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J a s o n  F.  M c L e n n a n 
is a national leader in a growing 
movement of individuals seeking to 
transform the building industry to 
be more restorative and responsible.  
He is a partner at BNIM Architects, 
one of the pioneers in the green 
architecture movement and 
founder of Elements, its sustainable 
consulting division.  He is also the 

founder and CEO of Ecotone Publishing, a company dedicated to 
educating design professionals about the impact of the construction 
industry on the environment.
 Jason has lectured on sustainability across the U.S and Canada 
and his work in the sustainable design field has been published in 
numerous journals, conference proceedings and books. He is the 
author of two previous books, The Philosophy of Sustainable Design 
and The Dumb Architect’s Guide to Glazing Selection, both released 
in 2004 by Ecotone Publishing. Jason currently lives in Kansas 
City with his wife Tracy, his two sons Julian and Declan and their 
Great Dane, Papillon.

D a v i D  R .  M a c a u L ay 
is a freelance writer who specializes 
in architecture, engineering and 
construction topics for publications 
and the Web. With more than 
twenty years of experience as 
a writer, editor, journalist and 
publisher, he currently works with 
several leading architectural and 
engineering firms. A graduate 

of Ohio University’s E.W. Scripps School of Journalism, he has 
served as editor of two national trade magazines covering the 
water and construction industries and as writer/publisher for 
an international facilities engineering society. His chief passions 
include writing about business, the environment, and buildings 
– interests he attributes in part to his friend and mentor, David 
Brower.
 Today, Dave lives in Kansas City, Missouri with his wife Julie, 
who works for The Nature Conservancy, and their two ferocious 
cats, Buster and Scout.

“This book should be a wake-up call to the whole engineering profession that it is possible to be both a leader in sustainable engineering and 
successful in professional practice – the two are not mutually exclusive – indeed it can be a catalyst for greater potential.”

— Bob Berkebile, FAIA 
Principal, BNIM Architects

“It is not possible to do creative progressive sustainable design without a strong like minded integrated design team. For me, the leaders of 
Keen Engineering have for 15 years provided challenge, creative stimulation and thoughtful inspiration that has made all of our best projects so 
successful. Enjoy the book!”

— Peter Busby
Principal, Busby, Perkins & Will

The Ecological Engineer effectively captures the spirit of the future of engineering – exciting, effective, and above all responsible.  A must-read for 
every engineer and architect in practice today.”

— Burt Gregory, 
Principal, Mithun Architects
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c o v e r  P h o t o : 

B o o k  D e S i g n :  e r i n  g e h l e

c o P y r i g h t  ©  2 0 0 5  e c o t o n e  P U B l i S h i n g

engineering / environment / architectUre

www.ecotonedesign.com

T h e  e c o L o g i c a L  e n g i n e e R  is a new book series that celebrates the most 
innovative engineers in north America and the practices and principles that they use to 
produce functionally outstanding structures, systems and technologies, in a way that 
embraces the emerging philosophy of sustainable design. organized into three critical 
sections – Practice, Principles and Projects – the book provides a valuable resource and 
touchstone for engineers, architects and other building professionals who hope to embrace 
an ethic that is responsible to both people and the environment.  

v o L u M e  o n e :  K e e n  e n g i n e e R i n g  focuses on the innovative work of one 
of the leading sustainable MeP firms in north America – keen engineering. As mechanical, 
electrical and plumbing engineers who work on projects all over the continent, they have 
consistently been inspiring on multiple levels – as a company, as individuals and just by the 
sheer volume and quality of their work.
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York University
Computer Science 
Building
The Future Has Arrived
Toronto, Ontario

Autonomous robotics, computer vision, theoretical models 
of computation, artificial intelligence, human and computer 
interaction–all are part of the future of computing. And the 
future has already arrived at Canada’s York University.

Advanced research interests like these have made York’s Department 

of Computer Science and Engineering one of the leading academic and 

research programs in Canada today. In addition to its dynamic research 

environment for faculty, staff and graduate students, the department is 

home to over fifteen hundred computer science majors.

It is fitting, then, that Computer Science and Engineering is located 

Moving and turning above us, around us, within us is the 
invisible element that first animated the planet – the breath 
of life.

