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ABSTRACT 

 

This study focused on the evaluation of a modular green roof system designed for residential 

roofs to determine its thermal performance. The green roof system was installed on roof 

models with three slope angles: 1˚, 20˚ (5/12 pitch), and 40˚ (10/12 pitch). Differences in the 

average temperature of the undersides of the roof decks were compared between green roof 

models and shingle roof models at the three slope angles. Experimental data were collected 

for three summer months to compare the cooling load difference of both roof types at all 

slope angles. A case study was conducted on a residential single-story unit in St. Louis, 

Missouri. Results showed that a residential green roof system can yield significant energy 

savings in the summer season. Roof slope angle is also an important factor in heat gain of 

building envelopes due to its relationship with the sun’s incident angle that affects the solar 

irradiation on the building.  
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Nomenclature 

cp specific heat, kJ/kg.K 

g gravitational acceleration, m/s2 

k thermal conductivity, W/m°C 

L thickness of the roof assembly, m 

Q conduction heat flux, W/m2 

R thermal resistance, m2°C/W 

T temperature, °C 

u x-component of velocity, m/s 

v y-component of velocity, m/s 

 

Symbols 

α slope angle, ° 

β thermal expansion coefficient, K-1 

ν kinematic viscosity of air, m2/s 

ρ  density, kg/m3  

Subscripts 

c,b ceiling, bottom 

c,t ceiling, top 

r,b roof, bottom 

r,t roof, top 

 

INTRODUCTION 

Due to increasing energy demand and cost, noticeable changes in carbon footprint, and other 

environmental concerns, has increased motivation for research and policy discussions to 

address the energy performance of buildings. In the U.S., 48% of the total residential energy 

consumption comes from heating and cooling (U.S. Department of Energy, 2015). This 

percentage by itself is sufficiently large to attract attention to the importance of building 

insulation. While there are many examples of synthetic insulation materials, green roofs offer 

an alternative, living system. Along with their potential thermal benefits, green roofs are 

remarkably instrumental in decreasing the urban heat-island effect, reducing storm water 

runoff, capturing atmospheric carbon dioxide, and increasing the longevity of roofing 

materials. Green roofs have been gaining popularity worldwide due to regulations and 

incentives, including in Europe (Li and Yeung, 2014; Berndtsson et al., 2009), North America 

(Taylor, 2007, TGRTAG, 2011), and Asia (James and Metternicht, 2013).  

Building energy savings benefits of green roof applications have been studied in numerous 

papers in the literature along with theoretical quantification of thermal benefits of green roofs. 

Sailor (2008) investigated the evaporative cooling and evapotranspiration effects of green roof 

systems. Liu (2003) and Sidwell et al. (2008) investigated the shading effect of the plant foliage 

on the roof surface temperature. Celik et al. (2010 and 2011) studied the effects of various 

growth media and plant types on thermal benefits of green roof systems both experimentally 

and theoretically. Extensive, intensive, and semi-intensive green roof types were compared by 

Silva et al. (2016) in Lisbon, Spain. Results demonstrated that energy savings between 20 and 
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70% with reference to black roofs can be achieved with green roof growth media depths 

varying from 0.1 m to 0.7 m. Similarly, Ascione et al. (2013) compared the benefits of green 

roofs and cool roofs for several cities in northern and southern Europe. That study revealed that 

the green roofs can yield up to 11% energy savings in the summer season for southern European 

cities and up to 7% savings in the heating season for selected cities in northern Europe. Berardi 

(2016) looked at the microclimate benefits of green roofs that relate to the urban heat island 

effect, observing a noticeable decrease in the surrounding ambient temperature around and atop 

buildings with green roofs. 

Green roof applications can reduce the roof temperature in summer seasons by means of direct 

shading, evapotranspiration, added insulation, and increased thermal mass (Liu and Baskaran 

2003, Oberndorfer et al. 2005). Green roofs reduce the thermal flux on the undersides of the 

roof decks (Liu and Baskaran 2003, Simmons et al. 2008, Teemusk and Mander 2009). By 

reducing the heat flux through a rooftop and, thereby, reducing the average indoor temperature 

of a building, green roofs lead to a reduction in the energy demand of a building, especially 

during the warm season, shown by several energy consumption studies (Liu and Baskaran 

2003, 2005, Sonne 2006, Saiz et al. 2006, Sfakianaki et al. 2009).  

