reconstructed and will include a district heating plant in 
the centre of the development. 
 
The natural gas-fired plant—integrated into the first 22-
story residential tower, which is situated next to the 
development’s central greenspace—will produce high-
efficiency heating and cooling for all of the residential 
and commercial properties (an estimated 12,000 people). 
The plant will, however, have the potential to generate 
electricity using renewable energy source such as 
geothermal and /or solar. 

Figures 9 & 10: 
Regent Park’s 22-
story building with 
district heating 
plant (inset). Photos 
by Doug Pollard. 

 
Renewable Energy 
 
Many developers are now looking to renewable sources such as wind, geothermal and solar to heat, 
cool and power all or a portion of a building’s energy needs. Using renewable sources can reduce 
GHG emissions and energy costs and provide backup power during power outages. Renewable 
energy systems can also provide energy back into the energy grid alleviating the need to build more 
generation capacity.  Several incentive programs are now available that offer building owners or 
energy managers (ESCOs) revenues on the sale of surplus renewable energy. 
 
CIRS Building, Vancouver, British Columbia, Canada32

CIRS Building  
This building project has the potential to reduce the impact to 
municipal infrastructure systems by tapping into a geothermal 
heating system and by using solar PV to generate electricity. 

Geothermal heating with no 
mechanical cooling 

Occupant controls (sensors, 
monitors and control points) 

for lighting and heating  
 
The Centre for Interactive Research on Sustainability (CIRS) aims to 
be, not just a sustainable building, but a “living laboratory” as well. 
Although still at the design stage, the goal of CIRS is to give 
researchers from different disciplines, along with building industry 
partners, a place to work together, researching and assessing current 
and future high-performance building systems and technologies.  

Meeting rooms, a theatre, and 
other communal spaces for 

public use 

 
The design calls for the building to use initially waste heat generated by an adjacent building as 
well as a geothermal heating system. Solar PV panels to meet some of the electrical energy and 
solar thermal evacuated tubes to meet a part of domestic hot water needs are planned as 
educational tools rather than as cost-effective capacity contributors. CIRS is intended to be net-
positive, meaning that the energy produced from the building systems would supply all of the 
building’s needs plus surplus energy to heat, cool and power other nearby university buildings.  
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Figure 11:  Graphic courtesy of the International Initiative for a Sustainable Built Environment.33

 
Spruce Meadows Equestrian Centre, Calgary, Alberta, Canada34

 
This building project uses a solar PV system to generate electricity, thus reducing the demand to the 
local electricity grid. 
 
The Spruce Meadows Equestrian Centre is the first commercial solar grid inter-tied power system to 
be installed in the City of Calgary. Located just south of the downtown core, this multi-purpose 
facility houses boardrooms, skyboxes and a patio. The 2.5-kW system (40 PV panels were 
incorporated into the building as an architectural feature) is a battery-less, synchronous utility system 
that feeds solar generated electricity directly into the provincial power grid.  
 
The modules supply DC power to an inverter that feeds AC electricity directly to the site's electrical 
panel. If the solar PV modules do not provide 100% of the load, the system draws the balance from 
the grid and, should the utility power fail for any reason, the inverter shuts down automatically, 
preventing solar-generated power from feeding back into the grid. Such a solution may be required in 
some jurisdictions; however, an inverter’s design can allow for a combination of grid-connect with 
off-grid capabilities with automatic diversion of the power to an emergency sub-panel in case of grid 
failure. 
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Bahrain World Trade Center (WTC), Manama, Bahrain35

 
This project uses wind energy to generate a portion of the 
electricity demand of the buildings. 
 
Completed in 2008, the Bahrain WTC is a 50-story complex with 
two 240-metre high towers. Three 29-metre wind turbines were 
installed on bridges that connect the towers—the first such 
building in the world to incorporate wind energy technology on 
such a large scale.  
 
The sail-like towers funnel and accelerate wind velocity between 
them. Each tower has a slightly different vertical shape that helps 
to reduce pressure differences between the bridges. When 
combined with increased wind speed at the higher levels, this 
provides an equal velocity between the turbines and promotes 
greater efficiency in the powering of the generators. The three 
wind turbines operate approximately 50% of the time, providing 
between 10%-15% of the electricity for both towers. 

Figure 12: The Bahrain WTC building 
has three 29-metre high wind turbines. 
Image courtesy of Wikipedia. 

 
Port Hawkesbury Civic Centre, Port Hawkesbury, Nova Scotia36

 
This building project uses a geothermal system to heat the arena and shares excess heat with a 
nearby school, reducing the school’s energy costs. 
 
The Port Hawkesbury Civic Centre is equipped with a “state of the shelf” energy-efficient 
geothermal chiller that has cold storage in the rink slab. The heating system works as a heat pump, 
cooling down the ice, by removing heat from it.  
 
The recovered heat is used throughout the facility as radiant heating. Warm water is also circulated 
through a heat exchanger to heat hot water for showers, melt snow shavings removed from the ice 
and melt snow on the sidewalk around the buildings in winter. Excess heat is stored in a horizontal 
earth loop beneath the parking lot. 
 