– David Suzuki, The Sacred Balance
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The first cold-weather climate green building in North America, York’s Computer Science 
Building features exterior shading and “blank-out” louvres above the main entrance 
(south elevation).

Primary Team Members
Owner: 
York University

Architects:
Busby + Associates, Vancouver, BC
Project Team: P. Busby (Partner-in-Charge), V. Gillies, M. McColl 
(Associate-in-Charge), A. Waugh, S. Ockwell, J. South
ArchitectsAlliance, Toronto, ON
Project Team: A. DiCastri (Partner-in-Charge), W. Bettio (Project 
Architect), B. Zee, M. Lukasik

Engineers:
Mechanical: Keen Engineering, Toronto, ON – M. Godawa (Engineer of 
Record) K. Hydes (Partner in charge), W. Cheng (Project Engineer)
Structural: Yolles Partnership Ltd., Toronto, ON
Electrical: Carinci Burt Rogers Inc., Toronto, ON

Consultants:
Landscape Architecture: John Lloyd & Associates, Toronto, ON
Environmental Sustainability: Berkebile Nelson Immenschuh 
McDowell (BNIM) Architects, Kansas City, MO
Cost Consultant: Hanscomb Consultants, Toronto, ON

General Contractor:
Ellis-Don Construction Ltd., Mississauga, ON

Co
py

rig
ht

 ©
 S

te
ve

n 
Ev

an
s,

 P
ho

to
gr

ap
he

r; 
ar

ch
ite

ct
sA

lli
an

ce
, i

n 
jo

in
t v

en
tu

re
 w

ith
 B

us
by

 +
 A

ss
oc

ia
te

s



volume one: KEEN Engineering 151

in one of the most advanced cold-climate green buildings in North 

America. In 2002, World Architecture Magazine chose the York 

University Computer Science Building in Toronto, Canada as one of 

the greenest buildings in the world. 

Located at the northern edge of metropolitan Toronto, York is one 

of the largest universities in the country. Sustained growth over the 

past twenty years, due, in part, to surging enrollment in computer 

science programs, led the University in 1998 to commission Busby 

+ Associates Architects, in joint venture with Van Nostrand DiCastri 

Architects, to design a new dedicated Computer Science facility.

Environmental Objectives
From the outset of project planning, the University’s goal was that 

this construction would be the first green institutional building 

project in Ontario. Peter Struk, former head of facilities at York, was 

instrumental in initiating a sustainability mandate for the University 

which, in turn, offered the project team an opportunity to prove the 

design approach could work in a “cold weather” climate. Since 

then, all buildings on the York campus must meet environmental 

sustainability objectives.

The project kicked off with an all-day design charrette at York, 

led by Bob Berkebile of BNIM Architects in Kansas City, Missouri. 

Participants included the users and the architectural and engineering 

team. Their charge: to define sustainability goals and identify features 

that would lead to good indoor air quality and user satisfaction while 

not exceeding the capital budget. In fact, Struk and the University 

challenged the team to design a green building that would not 

cost any more than standard construction and yet achieve energy 

performance resulting in lower operating costs.

Design Overview
The University directed the design team to create a warm, open, 

welcoming facility with as much natural light as possible through the 

use of skylights and translucent glass substituting for drywall partitions 

and yet be simple and flexible enough to accommodate unpredictable 

future technology. The Computer Science Building opens up with a 

large glass elevation, a welcoming entry and open circulation space.

The 115,000 square-foot, four-level building is organized around 

three functional components: a two-level block with lecture theaters; 

computer classrooms and research and teaching laboratories placed 

on the north side to capture efficiencies in energy consumption; and 

The building’s “Tree Atrium” near the main entrance promotes fresh air and daylight 
throughout the three-story space and into adjacent offices.
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Project Program and Stats

Location:  York University Campus, North York 
(Toronto, Ontario)

Building Type:  Educational Facility, New Construction, 
Single Structure

Size:  Approx. 115,000 sq. ft.