Comerford et al. (2018) observed that the requirement to use energy efficiency labels as part 

of an energy performance certificate program on residential energy efficiency in the United 

Kingdom (UK) included investment; further, this kind of an approach has the potential to 

improve residential energy savings. 

In another UK study, Castleton et al. (2010) investigated the energy savings potential of green 

roofs and the feasibility of retrofitting and revealed that older buildings especially would 

benefit from retrofitting given the significant enhancement in roof insulation properties. 

According to Michelsen et al. (2015), educational programs on thermal insulation can benefit 

homeowners while addressing the global warming issue. 

The objective of this paper is the quantification of the thermal benefits of sloped green roofs 

compared with sloped shingle roofs, which are considered as the reference case. 

 

EXPERIMENTAL SETUP AND METHOD 

Experimental Setup 

Eighteen residential roof models were constructed for testing. Roof decks were ½ inch (1.3 cm) 

thick treated plywood measuring 8 feet by 4 feet (2.44 m by 1.22 m) with 2 inch x 6 inch lumber 

(5.1 cm by 15.2 cm) fastened around the bottom edge of each deck and three 2 inch x 6 inch 

joists spaced across the underside of each deck at 2 feet (61 cm) spacing. Frames were 

constructed to raise the roof and position them at one of three slope angles: 1˚, 20˚ (5/12 pitch), 

and 40˚ (10/12 pitch). Upper surfaces of all roof decks were covered in roofing paper and 

shingled with light gray, composite asphalt shingles. Nine of the 18 roof models (three models 

at each of the three slope angles) were fitted with a modular green roof system. The green roof 

modules were high-density polyethylene, knit fabric bags called Steep Paks®, which were 



 
J. of Living Arch 6(1) 14-30  Feature     17 

 

designed and manufactured by Green Roof Blocks™ (St. Louis, MO). The modules were 10 

inches wide and 32 inches long (25.4 cm by 81.3 cm) and filled to a maximum depth of 5 inches 

(12.7 cm) with blended growth media consisting of 80% Arkalyte by volume (Bussen Quarries, 

St. Louis, MO; 6 mm – 9 mm expanded clay aggregate) and 20% composted pine bark by 

volume (River City Landscape, Sauget, IL). Twelve Steep Paks® modules (four rows with three 

modules in each row) were fastened to each of the nine roof decks with nylon anchor straps 

that were integrated into the shingles and nailed to the roof decks.  

All of the roof models were oriented so that the roof surfaces were facing roughly south (215° 

SW) in order to maximize sun exposure. The 18 roof models were divided equally into three 

replications in a completely randomized design.  Each replication included two roofs at each 

slope angle, one of which was fitted with Steep Paks® modules and the other left as a 

conventional shingled roof (Figs. 1 and 2). 

 

 

Figure 1 Experimental layout of residential roof models. 
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Figure 2 Residential roof models. 

A mix of seven Sedum species (S. kamtschaticum, S. reflexum, S. sexangulare, S. album, S. 

spurium, S. floriferum 'Weihenstaphaner Gold', and S. immergrunchen) were planted. Four 

small holes were cut in the top of each module, evenly spaced across the length of the module, 

in order to plant the plugs. Approximately 8 grams of natural organic fertilizer with an N-P-K 

rating of 5-4-5 was placed in each hole before planting. The plants were irrigated one to two 

times a week for several weeks to aid establishment. Later on, long-term fertilizer with an N-

P-K rating of 18-5-10 was broadcast evenly across the green roof packs. 

 

Method 

In this section, methods for plant coverage and thermal measurements are discussed. Plant 

coverage was quantified using a modified dot grid system. The dot grid measured about 20 

inches by 16 inches (50.8 cm by 40.6 cm) and had 80 open circles (10 rows of 8 circles each) 

which were 1.5 inches (3.8 cm) in diameter. The two middle rows of vegetated modules on 

each green roof model were divided into six equal sections the size of the dot grid. The dot grid 

was placed over each section, and open circles in the dot grid were counted. Circles were 

considered open if less than 50% plant material was showing. Percent plant coverage was 

calculated by using the equation: [(80 – # of open circles) / 80] * 100. 

 

A Red Dragon GT-1000 non-contact infrared thermometer (temperature range -50° to 400°C, 

accuracy +/-2%, distance to spot size ratio 9:1) was used to measure the temperatures of the 

undersides of the roof decks. Measurements were made by aiming the thermometer at the marks 

from a distance of approximately 2 feet (61 cm). Temperatures were recorded once every other 

week at sunrise, midday, and sunset during June to August 2010. 

