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How can the design of a roof and the 
materials used contribute to spectator 
comfort and how important is this 
when looking at the overall ‘fan 
experience’?

DB: Designing with 
customers in mind is central to 
delivering a positive fan experience. The 
Singapore Sports Hub National Stadium 
roof – a free spanning dome measuring 
310 metres – offers spectators a good 
viewing experience as the fi eld of play 
or view of the performance stage is 
unobstructed. The stadium roof is 
also retractable and allows us to host 
events with minimal disruptions, and 
players, artistes, and patrons would 
not be subjected to the elements 
when a game or performance has 
started. This is especially important 
given that tropical Singapore 
experiences an abundance of rainfall, 
high temperatures and humidity 
throughout the year. Additionally, 
energy consumption is optimised as the 
design of the stadium roof and choice 
of material ensures there is natural 
light and good air fl ow for spectator 

 “The John Cain Arena, Melbourne Park, Australia.  Aurecon has engineered moving roofs for a number of the show courts at the home of the Australian Open, the fi rst of the Grand Slam 
tournaments to enable indoor play during wet weather or extreme heat.” 

comfort. The retractable panels are 
made from ETFE membrane, a highly 
fl exible, light weight, fl ame resistant 
material that is also high UV and 
corrosion resistant.

FH: Depending on the 
climate conditions, it can enhance the 
fan experience very positively to follow 
matches in a fully covered stadium 
which is insulated and can be heated 
during winter periods. This also counts 
in very hot areas, as for example the 
Middle East where stadiums can be fully 
airconditioned

K-AR: Stadia roofs are 
often the primary element protecting 
fans from environmental factors 
such as heat gain through the solar 
radiation, glare from direct sunlight, 
and protection from rain and snow. 
The structural and architectural 
design of a roof that addresses 
these environmental factors is 

critically important in terms of 
achieving a unique and desirable fan 
experience. For example, we are 
seeing membranes such as ETFE gain 
popularity due to its light weight and 
transparency. It is crucial to integrate 
the design of such enclosure systems 
with the overall ambitions and 
systems of a project. 
SoFi Stadium in Los Angeles is an 
exemplary case-study that integrates 
a variety of important parameters. Its 
long-span cable-net roof is clad with 
a series of picture frames with single-
skin ETFE with a refl ective frit that 
balances heat-gain and transparency 
providing protection while still 
clearly seeing the sky and clouds. 
It features a series of strategically 
positioned operable panels that vent 
out heat-build up in the roof – creating 
a comfortable naturally ventilated 
environment. Lastly, a grid of LEDs 
were integrated onto the roof 
membrane, providing a unique sky-
facing digital videoboard.  

Post pandemic, venues will be under 
huge pressure to maximise their event 
calendars.  How important is the roof 
in ensuring the continuity of business 
for stadiums? 

PS&AM got the lowdown on the latest in stadium roofi ng from Katja Bernert, 
Project Application Manager Architecture at Mehler Texnologies; Peter Ayres, MD 
Built Environment - Asia, Aurecon; Damian Bush, MD Singapore Sports Hub; Florian 
Hupfer, MD vision4venue; and Kais Al-Rawi, Senior Associate Walter P Moore. 
(Image courtesy Aurecon)
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K-AR: Stadium roofs that 
enclose the entire seating bowl and 
fi eld are becoming a key aspect in a 
venue’s versatility to host a variety 
of different events at any time of the 
year. They allow venues to be uniquely 
positioned in their cities as the only 
large-capacity location for any event 
type, rain or shine. Furthermore, 
naturally ventilated stadia with 
enclosed or semi-enclosed roofs have 
the advantage of lower operational 
costs and operational carbon 
footprints.

DB: There are many 
considerations that go into the design 
of a stadium including the need for a 
roof. Whether pre- or post-pandemic, 
where a roof has been added, the 
likelihood of event cancellations due 
to inclement weather is minimised. 
The availability of the venue on more 
calendar days a year also opens up 
programming possibilities beyond in-
demand sporting and entertainment 
events. Additionally, a roof offers 

shade and reduces the amount of 
energy needed to maintain a cool 
temperature for spectator comfort. 