In addition, forced-air heat pumps throughout the building provide heating and air conditioning by 
drawing or rejecting the heat to the earth loop. The extracted heat keeps the building at a comfortable 
temperature and the excess is shared with the high school next door, which uses it to heat the 
swimming pool, reducing the school’s energy costs. 
 
Greywater Reuse 
 
Canadians use, on average, 335 litres of water each day,37 making Canada the second largest 
consumer of water per capita after the United States. Greywater reuse systems, which can be 
included in both new and existing buildings, capture used water from laundry, showers and sinks, 
then treat and reuse it for toilet flushing or irrigation.  
 
Greywater systems conserve water that would otherwise come from municipal water systems. They 
can also reduce the infrastructure to deal with waste- water from buildings. Greywater systems can 
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therefore reduce water and sewage related costs for building owners and may also help reduce 
infrastructure costs to municipalities.  
 
Greywater systems have been installed in certain developments in Canada, but with mixed success. 
The lessons learned from Canadian pilot projects highlight some of the pitfalls that developers should 
be aware of:  
 
 The costs for operating and maintenance can outweigh the savings 
 In jurisdictions that do not meter water, cost savings will not be realized at all 
 Multi-residential buildings may not have staff trained to operate and maintain such systems, or in 

the case of single-family homes, homeowners must make a commitment to upkeep the system 
 High resident turnover in multi-residential buildings can result in the system being used 

incorrectly.38 
 

Figure 13: Graphic courtesy of GASA 
Architects. 

Klosterenga housing development, Oslo, Norway39

 
Klosterenga is an example of a successful greywater reuse 
system. The system reduces the impact to municipal water systems 
by reusing greywater from dish and clothes washing for 
irrigation. 
 

The system at the 35-
unit Klosterenga 
housing development pumps greywater from dish and
clothes washing and showers to a septic tank buried 
beneath the communal courtyard next to the playgroun
is then pumped to a vertical downflow single-pass aerobic 
biofilter, then through a porous subsurface filter. The wate
is used for landscape irrigation, in-house use such as 
washing vehicles, and groundwater recharge. The effluent 
is tested regularly and consistently exceeds the Worl
Health Organization requirements for drinking

Klosterenga 

Combined active and passive 
solar space and water heating. 

The building was oriented to take 
advantage of maximum solar 
potential, while protecting the 

inner courtyard from North 
winds. 

 

d. It 

r 

d 
 water. 
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Challenges & Design Considerations 
 
Change can be difficult. Some in the development community are suspicious of sustainable 
buildings, believing that technologies used are still untested, too expensive or too complicated and 
unfortunately this can often be true. This section outlines some of the challenges and considerations 
architects and builders need to bear in mind when developing a sustainable building project.  
 
Cost 
 
The dominant misconception about sustainable buildings is that they cost more to build than 
conventional ones. Years ago, when building sustainably was still a relatively new concept, this may 
have been true; technology and materials were more expensive and harder to source, finding trades 
people with the appropriate skills was more challenging, and the building industry was not as 
familiar with the integrated design process.  
 
There have been a number of studies that show that there are no significant differences in average 
costs for sustainable buildings as compared to conventional ones.40 This is primarily because, 
although some processes may take longer and involve higher costs, operational savings are often 
found through any number of measures, including the ability to lower the heating and cooling loads 
(decreased energy demand besides energy cost leads to smaller size of equipment, thus often 
lowering capital and operating costs), potential revenue sources from construction waste, the sale of 
carbon credits or surplus energy, higher market values, etc.  These long-term savings can offset 
increased capital cost. One survey conducted in 2008 of buyers and potential buyers of ENERGY 
STAR homes, for example, suggested that buyers are willing to pay up to $10,000 more for an 
energy-efficient home.41

 
Table 3 below outlines some of cost savings related to the measures discussed. 
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Table 3 
Capital and operating 
costs 

Because sustainable buildings reduce energy demand, they can reduce capital and 
operating costs by reducing equipment size (e.g., heating, ventilation or cooling systems, 
etc.).42 In California, for example, the use of “cool” roofs (high thermal mass, reflective 
surfaces, etc.) was found to reduce the capital costs required to provide air conditioning.43 
See also the discussion below. 

Density bonuses Many municipalities offer density bonuses to developers. In exchange for the provision of 
certain amenities that benefit the community as a whole, developers are allowed to build 
more floor area from which they can derive more income. 

Building envelope The insulative properties of the building envelope can reduce the costs associated with 
heating and cooling. 

Renewable energy  Reduces the need for, or size of, fossil fueled heating and cooling systems. Generating 
electrical energy from renewable sources can be a source of income, both in terms of 
selling the power and through the potential sale of carbon credits.  

Energy efficiency Increasing energy efficiency and reducing GHG emissions could eventually allow 
developers to sell carbon credits or reduce operating costs to occupants (long-term savings 
can be included in higher building sale prices). 

Natural light and/or 
high-efficiency 
lighting 

Designing properly sized, located and shaded buildings (to avoid overheating) reduces the 
electrical requirements for lighting. Typically, there is little (if any) cost premium for 
choosing energy-efficient lighting. 