 

Thermal measurements collected during the summer season were used to evaluate the potential 

air-conditioning energy savings. Data recorded during the warmest and coolest measurement 

dates of the study period were also analyzed. A one-way ANOVA for a completely randomized 

design was used to test for thermal differences between the green roof decks and the control 

roof decks and between the three slope angles. A Tukey’s post-hoc test was used to rank the 

differences between the treatments at an alpha level of 0.05 (Proc GLM, SAS version 9.3). 
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Heat gain through both roof systems was analyzed based on the heat flux through the roof into 

the attic and then to the inside room air of the residential unit through the ceiling. A schematic 

of the heat transfer analysis can be seen in Fig. 3. Governing equations for these illustrations 

are given in equations (1-3). 

 

Figure 3 Schematic of heat gain analysis through (a) shingle roof, (b) green roof. 
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In equation (3), k is the effective thermal conductivity which can be obtained using the R-value 

of the roof assembly including all layers involved.  

R

L
k              (4) 

 

where R is the thermal resistance that accounts for all layers, and L is the total thickness of the 

roof system. 
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Case Study 

An energy savings analysis for a single-story residential unit of 1200 ft2 roof area was 

performed theoretically using a green roof and a standard shingled roof (Fig. 4). St. Louis, MO, 

was selected as the location. 

 

Figure 4 Illustration of the residential unit having (a) shingle roof, (b) green roof. 

 

Cooling loads from the ceiling only resulting from the different types of roofs (green vs. 

shingle) at different slopes (1°, 20°, and 40°) were calculated based on the heat gain through 

the roof. The analysis was performed for a ceiling with an R-value of R-38 (6.69 m2°C/W), 

which satisfies the requirements dictated by International Energy Conservation Code (2012 

IECC) for climate zone 4, which is adopted by City of St. Louis Building Division. This R-

value corresponds to a U-value of 0.149 W/m2°C, which was used in the heat gain analysis 

through the roofing systems tested in the experimental study. Roof areas were calculated at 

different roof slopes for the fixed base area of 1200 ft2. An indoor design temperature of 20°C 

was assumed for the cooling load analysis. 

 

RESULTS 

Plant coverage was measured to observe the effect of amount of vegetation over the 

green roof system. During the study period (September 24, 2010 – May 29, 2011), percent 

plant coverage increased on the 1° green roof decks from 30.2% in March 2010 to 84.7% in 

July 2010 and then dropped to 66.4% in August 2010 due to drought stress and summer 

dormancy.  In March through May 2011, percent plant coverage on the 1° green roof decks 

increased from 52.9% to 82.9%. The 20° and 40° green roof decks had lower percent plant 

coverage compared to the 1° green roof decks (Fig. 5) and percent plant coverage followed a 

trend similar to the 1° green roof decks throughout the study period. Percent plant coverage 

between the 20° and 40° green roof decks during any month of the study period (Fig. 5) was 

not considered statistically different. 
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Figure 5 Mean percent plant coverage on green roof decks at each slope angle during March – August 

2010 and March – May 2011. On average the green roof models at the 1° slope angle had significantly 

greater percent roof coverage than the green roof models at the 20° and 40° slope angles on each 

measurement date, and there were no differences between the 20° and 40° slope angles for any of the 

measurement dates (p<0.05). Error bars represent ± 1 se. 

 

An analysis of covariance was conducted in order to determine if percent plant coverage 

influenced the temperature of the undersides of the green roof decks. Vegetation coverage in 

the spring was also recorded to observe the change in time. Mean percent plant coverage during 

the spring included March through May 2010 and March through May 2011 data, and the mean 

percent plant coverage in the summer analysis included June through August 2010 data (Fig. 

6). Percent plant coverage was found to influence the average temperature of the undersides of 

the green roof decks at sunrise and midday; and no correlation was found at sunset (p<0.05). 
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Figure 6 Mean percent plant coverage on green roof decks at each slope angle during spring (March – 

May 2010 and March – May 2011), and summer (June – August 2010). Error bars represent ± 1 se. 

