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1.0  EcoSmart™ Concrete Project

Busby + Associates Architects was secured for the role of consultant on the 
EcoSmart™ Project Dematerialization Study. The aim of this study is to increase the 
understanding of the relationship between the selection of Ultra High Performance 
Concrete (UHPC) and the overall environmental performance, cost, constructability 
maintenance and operational effi ciency as it relates to the EcoSmart™ Concrete 
Project which aims to develop sustainable concrete through innovation in supply, 
design and construction.

Concrete is one of the most widely used building materials in the world. However, 
the production of portland cement, an essential constituent of concrete, leads to 
the release of signifi cant amounts of CO2, a greenhouse gas (GHG) - producing one 
tonne of Portland cement produces approximately 0.9 tonne of CO21. Worldwide, 
cement making accounts for approximately 8% of global CO2 annual emissions2. The 
use of concrete is expected to grow in the foreseeable future, but this growth needs 
to be compatible with environmental protection and sustainability. 

It is widely accepted that using reclaimed industrial by-products such as fl y ash, silica 
fume, and slag, commonly called Supplementary Cementing Materials (SCM), can 
reduce the amount of portland cement needed to make concrete, and hence reduce 
its “CO2 signature”. Using SCM in concrete not only has the potential to reduce GHG 
emissions, but also to improve long-term strength and durability characteristics, 
and to result in a more economical concrete than conventional portland cement 
concrete.

The objective of the EcoSmart Project is to minimize the GHG signature of concrete 
by maximizing the replacement of portland cement in the concrete mix with SCM 
while maintaining or improving the cost, performance, and constructability. The 
expected outcome of this project is to develop EcoSmart concrete to the point where 
it can be successfully deployed in the building industry, in Canada and worldwide.

This scenario shows 
the percent of Supple-
mentary Cementing 
Material replacement 
required to achieve 
zero percent increase 
in CO2 production 
from cement manu-
facture from 1995 to 
2010.2004 EcoSmart™ Partnership 

1

1   Malhotra, V.M. “Making Concrete ‘Greener’ 
with Fly Ash”, Concrete International, Vol. 21, no. 
5, pp. 61-66, May 1999. 

2   Mehta, P.K. “Role of Pozzolanic & Cementitious 
By-Products in Sustainable Development of the 
Concrete Industry”, in Sixth CANMET/ACI/JCI 
Conference: Fly Ash, Silica Fume, Slag & Natural 
Pozzolans in Concrete, 1998.
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Traditional concrete, generally composed of portland cement, water, fine and/or 
coarse aggregate, is one of the most commonly utilized building materials in the 
world. The last century’s rapid development of high-rise buildings and long-span 
bridges has resulted in the need for concrete with greater and greater compressive 
strengths as well as low penetrability, high durability and excellent constructability.  

Ductal® is an ultra high performance cement based composite material with 
organic or metallic fibres that are responsible for much of the tensile strength and 
resiliency of the material. It has a compressive strength more than twice that of any 
high-performance concrete to date. It is mouldable in the form of dry-cast, fluid or 
self-placing with properties adaptable to the demands of each application. This new 
technology provides innovative solutions that are competitive, faster to construct, 
lower in maintenance costs and with less environmental impact.

2.0   ULTRA HIGH PERFORMANCE CONCRETE

2.1    DUCTAL®

Traditional Concrete Content, Portland Cement Association
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Today, approximately half of the world population resides in cities. Within thirty 
years time, the number is expected to increase exponentially, resulting in as many as 
three-quarters of the population living in urban areas. Currently, buildings in urban 
areas account for more than 40% of all primary energy usage and condominiums 
are fast becoming the dominant type of urban residential building. Vancouver, like 
many other cities, has seen a dramatic increase in population and a change in core 
activities from an industrial to a service-oriented economy. The rapidly expanding 
condominium market is forecast to continue growing with this trend. It is within 
the sustainability policy of the Vancouver region to increase population density in 
urban centres and encourage condominium-type housing developments. Ensuring 
a sustainable future for our country, region and our local economy represents an 
enormous technical, economical and social challenge. Accordingly, the design, 
construction and supply of the infrastructure, buildings and equipment necessary 
for this change represent major business opportunities.

