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OPINION

TRuE GRIT
HOW “GREEN” IS GREEN 
BuILDING TECHNOLOGY?

FR_RESuMÉ
PLuS VERT QuE VERT
À quel point les technologies de construction 
vertes méritent-elles ce nom?
Les technologies et normes de construction de bâtiments 
verts sont devenue monnaie commune dans la pratique de 
l’architecture de paysage. La grande question reste de savoir 
si l’on a suffisamment évalué l’efficacité à long terme de ces 
technologies. L’évaluation en cours d’occupation des bâtiments 
verts n’en est encore qu’à ses premiers balbutiements. Le Green 
Roof Innovation Testing Laboratory (GRIT Lab) de l’Université de 
Toronto s’applique à analyser et à évaluer les technologies vertes.

EN_
GREEN bUILDING TECHNOLOGIES and construction standards 
have become commonplace within landscape architectural praxis. 
The motivation, aside from the environmental, economic and 
cultural benefits of ecosystem services, can be undoubtedly 
attributed to the rise of incentive programs such as LEED and 
Sustainable Sites, as well as municipal legislation and guidelines. 
For instance, thanks to the City of Toronto Green Roof Bylaw, 
over one million square feet of new rooftops have been outfitted, 
or are in the process of being outfitted, with green roofs. And 
following Toronto’s Wet Weather Flow Guidelines, Lake Ontario’s 
waterfront revitalization project employs a multifunctional, load-
bearing modular subsurface system to manage stormwater and 
support tree growth.

LIAT MARGOLIS

1 GREEN ROOF GRITLAB TEST BEDS AGAINST THE TORONTO SKYLINE 
2 GREEN FAÇADE TESTING | 1 TOITS-VERTS D’ESSAI DE GRITLAB DEVANT 
LA SILHOuETTE uRBAINE DE TORONTO. 2 ESSAI D’uNE FAÇADE VERTE. 
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In parallel, and perhaps as a result of these shifts in professional 
practice and legislation, the increase in availability of manufactured 
materials and systems such as green roofs, green walls, pavement 
systems and solar photovoltaic arrays — designed to mitigate 
environmental degradation and improve ecological functioning — 
has generated a global economy worth billions.

GREEN TECHNOLOGIES: THE PITFALLS
Clearly, the adoption of green building practices is predicated on 
the concurrent, and often synchronized, changes to legislation, 
technology, professional practice, education and the economy. The 
main question is whether there is sufficient assessment of the 
effectiveness of green technologies in the long term.

Designers, often lacking input from ecologists or engineers, 
apply green technologies as per the information they receive from 
manufacturers, or from literature and guidelines that are over-
generalized, and which do not take into account specific regional 
conditions. Despite the best intentions, manufacturers must give 
priority to the bottom line. Investing in research and retooling is 
expensive and requires a long-term commitment. And government 
programs and standards are limited by the available information 
at the time of adoption. The development of a review process to 
evaluate building codes is contingent upon political cycles and budget.

GAUGING PERFORMANCE
Without a doubt, post-occupancy evaluation of green construction 
is still in its infancy. Furthermore, the cross-communication 
between academics, professionals, industry and policy makers 
that is necessary for a comprehensive evaluation is far from 
routine. A few examples illustrate this point. PhD Candidate in 
Civil Engineering and GRIT Lab Researcher Jenny Hill has recently 

undertaken a study of maturing green roofs, in collaboration with 
industrial partner Terry McGlade of Flynn. They found that in these 
pioneering installations, the long-term perception of success was 
linked to management practices and client expectations regarding 
natural changes in the plant community over a number of years. 
This paper, presented at Cities Alive 2014, also includes some 
preliminary data countering a commonly held belief; that green roof 
media with high organic content would compact or collapse after a 
number of years.