 

On the thermal performance analysis side, the summer analysis includes the means of the 

biweekly thermal measurements recorded during June through August 2010 (Fig. 7a-c). On 

average the undersides of the green roofs decks compared to the control roof decks were 0.2°C 

warmer at sunrise, 6.1°C cooler in at midday, and 0.7°C warmer at sunset (Fig. 7c). Heat flux 

from sunrise to sunset from the undersides of the green roof decks was smaller than from the 

control roof decks. The average temperature of the undersides of the green roof decks increased 

15.1°C from sunrise to midday and then decreased 6.7°C by sunset. Because the heat flux was 

larger for the control roofs during the same period, the temperature of the undersides of the 

decks increased 21.7°C from sunrise to midday and then decreased 13.8°C by sunset (Fig. 7c). 
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Figure 7 Mean temperature of the undersides of the green and control roof decks at each slope angle at 

sunrise, midday, and sunset for the summer season including biweekly measurements taken during June 

– Aug 2010. (a) compares the slope angles of the green roof decks, (b) compares the slope angles of the 

control roof decks, (c) compares green roof decks with control roof decks. Note that an (*) on the figure 

indicates a significant difference between treatments (p<0.05) for a single time of day. P-values at 

sunrise, midday, and sunset are provided in Table 2. 

 

The warmest measurement date of the study period was July 23, 2010, on which the air 

temperature was 34°C at midday. On this day, the average temperature of the undersides of the 

green roofs decks was 38.4°C at midday (Fig. 8a), which, while warmer than the air 

temperature, was 5.7°C cooler than the undersides of the control roof decks (Fig. 8b).  Small 

differences occurred between the average temperatures of the undersides of the green roof 

decks and the control roof decks at sunrise or sunset (Fig. 8c). These results are similar to other 

studies that found significantly lower temperatures on the underside of green roof models or in 
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the indoor temperatures of models/buildings with green roofs compared to conventional roofs 

(Laar and Grimme 2006, Sfakianaki et al. 2009, Simmons et al. 2008, Sonne 2006). 
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Figure 8 Mean temperature of the undersides of the green and control roof decks at each slope 

angle at sunrise, midday, and sunset for July 23, 2010. (a) compares the slope angles of the 

green roof decks, (b) compares the slope angles of the control roof decks, (c) compares green 

roof decks with control roof decks. Note that an (*) on the figure indicates a significant 

difference between treatments (p<0.05) for a single time of day. P-values at sunrise, midday, 

and sunset are provided in Table 2. 

 

The average temperature of the underside of the green roof deck was cooler compared to the 

control roof deck at midday during the whole summer season due to the shading, thermal 

resistance, and evapotranspiration effects of the added vegetation consisting of a mix of Sedum 

species (Table 1). Change in temperature was determined by subtracting the average 
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temperature of the underside of the green roof deck from the average temperature of the 

underside of the control roof deck. 

 

Table 1 

Temperature difference between shingled and green roof decks at sunrise, midday, and sunset 

times during the study period. 

Analysis Period 
Change in Temperature (°C) 

Sunrise Midday Sunset 

Summer (average) -0.2 6.1 -0.7 

July 23, 2010 (average) 0.1 5.7 -0.3 

July 23, 2010 (max) 0.6 9.1 1.5 

 

Table 2 

Thermal measurements for sunrise, midday, and sunset (p-values) for Figure 7a-c and Figure 

8a-c.  Note that an (*) indicates a significant difference between treatments (p<0.05) for a 

single time of day.  

Figure Sunrise Midday Sunset 

7a 0.4643 0.9852 0.0159* 

7b 0.5258 0.3822 0.2987 

7c 0.0044* 0.0001* 0.0001* 

    
8a 0.1086 0.2756 0.0213* 

8b 0.5732 0.5432 0.6008 

8c 0.4303 0.0001* 0.7844 

 

For the case study, heat gains through both roof systems at each of the three angles were 

examined. Fig. 9 plots the difference in average temperatures for control (shingle) and green 

roof systems during the daytime. Instantaneous heat flux during this time is proportional to the 

temperature measurement recorded at a given time. The red colored region in the figure can be 

interpreted as the integration of the heat flux difference per the overall heat transfer coefficient 

value of the roof within the time frame from sunrise to sunset.   
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Figure 9 Difference in temperature readings due to vegetation underneath the control (shingle) 

and green roofs over the period of daytime between sunrise and sunset. 

 

It is known that the amount of cooling energy consumption will vary as the set temperature is 

changed. The contribution of the ceiling to the cooling load of the selected residential unit was 

calculated based on the experimental data and an indoor design temperature of 20°C.  The key 

point in this analysis is that calculated results reveal the cooling load differences of green and 

shingled roofs at different slopes. Calculated results in Table 3 reveal the cooling load 

differences of green and shingled roofs at the three slope angles studied. 

