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Abstract 
The function of an architectural facade ranges from very basic tasks such as shielding inhabitants from wind 
and rain through to more advanced processes that include active solar shading, energy capture and air 
management. Due to the role of facades - i.e. to separate the interior from the exterior - it is clear they will 
play a critical role in reducing building energy use in the future. In addition to this, architectural facades also 
offer an opportunity for urban inhabitants to engage with and benefit from ecosystem services. With the 
development of soilless food systems, it is now within the realms of possibility to integrate lightweight 
agricultural systems within and upon existing buildings. This is of particular interest when considering 
double-skin facades, which not only create conditions very similar to that of a greenhouse but also provide a 
cavity in which to grow food. It is believed the presence of crops within a double skin facade will result in a 
net reduction in building energy use, due to the presence of foliage and growing channels. The following 
paper aims to quantify the impact of facade-farms on building energy use as a result of crop growth within 
double skinned facades. Keywords: Facade, Agriculture, Energy, Aquaponic, Solar, Ecosystem 
 
1. Introduction 
Buildings are a key part of everyday life and, therefore, contribute significantly to the production of carbon 
emissions; accounting for nearly one-third of final energy demand across the globe [1]. Due to this, the 
building sector is one of the biggest potential areas for energy saving globally. In the European Union, newly 
constructed buildings represent only one percent of the total building stock across the continent, whilst 
buildings constructed before 1990 and 1960 represent 90 percent and 40 percent of the existing building 
stock respectively [2]. It can, therefore, be concluded that the renovation of existing buildings is of critical 
importance if the member states of the European Union are to reduce their carbon emissions by between 80 
and 95 percent by 2050 compared with emissions in 1990 [3]. 

Due to the known positive impacts brought about by the improved access to ecosystem services [4], many 
have considered the use of green facades to both improve building energy performance and increase the 
ecological base of cities [5][6][7]. Architectural facades have also been explored as the future locations for 
food production as a response to food insecurity [8]. However, the idea of a facade that simultaneously 
reduces building energy use, improves the ecological base of cities, and produces food has seldom been 
explored in the same study. 

The aim of the paper is to understand to what extent the inclusion of food production within a double-skinned 
facade (DSF) can reduce the energy use of traditional air condition systems during warmer months and 
annual solar gains. This paper builds upon previous research conducted by Queen’s University Belfast, 
which explored whether double-skinned facades would be suitable locations for crop growth.  
 

2. Facade-farm 
2.1 Background and design 
In 2013, Queen’s University Belfast led the design and construction of a large scale building integrated 
aquaponic system that occupied the top floor and roof of an ex-industrial building in Salford, UK. The focus of 
this endeavour was to understand the technical difficulties of integrating such a large-scale food system 
within an ex-industrial building and to calculate the productivity of building-integrated technical food systems, 
including their potential impact on domestic food security. The building-integrated aquaponic system 
functioned as both and farm and as an exhibition. Therefore, the more visually engaging components of the 
system such as the fish tanks, filtration system and deep-rooted crop bags, were positioned on the top floor 



 
 

of the building. There was a large polytunnel on the roof that was occupied by a nutrient film technique (NFT) 
system, which was capable of growing 4,000 leaf crops at any one time. During the development of the 
building-integrated aquaponic system it became clear that the ecology created between the fish, bacteria 
and crops within an aquaponic system, would occur naturally at any given scale; even within a facade. The 
vertical surfaces of the built environment, which generally experience too much glare or too much heat gain, 
would be the perfect locations for growing crops, which in turn could reduce both glare and heat gains. This 
potential symbiosis between facades and agriculture quickly became apparent, which led to the genesis of 
the facade-farm. 

The initial design for the facade-farm was based upon the idea that an entire aquaponic system could fit 
within a double skin facade; including the fish tanks, filtration system and growing channels. In order to 
maximise the productivity of the facade, the growing channels were doubled-up and positioned on a rotating 
conveyer belt to ensure that all crops received the same share of sunlight. Under the assumption that this 
system could be tens of storeys up in the air, the crops would then be harvest through an opening glazed 
panel in the rear, that would drop down to enable safe and easy harvesting (see figure 1). 
 