Stories:  Three-story building, with a fourth below 
grade

Building Features:  Dedicated research space with restricted 
access; computer labs; three lecture 
theaters (one with 500 seats and two with 
approx. 200 seats each); graduate offices

Site Issues:  Greenfield site, placed in between other 
campus buildings that needed to stay 
operational

Completion Date:  August 2001

Certification: CBIP – Commercial Building Incentive 
Program

Cost:  $17 million

Awards:  • Consulting Engineers of Canada   
 Award of Excellence, 2002 
• “The Best Green Buildings”, World   
 Architecture Magazine, September 2002 
• Architectural Institute of British Columbia  
 “Lieutenant Governor of BC Medal”

As designed by Busby + Associates with Architects Alliance, the sawtooth design (west 
elevation) excludes direct sunlight to minimize heat gain – enabling offices to capture 
the more controllable southern light.

The question was, could we deliver the same levels 
of performance and energy savings in a more 
extreme climate. We had faith that our ideas were 
going to come through, and we had European 
examples to back us up. We wanted to convince 
them – and they were ready to be convinced.

– Peter Busby
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communications systems and faculty and research offices located 

in a flexible wing on the west side that parallels the main circulation 

space. All are connected through two large atria.

The east and west sides of the building feature a sawtooth 

design, with the glazing angled to the southeast and northwest, 

respectively, to exclude direct sunlight while admitting as much 

natural light as possible. This orientation minimizes heat gain from 

the harsh eastern or western sun, while allowing office windows to 

capture more “controllable” southern light. On the south side, the 

building features exterior shading and “blank-out” louvres, which 

allow a speaker to control the amount of light coming into the 

lecture theater with moveable shades for presentations and other 

activities.

Also important to the design and performance of the building are two 

atria: the Tree Atrium (with bamboo trees) near the main entrance 

and the Bar Atrium (the research wing). Given the relatively deep 

floor plate, both areas are integral to enhancing natural ventilation 

and providing daylighting within the Computer Science Building. This 

high-tech building uses low-tech solutions to exceed the ASHRAE 

90.1 standard for energy efficiency by 40 percent.

MEP Design Process
The building’s energy performance is achieved through several 

integrated techniques. The primary design element is natural 

ventilation – a real challenge in an internally load-dominated building 

in the Ontario climate, with four seasons and a winter design 

KEEN’s concept sketch illustrates expected 
air movement within the building in 
summer: from the subsurface airflow 
plenum through the lecture theaters and air 
handling units to other occupied spaces, 
and finally skylights and solar chimneys.
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temperature of - 4º F. The exposed structure (12-inch thick slabs, all 

concrete) also provides thermal mass to smooth heating and cooling 

load peaks. In addition, external shading on the south exposure and 

saw-tooth walls on the east and west sides neutralize unwanted heat 

gain, thereby further reducing the cooling load. Underfloor air delivery 

in the lecture theatres promote the stratification of heat that delivers 

air to the occupant breathing zone and thereby improves indoor air 

quality and reduces cooling loads.

Using a mixed-mode design approach, KEEN’s engineers relied on 

two separate strategies: Summer/Winter and Spring/Fall. During 

the milder Spring and Fall shoulder seasons, the building opens up 

as fresh air flows through operable windows into classrooms and 

office spaces. The air then relieves into the corridors, which are 

interconnected to the atria. The air transferred to the atria is relieved 

through motorized high-level openings. Wind direction sensors control 

these high-level openings in order to eliminate potential downdrafts 

which would undermine the system. To extend the effectiveness of 

natural ventilation during hotter summer months, dual-duty smoke 

exhaust fans can be run at 50 percent speed with a variable speed 

drive to help pull air through the building.

In Summer/Winter mode, the space is essentially “buttoned-up” 

and mechanical systems are used to provide cooling/heating to the 

space. One air handler delivers fresh, tempered air to the atria space. 

A second air-handling unit serves the two basement lecture theatres 

and the large theatre via an underfloor supply system. A modular fan 

coil design is used for the perimeter and internal spaces. To serve 

peak summer and winter loads, these fan coils take air from the 

atria, condition it and deliver it into the space. The air is then partially 

relieved back into the atria, which serves as a mixing plenum for the 

fresh air delivered by the air-handling unit and the return air from the 

classrooms, offices and theaters. The remainder of the air delivered 

by the fan coils is exhausted through exhaust fans on the roof. The 

atria are therefore indirectly conditioned by transferred air from the 

occupied space.