As can be seen from the values in Table 3, there are two findings for this case study. 

1. Green roofs yield less cooling load to the residential unit through the ceiling during the 

daytime (between sunrise and sunset) compared to shingled roofs, 

2. For a given roof system, cooling load per unit roof area increases as the slope of the 

roof gets closer to 16° which receives the highest solar irradiation in St. Louis during 

the summer season. 

While the total roof cooling load seems to be increasing with the increasing slope angle, it 

should be noted that this is mainly because a 40° sloped roof on a residential unit with 1200 ft2 

base area has more surface area than a 20° or 1° sloped roof for the same amount of base area. 

The reason for the increase in cooling load per unit surface area when the slope angle is 20° 

can be attributed to the maximum solar irradiation being observed at 16° as explained above. 

While the shingle roof seems to reflect this change more obviously, the green roof system 

seems not to show much of a difference between 1° and 20° slopes. This result might be due 
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to possible differences in moisture content, plant coverage and/or the leaf area index of the 

green roof systems.   

Table 3 

Calculated cooling loads through the ceiling during the daytime for a selected indoor 

temperature of 20°C. 

Parameter Green Roof Shingle Roof 

Slope angle 1° 20° 40° 1° 20° 40° 

Roof area (ft2) 1200 1300 1562 1200 1300 1562 

Roof area (m2) 111.5 120.8 145.1 111.5 120.8 145.1 

Roof cooling load 

during daytime, 

sunrise to sunset 

(kW/daytime) 

0.031 0.034 0.040 0.063 0.069 0.081 

Roof cooling load 

per unit roof area 

(W/m2/day) 

0.280 0.280 0.276 0.563 0.571 0.556 

Seasonal* cooling 

energy 

consumption per 

unit area (kWh/m2) 

0.365 0.365 0.360 0.735 0.745 0.726 

* Covers the summer period during which data was collected (June-August 2010) 

 

These findings agree with a study by Conley (2013), where it is reported that the green roofs 

were cooler than the shingle roofs and, within the green roof samples, 1° and 40° sloped roofs 

performed better than the 20° sloped roof on average. Conley’s study was also experimental in 

which the surface temperatures of the same samples were recorded from above the roofs. A 

thermal camera was used in the experimental analysis. Roof cooling loads during the daytime 

for all six combinations are plotted in Fig. 10. Cooling loads per unit roof area are illustrated 

in Fig. 11. 
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Fig. 10. Residential roof cooling loads for the total roof area of each sample model. 

 

Fig. 11. Residential roof cooling loads per unit roof area of each sample model. 

 

CONCLUSION 

The average temperature under the sloped residential green roof deck covered with Sedum 

species had less heat flux than the average temperature under the shingled roof deck through 

the study period.  At midday, the average temperature under the green roof deck was also 6.1°C 

cooler than the average temperature under a conventional sloped shingled roof throughout the 

study period. At sunrise and sunset the average temperature of the underside of the green roof 

decks was 0.2 to 0.7°C warmer. 
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Vegetation coverage was found to have a correlation with the thermal performance. As the 

plant coverage increased, cooler temperature readings were recorded during sunrise and 

midday which can be attributed to shading effect and evapotranspiration cooling potential of 

the Sedum species.  

Cooling load per unit roof area was observed to increase as the slope of the roof approached to 

16°, which receives the highest incident solar radiation in St. Louis during the summer season. 

These experimental results were found to be in agreement with another experimental study 

using the same roof models in which temperatures were recorded using a thermal imaging 

camera. 

Calculated results from the case study conducted on a single-story residential unit with a base 

area of 1200 ft2 showed that the cooling load from the roof only is twice as much from shingle 

roofs as green roofs. This result indicates energy savings via utilization of green roofs can be 

quantifiable, depending on the total roof area, geographic location of the residential unit, indoor 

temperature setting, and utility prices.  

 

LITERATURE CITED 

Ascione, F., Bianco, N., De Rossi, F., Turning, G., Vanoli, G. P. 2013. Green roofs in 

European climates. Are effective solutions for the energy savings in air-conditioning? 

Applied Energy 104:845-859.  

Berardi, U. 2016. The outdoor microclimate benefits and energy saving resulting from green 

roofs retrofits. Energy and Buildings 121:217-229. 

Berndtsson, J. C., Bengtsson, L., Jinno, K. 2009. Runoff water quality from intensive and 

extensive vegetated roofs. Ecological Engineering 35:369-380. 