2.2 Prototype 
Initial funding was sought to design and develop a proof of concept for the facade-farm, which was achieved 
shortly after its inception. However, the design of the facade-farm had to be value-engineered in order to 
align with the funding awarded, which resulted in the facade becoming static rather than motive. The solution 
to this change was to utilise two growing channels in a double helix formation to ensure that natural daylight 
could still reach the crops at the innermost face of the double-skin facade. The prototype operated by 
pumping water from the fish tank to the filtration system, which then collected in a sump tank. A second 
pump then moved the water to the top of the double-helix growing channels where the nutrient-rich water ran 
past the plant roots and back to the fish tank. The facade-farm prototype produced 15 crops/m2, including 
the space required for fish tanks and filtration units. The completed facade-farm prototype was a success 
and could accommodate water, fish, filtration, growing channels, and crops; proving that food production 
within a double skin facade was possible (see figure 1). 

 

 
 

Figure 1: Initial design of the facade-farm (left); facade-farm prototype (right) 
 

2.3 Previous research 
The facade-farm has been explored previously within a research paper entitled ‘Facade-farm: Solar 
mediation through food production’ [9]. The focus of this paper was to identify the facade-farm as a potential 
method of food production within urban environments and to postulate its potential benefits, such as energy 
saving and the generation of capital. The paper established that a double-skin facade would be capable of 
sustaining crop growth for at least six months of the year on a south-facing facade but did not proceed any 
further in terms of quantifying the potential environmental benefits. Once the facade-farm had been proven 
both practically and theoretically as a plausible context in which to grow food, it was then important to 
calculate and quantify the potential energy savings of the facade. 

 



 
 

3. Testing 
3.1 Method of investigation 
The simulations required to produce the data needed for the study were generated using Ecotect, which is 
an environmental analysis programme developed by Autodesk. Ecotect has been used extensively to help 
architects and engineers better understand the environmental performance of buildings and within academia 
and research as a cost-effective method of obtaining environmental analytics without the need for expensive 
prototypes [10][11]. Ecotect has also been used previously to determine the environmental performance of 
double skin facades [12], which makes it an applicable and proven analytical tool for this research.  

In order to run simulations and generate data, the Ecotect software relies on the construction of a three-
dimensional model in virtual space. In addition to this, the software also needs to know the thermal 
properties of materials and building elements, such as walls, floors, roofs and windows, as well as zonal 
conditions, such as thermal comfort ranges, number of occupants and heat gains from office equipment 
along with global position and weather data. From this information, Ecotect can generate data pertinent to 
seasonal changes in internal temperatures, daylight factors, solar radiation capture, ventilation requirements, 
heating and cooling loads and comfort degree days. Due to the focus of this research paper to determine the 
environmental performance of the facade-farm, many of the metrics provided by Ecotect are surplus to 
requirements. It should, therefore, be noted that the key metrics that will be focussed on within this paper will 
include peak HVAC cooling loads during the warmest day of the year, reduction in annual incident solar 
radiation and access to available daylight on an average day within the United Kingdom. It is believed that, 
when combined, these metrics will provide the clearest conclusions relating to the performance of the facade 
assembly. 
 
3.2 Variations 
Due to the nature of the facade-farm – as a living kinetic facade – it is almost impossible to calculate the 
performance of the facade at a fixed period in time. Throughout the day the facade slowly rotates, providing 
different arrangements of growing channels, and over a number of weeks the crops increase in size. 
Therefore, the facade is in a constant state of flux and its environmental performance will change hour to 
hour and week to week. In order to address this challenge, four variables of the facade-farm were 
determined in order to best represent the facade as it changes over time. These variations include in-line 
and adjacent growing channels with no crops, in-line and adjacent growing channels with fully-grown 
lettuces, alternate and out-of-phase growing channels without crops and alternate and out-of-phase growing 
channels with fully-grown lettuces (see figure 2). 