Given the design’s high thermal mass and limited use of ducts, the 

sheet metal and mechanical contracts were very small – 13 percent of 

the total cost of construction, as compared to traditional mechanical 

costs that typically comprise 20 percent to 25 percent of the total. 

By reducing the plant size and ductwork, KEEN was able to transfer 

significant mechanical cost savings to architectural and other project 

elements, realizing substantial value gains.

Indoor Environmental Quality
The Computer Science Building relies on a passive ventilation 

system built under the structure. Intake airways on the north 



volume one: KEEN Engineering 155

side are used to pull large amounts of fresh air into the building. 

A concrete airflow plenum below the building then allows air 

to be directed where needed and leads to the three lecture 

theaters. As a result, occupants in the theaters receive 100 

percent outside air via underfloor air vents beneath the seats. To 

maintain good indoor air quality, CO2 sensors monitor how much 

air is necessary based on room occupancy. Controllable VAV 

(variable air volume) air handling units draw stale air in through 

vents, then filter it, condition it, and then distribute it through 

the concrete plenum to other parts of the building. Strategically-

placed skylights and chimneys also enable the passive system 

Left: KEEN’s recommendation to relax the thermal requirements within the 
lobby and other transient areas was critical to the building’s overall energy 
performance.

Above: Sawtooth design detail on the building’s eastern elevation.
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to move air efficiently and quickly where needed, using a “stack 

effect” that draws air out through the roof and replaces it with 

fresh air from the plenum.

The motorized skylights and clerestory windows on the third floor 

are controlled by computerized “meteorological stations” on top 

of the atria. These stations monitor wind, rain and temperature 

and are linked to the building management system to open and 

close windows and vents quickly according to changes in outdoor 

weather conditions.

The building’s second air handling unit supplies air for the two 

atrium ventilation pools. For the “Tree Atrium,” air is brought in 

low and allowed to filter up to a series of adjacent offices above. 

Offices with outside windows may be opened if conditions 

are right; offices facing onto the atrium also have operable 

windows, providing occupants with 100 percent outside air 

that is heated, cooled and treated. In addition, fresh air in both 

atriums is moved into fan coil units located in small closets 

around the perimeter of the building. The air is then treated 

and/or cooled if necessary and fed up to and exchanged 

through architectural cabinetry. This use of perimeter 

millwork as a work surface, air way and electrical chase – in 

combination with natural ventilation – greatly reduced the need 

for ductwork in the building and provides a great example of 

design integration.

KEEN concept sketch illustrates how 
glazing oriented to the southeast and 
northwest minimizes heat gain within 
building spaces.
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Water and Waste Design
Stormwater management is accomplished with a sod roof 

consisting of an eight-inch layer of soil under grass and a 

wildflower garden, all covering a concrete roof. The roof over 

the main lecture theater is terraced to support the soil. Rooftop 

soil and grass naturally retain the majority of the rainwater. 

The design also features a series of six-foot diameter concrete 

rainwater catchments. Through the use of flow control roof 

drains, excess rainwater runoff may be re-used or discharged 

slowly to the stormwater management system.

The building also includes various low-flow plumbing fixtures to 

further reduce water consumption.

Heating and Cooling
Essential to overall building efficiency is the reduction of heating 

and cooling loads through a highly energy-efficient envelope. 

The Computer Science Building has R-20 walls, an R-30 roof, 

highly efficient windows with thermally broken frames (U=0.32, 

SC=0.45), and no thermal bridging. The internal exposed 

concrete structure provides thermal mass, while the sod roof 

reduces heat losses in winter and solar gain in summer.

To reduce energy consumption and retain the building’s passive 

design, it was determined that a broader range of indoor air 

temperatures and humidity must be tolerated in the space. 

During summer, temperatures in the lecture theaters can 

reach 78°F in the stratified zone; but in the occupied zone, 

the temperature is 75°F. In winter, the atria is maintained at 

roughly 65°F to 68°F, while the classrooms and offices have a 

setpoint of 70°F to 72°F. This stepped approach to temperature 

setpoints is effective, because it graduates the occupant from 

a cold temperature (outside) to a more moderate temperature 

(atria) and then to a warm temperature (occupied space). As a 

result of this broader tolerance of temperature, the peak loads 

are reduced and the mechanical equipment runs for a shorter 

Inside the sawtooth: a light-filled, airy interior.