Transit-oriented 
development 

Building near mass transit can substantially reduce the cost of additional parking. On 
average, building and maintaining one underground parking space over the course of its 
lifetime costs between $25,000 and $30,000.44

Active transportation 
amenities 

Active transportation amenities, such as secure bicycle parking or better pedestrian areas, 
can reduce the amount of parking required to be built and maintained, and make streets 
safer for all users.45  

Green roofs Green roofs reduce stormwater runoff (some municipalities require stormwater 
management to be included in a building’s design) and provide additional insulation, 
which can reduce heating, cooling and ducting requirements.46  

Xeriscaping Planting native and/or drought-tolerant plants can reduce water consumption and 
landscaping maintenance costs. 

Rainwater capture Reduces the cost of water required for irrigation. Many municipalities have started or are 
beginning to charge more for water to cover higher treatment and delivery costs. 

Incentive programs Many federal and provincial governments, as well as many utilities may offer incentive 
programs for green buildings or for energy-efficiency retrofits.  

Preferential financing Some financial institutions offer preferential lines of credit or lower interest financing for 
sustainable buildings. 

Preferential insurance 
rates 

Some insurance companies now offer credits for firms that incorporate renewable energy 
into their buildings. Ceres, a U.S. coalition of investors and environmental groups found 
approximately 640+ climate-related insurance initiatives worldwide.47

 
A 2005 literature review performed by the Canada Green Building Council48 (CaGBC) found that, 
taking only capital costs into consideration, sustainable buildings cost about 2% more to design and 
construct. This is in keeping with several other studies that have compared LEED-certified homes 
and buildings with conventional ones. Based upon commercial building costs of $170 to $285 per 
square foot ($1,848 to $3,098/m2), this is equivalent to a premium of $8.50 to $14 per square foot for 
building green.49  
 
Although the 2005 CaGBC review reports that there have been few reliable studies that examine the 
relationship between increased property values and green buildings, the CaGBC report suggests that 
the cost premium to build green could be eliminated if resale values, maintenance and operating 
expenses were taken into account. 
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There are many exceptions to this, of course. The Klosterenga housing development cost 
approximately 15%-20% more than a reference building on an adjacent site, and one of the architects 
involved in Malmö’s BO01 found it more expensive to build at the outset, estimating the payback on 
the townhomes that he designed to be about 10 years. He believed, however, that the lifespan of 
sustainable buildings (due to their high performance and usually more durable components) is often 
longer than conventional buildings, which can in turn lead to greater resale values. 
 
An architect with the City of Malmö reported that the extra cost for energy efficiency would pay off 
in only a few years and that the addition of green roofs has extended the lifespan of the roof area. She 
also noted that using life cycle cost analysis proved that the development was no more expensive 
than a conventional building over the long term.  
 
Of course, this naturally leads to the question of “who pays.” From a developer’s perspective, first 
costs are often one of the most important elements of a building project and energy savings rarely 
accrue to the developers, unless they are the long-term owners and operators of such buildings. 
However, as more utilities, governments and insurance companies offer incentive programs for such 
buildings or building systems—and as mentioned above, the prospect of higher resale values and 
lower operating and maintenance costs is real—building green may become more cost-effective for 
developers.   
 
In addition, creative partnerships with energy providers, who finance systems, make energy as 
efficiently as possible and make their profit by selling this energy, can assign capital costs to them in 
exchange for longer-term returns on their part. Added to these benefits is the opportunity to market 
such buildings at higher cost to recover any additional premiums. A recent study of homes sold in the 
Seattle metropolitan area, for example, found that certified ENERGY STAR™ homes sold for 9.7% 
more than non-certified homes;50 in addition, an April 2008 article in Business Week reported that 
LEED-certified buildings captured a rent premium of more than $11 per square foot and a $171 per 
square foot sales premium.51

 
Often single building solutions are not the most viable; cluster or neighbourhood scale solutions, 
which look for savings in shared systems, community layouts, mixture of uses and increased 
densities, work much better. 
 

CMHC created its Life Cycle Costing Tool for Community Infrastructure Planning52 to help 
building owners and developers estimate the costs of community development and to compare 
alternative development scenarios. The tool allows users to consider the life cycle costs of 
development, calculated over a 75-year time period, and can be used for a variety of project sizes, 
from infill developments to entire subdivisions, and looks at a number of different costs, 
including:  

• Hard infrastructure such as roads, sewers, etc. 
• Municipal services such as transit and waste management 
• Private user costs, including driving and home heating costs 
• External costs such as air pollution and climate change 

 
Street Patterns 
 
Local streets can consume the bulk of the road network within a community (more than 70% in some 
cases) and up to 20% of a municipality’s infrastructure budget, quadrupling their initial cost over 
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their lifetime for maintenance and replacement. Reducing road costs is another way of finding funds 
for building performance improvements. 
 
Paved streets add to the impermeable surface area, affecting water quality and contributing to the 
urban heat island effect, which in turn affects the demand for heating and cooling. Well-designed 
streets, however, can mitigate traffic and enable active transportation (walking, cycling, etc.), which 
can reduce the energy required for transportation and related GHG emissions.  
 