 

 
 

Figure 2: From left to right: In-line grow trays without crops (Tray 1), In-line grow tray with crops (Tray 1A), 
Out-of-phase grow trays without crops (Tray 2), Out-of-phase grow trays with crops (Tray 2A) 

 
Simulating these four variations enables the study to determine the advantages or disadvantages of one 
arrangement in comparison to the others, as well as providing improved accuracy of the overall facade-farm, 
rather than simply analysing the facade-farm as a static object. In addition to this, the research team also 
thought it would be beneficial to the study to determine the contribution of the fish tank to the overall 
effectiveness of the facade. Therefore, the four variations of growing channels and crop growth would be 
simulated with and without a large fish tank in order to understand the difference between decentralised 



 
 

nutrient production within the facade, and centralised nutrient production; i.e. if the fish tanks were to be 
located somewhere else within the building. Ultimately, this results in eight variations of the facade-farm. 
 
3.3 Ecotect model 
In order to generate the relevant data, a three-dimensional model was built in the Ecotect environment. 
Typically, this manifests as a collection of thermal zones, which have either similar or differing properties. In 
the case of this study, a test rig was created that comprised of a single zone that was five metres wide, five 
metres deep, and three metres high with three solid walls, one glazed wall, a flat roof and a floor (see figure 
3). Although the model is visually simple, the data contained within it is complex. For example, the materials 
of each geometric plane include data relating to its U-value, solar absorption, visible transmittance, solar 
heat gain coefficient, and thermal lag. This is in addition to the weather and climate information that comes 
built into the software dependent on global position. Ecotect has several materials and construction build-ups 
pre-installed within the software such as brick cavity and timber-framed walls, concrete and tiled roofs, and 
single- and double-glazed windows. The base model for the analysis was created with brick cavity walls, a 
concrete roof, a concrete floor and a double-glazed curtain wall. The pre-determined values for these 
construction types were retained. However, the U-values of the materials were amended to align with current 
UK building regulations; i.e. with U-values of 0.25 W/m2K for the roof and floor, 0.3 W/m2K for the walls. The 
UK building regulations state that any glazed element must have a U-value lower than 2.2 W/m2K. However, 
in order to maintain comparability between this research paper and the previous facade-farm research 
paper, the U-value for the curtain wall was given as 1.4 W/m2K to reflect previous simulations. The material 
properties of the base model can be seen below in table 1. 

 
 Brick Cavity Concrete 

(roof) 
Concrete 

(floor) 
Glazing 

U-value (W/m2K) 0.30 0.25 0.25 1.40 
Solar Absorption (0-1) 0.39 0.90 0.47 n/a 
Solar heat gain coefficient (0-1) n/a n/a n/a 0.41 
Visible Transmittance (0-1) 0 0 0 0.67 
Thermal Lag (hrs) 7.8 7 4.6 n/a 

 
Table 1: Ecotect material properties for the base model 

 
The base model created in Ecotect would represent a typical office bay in the UK that has cavity walls with 
some form of cladding, a concrete roof, a concrete floor, and a large expanse of glazing. Although the 
provision of large glazed walls lets vast quantities of natural daylight flood into deep plan offices, it also 
increases solar heat gains during summer; resulting in higher cooling loads. It should be noted, that although 
the values given in the previous table may not be the most suited to environmental savings, they are 
intended to provide a ‘worst case’ scenario from which other reductions can be measured. Also, due to the 
fact the materials of the base model do not change throughout the testing, they provide a constant 
environment from which data can be reliably generated and collected. 
 

 
 

Figure 3: Base model (left) and double-skinned facade model (right) 



 
 

 
 

Figure 4: Double-skin facade model with grow trays (left) and double-skin facade model with grow trays and 
fish tank (right) 

 
In order to conduct the relevant simulations, it would also be necessary to model the additional elements of 
the facade-farm, such as the double-skinned facade, growing channels, crops and large fish tank. The 
double-skinned facade was modelled as another thermal zone that was five metres long, three metres high 
and seventy centimetres deep. The double-skinned facade was constructed entirely of glazed panels aside 
from the floor plate, which was assigned to be the same concrete floor as the base model. The glazed 
panels were assigned to be single-glazed curtain walls, and the inside face was modelled to be double 
glazed (see figure 3). In order to align with the previous facade-farm study, the U-value, solar heat gain 
coefficient, and visible transmittance of the single glazing were matched for continuity; i.e. with a U-value of 
5.6 W/m2K, solar heat gain coefficient of 0.88, and visible transmittance of 0.9 