FH: Post pandemic, a 
fully roofed stadium, or stadium with 
a retractable roof can help stadium 
operators to maximise the number of 
events by extending the time period in 
the winter month for big events such 
as open air concerts. On the other 
hand, during pandemic periods, fully 
covered stadiums can host better 
events and shows by providing more 
space and better social distancing 
possibilities. Events which would 
normally take place in typical indoor 
arenas for 15,000 spectators can be 
hosted in covered football stadiums 
by using 25% to 50% of the capacity 
under pandemic conditions. 

What considerations should be studied 
when considering both fully and 
partially enclosed stadiums?

PA: There are two 
main considerations: the stadium’s 
location, and the proposed event 
profi le. In more temperate climates, 
most popular sports are traditionally 
played outside on natural surfaces, 
so it becomes very diffi cult to make 

a case for a fully enclosed stadium. 
Indeed, it is virtually impossible to 
maintain a healthy natural turf pitch 
indoors, which is why expensive 
options like retractable roofs or sliding 
pitches are sometimes employed 
when enclosed stadium conditions are 
required. However, in more extreme, 
climates, be that hot or cold, enclosing 
the stadium, either permanently or 
through a deployable roof can bring 
signifi cant benefi ts in making the venue 
more usable all year round. 
The point at which enclosing the 
stadium makes economic sense in 
any location will depend on the event 
profi le, in particular for multi-purpose 
venues which regularly combine 
sport with entertainment. Music and 
entertainment events bring higher 
expectations for spectator comfort, 
as well as acoustic performance 
(including noise breakout in residential 
areas) and the desire for “black out” 
conditions. 

DB: When weighing the 
benefi ts of a fully or partially enclosed 
stadium, it is important that you know 
what your anchor business will be and 
how you envisage operating the venue. 
Equally important is an understanding 
of the environment, including the 
weather and location, within which the 
stadium is located. In addition, there 
should be a clear operating policy 
and hirers should be briefed on the 
conditions under which you operate.
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FH: The construction and 
maintenance costs vs. long term income 
(30 years operation time) and expected 
annual event days. For sport use only, 
maybe in Central Europe, a fully covered 
stadium is economically not reasonable, 
this can change if there is a demand for 
multi-purpose use besides sports. The 
number of sports and non-sports events 
should realistically be considered for a 
fully and a partially enclosed stadium, 
and how this will affect the 30 year 
business plan

What role do enclosures play in 
performance improvements in sports 
renovation projects?

KB: The stadium’s 
enclosure is the most visible effect of 
a renovation. Therefore, it’s the wrap 
itself which catches the spectators’ 
eye for any renovation project. Fabric 
façades can deliver this performance 
easily: at a fraction of the loads of a 
steel and glass façade, a fabric mesh 
in prefabricated aluminium frames 
will alter the layout of any refurbished 
building signifi cantly in no time. It’s 
as if the stadium got a new dress. As 
opposed to fast fashion, it’s not just a 
new visually appealing wrap: fabrics 
come with a variety of functions which 
improve the building’s performance. The 
most evident improvement comes along 
with controlling sunlight for example. 
The shading effect of a fabric façade 
adds to the user’s comfort. At the same 
time, it has an absolutely benefi cial 
effect on the maintenance costs, e.g. for 
cooling.

PA: Clearly, anything 
that can be done to optimise playing 
conditions, whether that be temperature 
and humidity, wind protection or quality 
of the playing surface, will improve the 
quality of the product on the pitch.  A 
well-designed building enclosure can 
help achieve this, although it is important 
not to overly enclose the stadium to 
the detriment of healthy turf growth. 
The stadium roof can also play a 
signifi cant role in helping to generate 

“atmosphere”. Home advantage has long 
been known to be a factor in generating 
success on the fi eld. and whilst there 
are many factors which can contribute 
to this, the acoustic performance of 
the roof in generating reverberation is 
undoubtably one of them.