The very way in which streets are laid out, therefore, can complement sustainable building 
objectives. Several CMHC studies53 show how even minor adjustments to street patterns can create 
opportunities to build higher density developments and reduce the impacts to municipal 
infrastructure, while raising the viability of shared energy systems.   
 
One such road pattern is the “fused grid.” This concept blends the best parts of conventional and 
grid-based street layouts, encourages optimal use of land, requires less asphalt, allows for higher 
densities and open space than conventional suburbs, and can be more cost effective to service and 
maintain.  
 

Table 454

Fused grid elements Potential Benefits 
Traffic calming and control Reduces noise and air pollution 

Less stress for all users (drivers, pedestrians and cyclists) 
Fewer cars can reduce wear and tear on roads 

Street design Pedestrian and cyclist safety 
Reduces noise and air pollution 
Promotes better water quality through stormwater management 
techniques and more permeable surfaces 
Creates social opportunities that can lead to a safer neighbourhood  

Greenspace and water retention Promotes better water quality 
Improves local air quality 
Provides habitat for plants and animals and an opportunity to 
reintroduce local flora 

Optimal development density and mixed 
use 

Encourages active transportation and discourages car trips 
Higher density can create a higher tax base for the municipality and 
greater revenues for developers 
Supports mass transit systems 

Active transportation infrastructure (cycling 
lanes, sidewalks, etc.) 

Encourages active transportation 
Safer roads 
Promotes greater physical activity among residents  

 
Fused grid neighbourhoods encourage greenspaces throughout a development and these greenspaces 
can be utilized to meet goals other than merely community or recreation areas. For instance, they can 
provide connections between neighbourhood elements, snow storage and food production locations, 
function as storm and wastewater management components, make higher density more acceptable, 
etc. (it has been determined that higher densities are far more acceptable when developed in 
conjunction with open space). Higher density buildings also offer greater viability for locating co-
generation and shared energy systems such as the system at Regent Park.  If such buildings are 
strategically located they can share surplus energy with other lower density buildings nearby and, 
together, service the entire neighbourhood.  
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Saddleton, Calgary, Alberta, Canada55

 
By using a fused-grid model, this building project reduces the cost of constructing additional road 
space, space that can then be used for other purposes such as on-site stormwater storage and 
treatment. 
  
In Calgary, the fused grid model is being implemented for the Saddleton development plan, now 
under construction.  
 

Saddleton 

Figure 14: The rainwater garden space serves a triple function: recreation, pathway node and rainwater 
filtration. Graphic courtesy of CMHC. 

This 63-hectare site will shift most traffic to the perimeter of the 
development and introduce smaller collector streets around the 
neighbourhood that lead to major roads, place higher density 
buildings along planned light rail corridors, and incorporate 
sustainable infrastructure and buildings. Wherever possible, open 
spaces will be used instead of asphalt surfaces. The proposed density 
is between 25 and 30 units per hectare, 50% higher than conventional 
subdivisions. 

Efficient road network 
Higher density 

Greenspace 
Social opportunities 

Stormwater management 

 
Using the fused grid model, Saddleton will be laid out as four distinct quadrants, all of which contain 
a central greenspace. Pedestrian access between the quadrants will create a walkable community, 
with the central core just a five-minute walk from any corner of the development. Saddleton also 
includes a mix of local commercial properties, a storm pond, a rain garden (filters rain, provides 
recreational areas and is part of the pathway network) and a children’s playground.  

 
When compared to the conventional suburb 
design of an almost identical site across the 
highway, the fused grid pattern, as it will be 
applied in Saddleton, will cut road space by 
about 2.2 hectares. This “found” land will 
then become available as habitat, recreational 
space, food production, stormwater treatment 
areas, more density or treated as “ found” 
money. 
 

Site Layout/Climate 
 
Layout and local climatic conditions are important factors to consider when siting any building, but 
particularly so with sustainable buildings that produce their own electricity from renewable sources. 
In the case of solar PV, for example, buildings must be oriented to receive the greatest possible 
amount of solar radiation.   
 
A solar mapping tool,56 developed by the Canadian Forest Service (Great Lakes Forestry Centre) in 
collaboration with the CANMET Energy Technology Centre (CETC-Varennes), estimates the 
amount of electricity that can be generated by PV arrays and gives a daily average amount of 
sunshine anywhere in Canada. The maps provide monthly and yearly data for six PV array 
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orientations (a sun-tracking orientation and five fixed south-facing orientations) and the database 
includes data for 3,500 individual municipalities. 
 
The cities of Bathurst, Nova Scotia and Perth, Ontario57, created solar potential maps to show which 
of the community’s homes and buildings were best suited for solar hot water systems. In the case of 
Perth, the map proved that almost three-quarters of all buildings were good candidates,58 while 72% 
of buildings in Bathurst were ready for a solar retrofit.59  
 
GSW Building, Berlin, Germany60

 

Figure 15: The red and orange façade of the 
GSW Building. Photo by Sharon Boddy. 