Whenever I take people on tours through the building, 
they say: “Wow, it’s really fresh in here, it’s like I’m 
outside, but I’m inside a building”. And that’s the key 
to the building: it breathes. The building breathes.

– Mike Godawa, KEEN
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Elements of a world-class, sustainably-designed building: warm, open, welcoming and 
flexible enough to accommodate tomorrow’s technology.
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period of time, thus conserving energy.

The University’s chilled water and steam plant provides district 

cooling and heating to the Computer Science Building. A 40°F 

∆T (Delta) temperature difference is used for the hot water 

coils in order to reduce pipe sizes, pump sizes and pumping 

costs; a 14°F ∆T is used on the chilled water side. A scavenger 

heat exchanger also recovers waste heat from the condensate 

to reduce the temperature of the condensate returning to the 

main plant and reduce the load on the steam to hot water heat 

exchangers.

Additional design measures were taken to significantly reduce 

the building’s annual energy consumption. These measures 

include: two large ventilation stacks – solarons – that induce 

airflow, allowing hot air to escape the building through the tops 

of the atria; windows on the east and west are located on the 

sawtoothed walls; south-facing glass is shaded by overhangs; 

louvres along the principal façade prevent summer sun from 

driving heat into the central atrium; and walls are well insulated 

to keep the building cool in summer and warm in winter.

Lighting & Daylighting
Daylighting is central to the success of the building, due largely 

to windows all around the perimeter and the atria, which allow 

light to bounce in.

Offices for faculty, graduate students and research staff also 

contain many sidelights within wooden panels. High-efficiency T8 

lighting fixtures also take advantage of the exposed concrete, 

bouncing light off the exposed white ceilings.

Site
The pre-selected site for the Computer Science Building was 

relatively tight for new construction, nestled between two existing 

buildings on the York University campus. As a result, the design 
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There is nothing especially novel in the way York 
University’s Computer Science Building handles 
green design – no dazzling gizmos or weird new 
materials – but the three-storey courtyard building is 
a lesson in putting sensible environmental thinking 
at the heart of a scheme.

– World Architecture Magazine

team gave careful consideration to where and how to orient 

various program elements within the building.

Engineering Process
The team’s decision to employ passive natural ventilation as a central 

feature of the Computer Science Building was critical to meeting the 

University’s sustainability goals. Yet, it also required consensus and 

a willingness between team members and the client to share risk to 

achieve these green design strategies in an extreme climate. That 

decision factored into KEEN’s knowledge of natural ventilation and 

hybrid buildings accomplished in the U.K. and Germany and the ability 

to leverage those technologies and techniques. Still, all the decision-

makers knew this venture was something new, and that it was going to 

be a journey for all involved.

Computer modeling utilized Thermal Analysis Software (TAS), allowing 

designers to analyze the building from a heat flow perspective and 

then to predict temperatures for various spaces. This analysis 

provided valuable information for determining the tolerances and 

risks in using these techniques.

Another strategic decision, made with the client, addressed transient 

areas such as the building’s main entry points into the atria. 

Particularly in winter or summer and regardless of outside conditions, 

these spaces are typically heated or air-conditioned like other 

spaces in a building. Instead, KEEN recommended that the thermal 

characteristics of these transient areas be relaxed. York’s buy-in to 

this transient zoning technique has been especially important to 

energy performance. Other key considerations for natural ventilation 

included making certain the envelope was superior, and that access 

and security concerns, arising from windows being left open by 

building occupants, were addressed.

Finally, at the commissioning stage, KEEN engineers briefed York’s 

maintenance and operations personnel who would ultimately run the 

building. Their presentation covered all aspects of how the simple, 

KEEN and the project team looked at planned uses within the Computer Science 
Building to maximize its energy advantages.
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robust system would work, including the components of air handling, 

mechanical room, underfloor air, fan coils, pumps, heat exchangers,  

and ventilation stacks. Equally important, the session described the 

minimalist approach to design as driven by the architecture – and how 

that design, in effect, would also reduce the required maintenance, 

eliminate the need to access ceilings, and limit the amount of heating 

and chilled water piping.
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