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Abstract.  

The aim of this paper is to present the experimental results of a specific vegetated complex 

partition (VCP) and discuss the conclusions found from an interesting study case in Hong Kong, 

especially the presence of a strong upward heat flux in winter.  

The experimented VCP configuration have never been tested in Reunion Island. It is located on a 

small scale building with a sloped roof covered with steel foil and under a humid tropical climate.  

From March to August, the extensive VCP reduced the global average heat flow by 91.61% and the 

ceiling temperature by 9.3°C, with a maximum average reduction of 18.9°C at noon. 

Compares to the results from Hong Kong, three of the four conclusions have been observed or 

deduced from the experimented VCP's results. The fourth conclusion (about heat flow loss in 

winter) have not been observed. But, based on the results, a precision of the explanation of its origin 

is proposed: the evaporation process act like an heat loss amplifier.  

Introduction 

Vegetalized complex partition (VCP), such as green roofs, are a very interesting research 

subject. Since the first published study, in 1977 [1], the specific knowledge of these specific 

partitions have been rising, but we are far from a full understanding of its thermal field evolution 

(spatially and temporally). In fact, a full understanding would be almost impossible considering the 

cross discipline aspect of this study field (thermal and mass transfer, biological and chemical 

process, etc.). But using some assumptions, we can simplify enough the subject to understand it, 

and to be able to predict its evolution. To achieve this goal, numerous of experiments were 

conducted in continental [2], temperate [3, 4] or Mediterranean [5, 6] climates. But only a very few 

have been done in a humid tropical climates [7,8]. However, one of these study showed very 

interesting results. In Hong Kong, the vegetalized complex partition (VCP) did act, as expected, as 

an isolation by summer but in winter it acts as a heat loss amplifier [9].  

Considering these remarks, an experiment has been conducted under a humid tropical climate 

(Reunion Island). This one had two objectives: first to know the impact of a VCP on a building 

thermal field, and secondly to check if the specific winter heat loss depicted [9] can happen with an 

extensive VCP in Reunion Island.  

Experimental design and data acquisition 

As introduced, an experiment have been conducted under a humid tropical climate. By 

convenience, the VCP is installed on a small scale building (one third), called "Isotest". The Isotest 

have four walls filled with polyurethane
1
 creating a volume of 0.36m

3
, which is hermetically sealed 

and fully validated by numerous previous experiments [10]. The roof of the Isotest structure have a 

                                                           
1 The walls are made of the partition used for the conception of cold chambers.  



 

slope of 27° and is composed by 8mm of plaster board, 116mm of air and 1mm of steel foil (fig. 1). 

This plain configuration is used as reference design. By opposition, the VCP design is composed by 

a plain Isotest on which substrate (80mm) and vegetation (40mm) are installed (fig. 1). The 

substrate is made of lava-rock (average diameter: 20mm) and organic amendment, respectively at 

85% and 15%. On the top of the substrate is situated the vegetation: "Zosya Tenuifolia". This kind 

of grass, naturally present in Reunion Island, have coverage rate of  ~100% and possess a temporal 

and spatial homogeneity (figure 1).  

 
Figure 1: The Isotest small scale building and its two roof configurations: reference and VCP 

About the sensors, contact and air temperatures are obtained by type T thermocouples, while 

grass foliage temperature is acquired by an infra-red thermometer. The heat flux is measured by a 

thermopile. Two types are used in function of the location: a thin one (Captec) is used under the 

steel foil of the roof, and considering the mechanic conditions, a protected one is placed into the 

substrate (HPF01). The volumetric water content is obtained by a reflectometric sensor (CS616). 

All of these probes are connected to a data logger (CR3000), directly or through a multiplexer 

(AM25T). Finally, a computer record automatically each sample under a ".csv" text file (figure 2). 

 
Figure 2: Synoptic of the data acquisition. 

Experimentation 

Localized in Saint-Pierre, French city of Reunion Island (situated in the Indian Ocean: 21°19' S, 

55°28' E), the experimentation has been conducted from mid March to mid August 2014, so 

covering almost half of the summer and winter periods. Evolving during this period, the 

meteorological conditions are succinctly presented by the next paragraph. 