The design of the facade-farm utilises elliptical grow trays. However, Ecotect does not natively support the 
creation of non-rectilinear volumes. In order to minimise the subdivision of a true elliptical extrusion, and 
improve the speed of the simulations, the grow trays were modelled as extruded elliptical hexagons in Revit 
and imported into Ecotect. These low-polygon grow trays were 75 millimetres high, 200 millimetres wide and 
five and a half metres long. The grow trays were modelled to run past the edges of the base model to restrict 
sunlight from entering from the sides and skewing the results. This was also true vertically, which resulted in 
the grow trays being placed above the bounds of the base model (see figure 4). The grow trays were 
positioned at 300 millimetres centres, both vertically and horizontally to create the distinctive grow tray array 
seen in the original design (see figure 1). In order to finalise the Ecotect model, the lettuces within the facade 
were also modelled as part of the facade assembly. The lettuces were represented as small green cubes, 
which were 100 millimetres long, 100 millimetres wide and 130 millimetres tall and were positioned at 200-
millimetre centres. Neither the crop trays nor the lettuces would be considered ‘thermal zones’ within the 
model. Therefore, the only parameters that would be relevant to the simulations would be solar absorption 
and visible transmittance, which were set as 0.4 and 0.0 respectively. The large fish tank was also included 
as part of the Ecotect model (see figure 4). This was done by creating a thermal zone within the double skin 
facade that was one metre high, with a U-value of 0.86 W/m2K, solar absorption of 0.4 and visible 
transmittance of 0.2. 
 
3.4 Ecotect simulations 
3.4.1 HVAC simulations 

The HVAC calculations rely on ‘inter-zonal adjacencies’ to determine the heat gains from one zone to 
another. This is of particular importance when calculating the impact of the double-skin facade and the large 
fish tank. For the purposes of this research, the interzonal adjacency settings within Ecotect were set as 
follows; surface sampling – high, adjacent surfaces – very close, surface normals – use existing, shading 
samples – medium: 5x5, sky subdivision - medium: 5o x 5o. 

To execute the HVAC simulations, it would also be important to set some additional zone settings. For the 
purposes of this study, and to remove any non-solar gains, the occupancy, sensible heat gains and latent 
heat gains of all spaces was set to zero. In addition to this, the airtightness was set to ‘well sealed’, which 
resulted in a value of 0.5 air changes per hour and the wind sensitivity was set to ‘reasonably protected’, 
which resulted in an additional value of 0.25 air changes per hour. With regards to the active systems that 



 
 

help heat and cool the different zones, only the base model was assigned as ‘fully air-conditioned’, which 
would cool the space if the internal temperature lifted above 22oC.  

Finally, a global location would need to be set, and a climate file assigned to the model in order to generate 
reliable results. For the purposes of this study, both the climate file and location of the model were set to 
London in the United Kingdom, with a latitude of 51.4o and a longitude of 0.0o. Due to the climate data is was 
necessary to simulate the hottest day on file, rather than the summer solstice, in order to generate the 
highest cooling loads. Ecotect identified the warmest day as the12th July, which was utilised for all HVAC 
simulations. The primary output of the HVAC simulation is an hourly graph representing solar heat gains and 
thermal losses of the base model, including HVAC energy use to maintain a temperature below 22oC 
throughout the day. This data can also be exported as a spreadsheet for further analysis. 
 
3.4.2 Solar radiaiton simulations 

The radiation data generated by Ecotect relies upon the use of an analysis grid within the model to calculate 
the annual direct solar radiation capture of any given plane. For the purposes of this study, the analysis 
plane was orientated in the XY plane and set 100 millimetres above the floor plate. The cell size was set to 
500 millimetres with a 250-millimetre border, across the 25 square metre floor plate, which resulted in a 24 x 
24 analysis grid. This method of simulation relies solely on the visible transmittance and solar absorption of 
materials to determine the results, along with a number of insolation settings, which were set as follows: 
Solar access – incident solar radiation, Calculation period – for specific period (full year), Period-based 
values – cumulative values, Model object or grid – analysis grid, Object overshadowing – medium: 5x5 grid, 
Sky subdivision – medium 5o x 5o grid. 

