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2.3: Optimizing the Building Envelopes with Green Roofs: A Discussion of 
Architectural and Energy Performance Requirements 
 
Authors 
Joseph Hagerman is finishing a Masters of Science degree in Civil Engineering at the 
Fu Foundation School of Engineering, Columbia University. Hagerman won the 2005 
Metropolis Next Generation Design prize for developing a bioremediating open cell 
paver entitled “BIOPAVER.” More recently, he was awarded the 2005 Rafael Viñoly 
Fellowship to research new ideas about high performance "green" building envelopes. 
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Session Summary 
We review the architectural design process of Howard Hughes Medical Institute, Janelia 
Farm Research Campus (HHMI) to understand a green roof’s obligations within a 
building envelope.  We consider how a green roof can simultaneously optimize energy 
performance, water management, and the design flexibility required by architects 
designing building envelopes.  In doing so, we analyze the heat conduction through 
various green roof products to arrive at the conclusion that current products are lacking 
as thermal insulators and could offer more flexible design options to an architect. For 
green roof products to mature for use within sophisticated building envelops, products 
must optimize energy and water management requirements, and they must 
accommodate flexibility in design that architects demand while providing dependability.  
We propose a new green roof section that optimizes the energy performance of the 
construction, the water management of the building envelope, and the desired design 
flexibility of the assembly.  Possible solutions are presented herein.   
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2.3: Roof-Envelope Ratio Impact on Green Roof Energy Performance 
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performs additional studies on building energy simulation under contract for 
Environment Canada. 
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policy under climate change and agent-based simulations of adaptation to 
environmental change. 
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Session Summary 
This paper addresses the impact of roof-to-envelope ratio on overall energy savings of a 
green roof design over conventional roof designs.  Simulations were performed using a 
modified version of the ESP-r simulator, developed at the University of Strathclyde.  The 
modified design employed a model developed by Columbia University and the Goddard 
Institute of Space Science which models the evapotransporation from a green roof 
calculated using the Bowen ratio; that is, the ratio of sensible heat flux to the 
surrounding air to the latent heat flux resulting from evaporative energy losses.  The 
resulting heat flux term is proportional to the external surface convection, but inversely 
proportional to the surface Bowen ratio, which is held constant and chosen to match 
experimental results obtained for a given roof design. 
 
The present study performed simulations for the month of July in a Toronto climate on 
square warehouse style 1, 2, and 3-storey buildings, with windows occupying ten 
percent of the area of each wall.  For the first set of simulations, the internal building 
load of each storey was set to zero, and the roof-envelope ratio was increased by 
increasing the building width and length.  For the final simulations, several roof-
envelope ratios were chosen, and the internal load of each storey was increased from 
0W to 50000W. 
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As the roof-envelope ratio increases, the cooling load of the upper floor for multi-storey 
designs approaches the entire building cooling load.  This indicates the importance of 
upper zone cooling in total building energy reductions.  Furthermore, the total energy 
savings of a green-roofed building over a conventional roofed building were far more 
significant for single-storey structures.  A 250m x 250m green roof design with 50000W 
internal loading was found to have percentage energy savings of 73%, 29%, and 18%, 
for a 1, 2, and 3-storey design, respectively. 
 
 
 
2.3: Quantifying Evaporative Cooling From Green Roofs and Comparison to Other 
Land Surfaces 
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and consumer preferences; and greenhouse crop production and management 
systems. 
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Session Summary 
This paper presents the results of energy balance modeling to estimate latent heat loss 
from green roof systems. Previously we reported on an energy balance model for non-
green roofs - without evaporative (latent) heat losses - and used it to determine the 
brightness required on white roofs to simulate the lowered temperatures on green roofs. 
In this paper we present the results of simulations of green roof temperature data 
directly by including latent heat loss.  Close fits by the model to the observed data 
allowed us to quantify the latent heat loss rates in comparison to the sensible 
(convective) heat loss rates. The ratio of these two heat loss rates is called the “Bowen 
ratio” which is a parameter used in climate modeling literature for characterizing latent 
heat loss for vegetation. Using July 2003 data from Pennsylvania State University’s 
green roof experimental stations, which consist of sedum spurium in a  ~4-inch growing 
medium we found a range of Bowen ratios between 0.12 and 0.35. Our modeling 
therefore predicts the latent heat loss rates for these green roofs were 3 to 8 times 
higher than the sensible heat losses. Bowen ratios changes correlated closely with 
precipitation data for the roofs. The ratios predicted by our model are compared to those 
reported for other natural vegetated surfaces, such as forests and irrigated agricultural 
systems. 
 
 
 
 
 