Celik, S., Morgan, S., Retzlaff, W. A. 2010. Energy conversation analysis of various green 

roof systems. In: Proceedings of the IEEE Green Technologies Conference. Grapevine, TX. 

Celik, S., Morgan, S., Retzlaff, W. A., Once, O. 2011. Thermal insulation performance of 

green roof systems. In: 6th International Green Energy Conference. Eskisehir, Turkey. 

Comerford, D. A., Lange, I., Moro, M. 2018. Proof of concept that requiring energy labels for 

dwellings can induce retrofitting. Energy Economics 69:204-212. 

Conley, K. 2013. “Thermal analysis of residential green roof systems”, Master’s Thesis, 

Southern Illinois University Edwardsville. 

James, N., Metternicht, G. 2013. How to grow a green roof industry. In: Cities Alive 11th 

Annual Green Roof and Wall Conference Proceedings. San Francisco, CA. 

Laar, M., Grimme, F. W. 2006. Thermal comfort and reduced flood risk through green roofs 

in the tropics. In: PLEA2006: 23rd Conference on Passive and Low Energy Architecture. 

Geneva, Switzerland. 

Li, W. C., Yeung, K. A. 2014. A comprehensive study of green roof performance from 

environmental perspective. International Journal of Sustainable Built Environment 3(1):127-

134. 



 
J. of Living Arch 6(1) 14-30  Feature     30 

 

Liu, K., Baskaran, B. 2003. Thermal performance of green roofs through field evaluation. In: 

Proc. of 1st North American Green Roof Conference: Greening rooftops for sustainable 

communities. Chicago, IL. 

Liu, K., Baskaran, B. 2005. Thermal performance of extensive green roofs in cold climates. 

National Research Council Canada. NRCC-48202.  

Michelsen, C., Rosenschon, S., Schulz, C. 2015. Small might be beautiful, but bigger 

performs better: Scale economies in green refurbishments of apartment housing. Energy 

Economics 50:240-250. 

Oberndorfer, E., Lundholm, J., Bass, B., Coffman, R. R., Doshi, H.,  Dunnett, N.,  Gaffin, S., 

Köhler, M.,  Liu, K. Y., Rowe, B. 2007. Green roofs as urban ecosystems: Ecological 

structures, functions, and services. BioScience 57:823-833. 

Retzlaff, W. A., Ebbs, S., Alsup, S., Morgan, S., Woods, E., Jost, V., Luckett, K. 2008. What 

is that running off of my green roof? In: Proc. of 6th North American Green Roof Conference: 

Greening rooftops for sustainable communities. Baltimore, MD. 

Retzlaff, W. A. 2010. Building green together. Living Architecture Monitor 12:35. 

Sailor, D. J. (2008) A green roof model for building energy simulation programs. Energy and 

Buildings 40:1466-1478. 

Saiz, S., Kennedy, C., Bass, B., Pressnail, K. 2006. Comparative life cycle assessment of 

standard and green roofs. Environmental Science and Technology 40:4312-4316. 

Sfakianaki, A., Pagalou, E., Pavlou, K., Santamouris, M., Assimakopoulos, M. N. 2009. 

Theoretical and experimental analysis of the thermal behavior of a green roof system installed 

in two residential buildings in Athens, Greece. International Journal of Energy Research 

33:1059-1069. 

Silva, C., Gomes, M. G., Silva, M. 2016. Green roofs energy performance in Mediterranean 

climate. Enegy and Buildings 116:318-325. 

Simmons, M. T., Gardiner, B., Windhager, S., Tinsley, J. 2008. Green roofs are not created 

equal: the hydrologic and thermal performance of six different extensive green roofs and 

reflective and non-reflective roofs in a sub-tropical climate. Urban Ecosystems 11:339-348. 

Sonne, J. 2006. Evaluating green roof energy performance. ASHRAE Journal 48:59-61. 

Taylor, D. A. 2007. Growing green roofs, city by city. Environmental Health Perspectives 

115(6):A307-A311. 

Teemusk, A., and Mander, U. 2009. Green roof potential to reduce temperature fluctuations 

of a roof membrane: A case study from Estonia. Building and Environment 44:643-650. 

U.S. Department of Energy website, https://energy.gov/public-services/homes/heating-

cooling, Accessed March 17, 2018. 

https://energy.gov/public-services/homes/heating-cooling
https://energy.gov/public-services/homes/heating-cooling