This building project used a combination of design features and 
passive solar energy to reduce its heating requirements, thus its 
demands on the municipal systems.. 
 
The GSW office block shows how a building’s orientation can cut 
energy use. This combination of four interlinked office buildings, 
completed in 1999, was built to adapt to variations in climate. The 
22-story GSW tower, characterized by its bright orange and red 

façade, uses natural lighting and ventilation, has no 
air conditioning system, and uses only half the 
amount of energy of a similar-sized conventiona

GSW Building 

Site location and orientation 
Renewable energy 
Energy efficiency 

Natural ventilation and 
daylighting 

Occupancy controls 

l 

ated 

 side of 
yers of double glazing.  

ive 

side of the building. In winter the 
ents are closed.  

ing solar 
ain in summer. In winter, the shades heat up and warm air is drawn into the building.  

 indoor temperature during evenings and other times when workers are not inside the 
uilding. 

ccupant behaviour  

performance. A study conducted on behalf of the Organisation for Economic Co-Operation and 

building. 
 
The building was designed using computer-gener
simulations of varying temperatures and climatic 
conditions. The tower’s concave shape—skinny on 
the north and south sides, fat on the east and west—
make the best use of solar gains. The western
the tower also has two la

 
The “wind sail” at the top of the tower creates negat
pressure and draws warm air up and into the entire 

building, while pulling stale air out. Vents on the west side of the tower draw in fresh air; in summer, 
cooler air is pulled through the ventilation system to the southern 
v
 
Perforated metal sun protection shades cover the entire southern face of the tower, reduc
g
 
Occupants can manually control both ventilation and natural light, although the building’s central 
control system automatically adjusts the vents and sun protection shades to ensure a balanced air 
supply and
b
 
O
 
Regardless of how energy efficient a building is, occupant behaviour can dramatically affect its 
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Development61 found that communication between occupants and other stakeholders is necessary to 
achieve operational performance. 
 
In the case of BO01, the predicted energy usage per apartment was about 25% greater than 
anticipated, but was still considerably lower than other conventional apartment units in the city. 
Although resident surveys showed a high level of awareness of environmental issues and a 
willingness to make behavioural changes, many were dissatisfied with the air temperature in their 
apartments, which led to the higher energy use.  
 
In the March 2009 issue of Canadian Architect, Douglas MacLeod noted that about 25% of a 
building’s performance is due to occupant behaviour. “In other words,” he wrote, “we need to use 
design to encourage us to change our behaviours.”62

 
But how is such behaviour change accomplished? The International Living Building Institute, which 
runs the Living Building Challenge (mentioned earlier), believes that making buildings and homes 
aesthetically pleasing is a key factor in persuading people to take better care of their surroundings.  
 
This is a similar approach to that taken by programs that use community-based social marketing 
techniques, such as “norm appeals” (peer pressure), direct contact among community members, and 
removing structural barriers that prevent people from changing their behaviour.63

 
For example, the Sacramento Municipal Utility District in California found that traditional appeals 
and incentives to use less energy were not meeting their conservation goals. In 2008, the utility began 
issuing notices to 35,000 randomly selected customers, rating them on their energy use compared 
with that of their neighbours in 100 homes of similar size that used the same heating fuel. Customers 
who used less electricity than average received a “smiley face” on their statements. After a six-month 
trial period, the utility found that the customers who received the reports reduced their energy use by 
2% compared to those who didn’t receive them.64

Figure 16: Graphic courtesy of Sacramento Municipal Utility 
 
Tenants of Gårdstens Bostader (also mentioned earlier) were involved from the beginning of the 
redevelopment. In an area of 150 households, only about 20 tenants initially agreed to take part in the 
project working groups. The project manager and an inspector then visited each tenant. Participation 
rose to 74 tenants, with 54 of them becoming permanently active in the project. These groups were 
successful in bringing many tenant concerns to the table, including security issues, parking, the 
colour schemes, and detailed renovation proposals. This was particularly important in this 
development because as many as half of all tenants were from other countries; the high level of 
community involvement ensured a successful integration with Swedish and immigrant families.65 
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The personalized approach used in this project helped reduce energy costs by 45% over a three-year 
period. 
 
Just as transit-oriented or walkable developments can encourage people to leave their cars at home, 
so too can building components encourage people to reduce their energy needs.  
 
As noted in the description of the GSW building in Berlin, occupants can control ventilation and 
lighting, but the building’s control equipment can also automatically override occupant behaviour 
when weather conditions are not ideal. At Klosterenga in Norway, the developer and architects held a 
common meeting for all new residents to educate them about the environmental features of the 
building and provided them with a user’s handbook that provided tips on reducing energy and water.  
 
Many off-the-shelf technologies are available that can reduce the chance of occupant behaviour 
having a negative influence on building performance. These can include low-flow fixtures, energy-
efficient appliances, motion sensors, “kill” switches that turn off all phantom loads from one switch 
(typically located near the front door so that when people leave their home, all non-essential 
appliances and lighting are turned off; many hotels offer this feature attached to the room key), and 
programmable thermostats and timers.  
 