The daily average temperature of ambient air is from 26.7°C to 21.2°C with a diurnal evolution 

of 8°C. Unlike the air temperature, relative humidity's daily average is almost constant at 75% with 

a diurnal evolution of 30% within all the experimentation. The maximum solar irradiation (at noon) 

evolves from Mach to August respectively from 1000W/m² to 600W/m². And to finish, the wind 

speed at 2 meter evolves from 1.75 m/s to 2.4m/s with some fluctuations (±1 m/s) and specific 

events (without seasonality). 



 

Results and discussion 

According to the result, the VCP allows to reduce the heat flux through the steel foil. Compared 

to the reference roof, 94.61% of the heat gain into the building and 88.62% of the heat loss are 

erased. These percentages are very high and have to be used with precaution, especially the heat 

loss reduction. Indeed, in this context the reduction happens only because there is no heat to release, 

since the only heat production comes from the solar irradiation (there is no heat production inside 

the building). Moreover, considering the phenomena inside the VCP it is very hazardous to 

extrapolate this loss reduction to a case with heat production. 

The modification of the heat flux impact also the temperatures (detailed into the table 1). For 

example, the most important modification is observed on the steel foil, who sees its temperature 

lowered by 20.3±11.0°C, with a maximum reduction of 41.4°C at noon (which represent ~57%).  

Nota: because of the circadian seasonality the standard deviation is usually important. So, the most 

representative key parameter is the temperature difference at noon: ΔT
max

. 

Table 1: Differences between the reference Isotest and the VCP Isotest (average from March to August) 

Where ΔT represent the average temperature difference between the two configurations. The temperature and heat 

flux measurement errors are respectively: ±1°C and ±6.4%. 

Considering this design, under these specific conditions, and by the hypothesis of quasi-static 

state, the experimented VCP can be globally approximated by a thermal resistance of 

Rvcp=0.302±0.016 m².K.W
-1

. This resistance cover the vegetation and substrate layers, who 

respectively can be approximated by Rveg=0.051±0.003 m².K.W
-1

 and Rsub=0.250±0.013 m².K.W
-1

. 

The dissociation of Rvcp into Rsub and Rveg lead to an intrinsic thermal property of these specific 

layers: their thermal conductivities. With a depth of 40mm and 80mm, for the vegetation and the 

substrate, it appears: λsub=0.319±0.017 W.m
-1

.K
-1

 and λveg= 0.775±0.046 W.m
-1

.K
-1

 

(λvcp=0.397±0.022 W.m
-1

.K
-1

). 

From another point of view, the VCP impact can be characterized by the averaged heat flux 

density reduction between the reference and the VCP Isotests (loss and gain combined). With an 

averaged heat flux density reduction of 8.19±0.41W.m
-2

, the tested design allows an energy
2
 

consumption economy of 30.0±1.5 kWhe/m² over the five months of the experiment.  

 

Figure 3: Evolution of the reference and VCP  Isotests air temperature from the 23
rd

 to the 28
th

 of March 2014. 

About the origin of these results, since the only present heat source is the solar irradiation, the 

main factor seems to be the radiative protection created by the VCP. But, this is not the only 

phenomenon who is able to lead to a heat gain reduction. Indeed, the inertia of the system possess 

the capacity of delaying the heat flux and lowering its intensity (both visible in figure 3). A third 

phenomenon is the vaporization of the water, by evaporation into the substrate or by plant's 

transpiration. But the substrate have a very little water retention capacity over few days, explaining 

                                                           
2 In this case the hypothesis of a performance coefficient of 1 is made, so one thermal kWh equal one electric kWh. 

 Heat Flux Tsteel Tair Tplaster 

 Gain Loss ΔT ΔT
max

 ΔT ΔT
max

 ΔT ΔT
max

 

Average 94.61% 88.62% 20.3±11.0°C 41.4°C 4.5±3.1°C 10.3°C 9.3±5.8°C 18.9°C 



 

the very low volumetric water content. So the thermal impact mainly comes from the inertia and the 

radiative protection.  

To finish, a particularity of these results is the low seasonality variation. This behavior is 

explained by the low variation of the climatic conditions, coupled with an absence of inside heating 

source and most of all a very low volumetric water content.  

Comparison between results in Hong Kong and in Reunion Island 

Based on Jim and Tsang experiment [9], the goal of this section is to highlight the similarities 

and differences between their conclusions and the results presented previously. 

The Jim and Tsang's experimental design describes a sky woodland over 150m², involving a 100 

cm thick layer of soil, composed of 80 cm subsoil and 20 cm topsoil enriched with mature compost. 