DB: Roof structures that 
are designed with spectator experience 
in mind can provide a signifi cant point 
of differentiation. A well-designed roof 
removes disruption to programming due 
to inclement weather and with the right 
investments can enhance the spectator 
experience. This can range from a simple 
roof light display of home team colours 
to the roof being a component of an 
event’s visual display. For example, the 
Singapore fl ag was displayed on the 
exterior roof of the Singapore National 
Stadium when the national day parade 
was held there. And if the stadium’s 
interactive lighting can be extended to 
the exterior façade, it will add to the 
atmosphere around the stadium, draw 
people there regardless of the events, 
and create a place maker for the venue 
within the community.

How can we improve the performance 
of enclosures in renovation projects?

K-AR: The performance 
of a building enclosure is particularly 
important in fully enclosed sport venues. 
The thermal, acoustical and weather 
performance can have signifi cant 
impact on a number of parameters 
such as mechanical systems capacity 
and loads, fan experience and comfort, 
operations and maintenance, as well as 
acoustic impact to the surroundings. 
High-performance insulated glazing 
including interlayers, ceramic frits, 
low-e coatings, increased thermal 
insulation, enhanced roofi ng and 
waterproofi ng systems are all key 
options we investigate in renovation 
projects to improve building enclosure 
performance. 

KB: Research and 
development efforts within the weaving 

and coating industry have been directed 
towards functionalisation of fabrics 
for a long time. Mehler Texnologies 
has a depth of experience in coating 
fabrics. The brand for meshes and solid 
skins “Valmex” was registered in 1938. 
Today’s coatings are of course well 
advanced as compared to what we had 
more than 80 years ago. Nonetheless, 
the principle remains the same: taking a 
high tenancy fabric and covering it with a 
durable coating in order to achieve long 
lasting performances in stadia covers. 
Whereas the fi nishing, like in Mehler 
Texnologies’ case, for example the Nano 
lacquering, dominated developments in 
the 2010’s, the focus is now to add many 
more functions to the material. In short: 
fi rst comes a lightweight mesh, covering 
a façade square meter with less than ½ 
kilo material. Second comes the mesh’s 
ability to clean the air for example or to 
absorb sounds etc. There are of course 
many more functions which could be 
added – huge prints of the club are 
obviously one of the easiest additional 
features. The fabric itself becomes the 
matrix for a variety of functionalities. 
Defi nitely this comes as an absolute 
benefi t of any building’s enclosure at 
comparably low cost.

DB: Consideration needs 
to be given to the whole of the stadium 
environment. It is a complex set of 
factors that include sound reverberation 
(think concerts), pitch growth, air fl ow, 
roof options and spectator experience 
at multi sports and entertainment 
events. A good starting point would 
be to have a customer-centric content 
and programming strategy. This will 
help you identify the needed changes 
to enhance your customers’ experience 
across all touch points.

PA: Renovation projects 
are always trickier, as there are more 
fi xed constraints to work with, and 
we often must undertake them in a 
piece meal fashion to keep the stadium 
at least partially operational. I have 
worked with several football clubs on 
stadium upgrades and one of the fi rst 
things I ask the owners to consider is 
how the individual upgrade will fi t into 
the long-term potential development 
of the stadium. Whilst many club 
stadiums draw their unique character 
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from being built on the concept of four 
distinct stands, a renovation offers the 
opportunity to move towards a more 
holistic overall stadium enclosure 
strategy.

How can we reduce the carbon footprint 
of enclosures in new projects?

KB: The coating industry 
has worked a lot on improving the 
fabrics’ durability. Whereas the early 
Frei Otto projects in the 1950s came 
along with cotton membranes, it’s 
now a very sophisticated material. 
The basics of design are still the same: 
pretensioned fabrics that cover vast 
surfaces at a fraction of the weight 
of an aluminium enclosure. This alone 
is an absolute benefi t for the whole 
enclosure: saving thousands of tons 
of material for the wrap and the sub 
construction. The technology inherent 
in the fabric’s coating ensures a very 
long durability. This again comes as 
an inherent benefi t of fabric meshes: 
the material which I don’t need to 
produce for a replacement is raw 
material saved on in the long run. 
A major benefi t for the ecological 
footprint comes with the use of 
upcycled material: Mehler Texnologies 
just developed a mesh which is woven 
out of yarns that consist 100% of 
recycled PET bottles: the TF400 green. 
Of course, all vinyl-coated polyester 
fabrics are recyclable at their end of 
life. 