In two recent publications, PhD candidate in Biology and GRIT 
Lab researcher Scott MacIvor demonstrates that green roofs 
built above the eighth floor are colonized significantly less by 
nesting bees and wasps than on shorter buildings (MacIvor, 2015 
Israeli Journal of Ecology and Evolution: Green Roof Special Issue), 
and exotic bees visit Sedum (the industry standard green roof 
vegetation) significantly more than native ones (MacIvor, Ruttan, 
Salehi, 2014 Urban Ecosystems). These findings have obvious 
implications for habitat value and biodiversity, given that many new 
green roofs are installed atop new residential and office towers 
that exceed twenty stories and Sedum is the most widely planted 
vegetation on green roofs.

There is also a lack of literature on the embedded energy costs 
and greenhouse emissions associated with the manufacturing 
and transport of green roof products – which typically contain 
plastics and mined mineral aggregate – relative to their water, 
energy and ecological benefits. Another missed opportunity is the 
shortage of integrated systems, whereby multiple types of green 
technologies are designed in concert to optimize or stack functions. 
For example, green roofs are rarely installed in combination with 
solar photovoltaic arrays, despite the potential co-benefits of 
increased energy production and improved water management. 
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Because the two technologies address different aspects of 
environmental performance, each industry typically considers the 
other a rival in the marketplace, which also has an influence on the 
way designers and engineers conceive their options for building 
envelope solutions.

These examples are by no means intended to suggest that green 
technologies are impractical or invalid; quite the contrary. Rather, 
I raise these examples to suggest that greater rigor is essential in 
the analysis of environmental performance and life cycle impacts. 
In the case of green roofs, it is important to acknowledge that 
not all products are created equal; different configurations result 
in a range of qualities. It is also essential to clearly distinguish 
and prioritize performance objectives according to regional 
concerns, specifically with respect to climate, ecology and urban 
infrastructure conditions.

PERFORMANCE METRICS
The Green Roof Innovation Testing Laboratory (GRIT Lab) at the 
university of Toronto is dedicated to analyzing and evaluating 
green building technologies. The research lab was initiated in 
response to the uncertainties described above, and importantly, 
as an extension of the Centre for Landscape Research (CLR) 
at the John H. Daniels Faculty of Architecture, Landscape, and 
Design. CLR’s long-standing pursuit of performance metrics, the 
exploration of new technologies and digital software, and applied 
research collaborations provided the framework and credibility to 
invite a range of academic, industrial and government partners 
to collaborate. What sets the GRIT Lab apart from previous 
quantitative research projects at CLR is its physical testing 
facility on the rooftop of the Daniels Faculty and the use of sensor 
technology to acquire real time data.

The impetus for the green roof research was Toronto’s adoption 
of the Green Roof Bylaw in 2009. Given the lack of testing of 
the City’s green roof construction standard, the GRIT Lab has 
undertaken a five-year-long study to examine the performance 
of green roofs, with a specific focus on stormwater management, 

thermal cooling and the provision of value habitat for a diversity of 
pollinators. We examine two different growing media types and 
depths, two different planting treatments, and three different 
irrigation schedules. In order to determine the most significant 
parameters for runoff reduction and thermal cooling, we employ 
a series of sensors – a rain gauge that measures effluent flow 
rate, a soil moisture sensor, and five temperature sensors. Data 
is recorded in five-minute intervals and analyzed in relation to a 
weather station located onsite, which records solar radiation, wind 
speed and direction, relative humidity and precipitation.

In parallel, the lab also studies green façades – three-dimensional 
metal screens and tensile cables that facilitate the growth of vining 
plants – for the thermal cooling potential of building envelopes. We 
compare the growth rate and pattern of different vine species over 
the growing season against a non-vegetated wall. Temperature 
data is acquired through wall-mounted temperature sensors 
and then compared to the data acquired by the weather station. 
The third area of research focuses on the integration of solar 
photovoltaics (PV) and green roofs. We are testing the hypothesis 
that green roofs will reduce local air temperature through 
evapotranspiration and solar reflectance in order to optimize 
the performance of the PV and extend their lifetime. In addition 
to the rain gauge and temperature sensors, this installation 
also includes wind sensors, solar radiation sensors and energy 
monitoring equipment.