Another such technology is the “smart meter.” By the end of 2010, all homes and small businesses in 
Ontario will be equipped with smart meters that track how much electricity is being used and when. 
Many Ontario utilities are also beginning to charge time-of-use rates based on the estimated demand 
on the electricity grid (defined as on-, off- or mid-peak).  
 
The combination of smart meters and time-of-use pricing lets people see how much electricity they 
are using, which in turn gives them the opportunity to shift electricity use to lower rate times (e.g., 
running the dishwasher overnight when demand is low). With the addition of smart meters, some 
utilities now offer a program that allows the utility to override a customer’s air conditioner (or other 
high-electricity using appliances such as swimming pool heaters) during peak demand periods. This 
allows the utility to reduce demand on the grid, particularly during summer months, and avoid 
potential power failures.  
 
Radiance @ MintoGardens, Toronto, Ontario, Canada66

 
This mixed-use residential/commercial building 
project used off-the-shelf technology to reduce 
energy and water requirements. 

Figure 17: Interior of one of the Radiance 
suites. Photo courtesy of CMHC.  

 
This LEED Silver 34-story, 337-unit condominium 
and mixed-use retail building in the heart of 
Toronto aimed to make energy and water 
conservation easy for residents. 
 
The builders worked on the assumption that 
occupants would “do the right thing” with respect 
to reducing resource consumption, as long as they 
were given the appropriate information and tools. Hot and 
cold water and electricity use are metered and billed 
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separately for each condo and an “all off” or “kill” switch was installed at the entrance of each unit 
that allows residents to turn off all lights when they leave. 
 
This more passive approach to occupant behaviour education has garnered some impressive results. 
Compared to condos without individual water meters, water use has been cut by 55% and the 
combination of the electrical meters and “all-off” switch cut electricity use by an estimated 10%. 
 
Occupancy schedule 
 
Building occupancy schedules will affect energy usage. Again, technologies such as sensors and 
programmable thermostats and timers can be installed that will reduce energy use. The example 
below provides an illustration of how one building manages its occupancy schedule. 
 
TOHU, Montreal, Quebec, Canada67  
 
This building project turned methane from a nearby municipal 
landfill into usable heat for the building.  
 
TOHU, la Cité des art du cirque, is home to the National Circus 
School and Cirque du Soleil’s permanent theatre. This LEED Gold 
building was completed in 2004 and was designed to hold up to 
1,742 people in the full theatre and gallery, plus 15,000 more on the 
grounds for outdoor performances.  
 
Peak occupancy during performances is more than 35 times that of 
normal daily occupancy. To accommodate the difference, geothermal 
(underground ducts that allow pre-heating or pre-cooling of fresh air) 
and ice thermal storage systems regulate the indoor temperature. A 
pump sends a refrigerant through coils in an ice bunker and when the vapour hits the ice, it condenses 
back into a liquid, ejecting the heat and cooling the building. The ice storage bunker can accumulate 
up to 10,000 kilograms of ice when the theatre is full, while underground ducts allow preheating or 
pre-cooling of fresh air. 

TOHU 

On-site stormwater treatment 
Natural ventilation 

Renewable energy. Methane 
from the local landfill is 
captured and used in a 

cogeneration system that 
pumps the heat to the 

building; the landfill gas 
capture system also produces 

25 MW of electricity that 
supplies 10,000 homes in 

Montreal. 

 
Installing the ice storage system allowed the air conditioning size that would otherwise have been 
required to be reduced by 90% and has cut peak electricity demand from 100 kW to 10 kW. 
 
Site location was chosen for its proximity to a local decommissioned landfill. A methane capture 
system had been installed to turn the gas into heat and power, both of which are used in conjunction 
with TOHU’s cogeneration system. The landfill gas will last for approximately 15 years and a project 
to add gases from municipal waste incineration is now underway to ensure a long-term energy 
supply.  
 
Industry Trends 
 
There seems to be no limit to what the future may hold for sustainable buildings. This paper has 
examined several leading-edge developments, many of which used off-the-shelf technologies to meet 
design goals. Even these efforts to date are humble in comparison to what is envisioned and 
underway elsewhere in the world.  
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Architects and their clients are often constricted by regulations, fiscal nervousness, attitude, market, 
understanding, etc., but the looming imperative created by existing and upcoming mandates for zero 
carbon and zero energy buildings in some countries and jurisdictions will force a change to all of 
these things.  LEED, for example has taken less than a decade in North America to become 
ubiquitous and that change was initiated prior to an era of significantly increased concern for global 
and climate change issues.  
 
Net-positive energy contributors 
 
One trend that has been initiated in Canada is the construction of buildings that move from being 
energy consumers to energy producers (i.e., a building that produces its own energy and balances 
annual consumption with on-site production) and then to being net- positive energy contributors, 
feeding energy—heat and electricity—back into community or larger grid systems.  
 
The net-positive energy contributor concept could be aided by the fact that two renewable energy 
sectors are expanding rapidly. The Electricity Sector Council in partnership with the Canadian Solar 
Industries Association released the findings of its Labour Force Survey in March 2009, which 
showed that the solar industry labour force is expected to more than double over the next three 
years.68 Similarly, the Canadian Wind Energy Association expects that industry to grow substantially 
in the near future69 and this will build capacity to bring renewables to buildings, providing that the 
relevant legislation and regulation on all levels from federal to municipal also follow.   
 