This simulation calculates the cumulative direct solar radiation upon the analysis grid throughout the year 
and is of value when assessing the impact of changes in the visible transmittance of glazing, or the 
implementation of shading devices. These factors play a key role in the simulation of the facade-farm, which 
is why the analysis of annual solar radiation is of great importance to the study. The output of this simulation 
is a visual analysis grid, ranging from blue to yellow, which represents low to high solar capture. This data 
can also be exported as a spreadsheet for further analysis 
 
3.4.3 Daylight simulations 

The daylight simulation generates data in a very similar way to that of the radiation simulation and utilises the 
same analysis grid to do so. However, the main difference between the daylight simulation and the radiation 
simulation is that the daylight calculations rely on a sky dome with a fixed brightness to represent a typical 
overcast day, rather than utilising solar information. If the brightness of the sky dome is not known the 
Ecotect software can calculate a brightness for the sky automatically by referencing the global location of the 
model. This resulted in a sky dome brightness of 4000 lux for London, UK. Unlike the previous simulations, 
the daylight simulations were subjected to a threshold value of 500 lux, which is determined to be the 
brightness required to work comfortably at a desk [13]. To conduct the simulations the analysis plane was 
raised to 700 millimetres to represent the typical height of a desk. A number of other options would need to 
be determined in Ecotect in order to run the simulations, which were set as follows: Lighting analysis – 
natural light levels, Points of analysis grid – over the analysis grid, Ray-tracing precession – high, Design sky 
luminance – 4000 lux, Window cleanliness – clean (x1.00), What aspect is more important – increased 
accuracy mode. The output of the daylight simulation is almost identical to that of the radiation simulation, 
whereby a visual analysis grid is calculated from blue to yellow, along with the collective mean value of the 
cells, which can be exported as a spreadsheet for further analysis. 
 
4. Results 
4.1 HVAC energy use 
The data generated for the base model estimated that the daily energy use of the HVAC system to maintain 
a temperature below 22oC would be 9023 Wh. When the double skinned facade is added to the base model, 
the energy use of the HVAC system reduces to 5747 Wh; indicating a reduction in energy use of 36.3 
percent. When the facade-farm is added to the base model, the energy use decreases by between 44.4 
percent and 48.5 percent to between 5017 Wh and 4651 Wh; indicating a substantial improvement in 
performance in comparison to a typical double-skinned facade. The HVAC results for the different facade 
variations without water can be seen in figure 5 and table 2. 



 
 

 
 

Figure 5: HVAC energy use of facade-farm variations over a 24-hour period without water. 
 

 Base  DSF Tray 1 Tray 1A Tray 2 Tray 2A 
HVAC total energy use (Wh) 9023 5747 4811 4651 4905 5017 

Reduction compared to base model n/a 36.3% 46.7% 48.5% 45.6% 44.4% 
Reduction compared to DSF n/a n/a 10.4% 12.1% 9.3% 8.1% 

 
Table 2: HVAC energy reduction due to food production within a double-skinned facade without water. 

 
In order to conclude the analysis relating to HVAC energy reduction, it was necessary to determine the 
resulting impacts of adding the fish tank to the facade-farm. The data collected from Ecotect determined that 
the presence of water within the double skin facade has a large impact on the overall performance of the 
facade-farm. For example, the energy use of the HVAC system when the double-skin facade and fish tank 
are applied to the base model is reduced by 44.8 percent; indicating an 8.5 percent improvement when 
compared to the initial double skin facade. When the facade-farm is applied to the base model with the fish 
tank, the HVAC energy use decreases even further to between 4264 Wh and 4073 Wh; indicating an energy 
reduction of between 52.7 percent and 54.9 percent when compared to the initial base model, and an 
improvement of 6.4 percent in comparison to the best variation of the facade-farm without water. The results 
for the facade variations with water can be seen in figure 6 and table 3. 
 
 

 
 

Figure 6: HVAC energy use of facade-farm variations over a 24-hour period with water. 