DB: Designing and 
procuring with sustainability in mind are 
key to reducing the carbon footprint of 
enclosures in new projects. It can be as 
simple as consciously opting for local 
and near sourcing or being holistic and 
taking into account the material life 
cycle, from raw material extraction to 
production and delivery. 
A shifting mindset towards sustainable 
buildings and business has also 
prompted architects and engineers 
to incorporate the use of recycled 
material in the construction of stadiums. 
For example, Strasbourg Football 
Club is looking to use recycled Airbus 
parts in their new stadium. That said, 
stadiums are huge projects requiring 
considerable investment and while 

sustainable materials are sometimes 
more expensive to source, it is a more 
responsible way of doing business in the 
long run.

PA: There are two 
fundamental issues here: reducing 
the embodied carbon in the roof itself 
and considering the impact it has on 
the whole life energy performance 
of the stadium. Given most stadium 
roofs are long span, the weight of the 
structure has a disproportionate effect 
on overall material use. So, anything 
we can do to make the roof lighter 
generally helps, either through use of 
lightweight materials (eg: cables, fabric, 
composites), or by using computational 
design techniques to optimise geometry 
and structural member sizes. We are 
also starting to see engineered timber 
being used in some stadium roofs, but 
we need be careful that the true carbon 
cost of timber including transportation is 
considered. But the full carbon footprint 
of the stadium will be more affected 
by energy use, so we have to consider 
how the roof contributes to the overall 
microclimate moderation, particularly in 
hot climates where stadium cooling can 
create signifi cant energy demands. 

K-AR: Embodied Carbon 
is becoming an extremely important 
aspect of sustainable design. Current 
projections estimate that in the next 30 
years, embodied carbon will constitute 
50% of the total carbon footprint of 
a project. In certain locations such as 
the Pacifi c Northwest, we are seeing 
the electrical grids decarbonise - which 
means embodied carbon becomes more 
signifi cant and is locked in from day one 
of a project’s completion and cannot be 
optimized the same way mechanical and 
electrical systems can be. On several 
projects, we are performing Life Cycle 
Analysis (LCA) for different options 
of structural and enclosure systems 
to advise architects and clients on the 
footprint of choices we make during 
design, making embodied carbon an 
important decision parameter in addition 
to cost.

Do we expect more renovation or 
ground-up projects in the future? 
How will the pandemic infl uence this?

DB: The sports and 
entertainment industry will need to 
continue to evolve in order to deliver 
on the expectations of increasingly 
discerning spectators and under 
a new operating and business 
environment brought about by the 
pandemic. 
Ultimately, driving factors around 
cost, for example to fulfi l a need 
for modernisation or safety 
requirements, will be uppermost in 
the minds of venue owners as we all 
hope to return to normality.

FH: We expect more 
new projects from the ground up 
in the future. Maybe the pandemic 
will infl uence the organisation of 
spectator fl ows, visitor distribution 
in the stadiums and also the 
organisation of visitor services, more 
entrances, F&B spaces, toilets etc... 
for these we expect a higher ratio 
of concourse areas per visitor in the 
future.

KB: It’s more than 
obvious that we need to go for 
renovation as often as we can. All 
over the world we’ve got a good stock 
of well-built stadia with functioning 
safety features. 
They need an uplift, yes, but this can 
be done quite easily with a new wrap, 
for example, or a new cover. Some of 
the Canadian, US and Mexican stadia 
for the FIFA world cup for example 
can easily be improved by working on 
the sightlines along the addition of a 
roof or a façade. 
We’re responsible for not leaving 
the next generation with more white 
elephants. The Bernabeu stadium 
in Madrid is an excellent example 
of improving an existing structure. 
Although the design constraints for 
gmp architects were enormous, 
mainly because of the tight urban 
environment, they put forward a 
design worthwhile of any ground-
up project – from my point of few 
even topping many of them. Mehler 
Texnologies’ façade mesh TF 600 will 
be part of the new roof structure. ■