The trees have a final height of 5-10 m. So, except for the similar climate (humid tropical), this 

experimental design is very different from the one presented in this paper. Nota: these differences 

impact the observed phenomena only by modulation of their intensities, which explain the obtained 

similarities. Below is synthesized the four remarks (in italic) of Jim and Tsang, followed by our 

results, conclusion and/or propositions.  

1) "The transpiration rate varies widely depending on seasonal and weather conditions"  

The transpiration rate have not been measured, but considering the very low volumetric water 

content of the substrate, and its evolution, the vegetation layer do absorb a large amount of 

stored water. Furthermore, this substrate water content reduction is strongly linked to the solar 

radiation. So, the vegetation being healthy, the evapotranspiration rate (these two phenomena 

cannot be dissociated here) varies widely depending on seasonal and weather conditions. 

2) "The tree canopy layer could reduce solar radiation reaching the soil surface" 

At mid-day, the average temperature reduction between the top of the substrate and vegetation 

layers is about 47±5%. Since the transpiration rate is low (because of the low volumetric water 

content), most of the impact comes from the reduction of the solar radiation reaching the soil 

surface. So the canopy do act as a radiative shield. 

3) "The soil substrate layer of the intensive green roof can be considered as a large heat sink on the  

      rooftop to reduce temperature fluctuation" 

The experimented VCP is extensive, but even with 80mm of lava-rock the inertia's impact can be 

observed, delaying the heat flux and lowering its intensity (fig. 3). So, a substrate layer can be 

considered as a large heat sink to reduce temperature fluctuation. 

4) "In winter, the subtropical intensive green roof triggers notable upward heat flow from the  

       substrate to the ambient air" 

This "notable upward heat flow" have not been observed during the experiment. This difference 

allows to investigate (by comparison) the origin of this peculiar phenomenon. According to Jim and 

Tsang, the upward heat flow comes from the negative temperature difference between the substrate 

and the inside air temperature, which induces some sensible and latent thermal transfers.  

Considering these conclusions and our results, the origin of the temperature difference (so the 

upward flow) can be explained by two set of parameters: the VCP design and the meteorological 

conditions. Indeed, the VCP design's choice defines its thermal characteristics and phenomena 

intensities (ex: the water retention capacity influence the evaporation phenomenon, etc.). Among 

these phenomena, evaporation is able to impact (lower) the thermal filed into the VCP, even with 

low solar radiation (or by nigth). But, as long as there is no hydric stress, it is essentially governed 

by the air relative humidity and wind speed.  

So, the upward heat flow in winter could comes from a high substrate water content, acting as 

heat loss amplifier through evaporation process if associated with the adequate relative humidity 

and wind speed.  

Nota: several combinations of meteorological conditions can lead to the same evaporation rate. 



 

Conclusions 

This paper presents, in a first place, the results and discussions about an experimented vegetated 

complex partition (VCP) on small scale building and under a humid tropical climate. Then a 

comparison is made with the conclusions of a study made in Hong Kong. 

Over five months (March to August), the extensive VCP shows some very interesting heat flow 

reduction compared to the reference building (global average of 91.61%). This lead to reduce the 

ceiling temperature by 9.3±5.8°C, with a maximum average reduction at noon of 18.9°C. The data 

manipulation allows to get the VCP resistance Rvcp=0.302±0.016 m².K.W
-1

, then the substrate (lava-

rock) and vegetation (Zosya Tenuifolia) layer conductivities: λsub=0.319±0.017 W.m
-1

.K
-1

 and λveg= 

0.775±0.046 W.m
-1

.K
-1

. Globally, the VCP induces a reduction of 8.19±0.41W.m
-2

, which allows 

an energy consumption economy of 30.0±1.5 kWhe/m². So, this solution is thermally efficient.  

Compares to the results from the Hong Kong's study, similar conclusions or deductions are made 

about three aspects including: the seasonal and weather conditions impact on the transpiration rate; 

the canopy layer radiative shield property; and the substrate layer inertia. The fourth conclusion 

focused on a winter upward heat flow from the substrate to the ambient air. This phenomenon has 

not been observed, but a comparative study of the set-up allowed to propose a precision about its 

origin. This upward heat flow seems to be governed by the meteorological conditions and VCP 

water content, the evaporation process acting like an heat loss amplifier.  
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