 
 

 Base  DSF 
water 

Tray 1 
water 

Tray 1A 
water 

Tray 2 
water 

Tray 2A 
water 

HVAC energy use (Wh) 9023 4979 4200 4103 4264 4073 
Reduction compared to base model n/a 44.8% 53.5% 54.5% 52.7% 54.9% 

Reduction compared to DSF n/a n/a 8.6% 9.7% 7.9% 10.0% 
 

Table 3: HVAC energy reduction due to food production within a double-skinned facade with water. 
 
4.2 Solar radiation 
Although the primary output from the radiation simulation is the creation of a yellow to blue analysis grid, the 
most important metric produced by this simulation is the average annual solar capture across the analysis 
grid, which can be used to compare one facade variation against another. The results of the radiation 
analysis estimate that the average annual light capture of the base model across the 25 square metre floor 
plate is 164.12 kWh. The addition of a double-skinned facade reduces this annual solar capture to 119.12 
kWh; indicating a reduction of 27.4 percent compared to the base model. The addition of the facade-farm 
reduces this solar capture even further to between 85.13 kWh and 81.21 kWh; indicating a reduction in 
annual solar capture of 48.1 percent and 50.5 percent when compared to the base model, and a reduction of 
between 20.7 percent and 23.1 percent when compared to a typical double-skinned facade. The results of 
the annual radiation simulation for the different facade variations without water can be seen in table 4. 
 

 Base  DSF Tray 1 Tray 1A Tray 2 Tray 2A 
Average annual solar radiation (kwh) 164.13 119.12 84.22 81.21 85.13 81.91 
Reduction compared to base model n/a 27.4% 48.7% 50.5% 48.1% 50.1% 

Reduction compared to DSF n/a n/a 21.3% 23.1% 20.7% 22.7% 
 

Table 4: Solar radiation reduction due to food production within a double-skinned facade without water. 
 
Solar radiation simulations were also calculated for the double-skinned facade and facade-farm with a fish 
tank within the cavity. The presence of the fish tank improved the performance of the double-skin facade by 
8.5 percent, reducing the overall energy capture to 104.55 kWh and the performance of the facade-farm was 
further improved by between 8.9 percent and 9.5 percent, reducing the overall energy capture to between 
70.58 kWh and 66.98 kWh. The results of the annual direct solar radiation simulation for the different facade 
variations with water can be seen in table 5. 
 

 Base 
Model 

DSF 
water 

Tray 1 
water 

Tray 1A 
water 

Tray 2 
water 

Tray 2A 
water 

Average annual solar radiation (kwh) 164.13 104.55 68.6 66.98 70.58 66.3 
Reduction compared to base model n/a 36.3% 58.2% 59.8% 57.0% 59.6% 

Reduction compared to DSF n/a n/a 21.9% 23.8% 20.7% 23.1% 
 

Table 5: Solar radiation reduction due to food production within a double-skinned facade with water. 
 

4.3 Daylight 
In the case of the facade-farm, any reduction in natural daylight could be seen as beneficial or detrimental to 
any given space dependent on whether solar glare is, or is not, a defining issue. When synthesizing the data  
 

 Base  DSF  Tray 1 Tray 1A Tray 2 Tray 2A 
Percentage of floor plate over 500 LUX 33.28% 19.04% 12.48% 10.56% 12.48% 10.56% 

Reduction compared to base model n/a 42.8% 62.5% 68.3% 62.5% 68.3% 
Reduction compared to DSF n/a n/a 19.7% 25.5% 19.7% 25.5% 

 
Table 6: Reduction in natural daylight due to food production within a double-skinned facade without water. 



 
 

generated, it can be seen that the presence of growing channels within a double skin facade has a large 
impact on access to natural light; reducing natural light above 500 lux by between 19.7 percent and 25.5 
percent across the analysis grid when compared with a typical double-skinned facade. The results for the 
daylight study for all facade variations without the water can be seen in table 6. 
 
Unlike the HVAC and radiation simulations, it was found that the presence of water within the facade-farm 
led to an increase in access to natural light of 2.4 percent when compared to the same channel variations 
without water. This is because the water in the Ecotect model has a higher visible transmittance than the 
crop trays. The results for the daylight study for all facade variations with water can be seen in table 7. 
 