Buildings and Food Production 
 
An exciting new trend involves integrating food production into the built environment. This is a 
relatively new concept—although the green roofs movement has done some food production atop 
roofs, on a limited scale, for many years—but thanks to such social movements as the 100-mile diet, 
slow food and the increasing interest in local agriculture, the idea is catching on. 
 
In March 2009, Ryerson University in Toronto held an exhibition called “Carrot City,”70 which 
showed how the design of cities and buildings could enable food production. The exhibit explored 
the role of architects and builders and the relationship between agriculture and urban design. 
 
The Southeast False Creek development in Vancouver, B.C. (described earlier) includes an urban 
agriculture strategy. Food productions spaces will be created throughout the development, including 
on rooftops and balconies, around and inside buildings, in courtyards, parks and plazas, and at the 
waterfront, schools and community centres. 
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“Vertical farming” could also 
serve both agricultural and 
energy generation purposes. 
One theory, demonstrated in 
the graphic at left, shows how 
space inside tall buildings 
could be used to grow food 
year round, while the building 
could be heated and cooled 
using a combination of systems, 
such as solar arrays, district 
heating, etc. Any excess energy 
or electricity generated could 
then also supply other 
buildings in the area.  
 
Figure 18: Graphic courtesy of 
Vertical Farm. 
 

 
Biomimicry 
 
Architectural design is continually changing and no where is this more evident than in William 
McDonough’s “treescaper.”  
 
Using the concept of biomimicry—drawing inspiration from nature—McDonough’s tower is 
intended to work like a tree, making oxygen, distilling water, producing energy and changing with 
the seasons. The building’s aerodynamic shape reduces the impact of the wind and its curved form 
reduces the amount of materials needed for construction, increases structural stability and maximizes 
the interior enclosed space. The design includes a green roof and three-story atrium gardens.  
 
Wastewater from sinks and bathtubs would be recycled and used for irrigation in the building’s 
gardens; the wastewater from gardens could further be reused for toilet flushing. The southern façade 
would be made of about 100,000 square feet of PV panels, which could provide up to 40% of the 
building’s electricity needs. A natural-gas fired CHP plant would supply whatever power that the PV 
array could not.71

 
Gwanggyo Green Power Center in Seoul, South Korea72

 
This building project will lessen the impact to municipal water systems by reusing water used in the 
building for irrigation.  
 
The Gwanggyo Green Power Center uses biomimicry design principles and is expected to begin 
construction sometime in 2011 or 2012. 
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The design—described as “an acropolis of organic structures”—is intended to mimic and link to the 
natural environment surrounding the site.  The complex is envisioned as a fully self-sufficient city for 
77,000 residents with housing, offices, shops and educational facilities, all in one interactive centr
that will reduce transportatio

e 
n requirements. The structures will rise up in concentric rings, providing 

ach individual building with a terrace that will be fed by a floor-to-floor circulation system that 
ion.   

 cost 

umers choosing qualified energy-efficient products and 
chnologies, and some insurance companies now offer lower premiums on buildings that include 

y technologies.  

f Canadian Municipalities has estimated that the total municipal infrastructure 
eficit—the shortfall in the funds required to upgrade existing municipal assets—stands at roughly 

ith such an enormous deficit, buildings must play a more significant role in lessening their impact 

 
•  to produce more energy than they consume to heat, cool 

e the 

s. 
Buildings that use less energy overall, cut GHG emissions that contribute to smog, air pollution 

still a long way to go and numerous barriers to overcome, but developments in the scientific 
ommunity, government, industry, and in public opinion are changing the role of buildings within 

r in 
g 

poised to benefit from emerging carbon trading markets by selling credits that can 
ffset any cost premiums that may be associated with building sustainably and lower an owner’s 

r 
ate change, or aesthetic reasons, when buildings act as infrastructure they can benefit 

e
stores water for irrigat
 
New financing tools 
 
So-called “green” financing—loans or lines of credit—is starting to catch on with some financial 
institutions. The Currents, for example, obtained a green loan that leveraged the operating
savings from energy efficiency to invest in more efficient technologies. Some banks offer lines of 
credit that are contingent on cons
te
renewable energ
 
Conclusion 
 
The Federation o
d
$123 billion.73  
 
W
on or adding to the capacity of an already strained infrastructure system. The opportunities include: 

Net-positive energy buildings designed
and power other buildings, free up capacity within established energy systems and provide safe, 
secure and reliable sources of energy. 

• Buildings that include systems that treat water and wastewater or manage stormwater, reduc
impact on, or eliminate the need to be connected to, municipal water systems.  

• Buildings that include food-growing areas increase the supply of local produce, and reduce 
dependence on imported foods and the associated transportation pollutant emission

• 
and on a large scale, climate change, and reduce their dependence on fossil fuels. 

 
There is 
c
society. 
 