With the intent to contribute expertise to this challenging opportunity, Busby + 
Associates Architects, in conjunction with professionals from other disciplines, 
initiated a prototype design for sustainable condominiums. The Sustainable Condo 
will be designed, constructed and displayed as part of the first green development for 
South East False Creek (SEFC) in Vancouver, BC. A demonstration display will be built 
and shown at the GLOBE 2004 Exhibition, as well as at the Pacific National Exhibition 
(PNE) 2004. The exhibited prototype will demonstrate the concepts, processes, 
products and solutions applied to the condominium and promote the organizations, 
companies, professionals and suppliers involved in the project.  Ultimately, the 
sustainable condo unit will be built in the new OPSAL development at SEFC. 

3.0   DEMONSTRATION PROJECT: THE SUSTAINABLE CONDO
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3.1   GOALS

The goal of the Sustainable Condo project is to create conditions favourable to the 
successful development and deployment of a sustainable condo utilizing various 
renewable energies and materials via a three-pronged approach:

I) Technology Development: 

By engaging local professionals, builders, suppliers, and manufacturers during 
the design and construction process to develop innovative renewable energy 
technologies, utilize new products and other sustainable solutions.

II) Market Development: 

By raising public awareness and interest in renewable energy and sustainability 
though a number of shows, using the successful and popular formula of the “home 
show”. By involving the investment and development community and proving the 
emergence of a new market demand.

III) Business Development: 

By providing a platform for showcasing and promoting local companies involved in 
leading-edge green design and renewable energy. 

4
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The Sustainable Condo project is unique as no equivalent exists on the market 
today. The anticipated benefits are considerable and include:

Triggering innovation and product development utilizing renewable energy 
technologies by:

•  Developing expertise and knowledge in the design of sustainable  urban  
     residential development.
•  Creating an opportunity and an innovation platform for architects, engineers,  
 suppliers and developers.
•  Providing a vehicle for promoting nationally and internationally recognized  
 local expertise in sustainable design including renewable energy   
 technology utilization.

Generating a new market for sustainable housing by:

•  Fostering public interest in sustainable housing development.
•  Developing conditions for a “sustainable condo” market by helping to create  
 a first example and trigger the interest of the investment community for  
 the potential return on this type of project.
•  Giving a story to the media resulting in raised publicity.
•  Fostering behavior and attitude change with residents.
•  Having a similar cost to a traditional condo and being marketed through the  
 established channels of local developers.

Providing an example of the synergies between good business and sustainability 
by:

•  Showing economically practical ways to address the challenges of urban  
 sustainability.
•  Demonstrating the possibility of significantly reducing environmental impact  
 while saving money.
•  Supporting Canada’s commitment to Kyoto and the Canada Climate Change  
 Action Plan by implementing cost-effective and renewable energy  
 solutions.

Preparing the way for future initiatives by:

•  Creating the opportunity for a long-term permanent exhibition for “green”  
 technologies.
•  Becoming the first prototype for the Olympic housing and the OPSAL SEFC  
 development.
•  Providing a display to be shown at World Urban Forum 2006 in Vancouver.

3.2 BENEFITS
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Ramp Entrance

Sustainable Condo Prototype

Ramp Exit

The Sustainable Condo prototype incorporates narrative ramps to extend the entry 
sequence of the visitor into the condo. The primary goal of the increased transit time 
is to educate the visitor about the global problems inherent to current, conventional 
construction methods in the areas of Water, Energy, and Material Consumption, 
Land Use, and Occupant Well-Being. The non-sustainable attributes of current 
construction and their contribution to the global problems mentioned above will be 
highlighted to the visitor using various graphic and visual techniques.  By the time 
visitors approach the entrance to the condo, they will have  gained an introductory 
understanding of the relevance of sustainable building.  The secondary goal for the 
ramp approach will be to create anticipation for the visitor’s  arrival to the condo. 

As these ramps serve several important functions in the overall effectiveness of the 
Sustainable Condo presentation, it is imperative that they meet and exceed rigorous 
standards for environmental sustainability without compromising functionality or 
sacrificing the overall aesthetic of the design. Because of the innovative benefits 
outlined in 2.0 and 2.1 of this report, Ductal® Ultra High Performance Concrete was 
chosen as the material for the fabrication of these ramps.