 Base  DSF 
water 

Tray 1 
water 

Tray 1A 
water 

Tray 2 
water 

Tray 2A 
water 

Percentage of floor plate over 500 LUX 33.3% 19.8% 13.3% 11.4% 13.3% 11.4% 
Reduction compared to base model n/a 40.4% 60.1% 65.9% 60.1% 65.9% 

Reduction compared to DSF n/a n/a 17.3% 23.1% 17.3% 23.1% 
 

Table 7: Reduction in natural daylight due to food production within a double-skinned facade with water. 
 
4.4 Average values 
Due to the number of variations, and the number of simulations both with and without an aquaponic fish tank, 
it can be difficult to determine the exact impact of the facade-farm in comparison to a typical double-skinned 
facade. Therefore, it was deemed necessary to represent the preceding results as a collection of averages, 
to give a more insightful overview of the results. In summary, the presence of the facade-farm greatly 
reduces HVAC energy use, solar capture and access to natural light when compared to a typical double-
skinned facade. On average, the facade-farm without a fish tank reduces HVAC energy use by 10 percent 
and reduces both direct annual solar capture and access to natural daylight by 22 percent when compared to 
a typical double-skinned facade. When water is added to facade-farm in the form of a fish tank, HVAC 
energy use is reduced by 18 percent, direct annual solar gains are reduced by 31 percent and access to 
natural light is reduced by 20 percent, when compared to a typical double-skinned facade. These findings 
are summarised in table 8. 
 

 DSF (reduction) Farm (reduction) Farm & water (reduction) 
HVAC energy use 36% 46% (+10%) 54% (+18%) 

Solar gains 27% 49% (+22%) 58% (+31%) 
Daylight access 43% 65% (+22%) 63% (+20%) 

 
Table 8: The average reductions in HVAC energy use, annual solar gain and natural daylight as a result of 

food production within a double-skinned facade, when compared to a typical double-skinned façade. 
 

5. Conclusions 
Within this study, a number of different facade variations were explored to determine the reduction in building 
energy use as a result of growing food within a double-skinned facade. The Ecotect software developed by 
Autodesk was utilised to model the different facade variations and to run simulations pertinent to HVAC 
energy use, annual solar radiation capture and access to natural daylight. The results of this study confirm 
that the presence of food production within a double skin facade reduces HVAC energy use, in addition to 
decreasing solar capture at the expense of decreasing access to natural daylight. 

The conclusion of this study is that food production within a double skinned facade reduces HVAC energy 
use by 10 percent on average, reduces direct solar gains by 22 percent on average, and as a consequence 
reduces access to natural daylight by 22 percent on average when compared to a typical double skin facade. 
In addition to this, the presence of a large fish tank within the facade-farm improves the performance of the 
facade even further; reducing HVAC energy use by 18 percent on average, reducing direct solar gains by 31 
percent on average, and as a consequence reducing access to natural daylight by 20 percent on average 
when compared to a typical double skin facade.  



 
 

The simulation research conducted as part of this study also confirmed that in-line grow trays - i.e. tray 1 and 
tray 1A variations – achieved slightly greater reductions in solar gains and HVAC energy use when 
compared with the out-of-phase variations; i.e. tray 2 and 2A. These results provide valuable feedback on 
the design of the facade-farm, which was originally conceived to be in constant motion. However, the results 
of this study suggest that the growing channels within the facade-farm should move momentarily so that the 
growing channels are always in-line, to achieve the best environmental performance possible. 

Although the performance of the facade-farm is impressive, it should be noted that that majority of the energy 
savings associated with it are due primarily to the growing channels and large fish tank within the facade 
rather than the crops themselves. On average, the presence of crops within the double-skin facade only 
contributed approximately two percent to the overall reduction in HVAC energy use and two percent to the 
overall reduction in direct solar capture, when compared to the same grow tray variations without crops.  

In summary, producing food within a double-skinned facade can greatly reduce building energy use, whilst 
decreasing food miles, generating capital, and allowing urban inhabitants to engage more directly with 
natural biotic systems. 
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