To address the complexity of these technologies, a collaborative 
and interdisciplinary research is imperative. The research group 
includes faculty and students (PhD, MSc, MEng, MLA, MArch, 
undergraduate) from the Landscape and Architecture programs 
at the Daniels faculty, from the Civil and Mechanical Engineering 
Departments at the university of Toronto, and from the Biology 
Department at York university. The lab also collaborates with 
over a dozen industry members (including roofing, green roof, 
green façade, irrigation, solar, building science and construction 
companies), as well as with the City of Toronto – Environment and 
Energy Division.

3 4



2015 vol.17_no.1   57  

I

I

B

C

D

A

E
F

G

INSTRUMENTS

A - Infrared Radiometer 
B - Temperature Probe w/Radiation Shield 1
C - Temperature Probe w/Radiation Shield 2
D - Irrometer Soil Moisture Sensor
E - Decagon 5TE 
F - Temperature Probe Sub-Soil 1
G - Temperature Probe Sub-Soil 2
H - Temperature Probe Sub-Bed
I - Rain Gauge Tipping Bucket
J - Junction Box

DATA RECORDED

A - Average Surface Temperature
B - Ambient Temperature @ 2’
C - Ambient Temperature @ 6”
D - None. (Irrigation Trigger)
E - Soil Moisture, Temperature and 
     Electrical Conductivity
F - Temperature just below surface
G - Temperature below planting media
H - Temperature below plywood bottom
I - Runoff volume/time
J - None. (Route to Dataloggers)
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Rectangular Mounting Flange
and Sleeve + 4 (1.5”x3/8”) Lag Bolts
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Sensor Zoom

3

Right-Angle Mount for IR Sensor
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Bracket for Temperature Sensors’ Post
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View Below Bed
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SOURCE: CAMPBELL SCIENTIFIC AND
MCMASTER-CARR

DATE: 7/12/2012

6

3 GREEN ROOF GRITLAB TEST BEDS AGAINST THE TORONTO SKYLINE 4 SCREEN 
SHOT OF THE LIVE SITE, 2014-7-18 @ 8:51:47 PM 5 GRITLAB MEADOW BED AND 
INFRARED RADIOMETER 6 INSTRuMENTATION: MAST AND SENSORS  | 3 TOITS-
VERTS D’ESSAI DE GRITLAB DEVANT LA SILHOuETTE uRBAINE DE TORONTO 4 
SAISIE D’ÉCRAN Du SITE, 2014-7-18 @ 20:51:47 5  LE PRÉ D’ESSAI ET LE RADIOMÈTRE 
INFRAROuGE GRITLAB : MÂT ET CAPTEuR 6 GRIT LAB : MAT ET CAPTEuR

OPINION

Given the emphasis on environmental performance and the 
aspiration to build successful ecological designs, I believe it is time 
for landscape architecture education, particularly at the graduate 
level, to make a leap toward research-design teaching models. Such 
models can manifest as design-build, interdisciplinary collaborative, 
and/or applied (practical, industry-based) research. A systemic 
change of this nature is certainly challenging, but the necessity to 
pursue sustainability in a meaningful way is crucial. The benefits to 
students are numerous. A research-driven design education hones 
analytical skills and advanced computation abilities, while opening 
doors to scholarly publications and to acquiring intellectual property 
with commercial potential. It will form the basis for the next 
generation of green building technologies.

The GRIT Lab website includes over 100 technical 
drawings and renderings, including plant data and sensor 
instruments. The Green Roof Image Index application 
displays time-stamped photos of its green roof test 
modules, and is designed to highlight the development of 
the green roof throughout the duration of the study. It also 
includes a live feed and video animations of the construction 
phase, as well as published articles and conference papers. 

liat.margolis@daniels.utoronto.ca
grit.daniels.utoronto.ca
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