3.3   NARRATIVE RAMPS
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4.0 TECHNICAL

Advantages and Challenges to the use of UHPC:

 
 • Strength and Flexibility
 • Longer Spans
 • Taller, thinner, lighter structures
 • Innovative, slender new profiles
 • Reductions in foundations
 • Faster Construction
 • Reduced Maintenance
 • Increased Usage life
 • Improved seismic performance

• Resistance to impact
• Dimensional Stability
• Freeze/Thaw Resistant
• Abrasion Resistance
• Very low permeability

The most significant variable influencing the strength, and the long-term quality of 
concrete is the ratio of the weight of water to the weight of cementing materials. 
Thus some of the most important developments have been superplasticizers and 
water reducing agents.

The incredible strength of the UHPC mix means component designs will have to be 
altered to take advantage of the material’s abilities, adapting stout, compact shapes 
to make them thinner and lighter.

STRENGTH
     
 Compressive 
 Flexural    
 Youngs Modulus
 
DURABILITY
 300 Cycle Freeze/ Thaw 

CURING -  Normal curing at 20C 
 At 24 hours 
 At 28 days 

METALLIC FIBRES

160 – 230 MPa
30 – 50 MPa
55 – 60 GPa

fc>100 MPa
fc >160 MPa

ORGANIC FIBRES

120 – 150 MPa
15 - 25 MPa
45 - 50 GPa

fc>40 MPa
fc>120 MPa
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5.0   ECONOMIC

Improvements in the strength of UHPCs to over 80 MPa have led to weight savings, 
simpler and faster construction, as well as significant economic benefits despite the 
higher unit cost of the material in comparison to traditional concrete products. The 
desirability of higher strength and durability must be balanced with the needs for 
constructability and cost control. The longer life spans possible with UHPC designs 
can dramatically cut maintenance and even replacement needs over the entire life of 
a project. This means designers should examine all costs, especially maintenance and 
replacement costs when considering construction options.

UHPC is an advanced material with an enormous potential to supplement traditional 
structural materials and techniques. In order for the full benefits of UHPC and SCMs 
to be realized material batching and sorting must be handled in new ways by the 
precaster. As it can be cast so quickly, precasting operations will have to adapt by 
using longer beds and new processes to make the material cost effective.
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6.0   ENVIRONMENTAL

The World Business Council Sustainable Development’s (WBCSD), “The Cement 
Sustainability Initiative - Our Agenda for Action”, July 2002, shows that cement 
manufacturing accounts for 5% of the world total of CO2 emissions and 3% of the 
world total of greenhouse gas (GHG) emissions. 

Ultra High Performance Concretes have very good potential for GHG emission 
reduction and GHG signature reduction mainly because of:

• Reduced Material Requirements
• Reduced Transport costs
• Increased SCM Content

Statistically, the amount of GHG emission reduction achieved by this project seems 
relatively small due to the lessened quantity of UHPC required. However, it is 
important to emphasize the demonstration aspect of this project. Potentially, the 
full scale (all 20 floors of the building) use of UHPC could lead to significant GHG 
reductions and the project team feels there are a number of additional parameters 
that should be taken into account when calculating GHG emissions reduction and 
GHG signature minimization.

The proposed project could also develop into a UHPC initiative for Canada and 
continue to spread across the region in the near future. It is envisioned that after 
the development of this UHPC prototype, the increased interest will lead to the 
replication of such systems. 
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Ultra High Performance Concrete (UHPC) is a new technology based on the family 
of Supplementary Cementing Material (SCM) products. The advantages of these 
materials include superior compressive and flexural strengths with increased 
ductility. It is extremely durable demonstrating  a high abrasion resistance and an 
exceptional resistance to chemical aggressions and difficult weather conditions. This 
wide range of beneficial properties results in a product suitable to many different 
construction purposes which reduces the quantity of material required for a project. 
The efficiency and adaptability of these products result in reduced material creation 
and energy usage, lessened transportation loads and minimized greenhouse gas 
(GHG) emissions and GHG signatures.

The use of Ductal® UHPC for the narrative ramps of the prototype  Sustainable 
Condo has been highly effective. The material is capable of meeting and exceeding 
the project requirements of sustainability, functionality, constructability as well as 
satisfying the rigorous aesthetic requirements of a showcase piece. 

7.0  SUMMARY
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Appendix A -  Ductal™ TECHNICAL CHARACTERISTICS
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