Climate change may be the single biggest predictor of how fast the sustainable building secto
Canada will grow. Since a significant part of Canada’s GHG emissions are attributed to the heatin
and cooling of buildings, builders that use more sustainable methods that reduce energy and 
emissions are 
o
overall costs. 
 
Whatever the rationale behind adopting a more sustainable building strategy, whether it be fo
financial, clim
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not just the developer, occupant or owner, they can also spread those benefits to the greater 
ommunity.  

Links to all of the examples used in this paper are included in the End Notes and readers are 
encouraged to visit these web sites for more information.  

c
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Glossary 
 
Active transportation. Any form of non-vehicular transportation. Includes walking, cycling, inline 
skating, skateboarding and using a wheelchair. 
 
Combined heat and power (CHP). Also known as cogeneration, a plant that produces both thermal 
and electric energy. 
 
District heating. Also known as distributed generation or community energy, an energy system that 
uses hot water or steam to heat several buildings via an underground pipeline network. 
 
Eco-industrial networking (EIN). EIN creates collaborative networks among businesses, 
governments and communities to more efficiently and effectively use resources, such as materials 
and energy, but also including land, infrastructure, and people. 
 
Energy savings companies (ESCOs). ESCOs evaluate buildings for energy-efficiency measures and 
guarantee a certain percentage of savings. They perform a variety of services and carry the risks of 
performance and operation. An ESCO’s services are paid out of saved energy costs—if energy-
saving targets are not reached, the ESCO is not paid. If the target is surpassed, the agreement signed 
between the building owner and the ESCO stipulates how the savings will be split.  
 
Enthalpy Wheel. A type of energy recovery ventilator that exchanges heat and humidity from one 
air stream to another. Rather than discard used building air, an enthalpy wheel salvages useful energy 
and transfers it to incoming, fresh air, which saves energy by reducing the need for cooling in the 
summer and heating in the winter. 
 
Fused grid. A road design that combines the best elements of conventional and grid-based street 
layouts. 
 
Geothermics. The energy saved in the form of heat beneath the earth’s surface. 
 
Green roof.  New or roof extensions that involve a high quality waterproofing and root repellant 
system, a drainage system, filter cloth, a lightweight growing medium and plants. Green roof systems 
may be modular, with drainage layers, filter cloth, growing media and plants already prepared in 
movable, interlocking grids, or, each component of the system may be installed separately.74

 
Integrated design process (IDP). A process that includes all building stakeholders. A multi-
disciplinary team works together from the pre-design phase through post-occupancy to optimize the 
building for environmental sustainability, performance and cost saving. 
 
LEED. Leadership in Energy and Environmental Design is a certification system recognized in 
several countries including the U.S. and Canada that measures how well a building or community 
performs with respect to main energy and environmental issues. Refer to the CaGBC website, 
http://www.cagbc.org/, for details. 
 
Life cycle cost/costing. The total cost relating to a system, product, structure or service during its 
lifetime, including capital, installation, design, operating, maintenance and disposal costs. 
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Net-positive energy contributor.  A home or building that produces more energy than it consumes 
annually, energy that can be used for other applications. 
 
Net-zero energy contributor. A home or building that produces as much energy as it consumes 
annually.75

 
SolarWall™. A patented Canadian system that uses dark-coloured metal panels along a building 
wall that creates an air cavity between the building and the panel. Tiny perforations in the panel 
allow air to flow through and, as the sun hits the panel, the air in the cavity is warmed up. A 
ventilation fan then draws the heated air up to the top of the cavity and into the building’s ventilation 
system.  
 
Smart meter. Electricity meter that electronically tracks how much electricity is used and when.  
 
Time-of-use pricing. Electricity rate structure that charges a different amount depending on the time 
of day. Rates are tied to on-, off- or mid-peak electrical demand.  
 
Urban heat island effect. The temperature difference between urban and rural areas, where urban 
areas are significantly warmer due to modifications to the land surface (e.g., paved surfaces, 
buildings, etc.).  
 
VOCs (volatile organic compounds). Gases or vapours emitted by various solids and liquids, many 
of which can have short- and long-term adverse health effects. 
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Questions to the article “Buildings as Infrastructure”   
 

1. What are the key differences between the various categories of “green” buildings? 

2. Do you believe that green buildings cost more? Explain your view. 

3. What are the various ways buildings can perform as, or contribute to, community 
infrastructure? 

4. Which design strategies for buildings, sites and neighbourhoods would you employ to 
improve the viability of buildings to assume an infrastructure role? 

5. What are some of the current impediments/obstacles/barriers to buildings behaving as 
infrastructure components? 

6. If you were developing a business case for buildings as infrastructure which 
technological, financing/partnership options would you explore? 

7. In your opinion, which of the case studies presented in this article is the best example of 
buildings behaving as or contributing to infrastructure. How would you improve on this 
case study? 

8. What type(s) of buildings are most likely to prove good candidates for retrofits which 
could benefit or become part of community infrastructure? 

9. What are the various ways projects like South East False Creek are recovering what has 
previously been wasted heat or energy?  

10. How does the Integrative Design Approach help designers understand the connections 
between buildings, people and the environment? What is the significance of acquiring 
this understanding? 
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